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napenjanje, navzea, alopecija, urtikarija, astenija, zvisane jetrne transaminaze, zvisana alkalna
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Background. when treating patients with advanced non-small cell lung cancer (NSCLC) with tyrosine kinase inhibi-
tors and chemotherapy, intercalated schedule with time separation between the two classes of drugs should avoid
their mutual antagonism. In a survey of published trials, we focus on relation between eligibility criteria and effective-
ness of intercalated treatment.

Methods. Published documents were identified using major medical databases, conference proceedings and refer-
ences of published trials. Median progression-free survival (PFS) was taken as the basic parameter of treatment effi-
cacy. Correlation between characteristics of patients and median PFS was assessed through the Pearson’s correlation
coefficient and the coefficient of determination, separately for first-line and second-line setting.

Results. The series includes 11 single-arm trials and 18 randomized phase Il or phase Il trials with a total of 2903
patients. Treatment-naive patients or those in progression after first-line treatment were included in 16 and 13 trials,
respectively. In 14 trials, only patients with non-squamous histology were eligible. Proportion of patients with non-
squamous carcinoma (in first-line setting), proportion of never-smokers (both in first- and second-line setting) and
proportion of epidermal growth factor receptor (EGFR) mutant patients (both in first- and second-line setting) showed
a moderate or strong correlation with median PFS. In six trials of intercalated treatment applied to treatment-naive
EGFR-mutant patients, objective response was confirmed in 83.1% of cases and median PFS was 18.6 months.
Conclusions. Most suitable candidates for intercalated treatment are treatment-naive patients with EGFR-mutant
tumors, as determined from biopsy or liquid biopsy. For these patients, experience with intercalated treatment is most
promising and randomized trials with comparison to the best standard treatment are warranted.

Key words: NSCLC; intercalated treatment; EGFR; tyrosine-kinase inhibitors

Introduction of their crucial role in determining sensitivity to

tyrosine kinase inhibitors (TKIs), several trials
Soon after the discovery of activating mutations  confirmed the advantage of TKIs in comparison
of epidermal growth factor receptor (EGFR) and  to chemotherapy for patients with advanced non-
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small cell lung cancer (NSCLC) with activating
EGFR mutations.'® Due to higher response rate,
longer time to progression and less toxicity, mono-
therapy with TKIs has been approved as the pre-
ferred first-line treatment for these patients. TKIs
clearly improve short-term prognosis of patients
with EGFR mutant lung cancer. Still, after a me-
dian interval of around one year, patients on treat-
ment with TKIs develop resistance and experience
disease progression.® New treatments, either as
first-line or at progression are needed.”

After huge disappointment due to four large
negative trials of chemotherapy alone versus
chemotherapy combined with continuous applica-
tion of gefitinib or erlotinib®!, the idea of combin-
ing TKIs with chemotherapy never fully recovered.
Many research groups simply concluded that the
two categories of drugs should not be used togeth-
er and most of current pre-clinical and clinical re-
search focuses on new drugs designed to overcome
primary or acquired resistance to TKIs.!>!* The fact
that the four trials were unselected regarding his-
tology and smoking status received little attention.
For a quarter of patients in the TRIBUTE trial, the
status of EGFR mutations was later determined:
when treated with the combination in comparison
to chemotherapy alone, EGFR mutant patients had
higher response rate and a trend towards longer
progression-free survival (PFS), but no advantage
in overall survival (OS)."

In spite of prevailing disappointment, some
researchers insisted that the negative message of
the four large trials should be accepted as new
knowledge rather than ignored and developed
the concept of intercalated treatment. The reason-
ing was clear: when applied concomitantly with
chemotherapy, TKIs induce Gl-phase cell-cycle
arrest, due to which cell-cycle dependent chemo-
therapeutic agents will not be effective.!® Chemo-
refractoriness of cells harboring sensitizing-EGFR
mutations in the presence of gefitinib was con-
firmed in vitro.” Time separation with an interval
of 6 days without TKIs to restore chemosensitiv-
ity of tumor cells should remove this mutual an-
tagonism, so as to benefit from the efficacy of both
classes of drugs.!® Additional support for the con-
cept of intercalated treatment came from laborato-
ry experiments and from a clinical trial of sequen-
tial application of chemotherapy and TKI: proper
sequence starting with cytotoxic drugs, followed
by TKIs leads to their synergistic activity.!>?

So far, a few dozen clinical trials on intercalated
treatment with chemotherapy and TKIs have been
published. A recent review focused on trials with
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randomization between intercalated schedules and
chemotherapy alone.?* While such a review is de-
finitively valuable, a reader is confused when fac-
ing a list of trials with a wide range of eligibility
criteria, leading to diverging conclusions. This re-
view paper has a different goal. We believe that be-
fore proceeding with further clinical research, we
should understand which patients will most likely
benefit from intercalated treatment. Only after de-
fining the optimal target p opulation, future trials
can be designed to compare intercalated treatment
to the best standard treatment in those selected pa-
tients.

Methods
Selection of publications for analysis

Published papers and conference r eports on in-
tercalated therapy for NSCLC were eligible for re-
view. Intercalated treatment was defined as a treat-
ment with cytotoxic drug(s), combined with an
EGFR-TKI during a part of a treatment cycle. Trials
on chemotherapy combined with continuous ap-
plication of TKIs or a gap of less than 4 days, and
trials using alternating cycles of cytotoxic drugs
and of TKIs were not included in this review.

Pubmed was used to search for published tri-
als on intercalated treatment for NSCLC, with
the following descriptors and limits: NSCLC;
chemotherapy and (erlotinib and/or gefitinib and/
or afatinib); clinical trial; 2006-2016 as the publi-
cation period; humans; English language. This
initial search led to 686 publications. The list was
then manually reviewed. Additional publications
were identified using Web of Science cross-citation
database, proceedings of major conferences dur-
ing the past 4 years (IASLC World Lung Cancer
Conference, ASCO, ESMO, European Lung Cancer
Conference) and the list of references in published
trials.

Analysis of published experience

Selected papers were analyzed, with focus on selec-
tion criteria and parameters of efficacy. Information
on the proportion of patients with EGFR mutant tu-
mors was often incomplete or missing. If not avail-
able in the text, an estimate on the proportion of
patients with EGFR mutant disease was made. As
the first step, all patients with squamous histology
were considered as EGFR wild-type (EGFR wt). In
case of non-squamous histology, an estimate was
based on proportion of never-smokers vs. smokers
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and on ethnicity, using published meta-analysis on
global pattern of EGFR mutations.?

Due to the wide spectrum of eligibility criteria
and of comparator arms, randomized trials were
not considered an appropriate basis for analysis of
efficacy of the intercalated treatment. We therefore
chose a different approach. Experience from single-
arm phase II trials and from the intercalated arm
of randomized trials was analyzed in relation to
histology, smoking status and EGFR mutation sta-
tus, separately for treatment-naive and pre-treated
patients. Median PFS was taken as a conventional
indicator of efficacy.

Statistical analysis

Statistical analysis was limited to intercalated treat-
ment, either in non-randomised trials or in the in-
tercalated arm of randomised trials. The strength of
correlation between proportion of non-squamous
tumors, proportion of non-smokers and proportion
of EGFR-mutation positive cases with median PFS
was evaluated calculating the Pearson’s correlation
coefficient (R) and the coefficient of determination
(R-squared; R2). Pearson’s R is a simple measure
of the linear correlation between two variables,
giving a value between +1 and -1, where +1 is a
total positive correlation, 0 is the absence of cor-
relation, and -1 is a total negative correlation. The
coefficient of determination is such that 0 <R2 < 1:
although there are no specific cut-offs to define a
moderate, or a strong correlation, a higher R2 score
indicates a stronger association.

Correlations were graphically described by bub-
ble plots, where each bubble represents a study,
with bubble size proportional to the number of
patients included in each study. As all the analy-
ses were weighted by sample size of each study,
weighted least-squares regression line was calcu-
lated and reported in each graph.

Statistical analyses were conducted using SPlus
(S-PLUS 6.0 Professional, release 1; Insightful
Corporation, Seattle, WA, USA). Graphs were re-
alized using SigmaPlot (Systat Software, San Jose,
CA).

Results
Identification of publications for analysis

After the initial search through PubMed, 96 re-
ports were selected to which 4 trials found through
conference proceedings and 6 trials identified by
cross-citation database were added for a total of
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through other sources
Records listed
in the PubMed search
(n = 686)

removed (n = 10)

Additional records identified

(ASCO, ESMO, WCLC, ELCC) cross
citation database after duplicates

Records (including published records and
ASCO / ESMO presentations)
(n = 696)

}

Records screened
(n =696)

Records excluded
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A

Articles (or abstracts)
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(n=106)

v

Studies included in the

Records excluded, with
reasons (n=77):

Continuous
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Sequential
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analysis Pulsed
(n=29) administration of
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ASCO: American Society of Cli nical O ; ESMO: Eur of Medical Oncology; WCLC : World Conference

FIGURE 1. Flow diagram on selection of publications for analysis.

106 studies. A total of 29 trials were considered eli-
gible for the analysis (Figure 1). The series includes
11 single-arm phase II trials, 16 randomized phase
II trials and 2 phase III randomized trials, with a
total of 2903 patients.?6->4

Eligibility criteria and treatments used

Fourteen trials were limited to non-squamous his-
tology, while 15 included patients with any histo-
logic type of NSCLC. Sixteen trials were open only
for treatment-naive patients, while 13 included
those in progression after first-line treatment. The
proportion of never-smokers was specified in all
but two reports.

Five trials were limited to EGFR mutant disease
and 4 to patients with EGFR wild-type or unknown
tumors. Another 3 trials included a substantial
proportion of EGFR mutant cases and separately
reported the experience for this subpopulation of
patients. Nine of the remaining 17 trials included
information on EGFR status for some of their pa-
tients, but the proportion analyzed was usually
low and thus inappropriate for any analysis.
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TABLE 1. Randomized trials on intercalated chemotherapy and TKis for non-small cell lung cancer

% EGFR
#
SELECTION OF % never- mutant, MEDIAN PFS MEDIAN OS
REFERENCE TYPE OF TRIAL F(])TI; PATIENTS TREATMENT REGIMEN(s) e i) ORR (%) (months) (months)
arm only
Mok 2009 Randomized 154 Al histologies, Arm A (76 pts): 34% 28% Arm A: 35.5% AmA: 6.9 m Am A: 17.3 m
(FASTACT) % Phase 2 previously untreated Gem,d1&8 Arm B: 24.4% AmB:55m AmB: 17.7m
Cis or Carbo, day 1
Erlotinib, d 15-28 P=012 P =0.002 P:ns
Cycle q 4 weeks
Arm B (78 pts):
as above, placebo
instead of Erlotinib
52 As above, Arm A (24 pts) 100% 49% Arm A: 45.8% AmA: 11.1m Not reached
neversmokers Arm B (28 pts) Arm B: 32.1% Arm B: 6.4 m
Treatment as above P: not P =0.002
reported
Hirsch 2011 2 Randomized 143 Positive for EGFR Arm A (71 pts): 28% 10% Arm A: 22.4% AmA: 4.6 m AmA: 114 m
Phase 2 protein expression Paclid1 Arm B: 11.6% AmB: 2.7 m Arm B: 16.7 m
and/or with high Carbod1
EGFR gene copy Erlotinib d 2 - 15 P=ns P=ns P=ns
number, previously Cycle q 3 weeks
untreated Arm B (72 pts):
Erlotinib
Aerts 2012 Randomized 231 Al histologies Arm A (115 pts): % 4% Am A: 7% AmA:49m AmA: 55m
(NVALT 10) # Phase 2 Progression after Erlotinib Arm B: 13% AmB: 6.1 m AmB: 7.8 m
platin-based Arm B (116 pts):
chemotherapy Doce or Pem, d 1 P=0.03 P=011 P=0.01
Erlotinib, d 2 - 16
Cycle q 3 weeks
Lee 2013 % Randomized 240  Non-squamous, Arm A (78 pts): 100% 56% Arm A: 44.7% AmA: 7.4 m Arm A:20.5 m
Phase 2 never-smokers, Pemd1 Arm B: 29.3% AmB: 3.8 m Arm B: 22.8 m
Progression after 1 Erlotinib d 2 - 14,Cycle Arm C: 10.0% AmC:44m AmC: 17.7
line chemotherapy g 3 weeks m
Arm B (82 pts): P=0.001 P =0.003
Erlotinib continuously P=019
Arm C (80 pts):
Pemd 1,Cycle q3
weeks
Wu Y-L 2013 Randomized 451 Al histologies, Arm A (226 pts): 49% 39% Arm A: 44% AmA: 7.6 m Arm A: 18.3 m
(FASTACT2)*  Phase 3 previously untreated Gem,d1&8 Arm B: 16% Arm B: 6.0 m Arm B: 152 m
Cis or Carbo, d 1
Erlotinib, d 15-28 P < 0.0001 P <0.0001 P=0.04
Cycle q 4 weeks
Arm B (225 pts):
as above, placebo
instead of Erlotinib
97 As above, subgroup Arm A (49 pts): Not 100% Arm A: 84% AmA:168m  AmA:314m
with activating EGFR Arm B (48 pts): separately Arm B: 15% AmB: 6.9 m Arm B: 20.6 m
mutations Treatment as above reported
P < 0.0001 P <0.0001 P =0.009
Auliac 2014 Randomised 147 EGFR wild-type or Arm A (73 pts): 7.5% 4% Arm A: 4.4% AmA:22m Am A: 6.5m
Phase 2 unknown Doce, d 1 Arm B: 1.4% AmB:2.5m AmB: 8.3 m
Progression after 1% Erlotinib, d 2 - 16
line chemotherapy Cycle q 3 weeks P=ns P=ns P=ns
Arm B (74 pts):
Doce, d 1
Karavasilis Randomized 50 All histologies Arm A (25 pts): 10% 11% Arm A: 24% AmA:29m Arm A: 9.9 m
2014 % Phase 2 Previously untreated Doce, d 1 Arm B: 12% AmB:42m Arm B: 10.8 m
Erlotinib, d 9 - 20
Arm B (25 pts):
Doce, d 1
Erlotinib, d 3-14
Cycle q 3 weeks
Mok 2014 % Randomized 123 Unselected, Arm A (63 pts): 24% 28% Arm A: 13% Am A:35m Am A: 7.6 m
Phase 2 progression after Eribulin mesylate, d1 Arm B: 17% Arm B: 3.8 m Arm B: 85m
platin-based ChT Erlotinib, d 2-16
Cycle q 3 weeks P=ns P=ns P=ns
Arm B (60 pts):

Eribulin mesylate, d 1
and 8

Erlotinib, d 15-28
Cycle q 4 weeks
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% EGFR
#
SELECTION OF % never- mutant, o MEDIAN PFS MEDIAN OS
REFERENCE TYPE OF TRIAL POTI; PATIENTS TREATMENT REGIMEN(s) e eeitEd ORR (%) (months) (months)
arm only
Yu 2014 % Randomized 117 Non-squamous, Arm A (58 pts): 58% 40% Arm A: 50.0% AmA: 7.9m Am A: 25.4
Phase 2 previously untreated Pem,d 1 Arm B: 47.7% ArmB: 7.0 m m
Cis or Carbo, d 1 Arm B: 20.8 m
Gefitinib, d 3-16 P=ns P=ns
Cycle q 3 weeks P=ns
Arm B (57 pts):
As above, no Gefitinib
32 As above, subgroup Arm A: 14 pts Not 100% Arm A: 76.9% Arm A: Not reached
with activating EGFR ~ Arm B: 18 pts separately Arm B: 50.0% Not reached
mutations Treatment as above reported Arm B: 140 m
P=0.13 P=0.017
Choi 2015 % Randomized 90 NSCLC, EGFR wild. Arm A (44 pts): 10% 10% Arm A: 41.9% AmA: 41m Arm A: 9.3 m
Phase 2 type or unknown, Pem,d 1 Arm B: 39.5% AmB:4.1m Arm B: 10.5m
PS 0 - 2, previously Carbo,d 1
untreated Gefitinib, d 2 - 15 P=ns P=ns P=ns
Cycle q 3 weeks x 4
Maintenance Gefitinib
Arm B (46 pts):
As Arm A, no Gefitinib
Juan 2015 % Randomized 68 All histologies Arm A (33 pts): 6% 5% Arm A: 3% AmA:3.0m AmA: 7.5m
Phase 2 Progression after Doce q 3 weeks Arm B: 9% AmB:2.1m AmB:5.2m
platin-based Erlotnib, d 2 - 16
chemotherapy Arm B (35 pts): P=0.19 P=0.09 P=019
Erlotinib continuously
Lu 2015 % Randomized 219 Adenocarcinoma, Arm A (109 pts): 100% 2% Not reported AmA: 10 m Not reported
Phase 3 EGFR unknown, Gem,d 1and8 AmB:44m
non-smokers, no Carbo, d 1
progression after 2 Gefitinib d 15-25 and P =0.001
cycles of gem-carbo  maintenance
Cycle q 4 weeks x 4
Arm B (110 pts):
As above, no Gefitinib
Michael Randomized 54 All histologies Arm A (28 pts): 15% 12% Arm A: 6% AmA:25m Am A:3.9m
2015 3% Phase 2 PS 2 or elderly Gemd1land8 Arm B: 23% AmB:19m ArmB: 4.4 m
Previously untreated Erlotinib days 15 - 28
Cycle q 4 weeks P: ns P: ns P: ns
Arm B (26 pts):
Gemdland 8
Cycle q 4 weeks
Han 2016 * Randomized 121 Adenocarcinoma, Arm A (40 pts): Not 100% Arm A: 82.5% AmA:188m  Notreached
Phase 2 EGFR mutant, Pem, d1 + reported Arm B: 32.5% ArmB:5.7m
previously untreated maintenance Arm C: 65.9% Am C: 120 m
Carbo, d1 for < 6 cycles
Gefitinib, d 5-21 + P: not
maintenance P:0.04 reported
Cycle q 4 weeks
Arm B (40 pts):
As above, no Gefitinib
Arm C (41 pts):
Gefitinib alone
Lara 2016 Randomized 59 PS 2, Proteomics: Arm A (33 pts): 20% 20% Arm A: 6% Arm A: 1.6 m Arm A: 6.0 m
(SWOG Phase 2 VeriStrat-good Erlotinib Arm B: 23% Arm B: 4.6 m Arm B: 11.0 m
$0709) © status, previously Arm B (26 pts):
untreated Paclid 1 P =0.06 P =0.06 P=0.27
Carbod 1
Erlotinib d 2 - 16
Cycle q 3 weeks x 4
Maintenance Erlotinib
Li 2016 “ Randomized 79 Predominantly non- Arm A (27 pts): Not 19% Arm A: 10% AmA: 29m Arm A: 8.3 m
Phase 2 squamous Pemd1 reported Arm B: 29% AmB:4.7m AmB:9.7m
Progression after 1% Cycle q 3 weeks
line chemotherapy Arm B (52 pts): P=0.17 P=0.26 P=0.28
Pemd1
Erlotinib d 2 - 17
Cycle q 3 weeks
Lee 2016 # Randomized 76 Adenocarcinoma, Arm A (39 pts): 100% 42% Arm A: 79.5% AmA:128m  AmA:292m
Phase 2 neversmokers, Pem d1 Arm B: 51.4% ArmB: 7.0 m Arm B: 20.4 m
Previously untreated Carbod 1
Gefitinb d 5-18 + P=0.01 P =0.009 P=0.15
maintenance
Cycle q 3 weeks x
max 9

Arm B (37 pts):

As arm A, placebo
instead of Gefitinib

At progression: Gefitinib
for arm B

Radiol Oncol 2017; 51(3): 241-251.



246

Zwitter M et al. / Intercalated therapy for lung cancer

% EGFR
#
SELECTION OF % never- mutant, . MEDIAN PFS MEDIAN OS
REFERENCE TYPE OF TRIAL ng PATIENTS TREATMENT REGIMEN(s) b e — ORR (%) (months) (months)
arm only
29 As above, EGFR Arm A: 15 pts 100% 100 Arm A: 86.7% AmA: 133 m Arm A: 26.6 m
mutant Arm B: 14 pts Arm B: 42.9% AmB: 7.8 m Am B:22.2m
Treatment as above P=0.08 P=ns
P=0.01
37 As above, EGFR wt Arm A: 22 pts 100% 0 Arm A: 72.7% ArmA: 6.6 m Arm A:29.2 m
Arm B: 15 pts Arm B: 57.1% Arm B: 6.6 m Arm B: 15.9 m
Treatment as above P=ns P=0.08 P=0.09
Yoon 2016 # Randomized 87 Non-squamous Arm A (57 pts): 31% 31% Arm A: 31.8% Am A:5.7m AmA: 12.1m
Phase 2 Progression after 1st Pemd1 Arm B: 13.3% AmB:29 m AmB:15.6 m
line chemotherapy Afatinib d 2 - 15 P=0.074 P=0.16 P =0.245

Arm B (30 pts):
Pemd1

Carbo = carboplatin; Cis = cisplatin; Doce = docetaxel; Gem = gemcitabine; ORR = overall response rate; OS = overall survival; Pacli = paclitaxel; PFS = progression-free survival;
Pem = pemetrexed; PTS = patient

MEDIAN %
PFS

(months) 20 |
15 4

10 4

0

Percentage of non-squamous tumors

Erlotinib and gefitinib were used in 17 and 9 tri-
als, respectively. In 2 trials, either erlotinib or gefi-
tinib was used, while afatinib was used in 1 trial.

Among 18 randomized trials (Table 1), chemo-
therapy alone was the comparator arm in 10 trials.
Four trials used TKI alone as the comparator, 2 tri-
als compared two different intercalated schedules,
while 2 trials used 3-arm design with comparison
among intercalated schedule, chemotherapy alone
or TKIs alone. According to PFS as the most com-
mon parameter of efficacy, the intercalated sched-
ule was superior to the comparator in 12 trials,
crossing the conventional margin of P < 0.05 in 7
trials. No significant difference was seen in 4 other
trials and in 2 trials comparing two different inter-
calated schedules of intercalated therapy.

Basic data on single-arm Phase 2 trials are pre-
sented in Table 2.

Efficacy of intercalated treatment

Figure 2 shows correlation between median PFS
and proportion of patients with non-squamous

histology (Panel A), proportion of never-smokers
(Panel B) and proportion of EGFR mutant patients
(Panel C).

As for tumor histology, there was a moderate
correlation between proportion of non-squamous
tumors and median PFS in the first-line setting (R =
0.61, R?=0.38, p = 0.02). The slope of the regression
line (0.23) suggests that a 10% increase in the pro-
portion of non-squamous tumors corresponds to a
2.3-months improvement in median PFSin first-line.
On the other hand, the correlation was very weak in
the second-line setting (R = 0.09, R?=0.01, p = 0.77).

As for smoking status, there was a moderate
correlation between proportion of non-smokers
and median PFS, both in the first-line and in the
second-line setting (first-line: R = 0.55, R?= 0.30, p
= 0.04; second-line: R = 0.65, R?= 0.42, p = 0.02). In
detail, the slope of the regression line (0.09 for the
first-line and 0.05 for the second-line) suggests that
a 10% increase in the proportion of non-smokers
corresponds to a 0.9-months improvement in me-
dian PFS in first-line, and to a 0.5-months improve-
ment in median PFS in second-line.

25
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FIGURE 2. Correlation between median PFS and proportion of patients with non-squamous histology (A), proportion of never-smokers (B) and proportion
of EGFR mutant patients (C). Black solid marks and black solid lines are for 1 line treatment; red hollow marks and red interrupted lines for 2" line
treatment. Bubble size corresponds to the number of patients in a trial.
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TABLE 2. Single-arm Phase |l trials on intercalated chemotherapy and TKis for non-small cell lung cancer

247

SELECTION OF % never- MEDIAN OS
REFERENCE }())TFS PATIENTS TREATMENT REGIMEN(s) S S % EGFR mutant ORR (%)  MEDIAN PFS (months) (months)
Oshita 2010 16 Unselected, Paclid 1 Not reported 25% 43.8% Not reported 18.1m
previously Irinod 1
untreated Gefitinib d 8-14
Cycle q 3 weeks
Sangha 39 All histologies Doced 1 28% 19% 28.2% 41m 182 m
20114 Progression Erlotinib days 2 - 16
after 1t line Cycle q 3 weeks
chemotherapy
Minami 27 Non-squamous Pem,d 1 22% 4% 11.1% 28m 158 m
2013 % Progression Erlotinib, d 2 - 16
after 1t line Cycle q 3 weeks
chemotherapy
Yoshimura 27 Activating EGFR Pem,d 1 8% 100% 25.9% 7.0m 114 m
20134 mutations, Erlotinib or Gefitinib, days
Progression after 2-16
TKI Cycle q 3 weeks
Kim 2014 % 17 Non-squamous, Pemd1 27% 0% 27.0% 25m 6.7m
EGFR wt, Erlotinib d 2-15
progression after
1stline ChT
Fang 2014 # 57 Unselected, Gem,d 1land8 37% 40% 11% 10m 152 m
progression after Cis, d 1-3
platin-based ChT Gefitinib, d 10 - 24
Cycle q 4 weeks
Yang 2014 % 29 Adenocarcinoma, Pacli, d1 100% 3% 74.1% 16m Not reached
non-smokers, Carbo, d1
EGFR unknown, Gefitinib, d 8- 17 +
previously maintenance
untreated Cycle q 3 weeks
Zwitter 2014 15 Adenocarcinoma, Gemd 1and 4 100% 5% 33% 6.0m 76m
light/never Cisd 2
smokers, EGFR Erlotinib d 5 - 15
wild-type or Cycle g 3weeksx 4 -6
unknown Maintenance Erlotinib
Previously
untreated
Yoshimura 26 Activating EGFR Pemd1 46% 100% 84.6% 18.0m 320m
2015 %2 mutations Gefitinb d 2 - 16
Previously
untreated
Yu 2015 % 42 Mostly Pem, d 1 or Pem + 1% 61% 23.8% 80m 11.0m
adenocarcinoma Platin, d 1
Progression after TKI (Erlotinib or Gefitinib),
response to TKI d6-21
Cycle q 3 weeks
Zwitter 2016 38 Activating EGFR Gemd 1and 4 63% 100% 84.2% 234m 383m
(ITAC 2) * mutations Cisd 2
Previously Erlotinib d 5 - 15
untreated Cycle g 3weeksx4-6

Maintenance Erlotinib

Carbo = carboplatin; Cis = cisplatin; Doce = docetaxel; Gem = gemcitabine; Irino = irinotecan; ORR = overall response rate; OS = overall survival; Pacli = paclitaxel; PFS =

progression-free survival; Pem = pemetrexed; PTS = patient

As for EGFR mutational status, there was a
strong correlation between proportion of EGFR
mutation-positive tumors and median PFS, both
in the first-line and in the second-line setting (first-
line: R =0.91, R?=0.83, p < 0.0001; second-line: R =
0.69, R?=0.48, p =0.006). The slope of the regression
line (0.16 for the first-line and 0.06 for the second-
line) suggests that a 10% increase in the proportion
of EGFR mutation-positive tumors corresponds to

a 1.6-months improvement in median PFS in first-
line, and to a 0.6-months improvement in median
PFS in second-line.

Six trials on treatment-naive patients with EGFR
mutant disease reported excellent response rate of
83.1% (range: 76.9% to 84.2%).3034+39425254 Five of
these trials presented data on median PFS ranging
from 13.3 to 23.4 months (median PFS for all 5 tri-
als: 18.6 months). This figure does not include an

Radiol Oncol 2017; 51(3): 241-251.
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additional trial from this category which reported
86% PFS at 15 months, with no data on median PFS
due to relatively short follow-up.3

Discussion

Most surveys and meta-analyses focus on the ques-
tion of efficacy and/or toxicity of a particular new
treatment in comparison with the standard ap-
proach. This was also the case with intercalated
treatment for advanced NSCLC. On the basis of
published randomized trials, a recent meta-analy-
sis concluded that intercalated treatment is supe-
rior to the comparator arm.?* While this meta-anal-
ysis offered a valuable insight into an area which is
not in the main stream of current clinical research,
the question of efficacy of intercalated treatment is
too complex to be answered by a simple compari-
son.

A critical look at all published trials reveals
great heterogeneity in eligibility criteria including
treatment-naive patients or those in progression
after first-line therapy. In addition, we see a whole
spectrum of biologically divergent disease: all his-
tologic types or only non-squamous histology; ex-
clusively EGFR-mutant disease, only EGFR-wt tu-
mors or, in most trials, both groups. On such a het-
erogeneous basis and without considering the op-
timal standard therapy for a particular population
of patients, the value of a new approach cannot be
assessed. Is the intercalated treatment superior to
chemotherapy alone for EGFR-wt patients or su-
perior to TKI alone for EGFR-mutant patients? To
be more concrete: it comes as no surprise that in-
tercalated treatment was superior to chemotherapy
alone for a population which included a substantial
proportion of EGFR-mutant patients;?62%.303437:5942
and superior to TKIs alone for a population of pre-
dominantly EGFR-wt patients.’* It is not the in-
tercalated approach, but inclusion of an effective
drug into the schedule which may be responsible
for the positive experience in these trials. We be-
lieve that on the basis of randomized clinical tri-
als published so far, the question of superiority of
intercalated schedules over the standard treatment
cannot be answered.

Our estimate on the proportion of EGFR mutant
patients, as used in the analysis, includes a con-
siderable degree of uncertainty. Only half of trials
(14/29) included information on the proportion of
EGFR-mutant vs. EGFR-wt tumors for more than
50% of patients. Other trials reported results of
EGFR analysis for a minority of patients, or (in 8

Radiol Oncol 2017; 51(3): 241-251.

publications) no such information. We therefore
made an estimate, based on histologic types of tu-
mors (available for 28/29 trials), on proportion of
never-smokers (available for 27/29 trials) and on
the country where a trial was performed, using ta-
bles from a recent meta-analysis.®> This approach
led us to the best possible estimate, but the results
should nevertheless be regarded as exploratory
and tentative. In future, precise molecular diagnos-
tics should minimize these uncertainties.

Our survey does not include analysis of toxic-
ity of different schedules of intercalated treatment.
This aspect was clearly presented in a recent re-
view: apart from the expected skin toxicity and
diarrhea, intercalated schedules do not present a
disproportional burden to patients.?

Relation between selection criteria and effective-
ness of intercalated treatment is shown in Figure 2.
On the basis of pooled data on median PFS from
randomized and single-arm trials, it is clear that
pre-treated patients are not good candidates for
a treatment which includes a modality to which
resistance has already developed. While the pro-
portion of patients with non-squamous histology
and of never-smokers determine efficacy of inter-
calated treatment, EGFR mutations are clearly the
strongest predictive factor for longer PFS. By far
the greatest benefit was for treatment-naive pa-
tients with activating EGFR mutations. According
to trials in which this group of patients was report-
ed separately, their median PFS after intercalated
treatment ranged between 13.3 and 23.4 months;
median PFS for the pooled data was 18.4 months.
This figure is substantially above PES of 9 to 13
months, as reported for TKIs as monotherapy for
EGFR-mutant NSCLC.?%5-% Response rate was also
very high: 83.1%, with a substantial proportion of
complete remissions. Our survey is in accordance
with a recent editorial and with a meta-analysis,
which pointed to intercalated regimens as the most
promising first-line treatment for EGFR—- mutated
NSCLC.>%0

With the introduction of liquid biopsy from pe-
ripheral blood, the category of patients with un-
determined EGFR mutant status should be very
small.®! In case this new technique is not avail-
able, previously untreated never-smokers with
non-squamous histology for whom EGFR status
cannot be determined should also be considered
for trials testing the role of intercalated treatment.
Depending on ethnicity, approximately half of
them have EGFR mutant tumors, in which case ad-
dition of TKI to cytotoxic drugs would be clearly
beneficial; the other half with EGFR negative tu-



Zwitter M et al. / Intercalated therapy for lung cancer

mors should benefit from cytotoxic drugs included
in the intercalated schedule.

In future trials of intercalated treatment, pem-
etrexed with platin appears as the preferred option
for the cytotoxic component. Regarding the choice
of TKI, virtually all current experience is limited to
erlotinib and gefitinib. Still, in view of recent very
favorable experience for patients who developed
resistance mutations, osimertinib intercalated with
chemotherapy deserves to be considered either in
first-line setting or for patients in progression after
first-generation TKIs.®2

In two recent phase II randomized trials, pa-
tients with treatment-naive advanced EGFR- mu-
tant NSCLC were treated with continuous gefi-
tinib in combination with chemotherapy. As the
comparator arm, sequential gefitinib and chemo-
therapy or gefitinib alone were applied.®* ¢ In both
trials, patients on the combination with continuous
gefitinib and chemotherapy experienced longer
PFS. These reports support the advantage of com-
bined treatment with chemotherapy and TKIs and
re-open the dilemma between their concomitant
and intercalated application. Combination of TKIs
with bevacizumab is another possibility which de-
serves further attention.®

We are perfectly aware that the correlation we
have reported between the proportion of patients
with EGFR mutation positive tumor and the me-
dian PFS obtained with the intercalated treatment
could be reasonably observed also with EGFR in-
hibitors alone. The only way to assess the real add-
ed value of intercalated treatment is a randomized
trial with comparison to TKI alone and overall sur-
vival as the principal endpoint.

In conclusion, intercalated treatment with cy-
totoxic drugs and TKIs is a promising approach
for patients with previously untreated advanced
NSCLC with activating EGFR mutations, as well
as for never-smokers with adenocarcinoma and
undetermined EGFR status. For these patients,
randomized trials with comparison to the optimal
standard treatment, or possibly to a third arm with
continuous application of TKIs in combination
with chemotherapy should define the preferred
treatment approach.

Funding

This research did not receive any specific grant
from funding agencies in the public, commercial,
or not-for-profit sectors.

Acknowledgements

Marjeta Jerala and David OZura from the Library
of the Institute of Oncology Ljubljana provided
valuable help in retrieving full-length papers for
analysis. Sincere thanks to Lars and Dyanne Seraas
for intellectual support and language editing.

References

1. Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okimoto RA, Brannigan
BW, et al. Activating mutations in the epidermal growth factor receptor
underlying responsiveness of non-small-cell lung cancer to gefitinib. N Engl/
J Med 2004; 350: 2129-39. doi:10.1056/NE/M0a040938

2. Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, Saijo N, et al. Gefitinib or
carboplatin-paclitaxel in pulmonary adenocarcinoma. N Engl J Med 2009;
361: 947-57. doi:10.1056/NEJMo0a0810699

3. Zhou C, Wu YL, Chen G, Feng J, Liu XQ, Wang C, et al. Final overall survival
results from a randomised, phase Il study of erlotinib versus chemotherapy
as first-line treatment of EGFR mutation-positive advanced non-small-
cell lung cancer (OPTIMAL, CTONG-0802). Ann Oncol 2015; 26: 1877-83.
doi:10.1093/annonc/mdv276

4. Sequist LV, Yang JC, Yamamoto N, O’Byrne K, Hirsh V, Mok T, et al. Phase Il
study of afatinib or cisplatin plus pemetrexed in patients with metastatic
lung adenocarcinoma with EGFR mutations. J Clin Oncol 2013; 31: 3327-34.
doi:10.1200/JC0.2012.44.2806

5. Rosell R, Carcereny E, Gervais R, Vergnenegre A, Massuti B, Felip E, et al.
Erlotinib versus standard chemotherapy as first-line treatment for European
patients with advanced EGFR mutation-positive non-small-cell lung cancer
(EURTAC): a multicentre, open-label, randomised phase 3 trial. Lancet Oncol
2012; 13: 239-46. doi:10.1016/51470-2045(11)70393-X

6. Inoue A, Yoshida K, Morita S, Imamura F, Seto T, Okamoto |, et al.
Characteristics and overall survival of EGFR mutation-positive non-small cell
lung cancer treated with EGFR tyrosine kinase inhibitors: a retrospective
analysis for 1660 Japanese patients. Jon J Clin Oncol 2016; 46: 462-7. doi.
org/10.1093/jjco/hyw014

7. Zhou C, Yao LD. Strategies to improve outcomes of patients with EGRF-
mutant non-small cell lung cancer: Review of the literature. J Thorac Oncol
2016; 11: 174-86. doi:10.1016/j.jtho.2015.10.002

8. Giaccone G, Herbst RS, Manegold C, Scagliotti G, Rosell R, Miller V, et al.
Gefitinib in combination with gemcitabine and cisplatin in advanced non-
small-cell lung cancer: a phase I trial — INTACT 1. J Clin Oncol 2004; 22:
777-84. doi:10.1200/JC0.2004.08.001

9. Herbst RS, Giaccone G, Schiller JH, Natale RB, Miller V, Manegold C, et al.
Gefitinib in combination with paclitaxel and carboplatin in advanced non-
small-cell lung cancer: a phase Ill trial — INTACT 2. J Clin Oncol 2004; 22:
785-94. doi:10.1200/)C0.2004.07.215

10. Herbst RS, Prager D, Herman R, Fehrenbacher L, Johnson BE, Sandler A, et
al. TRIBUTE: a phase Il trial of erlotinib hydrochloride (OSI-774) combined
with carboplatin and paclitaxel chemotherapy in advanced non-small-cell
lung cancer. J Clin Oncol 2005; 23: 5892-9. doi:10.1200/JC0.2005.02.840

11. Gatzemeier U, Pluzanska A, Szczesna A, Kaukel E, Roubec J, De Rosa F, et al.
Phase lll study of erlotinib in combination with cisplatin and gemcitabine in
advanced non—small-cell lung cancer: The Tarceva Lung Cancer Investigation
Trial. J Clin Oncol 2007; 25: 1545-52. doi:10.1200/JC0.2005.05.1474

12. Ratti M, Tomasello G. Emerging combination therapies to overcome
resistance in EGFR-driven tumors. Anticancer Drugs 2014; 25: 127-39.
doi:10.1097/CAD.0000000000000035

13. Steuer CE, Khuri FR, Ramalingam SS. The next generation of epidermal
growth factor receptor tyrosine kinase inhibitors in the treatment of lung
cancer. Cancer 2015; 121: E1-E6. doi:10.1002/cncr.29139

14. Janne PA, Yang JC, Kim DW, Planchard D, Ohe Y, Ramalingam SS, et al.
AZD9291 in EGFR inhibitor-resistant non-small-cell lung cancer. N Engl J Med
2015; 372: 1689-99. doi:10.1056/NEJMoal411817

Radiol Oncol 2017; 51(3): 241-251.

249



250

Zwitter M et al. / Intercalated therapy for lung cancer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Eberhard DA, Johnson BE, Amler LC, Goddard AD, Heldens SL, Herbst RS, et
al. Mutations in the epidermal growth factor receptor and in KRAS are pre-
dictive and prognostic indicators in patients with non-small-cell lung cancer
treated with chemotherapy alone and in combination with erlotinib. J Clin
Oncol 2005; 23: 5900-909. doi:10.1200/JC0.2005.02.857

Reck M. Beyond the TRIBUTE trial: integrating HER1/EGFR tyrosine kinase
inhibitors with chemotherapy in advanced NSCLC. Future Oncol 2006; 2:
47-51. doi:10.2217/14796694.2.1.47

Tsai CM, Chen JT, Chiu CH, Lai CL, Hsiao SY, Chang KT. Combined epidermal
growth factor receptor (EGFR)-tyrosine kinase inhibitor and chemotherapy
in non-small-cell lung cancer: chemo-refractoriness of cells harboring
sensitizing-EGFR mutations in the presence of gefitinib. Lung Cancer 2013;
82: 305-12. doi:10.1016/j.lungcan.2013.08.028

Davies AM, Ho C, Lara PN Jr, Mack P, Gumerlock PH, Gandara DR.
Pharmacodynamic separation of epidermal growth factor receptor tyrosine
kinase inhibitors and chemotherapy in non-small-cell lung cancer. Clin Lung
Cancer 2006; 7: 385-8. doi:10.3816/CLC.2006.n.021

Mahaffey CM, Davies AM, Lara PN Jr, Pryde B, Holland W, Mack PC, et
al. Schedule-dependent apoptosis in K-ras mutant non-small-cell lung
cancer cell lines treated with docetaxel and erlotinib: rationale for phar-
macodynamic separation. Clin Lung Cancer 2007; 8: 548-53. doi:10.3816/
clc.2007.n.041

Piperdi B, Ling Y-H, Kroog G, Perez-Soler R. Schedule-dependent interaction
between epidermal growth factor inhibitors (EGFRI) and G2/M blocking
chemotherapeutic agents (G2/MB) on human NSCLC cell lines in vitro. J Clin
Oncol 2004; 22(14S): 7028. PMID: 28016090

Solit DB, She Y, Lobo J, Kris MC, Scher HI, Rosen N, et al. Pulsatile administra-
tion of epidermal growth factor receptor inhibitor gefitinib is significantly
more effective than continuous dosing for sensitizing tumors to paclitaxel.
Clin Cancer Res 2005; 11: 1983-9. doi:10.1158/1078-0432.CCR-04-1347

Bartholomeusz C, Yamasaki F, Saso H, Kurisu K, Hortobagyi GN, Ueno NT.
Gemcitabine overcomes erlotinib resistance in EGFR-overexpressing cancer
cells through downregulation of Akt. J Cancer 2011; 2: 435-42. doi:10.7150/
jca.2.435

Kanda S, Horinouchi H, Fujiwara Y, Nokihara H, Yamamoto N, Sekine |, et
al. Cytotoxic chemotherapy may overcome the development of acquired
resistance to epidermal growth factor receptor tyrosine kinase inhibitors
(EGFR-TKIs) therapy. Lung Cancer 2015; 89: 287-93. doi:10.1016/j.lung-
can.2015.06.016

La Salvia A, Rossi A, Galetta D, Gobbini E, De Luca E, Novello S, et al.
Intercalated chemotherapy and epidermal growth factor receptor inhibitors
for patients with advanced non-small-cell lung cancer: A systematic re-
view and meta-analysis. Clin Lung Cancer 2017; 18: 23-33. doi:10.1016/j.
cllc.2016.08.006

Midha A, Dearden S, McCormack R. EGFR mutation incidence in non-small
cell lung cancer with adenocarcinoma histology: a systematic review and
global map by ethnicity (mutMapll). Am J Cancer Res 2015; 5: 2892-11.
PMID: 26609494

Mok TS, Wu YL, Yu CJ, Zhou C, Chen YM, Zhang L, et al. Randomized,
placebo-controlled, phase Il study of sequential erlotinib and chemotherapy
as first-line treatment for advanced non-small-cell lung cancer. J Clin Oncol
2009; 27: 5080-7. doi:10.1200/JC0.2008.21.5541

Hirsch FR, Kabbinavar F, Eisen T, Martins R, Schnell FM, Dziadziuszko R, et
al. A randomized, phase I, biomarker-selected study comparing erlotinib to
erlotinib intercalated with chemotherapy in first-line therapy for advanced
non-small-cell lung cancer. J Clin Oncol 2011; 29: 3567-73. doi:10.1200/
JCO.2010.34.4929

Aerts JG, Codrington H, Lankheet NAG, Burgers S, Biesma B, Dingemans AM,
et al. A randomized phase Il study comparing erlotinib versus erlotinib with
alternating chemotherapy in relapsed non-small-cell lung cancer patients:
The NVALT-10 study. Ann Oncol 2013; 24: 2860-5. doi:10.1093/annonc/
mdt341

Lee DH, Lee JS, Kim SW, Rodrigues-Pereira J, Han B, Song XQ, et al. Three-
arm randomised controlled phase 2 study comparing pemetrexed and er-
lotinib to either pemetrexed or erlotinib alone as second-line treatment for
never-smokers with non-squamous non-small cell lung cancer. Eur J Cancer
2013; 49: 3111-21. doi:10.1016/j.ejca.2013.06.035

Wu YL, Lee JS, Thongprasert S, Yu CJ, Zhang L, Ladrera G, et al. Intercalated
combination of chemotherapy and erlotinib for patients with advanced
stage non-small-cell lung cancer (FASTACT 2): a randomised, double blind
trial. Lancet Oncol 2013; 14: 777-86. doi:10.1016/51470-2045(13)70254-7

Radiol Oncol 2017; 51(3): 241-251.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

4.

45.

Auliac JB, Chouaid C, Greillier L, Monnet |, Le Caer H, Falchero L, et al.
Randomized open-label non-comparative multicenter phase Il trial of se-
quential erlotinib and docetaxel versus docetaxel alone in patients with non-
small-cell lung cancer after failure of first-line chemotherapy: GFPC 10.02
study. Lung Cancer 2014; 85: 415-9. doi:10.1016/j.lungcan.2014.07.006

Karavasilis V, Kosmidis P, Syrigos KN, Mavropoulou P, Dimopoulos MA,
Kotoula V, et al. Docetaxel and intermittent erlotinib in patients with
metastatic Non-Small Cell Lung Cancer; a phase Il study from the Hellenic
Cooperative Oncology Group. Anticancer Res 2014; 34: 5649-55. PMID:
25275069

Mok TS, Gaeter SL, lannotti N, Thongprasert S, Spira A, Smith D, et al.
Randomized phase Il study of two intercalated combinations of eribulin
mesylate and erlotinib in patients with previously treated advanced non-
small-cell lung cancer. Ann Oncol 2014; 25: 1578-84. doi:10.1093/annonc/
mdul74

Yu H, Zhang J, Wu X, Luo Z, Wang H, Sun S, et al. A phase Il randomized trial
evaluating gefitinib intercalated with pemetrexed/platinum chemotherapy
or pemetrexed/platinum chemotherapy alone in unselected patients with
advanced non-squamous non-small cell lung cancer. Cancer Biol Ther 2014;
15: 832-9. doi:10.4161/cbt.28874

Choi YJ, Lee DH, Choi CM, Lee JS, Lee SJ, Ahn JH, et al. Randomized phase Il
study of paclitaxel/carboplatin intercalated with gefitinib compared to pacli-
taxel/carboplatin alone for chemotherapy-naive non-small cell lung cancer
in a clinically selected population excluding patients with non-smoking ad-
enocarcinoma or mutated EGFR. BMC Cancer 2015; 15: 763. doi:10.1186/
512885-015-1714y

Juan O, Aparisi F, Sanchez-Hernandez A, Mufioz-Langa J, Esquerdo G, Garcia-
Sanchez J, et al. Intercalated dosing schedule of erlotinib and docetaxel as
a therapeutic strategy to avoid antagonism and optimize its benefits in
advanced non-small-cell lung cancer. A randomized phase Il clinical trial. Clin
Lung Cancer 2015; 16: 193-9. doi:10.1016/j.cllc.2014.11.006

Lu S, Jian H, Li W, Yong MZ, Huang JJ, Feng J, et al. Intercalating and main-
tenance use of gefitinib plus chemotherapy versus chemotherapy alone in
selected advanced NSCLC (ISCAN,CTONG-1102): a multicentre, open-label,
randomised, phase 3 study. [abstract]. J Clin Oncol 2015; 33(Suppl): abstr
8042. ClinicalTrials.gov Identifier: NCT01404260

Michael M, White SC, Abdi E, Nott L, Clingan P, Zimet A, et al. Multicenter
randomized, open-label phase Il trial of sequential erlotinib and gemcit-
abine compared with gemcitabine monotherapy as first-line therapy in
elderly or ECOG PS two patients with advanced NSCLC. Asia Pac J Clin Oncol
2015; 11: 4-14. doi:10.1111/ajco.12178

Han B, Zhang Y, Jin B, Chu T, Gu A, Xu J. Combination of chemotherapy and
gefitinib as first-line treatment of patients with advanced lung adenocarci-
noma and sensitive EGFR mutations: a randomized controlled trial. J Thorac
Oncol 2016; 11(Suppl 4): S113-4. doi:10.1016/S1556-0864(16)30244-1

Lara PN Jr, Moon J, Hesketh PJ, Redman MW, Williamson SK, Akerley WL 3rd,
et al. SWOG S0709: Randomized Phase Il trial of erlotinib versus erlotinib
plus carboplatin/paclitaxel in patients with advanced non-small cell lung
cancer and impaired performance status as selected by a serum proteomics
assay. J Thorac Oncol 2016; 11: 420-5. doi:10.1016/j.jtho.2015.11.003

Li T, Piperdi B, Walsh WV, Kim M, Beckett A, Gucalp R, et al. Randomized
phase Il study of pharmacodynamic separation of pemetrexed and inter-
calated erlotinib versus pemetrexed alone for advanced non-small cell lung
cancer. Clin Lung Cancer 2017; 18: 60-7. doi 10.1016/j.cllc.2016.10.003

Lee JS, Lee YJ, Kim HY, Nam B-H, Lee GK, Kim HT, et al. Randomized phase
Il trial of intercalated gefitinib (G) and pemetrexed/cisplatin (Pem/Cis)
for never-smokers with chemo-naive stage IlIB/IV lung adenocarcinoma
(LADC). [abstract]. J Clin Oncol 2016; 34: e20505. ClinicalTrials.gov Identifier:
NCT01502202

Yoon S, Lee D-H, Kim D, Choi C-M, Kim S-W. Randomized Phase Il trial
comparing intercalation of afatinib to pemetrexed with pemetrexed alone
after failure of platinum doublet therapy. [abstract] J Thorac Oncol 2017;
12(Suppl 1): S926. abstr P2.03A-061

Oshita F, Saito H, Murakami S, Kondo T, Yamada K. Phase Il study of pacli-
taxel and irinotecan with intercalated gefitinib in patients with advanced
non-small-cell lung cancer. Am J Clin Oncol 2010; 33: 66-9. doi:10.1097/
COC.0b013e31819ccc6d

Sangha R, Davies AM, Lara PN Jr, Mack PC, Beckett LA, Hesketh PJ, et al.
Intercalated erlotinib-docetaxel dosing schedules designed to achieve phar-
macodynamic separation: results of a phase I/Il trial. J Thorac Oncol 2011;
6:2112-9. doi:10.1097/JTO.0b013e31822ae061



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Zwitter M et al. / Intercalated therapy for lung cancer

Minami S, Kijima T, Hamaguchi M, Nakatani T, Koba T, Takahashi R, et
al. Phase Il study of pemetrexed plus intermittent erlotinib combination
therapy for pretreated advanced non-squamous non-small cell lung cancer
with documentation of epidermal growth factor receptor mutation status.
Lung Cancer 2013; 82: 271-5. doi:10.1016/j.lungcan.2013.07.022

Yoshimura N, Okishio K, Mitsuoka S, Kimura T, Kawaguchi T, Kobayashi M,
et al. Prospective assessment of continuation of erlotinib or gefitinib in
patients with acquired resistance to erlotinib or gefitinib followed by the
addition of pemetrexed. J Thorac Oncol 2013; 8: 96-101. doi:10.1097/
JT0.0b013e3182762bfb

Kim YH, Nishimura T, Ozasa H, Nagai H, Sakamori Y, Iwata T, et al. Phase Il
study of pemetrexed and erlotinib in pretreated nonsquamous non-small-
cell lung cancer patients without an EGFR mutation. Chemotherapy 2013;
59: 414-9. doi:10.1159/000363731

Fang H, Lin RY, Sun MX, Wang Q, Zhao YL, Yu JL, et al. Efficacy and survival-
associated factors with gefitinib combined with cisplatin and gemcitabine
for advanced non- small cell lung cancer. Asian Pac J Cancer Prev 2014;15:
10967-70. doi:10.7314/APICP.2014.15.24.10967

Yang J, Shi Y, Zhang X, Xu J, Wang B, Hao X et al. Phase Il trial of paclitaxel-
carboplatin with intercalated gefitinib for untreated, epidermal growth
factor receptor gene mutation status unknown non-small cell lung cancer.
Thorac Cancer 2014; 5: 149-54. doi:10.1111/1759-7714.12074

Zwitter M, Stani¢ K, Rajer M, Kern |, Vrankar M, Edelbaher N, et al.
Intercalated chemotherapy and erlotinib for advanced NSCLC: high propor-
tion of complete remissions and prolonged progression-free survival among
patients with EGFR activating mutations. Radiol Oncol 2014; 48: 361-8.
doi:10.2478/raon-2014-0038

Yoshimura N, Kudoh S, Mitsuoka S, Yoshimoto N, Oka T, Nakai T, et al.
Phase Il study of a combination regimen of gefitinib and pemetrexed as
first-line treatment in patients with non-small cell lung cancer harbouring
a sensitive EGFR mutation. Lung Cancer 2015; 90: 65-70. doi:10.1016/j.
lungcan.2015.06.002

Yu S, Zhang B, Xiang C, Shu Y, Wu H, Huang X, et al. Prospective assessment
of pemetrexed or pemetrexed plus platinum in combination with gefitinib
or erlotinib in patients with acquired resistance to gefitinib or erlotinib: a
phase Il exploratory and preliminary study. Clin Lung Cancer 2015; 16: 121-
27. doi:10.1016/j.cllc.2014.09.007

Zwitter M, Rajer M, Stanic K, Vrankar M, Doma A, Cuderman A, et al.
Intercalated chemotherapy and erlotinib for non-small cell lung cancer
(NSCLC) with activating epidermal growth factor receptor (EGFR) mutations.
Cancer Biol Ther 2016; 17: 833-9. doi:10.1080/15384047.2016.1195049

Chen YM, Lai CH, Chang HC, Chao TY, Tseng CC, Fang WF, et al. The im-
pact of clinical parameters on progression-free survival of non-small cell
lung cancer patients harboring EGFR-mutations receiving first-line EGFR-
tyrosine kinase inhibitors. Lung Cancer 2016; 93: 47-54. doi:10.1016/j.
lungcan.2016.01.001

De Gréve J, Van Meerbeeck J, Vansteenkiste JF, Decoster L, Meert AP,
Vuylsteke P, et al. Prospective evaluation of first-line erlotinib in advanced
non-small cell lung cancer (NSCLC) carrying an activating EGFR mutation: A
multicenter academic phase Il study in Caucasian patients (FIELT). PLoS One
2016; 11: e0147599. doi:10.1371/journal.pone.0147599

Douillard JY, Ostoros G, Cobo M, Ciuleanu T, McCormack R, Webster A, et
al. First-line gefitinib in Caucasian EGFR mutation-positive NSCLC patients:
a phase-IV, open-label, single-arm study. Br J Cancer 2014; 110: 55-62.
doi:10.1038/bjc.2013.721

Inoue A, Yoshida K, Morita S, Imamura F, Seto T, Okamoto |, et al.
Characteristics and overall survival of EGFR mutation-positive non-small
cell lung cancer treated with EGFR tyrosine kinase inhibitors: a retrospec-
tive analysis for 1660 Japanese patients. Jpn J Clin Oncol 2016; 46: 462-7.
doi:10.1093/jjco/hyw014

Rossi A. Chemotherapy plus intercalated or continuous EGFR-TKI in ad-
vanced non-small cell lung cancer. Transl Cancer Res 2016; 5(Suppl 4):
$659-63.

Lopes G, Tan PS, Acharyya S, Bilger M, Haaland B. Network meta-analysis
comparing first-line therapies and maintenance regimens in EGFR mutated
advanced non-small-cell lung cancer (NSCLC). [abstract]. J Clin Oncol 2016;
34(Suppl): abstr e20570.

Sacher AG, Komatsubara KM, Oxnard GR. Application of plasma genotyping
technologies in non-small cell lung cancer: a practical review. J Thorac Oncol
2017; [Epub ahead of print]. doi:10.1016/j.jtho.2017.05.022

62.

63.

64.

65.

Mok TS, Wu Y-L, Ahn M-J, Garassino MC, Kim HR, Ramalingam SS, et al.
Osmertinib or platinum-pemetrexed in EGFR T790M-positive lung cancer. N
Engl J Med 2016; 376: 629-40. doi:10.1056NEJMMo0al612674

Sugawara S, Oizumi S, Minato K, Harada T, Inoue A, Fujita Y, et al.
Randomized phase Il study of concurrent versus sequential alternating gefi-
tinib and chemotherapy in previously untreated non-small cell lung cancer
with sensitive EGFR mutations: NEJOO5/TCOG0902. Ann Oncol 2015; 26:
888-94. doi:10.1093/annonc/mdv063

Cheng Y, Murakami H, Yang PC, He J, Nakagawa K, Kang JH, et al.
Randomized Phase I! trial of gefitinib with and without pemetrexed as first-
line therapy in patients with advanced nonsquamous non-small-cell lung
cancer with activating epidermal growth factor receptor mutations. J Clin
Oncol 2016; 34: 3258-66. doi:10.1200/JC0.2016.66.9218

Seto T, Kato T, Nishio M, Goto K, Atagi S, Hosomi Y, et al. Erlotinib alone or
with bevacizumab as first-line therapy in patients with advanced non-squa-
mous non-small-cell lung cancer harbouring EGFR mutations (J025567): an
open-label, randomised, multicentre, phase 2 study. Lancet Oncol 2014; 15:
1236-44. doi:10.1016/5S1470-2045(14)70381-X

Radiol Oncol 2017; 51(3): 241-251.

251



review

Magnetic resonance imaging evaluation in
neoadjuvant therapy of locally advanced rectal
cancer: a systematic review

Roberta Fusco?!, Mario Petrillo!, Vincenza Granata!, Salvatore Filice!, Mario Sansone?,
Orlando Catalano?!, Antonella Petrillo?

tRadiology Unit, Dipartimento di Supporto ai Percorsi Oncologici Area Diagnostica, Istituto Nazionale Tumori - IRCCS -
Fondazione G. Pascale, Via Mariano Semmola, Naples, Italy
2Department of Electrical Engineering and Information Technologies, Universita degli Studi di Napoli Federico I,

Via Claudio, Naples, Italy

Radiol Oncol 2017; 51(3): 252-262.
Received 29 December 2016

Accepted 21 June 2017

Correspondence to: Dr. Roberta Fusco, Radiology Unit, Dipartimento di Supporto ai Percorsi Oncologici Area Diagnostica,
Istituto Nazionale Tumori - IRCCS - Fondazione G. Pascale, Via Mariano Semmola, Naples, Italy. Phone: +39 8159 0322;
Fax: +39 8159 03825; E-mail: r.fusco@istitutotumori.na.it

Disclosure: No potential conflicts of interest were disclosed.

Background. The aim of the study was to present an update concerning several imaging modalities in diagnosis,
staging and pre-surgery treatment response assessment in locally advanced rectal cancer (LARC). Modalities include:
traditional morphological magnetic resonance imaging (MRI), functional MRI such as dynamic contrast enhanced
MRI (DCE-MRI) and diffusion weighted imaging (DWI). A systematic review about the diagnostic accuracy in neoad-
juvant therapy response assessment of MRI, DCE-MRI, DWI and Positron Emission Tomography/Computed Tomography
(PET/CT) has been also reported.

Methods. Several electronic databases were searched including PubMed, Scopus, Web of Science, and Google
Scholar. All the studies included in this review reported findings about therapy response assessment in LARC by means
of MRI, DCE-MRI, DWI and PET/CT with details about diagnostic accuracy, true and false negatives, true and false
positives. Forest plot and receiver operating characteristic (ROC) curves analysis were performed. Risk of bias and the
applicability at study level were calculated.

Results. Twenty-five papers were identified. ROC curves analysis demonstrated that multimodal imaging integrating
morphological and functional MRI features had the best accuracy both in term of sensitivity and specificity to evalu-
ate preoperative therapy response in LARC. DCE-MRI following to PET/CT showed high diagnostic accuracy and their
results are also more reliable than conventional MRl and DWI alone.

Conclusions. Morphological MRI is the modality of choice for rectal cancer staging permitting a correct assessment
of the disease extent, of the lymph node involvement, of the mesorectal fascia and of the sphincter complex for sur-
gical planning. Multimodal imaging and functional DCE-MRI may also help in the assessment of treatment response
allowing to guide the surgeon versus conservative strategies and/or tailored approach such as “wait and see” policy.

Key words: magnetic resonance imaging; neoadjuvant therapy; evaluation; locally advanced rectal cancer

Introduction decreased thanks to prevention and early diagno-
sis and to effective management of the disease???,
In the USA 39,220 new cases of rectal cancer oc- such as the standardization of operative proce-
curred in 2016.! Despite the introduction of the dures and the introduction of adjuvant and neoad-
screening programs, several patients are diag- juvant therapy'®?, which determines a reduction of
nosed in a locally advanced stage. Mortality has  recurrence risk and a decrease of tumour size.
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Preoperative chemo-radiotherapy (pCRT) com-
bined with following total mesorectal excision
is the standard procedure of care for locally ad-
vanced rectal cancer (LARC).3>> However, there
is an increase of conservative treatment strategies
application for patients with substantial tumour
regression after pCRT and “wait and see” policy
for patients with complete pathological response.
The advantage of this strategy is the reduction of
morbidity and the possibility to provide a “true”
organ-sparing approach. In this scenario, it is nec-
essary to individualize the selection criteria for
these strategies that accurately can assess neoad-
juvant treatment response. Functional approaches
have been exploited by several authors because of
their capability to assess the residual tissue “vi-
tality”.?% FDG positron emission tomography
coupled with computed tomography (PET/CT)
is widely used and it is considered the best tech-
nique for early response monitoring after pCRT in
LARC.5> However, other functional approaches
including dynamic contrast enhanced-MRI (DCE-
MRI) and diffusion weighted imaging (DWI) have
been adopted to discriminate responder by non-
responder patients and complete vs. non complete
pathological response after pCRT.1314

The objective of this manuscript is to present
an update about the imaging modalities used in
LARC staging with a specific focus on morpho-
logical MRI. Furthermore, a systematic review
about the performance of imaging in the tumour
response assessment after neoadjuvant therapy has
been performed. We report diagnostic accuracy
findings in terms of false and true positives, false
and true negatives number for morphological MRI,
DCE-MRI, DWI and PET/CT.

Overview about staging and restaging in
LARC

The role of imaging is to provide a loco-regional
staging as accurate as possible with the aim to as-
sess the degree of tumour infiltration and exten-
sion. Moreover, the features detected by radiologi-
cal imaging allow to evaluate pCRT response for
guiding surgeon towards patient tailored strate-
gies.36-74

In LARC, CT scan roughly show tumour size
and its possible infiltration to internal organs: in
fact, it can provide excellent contrast between tis-
sues with large difference in X-ray absorption
(bone wvs. soft tissues); however, it can poorly dis-
criminate between tissues with similar absorption
such as different soft tissues, including tumours.*

PET/CT provides functional tissue information
concerning metabolic activity fused with the mor-
phological details of CT. The integration of tissue
metabolic activity with anatomic information can
improve its accuracy more that PET or CT when
considered alone.#

Morphological MRI (T2 weighted images) has
shown superior potential because it can provide an
accurate evaluation not only of the tumour extent,
but also of the adjacent soft tissues. Morphological
MRI allows for comprehensive evaluation of dis-
ease stage including tumour infiltration degree,
a precise assessment of the neoplasia distance by
mesorectal fascia (circumferential margin) and an
effective assessment of lymph nodes involvement
and mesorectal infiltration.?

Traditionally, tumour response assessments
have been achieved measuring the percentage
reduction of the tumour size according to the
response evaluation criteria in solid tumours
(RECIST), as the change in tumour size is gener-
ally thought to be correlated with treatment effica-
cy 1755 However, this assessment approach is in-
sensitive to early treatment changes, and it makes
difficult to distinguish between active tumour and
post-treatment fibrosis.

In fact, morphological MRI has been considered
not to be conclusive in pCRT tumour response as-
sessment since pathological down-staging is not
always accompanied with tumour size effective re-
duction.!”2>265058 However, the high temporal reso-
lution obtainable using more powerful sequences
has allowed to perform perfusion and dynamic
studies after paramagnetic contrast agent adminis-
tration. The latter MRI techniques permit to obtain
functional tissue information concerning the vital-
ity of the tissue essential to differentiate fibrosis
from residual tumour after anti-angiogenetic treat-
ments.

Dynamic contrast MRI

In scientific literature the potential of DCE-MRI
has been reported as a promising evaluation tool
to monitor and predict therapy response thanks to
the relationship between tumour growth and angi-
ogenesis.>71924% [t is well known that angiogenesis
is a key factor in the growth and dissemination of
cancer. The characterization of the tumour angio-
genic status on an individual patient basis could
allow patient tailored treatments.?

Many clinical trials in rectal cancer have dem-
onstrated that angiogenesis inhibition can increase
treatment effectiveness. Consequently, imaging

Radiol Oncol 2017; 51(3): 252-262.
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FIGURE 1. T1 weighted post contrast scan obtained before (A)-(B) and after (C)-(D)
chemo-radiotherapy (CRT). The analysis of time intensity curve (TIC) show areas
with rapid contrast uptake and fast discharge (B). After CRT, on the same areas
no pathological contrast uptake is present confirming that hypo-intense tissue are
tumour nests but only residual inflammation due to CRT.

modalities able to assess tumour vascularization
might improve the treatment management in pa-
tients affected by LARC.672+25

To assess tissue perfusion by means of DCE-MRI
several approaches to analyse time intensity curve
(TIC) have been proposed. The most commonly
used in the clinical radiological practice is the
TIC visual inspection approach.>* The main draw-
back of this qualitative approach is its depend-
ence upon the experience of the operator and the
absence of reproducibility. Petrillo et al.”? utilized
TIC visual inspection to assess pCRT response in
LARC (Figure 1). According to*>, when patients
with a partial or complete response to pCRT were
included, a sensitivity, specificity and an accuracy
of 79%, 76% and 78% respectively have been ob-
tained. Instead, considering the performance of
qualitative MRI evaluation in complete responders
a sensitivity, a specificity and an accuracy of 94%,
76% and 84% respectively could be reached.

To overcome the limitations related to visual
inspection alone, the quantitative or semi-quanti-
tative approach for DCE-MRI data analysis have
been proposed and investigated.

Quantitative model-based analysis involves
compartmental tracer kinetic modelling?*?' and

Radiol Oncol 2017; 51(3): 252-262.

pixel-by-pixel or region of interest based estima-
tion of kinetic features, by means of a non-linear
regression. The latter has been introduced to better
correlate quantitative model-based features with
physiological tissue properties. Kim et al.>> showed
that average Ktrans (a parameter associated to con-
trast agent transfer constant between plasma to
extracellular extravascular space) had a large de-
crease after pCRT; this decrease was linked with a
good therapeutic response in LARC. However, be-
ing influenced by many variables and since many
different models are present in the literature, the
quantitative approach still suffers from high out-
put variability, poor clinical consistency and repro-
ducibility.®® Quantitative analysis findings in the
therapy response assessment using 3T scanners
are more encouraging as Intven ef al. and Lim et al.
have reported in their studies.>”

To overcome previous problems several au-
thors®¢! performed semi-quantitative analysis.
Lavini et al.*, in order to discriminate benign and
malignant pixels, used the following features: max-
imum signal difference, time to peak, maximum
slope of increase, relative final slope and initial
signal. Tuncbilek ef al.®** demonstrated that time to
peak, wash-in intercept and maximum enhance-
ment were strongly correlated to micro vessel den-
sity. Petrillo et al.> investigated a semi-quantitative
analysis with a piecewise linear fitting and they
individuated a combination of two TIC descriptors
named Standardized Index of Shape (SIS). This
latter is a linear weighted combination of relative
change of maximum signal difference (AMSD) and
relative change of wash-out slope (AWOS).»® This
index reached a sensitivity of 93.5% and a specific-
ity of 82.1% with relevant gains respect to AMSD
(+20.1% in sensitivity and +11.7% in specificity)
and AWOS (+13.1% in sensitivity and + 4.3% in
specificity) alone. Moreover, the standardized in-
dex of shape improved negative predictive value to
88.5% and positive predictive value to 89.6%.

Because many of the conducted studies are
relatively small and study design is very hetero-
geneous, the evidence on DCE-MRI is rather in-
consistent. Therefore, future research should aim
at increasing sample sizes and standardization of
imaging techniques and analyses.®!

Diffusion weighted imaging

The use of DWI into a standard MR protocol is
progressively increasing thanks to its capability in
the tumour detection, characterization as well as
its potentiality in the monitoring and in the pre-
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diction of treatment response.®12626> By means of
DWI data analysis is possible to estimate water
molecules mobility that is related to cell density,
vascularity, viscosity of extracellular fluid and cell
membrane integrity.!? By measuring these proper-
ties with apparent diffusion coefficient (ADC) and
other diffusion coefficients characteristics of intra-
voxel incoherent motion, the DWI could be used
as an imaging biomarker to better select patients
with reduced prognosis who will benefit from a
more aggressive neoadjuvant treatment.®!? It was
demonstrated that ADC values in LARC correlate
with prognostic factors including the mesorectal
fascia status, the nodal stage and the histological
differentiation grade.34%¢2 There are several ways
to analyse DWI data including visual evaluation,
volumetric assessment, and ADC measurements.
Visual DWI evaluation has been shown to improve
the MRI performance to differentiate between
patients with and without residual tumour after
PCRT. Another approach is to measure the vol-
ume before and after therapy. Ha et al. reported
that DWI tumour volumetry offered the best re-
sults to predict the complete response to chemo-
radiation treatment.!! Furthermore, Sathyakumar
et al.” demonstrated that DWI visual assessment
post therapy and DWI tumour volume reduction
were the best predictors of complete pathological
response. Sensitivity, specificity, positive predic-
tive value, negative predictive value and accuracy
of DWI visual assessment to predict complete re-
sponse were 81.8%, 94.3%, 75%, 96.1% and 76% re-
spectively. Sensitivity, specificity and accuracy of
tumour volume reduction (cut off value 95%) were
80%, 84.1% and 64.1%, respectively.

ADC measure (before, during, and after thera-
py) is the most widely studied approach to assess
therapy response. Increases in ADC values after
treatment are linked to decreases in tissue cel-
lularity and thus it provides indirect evaluation
of chemotherapy induced cell death. Kim et al.®?
demonstrated that the addition of DWI to stand-
ard MRI protocol yields better diagnostic accuracy
than use of conventional MRI alone in the evalua-
tion of pathological complete response. Marouf ef
al.% reported for conventional MRI a sensitivity of
60% and specificity of 33% with overall diagnos-
tic accuracy of 46.5% in the assessment of T stage.
Overall diagnostic accuracy increased adding
DWI to 83.5% with the 87% of sensitivity and 80%
of specificity. N stage prediction by conventional
MRI had 74% of sensitivity and 80% of specificity
with an overall accuracy of 78%. Overall accuracy
to predict N stage increased adding DWI to 83%.

However, the evidence regarding the use of pre,
during and post treatment ADC measurements
to assess tumour response has so far been incon-
sistent, which is also related to the fact that ADC
measurement are influenced by variations in MR
scanner hardware, field strength, acquisition pro-
tocols and measurement methods. Lack of stand-
ardization hampers the implementation of ADC in
clinical practice and should be the focus of future
studies.*!

PET/CT

PET/CT is constantly increasing in rectal cancer
management for its ability to predict treatment
response.”’ Avallone ef al.® reported that early
changes (12 days after the pCRT beginning) of the
standardized uptake maximum value (ASUVmax)
were predictive of pathological response with an
optimal threshold value of -42.0% and an accuracy
of 93.0%. In this study, the authors also observed
that the findings obtained from late pre surgical
PET/CT scans showed lower accuracy in predict-
ing of pathologic response. Leccisotti et al.”’ ana-
lysed the metabolic activity modifications by PET/
CT during and after pCRT in 124 patients with
LARC demonstrating that the areas under ROC
curve of the early response index to detect non-
complete pathological response was 0.74 (optimal
cut-off of ASUVmax was 61.2%). On the contrary,
the optimal cut-off for the late response index was
not being found. Niccoli-Asabella ef al.”! reported
similar findings, with an area under ROC curve
for ASUVmax of 0.67. Therefore, the literature data
were discordant detecting in general the poor ac-
curacy of late metabolic response to predict patho-
logical response in LARC.

Systematic review

The review is the result of autonomous studies
without protocol and registration number.

Search criterion

Several electronic database were searched: PubMed
(US National Library of Medicine, http://www.nc-
bi.nlm.nih.gov/pubmed), Scopus (Elsevier, http://
www.scopus.com/), Web of Science (Thomson
Reuters, http://apps.webofknowledge.com/) and
Google Scholar (https://scholar.google.it/). The fol-
lowing search criteria have been used: “rectal can-
cer’” AND ““diffusion magnetic resonance imaging’”’
AND “response”, “‘rectal cancer” AND ““dynamic

Radiol Oncol 2017; 51(3): 252-262.
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| Literature search — 309 articles

103 relevant articles 108 studies used other diagnostic techniques than MRI, DCE-MRIL, DWT and PET/CT
98 had different topic respect to pre-surgery therapy assessment

| 25 studies meet inclusion eriteria |

78 were excluded for absence of sensitivity and
specificity data

6 used MRI
6 used DCE-MRI

4 used DWI

7 used PET/TC

—I 2 used MULTIMODAL IMAGING

FIGURE 2. Included and excluded studies in systematic review.

DCE-MRI = dynamic contrast enhanced MRI; DWI = diffusion weighted imaging

contrast enhanced magnetic resonance imaging’”’
rectal cancer” AND ““positron
emission tomography” AND “response”’, “‘rectal
cancer’” AND “multimodal imaging” AND “re-
sponse”’. In order to cover the last twelve years
of the recent oncologic research literature, the re-
search covered the years from 2005 through 2016.
Moreover, the reference lists of the found papers
were analysed for papers not indexed in the elec-

AND “response”,

a7

tronic databases.

All titles and abstracts were analysed and exclu-
sively the studies reporting morphological MRI,
DCE-MRI, DWI or PET/CT results in the preopera-
tive therapy response assessment for LARC were

retained.

If not otherwise stated, all the studies reviewed
herein fulfil the following criteria: English lan-
guage; thorough clinical characterization of the
patients with rectal cancer studied by means mor-
phological MRI, DCE-MRI, DWI and PET/CT to
discriminate responders versus non responders
to pCRT and exclusion of studies using other di-
agnostic techniques; articles, reviews and studies
that did not present data about specificity, sensi-
bility, positive and negative predictive value of
tests treated were excluded; articles, reviews and
studies that did not present data about specificity,
sensibility, positive and negative predictive value
of tests treated were excluded; reviews, general
overview articles and congress abstracts were ex-
cluded. There was not defining a minimum num-
ber of patients as inclusion criteria due to the small
number of studies for each imaging modality.
Information extracted from each study included

Radiol Oncol

2017; 51(3): 252-262.

TABLE 1. Number of studies and participants for each
diagnostic modality

Diagnostic modality Studies Participants
MRI 6 329
DCE-MRI 6 340
DWI 4 133
PET/CT 7 366
MULTIMODAL IMAGING 2 70

DCE-MRI = dynamic contrast enhanced MRI; DWI = diffusion weighted
imaging

title, authors, year of publication, sample size, di-
agnostic modality and approach, reference stand-
ard, true and false positives number, true and false
negatives number.

Data analysis

Review Manager (version 5.2) was used to perform
data analysis for systematic review. The PRISMA
statement for reporting systematic review was
used.”™

True and false positives number, true and false
negatives number for each paper were collected
and used to obtain the forest plots reporting the
sensitivity, specificity values and relative 95% con-
fidence intervals. ROC curves were also construct-
ed. Moreover, to assess the quality and bias risk of
diagnostic accuracy studies included in the review
was used QUADAS-2 tool.”

Results

By using the search terms described earlier, we
identified 309 studies from 2005 through 2016. One
hundred eight studies used other diagnostic tech-
niques than morphological MRI, DCE-MRI, DWI
and PET/CT; 98 had different topic respect to pre-
surgery therapy assessment; 78 were excluded for
insufficient data (absence of sensibility and speci-
ficity value). Twenty-five studies remained for in-
clusion in our systematic review (Figure 2).

Table 1 shows the number of included studies
and the overall number of participants grouped by
diagnostic modality.

Details regarding the number of patients, imag-
ing modality, the accuracy values and examined
parameters were recorded. Table 2 summarizes the
main characteristics of the examined methodolo-
gies in LARC studies.
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MRI

Study TP FP FN
Barbaro et al. 2009 MR 32 6B A
Denecke et al. 2005 MR M 2 4
Dresen et al. 2009 MRI - Mophological + Yolumetric 16 1 8
Intven et al. 2015 MRI - Relative Wolume g a8 2
Petrillo et al. 2014 MRI 35 18 14
Petrillo et al. 20145 MR 12 4 2
DCE-MAI

Study TP FP FN TN
Intven at al. 2015 DCE-MRI 1 4 40
Kirn et al. 2014 DCE-MRI 17 7 7 18
Martens etal. 2015 DCE-MRI 123 1 14
Petrillo et al. 2014 DCE-MR] - Visual Inspaction 45 13 3 44
Fetrillo et al. 2015 DCE-MRI - Relative Yolume 13 1 2 13
Petrillo et al. 2014 DCE-MR] - 8IS 44 4 3 23
D

Study TP FP FN

Birlik et al. 20145 DWW 17 4 7 15 0.71 [0.49, 0.87]
Inpolito et al. 2012 Ol 1% 4 4 7 0.790.54, 0.94]
Monguzzietal. 2013 DWW -ADC 18 3 3 B 0.86 [0.65, 0.97]
Petrillo et al. 2015 DA a9 1 5 14 0.64 [0.35, 0.87]
PETAT

Study TP FP FN TN

Altini et al. 2015 PETICT 20 4 3 4 0.87 [0.66, 0.97]
Capircietal. 2009 PETICT 32 8 6 35 0.84 [0.69, 0.94]
Ippalita et al. 2012 PETVICT 15 4 4 7 0.79[0.54, 0.94]
mMurcia etal. 2013 PETICT 23 01 3 14 0.88[0.70, 0.98]
Falma etal. 2010 PETICT 9 9 11 2 0.45[0.23, 0.68]
Sunetal 2012 PETHRCT 14 3 3 15 0.82[0.57, 0.96]
Yoonetal 2013 PETICT 14 6B 2 39 0.88[0.62, 0.98]
MULTIMODAL IMAGING

Study

Intven et al. 2015 MULTIMODAL IMAGING 8 1 1 4
Marouf etal. 2015 MULTIMODAL IMAGING 9 1 2 7

TH Sensitivity (95% CI) Specificity (95% CI)

10

5
42
33
34
1

0.86 [0.71, 0.95]
0.69 [0.41, 0.89]
0.67 [0.45, 0.84]
0,60 [0.44, 0.97]
0.71 [0.57, 0.83]
0,66 [0.57, 0.98]

0.63 [0.35, 0.85]
0.71 [0.29, 0.96]
0.98 [0.88, 1.00]
0,80 [0.65, 0.91]
0,68 [0.55, 0.80]
0.73[0.45, 0.92]

Sensitivity (95% CI) Specificity (95% CI)

0.89[0.52,1.00]
0.82[0.48, 0.98]

0.60 [0.26, 0.88]
0.71 [0.48, 0.67]
0.92 [0.64, 1.00]
0.94 [0.83, 0.99]
0.87 [0.50, 0.95]
0.94 [0.82, 0.99]

0.98 [0.87, 1.00]
0.73[0.52, 0.88]
0.82 [0.57, 0.95]
0.78 [0.65, 0.87]
0.93 [0.66, 1.00]
0.85 [0.66, 0.95]

TH Sensitidty (95% CI) Specificity (95% CI)

0.79[0.54, 0.94]
0.64 [0.31, 0.69]
0.67 [0.30, 0.93]
0.93 [0.58, 1.00]

Sensitivity (95% CI) Specificity (95% CI)

0.91 [0.79, 0.98]
0.81 [0.67, 0.92]
0.64 [0.31, 0.88]
0.93 [0.68, 1.00]
0.70 [0.51, 0.85]
0.83 [0.59, 0.95]
0.87 [0.73, 0.95]

TP FP FN TN Sensitidty (95% Cl) Specificity (95% CI)
0.93 [0.87,1.00]
0.83[0.47,1.00]
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FIGURE 3. Forest plot subdivide for imaging modality including sensitivity and specificity estimates and their confidence intervals (95%).

Cl = confidence interval; FN = false negative; FP = false positive; SIS = standardized index of shape; TN = true negative; TP = true positive

Figure 3 reports the values of true positive (TP),
false positive (FP), false negative (FN), true nega-
tive (TN), sensitivity and specificity estimates and
their confidence intervals (95%) for each study,
subdivided according to the diagnostic modality
used for therapy response assessment in LARC.
Figure 4 shows ROC for each diagnostic modality.

Table 3 reports the diagnostic performance for
each imaging modality in terms of sensitivity,
specificity, positive predictive value and negative
predictive value.

Figure 5 shows the bias risk and applicability
analysis results. A very low risk of bias was present
for the studies included in this systematic review.

FIGURE 4. Estimated summary
ROC curves and original
data points for imaging
techniques.

DCE-MRI = dynamic contrast

enhanced MRI; DWI = diffusion
weighted imaging
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TABLE 2. Main characteristics summary of included studies in the systematic review: for each study the table reports imaging modality used; number

of patients examined; parameters examined

Imaging modality Authors Approach N. patients Gold standard
Barbaro et al.®® Score system 53 TNM
Denecke et al.*® Morphologic criteria 23 TNM
Dresen et al.* Morphologic + volumetric criteria 67 NM
MR Intven et al.*® Relative volume 51 TRG
Petrillo et al.®? Score system 106 TRG
Petrillo et al.®* Relative volume 29 TRG
Intven et al.*® Relative Ktrans 51 TRG
Kim et al.%® Relative Ktrans 50 ™NM
Martens et al.?” TIC slope 30 TRG
DCE-MRI
Petrillo et al.? TIC visual inspection 106 TRG
Petrillo et al.® Relative volume 29 TRG
Petrillo et al.? Standardized index of shape 74 TRG
Birlik et al.5s ADC 43 TRG
Ippolito et al.*° ADC 30 TRG
DWI
Monguzzi et al.%® ADC 31 TRG
Petrillo et al.® Relative volume 29 TRG
Intven et al.®® Relative volume + relative Ktrans 51 TRG
MULTIMODAL IMAGING
Marouf et al.®? MRI + DWI Score system 19 TNM
Altini et al.®® U\Y 68 TRG
Capirci et al.# SUvV 81 TRG
Ippolito et al.* SUV 30 TRG
PET/CT Murcia et al.*? Suv 41 TRG
Sun et al.*t Total lesion glycolysis 35 TRG
Yoon et al.%® Dual-point index 61 TRG
Palma et al.” Suv 50 TRG

ADC = apparent diffusion coefficient; DWI = diffusion weighted imaging; SUV = standardized uptake value; TIC = time intensity curve; TRG = tumour regression grade

Discussions

The objective of this systematic review was to eval-
uate the different imaging modalities (morphologi-
cal MRI, DWI, DCE-MRI, PET/CT and multimodal
imaging) in LARC management after pCRT. We
collected the current evidence of the role of func-
tional MRI and PET/CT in the assessment of patho-
logical response after pCRT in LARC. The objective
was linked to the potentiality of imaging to guide
surgeon choice. In fact, patients with substantial
(partial response) tumour regression after pCRT
could be candidate to conservative strategy while
patients reporting a complete response could be
subjected to a “wait and see” policy. The advantage

Radiol Oncol 2017; 51(3): 252-262.

is the reduction of morbidity and the possibility to
provide a “true” organ-sparing approach.

Our results, using a systematic review of lit-
erature and the ROC curves analysis, showed that
multimodal imaging combining morphological
and functional might achieve better results having
the best accuracy in term of sensitivity and speci-
ficity (85% and 96%, respectively). However, it
should be noted that only two studies have been
retrieved from the literature for a total number of
only 70 participants subjected to multimodal MRI
examination.>*® Intven et al.% demonstrated on 51
patients with LARC that both the post therapy tu-
mour volume and post therapy Ktrans values and
their relative changes were predictive for patho-
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TABLE 3. Performance pooled analysis for MRI, diffusion weighted imaging (DWI), dynamic contrast enhanced MRI (DCE-MRI), PET/CT and multimodal

imaging
Eggggqi\?wgi/sis SEMET SEESIE pred?gt?\lltg(\e/alue prec';li?:g\?g\ililue RTINS
MRI 75,84 78,21 74,34 79,55 77,13
DCE-MRI 87,18 84,15 82,42 88,51 85,55
DWI 75,95 79,25 84,51 68,85 77,27
PET/CT 80,25 83,08 79,27 83,92 81,82
MULTIMODAL IMAGING 85,00 96,08 89,47 94,23 92,96

DCE-MRI = dynamic contrast enhanced MRI; DWI = diffusion weighted imaging

logical response. For the relative Ktrans, Intven et
al.% reported a positive predictive value of 100%
(with a Ktrans cut-off of 32%) to discriminate good
responders. However, for pathological complete
response, the best positive predictive value was
80% obtained with a multiparameter model of
relative volume and relative Ktrans. Maroulf ef al.®®
reported an increase of diagnostic accuracy for the
combination of morphological MRI and DWI from
84.2% to 94.7%. Although the number of patients is
relatively small multimodal imaging seems to give
promising results whose reliability is to be con-
firmed in future studies.

Moreover, DCE-MRI following to PET/CT
showed a high diagnostic accuracy (sensitivity 87%
and 80% respectively, specificity 84% and 83% re-
spectively) and their results are also more reliable
than conventional MRI and DWI alone (Figure 3
and 4). Instead, for morphological MRI alone, the
sensitivity was of 76% and specificity of 78%. For
DWI, the sensitivity was of 76% and specificity
was of 79%. Our findings are comparable with re-
cent meta-analysis that indicated that addition of
DWI to standard MRI in a multimodal approach
improves the sensitivity for T-staging after pCRT
from 50% to 84%.12

Instead, Ippolito et al.®* reported that the best
predictors cut-off values for tumour regression
grade (TRG) response were for PET/CT SUVmax of
4.4 and for ADC of 1.28x10° mm?s’. ADC obtained
sensitivity, specificity, accuracy, negative and
positive predictive values of 77.3%, 88.9%, 80.7%,
61.5%, and 94.4%, respectively.

However, PET/CT showed an inferior diagnos-
tic accuracy in comparison of DCE-MRI in pre-sur-
gical assessment of therapy response in LARC but
it had a high predict value in the early evaluation
of therapy response. The early response assess-
ment by PET/CT was a predictor of non-complete

FIGURE 5. Assessment of bias risk and applicability analysis.

pathological therapy response allowing practical
modification of treatment.

Kim et al.”? revealed that SUVmax post threapy
had a sensitivity of 60.4%, a specificity of 65.0%,
and an accuracy of 55.9% to discriminate patholog-
ical complete response. Palma et al.” reported that
maximum ASUVmax had a sensitivity of 45.0%, a
specificity of 67.0%, and an accuracy of 89.0% while
Altini et al.* shown a sensitivity of 87.0%, a speci-
ficity of 70.0% and an accuracy of 60.0%. Similar
results were also observed in others advanced can-
cers such as esophageal cancer.” On the contrary,
late response index was not sufficiently precise to
guide the surgeon choice versus radical or local ex-
cision or versus a “wait and see” strategy.>0707

As well as PET/CT, DWI technology can be effi-
cient for predicting pathological complete response
in LARC7® but inefficient to assess late response
in pre-surgical phase. Chen et al.”” reported DWI
sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy of 60%,
64%, 60%, 60%, and 60%, respectively, in patho-
logical complete response discrimination using a
cut-off value of 0.866x10° mm?/s for pre-treatment
ADC value. Using a cut-off value for ADC percent-
age change of 58% the sensitivity, specificity, posi-
tive predictive value, negative predictive value,
and accuracy were 80%, 76%, 77%, 79% and 78%,
respectively.” Moreover, the mean pre-treatment
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tumour ADC correlates with the degree of tumour
response after therapy and patients who respond
to treatment seem to have a lower ADC at pres-
entation than do those who do not respond.® The
association between high tumour ADC and poor
response is consistent with the known relation-
ship between necrosis and poor response to cancer
treatment. However, both PET/CT and DWI had an
important role in therapy prediction and in early
therapy response assessment but showed a low ac-
curacy in pre-surgical therapy evaluation.

Therefore, multimodal assessment combining
different imaging modalities might be the best op-
tion for local restaging of locally advanced rectal
cancer after CRT in pre-surgical phase.®! According
to this theory, recently Ippolito et al.®2 reported
that the functional imaging combining ADC and
SUVmax in a single analysis permits to detect
changes in cellular tissue structures useful for the
assessment of tumour response after the neoadju-
vant therapy in rectal cancer, increasing the sen-
sitivity in correct depiction of treatment response
than either method alone.

A number of limitations of this analysis must
be recognized. Most papers report on a limited
number of patients and heterogeneity within the
included studies with respect to patient selection,
neoadjuvant treatment and imaging protocols and
analyses. This pooled analysis should be regarded
as an indicator of the general performance of func-
tional MRI and PET/CT in the therapy response as-
sessment. Validation and implementation in a mul-
ticenter setting are still awaited. Standardization of
MRI acquisition protocols and data post process-
ing approaches is mandatory to guarantee results
reproducibility. Multicenter studies using large
patient populations are needed to validate the role
of functional imaging in order to identify those
patients who may benefit from a less aggressive
therapeutic approach after CRT.

We can conclude that in local staging, morpho-
logical MRI is superior respect to CT and PET/CT
permitting a correct assessment of the disease ex-
tent, of the lymph node involvement, of the meso-
rectal fascia and of the sphincter complex for sur-
gical planning. On the other side, in restaging for
therapy response assessment, Multimodal MRI fol-
lowed by DCE-MRI seem to give more promising
results respect to PET/CT, DWI and conventional
MRI. Multimodal Imaging including morphologi-
cal and functional MRI and DCE-MRI alone could
allow to better discriminate responder by non re-
sponders patients after neoadjuvant therapy with a
high diagnostic accuracy.

Radiol Oncol 2017; 51(3): 252-262.

In the future, the scientific research should be
focused on the integration and combination of
functional imaging modalities including also clini-
cal data and molecular biomarkers. A greater num-
ber of studies should be performed in the future
for each modality to improve the reliability of any
conclusion.
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Background. During ultrasound-guided radiofrequency ablation (RFA) of hepatocellular carcinoma (HCC), high
echoic areas due to RFA-induced microbubbles can help calculate the extent of ablation. However, these areas
also decrease visualization of target tumors, making it difficult to assess whether they completely cover the tumors. To
estimate the effects of RFA more precisely, we used an image fusion system (IFS).

Patients and methods. we enrolled patients with a single HCC who received RFA with or without the IFS. In the
IFS group, we drew a spherical marker along the contour of a target tumor on reference images immediately after
administering RFA so that the synchronized spherical marker represented the contour of the target tumor on real-time
ultrasound images. When the high echoic area completely covered the marker, we considered the ablation to be
complete. We compared outcomes between the IFS and control groups.

Results. we enrolled 25 patients and 20 controls, and the baseline characteristics were similar between the two
groups. The complete ablation rates during the first RFA session were significantly higher in the IFS group compared
with those in the control group (88.0% vs. 60.0%, P = 0.041). The number of RFA sessions was significantly smaller in the
IFS group compared with that in the control group (1.1 £ 0.3 vs. 1.5 + 0.7, P = 0.016).

Conclusions. The study suggested that the IFS enables a more precise estimation of the effects of RFA on HCC,

contributing to enhanced treatment efficacy and minimized patient burden.

Key words: image fusion; hepatocellular carcinoma; radiofrequency ablation

Introduction

Radiofrequency ablation (RFA) is an established
curative, non-surgical method for treating small
hepatocellular carcinoma (HCC) !, and ultrasound
(US) is the most widely used imaging modality for
RFA procedures because of its convenience and
simplicity. During US-guided RFA, a high echoic
area due to RFA-induced microbubbles emerges
and then enables calculation of the ablation ex-
tent.2® However, the high echoic area also decreases
visualization of target tumors, making it difficult to
assess whether the area completely covers the tu-
mor. A method that can overcome this issue would
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increase the efficiency of RFA and thus decrease
the number of treatments required and prevent
further distress to patients due to re-treatment.

Recent advances in imaging technologies have
enabled image fusion among stored computed
tomography (CT), magnetic resonance imaging
(MRI), US images and real-time US images on the
same US monitor, called real-time image fusion
(RTIF).*> Numerous studies on RFA for HCC have
shown that RTIF can help target tumors that are
inconspicuous on US but detectable on CT and/or
MRI. These studies reported that tumor targeting
was successful (53-100%) for detecting several in-
conspicuous tumor cases.*?
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In this study, we hypothesized that tumor
marking with an image fusion system (IFS) may
be useful for assessing the positional relationship
between target tumors and high echoic areas dur-
ing RFA and could thereby more precisely estimate
the effects of RFA on HCC. The primary aim of this
study was to compare complete ablation rates in
the first RFA session between patients receiving
RFA with or without use of this method. The sec-
ondary aim was to compare the number of RF elec-
trode insertions, number of RFA sessions, and local
recurrence rates among patients.

Patients and methods

Patients

We performed a historically controlled study by
prospectively enrolling patients with a single HCC
who received RFA with the IFS between April
2012 and May 2016. HCC patients who received
RFA without the method between October 2011
and March 2012 served as controls. We diagnosed
HCC based on the results of contrast enhanced US
(CEUS), dynamic CT, and dynamic MRI in combi-
nation with serum tumor markers.!* For CEUS, we
used perfluorobutane (Sonazoid; GE Healthcare,
Amersham Place, UK) as an US contrast agent.!#1
We selected RFA as a curative treatment for HCC
according to the Clinical Practice Guidelines for
Hepatocellular Carcinoma (the J-HCC guidelines),
which were the first evidence-based clinical prac-
tice guidelines for the treatment of HCC in Japan.!®

This study protocol was approved by the Ethical
Committee of Kanazawa Medical University (ap-
proval number 236). We obtained informed con-
sent from all patients and performed all proce-
dures according to the guidelines of the Helsinki
Declaration.

RFA procedure

Three experienced operators (N.T., Y.M., and N.H.)
performed RFA using a cooled-tip RFA system
(Covidien, Mansfield, MA, USA) in which a 480-
kHz monopolar RF generator was connected to a
17-gauge, internally cooled-tip electrode with a
2- or 3-cm tip. After administration of a sedative
agent, an operator percutaneously inserted the
electrode into the target tumor under US guidance
using an US machine (HI VISION Preirus, Hitachi
Ltd., Tokyo, Japan) and a 3.5-MHz microconvex
probe (EUP-B512, Hitachi Ltd.). In the event an
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inconspicuous tumor was identified upon US, we
performed RFA under CEUS guidance.'” After the
operator appropriately placed the RF electrode,
assistants slowly increased the generator output
to 80-120 watts and maintained this output for up
to 12 minutes. If the tumor was located under the
diaphragm (segment VII or VIII according to the
Couinaud classification) or near the liver surface,
we performed RFA using artificial ascites and/or
pleural effusion to facilitate US guidance and avoid
damaging the diaphragm or the parietal peritone-
um.!® We performed RFA following transcatheter
arterial chemoembolization for tumors approxi-
mately 25-mm or more in size.!

Estimation of the RFA effects with the IFS

To estimate the effects of RFA more precisely, we
used Real-time Virtual Sonography™ (Hitachi
Ltd.), which is an RTIF system consisting of an US
machine (HI VISION Preirus, Hitachi Ltd.), a 3.5-
MHz microconvex probe (EUP-B512, Hitachi Ltd.)
equipped with a magnetic sensor, a transmitter to
generate a magnetic field, and a magnetic position
detection unit.’ To create reference images for RTIF,
we obtained and stored CEUS and dynamic CT
and/or MRI images acquired prior to treatment as
three-dimensional volume data in the US machine.
We selected an image series that clearly depicted
the target tumor and landmark structures of the
hepatic parenchyma, such as intrahepatic vessels.
To obtain the CEUS volume data, we performed a
sweep scan with the 3.5-MHz microconvex probe
after injecting Sonazoid™ (GE Healthcare) to en-
sure the scan covered both the target tumor and the
surrounding hepatic parenchyma and then stored
the scanned data.®®

During RFA, a high echoic area due to RFA-
induced microbubbles emerged around the posi-
tion of the RF electrode tip and decreased visuali-
zation of the target tumor. Moreover, an acoustic
shadow occurred behind the high echoic area,
which obscured the posterior boundary line be-
tween the area and the hepatic parenchyma; how-
ever, approximately 5 minutes after RFA, this
acoustic shadow had almost disappeared.

Immediately after RFA, operators retrieved the
stored volume data and created reference images
or planar images showing the target tumor and the
surrounding hepatic parenchyma prior to treat-
ment. We selected the data set that most clearly de-
picted the target tumor and landmark structures of
the hepatic parenchyma. Using Real-time Virtual
Sonography™ (Hitachi Ltd.), operators performed



Toshikuni N et al. / An image fusion system for estimating RFA effects on HCC

an image fusion between the reference images and
real-time US images as follows: As the first step of
image fusion, operators matched the tip of the xi-
phoid process on reference images to the structure
on real-time US images and coregistered the ref-
erence images and the real-time US images in the
sagittal plane of the left hepatic lobe. Next, while
scanning on or around the insertion site, operators
repeated the coregistration until they achieved cor-
rect image fusion. During coregistration, operators
asked patients to hold their breath. The US ma-
chine had a marking function that automatically
displayed synchronized straight and spherical
markers on reference images and real-time US im-
ages, respectively. Operators drew straight mark-
ers along intrahepatic vessels and ensured correct
image fusion. They also drew a spherical marker
along the target tumor contour on the reference im-
ages to show its maximum diameter. The size of the
spherical marker was designed to change inversely
with the distance between the center of the marker
and the scanning section. Thus, the synchronized
spherical marker was drawn on real-time US im-
ages in all directions, indicating the exact position
of the tumor contour that had been poorly visual-
ized immediately after RFA (Figure 1).

After performing image fusion and tumor mark-
ing, operators scanned the ablation area and as-
sessed the positional relationship between the high
echoic area and the spherical marker. Once the
high echoic area surrounded the spherical marker
in all directions with a margin of several millim-
eters, we considered the ablation to be complete.
If the target tumor was located adjacent to vessels
or near the liver surface, a partially insufficient
margin at the sites was acceptable. If the ablation
was deemed incomplete, operators performed ad-
ditional RF electrode insertions.

Assessment of the RFA effects

We performed dynamic CT or MRI scans 1 or 2
days after RFA. Experienced radiologists blinded
to whether the patients received RFA with or with-
out the IFS assessed the RFA effects by viewing
images acquired pre-treatment and post-treatment
side by side. The complete ablation criteria includ-
ed that an RFA-induced avascular area surrounded
the original target tumor with a margin of several
millimeters.?> When tumors were located adjacent
to vessels or near the liver surface, partially insuffi-
cient margins at the sites were acceptable. After the
radiologists assessed the RFA effects, we evaluated
the assessment results. If difficulty was encoun-

Reference image Real-time US image
FIGURE 1. Schema of our IFS. An US monitor shows a reference
image (left) and a real-time US image (right) immediately
after RFA. Two synchronized straight markers depicted in
identical positions in the same intrahepatic vessels ensure
correct image fusion. On the reference image, a spherical
marker (unfiled green circle) was drawn along the contour of
a target tumor (filled black circle). On the real-time US image,
a high echoic area (filled white circle) due to RFA-induced
microbubbles completely covers the synchronized spherical
marker, indicating the exact position of the tumor contour,
suggesting potential complete ablation.

IFS = image fusion system; RFA = radiofrequency ablation; US
= ultrasound

tered when assessing treatment completeness, we
discussed the treatment effects with the radiolo-
gists. If the effects did not meet the above criteria,
we performed an additional RFA.

Surveillance after RFA

After completing RFA, patients were subjected to
imaging and laboratory examinations every 3-6
months. When recurrent HCCs were detected, the
patients received appropriate treatment according
to the J]-HCC guidelines.’® HCCs detected adjacent
to ablated tumors were considered local recurrence
tumors.

Statistical analysis

Data are expressed as the mean + standard devia-
tion. We used Student’s t-test and the Fisher’s exact
probability test to compare continuous variables
and categorical variables, respectively. We used the
Kaplan-Meier method to calculate local recurrence
rates and performed log-rank tests to evaluate the
rate differences. We considered a P-value < 0.05 as
significant. We performed statistical analysis using
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STATA version 13.1 software (StataCorp, College
Station, TX, USA).

Results

We enrolled 25 patients who received RFA in com-
bination with the IFS, and 20 patients who received
conventional RFA as controls. The baseline char-
acteristics were similar between the two patient
groups (Table 1). We were able to use the image fu-
sion method for all 25 patients, and retrieving the
stored data, performing image fusion and tumor
marking, and estimating the effects of RFA took
approximately 10 minutes. The complete ablation
rate during the first RFA session was significantly
higher in the IFS group than in the control group
(88% [22/25] vs. 60% [12/20], P = 0.041). Incomplete
ablation during the first RFA session in the IFS
group was due to an insufficient margin (n = 3),

while incomplete ablation during the first RFA ses-
sion in the control group was due to an unablated
residual tumor (n = 4) and an insufficient margin
(n = 4). The number of RFA sessions was signifi-
cantly smaller in the IFS group than in the control
group (1.1 +03[1,n=22;2,n=3]vs. 1.5+ 0.7 [1,
n=12;2, n=6; 3, n=2], P =0.016), and the total
number of RF electrode insertions was not signifi-
cantly different between the two groups (2.0 + 0.9
[Ln=92n=93n=64n=1]vs.23+15]1,
n=72n=53n=64n=1,7 n=1], P=0.18).
There were no severe RFA-related complications in
any of the patients. In this study, we presented two
HCC cases in which we performed RFA using this
method (Figures 2 and 3). In case 2, we considered
the ablation incomplete after the first RF electrode
insertion during the first RFA session. Owing to
the positional information gained from the image
fusion method, we could easily identify portions
of the tumor requiring additional RF electrode in-

FIGURE 2. Case 1. A 67-year-old male patient had a 15-mm HCC in segment VI. (A) The HCC is depicted as a low echoic tumor
(white arrow) on US. A dot-line represents a puncture line for RFA. (B) A reference CT image (left) and a real-time US image (right)
immediately after the first RF electrode insertion in the first RFA session. In this case, reference images were created by retrieving
pre-treatment arterial phase images from a dynamic CT. Two synchronized straight markers depicted at the same positions in the
same portal vein branches ensured correct image fusion. (C) Another reference CT image depicting the tumor (right) and the
corresponding real-time US image (left). On the reference image, a spherical marker was drawn along the tumor contour. On
the real-time US image, the tumor is almost invisible because of a high echoic area due to RFA-induced microbubbles. However,
the synchronized spherical marker indicates the exact position of the tumor contour. The high echoic area completely covers the
synchronized spherical marker, thus suggesting the potential complete ablation. (D) Pre-treatment (left) and post-treatment (right)
dynamic CT images. The pre-treatment arterial phase image depicts a hypervascular tumor, while the post-treatment portal phase
image depicts an RFA-induced avascular area larger than the original tumor. These findings are suggestive of the achievement of

complete ablation after the first RFA session.

CT = computed tomography; HCC = hepatocellular carcinoma; RFA = radiofrequency ablation; US = ultrasound
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TABLE 1. Baseline characteristics of patients

Ilzi grgg)’;) Cor(1rt]rcil %;)up el ©
Age (years) 73+82 74+92 0.39
Sex, male/female 14/11 8/12 0.37
Etiology, viral/non-viral 15/10 17/3 0.10
Child-Pugh grade, A/B 22/3 16/4 0.68
Occurrence, new/recurrent 23/2 18/2 1.00
Tumor size (mm) 19+62 19+82 0.42
Tumor location, L/M/A/P 2/4/11/8 0/2/11/7 0.53
Tumor vascularity, hypo/hyper 3/22 1/19 0.62
Electrode tip, 2 cm/3 cm 9/16 2/18 0.08
CEUS guidance for RFA, no/yes 22/3 18/2 1.00
Artificial ascites and/or pleural effusion, no/yes 12/13 8/12 0.76
Combined with TACE, no/yes 21/4 18/2 0.68

IFS = image fusion system; L = lateral segment; M = medial segment; A = anterior segment; P = posterior segment; CEUS = contrast enhanced ultrasound;
RFA = radiofrequency ablation; TACE = transcatheter arterial chemoembolization. 2 Data are expressed as the mean + standard deviation. * Student’s
t-tests and Fisher’s exact probability tests were used for continuous variables and categorical variables, respectively.

®

FIGURE 3. Case 2. A 66-year-old female patient had a 28-mm HCC in segment VIIl. (A) The HCC is depicted as a low echoic tumor
on US. A dot-line represents a puncture line for RFA. (B) A reference MRl image (left) and a real-time US image (right) immediately
after the first RF electrode insertion in the first RFA session. In this case, reference images were created by retrieving pre-treatment
hepatobiliary phase images of Gd-EOB-DTPA-enhanced MRI. On the reference image, a spherical marker was drawn along the
tumor contour. Although the tumor is almost invisible on the real-time US image because of a high echoic area due to RFA-induced
microbubbles, the synchronized spherical marker indicates the exact position of the tumor contour. The positional relationship
between the high echoic area and the synchronized spherical marker suggests incomplete ablation. (C) A reference MRl image
(left) and a real-time US image (right) immediately after the fourth RF electrode insertion in the first RFA session. The extent of
the high echoic area due to RFA-induced microbubbles is larger than that after the first RF electrode insertion. The positional
relationship between the high echoic area and the synchronized spherical marker suggests potential complete ablation. (D) A
pre-treatment MRl image (left) and a post-treatment dynamic CT image (right). The pre-treatment hepatobiliary image depicts a
hypointense tumor, while the post-treatment portal phase image depicts an RFA-induced avascular area larger than the original
tumor. These findings are suggestive of the achievement of complete ablation after the first RFA session.

CT = computed tomography; Gd-EOB-DTPA = gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid; HCC =
hepatocellular carcinoma; MRI = magnetic resonance imaging; RFA = radiofrequency ablation; US = ultrasound
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sertions. Thus, we performed additional ablations
and completely ablated the tumor in a single RFA
session.

During a mean follow-up period of 27 months
(IFS group, 21 months [range 1-36 months]; control
group, 34 months [range 2-63 months]), the cumu-
lative local recurrence rates at 36 months were 8.3%
in the IFS group and 12.6% in the control group,
which were not significantly different (P = 0.98).

Discussion

The present study demonstrated that using an IFS
permits precise estimation of the effects of RFA on
HCC and thus aids in deciding whether to per-
form additional RF electrode insertions in an RFA
session and identifying tumor portions requiring
additional RF electrode insertions. In most cases,
use of our method resulted in complete ablation
in a single RFA session. Minimizing the number of
treatment sessions would reduce patient distress,
the risk of treatment complications and treatment
costs. In an earlier study, Hiraoka et al. succeeded
in precisely estimating the effects of RFA on HCC
via an RTIF method using a workstation.?! In ac-
cordance with the results of our study, Hiraoka et
al. demonstrated that RFA using their method de-
creased the number of treatment sessions required.
Because of recent advances in imaging modalities,
clinicians can now perform RTIF on a single US
machine without a workstation, which may facili-
tate routine use of this IFS in RFA of HCC.

Our IFS is advantageous for performing RFA
for HCC. A major limitation of RFA is poor conspi-
cuity on US. Isoechoic tumors, small tumors, and
surrounding coarse, nodular liver parenchyma are
reported causes of poor conspicuity.® Conventional
RTIF has overcome this issue, leading to success-
ful RFA for tumors undetectable via US.*'2 High
echoic areas due to RFA-induced microbubbles
are another cause of poor target tumor conspicu-
ity, which makes precise estimation of therapeutic
effects difficult. Using a marking function in our
IFS provides a solution to poor conspicuity during
RFA, as this technology allows operators to recog-
nize the exact position of poorly visualized target
tumors in high echoic areas, thus leading to precise
estimation of the effects of RFA.

We previously reported the utility of the IFS in
assessing the effects of RFA on HCC." In a previ-
ous study, we discussed the possibility of reducing
the number of dynamic CT scans when assessing
the effects of RFA, and several studies have pre-

Radiol Oncol 2017; 51(3): 263-269.

sented similar results to this effect.?? The results
of past and present studies regarding this method
will enable US to be used more frequently for di-
agnosing HCC, performing RFA, and assessing
RFA effects, especially when US volume data can
be the reference image source for image fusion. In
arecent study, Minami et al. reported that an image
fusion method using US reference images could
allow precise estimation of the effects of RFA on
liver metastases.”> Hence, the IFS may potentially
increase the efficiency of using RFA for HCC.

Our method does, however, have several limi-
tations. First, we used spherical markers so that
the markers indicated the exact positions of tumor
contours that are poorly visualized on real-time US
images immediately after RFA. However, tumor
contours are not perfectly spherical, and discrep-
ancy between the markers and actual tumor con-
tours may occasionally make estimating ablation
margins difficult. Indeed, there were three cases of
incomplete ablation after the first RFA session in
the IFS group. Second, correct image fusion may be
difficult for patients who cannot hold their breath
for a certain amount of time (approximately 10 sec-
onds). Third, patients with pacemakers are not eli-
gible for RFA with RTIF because this method uses a
magnetic field. Fourth, only high-end US machines
currently incorporate RTIF systems, and addition-
al time would be required for such systems to be
readily available in clinical practice.

In conclusion, our study suggested that the pre-
sent method could enhance the efficiency of RFA
for HCC and minimize patient burden. Further
studies with a larger number of patients would
confirm the benefits of RFA with the IFS for the
treatment of HCC.
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Background. The aim of the study was to evaluate the added value of the apparent diffusion coefficient (ADC) of
diffusion-weighted magnetic resonance imaging (DW-MRI) in patients with rectal cancer who received neoadjuvant
chemoradiotherapy (CRT). The use of DW-MRI for response evaluation in rectal cancer still remains a widely investigat-
ed issue, as the accurate detection of pathologic complete response (pCR) is critical in making therapeutic decisions.
Patients and methods. Thirty-three patients with locally advanced rectal cancer were evaluated retrospectively
by MRI in addition to diffusion-weighted images (DWI) and its ADC pre- and post- neoadjuvant CRT. These patients
subsequently underwent curative-intent surgery. Tumor staging by MRl and ADC value were compared with histo-
pathological findings of the surgical specimen.

Results. MRIin addition to DWI had a sensitivity of 96.1%, specificity of 71.4%, positive predictive value of 92.5%, and
negative predictive value of 83.3% in the detection of pCR. The pre-CRT ADC alone could not reliably predict the
PCR group. Post-CRT ADC cutoff value of 1.49 x 10° mm?/s had the highest accuracy and allowed a 16.7% increase in
negative predictive value and 3.9% increase in sensitivity. Patients with pCR to neoadjuvant treatment differed from
the other groups in their absolute values of post-CRT ADC (p < 0.01).

Conclusions. The use of post-CRT ADC increased the diagnostic performance of MRI in addition to DWI in predicting
the final pathologic staging of rectal carcinoma.

Key words: rectal cancer; neoadjuvant therapy; diffusion MRI

Introduction Several publications of the last decade reported
the potential use of diffusion-weighted magnetic
Restaging locally advanced rectal cancer after neo-  resonance imaging (DW-MRI) through its apparent

adjuvant chemoradiotherapy (CRT) is critical in  diffusion coefficient (ADC) as an additional way to

making therapeutic decisions based on magnetic
resonance imaging (MRI). The diagnostic perfor-
mance of this radiological method is reduced in
the restaging of patients undergoing neadjuvant
therapy, because of the difficulty in differentiat-
ing residual tumour within radiotherapy induced
fibrosis.!

Radiol Oncol 2017: 51(3): 270-276.

clarify the radiological and biological behavior of
these tumors.* This technique measures the char-
acteristics of water diffusion in a tissue, which de-
pends on the cell density, vascularization, extracel-
lular viscosity, and integrity of the cell membrane.
Any change in tissue components, including the
ratio of protons of water molecules between the

doi:10.1515/raon-2017-0025
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extracellular and intracellular environment, may
modify the diffusion coefficient of water.>”

Previous studies of different tumor types have
suggested that this quantitative interpretation of
the ADC could be used as a reliable biomarker of
response to neoadjuvant treatment.>”

However, there is no consensus regarding the
use of different ADC cutoff values or their even-
tual clinical use in daily practice in the evaluation
of response to CRT in rectal cancer. Small-scale
studies with varying methodologies and conflict-
ing conclusions have contributed to the wide range
of results. 10

Given this knowledge gap, the objective of this
study was to evaluate the diagnostic performance
of MRI in addition to diffusion-weighted images
(DWI) and measure the tumor’'s ADC, before and
after CRT, through a pathological correlation with
the surgical specimen.

Patients and methods
Patients

Forty-four patients were diagnosed and treated for
rectal cancer in the State Public Servant Hospital of
Sao Paulo (Brazil), from February 2010 to May 2014.
This study was performed in accordance with the
guidelines of the Helsinki Declaration, fulfilling all
requirements for retrospective studies in humans.
All the images were accessed in the hospital data-
base, with the approval of the Ethics Committee
of our institution (number 04989912.8.0000.5463).
Informed consent was not obtained as patient re-
cords and information was anonymized and de-
identified prior to all the analysis of this pure ret-
rospective study.

The inclusion criteria were the following: pa-
tient with histological biopsy of rectal adenocarci-
noma, completion of a full course of neoadjuvant
CRT, and having undergone MRI and DW-MRI
pre- and post-CRT. Thirty-eight patients met the
above criteria. The exclusion criteria were the fol-
lowing: failure to obtain a specimen for pathologi-
cal examination when the surgery was contrain-
dicated during treatment, a history of previous
pelvic irradiation, and subjects with missing data.
Among 38 patients, 5 patients were excluded due
to disease progression (n = 1), missing data (n = 1)
and previous pelvicirradiation (n = 3). Thirty-three
patients remained in the final study population, 18
males and 15 females. The median age was 59 (+
11.53) years with a range of 36-80 years. Surgery
performed included low anterior resection (n=15),

abdominoperineal resection (n = 15), and pelvic
exenteration (n = 3). The clinical characteristics are
summarized in Table 1.

Neoadjuvant chemoradiation therapy

The neoadjuvant CRT regime used in all patients
consisted of radiation to a total dose of 4500 cGy,
divided into 5 days per week, a 28-day treatment
period, and one boost of 540 cGy. This regimen was
associated with the use of 5-fluorouracil at a dose
of 350 mg/m?/day and folinic acid at a dose of 20
mg/m?/day, in bolus for 5 days in the first and fifth
weeks of radiation therapy.

Histopathological examination of the
surgical specimens

The histopathological analyzes were performed
by expert colorectal pathologists subspecialized
in gastro-intestinal pathology, who had no ra-
diographic information. Hematoxylin and eosin
(H&E)-stained slides were used for microscopic
analysis in all 33 subjects. The standard of reference
was based on pathological staging (TNM staging
system).!! The histopathological parameters used

271

TABLE 1. The patients’ clinical characteristics and patohystologic characteristics of

the tumor

All pCR non-pCR

Average age, years 59.6 +11.5 58.5 +11.2 59.9 +11.8
Gender*

Male 18 5 13

Female 15 2 13
Clinical T stage pre-CRT
(MRI classification)*

T2 3 1 2

T3 23 5 18

T4 7 1 6
ﬁ)";fg‘%isg'z‘cor;?*'“ance 51(£22)  61(x13)  48(x23)
Type of resection*

Low anterior resection 15 3 12

Abdominoperineal resection 15 4 11

Pelvic exenteration 3 0 3
Histologic grade (biopsy)*

Well differentiated 6 2 4

Moderately differentiated 23 4 19

Poorly differentiated 4 1 3

* = number of individuals; CRT = chemoradiotherapy; pCR = pathologic complete response

Radiol Oncol 2017: 51(3): 270-276.
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FIGURE 1. Sample of a T2-weighted MRI, DW-MRI (b-value 1000 s/fmm?), and ADC
map from a locally advanced rectal tumor. The red arrows point to different
aspects of the left lateral pre-CRT tumor area. The yellow arrows point to the cancer
shrinkage in the post-CRT. Pre- and post-CRT ADC values were 0.92 x 10° mm?/s and
1.50 x 10 mm?/s, with pCR in the surgical specimen.

in this study were the maximum degree of tumor
penetration in the rectal wall, the circumferential
and longitudinal resection margin, and the pres-
ence or absence of intramural mucin. A pathologic
complete response (pCR) was defined as no viable
cells present on pathological examination of the
surgical specimens.!!

Imaging technique

The mean interval between pre-CRT MRI and the
start of the neoadjuvant treatment was 20 + 3 days.
The mean interval between the completion of CRT
and post-CRT MRI for response evaluation was 58
+ 8.8 days.

The MRI equipment used in the study was a
1.5 Tesla whole-body system (Achieva®Philips
Medical Systems, Best, Netherlands), with a
16-channel phased-array coil. The sequences used
and their specifications were sagittal T2-weighted
(T2W) MRI fast spin echo (repetition time/echo
time [TR/TE]: 5030/100 ms; field of view [FOV]: 20
cm; gap: 0.5 mm; section thickness: 3 mm; matrix
size: 268 x 210; axial T2ZW MRI fast spin echo; TR/
TE: 4681/90 ms; FOV: 20 cm; gap: 0.3 mm; section
thickness: 3 mm; and matrix size: 212 x 168). Axial
DW-MRI were obtained using the single-shot echo
planar imaging technique with the following pa-
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rameters: TR/TE: 2800/70 ms; gap: 1 mm; slice
thickness: 3 mm; matrix size: 104 x 100; and field of
view: 20 cm. The axial sequences were obtained in
the perpendicular plane to the longitudinal axis of
rectal cancer. All sequences (including DW-MRI)
were used for conventional MRI reading. In all
MRIs the standard of reference was based on previ-
ous radiologic staging protocols and T2W images
were used to help correctly identify the tumor, if
that was the case.10%!

The diffusion-weighted images were acquired
using four different b-values (b = 0, 50, 500 and
1000 s/mm?). Patients did not receive antispasmod-
ic medication or bowel preparation before MRI
examinations. Two experienced researchers in pel-
vic MRI and DW-MRI (JFF and TB), in consensus,
blinded to patients’ data and surgical or pathologi-
cal results, reviewed the anonymized DICOM files,
using computer software (iQ-View, version 2.7,
IMAGE Information Systems, London, UK).

Image analysis

The diffusion-restricted area was characterized on
one single slice, as the region with the most promi-
nent restrictive diffusion (hyperintense signal) on
DW-MRI (b = 1000 s/mm?). This same region of
interest (ROI) was identified and superimposed
on the ADC map as a low signal area, which was
reconstructed automatically by the computer soft-
ware on a pixel-by-pixel basis, avoiding T2 shine-
through effect. The tumors” ADC value was ob-
tained through the calculation of the ROI, manu-
ally designed, in which the whole tumor area was
depicted and delineated, excluding visible necrotic
or cystic portions and distortion artifacts. For crite-
ria of magnetic resonance complete response, the
residual tumor was absent in all sequences, and the
ROI included the areas of fibrosis, which was char-
acterized by the hypointense area on T2W and no
residual hyperintense signal on high b-value DW-
MRI (Figure 1).

Statistical analysis

The statistical analysis investigated the following
aspects: calculation of diagnostic performance of
conventional MRI and combined set of conven-
tional MRI in addition to DWI (sensitivity, speci-
ficity, positive predictive value and negative pre-
dictive value); Hypothesis test - two-way ANOVA
(Analysis of Variance) using two factors: staging
(ranging from ypTO to ypT4) and treatment sta-
tus (pre- or post-CRT) with Bonferroni test post-
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hoc; Student t-test for comparison after normality
test; Correlation between post-CRT ADC values
and final T staging with Spearman correlation;
Gaussianity tests and the estimation of a Gaussian
distribution of post-CRT ADC.

Statistical analyzes were performed using the t
and ANOVA tests, conducted with Epi Info soft-
ware (version 3.3.2, Control Diseases Center,
Atlanta, GA, USA). The receiver operating char-
acteristics (ROC) curves were used to analyze the
different cutoff values, aiming at the point of high-
est sensitivity and specificity to the differentiation
between pCR and non-pCR. The analyzes of ROC
curves and the gaussianity tests were performed
using SPSS for Windows (version 10, IBM SPSS,
Chicago, IL, USA). Estimates of power analysis
were calculated for each sample using Stata soft-
ware version 8.2 (Stata, College Station, TX, USA).
The study had a 95% confidence level (a = 0.05),
and the value of p < 0.05 determined the signifi-
cance in all tests.

Results
Treatment characteristics

All patients were operated on with the total meso-
rectal excision technique.!? The mean interval be-
tween the end of neoadjuvant CRT and surgery
was 77 +9.1 days. The longitudinal and circumfer-
ential resection margins of the specimen were free
of cancer in all 33 patients. pCR occurred in 21.2%
(7/33); ypT1 in 3.0% (1/33), ypT2 in 30.3% (10/33),
ypT3 in 27.3% (9/33) and ypT4 in 18.2% (6/33)
patients. Small amount of intramural mucin oc-
curred in 8 (24.2%) patients, and half of these had
PCR. Mesorectal fascia involvement occurred in 8
(24.2%) cases. The mean time interval between the
restaging MRI and surgery was 21 +13.7 days.

Diagnostic performance of conventional
MRI and combined set of conventional
MRI in addition to DWI

For detecting the pCR group, conventional post-
CRT T2W MRI had a sensitivity of 86.9% (20/23;
95% CI: 0.65 to 0.96), specificity of 50% (5/10; 95%
CI: 0.20 to 0.79), positive predictive value of 80%
(20/25; 95% CI: 0.58 to 0.92), and negative predictive
value of 62.5% (5/8; 95% CI: 0.25 to 0.89). Post-CRT
MRI in addition to DWI had a sensitivity of 96.1%
(25/26; 95% CI: 0.78 to 0.99), specificity of 71.4%
(5/7;95% CI: 0.30 to 0.94), positive predictive value
of 92.6% (25/27; 95% CI: 0.74 to 0.98), and negative
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TABLE 2. Calculation of diagnostic performance of conventional T2W MRI and
combined set of conventional T2W MRI in addition to DWI for the diagnosis of

complete rectal cancer response to neoadjuvant therapy

T2W 95% ClI T2W + DWI 95% ClI
Sensitivity% 86.9 (0.65-0.96) 96.1 (0.78-0.99)
Specificity% 50 (0.20-0.79) 714 (0.30-0.94)
PPV% 80 (0.58-0.92) 92.6 (0.74-0.98)
NPV% 62.5 (0.25-0.89) 83.3 (0.36-0.99)
Accuracy% 75.7 (0.57-0.88) 81.8 (0.63-0.92)

95% CI = 95% confidence interval, DWI = diffusion-weighted imaging; T2W = T2-weighted; NPV =

negative predictive value; PPV = positive predictive value

predictive value of 83.3% (5/6; 95% CI: 0.36 to 0.99).
MRI in addition to DWI also increased the overall
accuracy of conventional MRI from 75.7% to 81.8%.
These aspects are summarized in Table 2.

Pre-CRT ADC value

The average pre-CRT ADC value was 1.01 +
0.05x10° mm?/s and did not vary as a function of
tumor staging found in the surgical specimen (p >
0.05).

Post-CRT ADC value

Post-CRT ADC values differed in each T stage
group (p <0.01). Due to the small sample of ypT1,
this comparison was impaired, and there was no
statistical difference (p > 0.05).

Analyzing the distribution of the post-CRT ADC
values and its correlation with the result of the
pathological examination, we found a significant
statistical correlation between them (Spearman’s
Rho = -0.54 which indicate a moderate negative
correlation; 95% confidence interval -0.75 to -0.24).
The pCR ADC-median value (1.53 x 10° mm?/s)
is far away from the lower (1.04 x 10® mm?/s) and
upper (1.31 x 10® mm?/s) quartiles - 25th and 75th
percentiles, respectively - of the non-pCR box (un-
paired t test, p <0.01).

These quantitative aspects of the ADC and the
rectal cancer pathological findings are shown in
Figure2 A, B, C.

Using the post-CRT ADC values, the ROC curve
was constructed. The cutoff value of 1.32 x 103
mm?/s obtained a specificity of 100.0% (95% CI:
0.56 to 1.00) and sensitivity of 80.8% (95% CI: 0.60
to 0.92), with 84.8% accuracy. All patients who had
PCR were allocated above this value. The cutoff
value with highest accuracy (93.9%) was 1.49 x 10-
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FIGURE 2. Correlation between ADC values and final T staging. (A) The pre-CRT ADC values were similar in the different groups (blue bars, (p > 0.05),
although post-CRT ADC values differed in each group (green bars, p < 0.01); statistical significance (*). (B) Post-CRT ADC values with a moderate
negative correlation and slope different from zero degrees (Spearman’s Rho = -0.54; 95% confidence interval -0.75 to -0.24). (C) Box plot analysis
between post-CRT ADC values and final T staging. The pCR ADC-median value (1.53 x 10° mm?/s) is far away from the lower and upper boundaries of
the non-pCR box (p < 0.01).

®

3 mm?/s, with a sensitivity of 100% (95% CI: 0.83
to 1.00) and specificity of 71.4% (95% CI: 0.30 to
0.94) (Figure 3A). All patients with residual tumor
in the surgical specimen were allocated below this
threshold.

A histogram was created to estimate the post-
CRT ADC values distribution in a following
Gaussian distribution population. Its coefficient of
variation (which is the ratio of the standard devia-
tion to the mean) was 10% and 16% respectively,
for non-pCR and pCR groups, both values be-
ing considered sufficient for high forecastability.

FIGURE 3. Receiver operating characteristic (ROC) curve and histogram in patients
with rectal carcinoma with a normal distribution. (A) The optimal post-CRT ADC
cutoff value 1.49x10° mm?/s (area under the curve = 0.95). (B) Histogram. The mean
post-CRT ADC values of patients with pCR was 1.53 (x 1.96 x0.15x10° mm?/s) and of
patients with non-pCR 1.16 (+ 1.96x0.19x10° mm?/s); the area in gray highlights the
possible overlap in these values.

Radiol Oncol 2017: 51(3): 270-276.

Figure 3B depicts the normal distribution based on
the sample size of this study.

Discussion

The growing interest in using DW-MRI through
its ADC to study tumor behavior is a reality. This
method is sensitive to the motion of water mol-
ecules, which vary in function in cell membranes
and intracellular elements, providing potential
access to the cellular architecture on a millimetric
scale. Promising results have been described for
breast cancer, liver metastasis, sarcoma and brain
tumor.’>1”

The demand for an image that allows a reliable
interpretation of tumor aggressiveness and the
need for a safety reevaluation of the response to
neoadjuvant CRT in rectal cancer have stimulated
research.19182 DW-MRI has advantages, such as
the absence of the use of exogenous contrast and ir-
radiation, it does not induce pain or cause discom-
fort in the patient, besides the fact that DW-MRI
can be obtained relatively quickly if incorporated
into routine standard MRIL.24%

This study explored quantitative aspects of the
ADC in patients with rectal cancer who received
CRT and it is in line with the growing use of po-
tentially powerful imaging biomarker. This kind
of radiological approach may allow a better under-
standing of the biological tumors cells behavior,
and enable a more personalized management, in
an era focused at less extensive surgeries.?
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However, many challenges still exist for wide-
spread implementation of DW-MRI to reevaluate
rectal cancer after CRT. Koh et al.!, Lambregts et
al.?2, and Engin et al.>warned that because the meas-
urements and analyzes of this radiological method
are not yet standardized, the validation and repro-
duction of several studies is difficult due to the
lack of a uniform methodology among them, thus
quality assurance is placed at risk. This plurality of
results was the target of a recent systematic review
in which we observed a wide range of conflicting
results.*

In the present study, we first retrospectively
evaluated the use of conventional MRI alone and
in addition to DWI in patients undergoing neoad-
juvant CRT and subsequently performed surgery
for rectal adenocarcinoma. We observed that add-
ing DWI can improve the diagnostic performance
of conventional MR, increasing its sensitivity, posi-
tive and negative predictive value, specificity and
accuracy. Foti et al3! recently published and de-
scribed the same positive impact of using DWI se-
quences in conventional MRI reading for radiologi-
cal re-assessment of rectal cancer response to CRT.

Other important focus of this study was to eval-
uate the diagnostic performance of ADC values
pre- and post- neoadjuvant CRT to assess the re-
sponse to treatment, through the correlation with
histopathological parameters.

No difference was found in the distribution of
pre-CRT ADC values between pCR and non-pCR
groups. The possible use of pre-CRT ADC value to
predict tumor response to CRT was first published
by Andrzej Dzik-Jurasz et al.?® However, this corre-
lation is controversial, and it was not reproduced
later, in 6 of 9 published papers, compiled in a re-
cent systematic review.* Our results also suggest
lack of differences for pre-CRT ADC to predict the
final response to therapy. These findings are in
line with those of Engin ef al.3, Kim ef al.5, Curvo-
Semedo et al %, as recently published by Blazic et al.®

Moreover, the analysis of post-CRT ADC values
was significantly different between patients with
PCR and those in which the tumor was identified
in the specimen. The ypT0 group was statistically
different from the other patients, corroborating the
findings of Song et al.” Sun et al.8 proposed that this
ADC increase reflects the local necrosis and sensi-
tivity of tumors to treatment and is greater in pa-
tients with ypTO staging, which was also observed
in this study.

The importance of post-CRT ADC values was
evident by the increase in the specificity of MRI in
addition to DWI in 28.6% of scans, increasing from

71.4% to 100%, considering the cutoff value of 1.32
x 10° mm?/s. Thus, all ypTO patients were above
this threshold. This fact has already been described
by other authors.>>® The maximum sensitivity and
diagnostic performance of post-CRT ADC values
was achieved with the cutoff of ADC 1.49 x 10°
mm?/s, below which all subjects who had viable tu-
mor in the surgical specimen were allocated. Other
cutoff values available in the literature ranged from
1.04 to 1.41 x 10° mm?/s.*

The histogram obtained in this study character-
ized this previous phenomenon and allowed an
inference from the behavior of the curves of post-
CRT ADC values in a population with normal dis-
tribution. Based on the sample in this study, 95% of
patients with non-pCR had post-CRT ADC values
between 0.77 and 1.54 x 103 mm?/s.

This study has some limitations. First, this was
a single center, retrospective study that had an
overall small population without a validation set,
which may lead inevitable bias. Second, the ADC
values were obtained in a single slice ROI contain-
ing the whole visible tumor area, which may not
be fully representative of the overall profile of the
tumor. Variations in ROI size and positioning can
effect tumor ADC measurements. However in re-
cent previous studies single slice ROI and whole-
tumor volume methods had comparable diagnos-
tic performance levels with similar AUCs. In this
context, single slice ROI can be used as a less time
consuming alternative and relatively efficient ap-
proach for clinical practice, in the assessment of
tumor response to CRT.?*® Third, the presence
of small amount of mucin in specimen, as tumor
regresses, may have changed the post-CRT ADC
value, as already observed by others authors.1%2627
Fourth, because of the retrospective nature of this
study, all patients had already been operated on
when we analyzed the MRIs, thus it was not possi-
ble to perform the dissection and histopathological
evaluation of each of the suspicious lymph nodes.

Conclusions

This study provides quantitative aspects of the use
of DW-MRI through the pre- and post-CRT ADC
values. Our data support the fact that post-CRT
ADC values increased the overall diagnostic per-
formance of MRI in addition to DWI. In the future,
larger studies may separate these populations with
greater precision, revealing and making clear the
area of interception between the pCR and non-pCR
groups.
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Background. Inflammatory events in brain parenchyma and glial tissue are involved in epileptogenesis. Blood con-
centration of cytokines is shown to be elevated after tonic-clonic seizures. As a result of inflammation, blood-brain
barrier leakage occurs. This can be documented by imaging techniques, such is dynamic susceptibility contrast
enhanced (DSC) MRI perfusion. Our aim was to check for postictal brain inflammation by studying DSC MRI perfusion
and plasma level of cytokines. We looked for correlations between number and type of introducing seizures, postictal
plasma level of cytokines and parameters of DSC MRI perfusion. Furthermore, we looked for correlation of those pa-
rameters and course of the disease over one year follow up.

Patients and methods. We prospectively enrolled 30 patients, 8-24 hours after single or repeated tonic-clonic
seizures.

Results. 25 of them had normal perfusion parameters, while 5 had hyperperfusion. Patients with hyperperfusion were
tested again, 3 months later. Two of 5 had hyperperfusion also on control measurements. Number of index seizures
negatively correlated with concentration of proinflammatory cytokines IL-10, IFN-Y and TNF-o. in a whole cohort. In pa-
tients with hyperperfusion, there were significantly lower concentrations of antinflammatory cytokine IL-4 and higher
concenfrations of proinflammatory TNF-a.

Conclusions. Long lasting blood- brain barrier disruption may be crucial for epileptogenesis in selected patients.

Key words: seizure; blood-brain barrier; cytokines; DSC MRI

Introduction The crucial process leading to repeated seizures is

epileptogenesis; a process from initial brain dam-
Epilepsy is a chronic disorder characterized by age to the first seizure and beyond, consisting of
the recurrence of unprovoked seizures. The conse-  a sequence of chemical and structural alterations
quences of epilepsy are not only neurobiologicalbut  resulting in transformation of normal to epilepto-
also cognitive, physiological and social.! Epilepsy  genic brain tissue. Epileptogenesis may last years.>
affects roughly 50 million people worldwide.? One  The initial event can be a seizure per se.%”

third of all affected persons suffer from intractable Indices of inflammation in epilepsy have been
seizures. With the exception of surgical resection, repeatedly demonstrated but there is no clear an-
in most instances treatment is only symptomatic.? swer as to whether inflammation is the cause or

A single seizure is not yet epilepsy; it may be a consequence of the disease.® ° There is evidence
a symptom of infection, trauma, stroke, meta- that a single seizure promotes a surge of cytokine
bolic derangements etc.,, and may never repeat.* production in brain tissue.l%!! Repeated seizures
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tend to be accompanied by a higher level of brain
cytokine production.’? Elevated peripheral blood
levels of cytokines, mostly interleukin-6 (IL-6) and
antagonist of IL-1 Receptor (IL-1Ra) have been
reported after secondarily generalized® and fo-
cal epileptic seizures.'*1> Blood perfusion changes
have so far been extensively studied in patients
with acute ischemic stroke!®??, and there have also
been studies in patients with epilepsy.'®!? In animal
studies, early brain perfusion changes after status
epilepticus have been suggested to be of prognostic
value in relation to future hippocampal shrinkage
and degeneration.?%? Vascular perfusion changes
were not localized but spread throughout wide
brain areas; in a model of prolonged focal seizures,
the effect was explained by diffuse changes in neu-
rovascular coupling.?>?* Changes in cerebral blood
perfusion related to seizures have also been attrib-
uted to higher metabolic demand® and leucocyte-
endothelial interaction.?” In humans, assessment of
perfusion changes after a single seizure® or status
epilepticus? has been reported to be helpful in lo-
calizing the epileptic focus.

It was our aim to check for postictal brain in-
flammation indices by studying MR perfusion and
blood cytokines, and to determine whether the
type and number of index seizures, postictal blood
concentrations of cytokines and parameters of MR
perfusion are predictive for the seizure burden
over a one year follow-up.

Patients and methods
Patients

We prospectively enrolled 30 patients present-
ing in the Emergency Service of the Division of
Neurology, University Medical Centre Ljubljana,
Slovenia after one or multiple seizures, from 1. 6.
2011 to 31. 12. 2014.

Inclusion criteria were: one or more witnessed
seizures in the last 24 hours, age 18-65 years, in-
formed written consent for study enrolment and
informed written consent for the contrast MRI
examination. Exclusion criteria were: brain injury,
haemorrhage or stroke in the last 6 months, pri-
mary or secondary brain tumour any time in the
past, known autoimmune disease or any immune
modifying therapy in the last 6 months, pregnancy
or lactation, alcohol or drug abuse, liver or kidney
failure, clinical signs of infection or CRP >20 (mg/1)
and inability to obtain informed written consent
(dementia, mental retardation, altered conscious-
ness, psychosis).

Radiol Oncol 2017; 51(3): 277-285.

The study was approved by the National
Medical Ethics Committee.

Study protocol

Written consent was signed; a full history was re-
corded, including smoking status. Patients were
given an Epilepsy Diary with instructions for its
use. A minimum 8 and maximum 24 hours after
the last seizure, 2 ml of venous blood in EDTA buff-
er were taken and transported for immediate pro-
cessing. C-reactive protein (CRP) was checked on a
Point of Care device. Brain MRI with contrast was
performed. Routine 32-channel EEG with scalp
electrodes was recorded. Patients with reported
»hyperperfusion« after visual MRI analysis were
invited for a control blood and MRI examination
after three months. One year after the index event,
patients were contacted by phone and relevant in-
formation about disease activity was collected.

Individual researchers (clinicians, immunolo-
gist and radiologist) were unaware of the results
of investigations performed by other researchers in
the course of the study.

Assessment of clinical and EEG data

The severity of the disease in the year prior to
the study was assessed by the National Hospital
Seizure Severity (NHS) 3 score?; if two types of
seizures were reported, the »lesser« one (including
aura) being chosen first. The frequency of seizures
in the year prior to the study was defined as: 1. Rare
(R) <1 seizure per year, 2. Often (O) > 1 seizure per
year and 3. Very often (V) > 1 seizure per month.

EEG findings were categorized as: 1. Normal, 2.
Focal changes (location included), 3. Generalized
changes and 4. Nonspecific abnormalities.
Syndromological classification was performed
based on International League Against Epilepsy
(ILAE) criteria.!® The category “probable focal
symptomatic” was used if the semiology of the
seizures strongly suggested focal onset (e.g., “déja
vu”, head turn) in the presence of generalized or
unspecific EEG changes. Generalized changes were
categorized either as IGE (e.g. multiple spikes/
waves) or nonspecific generalized (e.g. short gener-
alized delta/theta rhythm).

Immunological methods

The concentrations of interleukins: 4 (IL-4), 6 (IL-6),
10 (IL-10) and 12 (IL-12), antagonist of IL-1 recep-
tor (IL-1Ra), tumour necrosis factor- a (TNF-a) and
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interferon —y (IFN-y) were measured. The concen-
tration of high sensitivity CRP was used addition-
ally to rule out acute infections and autoimmune
disorders.

Two ml of blood were taken in a test tube recoat-
ed with ethylenediaminetetraacetic acid (EDTA),
immediately centrifuged and stored until process-
ing at -20°C. A chemoluminiscent immunometry
assay based on tagged monoclonal antibodies was
performed. In brief, the system adds serum and re-
agent (cytokine specific antibody conjugated with
alkaline phosphatase) into a test tube containing
the carrier covered with cytokine specific anti-
body. The whole sample is then incubated until
complex cytokine specific antibody-cytokine-alkaline
phosphatase conjugated cytokine specific antibody is
formed. The sample is then rinsed (to remove the
non-bound reagent) and the luminogenous sub-
strate is added. Alkaline phosphatase bound via
cytokine to a carrier splits the substrate into an un-
stable luminescent intermediary. The level of lu-
minescence corresponds to the serum level of cy-
tokine. The test was performed using the commer-
cial Immulite 1000 and Immulite 2000 XPI systems
(Siemens, Germany; detailed description available
in: N CEL 19 and N CEL-18 Siemens Manual).
Controls were performed with the commercial
IMMULITE Cytokine Control Module (Siemens).
The concentration of cytokine is calculated by a
calibration curve generated by the manufacturer
for each lot of reagents and saved at the bar code
of the test kit. Reference values are given by the
manufacturer for each cytokine and soluble recep-
tor.

MRI Methods

All MRI images were obtained on a 1.5T MRI
scanner (Philips Achieva Nova, Netherlands).
Morphological brain studies were obtained using
the following sequence protocol: T1 weighted spin
echo (SE), T2 weighted fast field echo ( FFE) and
diffusion weighted imaging (DWI) in transversal
plane; fluid attenuated inversion recovery (FLAIR),
T1 weighted inversion recovery (IR) echoplanar im-
aging (EPI) and T2 weighted fast spin echo (FSE)
in coronary and transversal planes; T1 weighted
three dimensional (3D) in sagittal plane. MR perfu-
sion was performed by fast field echo (FFE) echo
planar imaging (EPI) sequence.

Each subject obtained a 16 G cubital i.v. line.
Gadolinium-based contrast agent (Gadovist; Bayer
HealthCare Pharmaceuticals, Germany) was used
in the standard dose (0.1 mmol/kg), with flow ve-

locity 4 ml/s. At the end of the contrast bolus, 20
ml of normal saline with the same flow was given.
Contrast agent and normal saline were given by
automatic injector. First-pass dynamic susceptibil-
ity-weighted contrast-enhanced perfusion-weight-
ed imaging (DSC-MRI) was then performed. DSC-
MRI was done using the planar echo 3D method:
the signal from the whole k-plane was acquired
after a single 90° radiofrequency pulse in order
to reach maximum study speed. Data acquisition
was done before, during and after contrast bolus
(20 slices with 5 mm thickness, matrix size 128 x
128 and size of examined field 224 mm). The rep-
etition time (TR) was 1501 ms, the acquisition time
for each dynamic volume was 1.6 s. The echo time
(TE) was 40 ms, flip angle 75°. Each perfusion se-
quence consisted of 40 dynamic images, lasting 66
s for each first-pass.

First, two experienced neuroradiologists inde-
pendently visually interpreted the morphologi-
cal MRI sequences and then the functional colour
maps of perfusion parameters. An automatic de-
convolution program (Neuro T2* perfusion pack-
age, Philips Achieva Nova, Netherlands), which
is a part of the MRI scanner software, was used.
The program automatically calculated the perfu-
sion parameters: negative integral, i.e., blood vol-
ume (BV), mean transit time (MTT), time to peak
(TTP) and an index representing blood flow (BF).
The deconvolution method is based on a predeter-
mined arterial input function (AIF). AIF was set on
the medial cerebral artery (MCA) at the side of the
brain with larger diameter and more prominent
flat course. According to methods previously de-
scribed® 3!, we manually chose and marked two
regions of grey matter with either higher blood
flow or higher blood volume, so called regions of
interest (ROIs), and calculated the relative values
of perfusion parameters.

Statistical methods

The commercially available SPSS version 21.0 pro-
gram was used. All values are given as absolute (N)
and percentage (%). Mean values are expressed as
median (Me) and/or mean (M) with standard de-
viation (SD). The normality of the data was tested
by Kolmogorov-Smirnov and Shapiro-Wick tests.
Since most of the data was not normally distribut-
ed, nonparametric statistical methods were used.
Correlation was tested with Pearson’s correlation
and Eta coefficient. For group comparison, the
Wilcoxon, Cruscal-Wallis, Chi- square and Mann-
Whitney U tests were used.

Radiol Oncol 2017; 51(3): 277-285.
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Results

Demographical and clinical data are summarized
in Table 1, EEG and syndrome data in Table 2.

In four patients (13.3%) the index seizure was
their first seizure; patient 3 had only had one sei-
zure in the past.

None of the 30 patients had hypoperfusion on
MRI, 25 had normal MRI perfusion parameters
(»normoperfusion« patients); five (17%) (Patients
2, 3, 7, 15 and 25) had hyperperfusion (»hyper-
perfusion« patients) (Figure 1). All »hyperperfu-
sion« patients had normal structural MRI; 9 of the
remaining 25 patients with normal perfusion pa-
rameters had structural abnormalities. Two had
more diffuse structural abnormalities: patient 1
had leucopathy, patient 28 had cerebellar atrophy.
Patient 5 had had resection of the right frontal lobe
in childhood; patient 26 had an aneurysm of the
left medial cerebral artery. We did not find asso-
ciations between structural MRI abnormalities and

FIGURE 1: increased blood flow (arrow) in the region of the left medial cerebral artery;
signal changes adjacent to left frontal bone (asterix) are the artefact (patient 15)

Radiol Oncol 2017; 51(3): 277-285.

either postictal cytokine level or MRI perfusion
parameters. Patients 7 and 15 also had hyperper-
fusion also on the control MRI examination after
three months (»control hyperperfusion«). During
this period, both patients were seizure free (i.e., the
date of the last seizure was the date of enrolling in
the study).

MRI parameters after index seizure(s) are shown
in Table 3.

Blood samples were drawn 8 hours after the last
seizure in most patients, except in patient 1 (24 h),
patient 9 (13 h), patient 14 (15 h) and patient 16 (20
h). The blood sample of patient 3 was accidentally
lost.

The tested cytokines, including concentrations
of IL-6, showed marked variability.

Cytokine levels after the index seizure(s) are
summarized in Table 4. Median concentrations of
cytokines in the three subgroups of patients (»nor-
moperfusion«, »hyperperfusion«, and »control hy-
perperfusion«) are provided in Table 5.

Postictal (1%) and control levels of cytokines
in patients with hyperperfusion after the index
seizure(s) are summarized in Table 6. The number
of index seizures significantly negatively correlat-
ed with concentrations of IL-10, IFN-y and TNF-a
(Table 7).

There was a significant correlation among con-
centrations of the following cytokines: IL-6 and II-
12 (p=10.37, p <0.05); TNF-0. and hsCRP (p=0.71, p
<0.01); TNF-a and IL -1Ra (p = 0.51, p < 0.01), and
IL-1Ra and IFN-y (p = 0.39, p < 0.05).

Taking into account the whole cohort of patients,
cytokine concentrations did not correlate with pos-
tictal MRI perfusion parameters. Postictal MRI per-
fusion parameters were furthermore not correlated
with any other tested variable (age, gender, smok-
ing status, number of index seizures, antiepileptic
drug, epileptic syndrome, EEG, structural MRI or
seizure frequency in the previous year).

Analysis was then performed for the two sub-
groups of patients - »normoperfusion« (25 pa-
tients), and »hyperperfusion« (5 patients). There
were a slightly higher proportion of smokers in
the »hyperperfusion« group: (60% vs. 40% in the
»normoperfusion« group). The percentage of idio-
pathic generalized epilepsy was identical between
the two groups (20%). Overall, 12 patients had fo-
cal EEG abnormalities but there was only one of
these in the »hyperperfusion« group (left temporal
changes).

In the »hyperperfusion« group, concentrations
of most of the cytokines were lower but the differ-
ence reached significance only for IL-4 (Z = -1.98;
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TABLE 1. Demographical and clinical data

;ge;‘ Srs"tgiﬂ';g Dltlll(rr:/aert)isgn syndrome  EEG  FREQUENCY  N-INDEX AED /TNY:sEs Stn:\;]:;lljral FOLIJISW
1 F65 / 7 PFS G v 4 LAM, LEV  2(5/10) Leucopathy 0
2 F38 5 7 PFS G 1 LEV* 2 (2/10) N 0
3 M 26 / 3 / N R 1 LEV* 2(2/12) N 0
4 F65 / / / G 15 1 / 1(11) N 0
. PM, .

5 F23 / 15 FS (RF) \% 1 L|3AP'\|/—I| 2 (2/12) Resection RF >100
6 M 35 / 20 FS (RFF) R 1 LAM 2(2/10) N 0
7 M 42 / 1 FS F(RT) 1S 1 LEV* 1(18) N 5
8 F20 10 7 IGE G o 1 VA 2(2/13) N 0
9 F24 / 1 / N 2nd 1 / 1(12) N 0
10 M 21 20 6 PFS N 0 1 LEV* 1(13) N 0
1 M 29 / 12 IGE G o 1 VA 2(2/14) N 0
12 M4 / / Fs F(LT) 15 1 s 13  Eneephalomalacy 0
13 F57 / / / F(RF) 18 1 /

14 M 27 / 7 Fs F(LT) R 1 LEV* 1(18) N 6
15 F 54 / 8 PFS N o 1 LEV 1(12) N 0
16 M 44 10 5 Fs F(LF) o 3 LAM 1(12) N 0
17 F 45 / 20 PFS N R 1 LAM 1(15) N 0
18 M 30 10 12 Fs F(RF) o 1 LAM 1(18) Gliosis RF 5
19 M 63 / 4 FS F(RT) o 5 LEV 2(2/18) MTS R 12
20 M4 0 / 20 FS FRT) o 1 CBZ 2(2/15) N 12
21 M 41 / 20 Fs F(LT) v 5 CBZVA 1(10) N 50
22 M 23 / 8 IGE G v 3 LAM 1(18) N 47
23 F29 / 11 Fs F(RT) v 2 TPMLAM  1(20) Cortica"R?ysP'aSia 5
24 M 27 / 12 IGE G o 7 VA* 1(9) N 2
25 M 21 10 6 IGE G o 6 VA 2(2/8) N 0
26 F 50 20 34 FS F(LT) R 1 / 1(8) Aneurysm L MCA 0
27 F 43 / 25 PFS N v 3 LAM 1(11) Gliosis RF 0
28 M 50 / 40 IGE G v 1 LAMLEV  1(19) Cg{f}%‘f\”}f’“ 18
29 M 39 / 32 / G R 1 / 1(8) N 0
30 M 19 10 5 / G R 1 cBz* 1(9) N 0

AED = antiepileptic drugs; CBZ = carbamazepine; DPH = diphenylhydantoin; F = female; Follow up = seizure burden in one year after study inclusion; F = frontal; FS = focal
symptomatic; G = generalized; IGE = idiopathic generalized epilepsy; L = left; LAM = lamotrigine; LEV = levetiracetam; M = male; MCA = middle cerebral artery; N = index; number
of index seizures; NHS3 score = National Hospital Seizure Severity 3 score; N = normal; O = often (1/month); PFS = probable focal symptomatic; PREG = pregabalin; R = right, R =

rare(1/year); Type/NHS3 = number of types/National Hospital Seizure Severity 3 score; T = temporal; TPM = topiramate; V = very often (> 1/month); VA = valproate

p < 0.05); concentrations of TNF-o were higher (Z
=-2,18; p <0.05) and also hsCRP but the latter did
not reach significance.

Patients 7 and 15 (»control hyperperfusion«)
had the highest median concentrations of IL-6, IL-
12, TNF-0, IFN-y, IL-1Ra and hsCRP among the
three groups (»normoperfusion«, »hyperperfu-

sion, »control hyperperfusion«). Conversely, their
concentration of IL-10 was the lowest among the
three groups. These differences, however, did not
reach statistical significance (Table 6).

The number of seizures during the follow up
year correlated significantly only with the number
of antiepileptic drugs (p =0.60, p < 0.01).

Radiol Oncol 2017; 51(3): 277-285.
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TABLE 2. EEG and syndrome

EEG and syndrome N (%)
Frequency R 8 (27)
o) 11 (37)
Y, 6 (20)
Syndrome PFS 6 (20)
FS 12 (40)
IGE 6 (20)
undetermined 6 (20)
EEG Normal 4 (13)
Focal 12 (40)
Generalized 5 (17)
IGE 6 (20)
undetermined 3 (10)
Focus
RT 4(33)
LT 5(41)
RF 2(16)
LF 1(8)

FS = focal symptomatic; F = frontal; IGE = idiopathic generalized epilepsy;
L = left; O = often; PFS = probable focal symptomatic; R = rare; R = right; T
= temporal; V = very often

Patients with a first seizure were analysed sepa-
rately. They had a lower number of seizure types,
lower NHS3-1 score, lower number of index sei-
zures and lower number of antiepileptic drugs; but
differences were not statistically significant.

TABLE 3. MRI perfusion parameters after index seizures (grey
matter)

N M Me SD
N BF 25 101,7 93 40,8
N BV 25 8 7 3,9
N MTT 25 6,9 6,9 2,9
N TP 25 13,9 13,8 2,3
P BF 5 265,8** 234 56,3
P BV 5 25,5% 27,6 4,7
P MITT 5 57 5 1,2
P TP 5 14,5 13,5 4,5

BF = blood flow; BV = blood volume; M = mean; Me = median; MTT =
mean transit time; N = »negative« (“normoperfusion”); P = »positive«
patients (“hyperperfusion”); SD = standard deviation; TTP = time to peak;
** statistically significant difference (p < 0,001)

Radiol Oncol 2017; 51(3): 277-285.

Discussion

Elevated cytokine levels have been demonstrated
after epileptic seizures in brain tissue'®!! and in
peripheral blood.!*!* Similarly, our study found an
abnormal blood level of IL-6 in 14 out of 29 patients
8-24 hours after index seizure(s).

Alapirtti ef al.*> found an increased level of IL-6
only in the group of patients with temporal lobe
epilepsy, whereas in patients with extra-temporal
foci cytokine the level remained unchanged. This
was not the case in our patient group, in which
only four (out of 30) subjects had temporal lobe
epilepsy and the level of IL-6 was elevated in 14/29
patients. However, it has previously been reported
that patients with active epilepsy, regardless of ep-
ilepsy type, duration or frequency of seizures, have
elevated levels of IL-6.% Lehtimaki et al.'* found an
increased level of IL-6 in all but two patients with
partial seizures, with the greatest magnitude in pa-
tients who suffered repeated tonic - clonic seizures;
but since patients with alcohol withdrawal and
tumour provoked seizures were included in their
study group, the interpretation of their results is
difficult.

In another study (in the emergency setting),
proinflammatory cytokines were elevated postic-
tally in half of the subjects; however, patients with
brain infections, cerebral venous thrombosis and
brain tumour were included®; such patients were
excluded in our study.

We found a highly significant correlation not
only between proinflammatory cytokines IL-6 and
IL-12; TNF-a and hsCRP but also between proin-
flammatory cytokines (TNF-a and IFN-y) and IL-
1Ra. This is consistent with the hypothesis of the
inflammatory damage mitigation role of IL-1Ra.%®

In contrast to previous reports'®4%3, we found
an inverse correlation between the number of in-
dex seizures and the level of proinflammatory cy-
tokines IL-10, TNF-a and IFN-y. We suggest that
this may be a consequence of the design of our
study; we tested a single cytokine level and not cy-
tokine level dynamics. Two patients with idiopath-
ic generalized epilepsy had the highest reported
number of index seizures in our group. Since we
relied solely on eyewitness observational data, we
did not measure the auras, exact number of index
seizures or their duration, which may be a crucial
factor in measurement of the postictal cytokine lev-
el. Our study was performed at emergency settings
where video-EEG was not available.

MRI “normo-” and “hyperperfusion” groups
of patients demonstrated different concentrations
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TABLE 4. Blood cytokine concentration after index seizure(s)
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N M Me SD Ref. No (%) above/below reference
IL-4(pg/ml) 29* 0.9 0.6 1.3 <1 7(24)
IL-6 (pg/ml) 29* 5.7 3.7 5.1 <3.9 15(52)
IL-10 (pg/ml) 29* 42.8 11.4 10.2 <10.9 16(55)
IL-12 (pg/ml) 29* 66 58.5 40.3 <204 29(100)
TNFa (pg/ml) 29* 8.5 7.6 4 4.7-12.4 1(3)
IFN-y (pg/ml) 29* 275 15 54.4 <1.2 7(24)
IL-1Ra (pg/ml) 29* 1302.7 676 1797 168-744 14(48)
Hs CRP (mg/l) 29* 29 1.1 4,5 <3 29(100)
M = mean; Me = median; N = number; Ref = reference values; SD = standard deviation; *patient 3 is not included
TABLE 5. Median concentrations of cytokines (pg/ml) and hs CRP(mg/l) in three subgroups of patients (see text for details)
IL-4 IL-6 IL-10 IL-12 TNF-a IFN-y IL.-1Ra hsCRP
Normoperfusion 0,6 4,3 11 60,1 73 15,1 677 0,9
Hyperperfusion 0,3* 15 63,7 44,5 9,7* 14 407* 1.3
Control hyperperfusion? 0,5 6,0 51 110,4 10,6 27,7 868 1,6
* Statistically significant difference (p < 0. 05)
TABLE 6. Basic and control concentrations of cytokines (pg/ml) in patients with hyperperfusion after index seizure(s)
Patient IL-4 IL-6 IL-10 IL-12 TNF-a IFN-y IL-1Ra hsCRP
2 (1%) 0,08 <2 116 54,5 8,19 13,08 352 15
(control) 0,3 <2 134 99,6 8,97 9,23 822 1,7
3 (1%) / / / / / / / /
(control) 1,77 <2 12,6 127 115 108 1479 0,9
7* (1) 0,41 2,47 10,02 24,8 11,7 44,56 676 19
(control) 0,35 <2 29,8 41,8 12,1 31 361 1,8
15* (1%) 0,61 9,49 0,22 196 9,57 10,81 1060 14
(control) 0,00 <2 0,58 150 14,1 14,7 593 0,7
25 (1) 0,38 <2 11,51 34,6 11,1 14,97 462 1,1
(control) 1,01 <2 12,0 42,5 20,2 16,2 660 1,4

* Patient demonstrated hyperperfusion also on control MRI after three months.

of cytokines IL-4 and TNF-a: patients with hyper-
perfusion had significantly lower concentrations
of IL-4 and a higher concentration of TNF-a. The
two »control hyperperfusion« patients had the
highest concentrations of TNF-a and other pro-
inflammatory cytokines - IL-6, IL-12, IFN-y, IL-
1Ra and hsCRP. It is tempting to speculate that
»hyperperfusion« and »control hyperperfusion«
patients had the highest intensity of brain inflam-
mation but further studies will have to check this
hypothesis.

There are experimental® and clinical* evidences
that long lasting blood-brain barrier disruption is
linked to epileptogenesis. Increased postictal blood
levels of proinflammatory cytokines - as also dem-
onstrated in our study - have been attributed to
postictal blood-brain barrier affection. DSC MRI is
anoninvasive surrogate biomarker of brain inflam-
mation, capable of demonstrating endothelial dys-
function or increased blood-brain barrier perme-
ability.®® In patients with high frequency seizures,
Pizzini et al.?* demonstrated periictal hyperperfu-
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TABLE 7. Correlation between cytokine concentrations and
number of index seizures

Pearson’s coefficient of

Cytokine concentration -
correlation p

IL-4 (pg/ml) 0,07
IL-6 (pg/ml) 0,23
IL-10 (pg/ml) -0,37"
IL-12 (pg/ml) 0,24
TNFa (pg/ml) 0,41
IFN-Y (pg/mil) -0,39
IL-1Ra (pg/ml) -0,22
hsCRP -0,16

*weak correlation; **moderate correlation

sion (up to 5 hours after seizure) and in patients
with low frequency seizures postictal hypoper-
fusion (up to 15-28 hours) on both DSC MRI and
non-contrast arterial spin labelling (ASL) MRI. No
patient in our study had hypoperfusion. Because
we chose a minimum of 8-hour postictal delay for
MRI imaging (in order to avoid postictal perfu-
sion changes that may represent ongoing epileptic
activity)!®® we may have missed contralateral hy-
poperfusion that has proposed to be a consequence
of widespread dissociation of cerebral neurovascu-
lar coupling.?? We did demonstrate postictal hyper-
perfusion in a subgroup of patients.

MRI perfusion parameters from our group tak-
en as a whole did not correlate with any tested var-
iable (including seizure frequency or syndrome).
Hyperperfusion on MRI - perfusion with a 12-hour
delay after a 4-hour pilocarpine induced status epi-
lepticus in rats - correlated with histological signs
of neurodegeneration in certain brain areas (not
seen on T2 MRI).%0

Looking at the clinical data, cytokine blood levels
and DSC MRI parameters, we failed to find prog-
nostic factors for the course of disease over a one-
year follow up. The main limitation of our study
is the smallness and heterogeneity of our group.
We propose, however, that the trends shown in our
study are worth following up.

Conclusions

In conclusion, our study revealed a subgroup of
patients with brain postictal hyperperfusion and
higher plasma cytokine values, indicating a prob-
able long lasting blood-brain barrier alteration.

Radiol Oncol 2017; 51(3): 277-285.

Larger studies are needed to validate the hypoth-
esis that post seizure brain tissue inflammation is a
crucial factor of epileptogenesis in selected patients
and to determine the diagnostic and prognostic
values of the various parameters studied.
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Background. The study was aimed to characterize tumor response after combined treatment employing electro-
chemotherapy with IL-12 gene electrotransfer in dogs with spontaneous mast cell tumors (MCT).

Materials and methods. Eleven dogs with eleven MCTs were included in the study. Histological changes were in-
vestigated in biopsy specimens collected before the treatment (T ), and 4 (T,) and 8 weeks (T,) later. Cellular infiltrates
were characterized immunohistochemically by using anti CD3, CD20, Foxp3 (Treg), CD68 and anti MHC-class Il anti-
bodies. Proliferation and anti-apoptotic activity of neoplastic cells were assessed using anti Ki-67 and Bcl-2 antibodies.
Angiogenetic processes were investigated immunohistochemically by using anti Factor VlIl and anti CD31 antibodies
and micro vessel density quantification.

Results. Histopathological examination of samples at T, confirmed the diagnosis and the presence of scanty infil-
trates consisted mainly of T-lymphocytes and macrophages. At T, and T, neoplastic cells were drastically reduced
in 7/11 cases, small clusters of neoplastic cells were detected in 3/11 cases and 1/11 cases neoplastic cells were still
evident. Proliferation activity of neoplastic cells was significantly reduced at T, and T, and expression of anti-apoptotic
protein at T,. Microvessel density was drastically reduced in all samples after treatment. The number of T-lymphocytes
increased at T,, although not significant, while Treg were significant higher at T, and macrophages at T,.
Conclusions. The combined electrochemotherapy and IL-12 gene electrotransfer effectively induced a cellular
response against neoplastic cells characterized mainly by the recruitment of T-lymphocytes and macrophages and
a fibrotic proliferation with reduction of microvessels.

Key words: electrochemotherapy; histopathology; immune cells; interleukin-12; mast cell tumor; microvessel density

Introduction tumors.'? It is based on electroporation as drug de-
livery method to tumors for the chemotherapeutic

Electrochemotherapy is an ablative technique for ~ drugs bleomycin or cisplatin to improve the anti-

the treatment of solid tumors of different histo- tumoral efficacy.!

types in human and veterinary oncology, with ap- Another biomedical application of electropora-

proximately 80% objective response of the treated  tion is plasmid DNA delivery to tumors (gene elec-

Radiol Oncol 2017; 51(3): 286-294. doi:10.1515/raon-2017-0035
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trotransfer) for gene therapy. Preclinical and clini-
cal studies demonstrated effectiveness of different
therapeutic plasmid DNA electrotransfer to tu-
mors as effective and safe method for local as well
as loco-regional control of the cutaneous tumors.?
The most studies explored gene electrotransfer of
plasmid DNA coding for IL-12 cytokine.** Its ef-
fectiveness was demonstrated also in treatment of
spontaneous tumors in dogs.”

A new treatment approach is combining local tu-
mor electrochemotherapy with gene therapy with
plasmid coding for IL-12 peritumorally to skin.!
Some preclinical data indicate that this approach
provides in situ vaccination by electrochemother-
apy that is boosted by immunogene IL-12 peritu-
moral gene electrotransfer.?

Our previous report has provided evidence for
this approach in MCT with excellent local tumor
control and long lasting progression free survival
of the treated dogs.!! To provide further evidence
on the mechanisms of action, this study evaluates
the histopatological features of those tumors in
more detail to characterize whether this approach
provides antitumor response also due to boosting
the immune response. Therefore, we characterized
tumor response including the cellular infiltrates
at different time points post-electrochemotherapy
with cisplatin combined with peritumoral IL-12
electrotransfer in dogs, spontaneously affected by
MCT and compared these results with those ob-
served in biopsies collected before the treatment.
Proliferation and anti-apoptotic activity of neo-
plastic cells as well as the changes in microvessel
density were also investigated, at the same timing.

Materials and methods
Animals and tumors

Between January and December 2010 eleven sub-
jects, 4 males and 7 females of different breeds
ranging from 5 to 9 year-old (mean 6.5 years +
1.3 years) complied with inclusion criteria for the
clinical survey (histologically confirmed MCT in
different anatomical locations, good general health
conditions with normal routine hematologic and
biochemical profile without cardiac dysfunctions),
were included in the study. The animals included
in the study were those that owners refused any
other type of standard treatment/surgery with
wide excision of nodules.

Before the treatment a staging in all patients was
performed according to modified WHO staging cri-
teria with physical examination, examination of tho-

racic radiographs, abdominal ultrasonography and
basic bloodwork, consisting of a complete blood
count with differential white cell count. Biochemical
parameters (urea, creatinine, serum alkaline phos-
phatase and alanine aminotransferase) were deter-
mined using an automated chemical analyzer.

The study was approved by the Ethical
Committee of the Ministry of Agriculture, Forestry
and Food of the Republic of Slovenia (approval
No. 323-451/2004-9). Prior to the inclusion a writ-
ten consent for participation in the clinical study
for each animal was obtained from their owners.

Electrochemotherapy and gene transfer

Electrochemotherapy and IL-12 gene electrotrans-
fer were performed as previously described.!
Briefly, electrochemotherapy with intratumoral in-
jection of cisplatin (cis-diamminedichloroplatinum
II, Cisplatyl; Aventis, Paris, France), at a concentra-
tion of 2 mg/ml in a dose of ~1 mg/cm?® was per-
formed just before electric pulses were delivered
(8 pulses each of 100 us duration and amplitude
to electrode distance ratio of 1300 V/cm and fre-
quency of repetition 5 kHz with electric pulses
generator Cliniporator™ (IGEA s.r.1., Carpi, Italy)).
Two parallel stainless steel plate electrodes with 6
mm distance between them or 4 needle row elec-
trodes with 4 mm distance according to the tumor
size was used. Immediately after the electrochemo-
therapy 2 mg of the IL-12 plasmid was injected in-
tradermally in equidistant locations around tumor
nodule in two locations.’® One high voltage pulse
(amplitude to electrode distance ratio 1200 V/cm,
duration 100 ps) and one low voltage pulse (ampli-
tude to electrode distance ratio 140 V/cm, duration
400 ps)!? were delivered immediately after plasmid
injection, using the same electric pulse generator
and electrodes as mentioned above.

Tissue sampling and processing

All the subjects were submitted to biopsy before
(T,) the combined therapy and at 4 (T,) and 8 weeks
(T,) post-treatment. Biopsies were fixed into 10%
neutral buffered formalin and then processed rou-
tinely for paraffin embedding. Five-micrometers
serial sections from all specimens were stained for
haematoxylin and eosin (HE), Gomori's modified
trichrome stain and also mounted on treated glass
slides (Superfrost Plus; Menzel-Glaser, Germany)
for immunohistochemistry. Mast cell tumors were
classified according to the Kiupel ef al. (2011) clas-
sification.!®

Radiol Oncol 2017; 51(3): 286-294.
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TABLE 1. Antibodies used in the study

Antibody Specificity Type Species Source Dilution  Pretreatment
Ant-human cpz ~ FanT Policonal Rabbit  (A0552) Dako UK Ltd. Ely UK 1:50 Citrate buffer
lymphocytes pH6
) Pan-B ' . . ) )
Anti-human CD20 lymphocytes Policonal Rabbit (RB-9013-PO) Thermo Scientific, Chesire, UK 1:400 None
' T-reg . - . . e
Anti-human Foxp3 lymphocytes Monoclonal Mouse (7979) Affymetrix eBioscience, san Diego, CA USA 1:100 Triss-EDTA pH9
Anti-human CD68 Macrophages = Monoclonal  Mouse (PG-M1) Thermo Scientific, Chesire, UK 1:100 Proteinase K
Anti-human Ki-67 Egl“sferat'”g Monoclonal Mouse  (MIBL; M7240) Dako UK Ltd. Ely UK 1:100 ;‘jgate buffer
) Anti- L Citrate buffer
Anti-human Bcl-2 apoptotic Monoclonal Mouse (610538) BD Biosciences, Wyckoff, NJ, USA5 1:100 H6
protein p
Anti-human Von Endothelial . . . Citrate buffer
Willebrand Factor - cells Policlonal Rabbit (A0082) Dako UK Ltd. Ely UK 1:300 pH6
Anti-human CD31 E’;ﬁ;’the"a' Monoclonal Mouse  (JC70A) Dako UK Ltd. Ely UK 1:100 gl%ate buffer

Immunohistochemistry

Sections were dewaxed in xylene and rehydrat-
ed through graded alcohols prior to quenching
endogenous peroxidase activity with 3% H,O,
in distilled water for 20 minutes. Heat induced
epitope retrieval with citrate buffer pH 6 was per-
formed. Immunohistochemical labelling was per-
formed manually with the Sequenza slide rack
and cover-plate system (Shandon, Runcorn, UK).
Non-specific antigen binding was blocked by in-
cubation with UltraVision Protein Block (TA-125-
PBQ; Thermo Scientific, Cheshire, UK). A panel
of primary antibodies was applied to serial sec-
tions and incubated overnight at 4°C (Table 1).
Antibody binding was detected by the Biotinylated
Goat Polyvalent Secondary (TP-125-BN; Thermo
Scientific, Cheshire, UK), Streptavidin Peroxidase
(TS-125-HR; Thermo Scientific, Cheshire, UK) and
DAB chromogen (SK-4105; ImmPact DAB, Vector,
Burlingame, CA) as indicated by manufacturer’s
instructions and slides were counterstained with
haematoxylin. Substitution of the primary anti-
body with unrelated matched primary antibody
was used to provide a negative control. Serial sec-
tions of canine lymph node were used as positive
control.

Slides were examined by two pathologists (C.S.
and A.P.) without knowledge of the corresponding
clinical and pathological data.

Quantification of immunolabeling

Bright field images were acquired at x20 magnifica-
tion with a Leica Microsystem DFC490 digital cam-
era mounted on Leica DMR microscope (Wetzlar,

Radiol Oncol 2017; 51(3): 286-294.

Germany). Counting were performed using a
semiautomatic analysis system (LASV 4.3, Leica).
Six 10,000 pm? random fields of the central and pe-
riphery parts of the biopsies were used for count-
ing the number of infiltrating CD3+, CD20+, Foxp3+
(Treg+), CD68+ and MHC Class II+ cells and Bcl-
2+ and Ki-67+ neoplastic cells. Microvessel density
was determined with Factor VIII and CD31 immu-
nostained section in six 50,000 pm? random fields.

Statistical analysis

Statistical analysis was performed using the statis-
tical package SPSS Advanced Statistics 21.0 (SPSS
Inc., Chicago, IL, USA). ANOVA test was used to
compare the composition of cell infiltrates and mi-
crovessel density at the different times of observa-
tion and post hoc analysis was made by Bonferroni
Test. Statistical significance was based on a 5%
(0.05) significance level.

Results
Histologic features

At T, all eleven skin tumors of different volumes
(ranged from 0.2 to 16.9 cm®) were diagnosed as
low grade MCTs and were characterized by sheets
of polygonal neoplastic cells with abundant cyto-
plasm containing variable number of metachro-
matic granules, associated with moderate to mas-
sive infiltration of eosinophils, in the superficial
and deep dermis, sometimes extending also to
deep muscular layer (Figure 1A). Mitotic index
was low (1 to 2 mitoses/10 HPF). Scanty multinu-
cleated cells were observed. Rarely necrotic areas
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were present. Neoplastic cells were associated with
reactive proliferation of connective tissue.

At T, in biopsies collected from seven dogs
with complete response, the neoplastic tissue was
substituted by a fibrotic tissue composed by hori-
zontally oriented wavy collagen fibers associated
with inflammatory infiltrates mainly constituted
by lymphocytes and macrophages (Figure 1B). In
three cases (partial response), single or small clus-
ters of neoplastic cells were still evident scattered
among the fibrotic connective tissue, while in one
dog neoplastic mast cells were still evident with
features similar to T,

At T, biopsies collected from the seven dogs
which did not present tumor cells at T, were still
free of neoplastic cells and consisted of a dense fi-
brous tissue still infiltrated by mononuclear cells.
In other three cases (one with stable disease and
two with partial response), thin aggregates of neo-
plastic mast cells between connective tissue bun-
dles, were still evident (Figure 1C), while in one
case with partial response, neoplastic cells were
numerous as at Tyand T,.

Immunohistochemistry

Immunohistochemical analysis of biopsies col-
lected before the treatment and at different times
of post-treatment revealed, in dermal infiltrates
the presence of CD3+ T lymphocytes (Figure 2A,
B), CD20+ B lymphocytes, Treg Lymphocytes
(Figure 2C, D), and macrophages (Figure 2E, F),
in different percentages, with T lymphocytes and
macrophages representing the predominant cell
populations. Results of immunohistochemical
evaluation of inflammatory infiltrates at T, and at
T, and T, intervals are presented in the Figure 3.
Overall, the T lymphocyte number increased at T,
even this difference was not statistically significant
and was reduced at T,. Specifically, in biopsies col-
lected from subjects with complete remission, the
number of CD3+ lymphocytes was significantly
higher than from dogs with stable or progressive
disease both at both T, (8.1 + 8.2 CD3+cells/ 10,000
mm? vs 3.4 + 1.9 CD3+cells/ 10,000 mm? p = 0.008)
both at T, (6.6 + 4.4 CD3+cells/ 10,000 mm? vs 3.2 +
1.9 CD3+cells/ 10,000 mm?; p = 0.001). Macrophages
significantly increased at T, (P = 0.006) and Treg
lymphocytes significantly increased at T, (p =
0.0001), but no differences were observed at T,. No
differences were observed in the presence of CD20
lymphocytes at T, and T,.

Immunohistochemical studies allowed to deter-
mine also the presence of proliferative and anti-ap-

©

FIGURE 1. Histology of tissue samples collected before the combined
therapy (T,) and at 4 (T)) and 8 weeks (T,) post-treatment. (A) At T,
sheets of neoplastic cells with abundant cytoplasm containing variable
number of metachromatic granules were present in the superficial and
deep dermis; (B) At T, The neoplastic tissue was substituted by a fibrotic
tissue associated with scanty infammatory infiltrates mainly constituted
by mononuclear cells; (C) At T,in dogs with partial response between
connective tissue bundles were evident thin aggregates of neoplastic

mast cells. Haematoxylin Eosin; bar = 100 mm.

optotic activities of neoplastic cells (Figure 4A, B;
and C, D, respectively) as well as the micro-vessel
density (Figure 4E, F) at T, T, and T,. Results were
summarized in the Figure 5.

Proliferation activity of neoplastic cells was
statistically reduced at T, (p = 0.0001) and T, (p =
0.0001), while the number of neoplastic cells ex-

Radiol Oncol 2017; 51(3): 286-294.



290

Salvadori C et al. / ECT with IL-12 gene electrotransfer in canine mast cell tumors

®

®

FIGURE 2. Immunoistochemical staining of tissue samples collected at T, (A, C and E) and , T, (B, D and E). CD3+ lymphocytes
infiltrating the neoplastic tissue at T, (A) and the fibrotic tissue at T, (B). Scanty Foxp3+ Treg lymphocytes at the periphery of
neoplastic tissue at T, (C) and in a tissue sample collected at T, (D). CD68+ macrophages in the neoplastic tissue at T, (E) and in
the fibrotic tissue at T, (F). Immunohistochemical staining using DAB chromogen and haematoxylin counterstain. Bar = 100 mm.

pressing the Bcl-2 anti-apoptotic protein was in-
creased at T, (p = 0.0001), while was reduced 4
weeks later. Proliferation activity of neoplastic
cells in the biopsies collected from subjects with
complete response was significantly lower than
in the biopsies collected from dogs with stable or
progressive disease both at T, (1.5 + 2.1 Ki-67+cells/
10,000 mm? vs 2.5 + 0.7 Ki-67+cells/ 10,000 mm? p =
0.012) both at T, (0.4 + 0.6 Ki-67+cells/ 10,000 mm?
vs 2.2 + 1.0 Ki-67+cells/ 10,000 mm?; p = 0.0001), as

Radiol Oncol 2017; 51(3): 286-294.

well as the expression of anti-apoptotic Bcl-2 pro-
tein both at both T, (1.9 + 2.0 Bcl-2+cells/ 10,000
mm? vs 3.2 + 0.9 Bel-2+cells/ 10,000 mm?; p = 0.004)
both at T, (1.4 + 1.5 Ki-67+cells/ 10,000 mm? vs 2.8 +
1.2 Ki-67+cells/ 10,000 mm?; p = 0.0001).

Microvessel density, determined using both an-
ti-Factor VIII and anti-CD31 antibodies, was drasti-
cally reduced at T, (p = 0.000) and T, (p = 0.0001),
when compared with the samples collected before
the treatment.
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Discussion

Histopathological evaluation of tissue biopsies af-
ter electrochemotherapy with cisplatin combined
with peritumoral IL-12 gene electrotransfer dem-
onstrates that in the tumors with complete clinical
response, pronouncedly reduced number and pro-
liferation rate of the tumor cells was obtained with
significantly enhanced immune and anti-vascular
response, which confirm our previously reported
clinical results."

At the best of our knowledge this is the first clin-
ical study that describes the histopathological and
cellular changes induced in vivo by electrochemo-
therapy and peritumoral IL-12 electrotransfer in
dogs bearing MCT, performed with the consent of
the owners. The number of biopsies was reduced
and made at distance from treatment with the aim
to verify its effectiveness.

Already at four weeks post-treatment, in dogs
with a complete responses histopathologic exami-
nation revealed a marked reduction of neoplastic
cells, confirming the anticancer efficacy of the com-
bined electrochemotherapy and gene therapy. This
reduction was even more evident four weeks later.
On the contrary, in dogs with a partial response
the reduction of neoplastic cell was lower at four
weeks after treatment and this reduction was ab-
sent in dog with stable disease.

The reduced presence of neoplastic cells detect-
ed in the tissue samples from dogs with complete
response was also associated with a reduced pro-
liferative activity of remnant neoplastic mast cells,
characterized by a significant reduction of positiv-
ity to Ki-67 antibody and by a significant reduced
expression of the anti-apoptotic Bcl-2 protein. The
major mechanism of cisplatin tumor destruction
consists of the formation of intrastrand and inter-
strand DNA adducts leading to DNA fragmenta-
tion that can ultimately lead to an apoptotic medi-
ate cell death as demonstrated in vitro and in vivo
in murine models** and the decreased expression
of anti-apoptotic factor as the Bcl-2 protein pro-
motes higher death rate of the cancer cells.’®

The time interval of 4 weeks of the first post-
treatment biopsy did not allow evaluation of the
tumor necrosis, since at this time point dense fi-
brotic connective tissue with progressive reduction
of microvessel density was already present. In ex-
perimental animal models has been demonstrated
that electroporation induces a higher internaliza-
tion of cisplatin molecules with a rapid necrosis of
neoplastic cells!® and vascular disrupting action by
causing a rapid shutdown of tumour blood flow
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FIGURE 3. Histogram of number of immune cells in 10,000 pm? of tissue samples
collected al T, T, and T, Slight increase of CD3+ lymphocytes at T,, while
macrophages significantly increased at T, and Treg lymphocytes at T,.

leading to reduced tumour oxygenation, increased
tumour hypoxia and tumour necrosis.”

In this study, electrochemotherapy was associ-
ated with IL-12 gene electrotransfer with proven
good local and locoregional antitumor effects.! The
potential for inducing an antitumoral immune re-
sponse to treat neoplastic disorders is well known,
but the application of this technology has not yet
been meaningfully transferred to the clinic. Local
administration of recombinant cytokines directly
into the tumor has proven to be much safer than
systemic delivery.!® IL-12 is a natural occurring
cytokine that showed potential success for treat-
ing cancer by inducing a specific anti-tumoral im-
mune response.’® Gene therapy with IL-12 pDNA
showed to be effective to treat multiple tumor his-
totype in rodent models and induce an anti-tumor-
al immune response capable of affecting neoplastic
tissues.!1¢ Likewise, IL-12 gene therapy in canine
species can induce tumor regression in spontane-
ous neoplasms of different histotypes.!”1920

Another therapeutic approach that is currently
extensively explored is combination of the abla-
tive techniques with different immunomodula-
tory approaches, either with immune checkpoint
inhibitors, Treg depletion or immunostimulation.?
In this context ablative techniques are considered
as in situ vaccination with further boosting of the
immune responsiveness of the organism. For this
purpose, we postulated that electrochemotherapy

Radiol Oncol 2017; 51(3): 286-294.
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FIGURE 4. Immunoistochemical staining of tissue samples collected at T, (A, C and E) and , T, (B, D and E). Ki-67+ neoplastic cells
at T, (A) and at T, in a dog with partial response (B). Bcl-2+ neoplastic cells at T, (C) and at T, in a dog with partial response (D).
Microvessels stained using an anti-CD31 primary antibody at T, (E) and in the fibrotic tissue at T, in a dog with a complete response
(F). Immunohistochemical staining using DAB chromogen and haematoxylin counterstain. Bar = 100 mm.

could be in situ vaccination, which can be boost-
ed with peritumoral IL-12 gene electrotransfer,
given peritumorally.? Our clinical study on MCT
supports this hypothesis, providing evidence that
this treatment combination has excellent local tu-
mor control and also the long lasting disease free
interval (between 3 and 4 years). Furthermore the
present study immunohistologically supports the
value of peritumoral IL-12 gene electrotransfer in
boosting immune response of the organism, pro-
viding evidence of the presence of immune cells

Radiol Oncol 2017; 51(3): 286-294.

(T-lymphocytes and macrophages) in the tumors
treated with electrochemotherapy and peritumor-
al IL-12 gene electrotransfer compared to tumors
before therapy. There is also another study on
sarcoids in horses, using the same combined treat-
ment in which increased number of CD4 and CD8
lymphocytes sub-population confirmed induction
of local immune response in treated tumors.?
Even though in our study the number of exam-
ined biopsies was limited, at 4 weeks post-treat-
ment our immunohistochemical results unequivo-
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cally demonstrated an increase of T-lymphocytes
in cellular infiltrates, higher in subjects with a
complete response. T cells are the essential compo-
nents of the adaptive immune response and they
interact closely with antigen presenting cells to
release various cytokines that characterize the spe-
cific immune response also to neoplastic cells. The
T-lymphocyte increase detected after four weeks
post treatment was not evident 4 weeks later, in-
dicating that probably the anti-tumoral immune
response induced by IL-12 is only transient as pre-
viously hypothesized or that due to the complete
tumor regression, they could not be observed in
higher numbers in the biopsies.!®

The presence of B cells in examined subjects was
not affected by IL-12 gene electrotransfer 4 as well
as 8 weeks after the treatment. On the contrary,
macrophages increased 8 weeks post-treatment,
which was not related with the response to the ther-
apy. The macrophages, as any innate immune cells,
act when tissue homeostasis is perturbed, releasing
soluble mediators such as cytokines, chemokines,
matrix remodeling proteases and reactive oxygen
species and contribute to the maintenance of the
inflammation and this late increase of these cells
detected in treated subjects should be related with
the tissue damage induced by the therapy.

Tregs play an important role in down regu-
lating immune responses and an imbalance be-
tween numbers of Tregs and CD4+ and CD8+
T-lymphocytes contributes to the outcomes in
cancer and infectious diseases. Many studies have
demonstrated the in vivo role of these cells in the
suppression of the immune response to the cancer
in human?®? and veterinary oncology.?*?> While
Treg are immunosuppressive at sites of inflamma-
tion, the increase detected in our study should be
explained by previous studies demonstrating that
the adjuvant activity of IL-12 is short-lived due to
regulatory Treg re-infintration. In fact, quantitative
analysis of Treg kinetics in IL-12 treated tumors re-
vealed a transient loss of these cells followed by a
rapid fold expansion of tumor Treg between days 3
and 10 post treatment.? So the increase of Treg ob-
served in our study should be related with the tim-
ing of tissue sampling after the treatment or due to
the presence of inflammation.

In conclusion, our study confirmed the syner-
gic power of electrochemotherapy and IL-12 gene
electrotransfer in canine species at immunohisto-
pathological level. It led to number of complete
responses and extends survival through the induc-
tion of interferon gamma, inhibiting angiogenesis
and increasing cytotoxic activity.?
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FIGURE 5. Histogram of microvessel density determineg using both primary antibodies
against Factor VIl and CD31positive-cells in 50,000 pm? of tissue samples and number
of Ki-67+ and Bcl-2+ neoplastic cells in 10,000 pm? of tissue samples collected al T,
T, and T,. Microvessel density was drastically reduced at T, and T,. as well as the
proliferation activity of neoplastic cells, while Bcl-2 expression was increased at T,.
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Background. Cisplatin is used in cancer therapy, but its side effects and acquired resistance to cisplatin have led
to the synthesis and evaluation of new platinum compounds. Recently, the synthesized platinum compound trans-
[PtCL(3-Hmpy),] (3-Hmpy = 3-hydroxymethylpyridine) (compound 2) showed a considerable cytotoxic and antitu-
mour effectiveness. To improve compound 2 cytotoxicity in vitro and antitumour effectiveness in vivo, electroporation
was used as drug delivery approach to increase membrane permeability (electrochemotherapy).

Materials and methods. In vitro, survival of sarcoma cells with different intrinsic sensitivity to cisplatin (TBLCI2 sensi-
tive, TBLCI2Pt resistant and SA-1 moderately sensitive) was determined using a clonogenic assay after treatment with
compound 2 or cisplatin electrochemotherapy. In vivo, the antitumour effectiveness of electrochemotherapy with
compound 2 or cisplatin was evaluated using a tumour growth delay assay. In addition, platinum in the serum, tumours
and platinum bound to the DNA in the cells were performed using inductively coupled plasma mass spectrometry.
Results. In vitro, cell survival after treatment with compound 2 electrochemotherapy was significantly decreased
in all tested sarcoma cells with different intrinsic sensitivity to cisplatin (TBLCI2 sensitive, TBLCI2Pt resistant and SA-1
moderately sensitive). However, this effect was less pronounced compared to cisplatin. Interestingly, the enhancement
factor (5-fold) of compound 2 cytotoxicity was equal in cisplatin-sensitive TBLCI2 and cisplatin-resistant TBLCI2Pt cells. In
vivo, the growth delay of subcutaneous tumours after treatment with compound 2 electrochemotherapy was lower
compared to cisplatin. The highest antitumour effectiveness after cisplatin or compound 2 electrochemotherapy was
obtained in TBLCI2 tumours, resulting in 67% and 11% of tumour cures, respectively. Compound 2 induced significantly
smaller loss of animal body weight compared to cisplatin. Furthermore, platinum amounts in tumours after compound
2 or cisplatin electrochemotherapy were approximately 2-fold higher compared to the drug treatment only, and the
same increase of platinum bound to DNA was observed.

Conclusions. The obtained results in vitro and in vivo suggest compound 2 as a potential antitumour agent in elec-
trochemotherapy.

Key words: platinum analogue; cisplatin; 3-Hmpy; electroporation; electrochemotherapy; mouse sarcoma

Introduction dometrial, cervical, lung, head and neck), and

primarily systemically used as single drug or in
Cisplatin is used for the treatment of variable combination with other drugs and/or in combina-
types of cancers (testicular, bladder, ovarian, en- tion with radiation therapy, immunotherapy or

Radiol Oncol 2017; 51(3): 295-306. doi:10.1515/raon-2017-0034
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other targeted therapies.!* Despite many efforts
in adapting an appropriate therapy schedule with
cisplatin, the treatment of patients with cisplatin
induces side effects, and cancer cells can acquire
resistance to cisplatin through different mecha-
nisms. Among these mechanisms, the inactivation
of cisplatin via thiol-containing molecules, such as
glutathione and metallothionein, increased the re-
pair of cisplatin-DNA adducts, enhanced tolerance
to cisplatin-DNA adducts, resulting in the failure
of apoptotic pathways and reduction of platinum
accumulation through decreased drug uptake or
increased drug efflux.*8 Therefore, overcoming
side effects and acquired resistance of cells to cis-
platin during the treatment of patients with cis-
platin still remains the main challenge in studies
of platinum analogues. Modification of platinum
compounds with variable ligands (iminoethers,
aliphatic amines, amine piperazine and pyridine)
in the trans position of ligands resulted in variable
cytotoxic effects.”1” Pyridine ligands with hydroxyl
groups, which participate in the formation of stable
complex between DNA and platinum compounds,
were demonstrated as promising ligands in activat-
ing platinum (II) compound cytotoxicity.%!11418-20
Recently, we reported that two 3-hydroxymethyl-
pyridine (3-Hmpy) ligand in the trans position in
the platinum (II) complex increased cytotoxicity in
vitro and antitumour effectiveness in vivo.?!

The effectiveness of chemotherapeutic drugs re-
lies on their uptake into tumour cells. For poorly
permeable drugs, higher doses are needed for ef-
fective cytotoxicity to tumour cells, consequently
producing higher side effects. Cisplatin is a poorly
permeable drug; therefore, many approaches have
been examined to increase its uptake, i.e., using na-
noparticles, magnetic particles, liposomes, and tu-
mour-specific antibodies and chemically or physi-
cally inducing pores in the cell membrane.!62*2
Among physical approaches, electroporation,
inducing pores in the cell membrane via electric
pulses, could be used.* Electroporation increases
the cytotoxicity up to 80-fold in cisplatin-sensitive
and cisplatin-resistant tumour models, in vitro and
in vivo.”% The treatment of tumour nodules with
the local application of electric pulses after sys-
temic or local administration of drug is referred
to as electrochemotherapy. Electrochemotherapy
with cisplatin is currently used for the treatment of
variable cutaneous and subcutaneous tumours in
human and veterinary clinics, showing a local ef-
fectiveness of up to 80% of local tumour control.3033
The antitumour effectiveness of electrochemother-
apy primarily relies on increased drug uptake and
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platinum binding to DNA.?>?% However, some ef-
fects might be attributed to immune system modu-
lation and changes in tumour blood flow.?35-3¢

Thus far, electroporation has been used to in-
crease antitumour effectiveness of platinum (II)
analogue 3P-SK containing squarato (skv = 3,4-di-
oxocyclobut-1-ene-1,2-diolate) and 3-Hmpy li-
gands (3P-SK, [Pt(3-Hmpy),(skv)]). Indeed, 3P-SK
electrochemotherapy treatment had a profound
antitumour effectiveness in mouse MCA mam-
mary carcinoma, demonstrating 3P-SK as the first
biologically active squarato compound with two
3-Hmpy ligands in vivo.”

The promising cytotoxic and antitumour effec-
tiveness of compound 2 from a previous study?
encouraged us to assess the electroporation, as
drug delivery method, for compound 2 in in vitro
and in vivo tumour models with different intrinsic
sensitivities to cisplatin. In vitro, clonogenic assays
were performed to demonstrate the cytotoxicity of
compound 2. The cytotoxicity of compound 2 alone
or in combination with electroporation was inves-
tigated in sarcoma cisplatin-sensitive TBLCI2 cells
and the cisplatin-resistant subclone TBLCI2Pt, and
in sarcoma SA-1 cells with moderate sensitivity to
cisplatin, based on in vitro data.?>¥ Furthermore,
the antitumour effectiveness of compound 2 elec-
trochemotherapy using tumour growth delay as-
say was determined in the same sarcoma tumour
models in vivo. In addition, the animal body weight
loss was monitored to estimate the influence of the
intratumoural administration of compound 2 and
local application of electric pulses to the tumour on
animal wellbeing. To clarify the underlying mech-
anism of antitumour effectiveness of compound 2
electrochemotherapy, the amount of platinum in
serum and the platinum uptake into tumours, and
platinum binding to DNA were measured.

Materials and methods
Drugs

Cisplatin (CDDP, Cysplatyl, Aventis Laboratory,
Paris, France) was dissolved in sterile water at
concentration of 10 mM and frozen in aliquots at
-20°C until further use. The compound 2 (trans-
[PtCL,(3-Hmpy),] was synthesized at the Faculty of
Chemistry and Chemical Technology, University
of Ljubljana (Ljubljana, Slovenia)?' and dissolved
in N,N-dimethyl-formamide (DMF, Sigma-Aldrich
Co. LCC, St. Louis, MO) at a concentration of 10
mM and frozen in aliquots at -20°C until further
use.
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In the in vitro experiments, concentrations of
CDDP and compound 2 ranging from 1.7 pM to
1333 uM were prepared in a sterile electroporation
buffer (EP buffer, 125 mM sucrose, 10 mM K,HPO,,
2.5 mM KH,PO,, and 2 mM MgCl, x 6 H,0) imme-
diately prior to the experiments.

In the in vivo experiments, fresh solutions of CDDP
and compound 2 were prepared in sterile NaCl solu-
tion (0.9%) at a final concentration of 13.3 mmol/kg.

Tumour cell lines

Mouse SA-1 sarcoma cells (Jackson Laboratory,
Bar Harbor, ME, USA), mouse TBLCI2 sarcoma
cells and the cisplatin-resistant subclone TBLCI2Pt
(generously provided by J]. Belehradek of the
Institute Gustave Roussy, Villejuif, France)*® were
used for the in vitro experiments. The SA-1, TBLCI2
and TBLCI2Pt cells were cultured in a humidi-
fied incubator at 37°C and 5% CO, in advanced
minimum essential media (AMEM, Gibco, Life
Technologies Corporation, Grand Island, NY,
USA), supplemented with 5% of foetal bovine se-
rum (FBS, Gibco). Two days after sub-culturing,
the cells in the exponential phase of growth were
obtained and used for the cytotoxicity experiments
or for the induction of subcutaneous tumours.

Animals and tumour models

Animal experiments were conducted in accord-
ance with the Veterinary Administration of the
Republic of Slovenia (permission No: 34401-
10/2009/6). Inbreed A/J and C57Bl/6 mice, females
10-12 weeks old, were purchased from the Institute
of Pathology, Medical Faculty, University of
Ljubljana (Ljubljana, Slovenia) and acclimated to
the facility for 10 days. The mice were maintained
under specific pathogen-free conditions, at a con-
stant room temperature in a 12-hour day/night
light cycle. Food and water were provided ad libi-
tum. Subcutaneous tumours were induced via the
injection of 100 pL of cell suspension in the right
shaved flank of mice; injection of SA-1 sarcoma
tumour cell suspension (5x10° cells/mL; obtained
from ascites of the donor animal) in A/] mice; injec-
tion of TBLCI2 sarcoma (25x10° cells/mL; obtained
in vitro) and TBLCI2Pt cell suspension (40x10° cells/
mL; obtained in vitro) in C57Bl1/6 mice.

Cytotoxicity of electrochemotherapy in vitro

In the experiments, variable groups were used:
control (untreated cells)) CDDP or compound

2 (5 minutes incubation of cells with drug), elec-
troporation (EP, cells exposed to application of
electric pulses), electrochemotherapy (ECT, cells
exposed to combination of EP and drug, CDDP
or compound 2). Briefly, cell suspensions of SA-1,
TBLCI2 and TBLCI2Pt sarcoma cells in EP buffer
at concentration 2.2x107 cells/mL were prepared via
the trypsinization (Trypsin, Gibco) of two day-old
monolayers. The cytotoxicity of treatments was de-
termined using a clonogenic assay. In the EP group,
5 pL of EP buffer was added to 45 puL (1x10°) of cell
suspension and subsequently placed between two
parallel stainless-steel plate electrodes at a 2-mm
distance and thereafter exposed to 8 electric pulses
(electric field over distance ratio of 1300 V/cm, du-
ration time of each pulse 100 ps, at frequency of
1 Hz; generated at Jouan GHT 1287, St. Herblain,
France).?%?” In CDDP or compound 2 groups, 45 L
(1x10°) of cell suspension was diluted with 5 pL of
drug solution at a ten times higher final concentra-
tion (1.7 uM-1333 uM). In the ECT group, 45 puL
(1x10°) of cell suspension was diluted with 5 pL of
drug solution at a ten times higher final concentra-
tion (1.7 uM-1333 uM) and immediately exposed
to electric pulses. Regardless of the treatment, the
cells were incubated for 5 minutes at room tem-
perature (22°C) in an ultra-low attachment 24-well
plate. Subsequently, the cells (50 pL) were diluted
in 1 mL of fresh medium and a variable number of
cells were seeded onto a Petri dish (diameter = 6
cm; 200 to 800 cells/Petri dish) for clonogenic assay.
In 7-14 days, viable clonogenic cells formed colo-
nies that were stained with crystal violet (0.005%,
Sigma, St. Louis, USA), and only the colonies con-
taining at least 50 cells were counted. The experi-
ment was repeated three times, and each group
comprised three replicates.

Electrochemotherapy of tumours in vivo

The antitumour effectiveness of electrochemo-
therapy was evaluated using a tumour growth
delay assay. When subcutaneous tumours grew to
a volume of 40 mm?® in approximately 7-14 days,
the animals were divided randomly in experimen-
tal groups: control (untreated tumours), CDDP or
compound 2 group (intratumoural injection of 50
pL drug solution, CDDP or compound 2), EP (lo-
cal application of 8 electric pulses in two perpen-
dicular directions (4+4), with electric field over dis-
tance ratio of 1300 V/cm, 100 us long, 1 Hz, using
two plate parallel stainless-steel electrodes 7 mm
apart placed percutaneously at the opposite mar-
gins of tumour; generated by Jouan GHT 1287,
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St. Herblain, France) and combined treatment,
electrochemotherapy, i.e., 60 seconds after intra-
tumoural injection of 50 uL drug solution electric
pulses were applied. Each experimental group
comprised 6 to 12 animals. The antitumour effec-
tiveness of therapies was followed by measuring
three orthogonal tumour diameters (a, b, c) every
other day after therapy using a Vernier calliper and
the tumour volume was subsequently calculated
using the formula axbxcxm/6. The tumour dou-
bling time for each experimental group based on,
tumour growth delay (the tumour doubling time
for each experimental group subtracted from the
tumour growth delay of control group), was de-
termined as the endpoint of antitumour effective-
ness of electrochemotherapy with cisplatin or com-
pound 2. Growth of treated tumours was followed
up to a volume of 350 mm? or in the case of com-
pletely regressed tumours, up to 100 days after the
treatment (complete response, CR). At these times,
the animals were humanely sacrificed via cervical
dislocation. Potential side effects of therapies were
determined after weighing the animals and assess-
ing behaviour and locomotion.

Platinum determination in tumour and
serum

Measurements of platinum in the serum, tumours
and platinum bound to the DNA in the cells were
performed using inductively coupled plasma mass
spectrometry (ICP-MS, Agilent Technologies, mod-
el 7700x, Tokyo, Japan), which monitored the *°Pt
isotope. To determine platinum accumulation in
the serum at different time points after treatment
(3 minutes, 1 hour, 8 and 24 hours), the blood was
collected using a glass capillary from intraorbital
sinus (8 samples per group) and coagulated at
room temperature for two hours. Subsequently,
the blood was centrifuged at 3000 rpm for 10
minutes, and the serum was collected and stored
at -20°C. Furthermore, the total volume of serum
samples was digested in 1 mL of 1:1 mixture of 65%
nitric acid (MERCK KgaA, Darmstadt, Germany)
and 30% hydrogen peroxide (MERCK KgaA,
Darmstadt, Germany) at 90°C for 48 hours. The
obtained clear solutions were diluted with Milli-Q
water and analysed using ICP-MS.

To obtain tumour samples for platinum determi-
nation, the animals were humanely sacrificed im-
mediately after the blood was collected. Tumours
were excised (8 samples per group), removed from
the overlying skin, weighed and stored at -20°C.
Subsequently, the tumours were digested in 2 mL
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of 1:1 mixture of 65% nitric and 30% hydrogen per-
oxide) at 90°C for 48 hours, diluted with Milli-Q
water and analysed using ICP-MS.

For measurements of platinum binding to the
DNA in the tumour cells, the tumours were ob-
tained as described above. However, the tumours
were weighed, immediately mechanically de-
graded and washed with 3 mL of freshly prepared
PBS. Collected samples were filtered through a
cell strainer with a pore size of 40 um (Corning
Incorporated, Life Sciences, Durham, USA) and cen-
trifuged at 1500 rpm for 10 minutes. The collected
cells were used for the fast DNA isolation using a
salting-out protocol. First, the cells were lysed with
lysis buffer (10 mM Tris-HCl, 1 mM EDTA, and 1%
SDS) containing proteinase K (0.2 pg/mL) at 55°C
and constant shaking for 30 minutes. The proteins
in the cooled samples were precipitated using 120
uL of 4 M NaCl and shaking for 15 seconds. The
precipitated proteins were two times centrifuged
at 13000 rpm for 6 minutes. DNA was precipitated
from the obtained supernatant using 1 mL of etha-
nol (70%) for 2 minutes by gentle mixing of tube
and centrifugation at 13000 rpm for 2 minutes. The
precipitated DNA was washed with an additional
1 mL of ethanol (70%) and centrifuged at 13000
rpm for 2 minutes. The pellet of DNA was dried,
dissolved in 100 uL of distilled water. The concen-
tration of DNA in the samples was spectrophoto-
metrically determined at 260 nm (Epoch, Take3, Bio
Tek Germany). Finally, the samples of DNA were
digested using the same procedure described above
and the platinum binding to DNA was determined
in the diluted samples using ICP-MS.

Statistical analysis

Statistical analysis was performed using SigmaPlot
software (Systat Software, Chicago, IL, USA). The
Shapiro-Wilk test was used to determine the nor-
mality of data distribution. The differences between
mean values of experimental groups were tested
using the t-test or one-way ANOVA, followed by
the Holm-Sidak test for multiple comparisons.
Values of p < 0.05 were considered significant.

Results and discussion

Recently, discovered biological activity of trans
platinum complexes with planar aromatic N-donor
base?, encouraged us to examine compound 2 with
electroporation (electrochemotherapy) as a drug
delivery approach in tumour cells with different
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TABLE 1. IC,, values after electrochemotherapy with cisplatin or compound 2 in various mouse tumour cell lines

SA-1 TBLCI2 TBLCI2Pt
Group IC., (M) EF IC,, (UM) EF IC., (uM) EF
CDDP 276.7¢ 180.0¢ 926.6¢
Compound 2 500.0° 220.0° 1066.6°
ECT CDDP 28.3° 9.8 8.0° 225 12.00 77.2
ECT Compound 2 80.0 6.3 41.0 5.4 206.7 5.2

IC, = dose of drug which reduced cell survival to 50%; EF = enhancement factor for electroporation of cells, calculated on the bases of IC,, of electroporated and non-
electroporated cells; *p (< 0.05) statistically significant difference compared to treatment with cisplatin electrochemotherapy (ECT CDDP); *p (< 0.05) significant difference
compared to treatment with compound 2 electrochemotherapy (ECT Compound 2); *p (< 0.05) statistically difference compared to treatment with compound 2

electrochemotherapy.

intrinsic sensitivities to cisplatin in vitro and tu-
mour models in vivo. In vitro, compound 2 electro-
chemotherapy was effective in cisplatin-sensitive
and cisplatin-resistant cells. However, its cytotoxic
effect (at the IC,; level) was less evident compared
to cisplatin electrochemotherapy, with up to 4-fold
in cisplatin-sensitive TBLCI2 cells, up to 1.6-fold in
moderately cisplatin-sensitive SA-1 cells and up to
15-fold in cisplatin-resistant TBLCI2Pt cells. Similar
to in vitro data, growth of tumours with variable in-
trinsic sensitivity to cisplatin (sensitive, moderate-
ly sensitive and resistant) after compound 2 elec-
trochemotherapy was less delayed (up to 9.7 days)
compared to cisplatin electrochemotherapy. As
expected, the most evident antitumour effective-
ness of compound 2 and cisplatin electrochemo-
therapy was obtained in cisplatin-sensitive TBLCI2
tumours, resulting in 11% and 67% of cured tu-
mours, respectively. However, compound 2 elec-
trochemotherapy induced less animal body weight
loss compared to cisplatin electrochemotherapy
and considering its antitumour effectiveness could
be potentially used in further investigation.

Electrochemotherapy with cisplatin or
compound 2 efficiently decreased cell
survival, in vitro

Cytotoxicity of platinum compound with 3-hy-
droxymethilpyridine ligands in cis and frans posi-
tion has previously been demonstrated in various
human and mouse tumour cells.’?! First, in mouse
B16 melanoma cells, cis platinum (II) compound
with acyclovir (acv, (9-[(2-hydroxyetoxy)methyl]
guanine)) and 3-Hmpy ([Pt([(acv-N7),(3-Hmpy),]
(NO,),) was 1600-fold less cytotoxic compared to
cisplatin. Furthermore, an increase of cytotoxicity

in cisplatin-sensitive and cisplatin-resistant human
tumour cell lines was obtained using another plati-
num (II) compound 3P-SK containing 3-Hmpy and
squarato ligands.’ However, the enhancement of
cytotoxicity was less pronounced compared to cis-
platin, particularly in cisplatin-sensitive cells, with
a 42-fold enhancement in MCF7 mammary carci-
noma, and a 10-fold enhancement in T24 bladder
carcinoma and IGROV ovarian carcinoma cells. The
compound 3P-SK was least effective in cisplatin-
resistant IGROV/RDDP ovarian carcinoma cells,
showing only a 3-fold increase in IC,, value com-
pared to cisplatin.!” Further synthesis of platinum
analogues with 3-hmpy ligands led to the discovery
of biological active platinum (II) compound with
trans geometry possessing two 3-Hmpy ligands,
compound 2. Recently, compound 2 was dem-
onstrated as equally cytotoxic in various human
cisplatin-sensitive T24 bladder carcinoma cells and
IGROV 1 ovarian carcinoma cells, and in cisplatin-
resistant IGROV 1/RDDP ovarian carcinoma cells
compared to cisplatin.! In the present study, the
cytotoxicity of compound 2 using clonogenic as-
say was determined in another pair of cisplatin-
sensitive and cisplatin-resistant cells, TBLCI2 and
TBLCI2Pt, respectively. Similarly, equal sensitivity
of cisplatin-sensitive TBLCI2 and cisplatin-resistant
TBLCI2Pt cells was observed, suggesting that com-
pound 2 partially overcomes the mechanisms of re-
sistance to cisplatin (Table 1, Figure 1). Thus, com-
pound 2 could be potentially used in treatment to
cisplatin resistant tumours alone or combined with
other treatments, such as irradiation, in combina-
tion with other chemotherapeutics.

Knowing that cell membrane is the main bar-
rier for drug import in cells, electroporation as
the drug delivery method (electrochemotherapy)

Radiol Oncol 2017; 51(3): 295-306.



300

Surviving fraction

Kranjc S et al. / Electrochemotherapy with trans-platinum analogue

TBLCI2

02

01}
0.07 |
0.05 |

0.02 |

0.01 F
0.007 |
0.005

Surviving fraction

=@~ CDDP 0002  wi@= CDDP
LA Compound 2 EA Compound 2
:2: ECT CDDP 0.001 |} =@ ECT CDDP

ECT Compound 2 0.0007 | -l ECT Compound 2

0.0005 |

TBLCI2Pt

0.7
0.5

0.2

0.1
0.07
0.05

0.01
0.007
0.005

Surviving fraction
o
=Y
S

0.002 =@= CDDP
=/ Compound 2
=@= ECT CDDP

e ECT Compound 2

0.001
0.0007
0.0005

*x ok x

Concentration (uM)

20 35 60 100 200 350 600

.@ 2 35 6 10

20 35 60 100 200 350 6001000

Concentration (uM)

20 35 60 100 200 350 6001000

©2 35 6 10

Concentration (uM)

FIGURE 1. Survival of SA-1 sarcoma (A), TBLCI2 sarcoma (B) and TBLCI2Pt sarcoma cells (C) after treatment with cisplatin (CDDP) or compound 2 or
cisplatin electrochemotherapy (ECT CDDP) or compound 2 electrochemotherapy (ECT Compound 2), determined using a clonogenic assay. Data are
presented as the arithmetic mean and standard error of the mean (AM+SE) of triplicates pooled from three independent experiments. The survival of
cells treated with electrochemotherapy was normalized to the survival of cells treated with electric pulses alone. The survival of SA-1, TBLCI2 and TBLCI2Pt
cells treated with electric pulses alone was 0.96 + 0.05, 0.93 + 0.09 and 0.92 + 0.10, respectively.

could be used for increasing the amount of com-
pound 2 in the cell, thereby achieving the increased
cytotoxic effectiveness of compound 2. The cyto-
toxicity of cisplatin or compound 2 electrochemo-
therapy was evaluated using a clonogenic assay
in cell lines with different intrinsic sensitivities
to cisplatin (sensitive TBLCI2, moderate sensitive
SA-1 and resistant TBLCI2Pt cells) to obtain reli-
able results for the cytotoxic effect of compound 2
compared to cisplatin. Electrochemotherapy using
either drug significantly decreased IC;, value in all
tested cell lines. The most potentiated cytotoxic ef-
fect of cisplatin electrochemotherapy was observed
in cisplatin-resistant TBLCI2Pt cells, resulting in a
77-fold decrease in IC,, value, as previously dem-
onstrated (79-fold).>> However, in moderately cis-
platin-sensitive SA-1 cells and cisplatin-sensitive
TBLCI2 cells, the reduction in IC,; value was less
pronounced in cells exposed to cisplatin electro-
chemotherapy, and the determined decrease in
IC,, up to 23-fold (Table 1), was in the range of
previously published data (10.5-fold in SA-1 and
24-fold in TBLCI2 cells).?¥” Using electroporation
to increase compound 2 uptake into the cells im-
proved cytotoxicity, resulting in an enhancement
factor of 6.3-fold in SA-1 cells, 5.4-fold in TBLCI2
and 5.2-fold in TBLCI2Pt cells. However, the po-
tentiation in the cytotoxic effect of compound 2
electrochemotherapy was significantly lower com-
pared to cisplatin electrochemotherapy, but reflect-
ing a similar enhancement factor in cisplatin-resist-
ant TBLCI2Pt and cisplatin-sensitive TBLCI2 cells
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(Table 1, Figure 1), compound 2 still represents a
promising drug for further testing.

Since electroporation of cells with cisplatin ren-
ders cisplatin-resistant TBLCI2Pt cells to equal lev-
el of sensitivity as cisplatin-sensitive cells, and IC,
values were statistically non-significant, consistent
with the data obtained in a previous study.? These
data indicate increased membrane permeability
as the predominant mechanism for the improved
cytotoxicity of cisplatin. In fact, the same amount
of platinum in both, cisplatin-sensitive TBLCI2 or
cisplatin-resistant TBLCI2Pt cells induced equal
cell killing.®® Furthermore, the platinum content
measured after electrochemotherapy with cisplatin
or short 5 minutes incubation with cisplatin alone
was comparable in both, cisplatin-sensitive TBLCI2
and cisplatin-resistant TBLCI2Pt cells.®® In con-
trast, significant higher IC,; value determined after
compound 2 electrochemotherapy (5-fold higher)
in cisplatin-resistant TBLCI2Pt cells compared
to cisplatin-sensitive TBLCI2 cells suggests the
involvement of other mechanisms besides mem-
brane permeability, such as transport mechanisms
(influx or efflux of drug), increased level of thiol
molecules in cells, enhanced DNA repair, tolerance
to DNA damage and cell death decrease.*® The
function of compound 2 differs from that of cispl-
atin. Compound 2 induces severe conformational
changes in plasmid DNA, suggesting that once in
the cell, compound 2 likely induces few reparable
or irreparable DNA damages, which are reflected
in delayed apoptosis.?!
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TABLE 2. Antitumour effectiveness of electrochemotherapy with cisplatin or compound 2 in mouse sarcoma tumours; SA-1, TBLCI2 and TBLCI2Pt

SA-1 TBLCI2 TBLCI2Pt
DT (days) GD o DT (days) GD o DT (days) GD o
ElE (AM3SE)  (days)y SR 0 AmisEy  (days) SR M N (aAmisE)  (days) CR(M %)
Control 10 1.7+0.2 0 8  2.8+0.3 0 6 3.120.2 0
EP 10 31403 14 0 8  5.1+10 23 0 6 42:09 11 0
CDDP 10 52410 35 0 8 5307 25 © 6 3405 03 0
. 0 . 0 . 0
Compound 2 12 23+03 06 9 35+05 07 6  3.2:03 0.1
ECT CDDP 5, 15822 . 0 g 11610 68 6,666 .  7.6:09 45 0
ECT Compound 2 12 51404 3.4 0 g D ce 2, 3L 6 106 20 0

EP = application of electric pulses; CDDP = cisplatin, intratumoural injection at a dose of 13.3 mmol/kg; Compound 2- intratumoural injection at a dose 13.3 mmol/kg; ECT =
electrochemotherapy, application of EP at 1 minute after intratumoural injection of CDDP or compound 2; DT = tumour doubling time; GD = tumour growth delay; CR = complete
response; AM = mean; SE = standard error of the mean; *p (< 0.05) significant difference compared to treatment with CDDP electrochemotherapy; "p (< 0.05) significant

difference compared to treatment with compound 2 electrochemotherapy.

Electrochemotherapy with cisplatin or
compound 2 efficiently delayed tumour
growth in vivo

Until recently, few trans-Pt(Il) complexes were
evaluated in vivo. The analogues of transplatin
(trans-[PtCl(NH,),]) with one NH, exchanged with
pyridine or 4-methylpyridine had no effect in the
5180 sarcoma tumour model.* In P388 leukaemia
an evident antitumour effectiveness was obtained
with compound having one iminoether instead of
an amine ligand.®® However, the replacement of
two amine ligands with dimethylamine and iso-
propylamine failed to improve the antitumour ac-
tivity in human CH ovarian carcinoma, reflecting
its extracellular inactivation after binding to plas-
ma proteins.*! These results indicate the nature of
the ligand as an important player in the biological
activation of trans-Pt(Il) compounds. Recently, we
showed the promising biological activity of trans-
Pt compound 2 with both amino groups replaced
with pyridine derivate containing hydroxyl group,
3-Hmpy. Interestingly, a comparable antitumour
effectiveness of treatment with triple intravenous-
ly administered compound 2 in sarcoma SA-1 tu-
mours to cisplatin was obtained.?

To evaluate compound 2 as a potential chemo-
therapeutic drug in combination with electropora-
tion, for the induction of subcutaneous tumours,
the same mouse sarcoma tumour cell lines as
used in vitro (moderately cisplatin-sensitive SA-
1 cells, cisplatin-sensitive TBLCI2 and -resistant
TBLCI2Pt cells) were selected. Since in vitro data
have shown sarcoma cells as resistant to com-
pound 2 (high IC,), the purpose of the research

was to evaluate whether the intrinsic resistance
of these cells is reflected in tumours in vivo. The
route (intratumoural or intravenous) of drug ad-
ministration plays an important role in drug dis-
tribution and toxicity to normal tissues. In some
cases, electrochemotherapy with intratumoural
injection of cisplatin showed evident antitumour
potential over systemic administration, reflect-
ing a higher concentration of the drug obtained
in tumours and lower concentration in normal
tissues during electroporation.®*#? Furthermore,
compound 2 pharmacologically behaves differ-
ently compared to cisplatin, and more platinum in
serum and tumour was observed.? According to
these observations, in the present study, the sin-
gle intratumoural administration of drug was used
to potentially induce less side effects of the treat-
ment and achieve the highest drug concentration
in the tumours at the time of electroporation. In
general, the antitumour effectiveness of treatment
with compound 2 alone was less pronounced com-
pared to cisplatin in all tumour models with in-
trinsically different sensitivity to cisplatin (Table 2,
Figure 2). Treatment of moderately cisplatin-sensi-
tive SA-1 tumours with cisplatin alone resulted in
a significant delay of tumour growth compared to
compound 2. Regarding the route of drug admin-
istration in SA-1 tumours, triple intravenous* or
single intratumoural injection resulted in compa-
rable antitumour effectiveness of cisplatin alone.
However, the delay of tumour growth after triple
intravenous administration of compound 22! was
more pronounced (up to 2.2 days) compared to
single intratumoural administration of compound
2 in the present study. Furthermore, antitumour

Radiol Oncol 2017; 51(3): 295-306.



302

Tumour volume (mmg)

Animal body weight (%)

Kranjc S et al. / Electrochemotherapy with trans-platinum analogue

1100

1075

105.0 |

1025

500 - 500 -
300 300 b
w’g 200 m’E‘ 200
E E
@ o
E £
E} E
© 100 S 100
S S
3 w} 3 wf
—0— Control 5 —o— Control 5 —o— Control
—8— EP F 50 —=— EP F sop —8— EP
—A— CDDP —A— CDDP —A— CDDP
—O— Compound 2 —O— Compound 2 —O— Compound 2
—A— ECT CDDP 30t —A— ECT CDDP 30t —A— ECT CDDP
—9— ECT Compound 2 —0— ECT Compound 2 —0— ECT compound 2
L 20 4 . . 20 +
10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 o 2 a4 6 8 10 12 14 16
Time (days) Time (days) Time (days)
1075 1075
1050 1050
S w0251 S 102sf
< £
=) =)
@ o
= 1000 2 1000
> >
i g
= 975 f
= g 975
1=
=O= Control £ =QO= Control = == Control
- P < g0 b ol T 50 8- cP
= cDDP =a= CDDP = CDDP
=>= Compound 2 == Compound 2 == Compound 2
= £CT CODP 925 =~ ECT CDDP 925) = ECT CDDP
== ECT Compound 2 =@~ ECT Compound 2 == ECT Compound 2
s s s ' 00 L . ! i 00 n 9 ?

8 10 12 14 16 18 20 0 2 4 6 8 10 12

Time (days)

Time (days)

0 2 4 6 8 10 12 14 16

© Time (days)

FIGURE 2. Tumour growth and animal body weight change after cisplatin or compound 2 electrochemotherapy in mouse sarcoma tumours; SA-1,
TBLCI2 and TBLCI2Pt. Mice (6-12 per group) were treated with intratumoural injection of cisplatin (CDDP, 13.3 mmol/kg) or compound 2 (13.3 mmol/kg)
or with local application of electric pulses at 1 minute after drug injection (ECT CDDP; ECT Compound 2; 8 pulses, 1300 V/cm, 100 ps, 1 Hz). Data are
presented as the arithmetic mean and standard error of the mean (AM=SE) of tumour volumes.”p (< 0.05) significant difference compared to treatment
with cisplatin electrochemotherapy

effectiveness was less evident in cisplatin-sensi-
tive TBLCI2 and cisplatin-resistant TBLCI2Pt as in
moderately cisplatin-sensitive SA-1 tumours, in-
dicating different intrinsic features of the tumour
models examined, particularly the mechanisms
of resistance to cisplatin. Several efforts to over-
come the mechanisms of cisplatin resistance, i.e.,
using approaches to decrease glutathione level,
affect DNA repair, activate signal transduction
pathways leading to cell death and increase cispl-
atin accumulation, have been used.>172325434 The
predominant mechanism of cisplatin resistance in
TBLCI2Pt cells was suggested as the membrane
restriction of cisplatin uptake.?> Thus, electropo-
ration could be used to overcome the resistance
to cisplatin and potentiate antitumour effective-
ness of cisplatin, as previously demonstrated in
variable tumour models.??>2343742 Application of
electric pulses to the tumours alone insignificantly
delayed tumour growth in all tested tumour mod-
els and the data are consistent with previous stud-
ies.252838 However, combined treatment of intratu-
moural injection either of cisplatin or compound 2
shortly before application of electric pulses, signif-
icantly potentiated (up to 3-fold) antitumour effec-
tiveness in all tumour models, but less prominent
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effects were observed with compound 2. As ex-
pected, most pronounced antitumour effectiveness
after single electrochemotherapy treatment was
obtained in cisplatin-sensitive TBLCI2 tumours,
resulting in 67% tumour cures after cisplatin elec-
trochemotherapy and 11% tumour cures after
compound 2 electrochemotherapy. Notably, cis-
platin or compound 2 alone did not delay growth
of cisplatin-resistant TBLCI2Pt tumours, but elec-
troporation potentiated antitumour effectiveness
of either of the drugs used, resulting in prolonged
tumour 2.2-fold and 1.6-fold growth delay, re-
spectively (Table 2, Figure 2). These data suggest
that compound 2 electrochemotherapy as an ap-
propriate alternative therapy in cisplatin-resistant
tumours or tumours with acquired cisplatin-re-
sistance. Studies using electroporation to improve
the antitumour effectiveness of newly synthesized
chemotherapeutic are scarce. Among the reported
studies, two ruthenium (III) compounds, KP418
((imH)[trans-RuCl,(im),], ~ im=imidazole) and
KP1339 (Na[trans-RuCl,(in),], in=indazole), ad-
ministered intravenously, were used in combina-
tion with electroporation.*-*® However, significant
antitumour effectiveness was only obtained with
KP1339 electrochemotherapy in SA-1 tumours,
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while electrochemotherapy with KP418 has no sig-
nificant effect on tumour growth delay in SA-1 and
in B16F1 melanoma tumours. Although, the type
of administration of KP1339 was different (intrave-
nously), at equimolar doses, its antitumour effec-
tiveness was comparable to the effect of compound
2. To our knowledge, only one synthesized plati-
num (II) compound with 3-Hmpy ligands, 3P-SK,
was used in combination with electroporation in
recent study of our research group.” In that study,
similar to the results of the present study, the anti-
tumour effectiveness of local application of electric
pulses after intratumoural administration of 3P-SK
was less pronounced compared to cisplatin. Still,
3P-SK electrochemotherapy significantly reduced
growth of mouse MCA mammary carcinoma tu-
mours and cured 14% of tumours.”® Overall, con-
sidering the 3-fold potentiation in antitumour ef-
fectiveness of compound 2 electrochemotherapy
compared to the 2-fold potentiation obtained after
3P-SK electrochemotherapy!’, compound 2 may
potentially be more biologically active. Moreover,
the potentiation level in antitumour effectiveness
of compound 2 electrochemotherapy compared
to cisplatin electrochemotherapy, varied between
1.6- and 3-fold, suggesting that different transport
mechanisms and intracellular mechanisms of ac-
tion between compound 2 and cisplatin could be
involved in tumour responses (Table 2, Figure 2).
In addition, animal body weight, behaviour and
locomotion as indicators of animal wellbeing were
monitored after cisplatin or compound 2 electro-
chemotherapy. Single treatment with intratumour-
al administration of compound 2 and application
of electric pulses induced significantly less body
weight loss compared to cisplatin. The animals
showed a loss of body weight up to 6 days after
treatment (approximately 6%) and recovered there-
after (Figure 2). These results are consistent with
those of a previous study, showing that animals
bearing SA-1 sarcoma lost significantly less body
weight after triple intravenous administration of
compound 2 compared to cisplatin.?!’ However,
the body weight loss obtained after single intratu-
moural administration of compound 2 compared
to triple intravenous administration of compound
2 was less pronounced, indicating that the intra-
tumoural administration of compound 2 was less
toxic. Since electrochemotherapy with compound 2
demonstrates fewer side effects on animal wellbe-
ing and despite less pronounced antitumour effec-
tiveness compared to cisplatin, further studies are
warranted, particularly for testing the repetitive
treatment of tumours with electrochemotherapy.

Electrochemotherapy with cisplatin or
compound 2 increases platinum uptake
in tumour and amount of platinum
bound to DNA

To clarify whether the antitumour effectiveness of
electrochemotherapy either with compound 2 or
cisplatin was consistent with increased uptake of
the drug in the cells and partially clarify the phar-
macology of the drugs used, the amount of plati-
num was measured in tumours, serum and bound
to the DNA. Previous studies have determined an
increase in platinum accumulation after application
of electric pulses in various mouse tumours (sar-
coma (SA-1, LPB) and carcinoma (EAT) tumours),
which consequently improve the antitumour effec-
tiveness of cisplatin.??% To prevent the washout
of drug from the tumour and ensure the highest
concentration in SA-1 tumours, electric pulses were
delivered at 1 minute after intratumoural injection,
as previously optimized in an EAT tumour mod-
el Measurement of platinum amount using ICP-
MS in the present study demonstrated electropora-
tion as an effective delivery method for compound
2, transplatin analogue, and cisplatin. An approxi-
mately significant 2-fold increase of platinum in tu-
mours was achieved, resulting in pronounced anti-
tumour effectiveness (Figure 3). Initial level of plat-
inum amount in tumours treated with compound
2 alone or compound 2 electrochemotherapy was
1.3-fold higher compared to cisplatin. In addition,
the wash out of platinum from the tumours treat-
ed with cisplatin or compound 2 alone was up to
1.5-fold quicker compared to tumours treated with
electrochemotherapy using either of the drugs.
The initial platinum amount in the tumours at one
hour after the treatment with drug alone or with
electrochemotherapy was reduced up to 48% and
up to 18%, respectively, indicating the binding of
tested drug to the proteins in serum, in extracel-
lular tumour matrix and transport into the cell. In
fact, the aromatic ring of pyridine and hydroxyl
groups participates in non-covalent interactions
between platinum compound and DNA.% 11, 14,1820
Furthermore, triple intravenous administration of
compound 2 compared to cisplatin resulted in sig-
nificant higher platinum amount in tumours and
serum, 4-fold and 40-fold, respectively.? Similarly,
significantly higher concentration (up to 39-fold) of
platinum concentration in serum of animals treat-
ed either with compound 2 alone or compound 2
electrochemotherapy compared to cisplatin corre-
lated with more platinum in tumours (Figure 3).
Altogether, compound 2 exhibits a different phar-
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FIGURE 3. Platinum amount in sarcoma SA-1 tumours (A), platinum amount in the serum (B) and platinum amount bound to DNA in the cells isolated
from SA-1 tumours (C). Animals (8 per group) were treated with intratumoural injection of cisplatin (CDDP, 13.3 mM) alone or compound 2 (13.3 mM)
alone or with local application of electric pulses 1 minute after intratumoural drug injection (ECT CDDP; ECT Compound 2; 8 pulses, 1300 V/cm, 100 ps,
1 Hz). The data are presented as the arithmetic mean and standard error of the mean (AMzSE) obtained from 8 samples. “p (< 0.05) under (A) and (C)
statistically significant difference compared to corresponding drug treatment only; "p (< 0.05) under (B) statistically significant difference compared to
cisplatin or cisplatin electrochemotherapy.

macology compared to cisplatin, which could affect
tumour responses. Compared to the pharmacology
of cisplatin, other mechanisms could be involved
in tumour responses to electrochemotherapy. In
particular, the drug distribution in tumours de-
pends on tumour vascularization and the content
of tumour extracellular matrix, which plays an im-
portant role before application of electric pulses.
Vascular disruption, reduced oxygenation and in-
duced immune responses greatly contribute to tu-
mour responses.3>-36:49-50

DNA is considered the main intracellular target
of cisplatin and its analogues. Hence, to clarify that
antitumour effectiveness of electrochemotherapy
primarily depends on increased drug uptake, the
amount of platinum bound to DNA was evaluated
as an indicator that compound 2 escaped bind-
ing to intracellular thiol proteins and reached
DNA (Figure 3). Indeed, in tumours treated with
electrochemotherapy compared to the drug ad-
ministration only, approximately 2-fold higher
platinum binding to DNA was achieved, corre-
lated with pronounced antitumour effectiveness
(Figure 3). Similarly, the higher level of platinum
in tumours and serum in animals treated with
compound 2 electrochemotherapy compared to
cisplatin was reflected in a significantly (approxi-
mately 3-fold) higher amount of platinum bound
to DNA. However, the antitumour effectiveness
was less evident. Overall, a 4-fold increase of
platinum bound to DNA was obtained in tumours
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treated with compound 2 compared to cisplatin.
In vitro, despite the enhanced accumulation of a
trans-platinum (II) compounds, either with amine,
oxine or piperidine ligand, in tumour cells, the
cytotoxicity remained comparable or lower than
that of cisplatin.’-*® Thus, the increased accumula-
tion and binding capacity to DNA obviously are
not crucial for cytotoxic potential of compounds,
suggesting the importance of the mode DNA in-
teraction and DNA repair. Thus, depending on the
ligand in trans platinum compound a monofunc-
tional and bifunctional adducts can be formed with
DNA %1054% Recently, we demonstrated the forma-
tion of severe conformational changes in plasmid
DNA after treatment with compound 2, and con-
sistent with the findings using other transplati-
num analogues®**%, the formation of bifunctional
DNA crosslinks was suggested. Additionally, the
effectiveness of DNA repair mechanisms may also
render compound 2 less cytotoxic compared to cis-
platin. Moreover, the route of drug administration
to some extent affected the level of platinum bound
to the DNA. Approximately 14% more platinum
bound to DNA was obtained after intratumoural
compared to the intravenous administration of ei-
ther compound 2 or cisplatin.?! Thus, as 80% of cis-
platin in blood circulation is bound to proteins, pri-
marily albumin, this difference could be expected,
suggesting less free cisplatin molecules reached tu-
mour nodule.”% Taken altogether, the pharmacol-
ogy of compound 2 seems to differ from cisplatin,
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involving binding to the proteins in blood circula-
tion, in tumour extracellular matrix and accumula-
tion in cells. The accumulation of cisplatin in the
cell is not fully understood. Cisplatin could enter
in cells through passive diffusion and facilitated
or active transport mediated through membrane
transporters (the Copper transporter 1 (CTRI)
and 2 (CTR2); the P-type copper-transporting
ATPases ATP7A and ATP7B, multidrug and toxin
extrusion transporters).” Currently, little is known
about the accumulation of transplatin or its ana-
logues. Active transport was demonstrated to play
an important role in accumulation, independent
of transporter CTR1 and ATP, depending on pro-
tein ATP7B and CTR2.%® The details of compound
2 transport mechanisms and its interaction with
biological molecules and antitumour effectiveness
need further investigation.

Conclusions

In summary, compound 2, a trans-Pt(Il) analogue
with two 3-Hmpy ligands, shows potential for
electrochemotherapy treatment in vitro and in vivo.
Electroporation increased compound 2 cytotoxicity
up to 6-fold in vitro and antitumour effectiveness
up to 3-fold in vivo, but it had less evident effects
compared to cisplatin. The underlying mechanism
of antitumour effectiveness of electrochemother-
apy could be increased drug uptake, and an ap-
proximately 2 times higher amount of platinum
in the tumours was reflected to the same extent in
higher amount of Pt bound on its target of action to
the DNA. Based on the compound 2 electrochemo-
therapy cytotoxicity and antitumour effectiveness
in cisplatin-resistant tumour model TBLCI2Pt, this
molecule could potentially be used in the treat-
ment of tumours with intrinsic or acquired resist-
ance to cisplatin. To improve the antitumour ef-
fectiveness of compound 2 electrochemotherapy,
multiple treatments should be tested in the future.
Furthermore, compound 2 could be used in combi-
nation with other chemotherapeutics, affecting dif-
ferent targets, immunotherapy, vascular-targeted
therapy or irradiation; however, further studies are
warranted.
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Background. To analyze protective/regenerative effects of adipose tissue-derived mesenchymal stem cells
(ADMSC) on **!|-Radioiodine (RAl)-induced salivary gland damage in rats.

Materials and Methods. Study population consisted of controls (n:6) and study groups (n:54): RAI (Group 1), ADMSC
(Group 2), amifostine (Group 3), RAl+amifostine (Group 4), concomitant RAI+ADMSC (Group 5) and RAI+ADMSC after
48 h (Group 6). We used light microscopy (LM), transmission electron microscopy (TEM), and salivary gland scintigra-
phy (SGS), and analyzed data statistically.

Results. we observed the homing of ADMSC in salivary glands at 1% month on LM. RAI exposure affected necrosis,
periductal fibrosis, periductal sclerosis, vascular sclerosis and the total sum score were in a statistically significant man-
ner (P < 0.05). Intragroup comparisons with LM at 1% and 6" months revealed statistically significant improvements in
Group 6 (P < 0.05) but not in Groups 4 and 5. Intergroup comparisons of the total score showed that Groups 4 and
5in 1t month and Group 6 in 6" month had the lowest values. TEM showed vacuolization, edema, and fibrosis at 1
month, and an improvement in damage in 6" month in Groups 5 and 6. SGSs revealed significant differences for the
maximum secretion ratio (Smax) (P = 0.01) and the gland-to-background ratio at a maximum count (G/BGmax) (P =
0.01) at 1t month, for G/BGmax (P = 0.01), Smax (P = 0.01) and the time to reach the maximum count ratio over the
time to reach the minimum count (Tmax/Tmin) (P = 0.03) at 6" month. 1% and 6™ month scans showed differences
for Smax and G/BGmax (P = 0.04), but not for Tmax/Tmin (p > 0.05). We observed a significant deterioration in gland
function in group 1, whereas, mild to moderate deteriorations were seen in protective treatment groups.
Conclusions. Our results indicated that ADMSC might play a promising role as a protective/regenerative agent
against RAI-induced salivary gland dysfunction.

Key words: salivary gland; radioiodine treatment; radiation damage; radiation protection; stem cell transplantation;
adipose tissue-derived mesenchymal stem cells

Radiol Oncol 2017; 51(3): 307-316. doi:10.1515/raon-2017-0022

307



308

Saylam G et al. / Radioiodine treatment, radiation damage and radiation protection

Introduction

B31[-Radioiodine (RAI) is used as an effective and
common therapy option in hyperthyroidism and
thyroid carcinoma; however, it is frequently as-
sociated with salivary gland dysfunction.! Several
types of deterministic side effects may occur im-
mediately after administration (short term, first
96 h), in the next few months (intermediate, until
3 months), or later (long term: >3 months).? RAI-
induced sialadenitis remains a major clinical prob-
lem with a rising incidence of thyroid carcinoma
due to early detection of small tumors.? Jeong et al.*
investigated long-term effects of RAI ablation, and
reported that 20% of patients had salivary gland
dysfunction on scintigraphy.

Salivary glands consist of several cell types, but
the glands are mainly differentiated according to
serous and mucinous components. Parotid glands
are most susceptible to RAI damage because of the
dominancy of serous glandular tissue. Xerostomia
is rare but an important problem that is mainly
due to submandibular gland damage after medi-
cal irradiation. Xerostomia, or reduced secretion
of saliva, compromises a patient’s quality of life by
corrupting oral and dental health, leading to oral
infections, dental caries, taste alterations, nocturnal
discomfort, and even difficulties of speaking and
swallowing.* Therefore, prevention or repair of
the salivary gland damage is important.

Salivary gland damage is irreversible after de-
velopment of radiation necrosis, and available
treatments can only increase secretion from the re-
maining surviving tissue.? Amifostine is one of the
most studied agents used to overcome radiation-
related hyposalivation, and its active metabolite
(WR-1065) decreases levels of free oxygen radi-
cals. Even though it seems to be a cytoprotective
agent, amifostine has many adverse effects, lim-
iting its widespread use. Pilocarpine is used for
symptom relief, but none of the medications men-
tioned above have been advocated for prevention
or symptomatic treatment of salivary gland dam-
age.>'® However, to improve the patients’ quality
of life and decrease the associated morbidities;
new regenerative solutions are needed to obtain
functional restoration and repair in affected tis-
sues.

Mesenchymal stem cells (MSCs) isolated from
the umbilical cord, adipose tissue, lung tissue, and
bone marrow have been used as treatment agents
for several diseases due to their capacity of tissue
regeneration, trophic support, and modulation of
the innate immune response.!> Homing and en-
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graftment of stem cells have been observed in dam-
aged organs, such as the myocardium and kidney;
those stem cells may increase function by reducing
the levels of proinflammatory cytokines.!>'

External radiation-induced salivary gland
damage has been investigated in some studies.
Lombaert et al. showed bone marrow MSCs could
travel to damaged salivary glands following mobi-
lization, subsequently inducing the repair process-
es, which improved gland function and morphol-
ogy.!> Jeong et al. investigated the effects of trans-
plantation of human submandibular gland stem
cells (hSGSCs) to radiation-damaged rat salivary
glands.!® Their data suggested that mesenchymal-
like stem cells could be used for treatment of RAI-
induced salivary gland damage.

In this controlled animal study, we investigated
the protective/regenerative effects of adipose tis-
sue-derived MSCs (ADMSC) on the RAI-exposed
rat salivary glands using structural and functional
examinations.

Materials and methods
Study population and design

Sixty female Wistar albino rats weighed 230 — 250
g were used in this study. The animals were kept
under standard conditions (temperature: 24 - 26°C;
relative humidity: 65 - 70%) in 12-h light/12-h dark
cycles, with access to water and seeds ad libitum.
RAI was administered at a dose of 74 MBq (2 mCi)
by oral route to induce salivary gland damage.
ADMSC (i.p; 2x10°) and amifostine (i.v; 200 mg/m?)
were used as cytoprotective/regenerative agents
against the effects of radiation. Our main goal was
to determine whether ADMSC had a regenerative
effect besides its cytoprotective effect.

The study protocol was approved by Digkap1
Yildirim Beyazit Education and Research Hospital’s
Animal Ethics Board (2013/38), and instructions of
local/international animal research were followed.
The national/international regulations of radiation
safety and waste disposal for contaminated secre-
tion and materials of radio-exposed rats were also
followed.

The study groups were designed as follows:

. Control group: n=6,

. RAI alone group (Group 1, n=9),

. ADMSC alone group (Group 2, n=9),

. Amifostine alone group (Group 3, n=9),

. Simultaneous RAI plus amifostine group
(Group 4, n =9): RAI and amifostine were
given at the same time.

= W W N -
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5. Simultaneous RAI plus ADMSC group
(Group 5, n =9): RAI and ADMSC were given
at the same time.

6. RAI and late ADMSC administration group
(Group 6, n =9). This group was named as
“late administration group” since ADMSC
was administered 48 h after RAL

Salivary gland scintigraphy was performed at
baseline, and after 1 and 6 months. Three animals in
each group were sacrificed at the end of 1%t month,
and the rest were sacrificed at the end of 6% month
of the study. The specimens were examined under
the light microscope (LM) and transmission elec-
tron microscope (TEM). The study and the control
groups were compared in terms of RAl-induced
tissue damage. Intergroup comparisons were also
done among the study groups.

Preparation of adipose-derived
mesenchymal stem cells

Fried and Moustaid-Moussused’s protocol was
used to culture adipose tissue.”” Adipose tissue
explants at a volume of 0.5 cm® were extracted
from the inguinal fat pad of the rats. The tissues
were transported from the operating room to the
laboratory in a transport buffer (phosphate buff-
ered solution [PBS], 5.5 mM glucose, and 50 g/mL
gentamicin), at room temperature. The following
procedures were carried out under a laminar flow
hood, using sterile equipment. The tissues were
transferred to a Petri dish containing 3 mL of PBS,
and minced into 10 — 15 mg pieces. The pieces were
extensively washed with 10 mL of PBS over a filter
containing sterile cotton bandage fabric. Thereafter,
they were gently shaken for a short period follow-
ing transferred to a 25 cm? culture flask, containing
1 mL of PBS. Adipose tissue pieces were cultured
within MSC medium (Dulbecco’s Modified Eagle’s
Medium - low glucose; Invitrogen; Thermo Fisher
Scientific, Waltham, MA, USA), 20% fetal bovine
serum (Biological Industries Israel Beit-Haemek
Ltd., Kibbutz Beit-Haemek, Israel), 100 U/mL of
penicillin, 100 mg/mL of streptomycin (Biological
Industries Israel Beit-Haemek Ltd., Kibbutz Beit-
Haemek, Israel), and 20 mL/L of L-glutamine. They
were incubated at 37°C and in 5% CO,. Culture me-
dium was changed every three days, and colony-
forming unit-fibroblasts were observed at 14 — 16
days with a 70% confluency of the culture plate.
The detached cells were subcultured on a standard
culture dish, using 0.25% trypsin in 0.02% ethylen-
ediaminetetraacetic acid. After three passages, the

cell suspensions were defined with MSC markers
including CD11b/c (-), CD45(-), CD90(+), CD44(+),
and CD49(+) with the FACS Aria III cell sorter, and
stored at -80°C DMEM-LG medium included 10%
DMSO and 10% FBS.

To label ADMSC in vitro, 10 uL of BrdU solution
(ImM BrdUin 1 x Dulbecco’s PBS, BD Pharmingen,
San Diego, CA, USA) was added for each millilit-
er of tissue culture medium, and incubated for 2
hours. Cell culture density was 2x10° cells/mL.

To demonstrate the labeled ADMSC, BrdU stain-
ing was performed on 6 mm thick slides those were
prepared from formalin-fixed, paraffin-embedded
tissues, after deparaffinization in xylene to detect
BrdU ion. The slides were transferred into 100%
and 95% alcohol, then endogenous peroxidase
activity was blocked with 3% hydrogen peroxide,
and the slides were subsequently rinsed with PBS.
Finally, the sections were immunohistochemically
stained with a BrdU detection kit (BD Pharmingen)
to show the presence of BrdU+ cells.

Light microscopy

The excised salivary gland samples were har-
vested and fixed in 10% formaldehyde solution.
After the paraffinization procedure, tissue sections
were stained with hematoxylin and eosin, and a
blinded pathologist examined all specimens under
the light microscope (Olympus BX-50; Olympus
Corporation, Tokyo, Japan). Salivary gland dam-
age was categorized into three stages (0: no dam-
age; 1: mild damage; 2: moderate damage; and 3:
severe damage) for each of the following findings:
acinar epithelial cells (edema, vacuolization, per-
iacinar inflammation, and necrosis), interstitial
space (periductal sclerosis, fibrosis, and mucus
leakage), ductal system (ductal ectasia), and vascu-
lar system (sclerosis). A total score of histological
findings reflected the sum of RAI-induced damage
in tissues.

Transmission electron microscopy

Tissue samples were put into 2.5% gluteraldehyde
for 24 hours for primary fixation, and they were
post-fixed in 1% osmium tetroxide after washing
with Sorenson’s phosphate buffer solution (pH:
7.4). In the next step, washing with the same buffer
and dehydration in increasing concentrations of
alcohol series were done. After dehydration, the
tissues were washed with propylene oxide, and
embedded in epoxy resin embedding media. Semi-
thin (2 um) and ultra-thin (60 nm) sections of the
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TABLE 1. Histological findings in the salivary glands of the rats.
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given below the table

Mean values of salivary gland damage parameters are given. *Details of groups are

Site of Investigated Control Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
d t
s 'mé"'m p I*m6"m p 1 m6é"m p I*m6"m p I m6"m p I*m6"m p 1 m6"m p
Edema 3.67 55 ns 6 717 ns 567 7.67 005 5 55 ns 433 7 0.02 433 483 ns 567 3 0.02
Acinar Vacuolization 433 35 ns 6.67 633 ns 5 7 0.04 467 417 ns 4 533 ns 5 367 ns 533 2 0.02
epithelial
cell Peri aci
damage eri acinar
g inflammation 0 0 ns 067 017 ns 133 017 ns 0.67 0.17 ns 0 017 ns 0 017 ns 2 0 0.02
Necrosis 0.67 233 ns 0 133 004 2 05 ns 167 1 ns 0 1 ns 033 0 ns 0.67 0.17 ns
Ductal
system Ectasia 3 333 ns 633 583 ns 433 6 ns 367 25 ns 267 467 0.01 367 35 ns 3.33 0.83 0.04
damage
Eg::)ds‘i‘:ta' 0 0 ns 1 333002233333 ns 1 033 ns O 233 002 0 133 001 0O 067 ns
Interstitial periduktal
space X 0 017 ns 0 217 0.02 133 1.83 ns 1 0 003 0 033 ns 0 067 ns 0 0 ns
d sclerosis
amage
periductalmucus ;55 s 1 1 s 067 133 ns 133 1 ns 033 083 ns 033 033 ns 3 05 002
leakage
Vascular
system Sclerosis 0 017 ns 1 45 001 167 35 ns 133 05 ns 067 1.17 ns 0 117 0.01 167 05 ns
damage
Total 12.67 155 ns 22.67 31.83 0.02 24.3331.33 ns 20.3415.17 0.05 12 22.83 0.02 13.66 15.67 ns 21.67 7.67 0.02

Control = healthy subjects; Group 1= radioiodine; Group 2 = adipose tissue-derived mesenchymal stem cells; Group 3 = amifostine; Group 4 = radioiodine plus amifostine; Group
5 = radioiodine plus adipose tissue-derived mesenchymal stem cells concomitant; Group 6 = radioiodine plus adipose tissue-derived mesenchymal stem cells after 48 h; ns =

not significant.

obtained from the tissue blocks were cut with an
ultramicrotome (LKB Nova, Sweden). Semi-thin
sections were stained with methylene blue, and
ultra-thin sections were stained with uranyl ac-
etate and lead citrate. Those sections were exam-
ined under a light microscope (Nikon Corporation,
Tokyo, Japan), and a transmission electron micro-
scope (Jeol JEM 1200 EX (JEOL Ltd., Tokyo, Japan),
respectively. The same microscopes were used to
photograph the specimens.

Salivary gland scintigraphy

A double-headed large-field gamma camera
(ECAM, Siemens, IL, USA), equipped with a low-
energy, high-resolution collimator was used. After
0.2 — 0.3 ml bolus intravenous injection of *™Tc-
pertechnetate (74 MBq) through the tail veins of
the rats under anesthesia, dynamic images were
collected (120 frames at a rate of 1 frame/20 sec-
ond) for 40 min with a magnification of 1.23 in a
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128 x 128-pixel matrix. For image analysis, oval-
shaped regions of interest (ROIs) drawn on the
right and left salivary gland regions were used. A
ROI on the left supraclavicular area was used for
background activity. All ROIs had the same size.
The image data were processed, and a time-ac-
tivity curve (TAC) was generated for each subject
using a summarization method including back-
ground subtraction and three-point smoothing.
Functional assessments of TACs were made for
following quantitative parameters: The gland-to-
background ratio at a maximum count (G/BGmax)
defined the degree of gland parenchymal dam-
age when compared with the background activity
since this ratio dropped off due to the parenchy-
mal injury and destruction in a direct manner. The
time to reach the maximum count ratio over the
time to reach the minimum count (Tmax/Tmin)
showed whether the gland activity slowed down
due to mostly ductal system damage. It is depend-
ent on the processes of transit in tissue and trans-
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port out of the gland. The maximum secretion
ratio (Smax; maximum count - minimum count/
maximum count x 100) highlighted secretion ca-
pacity of the gland as a percentage.

Statistical analysis

We used SPSS software (version 18.0 for Windows,
SPSS Inc., Chicago, USA) for statistical analysis.
Kruskal-Wallis test was employed to compare the
groups, Mann-Whitney U test was used to analyze
the intergroup differences, and Friedman’s test
was used to assess the differences in continuous
variables.

Results
Light microscopy findings

Table 1 and Figure 1 show the histological findings
of the salivary glands in the study groups. Normal
salivary gland histology was shown in upper hori-
zontal line from control samples (Figure 1A-C).
Homing of ADMSC to RAI-damaged salivary
glands and their trans-differentiation into salivary
gland cells are seen in Figure 1D-F.

Intragroup comparison of the parameters in the
control group showed that none of parameters had
statistically significant difference between 1%t and
6t months (P > 0.05).

In Group 1, destructive effects of RAI on acinar
cells, interstitial space and vascular system over
time were demonstrated with presence of necrosis
(P =0.04), periductal fibrosis (P = 0.02), periductal
sclerosis (P = 0.02), vascular sclerosis (P =0.01), and
total sum score (P = 0.02). However, the effect of
RAI on the ductal system was not significant (P >
0.05). RAI-induced necrosis and increased vacuoli-
zation (Figure 1G), periductal fibrosis and inflam-
mation (Figure 1H-I) were shown in Figure 1.

In Group 2, we observed statistically significant
differences on acinar epithelial cells with an in-
crease in edema (P = 0.05), vacuolization (P = 0.04)
and periductal sclerosis (P = 0.03).

In Group 3, the findings were not related to RAL
and we assumed those findings as insignificant.

In, Amifostine plus RAI (Group 4), Amifostine
did not exhibit a sufficient protective effect in intra-
group comparison; and yet the damage increased
in a statistically significant manner in terms of ede-
ma (P = 0.02), ductal ectasia (P = 0.01), periductal
fibrosis (P = 0.02) and total sum score (P = 0.02).

Similarly, in the concomitant administration of
stem cells plus RAI (Group 5), we determined a
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FIGURE 1. Histological photographs of salivary gland tissue samples. Pictures on the
upper horizontal line show control groups at 1% month evaluation (A; haematoxylin
and eosin (H&E)X40), and at 6" month evaluation in different magnifications (B;
H&EX200, C; H&EX400). Pictures on the second horizontal line (D to F; x200 Leica
DM 1000) shows the localization of BrdU(+) Adipose Derived Mesenchimal Stem
Cells (ADMSC) in the salivary gland (brown stained cells) at 1% month after its
intraperitoneal injection in different magnifications. Radioiodine-induced damage
in Group 1 is seen in pictures on the third horizontal line (G to |; H&Ex400, H&Ex400
and H&Ex100). Massive vacuolization, necrosis (black arrow) and edema were
shown in G minimal vacuolization (black arrow) and periductal fibrosis (black star)
in H and lenfosit infiltration (black arrow) in I. Pictures on the lower horizontal line
(J to L H&Ex400, H&Ex200 and H&Ex40) indicates the improvements in the histological
findings (including vacuolization, fibrosis and edema: black arrow; nearly normal
mucous acini, black star; nearly normal ductal system) at 6" month evaluation after
the late ADMSC administration in Group 6.

statistically significant increase in periductal fibro-
sis (P = 0.01) and sclerosis (P = 0.01).

ADMSC seemed the most effective in Group 6.
There was a statistically significant decrease on 6t
month for edema, vacuolisation, periaciner inflam-
mation, periductal mucus leakage (P =0.02) and ec-
tasia (P = 0.04) compared to the findings obtained
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FIGURE 2. The figure (magnification x 5000) demonstrates the findings of electron microscopy at months 1 and 6. (A and B). Normal salivary gland
samples of the control group. A and D. Intracellular vacuoles and intercellular edema related to radioiodine in Group 1. E and F. We observed
intracellular vacuoles, intercellular edema, nucleus of fibroblast and collagen fibers (fibrosis) at 1t month evaluation in the treatment groups (Groups 5
and 6); G to J. Improvement in cellular damage at 6" month in the stem cell-administered groups (Groups 5 and 6). On the images; c: collagen fibers;
e: intercellular edema,; f: nucleus of fibroblast; n: nucleus, p: dilated perinuclear cistern; v: intracellular vacuoles.

on month 1. In addition, the sum of all histologic
parameters decreased only in Group 6, with late
stem cell administration. This improvement in his-
tologic findings were demonstrated in Figure 1J-L.

At 1t month, we found a statistically signifi-
cantly difference among the groups for periductal
fibrosis, sclerosis and the total sum score were (P
< 0.05). The differences among the groups were
statistically significant for the changes in edema,
vacuolisation, necrosis, ectasia, sclerosis, periduct-
al fibrosis, periductal sclerosis, and the total sum
score (P < 0.05) at 6" month. We supposed that in-
terstitial space damage and total sum score were
good indicators of RAl-induced damage. Total
sum scores indicated that histologic improvements
were statistically significant in all preservative
treatment groups (Groups 4, 5, and 6 vs. Group
1). Total sum score was the smallest in Groups 4
and 5 at 1t month, and in Group 6 at 6" month.
We concluded that, although concomitant admin-
istrations could be effective in the early phase of
RAI-induced damage, late stem cell administration
(Group 6) was better for recovery of the functional
damage over time when compared to the other ad-
ministration methods.

Electron microscopy findings

TEM demonstrated cellular damage and fibrosis
(Figure 2C-D). Intercellular edema and intracellu-
lar vacuolization showed cellular damage.

TEM examinations were normal in the control
group at 1 and 6% months. We observed large in-
tracellular vacuoles and intense intercellular ede-
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ma in Group 1. RAl-induced damage was more
distinct in samples obtained at 6" month, since the
samples exhibited smaller intracellular vacuoles
and minimal intercellular edema (Figure 2). The
findings of ADMSC-administered group (Group 2)
were identical to the findings of the control group.
Minimal vacuolization and fibrosis were seen
in Group 3, which was administered amifostine
alone, but this was reversible, since the 6" month
evaluation was normal. We observed vacuoliza-
tion, edema, and fibrosis due to RAI damage at 1¢t
month in the treatment groups (Groups 4, 5, and
6). The cellular damage and fibrosis improved in
both the stem cell plus RAI-administered groups
(Groups 5 and 6) at 6% month (Figure 2). However,
the RAI damage was not partially reversible with
amifostine administration in-group 4. The TEM
findings demonstrated the regenerative/restorative
effect of ADMSC on RAl-induced salivary gland
dysfunction.

Scintigraphy findings

The baseline findings were similar for all param-
eters in all study groups (P > 0.05). RAI groups
(Groups 1, 4, 5 and 6) and others (Groups 2 and
3) showed statistically significant differences for
Smax (P = 0.01) and G/BGmax (P = 0.01), but not
for Tmax/Tmin (P > 0.05) at 1t month. On the other
hand, 6" month scans revealed statistically sig-
nificantly differences between RAI and non-RAI
groups for Smax (P = 0.01), G/BGmax (P = 0.01)
and Tmax/Tmin (P = 0.03). Combined treatment
groups showed significant differences for 1%t and
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TABLE 2. The mean values (the counts from left and right salivary glands) of the Smax, Tmax/Tmin and G/BGmax, and their statistical significance.
Baseline and follow-up salivary gland scintigraphies were performed on the subjects who had single treatment (Group 1; radioiodine, Group 2; adipose
tissue-derived mesenchymal stem cells, Group 3; amifostine) and combined treatments (Group 4; radioiodine plus amifostine, Group 5; radioiodine
plus adipose tissue-derived mesenchymal stem cells concomitant, Group 6; radioiodine plus adipose tissue-derived mesenchymal stem cells after 48 h)

Smax (%) Tmax/Tmin G/BGmax

Groups

Baseline 1tm 6" m P Baseline 1tm 6" m p Baseline 1tm 6" m P
Group 1 34.80 29.58 19.72 0.04 0.07 0.08 0.14 0.05 1.63 1.38 1.30 0.04
Group 2 34.74 34.31 34.62 ns 0.06 0.06 0.07 ns 1.59 1.57 1.58 ns
Group 3 34.72 34.38 33.83 ns 0.08 0.08 0.09 ns 1.59 1.56 1.57 ns
Group 4 33.07 30.30 28.88 0.04 0.08 0.08 0.09 ns 1.57 1.49 1.44 0.04
Group 5 33.51 32.91 28.89 0.04 0.08 0.08 0.09 ns 1.58 1.52 1.49 0.04
Group 6 35.55 31.60 26.07 0.04 0.07 0.07 0.09 ns 1.60 151 1.36 0.04
p ns 0.01 0.01 ns ns 0.03 ns 0.01 0.01

G/BGmax = Gland-to-background ratio at a maximum count; ns = Not significant; Smax = Maximum secretion ratio; Tmax/Tmin = Ratio of the time to reach the maximum counts

to the time to reach the minimum counts.

6" month findings for Smax and G/BGmax val-
ues (P = 0.04), but not for Tmax/Tmin (p > 0.05).
This might be due to preservation of ductal secre-
tion. RAI-dependent impairment in function at 6t
month was the most prominent in Group 1. The
measurements for Smax and G/BGmax seemed to
be better in concomitant protective administrations
with RAI (Groups 4 and 5), but the difference was
not statistically significant. Tmax/Tmin ratio was
similar among treatment groups with RAI (Groups
4 — 6). These findings suggested that protective
agents could partially overcome functional dam-
age related to RAI (Table 2).

The functional status on a salivary gland scintig-
raphy can be evaluated easily by a TAC generated
from dynamic scintigraphic data. We compared
pre- and post-treatment TACs generated from the
sequential salivary gland scintigraphies of rats at
baseline and at 6" month to observe time-related
healing or worsening in the study groups, and to
determine protective/regenerative effects of ami-
fostine and ADMSC. Figure 3 depicts the func-
tional change in activity of rat salivary glands over
time in RAI and combined treatment groups. A
review of the time-sequential findings in Group 1
showed a significant deterioration in function over
time with decreased gland uptake and secretion ca-
pability (Figure 3A-B). As expected, TACs of two
consecutive scans were not different from the base-
line in the groups not treated with RAI (Groups

2 and 3). In the analysis of TAC patterns for RAI
plus concomitant amifostine and ADMSC groups
(Groups 4 and 5) as well as the late ADMSC-
administered group (Group 6) mild to moderate
deteriorations were seen in function over time in
terms of slope of TAC and secretion capability of
the gland (Figure 3C-H).

Discussion

Well-differentiated thyroid cancer treated with
RAI ablation results in high survival rates; howev-
er, xerostomia associated with RAI, which is seen
in approximately 40 -50% of cases, has a severe im-
pact on the quality of life of patients.’®® Various
methods have been used to avoid radiation-in-
duced damage to the salivary glands.>® Amifostine
is the only agent approved by United States Food
and Drug Administration for salivary gland pro-
tection, and its evidence-based protective effects
on salivary glands have been shown. However,
treatment-associated side effects of this cytoprotec-
tive agent including excessive chills, sweating, ex-
cessive tearing, dizziness, flushing, voice changes,
tremor, nervousness, and diarrhea have limited its
use.>? To our knowledge, this is the first study that
showed the favorable effects of ADMSC on RAI-
induced salivary gland damage. We administered
amifostine in Groups 2 and 3 to compare its effects
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with the protective effect of the stem cells. We also
administered cytoprotective agents alone to rule
out their unexpected effects. We compared ami-
fostine and stem cells for their protective effects.
We found stem cell administration superior to ami-
fostine, and our findings may provide an alterna-
tive option, in absence of frequent side effects.
Stem cells can transform into different cells due
to their regenerative capacity.? They have recently
drawn attraction in regenerative medicine.? MSCs
are present in mature tissues as multipotent cells,
and can differentiate into specific cells that origi-
nate from the mesoderm. Mesenchymal cells have
self-renewable properties; they can be easily cul-
tured in vitro, and accepted by target tissues. MSCs
can be isolated from different tissues such as bone
marrow stromal cells, adipose tissue-derived stem
cells, and adult skin stromal cells. Some studies on
ADMSCs yielded promising results showing that
they could be mutilineage precursor cells, particu-
larly in regenerative therapies. These cells can be
easily obtained from donor tissues with minimal
morbidity.?2% Although ADMSCs share similar
differentiation capabilities with other MSCs, they
have higher isolation yield and proliferation ratios
in culture when compared to bone marrow stromal
stem cells.* ADMSC are not the only precursor of
adipocytes; they may also be the progenitor of my-
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FIGURE 3. The figure represents functional data obtained
from the time-activity curves of rats. A time-activity curve
generated from dynamic scintigraphic data depicts the
functional changing in activity of rat salivary glands over time.
A baseline study (left side; A, C, E, G) and a six-month follow-up
study (right side; B, D, F, H) on the rats was performed by *"Tc-
pertecnetate salivary gland scintigraphy (2 mCi, 120 frames, 20
second per frame, 40 min). The functional differences between
baseline and post-treatment status can be easily seen, and
compared by time-activity curves. Definitions on a time-
activity curve in this figure are as follows: x axis; examination
time (minutes), y axis; count data (counts/second), purple
line; left salivary gland activity curve, blue line; right salivary
gland activity curve and red line; background tissue activity
curve. (A and B). A significant deterioration in function over
time with decreased gland uptake and secretion capability
with only radioiodine administration (Group 1) is seen. (C to H).
Radioiodine plus concomitant amifostine (Group 4; C and D),
radioiodine plus concomitant (Groups 5; E and F) and after
48 h (Group 6; G and H) adipose tissue-derived mesenchymal
stem cells administrations show mild to moderate deteriorations
in function over time in terms of slope of the curve and
secretion capability of the gland.

ocytes, osteoblasts, neuronal cells, chondrocytes,
and epithelial cells.?>?

The first effect of stem cell infiltration is the in-
duction of cytokines. Other healing-related benefits
of ADMSC administration are anti-inflammatory
activity, an ability to accelerate neovascularization,
and the capacity to promote restoration of epithe-
lial integrity.?* Our results indicated that ADMSC
administration resulted in a structural/functional
recovery, as this preventive effect was associated
with its ability to foster cytokine release and anti-
inflammatory effects. Stem cells migrate to salivary
glands and promote restoration and neovascu-
larization, which results in functional restoration.
Histological improvement following ADMSC ad-
ministration, particularly in the late period may
be associated with neovascularization and regen-
eration capacity of the cells. Our microscopic and
scintigraphic findings demonstrated that ADMSCs
were homing to salivary glands, and they could
protect from permanent tissue damage and irre-
versible function loss.

Lombaert et al.’> were first to show the poten-
tial use of stem cell transplantation for functional
rescue of the salivary glands. They concluded
that granulocyte-colony stimulating factor with
mobilized bone marrow-derived stem cells might
be effective for regenerating and functionally
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restoring externally irradiated salivary glands.
Jeong et al.*® isolated and amplified tissue-specific
hSGSCs. They developed a culture system (lasting
4 - 5 weeks) without any selection. The researchers
found that transplantation of hSGSCs to radiation-
damaged rat salivary glands rescued the function
of the submandibular gland, and improved mor-
phological damage. In another study, the authors
systematically administered human ADMSC to
mice immediately after local irradiation, and this
was repeated once a week for three times.?” They
used salivary flow rates for functional assessment,
and immunofluorescence histochemistry for mor-
phological evaluation. The authors suggested that
intravenous human ADMSC administration was a
candidate therapy for the treatment of radiation-
induced salivary gland damage. In light of all those
studies, one may say that adult stem cell transplan-
tation may be useful for functional and morpho-
logical regeneration of radiation damage in human
salivary glands.

Our study differs from the others methodo-
logically, and in terms of its findings in various
aspects.®101516 Internal instead of external radia-
tion exposure was used to induce salivary gland
damage. Salivary gland scintigraphy with *™Tc-
pertechnetate was employed for functional evalua-
tion instead of saliva collection or salivary flow rate.
In addition, we used TEM to show the healing of
damage on ultrastructural level. According to LM
findings, initial damage occurs in the interstitial
space and vascular system, which results in fibrosis
and functional impairment. Sequential scintigra-
phy findings showed that the parenchyma damage
was more than ductal damage. We may conclude
that RAl-induced tissue damage is progressive.
We observed a decrease in RAlI-induced salivary
gland damage by administration of amifostine and
ADMSC. Concomitant stem cell infiltration had a
protective effect; however, the late stem cell admin-
istration was restorative. This finding represents
evidence of the protective and regenerative effects
of ADMSC. Ultrastructural improvements were
seen in the stem cell-administered groups in the
vascular system damage demonstrated by TEM as
vacuole formation and fibrosis. Our scintigraphic
findings demonstrated the functional damage of
RAI administration, which was prevented with
amifostine and stem cell administration.

In this study, we found that the stem cell admin-
istration might be more effective than amifostine in
rats, concomitant stem cell infiltration could reduce
damage, and the late stem cell infiltration could
restore tissue more than the other treatments. Our

TEM findings indicated that vacuolization, edema,
and fibrosis were present at the 1t month evaluation
of the preventive treatment groups. One promising
result of this study was the improvements seen at
6" month. The ultrastructural healing was better in
the stem cell plus RAI-administered groups com-
pared to the amifostine plus RAI groups.

In fact, the patients are administered RAI in hy-
pothyroid state, after thyroidectomy. They have a
high concentration of RAI in the body due to espe-
cially its slow clearance.” In our study, we did not
perform thyroidectomy. We administered a higher
dose of RAI as given dose per gram of tissue com-
pared to that used in a standard clinical setting.
Thus, we may say that we could safely test the ef-
fect of protective agents against damage caused by
RAI in nonthyroidectomized rats.

Our findings demonstrated that late stem cell
administration was more effective than other treat-
ments tested, and all stem cell administrations pro-
vided a mild to moderate protection against RAI
damage in salivary gland scintigraphy. Therefore,
we may suggest a combination of both applications
for prevention/restoration of RAI-induced salivary
gland damage, with minimal side effects. Further
studies are needed to enlighten the effect of stem
cell therapy in humans.

We did not investigate releasing factors after
stem cell administration; we accepted this as a limi-
tation of our study. We know that stem cells could
migrate to all tissues.!"*> However, we focused on
only salivary gland damage.

In conclusion, radiation-induced hyposalivation
remains as a major problem following external ra-
diation or RAI. Since permanent dysfunction de-
creases the patients’ quality of life, prevention of
salivary gland damage and/or restoration of gland
functions are important. In the current study, we
showed the preventive and restorative capacity of
stem cells, with histologic and functional improve-
ments. The underlying key point of histologic and
functional restoration could be the ultrastructural
improvement of cellular damage. Stem cell infil-
tration may be a novel and promising method to
prevent of xerostomia after radiation. We believe
that this valuable approach has a potential to be a
standard treatment option in near future after fur-
ther studies are conducted in humans.
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Background. Electrochemotherapy (ECT) is an established procedure for treating breast cancer loco-regional
recurrences following surgical intervention and/or radiotherapy. Limited information is available on ECT application
as a concomitant procedure to systemic therapy in recurrent breast cancer. The primary objective of this study was
to determine if the application of ECT in close temporal relation to systemic chemotherapy could lead to increased
local and/or systemic side effects. For this purpose we evaluated the safety of ECT as a supplemental local therapy
to systemic therapy. ECT local and systemic toxicity and side effects were recorded and whether the anticipated
local therapeutic effect of ECT would be influenced by the concomitant use of systemic therapies was investigated.
Patients and methods. This is an observational study. Thirty three patients with loco-regional metastasized breast
carcinoma were treated and observed over a period of three years with 46 ECT applications for local tumour control
in addition to established systemic therapy. A specific timeline for ECT administration was not fixed up, but was gener-
ally performed one week before the following chemotherapy administration with the aim to avoid the so called nadir,
this means the peak period with risk of neutropenia.

Results. Data was collected over a period of three years on a population of 33 metastatic patients. Fifteen patients,
received neo-adjuvant therapy as part of their primary treatment, but still had an advanced stage tumour. Some
patients received repeated ECT applications. Objective tumour response was observed in 90% of the treated patients.
Patients showed no increased local toxicity, especially no higher dermal toxicity, e.g. formation of local necrosis.
Conclusions. ECT proved to be an effective supplement to a cytotoxic systemic therapy, especially for high-risk
patients who did not respond well to systemic therapy of loco-regional metastases, without creating any greater
systemic or loco-regional toxicities.

Key words: electroporation; loco-regional metastases; local control; local toxicity; supplement systemic therapy;
concomitant systemic therapy

Introduction

About 2-20% of the time, breast carcinoma recur-
rences are loco-regional.! In most cases, the recidi-
vism is not exclusively an isolated local problem,
but rather one associated with other distant metas-
tases, in particular for long courses of the disease.>?

Radiol Oncol 2017; 51(3): 317-323.

In spite of operative intervention and radiotherapy,
loco-regional relapses can occur repeatedly, per-
sist, or exhibit therapy-resistance, often in a highly
disseminated form. Currently, in such situations,
systemic therapy is the only available approach
following usual ones, like local radiation and op-
erative intervention. In these cases, other therapies
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come into consideration, which may be applied
concomitantly to systemic therapy.* In such situ-
ations, the high probability of recurrence arising
from the local manifestation of disease demands
further local treatments to achieve rapid therapeu-
tic response.

Furthermore, a proportion of patients show
progression of the cutaneous loco-regional recur-
rences despite good clinical responses of visceral
metastases, e.g. lung or liver metastases, to system-
ic therapy. Although patients often do not perceive
organ manifestations as restraining, in most cases
they see loco-regional cutaneous recurrences as
negatively affecting their quality of life to a great-
er extent. The reasons for this are often weeping
ulcerations with an odour and secretion, or pos-
sibly unpleasant and itchy lymphangitic changes.
Hence, it is crucial to effectively control the loco-
regional manifestation of the disease while manag-
ing the overall disease progression.

Electrochemotherapy (ECT) is a proven pro-
cedure for treating loco-regional metastases fol-
lowing surgical intervention and/or radiotherapy;
having shown higher efficacy and limited toxicity
it compares favourably with other skin treatments.
Its potential for expansion from its current rather
limited use to first line, widespread treatment
is supported by recent publications.>¢ Available
data suggests that the effectiveness of ECT would
be higher, in terms of response rate and duration
of local response, if used early in the treatment
pathway, in conjunction with multimodality regi-
mens.”® There is significant amounts of data on the
outcome of ECT as the sole procedure, but limited
information is available on ECT feasibility, safety
and activity in combination or as a concomitant
procedure to established cytotoxic systemic thera-
py in recurrent breast cancer.

ECT combines the antitumor activity of non-per-
meant (e.g. bleomycin) anticancer drugs with short
electrical pulses that enhance the drug uptake into
tumour cells, thus increasing the intracellular con-
centration and local toxicity of the cytostatic agent.’
The electric field is applied precisely and directly
with needle electrodes to the tumour, and the ap-
propriate cytotoxic effect is achieved locally on the
diseased tissue.

In the past decade, clinical use of ECT gained ac-
ceptance and its effectiveness has been widely dem-
onstrated in several cutaneous pathologies such as
metastatic melanoma, cutaneous recurrences from
breast cancer, basal cell carcinoma, squamous cell
carcinoma, Kaposi sarcoma, and head and neck
cancers.? The publication of validated standard

Radiol Oncol 2017; 51(3): 317-323.

operating procedures®!! allowed the dissemination
of ECT across Europe and improved the clinical
outcome of the therapy.!?

Although adequate experience has been gained
on this method for loco-regional procedures in-
volving breast carcinoma, and for other kinds of
tumours, there is scarce clinical data to definitively
answer the question of whether ECT can safely sup-
plement cytotoxic systemic therapy. Therefore, the
main objective of this study was to determine if the
application of ECT in close temporal relation to sys-
temic chemotherapy could lead to increased local
and/or systemic side effects, when compared to his-
torical toxicity profile of ECT and systemic thera-
pies. Furthermore, this study investigated whether
it is feasible and safe to apply ECT as a concomi-
tant local therapy to established systemic therapy
in patients with metastasized breast carcinoma who
previously did not respond adequately to systemic
therapy to treat loco-regional metastases.

Patients and methods
Study design

This observational study was approved by the
Institutional Review Board of our Institute and was
conducted according to the declaration of Helsinki.
Informed consent has been obtained from all pa-
tients included in the trial.

The primary objective was to determine local
and systemic toxicity and evaluate if the applica-
tion of ECT in close temporal relation (e.g. in be-
tween consecutive chemotherapy administrations)
to systemic chemotherapy could lead to increased
local and/or systemic side effects. Whether the an-
ticipated local therapeutic effect of ECT is influ-
enced by the concomitant use of systemic therapies
was also considered as a secondary endpoint.

Patients

The study included treatment and analysis of
data on 33 patients over a period of three years
(December 2012, December 2015) with loco-re-
gional breast carcinoma, for whom other operative
intervention or radiotherapy was neither possible
nor appropriate because of highly extended local
findings and/or disseminated tumours.

These 33 patients were subjected to a total of
46 individual ECT sessions. The indications were
extended lymphangitic changes, ulcerations, or
nodular skin metastases, disseminated over a very
wide area or in several regions of the body.
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Inclusion criteria were written informed consent,
presence of symptomatic local metastasis without
response to usual therapy like surgery, radiother-
apy or other systemic anticancer therapy. Patients
were offered ECT as a therapeutic option based
on poor general condition, age, cardiac deficit not
related to electrical malfunction, comorbidities, or
that whether surgical procedure was not possible.

Exclusion criteria were reduced WHO perfor-
mance (WHO score > 2) status clinically manifest-
ed arrhythmia, interstitial lung fibrosis, epilepsy,
an active infection, a known allergy to bleomycin,
kidney failure, and previous treatment with bleo-
mycin at the maximum cumulative dosage. In case
of clinical symptoms of impaired pulmonary func-
tion a lung capacity test was performed.

The patients underwent routine follow-up vis-
its. In case of pulmonary metastases or pleural ef-
fusion, a CT of the thoracic area was performed. If
necessary, a thoracic drainage was carried out.

Local response to the therapy was evaluated,
along with the current systemic therapy, the tu-
mour biology, and the tumour stage upon initial
diagnosis. In addition to local response of the tu-
mour, the study observed possible local toxicities
and additional systemic reactions during the ongo-
ing systemic therapy.

Treatment procedure

ECT has been performed according to the estab-
lished ESOPE SOPs.® Briefly, bleomycin was ad-
ministered intravenously (15,000 IU/m? in a bolus
in 30-60 s). Within 8-28 min after intravenous ad-
ministration of bleomycin, electroporation of the
tumour nodules was completed. Electric pulses
were applied using sterile, single use hexagonal
needles N-10-HG and N-20-HG, 10 or 20 mm long
needle electrodes respectively, using the clinical
electroporation device Cliniporator™ (Igea S.p.a.,
Italy). The type of electrode to be used was selected
according to the physical characteristic of the le-
sion, i.e. lesion area and thickness.

In order to minimize the pain associated with
the delivery of electric pulses, the procedure was
performed under general anaesthesia. In most of
the cases, the procedure was performed in 1 or 2
days hospitalization.

Results

Twenty four patients underwent a single ECT pro-
cedure. Nine patients received repeated ECT ap-

TABLE 1. Data on 33 patients at time of the first
electrochemotherapy

Metastasis localization N. of patients (%)

Loco-regional — exclusively 12 (36.3)
Loco-regional + distal 21 (63.6)

Distant metastasis

1 organ affected 15 (45.4)
2 organs affected 3(9)
> 2 organs affected 309

Distant metastasis and organs affected

Metastases — pulmonary/pleural 11 (33)
Metastases — bone 10 (30.3)
Metastases — cerebral 39
Metastases — hepatic 39

plications: seven patients underwent 2 ECT proce-
dures, one patient had ECT 3 times and one patient
underwent ECT 5 times. Intervals between appli-
cations ranged from 6 weeks to a maximum of 11
months.

Twelve (36.3%) of the patients exhibited only ex-
tended loco-regional metastases, with at minimum
area of 10 x 8 cm. The cutaneous metastases in most
cases were confluent, only in 3 cases disseminated.
Further specificities were ulceration or lymphangi-
osis. Twenty-one (63.3%) patients also had distant
metastases; additional metastatic localizations are
summarized in Table 1.

In most cases, systemic monotherapies were
used: 8 patients received eribulin, 4 received taxa-
ne, 3 received vinorelbine, 3 patients were treated
with capecitabine, 1 with mitomycin, and 1 with
pegylated liposomal doxorubicin. Four patients re-
ceived combi - chemotherapy; 3 of them a combi-
nation of carboplatin and gemcitabine, and 1 was
given vinorelbine and capecitabine. Four patients
were treated with bevacizumab and 6 with trastu-
zumab as an antibody therapy. Patients given en-
docrine treatment received an aromatase inhibitor,
antiestrogen in the form of fulvestrant, and in 1 case
exemestane in combination with everolimus. Thus,
5 patients were treated solely with endocrine thera-
py (Table 2). The sequence of metastasis treatments
ranged from first line (because of distant metasta-
ses) to fifth line. Systemic treatment was given for
distant metastasis and/or repeated local recurrent
tumour (characterizing can be seen Table 1).

In all cases, loco-regional recidivism concerned
the thoracic wall and/or cutaneous area of the con-
tra-lateral thoracic wall or mammary gland. In 23

Radiol Oncol 2017; 51(3): 317-323.
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FIGURE 1. Patient with triple negative breast cancer under
chemotherapy before ECT. The patient was previously under
treatment with taxanes, carboplatin and eribulin. In contrast
to response in liver and lung metastasis, skin metastasis showed
progression.

FIGURE 2. Two month after ECT. Good tumour control in
the pretreated area was obtained but progression in the
border is visible and partially with tumour-free area. Typical
hyperpigmentation following ECT treatment is visible.

cases (69.7%), the tumour occurred on one side,
and in 7 (21.2%) cases on two sides. The axillary re-
gion was also affected in 5 patients, the dorsal tho-
racic wall in 5, and the upper arm in 3. One patient
had an extended supra/ infraclavicular tumour
(Table 3). In all cases, the changes covered large
areas, partly lymphangitic, partly with ulcerations
and large nodular areas. Especially the tumours in
the axilla exhibited large nodules.

Local tumours, especially with lymphangitic
changes, showed good response 3 months after

Radiol Oncol 2017; 51(3): 317-323.

TABLE 2. Systemic therapy at the time of electrochemotherapy

Monochemotherapy N. of patients
Eribulin 8
Taxane 4
Vinorelbine 3
Capecitabine 3
Mitomycin 1
Pegylated liposomal doxorubicin 1

Combo-chemotherapy

Carboplatin & gemcitabine 3
Vinorelbine & capecitabine 1
Antibody therapy

Trastuzumab 6
Bevacizumab 4
Endocrine monotherapy

Al with everolimus & fulvestrant 5

TABLE 3. Findings of locoregional recidivism prior to
electrochemotherapy

Areas of treated thorax wall N. of patients (%)

On one side 23 (69.7)
On two sides 7(21.2)
+ axilla 5

+ upper arm 3
+ dorsal 5
1

+ supra/infraclavicular

ECT. The redness improved rapidly or disap-
peared completely, and exudation of weeping ar-
eas either declined significantly or stopped fully.
In terms of complete or partial remission, tumour
response was observed in 90% of the treated pa-
tients. Necrosis occurred exclusively in large nod-
ules, with consecutive healing of the changes. The
hyperpigmentation of the treated area is a common
skin toxicity following ECT treatment but the ex-
tent and intensity is variable.*!® In almost a third
of the patients, new lesions appeared primarily in
peripheral areas, depending on the remaining dis-
ease dynamics (Figures 1, 2).

Analysis of the primary tumour stages and pri-
mary tumour biology showed that the patients
treated were part of a high-risk group (Table 4).
Almost half of the patients, namely 15 of the 33
(45.5%), received neo-adjuvant therapy (as first-
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TABLE 4. Findings on patient characterization at initial diagnosis and after systemic therapy

N. of patients (%)

N. of patients (%)

N. of patients (%)

Tumour stage pTl
Total 18 patients 7 (38.9)
Post-PST ypT1l
Total of 15 patients 2 (13.3)
Nodal stage pNo
Total of 22 patients 8 (36.3)
Post-PST Nodal stage not determined

Total of 11 patients 4 (36.3)

pT2 pT3/4
7 (38.9) 4(22.2)
ypT2 ypT3/4
8 (53.3) 5 (33.3)
pN1 pN2/3
6 (27.2) 8 (36.3)
ypN2/3
7 (63.6)

PST = primary systemic therapy

line systemic therapy) as part of their primary
treatment. In spite of responsive chemotherapy,
13 of the 15 (867 %) patients still had an advanced
stage tumour in the form of ypT2 and/or ypT3 and
ypT4. Eight of the 33 patients (24.2%) exhibited a
triple negative breast carcinoma. The HER?2 status
was positive for 6 of the 33 patients (18.2%), while a
positive receptor status was seen in over half of the
patients (20 of 33, 55.2%). Since 21 (63.6%) patients
had a distant metastases along with several other
affected organ systems, it was ensured that the sys-
temic therapy interval could be freely set as short
as possible, ECT could be conducted on all patients
without procedure related complications. For fol-
low up the patient came 2 weeks after ECT therapy
for local control. If patients were under treatment
in our department they were seen regularly. In case
of treatment of patients referred to our institution
by other hospitals, disease progression was report-
ed to us by the referring centre and the patients
evaluated for further treatment proposal including
additional ECT if appropriate. In case of local tu-
mour progression, generally in the border area of
the original recurrence, additional ECT took place
within the following 6 months, but was in depend-
ency of tumour biology and aggressiveness. For
patients under chemotherapy, the best time for
planning ECT was one week before the next chem-
otherapy administration, but a specific timeline
was not determined a priori. The primary aim was
to avoid the so-called nadir, this means the peak
period with risk of neutropenia. In rare cases of
extended ECT, the following chemotherapy was
delayed for one to two weeks until patient’s per-
formance status was considered adequate. Since all
except 4 patients generally received fractionated
monochemotherapy treatments, the appointment
for treatment could be easily selected without any
major shift in the interval, at which point it was en-
sured there was no grade 3 or 4 neutropenia.

Discussion

Despite operative intervention and radiotherapy,
loco-regional relapses can occur repeatedly, per-
sist, or exhibit therapy-resistance, often in a highly
disseminated form. In these cases, additional local
treatments can be proposed, and may be applied
simultaneously or parallel to systemic therapy. In
our study, ECT was offered as an additional treat-
ment to systemic anticancer therapy with the ob-
jective of preventing local (skin) disease progres-
sion in patients with a highly extended local find-
ing and/or disseminated tumours and to treat the
symptoms of ulceration or lymphangitic tumour
areas. Repeated therapy (ECT) was deemed nec-
essary if the lesion was too extensive for complete
treatment in one session or if the tumour progres-
sion was observed at follow-up.

In our institution, breast cancer metastases to
the skin and subcutaneous tissue are the most fre-
quent lesions treated with ECT. In the past clini-
cal experiences, ECT has been applied to patients
in different disease stages, i.e. locoregional disease
such as chest wall recurrence after mastectomy
or visceral disease with concomitant skin tumour
involvement.®'2 In most cases, the treatment has
been reserved to very advanced cases with large
ulcerated bleeding metastatic nodules.’® It has
been observed that early patient treatment would
not require multiple treatment session, save the
patient discomfort and improve quality of life,
while achieving higher local tumour control rates
and longer local progression-free survivals.31317
ECT represents an attractive locoregional thera-
py for unresectable chest wall recurrence (CWR)
from breast cancer. In the study of Campana et
al 8 thirty-five consecutive patients with refractory
CWR were enrolled from December 2006 through
September 2011 and were administered with ble-
omycin-based ECT. Although only approximately
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one third of patients (12 out of 35) achieved an
effective chest wall control, the authors observed
that if ECT would be applied earlier in the clinical
course of chest wall recurrence, patients with fewer
and less scattered skin metastases are less likely to
develop new lesions. In a multicentre retrospec-
tive cohort study, 125 patients with breast cancer
skin metastases underwent ECT between 2010 and
2013. The overall response rate after 2 months was
90.2%, while the complete response (CR) rate was
58.4%. Small tumour size, absence of visceral me-
tastases, estrogen receptor positivity, and low Ki-
67 index were predictors of CR after ECT. Patients
who experienced CR had durable local control.!
In a prospective observational study performed by
Benevento et al.’%, twelve consecutive elderly (me-
dian age of 76 years) with regional or distant skin
or subcutaneous metastases from breast cancer,
with or without visceral disease, were treated with
ECT. A CR was observed in 75.3%, partial response
in 17% no change in 7.7% patients. No serious ECT-
related adverse events were reported. According to
the authors, ECT could be suggested as a primary
local therapy in patients not suitable for surgical
removal of the primary tumour, and clinicians
should not hesitate to use it even in the elderly.!*
Campana et al. confirmed that elderly breast cancer
patients are highly responsive to ECT and achieved
durable local tumour control.”

In our study, the data were collected over a pe-
riod of three years. Of the 33 patients, 21 also had
distant metastases and underwent appropriate
cytotoxic systemic therapy. An indication for ECT
followed either none or limited response of the lo-
co-regional tumour to previous or current systemic
therapy. Patients enrolled in this study not only
received treatment for the systemic character of
the disease, but also received ECT to control the tu-
mour locally. In considering the risk factors arising
from each additional intervention during ongoing
chemotherapy, the patients showed no increased
local toxicity, especially no higher dermal toxic-
ity with formation of local necrosis. Patients with
pulmonary metastases were given a preoperative
pulmonary function test, depending on the extent
of the metastases and clinical limitations. The extra
bleomycin dosage of 15 mg/m? of body surface area
did not result in any higher dermal or non-dermal
toxicity, compared with prior toxicities.

The literature research showed that none of the
studies noted the clinical response of primary sys-
temic chemotherapy (neo-adjuvant chemotherapy)
applied as a part of primary treatment of the breast
carcinoma. In our study, almost half of the patients,
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i.e. 15 of 33, underwent primary systemic therapy,
whereby 13 of these patients still had a ypT2 to
ypT4 stage tumour after successful application of
the systemic therapy. These characteristics mean
that the group included exclusively high-risk pa-
tients. Moreover, 25% of the patients, or 8 of 33,
had a triple negative tumour. In comparison, the
literature listed a maximum of 5 from 35 such pa-
tients or 14.3% that fell into this category.!%'

In our experience, ECT proved to be an effective
supplement to a cytotoxic systemic therapy, espe-
cially for high-risk patients who did not respond
well to systemic therapy of loco-regional metasta-
ses, without creating any greater systemic or loco-
regional toxicities (grades 3 & 4 dermal toxicity).
Tolerance and response of ECT did not differ be-
tween patients undergoing any systemic therapy
and those receiving only endocrinal treatments, es-
pecially from the standpoint of the most common
known side effects such as pain, muscle soreness,
and local paraesthesia.

Furthermore, even the presence of distant me-
tastases was not contraindicative for ECT, and did
not hamper the local therapeutic effect. It is impor-
tant to select the proper time for application and to
monitor it. No evidence was seen of any possible
occurrence of myelotoxicity resulting from the cy-
totoxic systemic therapy.

An analysis of the primary tumour data (prog-
nosis factors) and the phenomenon of an overly
high rate of failure of primary chemotherapy of
large remaining tumours showed that this study
treated a group of patients with an extremely high-
risk of recurrence, especially at the loco-regional
level. Particularly in these cases, ECT was found to
be a key supplementary therapy that should be ap-
plied as early as possible during the course of the
disease. The data clearly rule out any higher levels
of local or systemic toxicity.
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Background. There have been few reports about high total dose hypofractionated proton beam therapy for central
lung cancer. The aim of this study was to examine retrospectively the safety and efficacy of high total dose hypofrac-
tionated proton beam therapy for central lung cancer.

Patients and methods. Patients treated by proton beam therapy for central lung cancer located less than 2 cm
from the trachea, mainstem bronchus, or lobe bronchus were included in this study. All patients received 80 Gy of
relative biological dose effectiveness (RBE) in 25 fractions with proton beam therapy over 5 weeks between January
2009 and February 2015. The toxicities were evaluated using the Radiation Therapy Oncology Group and European
Organization for Research and Treatment of Cancer criteria.

Results. Twenty patients, including 14 clinically inoperable patients (70%), received proton beam therapy for central
lung cancer. The median patient age was 75 years (range: 63-90 years), the median follow up time was 27.5 months
(range: 12-72 months), and the median tumor diameter was 39.5 mm (range: 24-81 mm). All patients were followed
for at least 20 months or until death. The 2-year overall survival rate was 73.8% (100% in operable patients, and 62.5% in
inoperable patients), and the 2-year local control rate was 78.5%. There was no Grade 3 or higher toxicities, including
bronchial stricture, obstruction, and fistula.

Conclusions. The present study suggests that a high total dose hypofractionated proton beam therapy for central
lung cancer was safe and feasible.

Key words: central; lung cancer; hypofractionated; proton beam therapy

Introduction Early-stage lung cancer is treated via lung resec-

tion. However, an increasing number of people are
Lung cancer accounted for approximately 13% of  now receiving radiotherapy, including stereotactic
total cancer diagnoses and was the most frequently ~ body radiotherapy (SBRT).>* SBRT can also be used
diagnosed cancer worldwide in 2012.! In 2013, the  for inoperable patients, and several studies have al-
number of lung cancer deaths was estimated to be = so demonstrated that SBRT is as effective for stage I
1.6 million, while 34.7 million disability-adjusted  lung cancer as lung resection.>® However, SBRT for
life-years were also caused. Specifically, it was the  centrally located lung cancer has been reported to
most common cause of cancer death globally, in-  cause more toxicity than for peripheral lung can-
cluding both developing and developed countries.?  cer.”
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An increasing number of patients with lung
cancer, including those with locally advanced lung
cancer, have been treated using proton beam ther-
apy (PBT) with or without chemotherapy.®!? The
advantage of PBT is that it can shape the dose more
conformally to the target volume than convention-
al radiotherapy or SBRT using X-ray irradiation,
thus reducing the dose distributed to surrounding
healthy structures.’>!> However, few reports have
been published regarding the use of PBT in the
treatment of patients with central lung cancer.

The purpose of the present study was to evalu-
ate retrospectively the efficacy and safety of PBT
for central lung cancer.

Patients and methods
Ethics statement

The treatment methods and procedures were ap-
proved by the Ethics committee of our institution.
The study was conducted in accordance with the
Declaration of Helsinki. Patients signed informed
consent.

Patients

The present study enrolled patients who were di-
agnosed with central lung cancer and were treated
with PBT between January 2009 and February 2015
at the Southern Tohoku Proton Therapy Center.
Central lung cancer was defined as tumors located
less than 2 cm from the trachea, mainstem bron-
chus, or lobe bronchus.” Patients were retrospec-
tively recruited from our database.

Whether or not the pathology of the lung tumor
was histologically confirmed did not matter. If the
pathology was not confirmed, an increase in the
size of the lung tumor or high positron emission
tomography (PET) uptake was regarded as a clini-
cal malignancy. The clinical stage of the lung can-
cer was determined using computed tomography
(CT) and PET-CT. Written informed consent was
obtained from all of patients.

The inclusion criteria were as follows: (1) a soli-
tary lung tumor without any previous treatment for
it, (2) a World Health Organization performance
status of 0-2, (3) no lymph node metastasis, and
(4) the absence of distant other-organ metastasis or
other sites of uncontrolled cancer. Patients with in-
terstitial pneumonia were excluded from this study.

Proton beam therapy

Treatment planning for PBT was based on 3-dimen-
sional CT images taken at 2 mm intervals in the

exhalation phase while using a respiratory gating
system (Anzai Medical, Tokyo, Japan). A custom-
indexed vacuum-lock bag (Engineering System Co,
Nagano, Japan) was used to immobilize the pa-
tients. A Xio-M treatment planning system (CMS
Japan, Tokyo, Japan; and Mitsubishi Electric) was
used to calculate the dose distributions for PBT.
The gross tumor volume (GTV) included the lung
tumor, the clinical target volume (CTV) was de-
fined as the GTV plus 0.5 cm, and the planning tar-
get volume (PTV) was the CTV plus a 0.5 cm mar-
gin. The proton energy levels of 150 MeV and 210
MeV for 1-3 portals and a spread-out Bragg peak
were tuned as much as possible until the PTV was
exposed to a 90% isodose of the prescribed dose,
and was not exposed to 110% isodose (upper limit)
(Figure 1). The PBT system at our institute (Proton
Beam System; Mitsubishi, Tokyo, Japan) uses a syn-
chrotron and a passive scattering method in which
a proton beam passes a bar ridge filter, a range
shifter, and a customized compensator before en-
tering the patient. The treatment was administered
during the exhalation phase using a respiratory
gating system. A multileaf collimator, which con-
sisted of 40 iron plates with a width of 3.75 mm, and
could be formed into an irregular shape, was used.
Daily front and lateral X-ray imaging was used for
positioning. The PBT for central lung tumors was
set at 80 Gy of relative biological dose effectiveness
(RBE) in 25 fractions over 5 weeks in our institu-
tion (isocenter prescription); the biological equiva-
lent dose was 105.6 Gy when tumor alpha/beta ra-
tio was regarded 10. The dose constraints were set
for the esophagus (< 55 Gy [RBE]), spinal cord (< 40
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FIGURE 1. Dose distribution map of proton beam therapy for central lung cancer.
The red line represents the gross tumor volume and the purple line around the tumor
represents the 90% dose line. The region outside the outermost blue line is allocated

to < 10% radiation.
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TABLE 1. The patient characteristics (n = 20)

Characteristics Patients
Age (years)
Median (range) 75 (63-90)
Gender
Male 17 (85%)
Female 3 (15%)
Performance status
0 8 (40%)
1 8 (40%)
2 4 (20%)
Charlson Index
0 5 (25%)
1 6 (30%)
2 7 (35%)
3 2 (10%)
Follow-up time (months)
Median (range) 27.5 (12-72)
Chronic obstructive pulmonary disease
Yes 9 (45%)
No 11 (55%)
T category*
T1 4 (20%)
T2 11 (55%)
3 4 (20%)
T4 1 (5%)
Stage*
| 15 (75%)
1 4 (20%)
1 1 (5%)
Tumor location
Right upper lobe 7 (35%)
Right middle lobe 2 (10%)
Right lower lobe 6 (30%)
Left upper lobe 3 (15%)
Left lower lobe 2 (10%)
Histopathology
Squamous cell carcinoma 8 (40%)
Adenocarcinoma 5 (25%)
Clinical malignancy 7 (35%)
Diameter of lung tumor (mm)
Median (range) 39.5 (24-81)

* Numbers correspond to the tumor-node-metastasis system of
classification (International Union Against Cancer criteria)
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Gy [RBE]), and heart (< 40 Gy [RBE]) in principle.
However, we did not reduce prescribed dose and
irradiated over 40 Gy (RBE) to the heart when the
lung tumor was too close to it.

Evaluation and follow-up

All patients underwent either CT or PET-CT
to evaluate the initial tumor response within 3
months after the completion of treatment. The
initial treatment response was evaluated based on
the Response Evaluation Criteria in Solid Tumors
version 1.1.1° A complete response was defined as
the complete disappearance of all detectable tu-
mors. In this study, a complete metabolic response
(extinction of PET uptake) was also defined as a
complete response.”” A partial response was de-
fined as > 30% reduction in the maximal diameter
of the tumor. Stable disease was defined as nei-
ther a partial response nor progressive disease.
Progressive disease was defined as > 20% enlarge-
ment of the primary tumor or the appearance of
new lesions, including lymph node metastases and
distant metastases. The evaluation of comorbidi-
ties was performed in accordance with Charlson
et al. previously reported.’® The follow-up interval
was every 1-3 months for the first year and every
3-6 months thereafter. Imaging performed every
3-6 months after evaluating the initial tumor re-
sponse. The cause of death was determined as
lung cancer when patients had local recurrence
or metastases and no other causes of death ex-
cept for cancer, were presented. Toxicities were
evaluated using the Radiation Therapy Oncology
Group and European Organization for Research
and Treatment of Cancer criteria.’ The following
dosimetric factors were examined with the use of a
dose volume histogram of the lung minus the GTV
and heart: mean lung dose, lung V5 (lung irradi-
ated 5 Gy [RBE]), lung V10, lung V15, lung V20,
and mean heart dose.

Statistical analysis

All statistical analyses were performed using the
IBM SPSS Statistics software program (version 22;
SPSS Inc., Chicago, IL, USA). The overall survival
(OS) time was defined as the time between the start
of PBT and the time of the last follow-up exami-
nation or death. The Kaplan-Meier method and a
log rank test were used to estimate the survival
probability and compare the survival, respectively.
The relationships between the occurrence of lung
or heart toxicities and the dose volume histogram
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factors were examined using the Mann-Whitney U
test. All p-values were two-sided, and p-values of <
0.05 were considered to indicate statistical signifi-
cance.

Results
Patients

The initial study population included 86 patients
who received 80 Gy (RBE) for lung cancer. Patients
were excluded from the analysis for the following
reasons: lymph node metastasis, n = 13; distant
other-organ metastasis, n = 13; treatment for lung
cancer before PBT n = 7; other sites of uncontrolled
cancer n = 5; interstitial pneumonia n = 9; and fail-
ure to satisfy the criteria of central lung cancer, n =
19. Thus, the characteristics of 20 patients, includ-
ing 14 (70%) with clinically inoperable cancer due
to poor respiratory function (n = 9), elderly (90
years old, n = 1), comorbidities (n = 4), as well as 9
(45%) with chronic obstructive pulmonary disease,
were analyzed (Table 1). The median age was 75
years (range: 63-90 years), the median follow up
time was 27.5 months (range: 12-72 months), the
median tumor diameter was 39.5 mm (range: 24-81
mm), the median tumor volume 35.7 cc (range: 6.1-
151.2 cc), and the median dose of mean PTV cover-
age was 79.5 Gy (RBE) (range: 75-81 Gy [RBE]).

Survival and local control

All patients were followed for at least 20 months
(living patients) or until death. The 1- and 2-year
overall survival (OS) rates were 95.0% (95% confi-
dence interval [CI]: 87.7-100%), and 73.8% (95% CI:
53.9-93.7%), respectively (Figure 2A). The 2-year
OS rates of stage I and II/IIl were 80% and 53.3%,
respectively. Six patients died of lung cancer, due to
local recurrence (n = 3) and distant failure (n=3) and
2 of other disease, due to heart failure (n = 1) and
sepsis (n = 1). The 2-year OS rates for operable and
inoperable patients were 100%, and 62.5%, respec-
tively (Figure 2B), although the 2-year OS between
the two groups was not significantly different (p =
0.109). Thirteen patients (65%) achieved a complete
response, 5 (25%) achieved a partial response, and 2
(10%) achieved stable disease. The 2-year local con-
trol rate was 78.5% (95% CI: 59.5-97.5%); all local
recurrences were in-field recurrence) (Figure 3A).
The 2-year local control rates of lung cancers with
diameters of < 39.5 mm and > 39.5 mm (39.5 mm
was the median tumor diameter) were 90% and
68.6%, respectively (Figure 3B), although the 2-year
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FIGURE 2. (A) The overall survival rate of the patients treated for central lung cancer.
The 1- and 2-year overall survival rates were 95.0% and 73.8%, respectively. (B) The
2-year overall survival rates of operable and inoperable patients were 100% and

62.5%, respectively.

TABLE 2. Toxicities

Toxicities Grade 0 Grade 1 Grade 2 Grade 3-5
Lung 0 18 (90%) 2 (10%) 0
Esophagus 20 (100%) 0 0 0
Heart 16 (80%) 4 (20%) 0 0
Bone 15 (75%) 3 (15%) 2 (10%) 0

local control rate between the two groups was not
significantly different (p = 0.348).

Toxicities

Table 2 shows the toxicities after PBT. The median
dose of mean lung dose and mean heart dose were

Radiol Oncol 2017; 51(3): 324-330.
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or higher lung toxicities, including bronchial stric-
ture, obstruction, and fistula. Moreover, there were
2 patients (10%) with Grade 2 bone toxicities (both
rib fracture). No Grade 2 or higher heart toxicities
were observed, although 4 patients had Grade 1
toxicities (all of them pericardial effusion). Lastly,
there were no esophageal toxicities, as no tumor
included in the study was close enough to the es-
ophagus. There were no statistically significant
differences with regard to the dosimetric factors of
mean lung dose (7.4 Gy [RBE] vs 7.0 Gy [RBE], p
= 0.830), lung V5 (18.2% vs 16.6%, p = 0.677), lung
@ V10 (16.1% vs 14.5%, p = 0.647), lung V15 (14.8% vs
13.1%, p = 0.625), and lung V20 (13.5% vs 12.0%, p =
0.629) between patients with Grade 2 pneumonitis
and those without it. Furthermore the dosimetric
factors of mean heart dose (1.3 Gy [RBE] vs 1.9 Gy
[RBE], p = 0.667) between patients with Grade 1
pericardial effusion and those without it demon-
strated no statistically significant differences.

Discussion

Table 3 shows the OS of the present study and

previous reports.?? According to that, the 2-year

OS of the present study was not inferior to that in

previous studies. At our institution, PBT for central

lung cancer delivered 3.2 Gy (RBE) per fraction,
because a high dose per fraction using SBRT for

central lung cancer was reported to be associated

FIGURE 3. (A) The local control rate for patients with central lung cancer after proton with a high risk of morbidity.7 However, by com-
beam therapy. The 2-ye§r Iocal. control rate was 78.5%. (B) The 2-year local control paring the outcomes between the present and pre-
rates of lung cancers with a diameter < 39.5 mm and > 39.5 mm were 90% and . . . .
68.6%, respectively (p = 0.348). vious studies, it was demonstrated that a high OS
was achieved in our patients with high total dose,

comparable with other series that used SBRT with

a higher dose per fraction, although the ratio of T1

7.2 Gy (RBE) and 0.5 Gy (RBE), respectively. There  stage in the present study (20%) was less than that

were 2 patients (10%) with Grade 2 lung toxicities  reported in previous studies (35-63%).2>2* Nagata

(both pneumonitis) and no patients with Grade 3  ef al. reported on the outcomes of SBRT for opera-

TABLE 3. Overall survival of central lung cancer

Number of patients Median follow up time treatment Overall survival rate All grade 3-5 toxicities
Song et al. (20) 9 26.5 months SBRT 50% (2-year) 33%
Modh et al. (21) 125 17.4 months SBRT 64% (2-year) 8%
Chaudhuri et al. (22) 34 18.4 months SBRT 63.2% (2-year) 3%
Tekatli et al. (23) 80 47 months SBRT 53% (3-year) 6.4%
Bush et al. (8) 33 48 months PBT Not applicable 0
present study 20 27.5 months PBT 73.8% (2-year) 0

Abbreviations: SBRT = stereotactic body radiotherapy

Radiol Oncol 2017; 51(3): 324-330.
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ble and inoperable patients with lung cancer.> They
reported that the 3-year OS of operable patients
was superior to that of inoperable patients (76.5%
vs 59.9%). In the present study, the OS of operable
patients was also superior to that of inoperable pa-
tients, but not to a significant degree. Therefore, a
better OS may be achieved if PBT for central lung
cancer is only administered in medically operable
patients who refused surgery.

Grade 3 or higher lung toxicities of SBRT for
central lung tumor were reported at rates of 1.5-
4.8%.2122242 However, Bush et al. reported no Grade
3 or higher toxicities including lung toxicities after
PBT for central lung cancer (table 3).®) These re-
sults were consistent with the results the present
study, even though the tumors irradiated were
larger than those subjected to SBRT. These find-
ings suggest that high total dose PBT may result in
lower rates of lung toxicities than SBRT, although
the relatively low dose per fraction may also have
been involved. This finding may be because PBT
can reduce the irradiated lung dose compared with
SBRT.?® Indeed, there have been some reports sug-
gesting that reducing the lung dose leads to a low
rate of lung toxicities. Matsuo et al. reported that
the lung volume, which was irradiated with 25 Gy,
was significantly associated with radiation pneu-
monitis.?® Barriger ef al. also reported that the mean
lung dose and lung volume irradiated with 20 Gy
was significantly associated with Grade 2—4 ra-
diation pneumonitis.?” PBT has the advantage of a
dose fall-off associated with particle beams and as
such offers the possibility of sparing healthy lung
tissue, and the low rate of toxicities makes it an at-
tractive potential treatment choice.

Regarding the impact of the total dose for the
treatment lung cancer, Bush et al. reported that
a high dose level PBT for lung cancer, including
central lung cancer, significantly improved the
4-year OS compared with lower doses.® Nakayama
et al. also reported good OS with high total dose
for stage I peripheral and central lung cancer; spe-
cifically, patients with central lung cancer received
72.6 Gy (RBE) in 22 fractions.”® These suggest that
a higher total dose for lung cancer can improve the
OS of patients with lung cancer. Paul et al. reported
that SBRT resulted in an equivalent OS to surgery
in patients with tumors sized <2 cm, but in an in-
ferior OS in patients with tumors sized <5 cm.”
Indeed, larger lung tumor resulted in a lower local
control rate in the present study, but no statistically
significance difference was observed. Therefore, a
high dose may be needed to control the disease
and prolong the OS in patients with lung tumors,

especially large tumors. PBT can increase the dose
to tumors without increasing the lung dose com-
pared with SBRT. PBT may therefore be useful
for increasing the dose to lung tumors in order to
achieve better control and prolong the OS.

Several limitations associated with the present
study warrant mention. First, the number of pa-
tients was small. However, there have been few re-
ports about PBT for central lung cancer, so we feel
that the present study is still meaningful. Second,
the present study was retrospective. Third, we did
not examine the trachea with endoscopy, main-
stem bronchus, or main bronchi. Therefore, bron-
chial stenosis and obstruction might have been
more prevalent than we assumed. However, there
were no problems clinically, as there was no Grade
3 or higher lung toxicities in the present study.

The present study suggests that high-dose hy-
pofractinated PBT for central lung cancer is safe
and feasible.
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Background. Identifying the early genetic drivers can help diagnose glioma tumours in their early stages, before
becoming malignant. However, there is emerging evidence that disturbance of epigenetic mechanisms also con-
tributes to cell’s malignant transformation and cancer progression. Long non-coding RNAs are one of key epigenetic
modaulators of signalling pathways, since gene expression regulation is one of their canonical mechanisms. The aim of
our study was to search new gliomagenesis-specific candidate IncCRNAs involved in epigenetic regulation.

Patients and methods. we used a microarray approach to detect expression profiles of epigenetically involved
IncRNAs on a set of 12 glioma samples, and selected LOC285758 for further qPCR expression validation on 157 glioma
samples of different subtypes. To establish if change in expression is a consequence of epigenetic alterations we
determined methylation status of IncRNA’s promoter using MS-HRM. Additionally, we used the MLPA analysis for de-
termining the status of known glioma biomarkers and used them for association analyses.

Results. In all glioma subtypes levels of LOC285758 were significantly higher in comparison to normal brain reference
RNA, and expression was inversely associated with promoter methylation. Expression substantially differs between
astrocytoma and oligodendroglioma, and is elevated in higher WHO grades, which also showed loss of methylation.
Conclusions. Our study revealed that INcRNA LOC285758 changed expression in glioma is methylation-dependent
and methylation correlates with WHO malignancy grade. Methylation is also distinctive between astrocytoma I-lll and
other glioma subtypes and may thus serve as an additional biomarker in glioma diagnosis.

Key words: glioma; IncRNA; LOC285758; over-expression; epigenetics; DNA methylation; MS-HRM; MLPA; IDH1; 1p/19q

Introduction curate classification and choosing the appropriate
treatment. It is why numerous researchers have

Glioma are the commonest primary brain tumours  focused to find new genetic factors and molecu-

in adults and also the most aggressive, with over-
all poor survival.'? Clinically, they are extremely
heterogeneous primary brain tumours that are pre-
senting a great challenge in clinical oncology. This
heterogeneity is reflected in the lack of knowledge
about the exact mechanisms of tumour formation
and progression, subsequently leading to less ac-

Radiol Oncol 2017; 51(3):331-341.

lar mechanisms involved in gliomagenesis, which
may also contribute to developing new therapeutic
approaches and improving the prognosis for glio-
ma patients.

LncRNAs are widely expressed in mamma-
lian nervous system® and several were identified
to be specifically linked with neuro-oncological

doi:10.1515/raon-2017-0004
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TABLE 1. Patients’ demographics and glioma histopathological classification

Patients demograp

hic

Number of patients

Gender (female/male)

Mean age at diagnosis (years)

# <45 years
# > 45 years

Glioma classification

Astrocytoma (AC)

Oligodendroglioma (ODG)

Oligoastrocytoma (OAC)

157
67/90 (1 : 1.34)
43.8 (SD +18,89)

86

71

Glioma subtype WHO grade
15 pilocytic WHO |

9 diffuse WHO II
11 diffuse with signs of anaplasia  WHO II-Ill
9 anaplastic WHO Il
23 secondary GBM WHO IV
31 primary GBM WHO IV
4 diffuse WHO ||

5 diffuse with signs of anaplasia  WHO II-ll
28 anaplastic WHO Il
2 diffuse WHO Il

3 diffuse with signs of anaplasia  WHO II-ll
17 anaplastic WHO Il

disorders*>, and as such they could help explain
the mechanisms of glioma malignant transforma-
tion.®” LncRNAs are a class of non-coding RNAs
that share many features with protein-coding
RNAs (mRNAs), but lack the open reading frame,
have lower sequence conservation and lower level
of expression.®® However, they are more cell- and
tissue-type specific than mRNAs."® For many of
them functional analyses showed to have key roles
in numerous fundamental biological processes,
such as cell cycle regulation, epigenetic regulation,
imprinting, cell differentiation and apoptosis, and
diseases, including tumorigenesis.!*"'” The involve-
ment of IncRNAs in disease processes as one of the
most important factors controlling gene expression
creates an urgency to understand the mechanisms
by which these RN As seek their targets and impact
signalling pathways!, and how much their distur-
bance might contribute to disease development.
Gene expression regulation by IncRNAs appears
to be mediated largely through epigenetic mecha-
nisms, which play a crucial role in regulating gene
expression and are closely associated with disease
onset. A number of studies show that as much as
20-30% of IncRNAs have been able to physically
interact with specific epigenetic enzymes and driv-
ing them to specific genomic loci.®® By binding to
the chromatin-modifying proteins, such as PRC2,

Radiol Oncol 2017; 51(3):331-341.

GY9a, hnRNPK, and SWI/SNF, they modulate the
chromatin states and thus impact gene expression
of cell cycle, cell differentiation, apoptosis, DNA
repair, and cell adhesion.>”! Moreover, they can
directly modulate the transcription of proximally-
located genes by interacting with promoters and
transcription factors.?

In glioma, epigenetic alterations and mecha-
nisms, including methylation of gene promoters,
histone modifications and chromatin modifiers are
relatively unexplored, although DNA methylation
of O6-methylguanin-DNA methyltransferase (MGMT)
expression was associated with the prognosis of
glioma patients.?%*! DNA methylation is one of the
primary epigenetic mechanisms in regulating gene
expression, and disturbance of this process may
cause various diseases, including cancer. It is also
the most common epigenetic modification found
in tumour cells.”?> Moreover, DNA methylation is
an important regulator of expression of not only
the mRNAs but also of the IncRNAs, and it seems
that DNA demethylation of silent IncRNAs results
in their activation.? Methylation patterns differ
among various tissue-types and cell-types?, which
means the cell-/tissue-specific methylation status,
similarly to expression pattern, could be a useful
biomarker.

In this study, we performed an expressional
profiling of IncRNAs potentially involved in epige-
netic levels of regulation in glioma samples of dif-
ferent histological subtypes compared to normal
brain reference RNA. We used the microarray ap-
proach (LncPath™ Human Epigenetic Pathway) to
search for novel IncRNA biomarkers potentially in-
volved in glioma development. To validate micro-
array profiling results we used the gPCR method
on a set of 125 glioma samples of different subtype
and malignancy grade. In addition, we wanted to
investigate if the change in gene’s expression is due
to changed methylation pattern of its promoter,
and if there is any association with the hallmark
markers, such as IDH1/2 and TP53 mutation, copy
number variation of genes CDKN2A and CDKN2B,
and 1p/19q co-deletion.

Patients and methods
Patients

Hundred and fifty-seven tumours that were surgi-
cally removed from patients between the years 2007
and 2015 were chosen for the study. Immediately
after surgical biopsy tumours were stabilized in
RNAlater (Applied Biosystems, USA), incubated at
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4°C for at least 24 hours and subsequently stored
at —20°C until needed. All tumours were evaluated
by neuro-pathologist in order to assess glioma sub-
type and tumour grade (see Table 1), according to
the WHO 2007 guidelines.” We collected patient’s
demographic data and results of immunohisto-
chemical analyses, if they were performed, from
our institutional database. The tumour biopsies
used in the study belonged to 67 female and 90
male patients (mean age at diagnosis: 43.8 years).
For reference RNA we used commercially availa-
ble FirstChoice Human Brain Reference Total RNA
(Cat.no. 6050, Ambion; Invitrogen, USA) (further
referred to as brain reference RNA) obtained from
the healthy brain tissue of 23 individuals without
any signs of neurodegeneration. The study was ap-
proved by the National Medical Ethics Committee
of the Republic of Slovenia (115/5/14). As DNA
control samples we used nine samples of freshly
frozen brain tissue that were collected at the au-
topsy of five patients (5 cerebrum and 4 cerebel-
lum tissue samples). Samples were evaluated as a
normal brain tissue, without any visible signs of
neurodegeneration.

Nucleic acid extraction

For extraction and purification of nucleic acids we
used the AllPrep DNA/RNA/miRNA Universal
Kit (Qiagen, Germany). Total DNA and RNA were
simultaneously extracted from the same piece of
tissue (up to 20 mg) that was homogenized with
TissueLyser LT (Qiagen, Germany) for 5 min at 50
Hz, and further processed according to manufac-
turer’s instructions. The yield of both RNA and
DNA was measured spectrophotometrically using
the NanoDrop ND-1000 (Thermo Scientific, USA).
The quality and fragmentation of the extracted
RNA (RNA integrity) was determined by agarose
gel electrophoresis on Bioanalyzer 2100 (Agilent
Technologies, USA), using the RNA 6000 Nano kit
(Agilent Technologies, USA) according to manu-
facturer’s instructions. Only the samples with ap-
propriate yield and quality were considered for
further analyses; thus, not all samples were used
for all analyses performed.

Expressional profiling of epigenetically
involved IncRNA

We performed expressional profiling on 12 RNA
samples of different glioma subtype and a brain
reference RNA. Samples were chosen from a sam-
ple set of our previous glioma study (unpublished

study), and selected upon histopathologically de-
termined glioma subtypes so that each of the four
subgroups, i.e. astrocytoma (WHO grade II or III),
primary GBM, secondary GBM and oligodendro-
glioma (WHO grade III), included 3 samples of
sufficient RNA concentration and high quality.
Samples were sent to ArrayStar Inc, USA, where
sample preparation and microarray hybridiza-
tion were performed, based on the manufacturer’s
standard protocols (Arraystar Inc.). One ug of
RNA for individual sample was hybridized to the
LncPath Human Epigenetic Pathway microarray
(6x7K). Scanned slide images were processed by
GenePix Pro 6.0 software (Axon) for raw data ex-
traction, which were further normalized and pro-
cessed using the R language. After filtering, only
the probes for which at least 2 out of 13 samples
had raw intensity above 32 were retained for fur-
ther differential analyses. LncRNAs that showed
significant change in expression between tumour
group and brain reference RNA were identified
through volcano plot filtering. After identifying
groups’ candidate genes, each group was com-
pared to others. The »fold change« cut-off value
for IncRNA to be considered as differentially ex-
pressed was set to < - 1.5 (expression is decreased)
and > 1.5 (expression is increased), and p-value cut-
off was set at 0.05.

Quantitative real-time PCR (qPCR)
validation of LOC285758 expression

LOC285758 expression levels were validated with
the quantitative real-time PCR method, based on
the intercalating dye (SYBR Green) technology.
Only the samples with total RNA concentration
higher than 50 ng/uL and RIN above 5.5 were
used for qPCR analysis. The first strand ¢cDNA
was generated with One Tag RT-PCR kit accord-
ing to manufacturer’s instructions (New England
Biolabs, UK) and using random primer mix. The
reverse transcription reaction was prepared in a
10 uL reaction mixture with 300 ng of total input
RNA. ¢cDNA was properly diluted and amplified
in a 10 pL reaction volume, using the SYBR Select
Master Mix (Thermo Fisher Scientific, USA). We
used GAPDH and U6 as reference genes (endog-
enous controls) and brain reference RNA (men-
tioned in section 2.1) as the control RNA. All gPCR
reactions were performed in duplicate using the
Rotor Gene-Q system (Qiagen, Germany) follow-
ing the primer manufacturer’s standard cycling
protocol for pre-designed primers for LOC285758
(PrimeTime gPCR Assay primer, IDT - Integrated

Radiol Oncol 2017; 51(3):331-341.
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TABLE 2. Primers used for validation of LOC285758 expression profiling results, reference genes and determining methylation status

of IncRNA’s promoter

Quantitative real-time PCR

Gene Assay ID Amplicon length (bp) Annealing temperature (°C)
LOC285758 Hs.PT.58.26012748 129 60
GAPDH Q100079247 95 55
Gene Primer sequence (5’ - 3") Amplicon length (bp) Annealing temperature (°C)
ué CTCGCTTICGGCAGCACA 94 60
AACGCTTICACGAATITGCGT
Methylation sensitive HRM
Gene Oligonucleotide sequence (5’ - 3’) Amplicon length (bp) Annealing temperature (°C)

LOC285758 F TIGTITITTGAAAGTTTTTTGA

LOC285758 R AAACACAAAAAACCTAACAAAAA

118 55

DNA Technology, USA) and GAPDH (QuantiTect
qPCR Primer Assay, Qiagen, Germany). The cy-
cling protocol for designed U6 primers was similar
to that of Qiagen with optimized T, (see Table 2).
The signal was collected on the Green channel at
the end point of every cycle, and following amplifi-
cation melt curve analysis was performed to verify
specificity of gPCR amplicon.

Relative quantification levels of the target gene
were calculated following the AAC, method; AAC,
represents the difference between the quantity of
target transcript in brain reference RNA (control
RNA) (AC; control) and in tumour (AC, sample),
after each sample and control were normalized
to geometric mean expression of reference genes
(GAPDH and U6).2° A positive AAC, value in our
calculations means higher expression level in tu-
mour samples.

Methylation-sensitive HRM

For determining IncRNA’s promoter methylation
status we used the methylation sensitive high reso-
lution melt (MS-HRM) analysis. Primers for ampli-
fying LOC285758 promoter’s target region were de-
signed with a freely available software tool Methyl
Primer Express software v1.0 (Applied Biosystems,
USA) in such a manner that they amplify both
methylated and unmethylated DNA. Primers were
designed to target CpG specific region at 5’UTR
end (flanking sequence/exonl). Prior to MS-HRM
analysis, 500 ng of input amount of sample DNA
were bisulphite converted (bsDNA) using innu-
CONVERT Bisulfite Basic Kit (Analytik Jena AG,

Radiol Oncol 2017; 51(3):331-341.

Germany) according to manufacturer’s protocol.
We created two DNA control pools by mixing 5
control samples of cerebrum and 4 control samples
of cerebellum, treated them with bisulphite and
used them for comparing the methylation status
between normal brain tissue and tumour sam-
ples. For fully methylated/unmethylated (positive/
negative) controls we used commercially avail-
able EpiTect Control DNA (Qiagen, Germany). All
MS-HRM reactions were prepared with EpiTect
HRM PCR Kit (Qiagen, Germany) in a 10 pL reac-
tion mixture by manufacturer’s recommendations
and adjustments according to primer optimiza-
tion analysis (1.5 uL of each primer, 1 uL bsDNA
(10 ng/uL)). We included the negative and posi-
tive control, both control pools and no-template
control in each MS-HRM experiment, which were
carried out on Rotor Gene Q (Qiagen, Germany).
Amplification conditions were set based on manu-
facturer’s recommendations as follows: 5 minutes
of initial denaturation at 95°C, 45 cycles: denatura-
tion at 95°C for 10 seconds, annealing at optimized
temperature (T, in Table 2) for 30 seconds, and
elongation at 72°C for 20 seconds. After amplifica-
tion, the HRM analysis was conducted by increas-
ing the temperature from 65°C to 95°C by 0.1°C per
2 seconds. Fluorescence signal was collected from
the green channel in elongation step and from the
HRM channel during HRM analysis. For analys-
ing MS-HRM results, we used the Rotor-Gene Q
Series Software 2.3.1 (Qiagen, Germany). For de-
termining methylation status of individual sample,
samples HRM melting plots were normalized and
further compared to controls.
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Multiplex ligation-dependent probe
amplification

We used the P088-C1 Oligodendroglioma SALSA
MLPA probe mix (MRC-Holland, the Netherlands)
to detect loss of chromosome arms 1p and 19q,
copy number variations in CDKN2A and CDKN2B
genes, and to determine the status of the most
common mutations of IDH1 (R132H and R132C)
and IDH2 (R172K and R172M) genes in different
glioma subtypes. The results of MLPA analysis
have been further considered as the criteria for
sample sub-classification for additional compari-
son, and determining possible differences in gene
expression and promoter methylation. The MLPA
experiment was prepared according to manu-
facturer’s protocol and recommendations with
100 ng of input DNA amount. Capillary gel elec-
trophoresis was performed using ABI Prism 310
Genetic Analyser (Applied Biosystems, USA), and
we used Coffalyser software (MRC-Holland, the
Netherlands) for fragment analysis.

Data analysis

All statistical tests were performed using IBM SPSS
Statistics 20. software (IBM Corporation, New York,
USA). We used the one-way ANOVA analysis for
comparing differences in expression between all
glioma subtypes, and Mann-Whitney 2-independ-
ent test to cross test differences between two sub-
types. Pearson’s correlation coefficient was used to
establish association of expression with promoter’s
methylation status, status of known biomarkers,
and glioma subtype. Differences were considered
statistically significant when they reached or were
below p <0.05.

Results

Expression profiling of epigenetically
involved INcRNAs

Expression profiling of 12 glioma tumour samples
of four different subtypes was performed with
an ArrayStar microarray technology. Differential
analysis of tumour samples compared to brain ref-
erence RNA, with absolute fold change (FC) cut-off
value at 1.5, showed 351 IncRNAs with altered ex-
pression levels in atleast one subtype (Figure 1A,B).
Among these, 60 IncRNAs were differentially ex-
pressed in all four subtypes (Figure 1B). A more
stringent analysis with absolute FC cut-off set at
2 showed 187 IncRNAs with altered expression

®

FIGURE 1. Venn’s diagram of IncRNAs that were significantly
differentially expressed using microarray screening of IncRNAs
involved in epigenetic mechanisms and/or pathways. (A)
Number of IncRNAs in regard to the number of subtypes in
which they were found differentially expressed (the number of
subtypes rises from the outer circle (one subtype) towards the
inner one (four subtypes)). (B) The number of IncRNAs found
differentially expressed in all four analysed subtypes (using two
levels of stringency - absolute fold change cut-off value of 1.5
and (2)).

in at least one subtype and only 29 IncRNAs in
all four subtypes (Figure 1A,B; numbers of IncR-
NAs matching this criteria are in parentheses). In
Table 3 are listed top 10 over-expressed and top 10
under-expressed IncRNAs in each glioma subtype.
With the purpose to identify new potential bio-
marker candidates we searched through public da-
tabases, such as PubMed (https://www.ncbinlm.
nih.gov/pubmed/), Ensembl (http://www.ensembl.
org/index.html), HGNC (http://www.genenames.
org/), and IncRNAdb (http://Incrnadb.com/), for
information about gene’s location in the genome,
its known function or involvement in cellular
pathways, and previous mention in the literature.
Among the most differentially changed was IncR-
NA LOC285758, which showed increased expres-
sion in all four glioma subtypes, but lower expres-
sion in GBMs in comparison to astrocytoma and
oligodendroglioma (Table 3). Also, it was signifi-
cantly changed between the two GBM subtypes.

Validation of LOC285758 expression

To validate the microarray expression results of
LOC285758 we used the quantitative real-time
PCR method on a subset of 125 samples that
met both the concentration and quality criteria.
Expression levels were significantly increased in
105/125 samples (84%) compared to brain refer-
ence RNA (Figure 2A), and all glioma subtypes
showed positive AAC, average values (Figure 2B).
Data obtained by qPCR validation analysis were in
concordance with results of microarray profiling
that showed increased levels in all four subtypes
(Figure 2B). However, the expression in GBMs did
not significantly differ, as observed on microar-
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TABLE 3. Top 10 IncRNAs that showed significantly increased/decreased expression in four glioma subtypes, using the LncPath

Human Epigenetic Pathway microarray (ArrayStar, USA)

Astrocytoma II+I1I* Secondary GBM Primary GBM Oligodendroglioma
FC(abs) Gene Name FC(abs) Gene Name FC(abs) Gene Name FC(abs) Gene Name
TOP 10 OVER-EXPRESSED
9.775 RP11-434022.1 9.840 APOC2 11.343 AK024556 10.085 RP6-201G10.2
7.863 LOC285758 9.105 AK024556 9.761 FJ209302 7.233 LOC285758
6.203 LOC100129034 7.971 LOC100129034 9.402 AK055628 6.241 GAS5
5.247 RP11-264F23.3 7.578 AK055628 9.267 H19 5.454 RP11-264F23.3
5.211 RP6-201G10.2 4.509 RP11-145M9.3 7.012 RP11-434022.1 5.360 LOC100216546
5.107 APOC2 4.243 RP11-73E17.2 6.720 APOC2 5.043 SNRPE
4.374 RP11-770J1.3 3.657 KB-1836B5.1 5.527 LOC285758 4.991 AK024556
4211 HOXA11-AS 3.394 H19 4.851 LOC100216546 4.930 AC009506.1
3.861 RP3-405J24.1 2.878 BANCR 4.770 LOC100129034 4.351 RP11-73E17.2
3.795 AK055628 2.695 AB447886 4.525 HOXA11-AS 3.846 LOC286059
TOP 10 UNDER-EXPRESSED
9.638 RP11-678P16.1 24.555 MEG3 22.494 MEG3 43.328 RP11-678P16.1
7.026 XLOC_013368 11.341 AK054921 16.532 AK054921 23.879 FABP5P3
6.797 AK054921 8.050 AF520792 11.157 RP11-678P16.1 18.840 DGCR5
6.148 MEG3 6.845 DGCR5 8.208 DGCR5 8.073 MEG3
6.003 RP11-18F14.2 6.623 XLOC_013368 8.207 XLOC_013368 7.092 AK054921
5.820 HAR1A 6.470 AK054970 7.979 HAR1B 6.887 XLOC_013368
5.052 SNAR-A2 6.243 HAR1A 6.325 HAR1A 6.318 NEAT1
4.216 FABP5P3 6.114 XIST 6.218 SNAR-A2 6.205 SEPT7P6
4.082 RP11-325F22.4 5.799 MIAT 6.066 RP11-208G20.2 6.090 CASC2
3.887 SEPT7P6 5.712 SNAR-A2 5.652 XLOC_008014 5.873 TMSB10P2

* = |I+lIl - tumours of WHO grade Il and lll; (abs) = absolute value; FC = fold change

ray. We observed the highest average expression
in oligoastrocytoma and oligodendroglioma, and
statistical analysis of ANOVA showed significant
differences comparing all groups (p = 0.004). Cross
comparison of two subtypes using Mann-Whitney
test showed significantly increased expression be-
tween oligodendroglioma and astrocytoma I-III
(p = 0.007), secondary GBM (p = 0.021), and pri-
mary GBM (p = 0.014), respectively. Comparing
astrocytoma to oligoastrocytoma showed lower ex-
pression and borderline value of significance (p =
0.051), and similar was observed in comparison of
secondary GBM and oligoastrocytoma (p = 0.052)
(Figure 2).

Methylation status of LOC285758
promoter

After we quantified and analysed the IncRNA ex-
pression, we wanted to see if this change could be
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a consequence of changed DNA methylation pat-
tern. Methylation status of LOC285758 promoter
was determined for individual sample from a
subset of 125 samples with sufficient DNA con-
centration and quality. We compared sample’s
normalized and melting curve compared to fully
methylated and fully unmethylated control. Fifty-
one percent (64/125) of samples were methylated
and we found methylation status to be inversely
associated with LOC285758 expression (Figure 3A)
(r=-0.455, p < 0.001). We also compared normal-
ized curves of tumour samples and control pools.
LOC285758 promoter was shown as methylated in
control pools (normal brain), but hypo-methylated
against positive control, and 87% (109/125) of tu-
mour samples were hypo-methylated or unmeth-
ylated in regard to normal brain. Further analysis,
regarding the glioma subtype (Figure 3C), showed
astrocytoma of WHO grades I-III are methylated
in 96% of samples, whereas astrocytoma of grade
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IV, i.e. GBM showed high percent of unmethylated
cases (57% of secondary GBM (12/21) and 77% of
primary GBM (20/26)). Cases of oligodendroglio-
ma were unmethylated in 75% (21/28), whereas
oligoastrocytoma were unmethylated in 44% (8/18)
(Figure 3C). Also, classifying samples upon WHO
grade showed tumours of lower grades are largely
methylated (Figure 3B).

Association of LOC285758 expression
and methylation with glioma hallmark
markers

We wanted to search for a possible association
of expression with already established glioma
biomarkers. For determining mutation status of
IDH1 and IDH? gene, variation in copy number of
CDKN2A and CDKN2B gene, and deletion of chro-
mosome arm 1p and 19q we conducted the MLPA
analysis. Additionally, results of routine immu-
nohistochemical analyses were collected from our
database. TP53 was mutated in 38% of samples (59
mutations (MUT), 36 wild type (WT), and 62 not
acquired (NA)). IDHI mutation R132H was found
in 34% (54 MUT, 64 WT, and 38 NA) of samples,
and R132C in one case (< 1%). In IDH2 we did not
find any mutations. CDKN2A/CDKN2B were de-
leted in 23% (37/37 deletions (DEL), 44/45 WT, 2/1
duplications (DUPL), and 74 NA). Chromosome
arm 1p was lost completely in 17% (27 DEL, 7 par-
tial DEL, 3 DUPL, 69 WT and 51 NA) and 19q in
19% (30 DEL, 14 partial DEL, 11 DUPL, 49 WT, and
53 NA). Duplication of 19q was found mainly in
GBM tumours. Co-deletion of 1p and 19q arm was
detected in 15% of samples (24 cases) and majority
of them were oligodendroglioma. For correlation
analysis we excluded partial deletions and dupli-
cations of CDKN2A/B, 1p and 19q.

We compared both LOC285758 expression and
promoter methylation status to above biomarkers.
Pearson’s correlation coefficient test showed both
expression and methylation to be significantly as-
sociated with WHO malignancy grade (Figure 3B).
Expression was also positively associated with the
IDH1 mutation — samples with IDHI mutation
had higher expression, but independently from
promoter’s methylation. A more detailed analy-
sis, regarding the subtype, showed expression of
LOC285758 does not differ between IDH1 mutated
and wildtype astrocytoma of lower grades. But
significantly does in secondary GBM, oligoastrocy-
toma and oligodendroglioma. We found methyla-
tion to be in weak relation to age at diagnosis and
loss of CDKN2A and CDKN2B, but in an inverse

FIGURE 2. (A) Differential expression of LOC285758 in individual samples (y-axis
presents AAC, values). (B) Comparison of average AAC, values for individual glioma
subtype, determined by microarray and gPCR. Oligoastrocytoma samples were not
included in microarray analysis. AAC, represents difference of gene’s expression in
comparison to brain reference RNA, and the positive values mean that gene’s levels
are increased. p-values were determined for gPCR data (ANOVA for comparing all
five subtypes and Mann-Whitney U-test for comparing two subtypes).

TABLE 4. Association of LOC285758 expression with patients demographic data
and glioma hallmark biomarkers: mutations of IDH1 and TP53, copy number
variations of CDKN2A and CDKN2B, and loss of chromosome arm 1p and 19q
(1p/19q co-deletion)

LOC285758 expression ~ -OC285758 promoter

methylation

ry p-value r p-value
Gender -0.044 0.634 0.009 0.920
Age at diagnosis (< 45y >) 0.065 0.475 -0.313 < 0.001
WHO grade (low/high) 0.213 0.019 -0.433 < 0.001
IDH1 (wt/mut) 0.375 < 0.001 0.096 0.331
TP53(wt/mut) -0.083 0.483 0.153 0.178
1p loss (wt/del) 0.310 0.005 -0.396 < 0.001
19q loss (wt/del) 0.267 0.032 -0.360 0.002
1p/19q loss (wt/del) 0.262 0.014 -0.373 < 0.001
CDKN2A (wt/del) 0.085 0.477 -0.231 0.042
CDKN2B (wt/del) 0.093 0.435 -0.240 0.033

r, = Pearson’s correlation/association coefficient (0.2-0.4 — weak, 0.4-05 - moderate, > 0.6 strong
correlation); p-value cut-off is set at 0.05 (95% confidence interval)

Radiol Oncol 2017; 51(3):331-341.
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FIGURE 3. Scatter plots showing (A) LOC285758 expression (QPCR) in association to methylation status. Unmethylated samples
showed higher expression levels compared to methylated ones. (B) LOC285758 expression and promoter methylation status
significantly differ regarding the WHO malignancy grade and (C) glioma subtype, especially comparing astrocytoma grade I-lll
(all samples were methylated) to grade IV (GBMs were largely unmethylated).

Promoter methylation: 0 = unmethylated, 1 = methylated

manner. The loss of chromosome arm 1p, 19q and
both arms concurrently was associated with both
expression and methylation (Table 4); however, as
mentioned above, co-deletion was found mainly in
oligodendroglioma.

Discussion

Due to the aggressive nature of glioma, poor prog-
nosis and especially the resistance of tumour cells

Radiol Oncol 2017; 51(3):331-341.

against established and/or even modern treatments
there is a need for more precise definition of glioma
molecular background and finding new biomark-
ers. The simplest way to screen through high num-
ber of genes potentially involved in tumour devel-
opment is expression profiling using microarray
technology. We analysed the differences in expres-
sion of IncRNAs, potentially involved in epigenetic
regulatory mechanisms. Among 879 IncRNA mi-
croarray probes we identified 351 IncRNAs with
significantly changed expression (with absolute
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fold change cut-off of 1.5) in at least one glioma sub-
type, which once again confirms molecularly het-
erogeneous nature of glioma tumours.! We deter-
mined 60 IncRNAs with changed expression in all
four analyzed subtypes and selected few IncRNAs
due to their significantly changed expression either
in or between all four subtypes either regarding a
specific subtype. For many IncRNAs we did not
find any previous reports; however, expression of
few IncRNAs, such as MEG3%2, H19%, Xist®, and
just recently NEATT®' and HOXA11-AS%, was al-
ready shown to be significantly changed in glioma.
Moreover, they were associated with disturbance of
key cellular pathways and patient’s prognosis.

To the best of our knowledge, one of the un-
known cancer-related IncRNAs is LOC285758,
or long intergenic non-protein coding RNA 1268
(LINCO01268), that lies in close proximity of the
MARCKS (myristoylated alanine-rich C-kinase
substrate) gene, which encodes a cell cycle and mo-
tility promoting protein. As LOC285758 expression
on microarray appeared to be significantly lower
in secondary GBM in comparison to primary GBM
it represented a candidate biomarker for potential-
ly distinguish these two entities, especially since
many cases are morphologically alike and thus
misclassified.® However, validation results showed
expression does not significantly differ between as-
trocytic tumours, but methylation status does as al-
most all primary GBM were un-methylated versus
variable status in secondary GBM. This variation
in DNA methylation might be associated with sec-
ondary GBM developing through low-grade astro-
cytic precursors®, since we found almost all astro-
cytic tumours of lower grades methylated. It could
also indicate that methylation pattern of IncRNA’s
promoter changes as the tumour progresses.

Nevertheless, LOC285758 expression levels do
significantly differ between astrocytoma, oligoas-
trocytoma and oligodendroglioma, respectively,
which could also be a helpful discriminating fea-
ture of oligoastrocytoma from astrocytic tumours
of grade I-IIl, since these neoplasms are some-
what a mix of genetic changes characteristic for
astrocytic (IDHI mutations) and oligodendroglial
tumours (1p/19q co-deletion).! Expression levels
and methylation status of LOC285758 found in oli-
goastrocytoma, compared to both subtypes, even
more corroborate their mixed genetic background.
Additionally, LOC285758 could be an additional
feature to distinguish oligodendroglioma and as-
trocytoma, since these entities might arise from the
same cells of origin, but develop through different
molecular pathways.!

Results of different methylation further high-
light epigenetic alterations of IncRNAs. We chose
the MS-HRM method for determining methylation
status of gene’s promoter as it is simple, fast and
highly sensitive; even one single base substitution
can be observed as a significant fluorescence drop
and melting peak shift.343

As IncRNAs principal mechanism is regulation
of coding genes and many bind to chromatin-mod-
ifying genes', the potential targets of LOC285758
could be addressed by its genome location, with
MARCKS and HDAC2 as neighbouring genes. In
contrast to the anonymity of LOC585758, there are
numerous reports of MARCKS being involved in
various cancers, including glioma.’*® It has the
ability to regulate various signalling pathways; by
sequestering the phosphatidylinositol 4,5-biphos-
phate (PIP2) molecules, a PI3K target, MARCKS
functions as a tumour suppressor of PI3K/Akt sig-
nalling pathway.*4! On contrary, it can also func-
tion as tumour enhancer as its overexpression was
associated with metastasis and poorer prognosis
in patients with lung squamous cell carcinoma®,
and promoting EGFRvIII-mediated GBM tumori-
genesis.” There is only one report showing associa-
tion of LOC285758 expression with expression of
its antisense mRNA, and changed methylation of
intragenic CpG island; however, it was not cancer
related.®® HDAC2 is an enzyme of histone deacety-
lase family, the key players in epigenetic silencing
of gene expression and one of the regulators of
major cellular functions, such as cell cycle, apopto-
sis, DNA damage repair, and senescence.** Like
MARCKS, HDAC2 is already extensively studied,
largely due to its crucial biological function, and
was found significantly deregulated in broad spec-
trum of diseases.***® HDAC2 was overexpressed in
astrocytoma, like HDACI, and expression increas-
es during tumour recurrence and progression, but
it is not WHO-grade-related.®® Whether the func-
tional association of LOC285758 and its neighbour-
ing genes exist is yet to be investigated.

Some limitations of our study are related to col-
lecting patient’s data as no complete clinical data
were available at the time of the study. Another
limitation is the lack of knowledge about exact
functions and roles of IncRNA LOC285758 in nor-
mal brain and cancer tissue, but such studies are
beyond our research timeframe.

We can conclude the microarray expression
profiling of glioma tumours proved useful for
identification of novel IncRNAs involved in epi-
genetic pathways of glioma development as we
determined several potential IncRNAs with sig-
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nificantly changed expression, including IncRNA
LOC285758. Our study is, to the best of our knowl-
edge, the first to report disturbed expression of
LOC285758 in glioma tumours. Elevated expres-
sion of LOC285758 and its association to loss of
cytosine methylation and higher malignancy grade
suggest to an oncogenic function of this IncRNA in
glioma biogenesis. Furthermore, significantly dif-
ferent expression between astrocytoma and oligo-
dendroglioma, and oligoastrocytoma, respectively,
might suggests LOC285758 as a new biomarker
candidate of glioma development with added di-
agnostic value, but its exact function is yet to be
revealed.
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Background. The aim of our study was to obtain reference data of the EORTC QLQ-C30 quality of life dimensions
for the general Slovenian population. We intend to provide the researchers and clinicians in our country with the ex-
pected mean health-related quality of life (HRQL) scores for distinctive socio-demographic population groups.
Methods. The EORTC QLQ-C30 questionnaire supplemented by a socio-demographic inquiry was mailed or distrib-
uted to 1,685 randomly selected individuals in the Slovenian population aged 18 — 90. Answers from 1,231 subjects
representing socio-demographic diversity of the Slovenian population were collected and transformed into EORTC
dimensions and symptoms. The impact of socio-demographic features on HRQL scores was assessed by multiple linear
regression models.

Results. Gender, age and self-rated social class are the important confounders in the quality of life scores in our
population. Men reported better quality of life on the majority of the specific scales and, at the same time, reported
fewer symptoms. There was no gender-specific difference in cognitive functioning. The mean scores were consistently
lower with age in both sexes.

Conclusions. This is the first study to report the normative EORTC QLQ-C30 scores for one of the south-eastern
European populations. The reported expected mean scores allow Slovenian oncologists to estimate what the quality
of life in cancer patients would be, had they not been ill. As they are derived by common methodology, our results
can easily be included in any further international comparisons or in the calculation of European summarized HRQL
scores.

Key words: health-related quality of life; EORTC QLQ-C30; normative values; socio-demographic determinants; refer-
ence data

Introduction and treatment we are observing a constant increase
in cancer patients’ survival. Five-year relative sur-
Cancer burden in Slovenia is increasing. There vivalis approaching 60%.2 However, despite being

are approximately 14,000 new cancer patients an-  widely recognised as a central endpoint in cancer

nually (age standardized incidence rate (world)
= 335/100,000), the life-time prevalence is almost
100,000. More than 10,000 patients are currently
in the process of primary cancer treatment; almost
30,000 have recently completed a specific oncologi-
cal treatment but have still been followed by on-
cologists.! Because of improvements in diagnostics

Radiol Oncol 2017; 51(3): 342-350.

research®, the health-related quality of life (HRQL)
has not been used systematically as an outcome
measure in clinical trials or oncological practice in
our country so far.

Evaluation of quality of life is conducted by
using the standardized questionnaires.* The
most widely used and generally accepted tool

doi:10.1515/raon-2017-0021
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for assessing HRQL in oncology is the question-
naire launched by the European Organization for
Research and Treatment of Cancer (EORTC).> The
core questionnaire, which consists of 30 questions
(EORTC QLQ-C30), is supplemented by disease-
specific modules and is translated into 81 languag-
es, including Slovene.® To assist the overall inter-
pretation of results from clinical research of HRQL
the population-based reference values are used;
the scores of the general population can be used
as guidelines in the interpretation of HRQL scores
from different patients’ populations.

The normative (reference) values of the QLQ-C30
questionnaire for a generally healthy population
are already available for some countries: Denmark
— women’, Norway - both men and women?,
Sweden®?®, Germany'''?, the Netherlands'* and
again Denmark — both men and women.? Outside
Europe, they have obtained reference data for
the EORTC QLQ-C30 in Columbia and South
Korea.'>® Recently, Hinz et al.” published the
European reference values of the EORTC QLQ-C30
by summarizing six European general population
normative studies from four countries (Sweden,
Norway, the Netherlands and Germany). Fayers
compared reference data from Germany and the
Scandinavian countries and noticed some differ-
ences, which can be attributable to differences in
health status between these countries or to cultural
differences.’® Similar conclusions were made by
Scott et al. where they analysed the results of 106
clinical studies in order to assess international dif-
ferences in response to the questionnaire EORTC
QLQ-C30. Most response patterns were similar,
but the largest variations were found in the results
for Eastern Europe and East Asia.”

The aim of our study was to obtain reference
data of the EORTC QLQ-C30 quality of life dimen-
sions for the general Slovenian population. We in-
tend to provide the researchers and clinicians in our
country with the expected mean HRQL scores for
distinctive socio-demographic population groups,
which will allow them to estimate what the HRQL
in cancer patients would be, had they not been ill.

Patients and methods
Population sample

The study was conducted in the year 2011 and the
first half of the year 2012. The healthy individuals
were sampled from the Slovenian adult population,
aged between 18 and 90 years. All the participants
have provided an informed consent for participa-

tion in the study. All procedures performed in our
study were in accordance with, and with the ap-
proval of, the National Medical Ethics Committee
(No. 134/09/09, from 5.11.2009) and with the 1964
Helsinki declaration and its later amendments or
comparable ethical standards.

The random sample from the target population
of 1,650,000 was collected from two data sources:
(1) the copy of the Central Population Registry for
the age groups 50 — 69 kept by the Registry of the
National colorectal screening program SVIT (the
questionnaire was sent by ordinary mail together
with the screening invitation) and (2) the list of
visitors to the outpatient clinic at the Institute of
Oncology in Ljubljana (the questionnaires were
distributed to the relatives or companions of the
cancer patients).

The response rate in the first data source was
63%; 566 subjects returned the questionnaire out
of 898 selected. By the second approach, 787 ques-
tionnaires had been distributed to the relatives or
companions of the cancer patients, of which 731
answered questionnaires were returned (response
rate 93%). In total we collected 1,297 question-
naires, of which 66 were not included in the study
because some answers were missing or were not
clear. The final sample consists of 1,231 subjects.
The comparison with the national data provided
by the Statistical Office of the Republic of Slovenia®
shows that the collected sample is representative
for the general Slovenian population in respect of
age (p = 0.140) and gender (p = 0.582) (Table 1). To
check the representativeness by socio-demographic
variables our sample was compared with the pop-
ulation-based socio-economic variables obtained
in the Countrywide Integrated Noncommunicable
Diseases Intervention (CINDI) research, which was
conducted in Slovenia investigating the socio-eco-
nomic and geographic determinants in correlation
with the incidence of chronic non-infectious dis-
ease or unhealthy lifestyle.?! Our sample is repre-
sentative for the general population in respect of
education (p = 0.054), employment (p = 0.100), liv-
ing environment (p = 0.103) and geographical area
(p =0.260), but it is not comparable for marital sta-
tus (p <0.000) or social class (p < 0.000) (Table 1).

Questionnaires

The EORTC QLQ-C30 is a questionnaire assess-
ing individual HRQL during the previous week.
The EORTC QLQ-C30 has 30 items arranged into
nine scales (dimensions) and six single items. The
scales are divided into five function scales (physi-
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TABLE 1. Socio-demographic characteristics of the sample by gender and its comparisons with national averages?'2°

Men Women Total National reference p (chi
Number (%) Number (%) Number (%) (S,C)* (%) square)
Gender 0.582
Men 619 (50.3) 49.518
Women 612 (49.7) 50.5%
Age category 0.140
18-39 years 224 (36.2) 188 (30.7) 412 (33.5) 35.75
40-59 years 230 (37.2) 262 (42.8) 492 (40.0) 37.45
60-90 years 165 (26.7) 162 (26.5) 327 (26.6) 26.95
Marital status <0.000
With a partner 441 (71.2) 439 (71.2) 880 (71.5) 76.7¢
Single 178 (28.8) 173 (28.3) 351 (28.5) 23.3¢
Education 0.054
Elementary or less 107 (17.3) 101 (16.5) 208 (16.9) 16.7¢
Secondary school 346 (55.9) 298 (48.7) 644 (52.3) 55.4¢
More than secondary school 166 (26.8) 213 (34.8) 379 (30.8) 27.9¢
Employment 0.100
Employed 338 (54.6) 325 (53.1) 663 (53.9) 53.5¢
Unemployed 39 (6.3) 45 (7.4) 84 (6.8) 8.5¢
Not active 242 (39.1) 242 (39.5) 484 (39.3) 38.1¢
Living environment 0.103
Urban 187 (30.2) 235 (28.4) 422 (34.3) 31.5¢
Suburban 119 (19.2) 150 (24.5) 269 (21.9) 23.2¢
Rural 313 (50.6) 227 (37.1) 540 (43.9) 45.3¢
Geographical area 0.230
West 125 (20.2) 170 (27.8) 295 (24.0) 22.3¢
Central 179 (28.9) 194 (28.9) 373 (30.3) 29.9¢
East 315 (50.9) 248 (40.5) 563 (45.7) 47.8¢
Social class <0.000
Lower 214 (34.6) 189 (30.9) 403 (32.7) 42.2¢
Middle 340 (54.9) 351 (57.4) 691 (56.1) 47.9¢
Upper 65 (10.5) 72 (11.8) 137 (11.1) 9.9¢

*As a national reference the data from Statistical Office of the Republic Slovenia (S) and Countrywide Integrated Noncommunicable Diseases

Intervention in Slovenia (C) is applied.

cal, role, cognitive, emotional and social functions);
three symptom scales (fatigue, pain, nausea or
vomiting) and one global health-status/quality of
life dimension. The six single items address spe-
cific symptoms: dyspnoea, appetite loss, insomnia,
constipation, diarrhoea and a question addressing
the financial impact of the disease. Each item has
four response alternatives: 1) “not at all”, 2) “a lit-
tle” 3) “quite a bit” 4) “very much” except for the
global health-status/quality of life scale, which has
response options ranging from 1) “very poor” to 7)

Radiol Oncol 2017; 51(3): 342-350.

“excellent”. The questionnaire was officially trans-
lated into the Slovenian language.>%%

The subjects in our research also received a
questionnaire on their socio-demographic data,
including gender, age, marital status, education,
employment, social class, living environment and
geographical area. The categories of socio-demo-
graphic variables were adapted from the Slovenian
CINDI research.?! To facilitate the analysis some of
the categories were merged — the applied response
categories are presented in Table 1.
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TABLE 2. Mean scores (MS) with standard deviations (SD) for all scales and items by gender

Total Men Women
p (t-test)
MS SD MS SD MS SD
Global health status/quality of life 711 21.4 725 214 69.7 21.3 0.882
Physical functioning 91.8 14.0 93.3 12.6 90.3 15.1 <0.000
Role functioning 88.7 20.1 90.0 19.3 87.5 20.9 0.056
Emotional functioning 82.0 18.5 83.6 18.4 80.4 18.5 0.686
Cognitive functioning 90.2 16.0 90.2 16.3 90.2 15.7 0.760
Social functioning 90.9 17.3 91.6 16.9 90.2 17.8 0.094
Fatigue 19.8 19.8 17.4 19.3 222 20.0 0.769
Nausea/vomiting 3.3 10.6 3.0 10.2 35 11.0 0.116
Pain 145 20.2 13.1 19.6 16.0 20.8 0.134
Dispnea 5.3 15.3 5.0 14.7 5.7 15.8 0.087
Insomnia 19.8 25.1 16.8 23.9 22.8 25.9 0.056
Appetite loss 53 155 53 16.0 5.2 15.1 0.795
Constipation 6.9 16.9 4.6 13.8 9.2 19.3 <0.000
Diarrhoea 4.2 13.6 4.4 14.1 4.0 13.0 0.247
Financial problems 6.6 17.5 6.4 17.2 6.9 17.9 0.385

Statistical analysis

The answers recorded by the EORTC QLQ-C30
questionnaire were transformed into dimensions
ranged 0 — 100 according to the EORTC scoring
instructions.?? In all dimensions, where the linear
transformation includes multiple answers, inter-
nal consistency was proved adequate by a high
Cronbach alpha coefficient of reliability. The coeffi-
cients for the scales were as follows: global health-
status / quality of life 0.89, social functioning 0.86,
emotional functioning 0.83, physical functioning
0.80, role functioning 0.80, cognitive functioning
0.64, fatigue 0.80, nausea/vomiting 0.69 and pain
0.70.

The dimensions were considered as numeri-
cal variables and presented by mean and stand-
ard deviations. Socio-demographic characteristics
were analysed as categorical variables. The differ-
ences between genders in all scales were tested by
Student’s t test. The chi-square test was applied to
check if the collected sample is representative for
the general Slovenian population. The impact of so-
cio-demographic features on HRQL was assessed
by multiple linear regression models as suggested
by Hjermstadt.?* A separate model has been con-
structed for each dimension. The model constants
and the regression coefficients have been applied
in the calculation of the expected mean scores for

each socio-demographic population group using
equation 1:
Dimension score = n + YI_; b;X;, [Equation 1]
where X, (i=1,...,I) represents a particular socio-
demographic feature (expressed as dummy varia-
bles), b, represents the regression coefficient for the
i-th socio-demographic feature and n is the model
constant.
The values of p < 0.05 were considered as statis-
tically significant. All statistical analyses were per-
formed using SPSS (IBM SPSS Statistics, Version 21).

Results

There were 1,231 questionnaires eligible for analy-
sis. The subjects were made up of 50.3% men (619
persons) and 49.7% women (612 persons). Table 1
shows the socio-demographic data of the sample
divided by gender. The mean age was 48 (range 19
to 90 years). As in the general Slovenian popula-
tion, the majority of the subjects in the sample were
employed, had a secondary school education and
were living in the rural environment of Eastern
Slovenia. In comparison with the general popula-
tion in our sample, the individuals, on average, re-
ported a higher social class and there were signifi-
cantly more single living persons in our sample in
comparison with the national averages.
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TABLE 3. Regression coefficients with constants for all scales and items applied in the calculation of the expected mean scores according to gender,

age and social class in Slovenian population
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Men 18-39 years 40-59 years Lower social class Middle social class Constant
Global health status/quality of life -0.07 0.30 0.21 0.30 -0.12 715
Physical functioning -0.11 0.42 0.29 -0.25 -0.08 89.6
Role functioning -0.07 0.10 0.06 0.20 - 0.05 91.6
Emotional functioning -0.09 0.04 0.06 -0.11 0.00 83.7
Cognitive functioning 0.00 0.21 0.16 -0.15 - 0.06 88.6
Social functioning -0.04 0.17 0.12 -0.17 -0.03 90.6
Fatigue 0.13 -0.10 -0.12 0.19 0.05 16.8
Nausea/vomiting 0.03 0.03 -0.06 0.02 -0.08 4.5
Pain 0.07 -0.26 -0.17 0.19 0.05 15.7
Dispnea 0.02 -0.22 -0.15 0.09 -0.01 8.4
Insomnia 0.12 -0.18 -0.16 0.08 -0.01 21.9
Appetite loss 0.01 0.05 -0.04 0.09 -0.07 53
Constipation 0.13 -0.10 -0.05 0.08 0.05 4.8
Diarrhoea -0.02 -0.05 -0.02 0.00 -0.04 5.8
Financial problems 0.02 -0.08 -0.02 0.23 0.03 4.3

Scale and item scores

Table 2 shows mean values of EORTC QLQ-C30
scores for all scales and items. The distribution
of means is highly skewed since most subjects
reported no symptoms and the best functioning.
Men reported better global quality of life as well
as better physical, role, emotional and social func-
tioning. On the cognitive functioning scale there is
no difference between genders. Men also reported
less fatigue, nausea or vomiting, pain, dyspnoea,
insomnia, constipation and financial impact.
Women reported less diarrhoea and loss of appe-
tite. The described differences are not statistically
significant except for physical functioning, which
is significantly higher in men and obstipation,
which is significantly more prevalent in women.
However, as presented graphically in Figure 1, the
differences between genders are more prominent
in older age groups. The mean scores of the global
health-status/quality of life and specific functional
scales are consistently lower with age in both sexes.
However the decrease of mean scores with age, is
the highest in women evaluating physical and role
functioning. The mean scores of symptom scales
and single items increase with age. We observed
the highest increase in the mean score for women
when evaluating fatigue and pain. The mean score

Radiol Oncol 2017; 51(3): 342-350.

of nausea/vomiting, appetite loss and diarrhoea
did not change much with age.

The impact of socio-demographic
features

The impact of socio-demographic features on all
scales of HRQL was assessed by multiple linear
regression models. In our population gender, age
and social class have a critical impact on HRQL.
A separate model has been constructed for each
dimension; gender had an impact on 8 scales
of HRQL, age on 9 scales, education on 3 scales,
employment on 2 scales, living environment on 1
scale, marital status and geographical area on no
scale and social class on 10 scales.

Table 3 shows the regression coefficients with
model constants for all scales in relation to gen-
der, age and social class. These statistics are the in-
puts in the calculation of the expected mean score
of each scale according to gender, age and social
class. The universal model fitted is described by
equation 1. As an empirical example for the cal-
culation of expected mean scores for a particular
socio-demographic population group we apply
the case of women, aged 65 from the middle social
class. Their expected score for the scale physical
functioning is 89.52:
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Physical functioning score = — 0.11x0 + 0.42x0 + 0.29x0 — 0.25%0 — 0.08%x1 + 89.60 = 89.52

Values for dummies included in the model are
as follows: gender: men =1, agel: 18 -39 years =1,
age2: 40 — 59 years = 1, social class 1: lower class =1,
social class 2: middle class = 1.

Discussion

In this study we present the reference data of the
EORTC QLQ-C30 quality of life dimensions for the
general Slovenian population. The collected raw
questionnaire data are transformed into expected
mean HRQL scores for distinctive socio-demo-
graphic population groups. In the results we reveal
the expected mean score of only one single empiri-
cal example (women, 65, middle social class: 89.52)
- the complete table of all expected mean HRQL
scores for all significant socio-demographic popu-
lation groups is too complex and was, in order to
keep the focus on the primary aim of the study, de-
liberately not added to the paper. Still, as a part of
our entire research project, all the expected mean
HRQL scores for any significant socio-demograph-
ic population group were prepared and are freely
available to Slovenian oncologists in a suitable for-
mat to be used in everyday practice.

The suggested comparison of scores measured
in cancer patients and the obtained Slovenian av-
erage values will enable better clinical interpreta-
tion of disease progress and treatment effects. The
quality of life in Slovenian cancer patients could be
monitored objectively, excluding the impact of im-
portant socio-demographic factors. As established
in several papers so far'®'%, to avoid over- or under-
estimation of the mean score difference it is essen-
tial to use the population-specific norms incorpo-
rating each country’s socio-economic characteris-
tics. Alternatively, the expected mean scores could
be used in a clinical practice as baseline individual
HRQL scores, since newly diagnosed patients can
already have disease symptoms and psychologi-
cal problems affecting the results of the question-
naire.'

The expected mean scores have been calculated
by identical multiple linear regression models as
described in equation 1 and as already proposed
by Hjermstad.?® The relationship between the vari-
ables and scale or item scores in our data was gen-
erally linear. There were some non-linear compo-
nents in the age/fatigue and age/pain association
which could be expressed in an additional Age?
component in the regression models as suggested

by Schwartz.!! For simplicity and clarity reasons we
decided to omit this quadratic term and further on
to assume equal independent variables (the socio-
demographic feature) for all scales, even though
some of the factors do not contribute to some of the
scales at all. However, for the final linear model,
only the three most influential variables were se-
lected: gender, age and social class.

The results of our study considering age and
gender distribution were similar to the results con-
ducted in the other European countries and else-
where in the world.>”1¢ Some important but mostly
statistically insignificant gender differences were
identified in Slovenian population: men reported
better quality of life on the majority of the specific
scales and, at the same time, reported fewer symp-
toms. On the other hand, women reported less ap-
petite loss and diarrhoea. We didn’t observe any
gender-specific difference on cognitive function-
ing. In the Norwegian study, which was the first
to be conducted on a sample of the general pop-
ulation, men reported better quality of life on all
scales and fewer symptoms.® Similar results were
observed in the German study — men reported bet-
ter quality of life on all scales and fewer symptoms
in comparison to women.!! In the last study from
Denmark, which was published in 2014, the better
quality of life assessed by men was not so obvious.
Men reported better physical functioning, less in-
somnia and constipation, whereas women report-
ed better social functioning and less dyspnoea.’

In our study we observed that all scales dete-
riorated with age. Older subjects also reported
more symptoms. The only exception is emotional
functioning where there was no age-dependent
fall. Similarly, emotional functioning was not age-
dependent also in three Scandinavian studies3°8,
but in the German population there was a slight
decrease of emotional functioning in the older
age groups.!! In the comparison of the German,
Norwegian and Sweden HRQL scores Fayers!®
noticed that in Germany there is a steeper age-de-
pendent decline in the mean score for the global
quality of life, ending at far lower scores in older
patients, compared to the Scandinavian results.
A similar difference was noticed with the fatigue
scale. In the Slovenian population we noticed a
similar fall in the mean score of the global health-
status/quality of life scale and a similar increase of
the mean score of the fatigue scale as in the German
study. As the Slovenian scores of most scales are
more similar to the German results, we can assume
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FIGURE 1. Mean scores of all scales divided by sex (grey - women, black - men).

our cultural environment and health status is more
similar to the Germans than to the Scandinavians.
In Slovenia we have been following the impact
of demographic, socio-economic and geographic
features on the incidence of chronic non-infectious
diseases and health-related lifestyle for more than
a decade.?! Furthermore we have investigated the
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impact of the socio-demographic determinants
on the cancer incidence in Slovenia — in the socio-
economically more deprived regions in the eastern
part of the country there is higher incidence of head
and neck tumours but less female skin melanoma
and breast cancer.* Yet another study in Slovenia
confirmed the higher prevalence of poor self-rated
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health in individuals from lower self-assessed so-
cial class.” As, when resuming all this research, the
socio-demographic determinants have an impact
on the incidence of non-infectious disease, cancer
and on self-rated health in Slovenia, we assumed
that determinants could also affect the HRQL.
Besides gender and age we have tested the influ-
ence of six additional socio-demographic variables
on HRQL in the general Slovenian population — it
turned out that only self-assessed social class has
a significant impact on HRQL in our population.
On the contrary, Hjermstadt and Juul showed that
education, employment status, marital status and
living environment have a significant influence on
at least some HRQL scores in the Norwegian and
Danish populations respectively.>

Although gender, age and other socio-demo-
graphic features are important confounders in nor-
mative as well as in clinical quality of life scores
it seems that morbidity has a distinct impact on
all functional scales and should be considered as
a strong confounder in all quality of life evalua-
tions.® The impact of associated health problems
on HRQL can sometimes be higher than late treat-
ment effect in cancer patients.?® In this study we
have not investigated whether HRQL in the gen-
eral Slovenian population depends on morbidity.
However we believe that worsening of HRQL with
age should be explained by the fact that physical
strength and vital function deteriorate with age as
the elderly have more pain, insomnia and dispnea
which all are a consequence of more morbidity.
Surely the impact of morbidity on HRQL in our
population will be the field of our further surveys.

In conclusion, in this study we have derived, by
common methodology, the Slovenian HRQL nor-
mative values. Gender, age and self-rated social
class are the important confounders in the quality
of life scores in our population. The expected mean
scores reported could be used as a reference in
the clinical interpretation of disease progress and
treatment effects. Finally, our study is the first to
report the normative EORTC QLQ-C30 scores for
one of the south-eastern European populations and
can easily be included in any further international
comparisons or in the calculation of European
summarized scores.
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Background. The aim of the study was to analyse of two-year loco-regional failure free survival (LRFFS), distant me-
tastasis free survival (DMFS), overall survival (OS), and toxicity outcomes of the first 100 nasopharyngeal carcinoma
patients in Thailand treated by helical tomotherapy.

Patients and methods. Between March 2012 and December 2015, 100 patients with non-metastatic nasopharyn-
geal carcinoma were treated by helical tomotherapy. All patients were treated by platinum-based concurrent
chemoradiotherapy and adjuvant or neo-adjuvant chemotherapy.

Results. The median age was 51 years (interquartile ranges [IQR]: 42.5-57.0). The mean * SD of D95% of planning
target volume (PTV) 70, 59.4 and 54 were 70.2 £ 0.5, 59.8 + 0.6, and 54.3 + 0.8 Gy, respectively. The mean + SD of con-
formity index, and homogeneity index were 0.89 + 0.13 and 0.06 + 0.07. Mean + SD of D2 % of spinal cord and brainstem
were 34.1 + 4.4 and 53.3 6.3 Gy. Mean + SD of D50 of contralateral and ipsilateral parotid gland were 28.4 + 6.7 and
38.5+11.2 Gy. At a median follow-up of 33 months (IQR: 25-41), the 2-year LRFFS, DMFS, OS were 94% (95%CI: 87-98%),
96% (95% CI: 89-98%), and 99% (95% Cl: 93-100%), respectively. Acute grade 3 dermatitis, pharyngoesophagitis, and
mucositis occurred in 5%, 51%, and 37%, respectively. Late pharyngoesophagitis grade 0 and 1 were found in 98% and
2% of patients. Late xerostomia grade 0, 1 and 2 were found in 17%, 78% and 5%, respectively.

Conclusions. Helical tomotherapy offers good dosimetric performance and achieves excellent treatment outcome
in nasopharyngeal carcinoma patients.

Key words: nasopharynx; cancer; helical tomotherapy

Introduction

Helical tomotherapy is an intensity-modulated
radiotherapy (IMRT) dedicated system with an
integrated megavoltage computed tomography
(MVCT) scanner for patient position verification.
The helical IMRT is able to produce highly confor-

Radiol Oncol 2017; 51(3): 351-356.

mal dose distribution to large and complex target
volumes such as in nasopharyngeal carcinoma and
other head and neck cancers. Helical tomotherapy
can lower the mean dose to the salivary glands, with
improved dose homogeneity and conformity com-
pared to other IMRT techniques.™ In our centre,
step and shoot IMRT was the standard radiother-
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apy technique in most nasopharyngeal carcinoma
patients with curative intent treated since 2000. The
helical tomotherapy unit, Hi-ART II (TomoTherapy
Inc.,, Madison, WI) has been installed in March
2012. The aim of this study was to assess the treat-
ment outcome in terms of loco-regional failure free
survival (LRFFS), distant metastasis free survival
(DMFS), overall survival (OS), and treatment tox-
icities of the first 100 non-metastatic nasopharyn-
geal carcinoma patients treated by this technique.
Dosimetric details were also reported.

Patients and methods

We reviewed the first 100 patients with newly-di-
agnosed non-metastatic nasopharyngeal carcino-
ma patients treated with curative intent by helical
tomotherapy between April 2012 and December
2015. Pretreatment evaluations consisted of physi-
cal examination, pre-treatment dental evaluations,
and laboratory studies. Good bone marrow, renal,
and liver function tests were required. Contrast en-
hanced computer tomography (CT) scan or mag-
netic resonance imaging (MRI) of the nasopharynx
and the neck region, chest x-ray, and bone scan
were performed. The diseases were staged accord-
ing to the American Joint Committee on Cancer
Staging 2010, 7t edition.®

Target delineation was done according to RTOG
0225.7 The gross target volume (GTV) included the
primary tumour and nodes larger than 1 cm in
diameter or nodes with necrotic centres. Clinical
target volume 70 (CTV 70) was equivalent to the
GTV plus 5 mm margin. CTV 59.4 was defined as
CTV 70 plus entire nasopharynx with retropharyn-
geal lymph nodes, pterygoid fossa, parapharyngeal
space, inferior sphenoid sinus, posterior third of
the nasal cavity and maxillary sinuses, skull base,
and high risk nodal groups (upper deep jugular,
subdigastric, midjugular, posterior cervical, and re-
tropharyngeal lymph nodes). CTV 54 included the
lower jugular and supraclavicular lymph nodes.
Planning target volume (PTV) was created by add-
ing a circumferential margin of 5 mm to each CTV.
We also contoured the critical organs at risk such as
bilateral parotid glands, brainstem, spinal cord, op-
tic nerves and chiasm. For planning, the helical to-
motherapy Planning Station (Hi-Art Version 4.2.3.9
TomoTherapy Inc., Madison, WI) was used with a
Field Width (FW) of 5.02 cm, a Pitch Factor (PF) of
0.287, and a Modulation Factor (MF) of 3.0. ICRU83
recommendations were implemented for the opti-
mization procedure. The dose prescriptions in our
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simultaneous integrated boost technique (SIB) were
70 Gy for PTV 70 at 2.12 Gy/fraction, 59.4 Gy for
PTV 59.4 at 1.8 Gy/fraction, and 54 Gy for PTV 54
at 1.64 Gy/fraction. Treatment was delivered in five
fractions per week for a total of 33 fractions.

Acute adverse events of concurrent chemo-
radiotherapy were evaluated at weekly visits us-
ing version 3.0 of the National Cancer Institute
Common Terminology Criteria for Adverse Events
(NCI-CTCAE).? Patients were evaluated for disease
control, survival, and late toxicities of radiotherapy
at 2-3 month intervals for the first 2 years, at 3-6
month intervals between the third and fifth year.
Late toxicities were assessed by the RTOG/EORTC
late radiation morbidity scoring system.® At every
visit fiber-optic endoscopy by an otolaryngologists
has been done. CT scan of the neck was performed
every 6 months in the first 2 years and annually
thereafter.

OS and LRFFS were estimated using the Kaplan-
Meier method. OS was defined as the time from
beginning of treatment to the date of death of any
cause. LRFFS was defined as the time between be-
ginning of treatment and local or regional recur-
rence/progression, or death due to nasopharyngeal
cancer or due to unknown causes with undocu-
mented site of failure. DMFS was defined from
beginning of treatment to the date of diagnosis of
distant metastases. P-values <0.05 were considered
statistically significant, and all P values reported in
this article are two-sided values, determined using
Stata version 11 (StataCorp LP, College Station, TX,
USA).

The results presented herein resulted from a
retrospective study based on the analysis of medi-
cal records. This study was approved by the Ethics
committee of Faculty of Medicine, Chiang Mai
University.

Results

A hundred non-metastatic nasopharyngeal car-
cinoma patients have been treated with curative
intent by helical tomotherapy. Baseline character-
istics are shown in Table 1. The median age was 51
years (interquartile ranges [IQR]: 42.5-57.0). Most
patients (66%) had undifferentiated non-keratiniz-
ing nasopharyngeal carcinoma.

Treatment protocols for nasopharyngeal carci-
noma in our centre include concurrent chemoradi-
otherapy plus either 3 cycles of induction chemo-
therapy (IC) or 3 cycles of adjuvant chemotherapy
(AC). Of the 100 patients, all of them received
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TABLE 1. Patient and treatment characteristics

Values
Characteristics N=100
N (%)
Gender
Female 38 (38%)
Male 62 (62%)
Histological subtype
Keratinizing 2 (2%)
Non-keratinizing; differentiated 32 (32%)
Non-keratinizing; undifferentiated 66 (66%)
Stage
Il 23 (23%)
Il 45 (45%)
IVA 21 (21%)
VB 11 (11%)
Tstage
T1 28 (28%)
T2 30 (30%)
13 20 (20%)
T4 22 (22%)
N stage
NO 5 (5%)
N1 30 (30%)
N2 54 (54%)
N3a 7 (7%)
N3b 4 (4%)
Dose statistic
D95% of PTV70, mean (SD) 70.2 (0.5)
D95% of PTV59.4, mean (SD) 59.8 (0.6)
D95% of PTV54, mean (SD) 54.3 (0.8)
Conformity index (Cl), mean (SD) 0.89 (0.13)
Homogeneity index (HI), mean (SD) 0.06 (0.07)
D2% of spinal cord, median (SD) 34.1 (4.4)
D2 cc of brainstem, mean (SD) 53.3 (6.3)
D50 of ipsilateral parotid gland, mean (SD) 38.5 (11.2)

D50 of contralateral parotid gland, mean (SD) 28.4 (6.7)

platinum-based concurrent chemoradiotherapy,
either weekly cisplatin 40 mg/m? x 6 cycles (53%),
cisplatin 70 mg/m? every 21 days x 3 cycles (11%),
or weekly carboplatin 100 mg/m? x 6 cycles (36%).
Forty-one patients (41%) received 3 cycles of IC, be-
cause of N2 and N3a disease in 29% and because
of a waiting time for radiotherapy of more than
6 weeks in 15% of patients. Thirty patients (30%)
received IC with PF regimen (cisplatin 100 mg/
m? on day 1 or carboplatin with area under curve
(AUC) 5 on day 1 plus 5-FU 1000 mg/m?/d in day
1-4 every 21 days). Eleven patients (11%) received
IC with TPF regimen (cisplatin 75 mg/m? on day
1, docetaxel 75 mg/m? on day 1, 5-FU 750 mg/m?/d
in day 1-4 every 21 days). We performed CT scan
after 3 cycles of IC for response evaluation and
planning radiotherapy. Fifty-nine patients (59%)
received AC with PF regimen (cisplatin 100 mg/
m2 on day 1 plus 5-FU 1000 mg/m2/d in day 1-4
every 21 days in 23 patients and carboplatin with
area under curve (AUC) 5 on day 1 plus 5-FU 1000
mg/m?/d in day 1-4 every 21 days in 36 patients).

FIGURE 1. Kaplan-Meier estimate of loco-regional failure free
survival (LRFFS).

FIGURE 2. Kaplan-Meier estimate of distant metastasis free
survival (DMFS).

FIGURE 3. Kaplan-Meier estimate of overall survival (OS).

With a median follow up time of 33 months (in-
ter-quartile range, IQR: 25-41 months), the 2-year
LRFFS, DMEFS and OS rates were 94%, 96%, and
99% respectively (Figures 1-3). Ninety-nine pa-
tients were alive at the last follow up of whom 84
patients without any evidence of disease. No pa-
tients developed second primary cancer.

Radiol Oncol 2017; 51(3): 351-356.
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TABLE 2. Comparative studies of outcome and toxicities in NPC treated by HT concurrent with chemotherapy

Median s Severe toxicity (grade > 2)
Study Follow up of CCRT LRFFS DMFS os Acute Acute Acute Acute Late
(Range) (%) (%) (%) (%) Dermatitis ~ Mucositis ~ Pharyngitis ~ Xerostomia ~ Xerostomia
(oeiit) (%) (%) (%) (%) (%)
Wong et al. 22 34 (9-50) 70 (%3)'/?) (836)'/?) gﬁ) 67.4 23
Wolden et 91 78
al. 23 35 (3-74) 93 3y () . .
Kam et al. 24 29 (8-45) 30 (39§r) (3730 (3930 ; 92 75 23 (2 y1)
89.3 84.7 80.2 4.4
Lee etal 7 31 (6-55) 65 em W @ . (@raded) 3.1
Tham et al. 25 365 100 (933;) - - - 29 - 3
Lee et al. 26 31 (7-22) 75 ’ 4930 ’ 4630 ’ 4830 ; 94 25(2y1)
. 100
Liu et al. 27 13 (8/18) 58 (13 M) 5 79 - 5
Wang etal. 28 47.1 (11-68) 83 ( 49;) ( 4830 36;) - 33.3 4.7 12.3 @2y
Sultanem et 100 57 94 51
al. 27 21.8 (5-49) 91 4y (4yr) (4yr) . (grade3)
Du et al. 20 32 (3-38) 64 (26;) (39;2") éﬁﬁ) 47 3.2 ; 0
Leung etal. 17 41 (0.2-67) 62.5 (59)7”) (24)',?) 0 4 ; ; 0
92.2 92.7 93.2 0.5
Du et al. 21 23.7 (12-38) 100 e e e 53 9.1 (grade 3) 0
Zhang et al. 100 95.2 88.1 93 7 814
30 - cetuxima 2yr 2yr 2yr grade3 grade3
48 (41.7-58) b d d
94 96 99 37 51 5
Our Study 33 (25-41) 100 @y @yn @2yn 5 (grade3) (grade 3) ) (grade 3)

CCRT = concurrent chemoradiotherapy; DMFS = distant metastasis free survival; LRFFS = locoregional failure free survival, M = month; 0S = overall survival; Yr = year

Acute and late toxicities of our study are
shown in the bottom of Table 2. Acute grade 3
Pharyngoesophagitis and mucositis occurred in
51% and 37% respectively, responsible for a weight
loss of more than 15% from baseline in 42 patients
(42%) and with a nasogastric (NG) tube inser-
tion in 10 patients (10%, in all during concurrent
chemoradiotherapy). Five patients (5%) had grade
3 acute radiation dermatitis. No patient died dur-
ing concurrent chemoradiotherapy. Late pharyn-
goesophagitis was of grade 1 and was registered
in only 2% of the patients. We also found grade 1,
2 and 3 late xerostomia in 17%, 78% and 5% of the
patients, respectively.

Dosimetric parameters related to conformity,
homogeneity and organ at risk (OAR) sparing are
presented in Table 1. All helical tomotherapy plans
showed satisfactory conformity index and homoge-
neity index, being 0.89 + 0.13 and 0.06 + 0.07, respec-
tively. Mean + SD of D2% of spinal cord and brain-
stem were 34.1 + 4.4 and 53.3 + 6.3 Gy. Mean + SD
of D50 of contralateral and ipsilateral parotid gland

Radiol Oncol 2017; 51(3): 351-356.

were 28.4+6.7 and 38.5 + 11.2 Gy. The mean beam on
time was 3.91 minutes (range = 3.53—4.21 minutes).

Discussion

Several studies have shown the benefits of IMRT,
which can reduce dose to the surrounding organs
at risk, mainly the parotids, and also allows for
dose escalation to the tumour.!*!* The use of daily
image-guided radiotherapy (IGRT) is necessary
in locally advanced nasopharyngeal carcinoma
patients in order to reduce marginal miss due to
the very steep dose gradients towards the critical
structures.’

Helical tomotherapy integrates both techniques,
IMRT and IGRT, in one machine. Although rand-
omized studies!*? found level 1 evidence of supe-
riority of static beam IMRT over classical 2- and
3-dimensional RT in terms of xerostomia, such
evidence is missing for the rotational IMRT tech-
niques, Helical tomotherapy being one of them.
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So clinical evidence is warranted. The study from
Leung et al.?! demonstrated outstanding 5 year
disease control with acceptable toxicity for naso-
pharyngeal carcinoma treated by helical tomother-
apy. Du et al. also reported excellent 3-year LRC,
DMES, and OS with minor acute and late toxicities
with helical tomotherapy.?? The present data inves-
tigated the first 100 nasopharyngeal carcinoma pa-
tients treated by helical tomotherapy in Thailand.
Our short term 2-year results are excellent with
a LRFFS, DMFS, and OS of 94%, 96%, and 99%,
respectively. This is comparable to the results re-
ported from IGRT studies?-» and other IMRT stud-
ies’?1-32 as shown in Table 2. Moreover, we have
excellent results although more than three thirds
(77%) of our patients had stage III to IVB disease.
We considered the parotid glands as the most
important OARs in regard to quality of life of our
patients. We followed RTOG 0225 protocol” in that
the mean dose less than or equal to 26 Gy should be
achieved in at least 1 gland. This could reduce the
degree of xerostomia and therefore we tried to keep
the Dmean under 26 Gy whenever possible. Helical
tomotherapy offered very good preservation of this
organ as also shown by Van Gestel et al. who re-
ported a parotid Dmean with helical tomotherapy
of 21.7-24.1 Gy in an oropharyngeal cancer plan-
ning study* and of 24.7 Gy as found by Broggi et al.>
Specific for nasopharyngeal carcinoma treated by
helical tomotherapy, Yao et al.® reported parotid
glands Dmean of 30 Gy, whereas Du et al.?® used
simultaneous modulated accelerated radiation
therapy via helical tomotherapy and found that pa-
rotid gland Dmean of left and right side were 31.2
Gy and 31.0 Gy, respectively. Finally, Leung et al.
reported a very low 22.1 Gy and 20.7 Gy of Dmean
of the ipsilateral and contralateral parotid gland,
respectively.?t Our study had slightly higher D50
of ipsilateral and contralateral parotid glands than
the previous studies with 38.5 Gy and 28.4 Gy, re-
spectively. This could be explained by the fact that
95% of patients in our study were node positive, of
whom 60% had > N2 disease. Despite the higher
mean dose to both parotid glands, 2 year late grade
2 xerostomia only occurred in 5% of our patients,
with no grade 3 or 4 reported. This 5% is consistent
with the studies by Wong et al.?, Lee et al.”, and Lee
et al.”® but is lower than the severe late xerostomia
reported by Wang et al.*° and Kam et al.%%, as shown
in Table 2. In our study, acute radiation related
side effects were mainly pharyngoesophagitis and
mucositis. Grade 3 acute pharyngoesophagitis
was the most common toxicity, higher than in the
study of Du et al.® However the patients in their

study received concurrent treatment in 87% with
different chemotherapy regimen and some of them
received concurrent anti-EGFR therapy, whereas
100% of our patients received concurrent treatment
with chemotherapy. Moreover, we found that our
chemotherapy schedule had higher dose intensity
compared to their study. However late pharyngoe-
sophagitis was found in only 2% of our patients,
and was only grade 1. Grade 3 acute mucositis was
less severe and of lower incidence than in other
studies as shown in Table 2.2426293132 Grade 3 acute
radiation dermatitis was found in 5% of our pa-
tient, these numbers are comparable to those from
other series.???232 Other OARs such as brainstem
and spinal cord, could be treated within the dose
constraint limits.

It has been reported that helical tomotherapy
provided excellent conformity and homogene-
ity index in the treatment of nasopharyngeal car-
cinoma and other head and neck cancers.??* We
achieved excellent dose coverage of the three PTVs
with homogeneity index and conformity index
comparable to the other studies.

We conclude that helical tomotherapy achieved
good target coverage in nasopharyngeal cancer pa-
tients with favorable dose profile to most of OARs.
As such helical tomotherapy achieved favorable
2-year locoregional failure free survival, distant
metastasis free survival, and overall survival, with
an acceptable rate of moderate and severe acute
toxicities, but minimal rate of late toxicities.
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Background. With introduction of immunotherapy (IT) into the treatment of advanced non-small-cell lung cancer
(NSCLC), a need for predictive biomarker became apparent. Programmed death ligand 1 (PD-L1) protein expression
is most widely explored predictive marker for response to IT. We assessed PD-L1 expression in tumor cells (TC) and im-
mune cells (IC) of squamous-cell carcinoma (SCC) and adenocarcinoma (AC) patients.

Patients and methods. We obtained 54 surgically resected tumor specimens and assessed PD-L1 expression by
immunohistochemistry after staining them with antibody SP142 (Ventana, USA). Clinicopathological characteristics
were acquired from the hospital registry database. Results were analyzed according to cut-off values of 2 5% and =
10% of PD-L1 expression on either TC or IC.

Results. 29 (54%) samples were AC and 25 (46%) were SCC. PD-L1 expression was significantly higher in TC of SCC
compared to AC atf both cut-off values (52% vs. 17%, p = 0.016 and 52% vs. 14%, p = 0.007, respectively) no difference
in PD-L1 expression in IC of SCC and AC was found. In AC alone, PD-L1 expression was significantly higher in IC com-
pared to TC af both cut-off values (72% vs. 17%, p < 0.001 and 41% vs. 14%, p = 0.008, respectively), while no significant
difference between IC and TC PD-L1 expression was revealed in SCC.

Conclusions. Our results suggest a significantly higher PD-L1 expression in TC of SCC compared to AC, regardless of
the cut-off value. PD-L1 expression in IC is high in both histological subtypes of NSCLC, and adds significantly to the
overall positivity of AC but not SCC.

Key words: lung cancer; squamous-cell lung cancer; adenocarcinoma; tumor cells; immune cells; PD-L1 expression

Introduction nivolumab failed to deliver the same, the main
difference probably being patient selection criteria

Immunotherapy with checkpoint inhibitors (CPIs)  in the clinical trials.”® Patients that benefit from im-

is becoming a new standard of treatment for meta-
static non-small cell lung cancer (NSCLC) patients.
Thus far, three agents, two anti-PD-1 inhibitors and
one PD-L1 inhibitor, have proven antitumor effica-
cy in terms of improved response rates and overall
survival compared to standard chemotherapy in the
second-line setting, namely nivolumab, pembroli-
zumab and atezolizumab.* Moreover, pembroli-
zumab also showed survival advantage over stand-
ard chemotherapy in the first-line setting, while

Radiol Oncol 2017; 51(3): 357-362.

mune checkpoint inhibitors have durable responses
with mild toxicities that are mostly immune-relat-
ed. However, only about 20% of unselected NSCLC
patients actually respond to these therapies.>!
Until now, PD-L1 (programmed death ligand
1) protein expression determined by immunohis-
tochemistry (IHC) has been most widely explored
as a putative predictive biomarker for response to
CPIs in cancer, also in NSCLC. The PD-L1 expres-
sion can be explored on tumor cells (TC) and or tu-

doi:10.1515/raon-2017-0037
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mor-infiltrating immune cells (IC).12 In NSCLC,
PD-L1 expression was mainly evaluated on TC,
while data on PD-L1 expression on IC is scarce
and its importance is yet to be validated.!%!31¢ In
general, higher PD-L1 expression correlated with
higher overall response rates (ORRs) and conse-
quently better overall survival (OS) across majority
of clinical trials. This was demonstrated in clini-
cal trials assessing activity of pembrolizumab and
atezolizumab in histologically unselected NSCLC
and nivolumab in non-squamous lung carcinoma
(non-SCC).%¢ On the contrary, in the trial studying
nivolumab activity exclusively in squamous-cell
lung carcinoma (SCC) no major differences in ef-
ficacy were observed regarding PD-L1 expression.!
So there seems to be a vital difference between
PD-L1 expressions in major subtypes of NSCLC,
which makes them react differently to CPIs. One
possible reason is that mutational burden is prob-
ably higher in patients with SCC, which might be
related to their smoking status.!”!8

PD-L1 expression determination is also subject-
ed to antibody clone, assay platform and cut-off
values used in a particular study. In drug develop-
ment programs, specific diagnostic tests, including
antibody clone and staining platform have been
used and validated for each particular PD-L1/PD-
1 inhibitor.!*!2 Substitutability of these tests and
antibodies is still uncertain. Harmonization trials
addressing the question of interchangeability be-
tween them showed no major differences consider-
ing certain antibodies with only outlying of SP142
antibody being less sensitive for TC, but not for
IC staining, compared to other antibodies.’>1¢ The
importance of tissue specimen selection seems to
be vital, since data suggest that PD-L1 expression
in tumor tissue is indeed heterogeneous and small
biopsy specimens showed lower PD-L1 positivity
compared to surgical resection specimens.?”

Within this research, we studied PD-L1 expres-
sion in tumor resection specimens, in TC and IC,
of two most common NSCLC histology subtypes
- adenocarcinoma (AC) and SCC.

Patients and methods
Patient selection

This prospective study was conducted on surgical
specimens from patients with primary operable
NSCLC, diagnosed and treated at the University
Clinic Golnik from 2006-2015. The specimens were
collected and stored at the Laboratory of pathology
at the same clinic. Tumor specimens of consecutive

Radiol Oncol 2017; 51(3): 357-362.

patients diagnosed with squamous-cell carcinoma
and adenocarcinoma were included.

Patient characteristics

Baseline clinicopathological characteristics, such as
age at diagnosis, sex and smoking status were ob-
tained from the University Clinic Golnik hospital
lung cancer registry database.

Smoking status categories were divided into
current smoker, never smoker and former smok-
er, the latter defined as a person that quit smok-
ing more than a year before the initial diagnosis of
lung cancer.

This study was conducted according to the
Declaration of Helsinki and was approved by
National Ethics Committee (approval number
40/04/12).

Tumor tissue

The specimens were formalin-fixed, paraffin em-
bedded (FFPE), sliced into 4 pm sections and
stained for PD-L1 with a rabbit monoclonal anti-
body SP142 (Ventana/Roche, USA) on an automat-
ed platform (Benchmark, Ventana/Roche, USA).
Three independent investigators (LK., U.J. and
L.C.) examined whole slices without prior knowl-
edge of the clinicopathological features of the pa-
tients. The presence of IC (yes/no) was evaluated
for each individual specimen. Percentage of PD-L1
positive immunohistochemical reaction was evalu-
ated in TC and IC, ranging from 0-100%, regardless
of staining intensity. The staining of TC on the cell
membrane was regarded as positive, whereas I1C
showed PD-L1 positive reaction in the cytoplasm.
Human placenta was also immunostained as a con-
trol tissue for PD-L1 expression. The results were
then statistically analyzed for two preplanned cut-
off values, namely 5% or higher and 10% or higher
PD-L1 expression in either TC or IC.

Statistical considerations

Statistical analyses were performed using SPSS v22
software. Inter-rater agreement of PD-L1 expres-
sionin TC and IC was evaluated using Fleiss kappa.
PD-L1 expression in either TC or IC was evaluated
for unconditional association with the dependent
variables using a Chi-square test for categorical
data and t-test for continuous data. Association be-
tween expression in TC and IC was evaluated with
McNemar test. In all analyses the p value of < 0.05
was considered statistically significant.
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Results

A total of 54 tumor samples were examined, 29 of
them (54%) were AC and 25 (46%) were SCC. The
majority of samples were retrieved from male pa-
tients 34 (63%) and 20 (37%) from female. The mean
(SD) age at diagnosis was 62.4 (8.6) years. Most of
the patients were smokers (46%) or ex-smokers
(39%). Patient characteristics are listed in Table 1.

PD-L1 positive reaction in either TC or IC is
shown in Figure 1. In TC, the expression of PD-L1
was equal or higher than 10% in 17 samples, be-
tween 5% and 10% in only 1 sample, lower than 5%
in 14 samples and completely absent in 22 samples.
The inter-rater agreement in this case was almost
perfect (x = 0.89; p < 0.001 at 5% cut-off value).
Significantly higher rates of TC PD-L1 positivity
were determined in SCC than in AC, at both 5%
and 10% cut-off values (52% vs. 17%; p = 0.016 and
52% vs. 14%; p = 0.007, respectively). The propor-
tion of PD-L1 positivity in TC of AC and SCC is
depicted in Figure 2.

Compared to the expression in TC, PD-L1 was
more often present in IC. PD-L1 expression in IC
was equal or higher than 10% in 28 samples, be-
tween 5% and 10% in 12 samples, lower than 5% in

®

TABLE 1. Clinicopathological patient characteristics

Total N = 54
Histology

Squamous-cell carcinoma 25 (46%)

Adenocarcinoma 29 (54%)
Sex

Male 34 (63%)

Female 20 (37%)
Age (years)

Mean (SD) 62.4 (8.6)

Smoking status

Current smoker 25 (46%)
Former-smoker (>1 year) 21 (39%)
Non-smoker 0 (0%)

Unknown 8 (15%)

6 samples and completely absent in 8 samples. In
this case the inter-rater agreement was lower as in
the determination of TC (x=0.12; p=0.119 at 5% or
higher cut-off value). There were no significant dif-
ferences observed in IC PD-L1 positivity rates be-

©

FIGURE 1. PD-L1 expression in NSCLC. Positive membranous reaction in tumor cells in adenocarcinoma (A), and squamous-cell
carcinoma (B), positive cytoplasmic reaction in immune cells (C), negative reaction in adenocarcinoma (D).

Radiol Oncol 2017; 51(3): 357-362.
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TABLE 2. PD-L1 positivity according to histology for cut-off value of 5% and higher and 10% and higher

PD-L1 positivity (cut-off 2 5%)

PD-L1 positivity (cut-off 2 10%)

Tumor
specimens TCorlC TC IC p value TCorlC C IC p value
N N (%) N (%) N (%) TCvs. IC N (%) N (%) N (%) TCvs. IC
Total 54 43 (80) 18 (33) 40 (74) 31 (57) 17 (31) 28 (52)
Adenocarcinoma 29 21 (72) 5 (17) 21 (72) < 0.001 12 (41) 4 (14) 12 (41) 0.008
Squamous-cell carcinoma 25 22 (88) 13 (52) 19 (76) 0.146 19 (76) 13 (52) 16 (64) 0.508

IC =immune cells; TC = tumor cells. Stafistically significant results are in bold.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

= Adenocarcinoma (N=29)

p=0,166

= Squamous-cell carcinoma (N=25)

FIGURE 2. Proportions of PD-L1 positive samples of adenocarcinoma and squamous-
cell carcinoma in tumor cells (TC) and immune cells (IC) at pre-defined cut-off
values (= 5% and = 10%) with corresponding p values.

tween SCC in AC samples at both 5% and 10% cut-
off values (76% vs. 72%; p = 0.764 and 64% vs. 41%;
p = 0.166, respectively) (Figure 2). However, while
at the lower cut-off level of 5% the PD-L1 expres-
sion in IC was similar in AC and SCC samples, the
numerically higher, but not statistically significant,
higher PD-L1 positivity rate was observed in SCC.
At the same time, this PD-L1 expression in IC was
the only noticed difference in PD-L1 expression by
predefined cut-off values. (Figure 2)

Higher levels of expression of PD-L1 were ob-
served in IC than in TC. Approximately one third
of samples were PD-L1 positive in TC irrespective
of the cut off level, compared to more than half of
the samples that were positive in IC at 10% cut-off
and three quarters at 5% cut-off. The difference in
expression between IC and TC reached the level of
significance in AC, but not in SCC at both cut-of
values (Table 2).

The total PD-L1 positivity rate (either in TC or
IC) was the same as determined for IC in AC, irre-
spective of the cut-off value, since all of the positive
TC samples were also IC positive. In SCC the total
positivity rate was slightly higher than the rates
observed in IC, since three samples that were TC

Radiol Oncol 2017; 51(3): 357-362.

positive, were IC negative, irrespective of the cut-
off value (Table 2).

Histology was associated with different PD-L1
expression in our 54 samples. In total, the samples
obtained from SCC patients were more frequently
determined as PD-L1 positive compared to the
samples from AC patients, mainly due to a signifi-
cantly higher rate of PD-L1 positivity of TC in SCC
compared to AC histology (Table 2 and Figure 2).

Discussion

In the present study, we showed that PD-L1 ex-
pression in lung cancer might differ according to
histology and that the selection of TC and/or IC for
the evaluation influences the PD-L1 positivity rate
in adenocarcinomas. Based on our results, we ob-
served a significantly higher proportion of PD-L1
positivity among SCC than AC, when consider-
ing staining in the TC, whereas PD-L1 positivity
in IC is quite high in both histological subtypes of
NSCLC.

According to our knowledge, only few studies
reported PD-L1 expression separately in SCC and
AC. Among them, two studies by Yang et al.20*
mirror our results in terms of higher positivity in
SCC. In these studies, the PD-L1 positivity in TC
was 56.2% and 39.9% in SCC and AC, respectively.
They used another PD-L1 antibody to stain the tis-
sue (Proteintech Group Inc., USA), but similar cut-
off point of 5%.

There are also studies with different results in the
literature. For example, D’Incecco et al.? analyzed
PD-L1 expression in NSCLC tumor specimens
separately for SCC and non-SCC, and reported on
TC positivity rate of 30% and 63%, respectively.
The reason for different results compared to ours
could be the use of different antibody (Ab58810 by
Ventana) in this particular study and the fact that
they used both whole tissue specimens and small
biopsies, which may not reflect the actual PD-L1
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expression of the tumor. Since NSCLC tumor
specimens are obviously quite heterogeneous, we
firmly believe that it is important to have a large
tissue specimen for PD-L1 determination, as small
specimens are unreliable and might not represent
the whole image of PD-L1 positivity in the tumor."

The clinical trials with immune checkpoint in-
hibitors put the clinical outcomes in perspective
according to PD-L1 expression. Most of these tri-
als used only biopsy specimens, while whole tis-
sue specimens were in minority, since the popu-
lation included patients with advanced NSCLC.!-¢
Two phase 3 trials with NSCLC patients evalu-
ating nivolumab, namely CheckMate 017 and
CheckMate 057, were the only two that performed
separate clinical trials on SCC and non-SCC sub-
populations of advanced NSCLC patients. Results
showed similar response rates in the overall pop-
ulation of around 20%, but differences emerged
when responses were examined according to
PD-L1 expression. While SCC population has a
stable response to therapy no matter the cut-off
value, ranging from 17-21% in the PD-L1 positive
and negative population of patients, responses of
non-SCC population are higher with increasing
PD-L1 expression, ranging from 31-37% for PD-L1
positive patients and less than 10% in PD-L1 nega-
tive population of patients.’? The same applies to
undivided advanced NSCLC patient population,
treated with pembrolizumab and atezolizumab.
It should be noted that these trials recruited sub-
stantially more non-SCC than SCC patients and
showed that the higher the positivity rate of PD-L1
expression, the better the clinical outcomes.>*

Based on our data as well as data published and
described above, SCC seems to be distinct from
non-SCC. That reflects both in high PD-L1 positiv-
ity and in steady responses to immune checkpoint
therapy across SCC subgroup of patients. One of
the possible explanations could be high levels of
acquired somatic mutations in SCC patients caused
with carcinogens such as cigarette smoke, especial-
ly because most of the patients with SCC are smok-
ers. Rizvi ef al. analyzed the responses to pembroli-
zumab with respect to the mutational burden of
NSCLC patients and discovered that patients with
a high rate of somatic mutational burden had a
much higher rate of responses to pembrolizumab
and that those responses were durable.!”18

So far, data on the importance of IC in tumor
microenvironment are scarce and even less data
exist on PD-L1 positivity of these cells and what is
their clinical significance. Our study showed high
levels of PD-L1 positive IC across all histological

subtypes of NSCLC no matter the cut-off value ap-
plied. Only one paper reported PD-L1 expression
on IC separately, but used different methodology
for their determination, so these data are hardly
comparable with ours.?> Most of the clinical trials
with immune checkpoint inhibitors used PD-L1 ex-
pression on TC as enrichment predictive biomark-
er.l® The trials with atezolizumab were the only
ones that considered PD-L1 expression on both, TC
and IC.%8 The antibody used in these trials was the
same as in our study (Ventana SP142), but their cut-
off values were determined a bit different. Since
they reported the results of PD-L1 expression on
TC and IC together, it cannot be established if one
type of cells are more prominent than the other or
which cells prevail concerning PD-L1 expression.**

PD-L1 assays poses major challenges and bar-
riers in comparing results obtained by different
IHC assays. When dealing with different antibod-
ies, cut-off values, platforms, tissue specimens,
tumor heterogeneity and different types of cells
being evaluated, a uniform way of determining
PD-L1 expression comes to mind.!"12 Three trials of
harmonization and standardization for quantita-
tive assessment of PD-L1 positivity were already
published’®!> and one was presented in form of an
abstract.!® The major finding of The Blueprint pro-
ject’® and of the German study'*, which compared
four assays (with corresponding platforms and an-
tibodies Ventana SP142, Ventana SP263, Dako 22C3
and Dako 28-8) was that the Ventana SP142 assay
stains less TC than the other three. Staining of the
IC was observed across different assays, but with
greater variability compared to TC staining, which
they clarify by the lack of criteria for scoring of the
PD-L1 positive IC component in tumors. This is a
viable explanation for our results as well, since we
showed IC to be highly positive across both his-
tological subtypes. Whether using Ventana SP142
assay influenced the differences in TC staining be-
tween AC and SCC samples observed in our study
cannot be ruled out completely.

In addition to the use of specific Ventana SP142
assay, which obviously stains less TC, the limita-
tion of our study is also a relatively small number
of patients, which makes results barely comparable
to other trials.

In conclusion, we have shown significantly
higher levels of PD-L1 expression in TC of SCC
compared to AC samples, while no difference
in PD-L1 expression on IC was observed. Even
though PD-L1 positivity is far from being an op-
timal predictive marker, higher PD-L1 expression
in SCC might reflect a high mutational load in this
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smoking related lung cancer. Ongoing research is
already oriented at mutational load and smoking
gene signatures in addition to other immune mark-
ers that might offer a more accurate prediction of
response to CPIs in future. Until then, we might
feel comfortable to use some of the CPIs in lung
cancer without PD-L1 determination, at least in pa-
tients with squamous-cell carcinoma.
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Background. Primary lymphoedema is a rare genetic disorder characterized by swelling of different parts of the
body and highly heterogenic clinical presentation. Mutations in several causative genes characterize specific forms
of the disease. FOXC2 mutations are associated with lymphoedema of lower extremities, usually distichiasis and late
onset.

Patients and methods. Subjects from three generations of a family with lymphoedema of lower limbs without dis-
tichiasis were searched for mutations in the FOXC2 gene.

Results. All affected family members with lymphoedema of lower limbs without distichiasis, and still asymptomatic
six years old girl from the same family, carried the same previously unreported insertion of adenosine (c.867insA) in
FOXC2.

Conclusions. Identification of a novel mutation in the FOXC2 gene in affected family members of three generations
with lymphoedema of lower limbs without distichiasis, highlights the high phenotypic variability caused by FOXC2
mutations.

Key words: primary lymphedema; FOXC2 mutation; distichiasis; lower limbs lymphedema

Introduction

for developing a malignancy, at the affected site.
The most common malignancy associated with the

Lymphoedema, swelling due to excess accumu-
lation of the protein-rich lymph in the tissues, is
caused by inadequate lymph reabsorption or when
the lymphatic vessels are absent or function defec-
tively.! Primary lymphoedema is affecting approxi-
mately 1.15/100,000 of less than 20 years of age pop-
ulation.? Affected individuals suffer from chronic
lymphoedema and are at greater risk for develop-
ing infections, including bacterial infection of the
skin and underlying tissue (cellulitis) or infection
of the lymphatic vessels (lymphangitis).> They are
also at a greater risk than the general population

Radiol Oncol 2017; 51(3): 363-368.

affected area is the angiosarcoma*® (the condition
called the Stewart-Treves syndrome), however,
also other malignancies, the basal cell carcinoma,
squamous cell carcinoma, melanoma, Kaposi sar-
coma, Merkel cell carcinoma, and several cutane-
ous lymphomas® can occur, and are probably due
to the immunocompromised district of the affected
area or because of the environment rich in growth
factors due to the formation of collateral lymphatic
vessels.® Therefore, identification (also with the aid
of genetic testing) and monitoring of patients with
chronic lymphoedema (no matter the etiology)
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should be performed periodically to identify and
treat malignant changes that can develop in the af-
fected areas.®

The clinical presentation of primary lymphoe-
dema is very variable and varies in the age of onset,
the edematous part of the body affected, associated
anomalies and different inheritance patterns.” The
most recent classification of primary lymphoede-
ma has been developed as a diagnostic algorithm,
proposed by Connell in 20107 and 2013% and is
based first on different clinical presentations and
second on the genetic findings.

The genetic basis of primary lymphoedema are
mutations in five causative genes that also underlie
specific forms of the disease®!® namely: FLT4 (fms-
related tyrosine kinase 4 encoding VEGFR-3 (vas-
cular endothelial growth factor receptor 3)) muta-
tions, that cause Milroy disease!"’>; CCBE1 (colla-
gen and calcium binding EGF domain containing
protein 1) mutations that are responsible for au-
tosomal-recessive generalized lymphatic dyspla-
sia'®18;, SOX18 (sex determining region Y-box 18)
mutations that account for the hypotrichosis-lym-
phoedema-telangiectasia syndrome'; GJC2 (gap
junction protein gamma 2, encoding (CX47) con-
nexin-47) mutations which were identified in pa-
tients with four-limb lymphoedema??2! and FOXC2
(fork head box protein C2) mutations that are re-
sponsible for autosomal dominant lymphoedema
distichiasis syndrome (LDS).2>% With the advent of
the next generation sequencing technology, muta-

tions in the number of new candidate genes (NRP2
(neuropilin 2), SOX17 (sex determining region
Y-box 17), FABP4 (fatty acid binding protein 4),
VCAM1 (vascular cell adhesion molecule 1) have
been also linked to primary lymphoedema.!

In patients with LDS, lymphoedema of both
lower limbs, that typically starts in late childhood
or during puberty!®’5, and varicose veins are ac-
companied by extra eyelashes (known as distichi-
asis) and also other comorbidities, such as ptosis
(35% of patients), congenital heart disease (8%) and
cleft palate (3%).”%'° In the majority (95%) of pa-
tients with LDS, mutations in the FOXC2 gene, on
chromosome 16q24, are responsible for the disease
(15). FOXC2 encodes a transcription factor for the
signal transduction pathway ensuring normal de-
velopment of the lymphatic collecting vessels and
valves.?

Besides causing LDS, FOXC2 mutations have
also been identified in lymphoedema without dis-
tichiasis.?® Therefore, the aim of our study was to
search for causative mutations in the FOXC2 gene
in three generations of a family with lymphoedema
of lower limbs without distichiasis.

Patients and methods
Patients

Three family members, a 39-year-old woman, her
74-year-old father and 14-year-old son, have been

TABLE 1. Clinical findings of family members with primary lymphoedema

Patients

Gender M F M F F
Age (years) 74 39 14 9 6
Lymphoedema Yes Yes Yes No No

Lower limbs Yes2 Yes2 YesP No No

Genital Yes No No No No
Distichiasis No No No No No
Onset (years) 11 9 13 / /
Varicose veins Yes Yes No No No
Ptosis No No No No No
Cleft palate No No No No No
Congenital heart disease No No No No No
FOXC2 mutation C.867insA C.867insA C.867insA No C.867insA
Cellulitis Yes Yes No No No
Yellow nails No No No No No

2 = whole lower limbs; b = calves only; F = female; M = male

Radiol Oncol 2017; 51(3): 363-368.
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diagnosed with primary lymphoedema at the
Dermatovenerological Clinic, University Clinical
Centre Ljubljana.

The 74-year-old has lymphoedema of both low-
er limbs stage III with fibrosis and sclerosis with
only some small reticular veins present and genital
edemas with lymphatic cysts. The disease started
when the patient was 11 years old. The patient does
not have distichiasis, ptosis, and cleft palate. There
is no known history of lymphoedema in the pa-
tient’s family and his wife, who had died, also did
not have any history of lymphoedema. The patient
has suffered a myocardial infarction in 2007 and
had a mitral and a tricuspid valve replacement.
Patient is being treated with short-stretch band-
ages and manual lymph drainage and in the main-
tenance phase with compression garments (ber-
muda shorts, and flat knitted thigh high stocking
class III). Before therapy, he had suffered several
erysipelas which have not reoccurred after regular
therapy for lymphoedema.

The 39-years-old daughter has lymphoedema
stage III of both lower limbs without genital in-
volvement, with the disease onset at age 9. The
patient, like her father, also does not have disti-
chiasis, ptosis or cleft palate. She has varicose veins
present on both of her legs. Her husband does not
have lymphoedema. She is being treated with flat

knitted thigh high stocking class III. Again, she had
suffered several erysipelas which were stopped
after regular therapy for lymphoedema. She has
three children.

In her son, lymphoedema stage II of both lower
limbs first occurred at the age of 13. He has no oth-
er pathological clinical findings. He is being treat-
ed with round knitted stockings class II. He has not
suffered any erysipelas.

Both her daughters aged 9 and 6 years have no
symptoms and signs of lymphoedema. Age, gen-
der, and detailed clinical characteristics of the re-
cruited subject are presented in Table 1.

The study was approved by the Slovenian na-
tional ethics committee (number: 157/07/10) and all
participants gave their informed written consent.

Genetics analysis

Genomic DNA was extracted from EDTA-
containing whole blood samples using a QlAamp
DNA Blood Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. The
detection of FOXC2 mutations in the 1506 bp sin-
gle exon coding region, as well as in the 5" and 3’
regions of FOXC2 gene was performed as previ-
ously described.?*?” The primer sequence and con-
ditions used are presented in Table 2. PCR prod-

TABLE 2. Primer sequences and conditions used to amplify and sequence the FOXC2 gene and its upstream and downstream

regions
) Sequence Annealing Product o
Name of primer (5°-3") temp (°C) size (bp) DMSO % MgCI2 mM
FOXC2-1F 2 TCTGGCTCTCTCGCGCTCT
58 476 6 15
FKHL14-2R AGTAACTGCCCITTGCCGG
FOXC2-2F 2 ACCGCTTICCCCITTICTACCGG
60 519 10 15
FOXC2-2R TCATGATGTTICTCCACGCTGAA
FKHL14-4F 2 GAAGGTGGTGATCAAGAGCG
60 496 6 15
FOXC2-3R GAGGTTGAGAGCGCTCAGGG
FOXC2-4F 2 CTGGACGAGGCCCTCICGGAC
61 464 10 1.5
FOXC2-4R GGAGGTCCCGGGACACGTCA
FOX_5P_1F ® GCCGACGGATTICCTGCGCTC
61 378 10 1.5
FOX_5P_1R CCGCTCCTCGCTGGCTCCA
FOX_5P_2F ® CCGATICGCTGGGGGCTIGGAG
61 607 6 15
FOX_5P_2R GCGGGCTGGTGGTGGTGGTAGG
FOX_3P_1F® CAACGTGCGGGAGATGTTCAAC
61 464 10 1.5
FOX_3P_1R CACAGCACAGCCGTCCTGGTAG
FOX_3P_2F ¢ TACTGACGTGTCCCGGGACC
61 468 6 1.5
FOX_3P_2R CCACACATITGTACAGCACGGTIG

a = Primer pairs from?’; b = Primer pairs from?2s; ¢ = Primer pairs from?®

Radiol Oncol 2017; 51(3): 363-368.
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FIGURE 1. Pedigree of the family with new mutation in FOXC2
gene. Full symbols indicate patients with lymphoedema,
asterisk (*) indicate year of birth of the recruited subjects and
subjects with ¢.867insA FOXC2 mutation are indicated as
FOXC2 (+).

ucts were sequenced using Big Dye Terminator kit
(Thermo Fisher Scientific) and 3730x] DNA ana-
lyzer (Thermo Fisher Scientific). To identify muta-
tions, sequences were compared with the FOXC2
reference sequence in the GenBank (GenBank ac-
cession number NG_012025.1) using the SeqScape
Software v2.6 (Thermo Fisher Scientific). Mutations
numbering is based on cDNA sequence, where the
first nucleotide (A) of the initiation codon (ATG) is
considered nucleotide number one.

Results
Clinical details

The clinical detail of all five patients are shown in
Table 1.

Genetics analysis

In all affected members of the described three
generation family with lymphoedema of lower
limbs without distichiasis the same mutation in
FOXC2 responsible for the disease was identi-
fied (Figure 1). The mutation identified in our

Radiol Oncol 2017; 51(3): 363-368.

patients is a heterozygous insertion of adenosine
(c.867insA) and was not previously described. This
insertion was present in three family members af-
fected by primary lymphoedema, as well as in a six
years old girl without any symptoms and signs of
lymphoedema at the time of analysis, while it was
absent in a healthy nine years old girl.

Since the discovered mutation was not previ-
ously reported we additionally evaluated this mu-
tation in 182 normal controls. None of the controls
harbored the mutation, which further supports the
causative nature of the mutation.

Discussion

Up to date only one lymphedema family with
FOXC2 mutation without any individual with dis-
tichiasis was found.?® We report the second family
of three generations with FOXC2 mutation and
in which all affected individuals demonstrated
lymphedema without distichiasis. Molecular anal-
ysis helped to identify the causative heterozygous
insertion of adenosine (c.867insA) in the FOXC2
gene, which was previously not described. This
mutation causes frameshift and premature termi-
nation of the mature protein since stop codon is
inserted behind amino acid 461, leading to a trun-
cation of the mature protein and consequently to
the elimination of key alpha-helical domains re-
quired for the transcription process.?® Frameshift
mutations are expected to alter the reading frame
or lead to a premature termination of the protein,
and as a result those unstable mRNA transcripts
are removed through the nonsense-mediated mR-
NA decay pathway.?®? The causative nature of the
identified variant was further supported by the fact
that the mutation was not found in any of the 182
tested normal controls.

In all three patients of our family, lymphoedema
developed between the age of 9 and 13. The onset
of lymphoedema in literature is typically during
puberty or in late childhood.”?*3 In the 6 years old
girl without clinical manifestations of lymphoe-
dema with mutation in FOXC2, lymphoedema
will very likely develop within the next few years.
She also has no other clinical findings that were
described in patients with FOXC2 mutations. All
three patients have lymphoedema of both lower
limbs like the patients described in the litera-
ture.!4?® Because of delayed therapy with compres-
sion in the female patient and her father, lymphoe-
dema of the legs is in the III'! stage. Patient’s father
also has lymphoedema of genital region with oc-
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casional lymphorrhea. Several papers have men-
tioned that lymphoscintigraphy, because of valve
failure, indicate distal lymph reflux in patients
with LDS.6?3! In our two older patients not only
early therapy, but also lymphoscintigraphy have
been performed in other institutions abroad, and
thus unfortunately any information about those
findings are not available. Also for the young boy,
his mother did not allow to perform early diagnos-
tic procedures, because of known family diagnosis.
Both, the patient and her father had suffered many
erysipelas before therapy. After regular wearing of
compression garments erysipelas were stopped.
The son started with compression stockings class II
immediately after the onset of edema. He has lym-
phoedema stage II with morning swelling, without
sequelae. Our female patient and her father both
have reticular varicose veins without reflux. In the
literature lymphoedema and varicose veins are ac-
companied by distichiasis, which occur in 94.3% of
the patients with mutations in the FOXC2 gene.>3
Affected individuals can also have ptosis (in 35% of
patients), congenital heart disease (8%), clef palate
(8%) and in some patients yellow nails and cystic
hygromas have been described.?® In our patients
there were no distichiasis, no cleft palate, no pto-
sis or yellow nails, no congenital heart defects or
cystic hygromas.

Mutations in the FOXC2 appear to be the pri-
mary cause of LDS. However, not only that some
features of the LDS phenotype can be found in pa-
tients without FOXC2 mutations® our study and
also previous report? obviously suggest that muta-
tions in the FOXC2 gene can be found in lymphoe-
dema patients without distichiasis.

The FOXC2 gene encodes for a forkhead tran-
scription factor implicated in the development of
lymphatic and vascular system, particularly af-
fecting the function of the valves.?>32 The role has
been implicated from animal models where it is ex-
pressed in developing mesenchymal cells which de-
velop into blood and lymphatic vessels. Moreover,
homozygous null mice (foxc2-/-) have non-func-
tioning blood vessels.?*? In humans FOXC2 muta-
tions were associated with primary valve failure
and venous reflux, indicating its requirement for
proper venous function.'>?32 Mutations in FOXC2
most often cause LDS, with lymphoedema of lower
extremities, distichiasis, and the disease onset usu-
ally after puberty.”81015265235 However, the pen-
etrance and disease expression seems to be highly
variable. This was also confirmed by our family in
which none of the patients with the novel FOXC2
mutation had distichiasis.

Conclusions

In conclusion, we identified a causative previously
unreported insertion in FOXC2 in affected mem-
bers of three generation family with lymphoedema
of lower limbs without distichiasis, highlighting
the high heterogeneity of phenotypic variability
caused by FOXC2 mutations.
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Izbor bolnikov z ne-drobnoceli¢nim pljuénim rakom
za izmenicno zdravljenje s kemoterapijo in z
inhibitorji tirozinske kinaze

Matjaz Zwitter M, Antonio Rossi, Di Maio M, Pohar Perme M, Lopes G

Izhodisca. Pri bolnikin z napredovalim ne-drobnocelicnim pljuénim rakom se s shemo izmeni¢nega zdravljenja in s Casov-
nim razmikom med kemoterapijo in inhibitorji tirozinske kinaze izognemo medsebojnemu nasprotnemu ucinku obeh skupin
zdravil. V pregledu objavljenih raziskav se osredotocamo na odnos med vkljuCitvenimi kriteriji in uCinkovitostjo izmenicnega
zdravljenja.

Metode. Priiskanju objaviienin raziskav smo pregledali pomembnejse medicinske podatkovne zbirke, kongresne zbornike in
citate v objavljenih raziskavah. Kot osnovni kazalec uspesnosti zdravljenja smo upostevali sredniji €as do napredovanja bolezni
(PFS). S Pearsonovim korelacijskim keoficienfom smo ocenjevali korelacijo med znacilnostmi bolnikov in srednjim PFS, loCeno
za prviin za drugi red zdravljenja.

Rezultati. V pregled smo vkijuéili 11 kiini¢nih raziskav z eno samo roko zdraviienja ter 18 randomiziranih klinicnih raziskav 2.
ali 3. faze s skupaj 2903 bolniki. Sestnajst raziskav je zajelo poprej nezdraviiene bolnike, 13 pa bolnike z napredovanjem bole-
zni po predhodnem zdravljenju. Stiringjst raziskav je vkljucilo le bolnike z ne-ploscatocelicnim histoloskim tipom raka. Analiza
je pokazala zmerno ali mocno soodvisnost med srednjim PFS in delezem bolnikov z ne-plosc¢atocelicnim pljucnim rakom (pri
prvem redu zdravljenja), delezem nekadilcev (pri prvem in drugem redu zdravljenja) ter delezem bolnikov z mutacijo recep-
torja epidermnega rastnega faktorja (EGFR, pri prvem in drugem redu zdravijenja). V é raziskavah izmenicnega zdravljenja
za poprej nezdravljene bolnike s potrienimi mutacijami EGFR so potrdili objektiven odgovor na zdravijenje pri 83,1 % bolnikov,
srednje PFS pa je bilo 18,6 mesecev.

Zakljucki. za izmenicno zdraviienje so najorimernejsi poprej nezdravijeni bolniki z tumorii, ki imajo mutacio gena za EGFR,
kot to doloc¢imo z biopsijo tumorja ali s preiskavo periferne krvi. Pri teh bolnikih dosezemo z izmenicnim zdravljenjem zelo
spodbudne rezultate, zato bi bila upravic¢ena randomizirana raziskava s primerjavo z najboljsim standardnim zdravijenjem.
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Ocena neoadjuvantnega zdravljenja z
magnetnoresonancnim slikanjem pri bolnikih z
lokalno napredovalim rakom danke

Fusco R, Petrillo M, Vincenza G, Salvatore F, Sansone M, Catalano O, Petrillo A

Izhodisca. Predstavili smo sodobne slikovne metode, ki jih uporabljiomo za diagnozo in oceno predoperativnega zdravlje-
nja pri bolnikih z lokalno napredovalim rakom danke. Obravnavali smo morfolosko magnetnoresonancno preiskavo (MR) ter
funkcionalni MR kot sta dinamicna MR s kontrastom (DMR) in difuzijsko obtezeno slikanje (DOS). Primerjali smo njihovo diagno-
sti¢no natancnost pri oceni predoperativnega odgovora na zdravljenje kot tudi uporabo pozitronske emisijske tomografije z
racunalnisko tomografijo (PET/CT).

Metode. Pregledali smo podatkovne zbirke PubMed, Scopus, Web of Science in Google Scholar. V analizo smo vkljuéili raz-
iskave, ki so preiskovale odgovor na zdravlienje lokalno napredovalega raka danke z omenjenimi metodami. Predstavili smo
diagnosticno natancnost, resni€no in lazno negativne rezultate ter resni¢no in lazno pozitivne rezultate preiskovanih metod.
Andalizo smo predstavili s Forestovim diagramom in krivuljo ROC (receiver operating characteristic). lzracunali smo tveganje
vplivanja in uporabnosti raziskave.

Rezultati. vkijuéili smo 25 raziskav. S pomocjo krivulj ROC smo ugotovili, da ima kombinirano slikanje z morfolosko MR pre-
iskavo in DMR najvecjo natan&nost ocenitve odgovora na predoperativno zdravijenje. DMR in PET/CT imata visoko diagno-
sti¢no natan&nost in njune ocene so prav tako bolj zanesliive kot ocene morfoloske MR in DOS.

Zakljuéki. Morfoloska MR je metoda izbire za oceno stadija raka danke in nam pomaga nacrtovati kirursko zdravijenje.
Poda natan&no oceno razsirienosti bolezni, vkljuCenosti bezgavk, vklju¢enosti mezorektalne fascije in sfinkterskega kompleksa.
Kombinirano slikanje z uporabo DMR nam lahko pomaga pri bolj§i oceni odgovora na predoperativno zdravljenje in tako tudi
pri odlocitvi o nadaljnji obravnavi bolnika.

Radiol Oncol 2017; 51(3): 263-269.
doi:10.1515/raon-2017-0028

Fuzija slikovnih preiskav za oceno terapevtske
ucinkovitosti radiofrekvencne ablacije

hepatocelularnega raka
Toshikuni N, Matsue Y, Ozaki K, Yamada K, Hayashi N, Tsuchishima M, Tsutsumi M

Izhodis¢a. Med ulirazvo&no vodeno radiofrekven&no ablacijo (RFA) hepatocelularnega carcinoma (HCC), se pojavijo hi-
perehogeni mehurcki, ki pripomorejo k ovrednotenju uc€inka zdravljenja. Hkrati ta pojav zakrije tumor, kar ovira oceno, ali smo
z RFA zqjeli celotni tumor. Z namenom izbolSati oceno zajetosti tumorja z RFA smo preizkusili fuzijski sitem slikovnih preiskav (IFS).

Bolniki in metode. V raziskavo smo vkiju&ili bolnike, ki smo jih zdravili z enkratno RFA brez ali z uporabo IFS. V skupini IFS
smo krozno oznacili konture zdravlienega tumorja. Oznacitev je predstavijala referencéno konturo za taréni volumen pri ultraz-
vocnem preverjanju med posegom. Ko je hiperehogena pokritost fumorja v celoti zajela oznaceno kontfuro, smo ocenili, da
je tumor v celoti pokrit. Primerjali smo ucinkovitost zdravljenja z in brez uporave IFS.

Rezultati. V raziskavo smo vkljucili 25 bolnikov z uporabo IFS in 20 brez nje. Izhodis¢e znacilnosti zdravijenih tumorjev so bile
primerljive med skupinama. Ucinkovitost ablacije tumorjev z RFA je bila znacilno vecja v skupini z IFS, kot v skupini bre uporabe
le te (88,0 % vs. 60,0 %; P = 0,041).

Zakljuéki. Raziskava ugotavlja bolj natanéno dolocanje tarénega fumorskega volumna za RFA pri HCC, kar pripomore k
bolj uspeSnem zdravljenju in zmanjSa obremenitev bolnika pri posegu.

Radiol Oncol 2017; 51(3): 1-XI.
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Kvantitativni vidiki difuzijsko poudarjenega
magnetnoresonancnega slikanja in ocena odgovora
na neoadjuvantno zdravljenje pri raku danke

Bassaneze T, Goncalves JE, Ferreira F, Palma RT, Waisberg J

Izhodis¢a. Namen raziskave je bil oceniti dodano vrednost navideznega difuzijskega koeficienta (ADC), pridoblienega pri
difuzijsko poudarjenem magentnoresonancnem slikanju (DW-MRI) pri bolnikih z rakom danke, ki smo jih zdravili z neoadjuvan-
tho kemoterapijo in radioterapijo (KT-RT). Uporabnost DW-MRI pri oceni odgovora raka danke na zdravljenje danes obsezno
raziskujejo, saj je natancna dolocitev popolnega odgovora na zdravljenje v patoloskih preparatih (pPO) kljucna za odlocanje
o nadaljinjem zdravljenju bolnikov.

Bolniki in metode. Pri 33 bolnikih z lokalno napredovalim rakom danke smo pred in po neoadjuvantni KT-RT ocenili slike
MR hkrati z difuzijsko obtezenimi sekvencami in ustreznimi slikami difuzijske konstante (mapami ADC). Bolnike smo nato zdravili
operativno z namenom ozdravitve. Zamejitev tumorja, ki smo jo opravili na osnovi konvencionalnih sekvenc MR in s pomocjo
meritev vrednosti ADC, smo primerjali s histopatoloskimi ugotovitvami v kirurskih preparatin.

Rezultati. slikanje MR v kombinaciji z difuziisko obtezenim slikanjem za napoved patomorfoloskega popolnega odgovora
je imelo obcutljivost 96,1 %, specificnost 71,4 %, pozitivno napovedno vrednost 83,3 % in negativno napovedno vrednost 83,3
%. Vrednost ADC pred KT-RT ni bila zanesljiv napovedni dejavnik za skupino bolnikov s patomorfoloskim popolnim odgovorom.
Mejna vrednost ADC po KT-RT 1,49 x10-3 mm2/s je bila najbolj natanéna za dolocanje patomorfoloskega odgovora in je
povecala negativno napovedno vrednost za 16,7 % in obcCutljivost za 3,9 %. Bolniki z dosezenim popolnim patomorfoloskem
odgovorom ob neoadjuvantnem zdravljenju so se od bolnikov z drugacnim odgovorom na zdravljenje razlikovali glede na
absolutne vrednosti ADC po KT-RT (p <0,01).

Zakljucki. vrednosti ADC, izmerjene pri bolnikin z rakom danke po zdraviienju z neoadjuvantno KT-RT pove&aijo diagnostic-
no natancnost difuzijskega slikanja MR pri napovedi koncnega patoloskega stadija.

Radiol Oncol 2017; 51(3): I-XI.
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Dinamic¢na kontrastno dovzetna
magnetnoresonancna perfuzija in plazemskih
citokinov pri bolnikih po tonicno-kloni¢nih
epilepti¢nih napadih

Filipovi¢ T, Surlan Popovi¢ K, Ihan A, Vodusek DB

Izhodisca. Vnetno dogajanje v mozganskem parenhimu in glialnem tkivu je del procesa epileptogeneze. Koncentracija
citokinov v krvi je pove&ana po toni¢no-kloni¢nih epilepticnih napadih. Posledica vnetja je povecana prepustnost krvnoziine
mozganske pregrade, ki jo lahko ocenjujemo s slikovnimi tehnikami, kot je dinamic¢na kontrastno dovzetna magnetnoreso-
nancna perfuzija (DSC-MRI). Namen raziskave je bila ocena vnetnega dogajanja v mozganih po epileptinem napadu z
DSC-MRI in dolocitev citokinov v plazmi. Ocenjevali smo povezavo med tipom in Stevilom epilepticnih napadov, nivojem
citokinov v plazmi po epilepticnem napadu in parametri DSC-MRI. Ocenjevali smo tudi povezavo med nastetimi paremetri
in enoletnim spremljanjem razvoja bolezni.

Bolniki in metode. V raziskavo smo vkijucili 30 bolnikov. Preiskave smo naredili 8-24 ur po enem ali po ponavijgjodih se
toni¢no-kloni¢nih napadih.

Rezultati. 25 bolnikov je imelo normalne parametre perfuzije, pri 5 bolnikih smo nadli podroc¢ja hipoperfuzije. Pri 2 bolnikih je
hipoperfuzija vzirajala tudi na kontrolni preiskavi DSC-MRI po 3 mesecih. Stevilo napadov je negativno koreliralo s koncentra-
cijo citokinov IL-10, IFN-Y" in TNF-a v plazmi pri vseh bolnikih. Pri bolnikih s hipoperfuzijo smo ugotavljali statisticno znacilne nizje
vrednosti protivnetninh citokinov IL-4 in vi§je vrednosti provnetnin TNF-a.

Zakljucki. Dolgotrajna prepustnost krvnozilne mozganske pregrade je pomembna v procesu epileptogeneze v izorani
skupini bolnikov.

Radiol Oncol 2017; 51(3): 1-XI.



Radiol Oncol 2017; 51(3): 286-294.
doi:10.1515/raon-2017-0035

Ucinki elektrokemoterapije s cisplatinom in
peritumoralnega genskega elektroprenosa
interlevkina 12 na mastocitome pri psih.
Histopatoloska in imunoloska raziskava

Salvadori C, Svara T, Rocchigiani G, Millanta F, Pavlin D, Cemazar M, Lampreht Tratar U,
Sersa G, Tozon N, Poli A

Izhodis¢a. Namen raziskave je bil opredeliti odgovor spontanih mastocitomov pri psin na kombinirano zdravljenje z elektro-
kemoterapijo in genskim elektroprenosom interleukina 12 (IL-12).

Materiali in metode. V raziskavo smo vkijuéili 11 psov z 11 mastocitomi. Histoloske spremembe smo doloevali na bi-
opsijskin vzorcih, ki smo jih odvzeli pred zdravijenjem (T0), ter 4 (T1) in 8 (T2) tednov kasneje. Celi¢ne infiltrate smo opredelili
z imunohistokemicénim barvanjem pri tem smo uporabili protitelesa proti CD3, CD20, Foxp3 (Treg), CDé8 in MHC-razred |I.
Proliferacijo in proti-apoptoti€no aktivhost tumorskih celic smo dolocili z uporabo protiteles proti Kié7 in protiteles proti protei-
nu Bcl-2. Angiogenezo smo proucevali z doloCevanje gostote ftumorskega mikrozilja, ki smo ga imunohistokemijsko oznadili s
proftitelesi profti faktorju VIl in CD31.

Rezultati. s histopatoloskim pregledom vzorcev v ¢asu TO smo potrdili diagnozo in zelo redko prisotnost infilfratov imunskin
celic, v katerih so bili predvsem T limfociti in makrofagi. Ob ¢asu T1 in T2 je bilo tevilo tumorskih celic zelo zmanjsano pri 7/11
vzorceyv, pri 3/11 vzorcev so bili vidni manjsi skupki fumorskih celic, medtem ko so bile pri enem vzorcu tumorske celice e
vedno prisotne. Stevilo proliferajo&ih tumorskih celic je bilo znagiino zmanjsano po zdraviienju v obeh Easovnih tockah, med-
tem, ko je bilo izrazanje protiapoptotiCnega proteina Bcl2 zmanjiano samo ob ¢asu T1. Gostota tumorskega mikrozilja je bila
moc&no zmanj$ana pri vseh vzorcih po zdravijenju. Stevilo limfocitov T je bilo povisano po zdravijenju, a ne znac&iino. Stevilo
limfocitov Treg je bilo znacilno povisano ob casu T1, makrofagov pa ob ¢asu T2.

Zakljuéki. Kombinacija elektrokemoterapije in genskega elektroprenosa IL-12 ucinkovito izzove celi€ni odgovor proti tu-
morskim celicah, ki predvsem vkljucuje infiltfracijo limfocitpov T in makrofagov. Ugotovili smo tudi proliferacijo fibroblastov in
zmanjsano gostoto fumorskega mikrozilja.
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Elektrokemoterapija s trans-platinovim analogom
trans-[PtCl,(3-Hmpy),], raziskava in vitro in in vivo

Simona Kranjc S, CemaZar M, Sersa G, S¢ancar J, Grabner S

Izhodisca. Cisplatin uporabljamo za zdravljenje raka, pri tfem pa ugotavljamo tudi njegove stranske ucinke in tvorbo celic,
ki so na zdravlienje s cisplatinom odporne. Tako v Stevilnih raziskavah sintetizirajo in vrednotijo protitumorsko delovanje novih
platinovih spojin. Nedavno so sintetizirali platinovo spojino trans-[PtCl,(3-Hmpy),] (3-Hmpy = 3-hydroksimetilpiridin) (spojina 2)
z dobrim citotoksicnim in protitumorskim delovanjem. Z namenom, da bi izboljSali citotoksi€no delovanje spojine 2 in vitro in
njeno protitumorsko delovanije in vivo, smo uporabili elektroporacijo, ki poveca prepustnost celicne membrane, kot dostavni
sistem nove spojine v celico (elektrokemoterapijal).

Materiali in metode. In vitro smo prefivetie sarkomskin celic z razliéno obé&utljivostjo na cisplatin (ob&utlive TBLCI2, od-
porne TBLCI2Pt in zmermno obcutljive SA-1 celice) po tretiranju z elektrokemoterapijo s spojino 2 dolodili s testom klonogenosti.
In vivo smo protitumorsko delovanije elektrokemoterapije s spojino 2 v primerjavi s cisplatinom dolocili s testom zaostanka rasti
tumorjev. V nadalievanju smo z induktfivno skloplieno plazmo in masno spektrometrijo dologili Se koli€ino vnesene platine v
tumorijih, njeno vezavo na DNK ter koli¢ino platinove spojine v serumu po elektrokemoterapiji s spojino 2 ali cisplatinom.

Rezultati. Elekirokemoterapija s spojino 2 je prezivetje sarkomskih celic z razlicno obcutljivostio na cisplatin statisticno
znacilno zmanjSala, vendar je bil ta u¢inek zmanjSanja v primerjavi s cisplatinom manj izrazit. Faktor povecanja (5-krat) citoto-
ksicnega delovanja elektrokemoterapije s spojino 2 je bil enak pri za cisplatin obcutljivin TBLCI2 in odpornih TBLCI2Pt celicah.
Zaostanek v rasti tumorjev po elektrokemoterapiji s spojino 2, in vivo, je bil manj§i kot v primeru zdravljenja z elektrokemotera-
pijo s cisplatinom. NajboljSe protitumorsko delovanje elektrokemoterapije s cisplatinom ali spojino 2 smo dosedli pri tumorjih
TBLCI2, kjer je bilo ozdravljenih 67 % oziroma 11 % tumorjev. lzguba telesne teze po zdravljenju tumorjev z elektrokemoterapijo
s spojino 2 je bila statististicno znaciino manjsa kot pri zdravljenju s cisplatinom. Nadalje, koli¢ine platine v tumorjinh po elekiro-
kemoterapiji s spojino 2 ali cisplatinom so bile priblizno dvakrat visje kot pri zdravljenju s samim zdravilom, kar se je v enaki meri
odrazilo tudi v koli€ini platine vezane na DNK.

Zaklj ucki. Spodbudni rezultati delovanja spojine 2 na celi€nem in vitro in protitumorskem in vivo nivoju nakazujejo na mozno
uporabo elektrokemoterapije s spojino 2 za zdravljenje fumorjev.
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Zascitna/regenerativna vloga mezenhimskih
maticnih celic, ki izvirajo iz mas€obnega tkiva, na z
131]-radiojodom inducirane po$kodbe Zlez slinavk pri
podganah

Saylam G, Bayir O, Giiltekin SS, Pinarli FA, Han U, Korkmaz MH, Sancaktar ME, Tatar I,
Sargon MF, Tatar EC

IzhodisCa. Namen raziskave je bil analizirati zacitne/regenerativne ucinke mezenhimskin mati¢nih celic, ki izvirgjo iz ma-
sCobnega tkiva (ADMSC) na poskodbe Zlez slinavk, inducirane z *3Y-radiojodom (RAI) pri podganah.

Materiali in metode. Populacija Zivali je bila sestaviiena iz kontrolne (n: 6) in eksperimentalnih skupin (n: 54): RAI (skupina
1), ADMSC (skupina 2), amifostin (skupina 3), RAl+amifostin (skupina 4), socasna RAI+ADMSC (skupina 5) in RAI+FADMSC po
48 urah (skupina 6). Uporabili smo svetlobno mikroskopijo (LM), transmisijsko elekironsko mikroskopijo (TEM) in scintigrafijo Zlez
slinavk (SGS) ter podatke statisticno andalizirali.

Rezultati. 7 LM smo opazovali kopicenje ADMSC v Zleze slinavke v 1. mesecu. Izpostavijenost RAI je vplivala na nekrozo,
periduktalno fibrozo, periduktalno sklerozo in vaskularno sklerozo - skupni rezultat je bil statisticno znacilen (p < 0,05). Primerjava
z LM med eksperimentalnimi skupinami v 1. in 6. mesecu je pokazala statistitno pomembne izboljSave v skupini 6 (P < 0,05),
ne pa tudi v skupinah 4 in 5. Rezultati primerjave skupin so pokazali, da so bile najnizie vrednosti v 1. mesecu pri skupinah 4
in 5, v 6. mesecu pa pri skupini 6. TEM je pri skupinah 5 in é pokazala vakuolizacijo, edem in fibrozo v 1. mesecu in izbolSanje
stanja v 6. mesecu. SGS je pokazala razlike v delezu maksimalnega izlocanja (Smax) (P = 0,01) in razmerju ozadja proti zlezam
pri najvecjem stevilu (G/BGmax) (P =0,01) v 1. mesecu, za G/BGmax (p = 0,01), Smax (p = 0,01) in Cas za dosego najvecjega
razmerja Stevila proti Casu za dosego minimalnega stevila (Tmax/Tmin) (P = 0,03) v 6. mesecu. Pregled v 1. in 6. mesecu je
pokazal razlike v Smax in G/BGmax (p = 0,04), ne pa tudi v Tmax / Tmin (p > 0,05). Pri skupini 1 smo opazili znatno poslab3anje
v delovanju $¢itnice, pri skupinah z zascitnimi sredstvi pa le blago do zmerno poslabianije.

Zakljucki. Nasi rezultati kazejo, da bi ADMSC lahko imeli obetavno viogo kot zascitno/regeneracijsko sredstvo proti z RAI
inducirani disfunkciji Zlez slinavk.
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Elektrokemoterapija - adjuvantno zdravljenje pri
lokalno napredovalem raku dojke ob sistemski
terapiji

Grischke EM, Rohm C, StauB E, Taran FA, Brucker SY, Wallwiener D

Izhodisca. Elektrokemoterapija (ECT) je Ze dobro uveljavljena pri zdravijenju lokalno napredovalega raka dojke po kirurgiji
ali radioterapiji. Malo podatkov pa je o uporabi ECT kot adjuvantnega zdravljenja ob sistemski terapiji. Zato je bil primarni cilj
raziskave ugotoviti, ali lahko uporaba ECT v kratkem Casovnem intervalu pred sistemsko terapijo vpliva na lokalne ali sistemske
stranske pojave. BeleZili smo lokalne in sistemske stranske pojave in vpliv sistemske terapije na ucinkovitost ECT.

Bolniki in metode. V observacijski raziskavi smo sledili 33 bolnikom z lokalno napredovalim rakom dojke v obdobju treh
let po 46 zdravljenjin z ECT. Ugotavljali smo stranske pojave in lokalno kontrolo rasti tumorjev ob pridruzeni sistemski terapiji.
Specificen Cas ECT ni bil dolocen, a je bil najveckrat en teden pred zacetkom sistemske terapije.

Rezultati. zbrali smo podatke v Easu trajanja raziskave na 33 metastatskin bolnicah raka dojke. Petnaijst bolnic je prejelo
neo-adjuvantno terapijo kot del primarnega zdravijenja, pri napredovalih stadijih bolezni. Nekatere bolnice so prejele vel
ciklusov ECT. Objektivni odgovor na zdravljenje smo videli pri 90 % bolnic. Nismo zaznali povecane lokalne toksi¢nosti ECT,
posebno ne koZznih sprememb kot je lokalna nekroza in tudi ne povecane sistemske toksicnosti.

Zakljuéki. ECT se je pokazala kot ucinkovita metoda za zdravljenje lokalno napredovale bolezni raka dojk, ob so&asni
sistemski terapiji, posebno pri bolnicah z visokim tveganjem, ki ze predhodno niso dobro odgovorile na sistemsko zdravijenje.
Nismo zaznali povecane lokalne ali sistemske toksicnosti.

Radiol Oncol 2017; 51(3): 324-330.
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Visokodozno hipofrakcionirano obsevanje s protoni
za zdravljenje centralno lezecih pljuéni rakov je

varno in izvedljivo

Ono T, Yabuuchi T, Nakamura T, Kimura K, Yusuke Azami Y, Hirose K, Suzuki M, Wada H,
Kikuchi Y, Nemoto K

Izhodis¢a. Malo je porocil o zdravljenju centralno lezeCega pliu¢nega raka z visoko skupno dozo in hipofrakcionacijo pro-
tonskih Zarkov. Namen retrospektivne raziskave je bil preuciti varnost in ucinkovitost vidokodozne protonske hipofrakcionacije
pri centralno lezecih pliucnih tumorjih.

Bolniki in metode. V raziskavo smo vkijuéili bolnike, obsevane s protonskimi Zarki, ki so imeli centralno leze¢e pliuéne
tumorje lobarnih bronhov ali glavnega bronha, oddaliene manj kot dva centimetra od traheje. Vsi bolniki so prejeli v petih
tednih 80 Gy relativne bioloske doze (RBE) v 25 protonskih obsevanijin v casu od januarja 2009 do februarja 2015. Toksi¢nost
smo ocenjevali s pomocjo meril onkoloske skupine za obsevanje - RTOG (Radiation Therapy Oncology Group) in evropske
organizacije za raziskave in zdravljenje raka — EORTC (European Organization for Research and Treatment of Cancer)

Rezultati. Dvajset bolnikov, vkljuéno s 14 kiiniéno inoperabilnimi bolniki (70 %), je prejelo protonsko obsevanje pri centralnem
pliu¢nem raku. Srednja starost bolnikov je bila 75 let (razpon: 63-90 let), mediana spremljanja je bila 27,5 mesecev (razpon:
12-72 meseceyv), srednji premer tumorja pa je bil 39,5 mm (razpon: 24-81 mm). Vse bolnike smo sledili vsaj 20 mesecev ali do
smrti. Skupno dvoletno prezivetje je bilo 73,8 % (100 % za operabilne bolnike in 62,5 % za inoperabilne bolnike), 2-letna lokalna
kontrola bolezni je bila 78,5 %. ToksiCnosti 3. stopnje, vklju€no z bronhialno zoZitvijo, obstrukcijo in fistulo, nismo beleZili.

Zaklj ucki. Raziskava kaze, da je zdravljenje z visoko skupno dozo hipofrakcioniranega protonskega obsevanja pri centralno
lezecih tumorjih varno in izvedijivo.
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Izrazanje dolge nekodirajoée RNA LOC285758 je
odvisno od metiliranosti promotorja in povezano
z malignostjo gliomov ter ima potencial novega

diagnostichega tumorskega oznacevalca
Matjasic A, Popovi¢ M, Matos B, Glavac D

Izhodisca. Opredelitev zgodnjih genetskih vzrokov je lahko v veliko pomoc¢ pri diagnozi gliomov Ze v njihovi zgodnji fazi
razvoja, torej preden postanejo maligni. Vendar pa vzroki niso le genetski, temvec k napredovanju bolezni prispevajo tudi
spremembe na epigenetskem nivoju. Dolge nekodirajo¢e RNA (IncRNA) so ene kljucnih epigenetskin modulatorjev signalnih
poti, saj je regulacija izrazanja genov njihov temelini mehanizem. Namen nase studije je bil poiskati nove INcCRNA kandidate,
ki so vkljuCeni v epigenetske poti regulacije in so specifi¢ni za gliome.

Bolniki in metode. Na setu 12 tumorskin vzorcev smo z uporabo mikromre? dolodili profil izrazanja epigenet-
sko povezanih INcRNA in za nadalinje analize izbrali LOC285758. Rezultate izrazanja smo validirali z uporabo metode
gPCR na naboru 157 vzorcev gliomov razlicnih histopatoloskin podtipov. Zanimalo nas je alije sprememba v izrazanju posledi-
ca spremenjene metilacije promotorske regije INcRNA, za kar smo uporabili metodo MS-HRM. Se dodatno pa smo za potrebe
asociacijske analize z metodo MLPA dologili status Ze znanih tumorskih oznacevalcev.

Rezultati. lzrazanje LOC285758 je bilo, v primerjavi z referenéno RNA zdravih mozganov, znacilno povisano v vseh podtipih
gliomov in inverzno povezano z metilacijo promotorja. Vi§ji nivo izrazanja in izgubo metilacije smo ugotovili v tumorjih vecje
malignosti, e posebej se je izrazanje razlikovalo med astrocitomi in oligodendrogliomi.

Zakljuéki. Spremenjeno izrazanje INcCRNA LOC285758 v gliomih je odvisno od metilacijskega statusa njene promotorske

regije in v povezavi z malignostjo tumorja. Metilacijski status se prav tako razlikuje med astrocitomi nizjinh gradusov (WHO HlI) in
ostalimi podtipi gliomov in bi kot tak lahko sluZil kot dodatni diagnosti€ni tumorski oznacevalec.
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Z zdravljenjem povezana kakovost zZivljenja v
splosni slovenski populaciji ocenjena z vprasalnikom
EORTC QLQ-C30

Velenik V, Secerov-Ermenc A, But-Hadzi¢ J, Zadnik V

Izhodis€a. V raziskavi smo zeleli pridobiti referenéne podatke za zdravo slovensko populacijo o vseh dimenzijah z zdrav-
jem povezane kakovosti Zivljenja, ki jih merimo z vprasalnikom Evropske organizacije za raziskavo in zdravijenje raka (angl.
European Organisation for Research and Treatment of Cancer quality of life-C30, EORTC QLQ-C30). Zeleli smo pripraviti
izhodiS€a pri raziskovalnem in klinichem delu za vrednotenje kakovosti Zivijenja skupin bolnikov glede na njihove socialno-
-demografske znacilnosti.

Metode. Naklju&no smo izbrali vzorec 1685 prebivalcev Slovenije, starih najmanj 18 in najved 90 let. 1231 preiskovancey je
vrnilo izpolnjene vprasalnike EORTC QLQ-C30 in vprasalnike o socialno-demografskih znacilnostin. Odgovore smo pretvorili v
dimenzije in simptome EORTC, vpliv socialno-demografskih znacilnosti pa ocenili z modeli multiple linearne regresije.

Rezultati. spol, starost in samoocenjen druzben sloj so pomembni dejavniki, ki vplivajo na z zdraviem povezano kakovostio
Zivlienja v splo3ni slovenski populaciji. Moski so navajali boljSo kakovost Zivlienja pri vecini dimenzij ter so hkrati navajali manj
simptomov. V kognitivnem delovanju med spoloma ni bilo razlik. Pri obeh spolih se je kazal tudi znacilen upad kakovosti Zi-
vljenja s starostjo.

Zakljucki. raziskava prva predstavija referencne populaciiske vrednosti vpraialnika EORTC QLQ-C30 za eno od drav jugo-
vzhodne Evrope. Pridobliene povpre&ne vrednosti za posamezne dimenzije kakovosti Zivlienja glede na socialno-demograf-
ske znacilnosti omogocajo slovenskim onkologom vpogled v kakovost Zivijenja njinovih bolnikov, Ee le-ti ne bi zboleli. Ker smo
v raziskavi uporabili v EORTC priporoceno metodologijo, so pridobliene vrednosti pripravijene za vkljucitev v razli€ne Evropske
skupinske kazalnike z zdraviem povezane kakovosti Zivijenja.
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Izid zdravljenja s helicho tomoterapijo pri prvih
100 tajskih bolnikih z rakom nosnega zrela

Chitapanarux I, Nobnop W, Sripan P, Chumachote A, Tharavichitkul E, Chakrabandhu S,
Klunklin P, Onchan W, Jia-Mahasap B, Janlaor S, Kayan P, Traisathit P, Van Gestel D

Izhodisca. Namen raziskave je bil analiza dvoletnega preZivetja brez lokoregionalne ponovitve bolezni, prezivetja brez od-
daljenih zasevkov in celokupnega prezivetja ter analiza toksi¢nosti pri prvin 100 tajskih bolnikih z rakom nosnega Zrela, ki smo
jih zdravili s helicno tomoterapijo.

Bolniki in metode. Med marcem 2012 in decembrom 2015 smo s heli¢no tomoterapijo zdravili 100 bolnikov z nemetastat-
skim rakom nosnega zrela. Vsi bolniki so prejeli soCasno kemoradioterapijo na osnovi platine in adjuvantno ali neoadjuvantno
kemoterapijo.

Rezultati. Srednja starost je bila 51 let (interkvartiini razpon [IQR] 42,5-57.0). Povpreéna # standardna deviacija (SD) doza
(D) 95 % za planirne taréne volumne (PTV) 70; 59,3 in 54 je znasala 70,2 £ 0,5; 59,8 £ 0,6 in 54,3 + 0,8. Povprecje + SD indeksa
konformnosti in indeksa homogenosti je bilo 0,89 £0,13in 0,06 +0,07. Povprecna + SD D 2 % za hrbtenjaco in mozgansko deblo
je znasala 34,1 £ 4,41in 53,3 + 6,3 Gy. Povprecna + SD D 50 za kontralateralno in ipsilateralno parotidno Zlezo je bila 28,4 + 6,7
in 38,5+ 11,2 Gy. Ob srednjem ¢asu sledenja 33 mesecev (IQR: 25-41) je bilo 2-letno preZivetje brez lokoregionalne ponovitve
bolezni 94 % (95 % interval zaupanja [Cl]: 87-98 %), preZivetja brez oddalienih zasevkov 96 % (95 % Cl: 897-98 %) in celokupno
prezivetie 99 % (95 % Cl: 937-100 %). Akutni dermatitis, faringoezofagitis in mukozitis stopnje 3 so se pojavili pri 5 %, 51 % in 37 %.
Kasni faringoezofagitis stopen;j 0 in 1 smo ugotovili pri 98 % in 2 % bolnikov. Kasna kserostomija stopenj 0, 1in 2 pa pri 17 %,
78 % in 5 % bolnikov.

Zaklj ucki. Pri bolnikih z rakom nosnega zZrela smo s helicno ftomoterapijo dosegli dobro dozno razporeditev in dosegli odli¢-
ne ferapeviske rezultate
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Izrazenost PD-L1 pri pljuénem zleznem raku in
ploscatocelicnem raku

Janzi¢ U, Kern |, Janzi¢ A, Cavka L, Cufer T

Izhodis¢a. oOb uvedbi imunoterapije za zdravlienje napredovalega nedrobnocelicnega raka plju¢ (NDRP) se je pojavila
potreba po bioloskem oznacevalcu, ki bo napovedoval odgovor na zdravijenje (prediktivni tumorski oznacevalec). lzrazenost
PD-L1 (angl. programmed death ligand 1) v tumorskem tkivu je do sedaj najbolie prouc¢en napovedni dejavnik odgovora
na imunoterapijo pri NDRP. V raziskavi smo preucevali izrazenost PD-L1 v tumorskih in imunskih celicah plo3catoceli€nega in
Zleznega raka pljuc.

Bolniki in metode. Izrazenost PD-L1 smo dologili na vzorcih kirursko odstranjenih tumorjev, ki smo jih pobarvali po imunohi-
stokemicni metodi s protitelesom SP142 (Ventana, ZDA). Klini¢ne in patoloske znacilnosti bolnikov smo pridobili iz bolnini¢nega
registra. lzrazenost PD-L1 smo andlizirali glede na dve predhodno doloceni mejni vrednosti, 25 % in 2 10 % pozitivnin tumorskin
in/ali imunskih celicah.

Rezultati. Od 54 tumorskih vzorcev je bilo 29 (54 %) Zleznih rakov in 25 (46 %) ploscatoceliénih rakov. lzrazenost PD-L1 je
bila stafisticno visja v tumorskih celicah pri plos¢atoceli¢nih rakih kot pa pri Zleznih, pri obeh mejnih vrednostih (52 % proti 17
%. p =0,016in 52 % proti 14 %, p = 0,007). Razlik v izrazenosti PD-L1 v imunskih celicah med ploScatoceli¢nimi in Zleznimi raki
nismo ugotovili. Samo v skupini Zleznih rakov je bila izrazenost PD-L1 v imunskih celicah znacilno visja v primerjavi s tumorskimi
celicami, ponovno pri obeh mejnih vrednostih (72 % proti 17 %, p < 0,001 in 41 % proti 14 %, p = 0,008), medtem ko razlike med
izrazenostjo PD-L1 v imunskih celicah in tumorskih celicah pri plos¢atocelicnem raku nismo ugotovili.

Zakljucki. v raziskavi je bila izrazenost PD-L1 znadino vigia v tumorskih celicah plos¢atocelicnih rakov v primerjavi z Zeznimi
raki. Izrazenost PD-L1 v imunskih celicah pa je bila enaka ne glede na histoloskin podtip, kar je znacilno vplivalo na celokupno
izrazenost PD-L1 pri Zleznih rakih, ne pa tudi plos¢atocelicnih rakih.
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Nova mutacija gena FOXC2. Heterozigotna insercija
adenozina (c.867insA) pri druzini z limfedemom

spodnjih okoncin brez distihiaze
Planinsek Rucigaj T, Rijavec M, Miljkovic J, Selb J, Korosec P

Izhodisca. Primami imfedem je redko genetsko obolenje. Zanj je znacilno otekanje posameznih delov telesa z zelo raznoliko
pridruzeno klini¢no sliko. Mutacije vzro¢nih genov imajo za posledico specifi¢ne oblike bolezni. Mutacijam FOXC2 so pridruzeni
limfedem spodnijih okoncin in distiniaza, ki se pri¢ne kasneje v Zivljenju.

Bolniki in metode. Pri bolnikih z limfedemom spodnijih okonéin brez distihiaze freh generacij iste druzine smo iskali mutacije
gena FOXC2.

Rezultati. vsi druzinski &lani z Ze razvitim limfedemom spodnijin okonéin in asimptomatska Sest-letna deklica iste druzine so
imeli do sedaj neopisano in neobjavljeno mutacijo na genu FOXC?2 z insercijo adenozina (c.867insA).

Zakljucki. Identifikaciia nove, do sedaj neopisane mutacije gena FOXC2 pri druzini z limfedemom spodnjih okondin v treh
generacijah brez distihiaze osvetljuje visoko fenotipsko variabilnost povzroceno z omenjeno mutacijo.
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Activity of “Dr. J. Cholewa” Foundation
for Cancer Research and Education - a report
for the third quarter of 2017

Dr. Josip Cholewa Foundation for cancer research and education continues with its planned activities
in the second quarter of 2017. Its primary focus remains the provision of grants and scholarships and
other forms of financial assistance for basic, clinical and public health research in the field of oncology.
In parallel], it also makes efforts to provide financial and other support for the organisation of congress-
es, symposia and other forms of meetings to spread the knowledge about prevention and treatment

of cancer, and finally about rehabilitation for cancer patients. In Foundation’s strategy the spread of
knowledge should not be restricted only to the professionals that treat cancer patients, but also to the
patients themselves and to the general public.

The Foundation continues to provide support for »Radiology and Oncology«, a quarterly scientific
magazine with a respectable impact factor that publishes research and review articles about all aspects
of cancer. The magazine is edited and published in Ljubljana, Slovenia. »Radiology and Oncology« is
an open access journal available to everyone free of charge. Its long tradition represents a guarantee for
the continuity of international exchange of ideas and research results in the field of oncology for all in
Slovenia that are interested and involved in helping people affected by many different aspects of can-
cer.

The Foundation will continue with its activities in the future, especially since the problems associated
with cancer affect more and more people in Slovenia and elsewhere. Ever more successful treatment
results in longer survival in many patients with previously incurable cancer conditions, thus adding
many new dimensions in life of cancer survivors and their families.

Borut Stabuc, M.D., Ph.D.
Tomaz Benuli¢, M.D.

Andrej Plesnicar, M.D., M.Sc.
Viljem Kovac, M.D., Ph.D.




VASE BOLNIKE BOLJE ZASCITI

PRED KOSTNIMI ZAPLETI™

AMGEN v VA

(denosumab)
NATANCGEN. MOCAN. DOKAZAN.

Podatki integrirane analize preskuzanj IIl. faze, ki so vk|juéevala bolnike z rakom dojke, rakom prostate, ostalimi solidnimi tumorii ali diseminiranim plazmocitomom, ki so imeli zasevke v kosteh."
*XGEVA® znatilno podalj3a Cas do pojava prvega zapleta kostnih zasevkov (ZKZ) za 8,21 mesecev in zmanj3a tveganje za pojav prvega ZKZ za 17% (HR; 0,83 [95% Cl; 0,76-0,90]; p < 0,001) v primerjavi z zoledronsko kislino.
*Opredelitev kostnih zapletov: Preprecevanje zapletov kostnih zasevkov (ZKZ) in z njimi povezane bolecine pri odrasiih s kostnimi zasevki solidnih tumorjev.

XGEVA® 120 g raztopina z ranje (denosumab) - SKRAJSAN POVZETEK GLAVNIH ZNACILNOSTI ZDRAVILA
a no: s a otrebno o vseh domnevnih nezelenih a
SESTAVA ZDRAVILA: Ena viala vsebuje 120 mg denosumaba v 1,7 ml raztopine (7 Umq/mt] Pomoine anovi z snanim nkom 17ml vsebuje 78 mg sorbitola (E420). TERAPEVTSKE INDIKACLIE: Preprecevane sk ih zlomo nja kosti, kompresije hrbtenjac
odraslih s kostnimi metastazami solidnih tumorjev. Zdravljenje odraslih bolnikov in no d ih mladostni guqamncemarmm * tnim tumorjem, b ni operabilen, ali pri katerem bi kiruréka odstranitev verjetno povzrocila hudo obolevnost. ODMERJANJEINNACINUPORA E: Zdr
zdravstveni d bolniki morajo prej mati dodatek vsaj 500 mg kalcija in 400 i.e. vitamina D dnevno, razen e ima bolnik hiperkalciemijo. Bolniki morajo dobiti navoilo za uporabo in opozorilno kartico za bolnika. Preprecevane skeletnih dogodkov pri o
odmerek je 120 mg enkrat na 4 tedne v enkratni subkutani inj e t k roceni odmerek zdravila XGEVA® je 120 mg enkrat na 4 ted keiji v stegno, tre a 8 e 120 mg 8. in 15, dan adravlen; nja v prvem mesecu
terapije. Bolnike z gigantocelularnim kostnim tumorjem je treba edk evati, da bi uqamwm alijim zdravijenje 3e koristi. Pri bolnikih, kiimajo bo zdravilom XGEVA® oby ) ek en ravljen; e ki pri teh bolnikih ne kazejo povratnega ucinka
po prenehanju zdra a ik e od ka ni potrebna. Bolnil / ter: Varnost in ucinkovitost de kani. St i bolniki (stari > 65 let): Prilagoditev odmerka ni potrebna. Pe rav VA pupadmmnhlm.ukm (starih < 18 let)
Se nista bili dokazani z izjemo ske S gigantocelu k orjem. Zd XGEV po lwo ediatri ol are < 18 let) z izjiemo skeletno dozore wmtadu a N
gigantocelularnim ko , kini o en, ali pri katerem bi kiruréka odstranitev 2rod ako ko & u 2
0 zobnih ali ustnih kirurgkih posegih. POSEBNAOPDZORILAIN PREVIDNOSTNI UKREPI: Vsi bolniki morajo prejemati i dodatek ka\cuam'ntammaﬂ razen e ima bolnik hiperkaly d zacetk 2 Hi mija st laho p pojavi
o ti i) pred prvim odmerkom zdra EVA®, ii) v dveh prvcmodmi ku, i) Vi X a hi ncentracije J\u]amL zdravlienjem je treba razmisit pri bolnikih,
imajo dejavnike tveganj ) stne gle o klinicno stanje. Bolniko eba naroiti, naj zdravnika obvestio o simptomih, ki kaz ejo na hipokalciemijo mﬂdprﬂjer anjem zdravila XGEVA® pojavi hipokalciemija, je lahko potrebno do dajanje kalcija
in dodatne kontrole. Bolniki (ocistek 3 ali bo a dial 0 vet anje alciemile. Tveganje za pojav hipokalciemile in spremljajoceg roidnega hormon s povecano stopnjo okvare ledvic. Py kih so redne kontrole
Lus zdravljenja odlo; vijenjem 2 zdravilom XGEVA® je priporocljvo opraviti zobozdravstve reventivno dravstveno oskrbo t 0
ra v primeru parenteralne uporabe in
n, slabo prile b
ti dobro ustno higieno
eL.umseum treba izogniti v blizini termina za odmerjanje
ac vijenja 2 zdravilom XGEVA®, dokle

u no; i pre
kroni¢nimi vnetji s lah  pojavijo ze ob m: b g . natilni specifiéni radiogre vidi omm orocali tudi pri bolnikih z d
pnmimi’aumwlamma D revmatoidnim artrit g a pojavili tudi brez antire skega zdravljenja. Podobni zlomi bisfosfonat,

ki denosumabom in 0 imeli zlom sredn uge ste i il
it X mptomije treba preiskati glede nepoj 0 X6
a z mejo prejemati dr ravil, ki 0 kacije pri oporc 2 g ri giga lularnem k n tumorju ali napredovanje do metastat Jprmeydogong
tumorjem. Bolr eb ntmtuaiwjtedera olozkih znakov malignosti, nove radioluce X o e ovecanega tieganja za malignost pri bolnikih 2 gigan uunmrm. nim tumorje avljenih z zdrav
prirojeno motnjo intolerance za fruktozo ne smejo uporabljati zdravila XGEVA®. Zdr: gln ratrija. INTERAKCLJE: Studij medsebojnega delovanja nis . Socasna kenm(wapua\
bisfosfonatom niso klini¢no pomembno spre anj3 : : : \ na kreatinin, uNTx/Cr]. POVZETEK NEZELENIH UEINKOV: Zelo pogosti (> 1/10]: dispneja, dri 9

pofo rakcija zoba, hiperhidroza, osteone g e.Re 000 do o : ‘ ja, atipicni zlom stegnenic kroza zunany a kanala. FARMACEVTSKI PODATKI: Shranjujte madumm
2 mrzujte. NACIN IN REZIM PREDPISOVANJA TER IZDAJE ZDRAVILA: Predpisovanje in izdaja zdravila je le na recept s po . IMETNIK DDVDLJENJAZAPROME : Amge ) vum 7061, NL-4817 ZK Breda, Nizozemska. Dodatna pu]asmlz lahkndohlkevlnkalmplszrm
Amgen zdravila d.0.0., Smartinska 140, SI-1000 Ljubljana. DATUM ZADNJE REVIZIJE BESEDIL 2017, ormacije 0 F ene na spletni strani Evrops| Jwww.ema.europa.eu.. LITERATURA: 1. Lipton A, et al. Eur J Cancer. 20 3082-3092




Iclusig®

ponatinio

ICLUSIG

(ponatinib) tablete

Za bolnike s kroniéno mieloidno levkemijo (KML) v kroni¢ni, pospeseni ali blastni fazi, ki:
* 50 odporni na dasatinib ali nilotinib ali
* ne prenaSajo dasatiniba ali nilotiniba in pri katerih nadaljnje zdravljenje z imatinibom ni klinicno ustrezno ali

® imajo mutacijo T315I

Za bolnike z akutno limfoblastno levkemijo s prisotnim kromosomom Philadelphia (Ph+ ALL), ki:

¢ 50 odporni na dasatinib ali

* ne prenaSajo dasatiniba in pri katerih nadaljnje zdravljenje z imatinibom ni klini¢no ustrezno ali

¢ imajo mutacijo T315I

SKRAJSAN POVZETEK GLAVNIH ZNACGILNOSTI ZDRAVILA
Iclusig 15 mg, 30 mg in 45 mg filmsko obloZene tablete

Pred predpisovanjem natan¢no preberite celoten Povzetek glavnih
znacilnosti zdravila.

Samo za strokovno javnost.

¥ Zato zdravilo se izvaja dodatno spremljanje varnosti.Tako bodo hitreje na
voljo nove informacije o njegovi varnosti. Zdravstvene delavce naprosamo,
da porocajo o katerem koli domnevnem nezelenem ucinku zdravila.
Sestava: Ena filmsko obloZena tableta vsebuje 15mg, 30mg ali 45 mg
ponatiniba (v obliki ponatinibijevega klorida). Indikacije: Zdravilo Iclusig je
indicirano pri odraslih bolnikih s kroni¢no mieloidno levkemijo (KML) v
kroni¢ni fazi, pospeseni fazi ali blastni fazi, ki so odporni na dasatinib ali
nilotinib; ki ne prenasajo dasatiniba ali nilotiniba in pri katerih nadaljnje
zdravljenje z imatinibom ni klini¢no ustrezno; ali ki imajo mutacijo T315I ter
pri odraslih bolnikih z akutno limfoblastno levkemijo s prisotnim
kromosomom Philadelphia (Ph+ ALL), ki so odporni na dasatinib; ki ne
prenasajo dasatiniba in pri katerih nadaljnje zdravljenje z imatinibom ni
klinicno ustrezno; ali ki imajo mutacijo T315l. Odmerjanje in nacin
uporabe: Terapijo mora uvesti zdravnik z izkusnjami v diagnosticiranju in
zdravljenju bolnikov z levkemijo. Med zdravljenjem se lahko bolniku nudi
hematoloska podpora, ¢e je to klinicno indicirano. Pred zacetkom
zdravljenja s ponatinibom je treba oceniti kardiovaskularni status bolnika,
vkljuéno z anamnezo in telesnim pregledom, in aktivno obravnavati
kardiovaskularne dejavnike tveganja. Kardiovaskularni status je treba 3e
naprej spremljati in med zdravljenjem s ponatinibom optimizirati
zdravljenje z zdravili in podporno zdravljenje stanj, ki prispevajo h
kardiovaskularnim tveganjem.

Odmerjanje: Priporoceni zacetni odmerek ponatiniba je 45 mg enkrat na
dan. Potrebno je razmisliti o ukinitvi ponatiniba, ¢e v 3 mesecih ni celovitega
hematoloskega odgovora. Z zdravljenjem je treba prenehati, ¢e se pojavijo
znaki napredovanja bolezni ali v primeru hudih nezelenih ucinkov.
Prilagoditev odmerjanja: tveganje za Zilni okluzivni dogodek je verjetno
povezano z odmerkom. Zdravljenje z zdravilom Iclusig je treba pri sumu, da
se je pri bolniku razvil arterijski ali venski okluzivni dogodek, takoj prekiniti.
Ko se dogodek razresi, je treba pri odlocitvi o ponovni uvedbi zdravljenja
upostevati oceno koristi in tveganj. Pri obravnavi hematoloskih in
nehematoloskih toksi¢nosti je treba razmisliti o prilagoditvi ali prekinitvi
odmerjanja. V primeru hudih nezelenih ucinkov je treba z zdravljenjem
prekiniti. Prilagajanje odmerka je priporocljivo v primeru nevtropenije ali
trombocitopenije, ki nista povezani z levkemijo, pri pankreatitisu in zvisani
ravni lipaze/amilaze. Nacin uporabe: tablete je treba pogoltniti cele, ne sme
se jih drobiti ali raztapljati, lahko pa se jih jemlje s hrano ali brez nje.
Kontraindikacije: Preobcutljivost na ponatinib ali katero koli pomozno
snov. Posebna opozorila in previdnostni ukrepi: Mielosupresija - Zdravilo
Iclusig je povezano s hudo trombocitopenijo, nevtropenijo in anemijo. Prve
3 mesece je treba vsaka 2 tedna opraviti pregled celotne krvne slike, nato pa
mese¢no ali kot je klini¢no indicirano. Zilna okluzija - Pojavili so se arterijska
in venska tromboza in okluzija, vklju¢no s smrtnim miokardnim infarktom,
mozZgansko kapjo, retinalna Zilna okluzija, v nekaterih primerih povezana s
trajno okvaro vida ali slepoto, stenozo velikih arterijskih Zil v mozganih, hudo
periferno Zilno boleznijo in potrebo po nujnem postopku revaskularizacije.

A

ANGELINI

Predstavnik:
Angelini Pharma d.o.o.
Koprska ulica 108 A, Ljubljana

Zdravila Iclusig se ne sme uporabljati pri bolnikih z miokardnim infarktom,
predhodno revaskularizacijo ali mozgansko kapjo v anamnezi, razen ¢e so
mozne koristi zdravljenja veéje od moznih tveganj. Med zdravljenjem s
ponatinibom je treba spremljati znake trombembolije in Zilne okluzije in
zdravljenje je treba takoj prekiniti, ce se pojavi Zilna okluzija.V primeru, da se
pojavi poslabsanje vida ali zamegljen vid, je treba opraviti oftalmoloski
pregled (vkljucno s fundoskopijo). Hipertenzija - Pri zdravljenju z zdravilom
Iclusig, se je pojavila z zdravljenjem povezana hipertenzija (vklju¢no s
hipertenzivno krizo), ki lahko prispeva k tveganju arterijskih tromboti¢nih
dogodkov. Zato je treba ob vsakem obisku zdravnika spremljati krvni tlak.
Zdravljenje z zdravilom Iclusig je treba prekiniti, ¢e hipertenzija ni pod
zdravniskim nadzorom. Kongestivno sréno popuscanje - Pojavilo se je smrtno
in resno sréno popuscanje ter dogodki, povezani s predhodnimi vaskularni-
mi okluzivnimi dogodki. Bolnike je treba spremljati in jih zdraviti, kot je
klini¢no ustrezno, vkljuéno s prekinitvijo zdravljenja z zdravilom Iclusig. Pri
bolnikih, pri katerih se razvije resno sréno popuscanije, je treba razmisliti o
ukinitvi ponatiniba. Pankreatitis in serumska lipaza - Pogostnost pojava
pankreatitisa je vecja prva 2 meseca uporabe. Prva 2 meseca vsaka 2 tedna
preverjajte serumsko lipazo, nato pa periodi¢no. Morda bo treba odmerek
prekiniti ali zmanjsati. Ce zvianje ravni lipaz spremljajo abdominalni
simptomi, je treba z uporabo zdravila Iclusig prenehati in preveriti, ali ima
bolnik pankreatitis. Pri bolnikih s pankreatitisom ali zlorabo alkohola v
anamnezi se priporoca previdnost. Bolnike s hudo ali zelo hudo hipertriglic-
eridemijo je treba ustrezno obravnavati. Laktoza - Zdravilo Iclusig vsebuje
laktozo monohidrat. Bolniki z redkimi dednimi teZavami neprenasanja
galaktoze, laponsko obliko zmanj3ane aktivnosti laktaze ali slabo absorpcijo
glukoze-galaktoze ne smejo jemati tega zdravila. Podaljsanje intervala QT -
Klini¢no pomembnih ucinkov na interval QT ni mogoce izkljuciti. Hepatotok-
si¢nost — Lahko se zvisajo ravni ALT, AST, bilirubina in alkalne fosfataze.
Oparzili so jetrno odpoved (vklju¢no s smrtnim izidom). Teste delovanja jeter
je treba opraviti pred uvedbo zdravljenja in nato periodi¢no, kot je klini¢no
indicirano. Krvavitev - Pojavili so se smrtni ter resni hemoragicni dogodki. Pri
resni ali hudi krvavitvi je treba zdravljenje z zdravilom Iclusig prekiniti.
Okvara jeter - Pri bolnikih s hudo okvaro jeter se priporoca previdnost.
Okvara ledvic - Pri bolnikih z ocenjenim ocistkom kreatinina < 50 ml/min ali
ledvi¢no boleznijo v zadnjem stadiju se priporoca previdnost. Starejsi bolniki
- Verjetnost nezelenih ucinkov je vecja. Pediatricna populacija - Varnost in
ucinkovitost zdravila Iclusig pri bolnikih, starih do 18 let, 3e nista bili
dokazani. Medsebojno delovanje z drugimi zdravili in druge oblike
interakcij: Socasni uporabi zdravila Iclusig z mo¢nimi induktorji CYP3A4 se
je treba izogniti; pri so¢asni uporabi mo¢nih zaviralcev CYP3A je potrebna
previdnost, razmisliti pa je treba tudi o uporabi zdravila Iclusig z zacetnim
odmerkom 30 mg; potrebna je previdnost pri socasno uporabljenih
substratih P-glikoproteina (P-gp) ali beljakovine rezistence za raka dojke
(BCRP). Pri socasni uporabi ponatiniba z zdravili proti strjevanju krvi pri
bolnikih, pri katerih obstaja tveganje za krvavitev, je potrebna previdnost.
Plodnost, nose¢nost in dojenje: Zenskam v rodni dobi je treba svetovati,
da naj v ¢asu zdravljenja z zdravilom Iclusig ne zanosijo, moskim pa, da naj v
¢asu zdravljenja ne zaplodijo otroka. Med zdravljenjem je treba uporabljati

alternativno ali dodatno metodo kontracepcije. Ni zadostnih podatkov o
uporabi zdravila Iclusig pri noseénicah. Studije na Zivalih so pokazale vpliv
na sposobnost razmnozevanja. Ce se zdravilo uporablja med nose¢nostjo, je
treba bolnico obvestiti 0 moznem tveganju za plod. Z dojenjem je treba
med zdravljenjem z zdravilom Iclusig prenehati. Vpliv na sposobnost
voznje in upravljanja s stroji: Pri voznji ali upravljanju strojev je potrebna
previdnost. Nezeleni ucinki: Zelo pogosti (= 1/10): okuzba zgornjih dihal,
nespecnost, anemija, zmanjsanje Stevila trombocitov, zmanjsanje 3tevila
nevtrofilcev, zmanjsan apetit, glavobol, omotica, hipertenzija, dispneja,
kaselj, bolecine v trebuhu, driska, bruhanje, zaprtje, navzea, zvisanje ravni
lipaz, zvisanje ravni alanin aminotransferaze, zvisanje ravni aspartat-ami-
notransferaze, izpuscaj, suha koza, bolecine v kosteh, artralgija, mialgija,
bolecine v okoncinah, bolecine v hrbtu, misicni kréi, utrujenost, astenija,
periferni edem, pireksija, bolecine. Pogosti (= 1/100 do < 1/10): pljucnica,
sepsa, folikulitis, pancitopenija, febrilna nevtropenija, zmanjsanje Stevila
levkocitov, dehidracija, zastajanje tekocine, hipokalciemija, hiperglikemija,
hiperurikemija, hipofosfatemija, hipertrigliceridemija, hipokaliemija,
zmanjianje telesne mase, cerebrovaskularni dogodek, cerebralni infarkt,
periferna nevropatija, letargija, migrena, hiperestezija, hipoestezija,
parestezija, prehodni ishemi¢ni napad, zamegljen vid, suhe oci, periorbitalni
edem, edem veke, sréno popuscanje, miokardni infarkt, kongestivno sréno
popuscanje, bolezen koronarnih arterij, angina pektoris, perikardni izliv,
atrijska fibrilacija, zmanjsanje iztisnega deleza, periferna arterijska okluzivna
bolezen, periferna ishemija, stenoza periferne arterije, intermitentna
klavdikacija, globoka venska tromboza, vrocinski oblivi, zariplost, plju¢na
embolija, plevralni izliv, epistaksa, disfonija, plju¢na hipertenzija, pankreatitis,
zvisanje amilaz v krvi, gastroezofagealna refluksna bolezen, stomatitis,
dispepsija, trebusna distenzija, nelagodje v trebuhu, suha usta, zvisanje ravni
bilirubina v krvi, zvisanje ravni alkalne fosfataze v krvi, zvisanje ravni
gama-glutamiltransferaze, pruriti¢ni izpuscaj, eksfoliativni izpuscaj, eritem,
alopecija, pruritis, eksfoliacija koze, no¢no potenje, hiperhidroza, petehija,
ekhimoza, boleca koZa, eksfoliativni dermatitis, mi3i¢no-skeletne bolecine,
bole¢ine v vratu, mii¢no-skeletne bole¢ine v prsnem kosu, erektilna
disfunkcija, mrzlica, gripi podobna bolezen, nekardiogena bole¢ina v
prsnem ko3u, tipljiv vozli¢, obrazni edem. Obcasni (= 1/1000 do < 1/100):
sindrom tumorske lize, cerebralna arterijska stenoza, tromboza mrezni¢ne
vene, okluzija mrezni¢ne vene, okluzija mrezni¢ne arterije, okvara vida,
miokardna ishemija, akutni koronarni sindrom, kardialno nelagodje,
ishemi¢na kardiomiopatija, spazem koronarnih arterij, disfunkcija levega
prekata, atrijska undulacija, slaba periferna cirkulacija, vrani¢ni infarkt,
venska embolija, venska tromboza, hipertenzivna kriza, krvavitev v Zelodcu,
hepatotoksi¢nost, odpoved jeter, zlatenica. Rezim izdaje zdravila:
Predpisovanje in izdaja zdravila je le na recept. Imetnik dovoljenja za
promet z zdravilom: ARIAD Pharma Ltd. Riverbridge House, Guildford
Road, Leatherhead, Surrey KT22 9AD, Velika Britanija. Zadnja revizija
besedila: marec 2016. Informacija pripravljena: april 2016.

Podrobnejse informacije o zdravilu Iclusig so na voljo pri predstavniku
imetnika dovoljenja za promet z zdravilom: Angelini Pharma d.o.0., Koprska
ulica 108A, 1000 Ljubljana, Tel.: +386 1 544 65 79, E-posta: info@angelini.si
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PRVA REGISTRIRANA TERAPIJA /A
V 2. LINIJI ZA ZDRAVLJENJE

ADENOKARCINOMA ZELODCA ALI CYRAMZA

GASTRO-EZOFAGEALNEGA PREHODA! (ramucirumab)

UKREPAJTE ZDAJ

USPOSOBLJEN
ZA SP
ZA NEPRIM

Skrajsan povzetek glavnih znacilnosti zdravila

W Za to zdravilo se izvaja dodatno spremljanje varnosti. Tako bodo hitreje na voljo nove informacije o njegovi varnosti. Zdravstvene delavce naprosamo, da porocajo o katerem koli domnevnem nezelenem utinku zdravila.
Cyramza 10 mg/ml koncentrat za raztopino za infundiranje

En mililiter koncentrata za raztopino za infundiranje vsebuje 10 mg ramucirumaba. Ena 10-mililitrska viala vsebuje 100 mg ramucirumaba. Terapevtske indikacije Zdravilo Cyramza je v kombinaciji s paklitakselom indicirano
za zdravljenje odraslih bolnikov z napredovalim rakom Zelodca ali adenokarcinomom gastro-ezofagealnega prehoda z napredovalo boleznijo po predhodni kemoterapiji, ki je vkljucevala platino in fluoropirimidin. Monoterapija
7 zdravilom Cyramza je indicirana za zdravljenje odraslih bolnikov z napredovalim rakom Zelodca ali adenokarcinomom gastro-ezofagealnega prehoda z napredovalo boleznijo po predhodni kemoterapiji s platino ali fluoropi-
rimidinom, za katere zdravljenje v kombinaciji s paklitakselom ni primerno. Zdravilo Cyramza je v kombinaciji s shemo FOLFIRI indicirano za zdravijenje odraslih bolnikov z metastatskim kolorektalnim rakom (mCRC), z napre-
dovanjem bolezni ob ali po predhodnem zdravljenju z bevacizumabom, oksaliplatinom in fluorapirimidinom. Zdravilo Cyramza je v kombinaciji z docetakselom indicirano za zdravljenje odraslih bolnikov z lokalno napredovalim
ali metastatskim nedrobnocelicnim pljuénim rakom, z napredovanjem bolezni po kemoterapiji na osnovi platine. 0dmerjanje in nacin uporabe Zdravljenje z ramucirumabom morajo uvesti in nadzirati zdravniki z izkunjami v
onkologiji. Odmerjanje Rak Zelodca in adenokarcinom gastro-ezofagealnega prehoda Priporoceni odmerek ramucirumaba je 8 mg/kg 1. in 15. dan 28-dnevnega cikla, pred infuzijo paklitaksela. Priporoceni odmerek paklitaksela
je 80 mg/m?in se daje z intravenskim infundiranjem, ki traja priblizno 60 minut, 1., 8. in 15. dan 28-dnevnega cikla. Pred vsakim infundiranjem paklitaksela je treba pri bolnikih pregledati celotno krvno sliko in izvide kemicnih
preiskav krvi, da se oceni delovanie jeter. Priporoceni odmerek ramucirumaba kot monoterapije je 8 mg/kg vsaka 2 tedna. Kolorektalni rak Priporoceni odmerek ramucirumaba je 8 mg/kg vsaka 2 tedna, dan z intravensko infuzijo
pred dajanjem sheme FOLFIRI. Pred kemoterapijo je treba bolnikom odvzeti kri za popolno krvno sliko. Nedrobnacelicni pliucni rak (NSCLC) Priporoceni odmerek ramucirumaba je 10 mg/kg na 1. dan 21-dnevnega cikla, pred
infuzijo docetaksela. Priporoceni odmerek docetaksela je 75 mg/m?, dan z intravensko infuzijo v priblizno 60 minutah na 1. dan 21-dnevnega cikla. Premedikacija Pred infundiranjem ramucirumaba je priporocljiva premedikacija
z antagonistom histaminskih receptorjev H1. Nacin uporabe Po redcenju se zdravilo Cyramza daje kot intravenska infuzija v priblizno 60 minutah. Zdravila ne dajajte v obliki intravenskega bolusa ali hitre intravenske injekcije. Da
boste dosegli zahtevano trajanje infundiranja priblizno 60 minut, najvecja hitrost infundiranja ne sme preseci 25 mg/minuto, saj morate sicer podaljSati trajanje infundiranja. Bolnika je med infundiranjem treba spremljati glede
znakov reakcij, povezanih z infuzijo, zagotoviti pa je treba tudi razpoloZljivost ustrezne opreme za oZivljanje. Kontraindikacije Pri bolnikih z NSCLC je ramucirumab kontraindiciran, kjer gre za kavitacijo tumorja ali prepletenost
tumorja z glavnimi Zilami. Posebna opozorila in previdnostni ukrepi Trajno prekinite zdravljenje z ramucirumabom pri bolnikih, pri katerih se pojavijo resni arterijski trombembolicni dogodki, gastrointestinalne perforacije,
krvavitev stopnje 3 ali 4, ¢e zdravstveno pomembne hipertenzije ni mogoce nadzirati z antihipertenzivnim zdravljenjem ali e se pojavi fistula, raven beljakovin v urinu > 3 g/24 ur ali v primeru nefrotskega sindroma. Pri bolnikih
z neuravnano hipertenzijo zdravljenja z ramucirumabom ne smete uvesti, dokler oziroma v kolikor obstojeca hipertenzija ni uravnana. Pri bolnikih s plocatocelicno histologijo obstaja vecje tveganje za razvoj resnih pljucnih
krvavitev. Ce se pri bolniku med zdravljenjem razvijejo zapleti v zvezi s celjenjem rane, prekinite zdravljenje z ramucirumabom, dokler rana ni povsem zaceljena. V primeru pojava stomatitisa je treba takoj uvesti simptomatsko
zdravljenje. Pri bolnikih, ki so prejemali ramucirumab in docetaksel za zdravljenje napredovalega NSCLC z napredovanjem bolezni po kemoterapiji na osnovi platine, so opazili trend manjSe ucinkovitosti z narascajoco starostjo.
Plodnost, nosecnost in dojenje Zenskam v rodni dobi je treba svetovati, naj se izognejo zanositvi med zdravljenjem z zdravilom Cyramza in jih je treba seznaniti z moznim tveganjem za nosecnost in plod. Ni znano, ali se
ramucirumab izlo¢a v materino mleko. NeZeleni uéinki Zelo pogosti (> 1/10) nevtropenija, levkopenija, trombacitopenija, hipoalbuminemija, hipertenzija, epistaksa, gastrointestinalne krvavitve, stomatitis, driska, proteinurija,
utrujenost/astenija, periferni edem, bolecina v trebuhu. Pagosti (> 1/100 do < 1/10) hipokaliemija, hiponatriemija, glavobol. Rok uporabnosti 3 leta Posebna navodila za shranjevanje Shranjujte v hladilniku (2 °C-8 °C). Ne
zamrzujte. Vialo shranjujte v zunanji ovojnini, da zagotovite zadCito pred svetlobo. Pakiranje 2 viali z 10 ml IMETNIK DOVOLJENJA ZA PROMET Z ZDRAVILOM Eli Lilly Nederland B.V., Papendorpseweg 83, 3528 BJ Utrecht,
Nizozemska DATUM ZADNJE REVIZIJE BESEDILA 25.01.2016

Rezim izdaje: Predpisovanje in izdaja zdravila je le na recept, zdravilo pa se uporablja samo v bolni$nicah.

Pomembno obvestilo:

Pricujoce gradivo je namenjeno samo za strokovno javnost. Zdravilo Cyramza se izdaja le na recept. Pred predpisovanjem zdravila Cyramza vas vljudno prosimo, da preberete celotni Povzetek glavnih znacilnosti zdravila
Cyramza. PodrobnejSe informacije o zdravilu Cyramza in o zadnji reviziji besedila Povzetka glavnih znacilnosti zdravila so na voljo na sedezu podietja Eli Lilly (naslov podjetja in kontaktni podatki spodaj) in na spletni strani
European Medicines Agency (EMA): www.ema.europa.eu. in na spletni strani European Commission http://ec.europa.eu/health/documents/community-register/html/alfregister.htm.

Eli Lilly farmacevtska druzba, d.0.0., Dunajska cesta 167, 1000 Ljubljana, telefon: (01) 5800 010, faks: (01) 5691 705
Referenca: 1. Cyramza, Povzetek glavnih znatilnosti zdravila, zadnja odobrena verzija.
EERAMO0010a, 12.02.2016.
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SkrajS$an povzetek glavnih znagilnosti zdravila: Lonsurf 15 mg/6,14 mg filmsko obloZene tablete in Lonsurf 20 mg/8,19 mg filmsko obloZene tablete

W Zato zdravilo se izvaja dodatno spremljanje varnosti. SESTAVA*: Lonsurf 15 mg/6,14 mg: Ena filmsko obloZena tableta vsebuje 15 mg trifluridina in 6,14 mg tipiracila (v obliki klorida). Lonsurf 20 mg/8,19 mg: Ena filmsko obloZena tableta vsebuje 20 mg trifluridina in 8,19
mg tipiracila (v obliki klorida). TERAPEVTSKE INDIKACIJE*: Zdravilo Lonsurf je indicirano za zdravljenje odraslih bolnikov z metastatskim kolorektalnim rakom, ki so bili predhodno Ze zdravljeni ali niso primerni za zdravljenja, ki so na voljo. Ta vkljucujejo kemoterapijo na osnovi
fluoropirimidina, oksaliplatina in irinotekana, zdravljenje z zaviralci Zilnega endotelijskega rastnega dejavnika (VEGF - Vascular Endothelial Growth Factor) in zaviralci receptorjev za epidermalni rastni dejavnik (EGFR - Epidermal Growth Factor Receptor). ODMERJANJE IN NACIN
UPORABE*: Odmerjanje: Priporoceni zacetni odmerek zdravila Lonsurf pri odraslih je 35 mg/m?/odmerek peroralno dvakrat dnevno na 1. do 5. dan in 8. do 12. dan vsakega 28-dnevnega cikla zdravljenja, najpozneje 1 uro po zakljucku jutranjega in vecernega obroka. Odmerjanje,
izracunano glede na telesno povrsino, ne sme preseci 80 mg/odmerek. MoZne prilagoditve odmerka glede na varnost in prenasanie zdravila: dovoljena so najve¢ 3 zmanj$anja odmerka na najmanjsi odmerek 20 mg/m? dvakrat dnevno. Potem ko je bil odmerek zmanjsan, povecanje
ni dovoljeno. KONTRAINDIKACIJE*: Preobgutljivost na zdravilni uginkovini ali katero koli pomozZno snov. OPOZORILA IN PREVIDNOSTNI UKREPI*: Supresija kostnega mozga: Pred uvedbo zdravljenja, pred vsakim ciklom zdravljenja in po potrebi je treba pregledati celotno
krvno sliko. Zdravljenja ne smete zaceti, e je absolutno 3tevilo nevtrofilcev < 1,5 x 10%, Ce je Stevilo trombocitov < 75 x 10%/1 ali Ce se je pri bolniku zaradi predhodnih zdravljen] pojavila klinicno pomembna nehematolo$ka toksicnost 3. ali 4. stopnije, ki Se traja. Bolnike je treba skrbno
spremljati zaradi morebitnih okuzb, uvesti je treba ustrezne ukrepe, kot je klinicno indicirano. Toksicnost za prebavila: Potrebna je uporaba antiemetikov, antidiaroikov ter drugih ukrepov, kot je klinicno indicirano. Ce je potrebno, prilagodite odmerke. Ledvicna okvara: Zdravilo Lonsurf ni
primerno za uporabo pri bolnikih s hudo ledvicno okvaro ali kongno stopnjo ledvicne okvare. Bolnike z zmerno ledvicno okvaro je treba zaradi hematoloSke toksicnosti bolj pogosto spremljati. Jetrna okvara: Uporaba zdravila Lonsurf pri bolnikih z obstojeto zmerno ali hudo jetrno okvaro
ni priporocljiva. Proteinurija: Pred zatetkom zdravljenja in med njim je priporocljivo spremljanje proteinurije z urinskimi testnimi listici. PomoZne snovi: Vsebuiejo laktozo. INTERAKCIJE *: Zdravila, ki medsebojno delujejo z nukleozidnimi prena3alci CNT1, ENT1 in ENT2, zaviralci
0CT2 ali MATE1, substrati humane timidin-kinaze (npr. zidovudinom), hormonskimi kontraceptivi. PLODNOST*, NOSECNOST IN DOJENJE*: Ni priporo¢ljivo. KONTRACEPCIJA*: Zenske in mo3ki morajo uporabljati ucinkovito metodo kontracepcije med zdravljenjem in do 6
mesecev po zakljucku zdravljenja. VPLIV NA SPOSOBNOST VOZNJE IN UPRAVLJANJA S STROJI*: Med zdravljenjem se lahko pojavijo utrujenost, omotica ali splodno slabo pocutje. NEZELENI UCINKI*: Zelo pogosti nevtropenija, levkopenija, anemija, trombocitopenija,
zmanjSan apetit, diareja, navzea, bruhanje, utrujenost. Pogosti: okuzba spodnjih dihal, okuZba zgornjih dihal, febrilna nevtropenija, limfopenija, monocitoza, hipoalbuminemija, nespegnost, disgevzija, periferna nevropatija, omotica, glavobol, vroginski oblivi, dispneja, kaSelj, bole¢ina
v trebuhu, zaprtje, stomatitis, bolezni ustne votline, hiperbilirubinemija, sindrom palmarne plantarne eritrodisestezije, izpu$caj, alopecija, pruritus, suha koZa, proteinurija, pireksija, edem, vnetje sluznice, splodno slabo pocutje, zvisanje jetrnih encimov, zvisanje alkalne fosfataze v krvi,
zmanjSanje telesne mase. Obcasni: septicni Sok, infekcijski enteritis, pljucnica, okuzba Zolcevoda, gripa, okuzba secil, vnetje dlesni, herpes zoster, tinea pedis, kandidiaza, bakterijska okuzba, okuzba, bolecina zaradi raka, pancitopenija, granulocitopenija, monocitopenija, eritropenija,
levkocitoza, dehidracija, hiperglikemija, hiperkaliemija, hipokaliemija, hipofosfatemija, hipernatriemija, hiponatriemija, hipokalciemija, protin, anksioznost, nevrotoksicnost, disestezija, hiperestezija, hipoestezija, sinkopa, parestezija, peko¢ obgutek, letargija, zmanj$ana ostrina vida,
zamegljen vid, diplopija, katarakta, konjunktivitis, suho oko, vrtoglavica, neugodje v usesu, angina pektoris, aritmija, palpitacije, embolija, hipertenzija, hipotenzija, pljucna embolija, plevralni izliv, izcedek iz nosu, disfonija, orofaringealna bole¢ina, epistaksa, hemoragicni enterokolitis,
krvavitev v prebavilih, akutni pankreatitis, ascites, ileus, subileus, kolitis, gastritis, refluksni gastritis, ezofagitis, moteno praznjenje Zelodca, abdominalna distenzija, analno vnetje, razjede v ustih, dispepsija, gastroezofagealna refluksna bolezen, proktalgija, bukalni polip, krvavitev dlesni,
glositis, parodontalna bolezen, bolezen zob, siljenje na bruhanje, flatulenca, slab zadah, hepatotoksicnost, razSiritev Zolgnih vodov, ludcenje koZe, urtikarija, preobtutljivostne reakcije na svetlobo, eritem, akne, hiperhidroza, Zulj, bolezni nohtov, otekanje sklepov, artralgija, bolecina
v kosteh, mialgija, miSicno-skeletna boletina, miSicna oslabelost, miSicni kr¢i, bole¢ina v okonginah, obEutek teZe, ledvicna odpoved, neinfektivni cistitis, motnje mikcije, hematurija, levkociturija, motnje menstruacije, poslabSanje splosnega zdravstvenega stanja, bolegina, obcutek
spremembe telesne temperature, kseroza, zvisanje kreatinina v krvi, podaljsanje intervala QT na elekirokardiogramu, povetanje mednarodnega umerjenega razmerja (INR), podaljsanje aktiviranega parcialnega tromboplastinskega casa (aPTC), zvisanje secnine v krvi, zvisanje laktatne
dehidrogenaze v krvi, zniZanje celokupnih proteinov, zvisanje C-reaktivnega proteina, zmanjsan hematokrit. Post-marketinske izkusnje: pri bolnikih, zdravljenih z zdravilom Lonsurf na Japonskem, so porocali o primerih intersticijske bolezni pljuc. PREVELIKO ODMERJANJE*:
NeZeleni ucinki, o katerih so porocali v povezavi s prevelikim odmerjanjem, so bili v skladu z uveljavljenim varnostnim profilom. Glavni pricakovani zaplet prevelikega odmerjanja je supresija kostnega mozga. FARMAKODINAMICNE LASTNOSTI*: Farmakoterapeviska skupina:
zdravila z delovanjem na novotvorbe, antimetaboliti, oznaka ATC: LO1BC59. Zdravilo Lonsurf sestavljata antineoplasticni timidinski nukleozidni analog, trifluridin, in zaviralec timidin-fosforilaze (TPaze), tipiracilijev klorid. Po privzemu v rakave celice timidin-kinaza fosforilira trifluridin.
Ta se v celicah nato presnovi v substrat deoksiribonukleinske kisline (DNA), ki se vgradi neposredno v DNA ter tako preprecuje celicno proliferacijo. TPaza hitro razgradi trifluridin in njegova presnova po peroralni uporabi je hitra zaradi ucinka prvega prehoda, zato je v zdravilo vkljuéen
zaviralec TPaze, tipiracilijev klorid. PAKIRANJE*: 20 filmsko obloZenih tablet. NACIN PREDPISOVANJA IN 1ZDAJANJA ZDRAVILA: Rp/Spec. Imetnik jenja za promet z i Les Laboratoires Servier, 50, rue Carnot, 92284 Suresnes cedex, Francija. Stevilka
dovoljenja za promet z zdravilom: EU/1/16/1096/001 (Lonsurf 15 mg/6,14 mg), EU/ 1/16/1096/004 (Lonsurf 20 mg/8,19 mg). * Pred predpisovanjem preberite celoten povzetek glavnih znacilnosti zdravila. Datum zadnje revizije besedila: marec 2017.
Celoten povzetek glavnih znaéilnosti zdravila in podrobnejse informacije so na voljo pri: Servier Pharma d.o.0., tel: 01 563 48 11, www.servier.si.

Datum priprave informacije: april 2017.
LNF16/17C2AD2  Samo za strokovno javnost.
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Skraj$an povzetek glavnih znacilnosti zdravila COTELLIC: PVOJING ZAVIRANJE. VECIA UCINKOVITOST.

' 1a to zdravilo se izvaja dodatno spreml]anje varnosti. Tako bodo hitreje na voljo nove informacije o njegovi varnosti. Zdravstvene delavce naproSamo, da porotajo o katerem koli domnevnem neZelenem ucinku zdravila. Kako porocati o nezelenih u€inkih, si poglejte skrajsani
povzetek glavnih znacilnosti zdravila pod “Porocanje o domnevnih nezelenih uginkih™.
Ime zdravila: Cotellic 20 mg filmsko oblozene tablete. Kakovostna in kolicinska sestava: Ena filmsko oblozena tableta vsebuje kobimetinibijev hem\fumarat kolikor ga ustreza 20 mg kobimetiniba. PomoZna snov z znanim uCinkom: Ena filmsko oblaozena tableta vsebuje 36 mg laktoze monohidrata
Terapevtske indikacije: Zdravilo Cotellic je v kombinaciji z vemurafenibom indicirano za zdravijenje odraslih bolnikov z neoperabilnim ali | ki ima mutacijo BRAF V600. Odmerjanje in nacin uporabe: Zdravijenje z zdravilom Cotellic v komhmacm z vemurafenibom sme uvesti in
nadzorovati Le usposabljen zdravnik, ki ima izkusnje z uporabo zdravil proti raku. Pred zacetkom zdravljemaje trebazvaumrannprewskavu potrditi, da ima bolnik melanom z mutacijo BRAF V800, Odmerjanje: Visak odmerek obsega tri 20-mg tablete (60 mg) in ga je treba vzeti enkrat na dan 21 dni zapored, temu
sledi 7-dnevni premor. Zdravljenje z zdravilom Cotellic je treba nadaljevati, dokler bolniku ne koristi ve¢ oziroma do pojava nespr ejemljive toksicnosti. Ce bolnik izpusti odmerek, ga lahko vzame do 12 ur pred naslednjim odmerkom, da ohrani shemo enkrat na dan. Ce bolnik po uporabi zdravila Cotellic bruha,
tisti dan ne sme vzeti dudamega odmerka, temveC mora zdravljenje nadajevat\ naslednji dan, kot je predpisano. Splosie prilagoditve odmerka: Odlotitev za zmanjSanje odmerka zdravila Cotellic ali vemurafeniba mora temeljm na zdravnikovi oceni vamosti in prenasanja pri posameznem bolniku. Ko je bil odmerek
enkrat zmanjSan, se ga kasneje ne sme vet: povecati. Nasvet za prlagoditev odmerka pii krvavitvah: Nezeleni dogodki stopnje 4 ali mozganska krvawtev adravijenje z zdravilom Cotellic je treba prekiniti. Trajno prenehanje zdravljenja z zdravilom Cotellic je potrebno v primeru krvavitev, ki jin pﬂp\suwte dravily
Cotellic. Nezeleni dogodki stapnje 3: zdravljenje  zdravilom Cotellic je treba med obravnava dogodka prekiniti, da se izognema moret le-tega. 0 utinkovitosti prilagoditve odmerka zdravila Catellic pri krvavitvah ni padatkov. Pri odloganju o panovni uvedbi zdravljenja z zdravilom Cotellic je
potrebna klinicna presoja. Odmerjanje vemurafeniba lahko po prekinitvi zdravljenja z zdravilom Cotellic nadaljujete, e je klinicno indicirano Nasvet z8 i agud/revndmﬂka v primery mgfunkmelevega prekata: Ce so sréni simptomi posledica 2dravila Cotellic in se po prehodm prekinitvi n egove upnrahe ne izboljsajo.
Je treba razmisliti o trajnem wenehamu zdravljenja z zdravilom Cotellic. Nasvefza vilagoditev odmerka pri rabdomiolizi in zvisanjih kreatin-fosfokinaze (CPK]: Rabdomioliza ali simptomatska zvisanja CPK- Tdravljenje 2 zdravilom Cotellic je treba prekiniti. Ce se rabdomioliza ali simptomatska avisanja CPK ne izbolj3ajo
v tednih, je potrebno trajno prenehanje zdravljenja z zdravilom Cotellic. Ce se izrazitost zmanjSa vsaj za eno stopnjo v 4 tednih, lahko zdravljenje z zdravilom Cotellic ponovno vedete v odmerku, zmanjSanem za 20 g, €e je klinitno indicirano. Bolnike je treba skrbno spremljati. Odmeuamevgmurafsmba lahko
po prilagoditvi zdravljenja z zdravilom Cotellic nadaljujete. Nesimptomatska zvisanja CPK: Stopnja 4: zdravljenje z zdravilom Cotellic je treba prekiniti. Ce se zviSanje CPK v 4 tednih po prekinitvi odmerjanja ne izbolj$a do stopnje < 3, je potrebno trajno prenehanje zdravljenja z zdravilom Cotellic. Ce se 2viSanje CPK
v 4 tednih po prekinitvi odmerjanja izbolj$a do stopnje < 3, lahko zdravljenje z zdravilom Cotellic ponovno uvedete v odmerku, zmanj$anem za 20 mg, e je klinicno indicirano. Bolnike je treba skrbno spremljati. Odmerjanje vemurafeniba lahko po prilagoditvi zdravijenja z zdravilom Cotellic nadaljujete. Stopnja
<3: po izkljucitvi rabdomiolize odmerjanja zdravila Cotellic i treba prilagoditi. Masvet za prilagoditev odmerka zdravila Cotellic med uporabo z vemurafenibom: Jetrna (aboratoriiska odstopanja: Stopnja 3: Zdravilo Cotellic je treba nadaljevati v predpisanem odmerku. Odmerek vemurafeniba je mogoce zmanjsati, kot
je Klinitno primerno. Stopnja 4: Zdravljenje z zdravilom Cotellic in zdravljenje z vemurafenibom je treba prekiniti. Za dodatna navodila glejte celotni povzetek glavnih znailnosti zdravila Cotellic. Fatosenzibilnost: Fotosenzibilnost stopnje < 2 je treba obvladovati s podpornim zdravijenjem. Fatosenzibilnost stopnje
2 ali stopnje > 3: zdravili Catellic in vemurafenib je treba prekiniti, dokler se ne zmanj$a na stopnjo < 1. Zdravljenje je mogoce znova zaceti brez spremembe odmerka zdravila Cotellic. Odmerjanje vemurafeniba je treba zmanjati, kot je klinicno primerno; za dodatne informacije glejte povzetek glavnih znatilnosti
vemurafeniba. 1z0uscaj: 1zpustaj se Lahko pojavi tako med zdravljenjem z zdravilom Cotellic kot med zdravljenjem z vemurafenibom. Odmerek zdravila Cotellic in/ali vemurafeniba je mogote zacasno prekiniti infali zmanjSati, kot je klinicno primerno. Za dodatna navodila glejte celotni povzetek glavnih znatilnosti
zdravila Cotellic. Podaljsanje intervala O1: Ce interval QTc med zdravljenjem preseze 500 ms, prosimo, glejte povzetek glavnih znaCilnosti vemurafeniba. Sprememba odmerkov zdravila Cotellic ni potrebna, kadar se ta uporablja v kombinaciji z vemurafenibom. Posebne populaciie bolnikov: Bolnikom, starim > 65
let, odmerka ni treba prilagoditi. Pri bolnikih s hudo okvaro ledvic je treba zdravilo Cotellic uporabljati previdno. Bolnikom z okvaro jeter odmerka ni treba prilagoditi. Bolniki s hudo okvaro jeter imajo lahko v primerjavi z bolniki z normalnim delovanjem jeter zvecane koncentracije prostega kobimetiniba v plazmi.
Pri zdravljenju z zdravilom Cotellic se Lahko pojavijo z jetri povezane laboratorijske nepravilnosti, zato je treba pri bolnikih z okvara jeter katere koli stopnje zdravilo uporabljati previdnoVarnost in uCinkovitost zdravila Cotellic pri atracih in mladostnikih, mlajih od 18 let, nista ugotovljeni. Natin uporabe: Zdravilo
Cotellic je za peroralno uporabo. Tablete je treba zauZiti cele, z vodo. Lahko se jemljejo skupaj s hrano ali brez nje. Kontraindikacije: Preobcutljivost na zdravilno ucinkovino ali katero koli pomozno snov. Posebna opozorila in previdnostni ukrepi: Zdravilo Cotellic v kombinaciji z vemurafenibom pri bolnikih.
katerih bolezen je napredovala med zdravljenjem z zaviralcem BRAF: Podatkov pri teh bolnikih je malo. Ti kazejo. da je ucinkovitost kombinacije pri teh bolnikih manj$a. Zato je treba razmisliti o drugih moznostih zdravijenja pred uvedbo kombinacije. Zdravilo Cotellic v kombinaciji z vemurafenibom pri bolnikih
2 zasevki v moZganih: Vamost in uinkovitost kombinacije zdravila Cotellic in vemurafeniba pri teh bolnikih ni bila ocenjena. Intrakranialna aktivnost kobimetiniba trenutno ni poznana. Krvavitve: Pri zdravljenju z zdravilom Cotellic se lahko pojavijo krvavitve, vkljuéno s hudimi krvavitvami. Previdnost je potrebna
pri-bolnikih z dodatnimi dejavniki tveganja za krvavitve, kot so zasevki v mozganih, in/ali pri bolnikih s socasnimi zdravili, ki povetajo tveganje za kivavitve (vkljucno z antitromboticno ali antikoagulantno terapijo). Serozna retinopatija: Pri bolnikih, zdravljenih z zaviralci MEK, vk(jutno z zdravilom Cotellic. so
opatali serozna retinopatijo. Vetina primerov je bila opisana kot horioretinopatija ali odstop mreznice. Vecina dogodkov, opazenih v klinitnih preskusanjih, je po prekinitvi ali zmanjSanju odmerka izzvenela ali se izboljala na nesimptomatsko stopnjo 1. Bolnike je treba na vsakem pregtedu oceniti glede simptomov
novih motenj vida ali poslabSanja obstojecih moten; vida \/ primeru simptomov novih motenj vida ali poslabSanju obstajecin je priporocliv oftalmoloski pregled. Serozno retinopatijo je mogoce obvladati s prekinitvijo zdravijenja, Sanjem odmerka ali p jem zdravljenja. D\sfunkmalevega prekata:
Pri bolnikih, ki so prejemali zdravilo Cotellic. so poracali o zmanjSanju lzt\snegadeteza levega prekata lLVEF]vamerJawuzhudlscem LVEF je treba izmeriti pred zacetkom zdravljenja za dolocitev izhodiStne vrednosti, nato pa ga kontrolirati po prvem mesecuzdravUenja ter vsaj na 3 mesece oziroma kot je
klinicno indicirano, do prenehanja zdravijenja. ZmanjSanje LVEF od izhodiSta je mogoce obvladati s prekinitvijo zdravijenja, zmanjs odmerka ali prenef zdravUenja EnlmkavzuhndlscmmWEFpud spodnjo mejo normalne vrednosti (SMN) za ustanovo ali pod 50 % niso proucevali. Jetrna laboratorijska
dsmpana Jetrna laboratorijska odstopanja se Lahko pojavijo tako med uporabo zdravila Cmell\cvkomhmacnz bom kot med Pri bolnikih, zdravijenih s kombinacijo zdravila Cotellic in vemurafeniba, so opazali jetrma laboratorijska odstopanja, zlasti
wisanje ALT, AST in AF. Jetrna laboratorijska odstopanja je treba kontrolirati z laboratorijskimi preiskavami jeter pred zacetkom kombiniranega zdravUenJa in vsak mesec med zdravjenjem, lahko pa tudi pogosteje. ce je klinicno indicirano. Laboratorijska odstopanja stopnje 3 je treba ohv adati s prekinitvijo
uporahe vemurafeniba ali zmanjSanjem odmerka. Jetrna aboratorijska odstopanja stopnje 4 se obviada s prekinitvijo zdravijenja, Sanjem odmerka ali h zdravljenja z zdravilom Cotellic in z vemurafenibom. Rabdomioliza |nzwsanaCPK Pri bolnikih, ki prejemajo zdravilo Cotellic, so porocali o
rabdomiolizi. ZviSanja CPK stopnje 3 ali 4, vkljucno z nesimptomatskimi zviSanji nad izhodidtno vrednost, sose pojavila tudi pri bolnikih, ki so v klinicnih preskusanuh prejemali zdravilo Cotellic v kombinaciji z vemurafenibom. Serumske koncentracije CPK in kreatinina je treba za doloitev izhodistne vrednosti
izmeriti pred zacetkom zdravljenja in nato med zdravljenjem spremijati mesecno ali kot je kliniéno indicirano. Ce je Serumska CPK avisana, preverite pisotnost znakov in simptomov rabdomiolize ali drugih varokov. Odvisno od fzrazitosti simptomov ali avisanja CPK je lahko potrebna prekinitev zdravljenja, zmanjganje
deerkaa\'prenehanezdrav enja Driska: Pri bolnikih, zdravljeni z zdravilom Cotellic. so pumcatiuprime[ihd[iske stopnje > 3 in resni driski. Drisko je treba obvladati z antidiaroiki in podpornim zdravijenjem. V/ primeru driske stopnje > 3, ki se pojavi kljub podpornemu zdravljenju, je treba DbE zdravu Cotellic
in vemurafemb prekmm dokler se driska ne izbo(Sa na smpnjud (e se driska stopnje > 3 ponovi, je treba odmerek zdravila Cotellic in vemurafeniba zmanjSati. Intoleranca za laktozo: Zdravilo vsebuje aktozo. Bolniki z redko dedno intoleranco za galaktozo, laponsko obliko pomanjkanja laktaze ali
koze/galaktoze se morajo p 7 ikom in se z njim pogovoriti, ali zanje koristi zdravljenja odteNtajo tveganje. Podaljsanje intervala QT: Ce interval OTc med zdravUenJempresezeEﬂﬂms prosimo, glejte puvzetkagtavmhznammust\ vemurafeniba. Medsebojno delovanje z drugimi
2dravili in druge ohllke interakcij: Ucinki drugih zdravil na kobimetinib: Zaviralci CYP3A: Med zdravljenjem s kobimetinibom se |zng\ba te socasni uporabi mocnih zaviralcev CYP3A. Ce se sotasni uporabi moénega zaviralca CYP3A ni mogoce izogniti, je treba bolnike skibno nadzirati glede varnosti. Previdnost
e potrebna, ce se kobimetinib uporablja sotasno z zmernimi zaviralci CYP3A. Ce se kobimetini upurablja socasno z zmernim zaviralcem CYP3A, je treba bolnike skrbno nadzirati glede vamosti. Induktorji CYP3A: Treba se je izogibati sotasni uporabi z zmernimi in mocnimi induktorji CYP3A. Razmisliti je treba o
uporabi drug\hzdrawl ki EYPHAmducwraJu le malo ali sploh ne. Ker se med so¢asna uporabo zmernih do mocnih i CYP3A koncentracija k » iba verjetno bistveno zmanja, se (ahko njegova uinkovitost pri bolniku poslabsa. Zavialci P-glikoproteina: Sotasna uporaba zavuatcevP gp. npr. ciklosporina
in verapamila, lahko zveca koncentracijo kabimetiniba v plazmi. Uginki kobimetiniba na druga zdravila: Substrati CP3A in CYPZ0é: Klinicna Studija medsebojnega delovanja zdravil pri onkoloskih bolnikih je pokazala, da se kancentraciji midazolama in dekstrometnrfanavptazm\vpﬂsomnsu kobimetiniba nista
spremenili 5ubstfar/EVP7AZ Invitro j ekub\met\mh potenmaten induktor CYP1AZ in lahko zato zmanj$a izpostavijenost substratom tega encima, npr. teofilinu. Substrati BCRP: In vitro kobimetinib zmerno zavira BCRP. Klinigno pomemhnega zavrtja BCRP na ravni Crevesja ni mogoce izkljutiti. Druga zdravila proti

raku: Pri bolnikih z ali | ni dokazov o klwmmupumembnem medsebojnem delovanju med kobimetinibom in vemurafenibom. zato prilagoditve odmerkov niso potrebne. Vpliv kobimetiniba na transportne sisteme zdravil: Studije i vitro kazejo. da kobimetinib
i substrat jetrnih privzemnih prenasalcev OATP1B1, OATP1B3 in OCT1, vendar pa jh rahlo zavira. Klinicni pomen teh izsledkov ni raziskan. Pediatriéna populacija: Studije medsebumegadetovama so izvedli le pri odraslih. NeZeleni u€inki: Nezeleni u€inki pri bolnikih, zdravUemhzzdrawmm Cotellic v kombinaciji
zvemurafenibom: Zelo pogosti: anemija, serozna retinopatija, zamegljen vid, mpenenzua krvavitev, driska, navzea, bruhame ibilnost, izputaj, makulopapulozen izpustaj, akneiformni dermatitis, hiperkeratoza, avisana telesna temperatura, mrzlica, zvisanja CPK, ALT, AST, gama-glutamiltransferaze (G6T)
in AF v krvi. Pogosti- bazalnocelicni karcinom, plos€atacelicni karcinom koze, k . dehidracija, f hiperglik okvara vida, p zmanjsan iztisni deleZ in zvianje bilirubina v krvi. Porocanje o domnevnih neZelenih ucinkih: Porocanje o domnevnih nezelenih

utinkih zdravila po izdaji dovoljenja za promet je pomembno. Omogoca namrec stal nusnremlanerazmeua med komstm\mtvegan}\zdrav'\ta 0d zdravstvenih delaveev se zahteva, da porocajo o katerem koli domnevnem neelenem ucinku zdravila na: Javna agencija Republike Slovenije za zdravila in medicinske
pripomacke, Sektor za farmakovigilanco, Nacionalni center za farmakovigilanco, Slovenceva ulica 22, SI-1000 Ljubljana, Tel: +386 (0)8 2000 500, Faks: +386 (0)8 2000 510, e-posta: h-farmakovigilanca@jazmp.si, spletna stran: wwvijazmp.si. Rezim izdaje zdravila: Rp/Spec. Imetnik dovoljenja za promet:
Roche Registration Limited, 6 Falcon Way, Shire Park, Welwyn Garden City, AL7 1TW, Velika Britanija. Verzija: 2.0/17. Informacija pripravijena: julij 2017.

SkrajSan povzetek glavnih znagilnosti zdravila ZELBORAF:

Ime Zdrawla Zelburaf 240 mg ﬁlmskn oblozene tablete. Kakovostna in kolicinska sestava: Ena tableta vsebuje 240 mg vemurafeniba (v obliki precipitata vemurafeniba in hipromeloze acetat sukcinata) Terap indikacije: ib je indiciran za jno zdravljenje odraslih bolnikov z
s pozitivno mutacijo BRAF V600. Odmerjanje in nacin uporabe: Zdravljenje z vemurafenibom mora uvesti in nadzorovati usposobljen zdravnik, ki ima izkusnje z uporabo zdravil za zdravljenje raka. Odmerjanje: Priporoteni odmerek vemurafeniba je 960 mg (4
tablete po 240 mgldvakrat na dan (to ustreza celotnemu dnevnemu odmerku 1920 mg). Vemurafenib lahko vzamemo s hrano ali brez nje. izogibati pa se moramo stalnemu jemanju obeh dnevnih odmerkov na prazen Zelodec. Zdravjenje 2 bom moramo nadaljevati do napred bolezni ali pojava

nesprejemljive toksiénosti. Ce bolnik izpusti odmerek, ga lahko vzame do 4 ure pred naslednjim odmerkom za ohranitey sheme dvakrat na dan. Obeh odmerkov pa ne sme vzeti hkrati. Ce bolnik po zaufitju vemurafeniba bruha, ne sme vzeti dodatnega odmerka zdravila, ampak morazzdmvuemem normalno
nadaljevati. Prilagoditve odmerjanja: Za obviadovanje neelenih ucinkov ali ob pudaUsamu mtervata (Tc je potrebno zmanjsanje odmerka, zacasna prekinitev infali dokoncno prenehanje zdravijenja (za podrobnosti o prilagoditvi odmerka, prosimo glejte SmPC zdravila). ZmanjSanje odmerka pod 480 mg dvakrat
na dan i priporocljivo. Ce se pri bolniku pojavi plosCatocelicni karcinom koze, priporogamo nadaljevanje zdravljenja brez zmanj3anja odmerka vemurafeniba. Posebne populacie: Za bolnike, slarEJse od 65 let, prilagajanje odmerka ni potrebno. 0 bolnikih z akvaro Ledvic ali jeter je na voljo malo podatkov. Bolnike
s hudo okvaro ledvic ali z zmerna do hudo okvaro jeter je treba pozomo spremljati. Varnost in ucinkovitost vemurafeniba pri otrocih, mlajsih od 18 let, nista bili dokazani. Nacin uporabe: Vemurafenib je namenjen peroralni uporabi. Tablete je treba zauZiti cele, z vodo. Ne sme se jih Zvetiti ali zdrobiti.
Kontraindikacije: Preobcutljivost na zdravilno uﬁ'mkuvmu ali katerokoli pomozno snov. Posebna opozorila in previdnostni ukrepi: Pred uporabo vemurafeniba je treba z validirano preiskavo potrditi, da ima holniktumorspozmvm muta:iJoBRAF V600. Dokazi o utinkovitosti in vamosti vemurafeniba pri
bolnikih s tumorji z izrazeno redko BRAF V600 mutacijo, ki ni V6OOE ali V600K, niso prepriljivi. Vemurafeniba se ne sme uporabljati pri bolnikih z malignim melanomom, ki ima divji tip BRAF. Preabcutljivostne reakcije: V' povezavi z vemurafenibom so bile opisane resne preobEutljivostne reakcije, vkljuéno z
anafilaksijo. Hude preobtutljivostne reakeije ahko vkljutujejo Stevens-Johnsonov sindrom, generaliziran izpustaj, eritem ali hipotenzijo. Pri bolnikih, pri katerih se pojavijo resne preabCutljivostne reakeije, je treba zdravijenje z vemurafenibom dokancno opustiti. KoZne reakcije: Pri balnikih, ki so prejemali
vemurafenib, so v kljuénem kliniénem preskusanju porocali o hudih koznih reakcijah, vkljuéno z redkim Stevens-Johnsonovim sindromom in toksicno ep\dermamo nekrolizo. Po prihodu vemurafeniba na trg so v povezavi z njim porotali o reakeiji na zdravilo z eozinofilijo in sistemskimi simptomi. Pri bolnikih, pri
katerih se pojavi huda kozna reakcija, je treba zdravUenjezvemura enibom dokoncno opustiti. Povecanje toksicnosti obsevanja: Pri bolnikih, ki so se pred. med ali po zdravljenju z vemurafenibom 2dravili Z obsevanjem, so porocali o primerih vnetnih reakcij na mestu obsevanja (L. radiation recall) in povetane
obEutljivosti na ohsevame Vecma primerov je bila po naraw koznih, a nekaj primerov. ki je vkljucevalo visceralne organe, je imelo smrtni izd. Pri sotasni i zaporedni uporabi vemurafeniba in obsevanja je potrebna previdnost. PodaliSanje intervala 01 V nekontrolirani, odprti studm faze Il pri predhodno zdravljenih
bolnikih z so opazili podaljSanje intervala O, odvisnega od izpostavljenosti vemurafenibu. Podaljsanje intervala QT lahko poveca tveganje za ventrikulame aritmije, vkjuéno s t. i. Torsade de Pointes. 7 vemurafenibom ni priporoc{jivo zdraviti bolnikov z elektrolitskimi motnjami (vk{jucno
2 magnezij jlem]. ki jih ni mogote odpraviti, bolnikov s sindromom dolgega intervala QT in bolnikov, zdravljenih z zdravili, ki podaljsajo interval QT. Pred zdravjenjem z vemurafenibom, en mesec po zdravljenju in po spremembi odmerka je treba pri vseh bolnikih posneti EKG in kontrolirati elektrolite [vk(juéno 2
magnezijem) Nada ljnje kontrole so priporocljive predvsem pri bolnikih z zmermo do hudo jetrno okvaro, in sicer mesecno prve 3 mesece zdravljenja. potem pa na 3§ mesece oziroma pogosteje. ce je to klinicno indicirano. Zdravl enjazvemurafemhom ni priporacljivo uvesti pri bolnikih, ki imajo interval QTc > 500
ms. Bolezni oci: Porocali so o resnih nezelenih ucinkih na oceh, vkljuéno z uveitisom, iritisom in zaporo mreznicne vere. Bolnikom je treba ofi redno kontrolirati glede morebitnih nezelenih ucinkov na oceh. Plostatocelicni karcinom koZe: Pri bolnikih, zdravjenih z vemurafenibom, so bili opisani primeri
plostatacelitnega karcinoma koze, vkljuéno s plosatacelicnim karcinomom, opredeljenim kot k f ali meSani k | Priporatljivo je, da vsi bolniki pred uvedbo zdravljenja upravuo dermatoloski pregled in da so med zdravljenjem deleZni rednih kontrol. Vsake sumljivo sprememho je treba
izrezati, poslati na h\smpammskn oceno in jo zdraviti v skladu z lokalnimi smernicami. Meg zdravijenjem in do Sest mesecev po zdravijenju plosCatocelicnega karcinoma mora zdravnik enkrat mesecno pregledati bolnika. Pri bolnikih, ki se jim pojavi plostatocelicni karcinom koze, je priporocljivo nadaljevati
zdravljenje brez zmanjSanja odmerka. Nadzor se mora nadaljevati Se 6 mesecev po prenehanuzdrav ljenja z vemurafenibom ali do uvedbedrugegaammeupastmnegazdrav ljenja. Bolnikom je treba naroiti. naj svojega zdravnika obvestijo o pojavu kakrSnih koli sprememb na koi. Ploscatocelicni karcinom. ki se
e nahaja na kozi: Pri bolnikih, ki so prejemali vemurafenib v klinicnih preskusanjih, so porogali o primerih plostatoceliénega karcinoma, ki se ne nahaja na kozi. Bolnikom je treba pred uvedbo zdravljenja in na 3 mesece med zdravljenjem pregledati glavo in vrat (pregled mora obsegati vsaj ogled ustne sluznice
in palpacijo bezgavk). Poleg tega marajo bolniki pred zdravljenjem in na 6 mesecev med zdravljenjer opraviti racunalnisko tomagrafijo prsnega kose. Pred in po konanem zdravtjenju ali kadar je klinicno indicirano, je priporocljivo opraviti pregled zadnjika in ginekoloski pregled. Po prenehanju zdravijenja z
vemurafenibom se mora nadzor glede ptosaamcehcnega karcinoma, ki se ne nahaja na kozi, nadaljevati Se 6 mesecev ali do uvedbe drugega lastitnega zdravijenja. N | be je treba of v skladu s klinicno prakso. Novi primarni melanom: V! klinicnih preskusanjih so porocali o
novih primarnih melanomih. Bolnike s taksnimi primeri so zdravili z ekscizijo. bolniki pa so nadaljeva\zzdrawemem brez prilagoditve odmerka. Nadzor nad pOJava koznih lezij je treba \zvajah kot je navedeno zgoraj pri plostatocelicnem karcinomu koze. Jruge malignosti: Glede na mehanizem delovanja lahko
vemurafenib povzroCi napredovanje rakov, povezanih z mutacijo RAS. Pred dajanjem vemurafeniba bolnikom, ki so imeli ali imajo raka, povezanega z mutacijo RAS, skrbno razmislite o karistih in tveganjih. Pankreatitis: Pri bolnikih, zdravljenih z zdravilom Zelboraf, so porocali o pankreatitisu. Nepojasnjeno bolecino
v trebuhu je treba nemudoma preiskati. Bolnike je treba skrbno spremljati, ko po epizodi pankreatitisa ponovno uvedemo vemurafenib. Poskadbe jeter: Med uporabo vemurafeniba so porocali o poskodbah jeter, vk(jutno s primeri hudin poskodb. Pred uvedbo zdravijenja je treba izmeriti jetme encime (transaminaze
in alkalno fosfatazo) ter bilirubin in jih spremljati mesetno med zdravljenjem oz. kot je klinicno indicirano. Laboratorijske nepravilnasti je treba obvladati 2 zmanjSanjem odmerka, prekinitvijo zdravijenja ali prenehanjem zdravljenja [za podrabnosti o prilagoditvi odmerka, prosimo glejte SmPC zdravile). Ledvicna
toksichost: Med uporabo vemurafeniba so porocali o ledvitni toksicnosti v razponu od zviSanega serumskega kreatinina do akutnega intersticijskega nefritisa in akutne tubulne nekroze. Serumski kreatinin je treba izmeriti pred zaCetkom zdravijenja in ga med zdravijenjem spremljati. kot je Klinicno indicirano.
Jetrna okvara: Bolnikam z jetrno okvaro zacetnih odmerkov ni treba prilagajati. Bolnike, ki imajo zaradi metastaz v jetrih blago jetrno okvara in nimajo hiperbilirubinemije, se lahko nadzoruje v skladu s splosnimi priporogili. Podatkov o bolnikih z zmerno do hudo jetrno okvaro je le malo; pri takih bolnikih je
izpostavljenast lahko vecja. Tako je posebej po prvih tednih zdravljenja potreben skrben nadzor, saj Lahko po daljsem abdabju vec tednih) pride do kopicenja. Ledvicna okvara: Bolnikom z blago ali zmerna ledviéno okvaro zacetnih odmerkov ni treba prilagajati. Pri bolnikih 2 hudo Ledvicno akvaro je treba vemurafenib
uporabljati previdno ter jih pozorno spremljati. Fotosenzibilnost: Pri bolnikih, ki so v klinicnih Studijah prejemali vemurafenib, je bila opisana blaga do huda fotosenzibilnost. Vsem bolnikom je treba narotiti, naj se med jemanjem vemurafeniba ne izpostavijajo soncu. V primeru fotosenzibilnosti stopnje 2 ali vet
so priporocljive prilagoditve odmerka. ﬂuguz(fenavakamrak(ura in fibromatoza plantarne fascije: Pri Jemanjuvemurafemba S0 porocawoDupquenuw kontrakturi in fibromatozi plantarne fascue Vetina prlmeruwebﬂahag\hdo zmernih, porocali pa so tudi o hudih primerih Dupuytrenove kontrakture, ki je bolnike
onesposobila. Te dogodke je treba 7 odmerka, prekinitvijo ali ukinitvijo zdravljenja. Zenske v rodni dobi morajo med zdravljenjem in vsaj sebmesecevpnzdravljemuupurabtjat\ucmkuvnn kontracepcijsko zastito. Vemurafenib lahko zmanjSa u€inkovitost hormanskih kontraceptivov. Socasna
uporaha ba in ba ni priporocljiva. Medseboji deluvanjezdruglmlzdrawll|n druge oblike interakcij: Jplivi vemurafeniba na substrate CYP Vemurafenib lahko poveta izpostavijenost v plazmi tistim snovem, ki se presnavjajo preteino s CYPTAZ (npr. agomelatinu, duloksetinu, melatoninu,
tizanidinu, teofilinu); v takem primeru se lahko razmisli o prilagoditvi odmerka, ce je Klinicno indicirano. Vemurafenib lahko zmanjsa plazemsko izpostal zdravilom, ki se p ljajo pretezno s CYP3AL. Tako je Lahko ucinkovitost kontracepcijskih tablet, ki se presnavijajo s CYP3A4 in se uporabljajo socasno
7 vemurafenibom, zmanj$ana. Pri substratih CYP3A4. ki imajo ozko terapevtsko akno, se Lahko razmisli o prilagoditvi odmerka, ce je klinicno indicirano. Zaenkrat Se ni znano ali lahko vemurafenib pri koncentraciji v plazmi, ki je bila opazena pri bolnikih v stanju dinamicnega ravnovesja, zmanjsa plazemske
koncentracije sotasno dajanih substratov CYPZB, kot je bupropion. Kadar se vemurafenib pri bolnikih z melanomom uporabi hkrati z varfarinom (CYP2C9), je potrebna previdnost. Tveganja za Klinicno pomemben utinek na socasno uporabljene uinkavine, ki so substrati CYPZCB, ni mogoce izk{juciti. Zaradi dolge
razpolovne dobe vemurafeniba je mogote, da popolnega inhibitornega utinka vemurafeniba na sotasno dajano zdravila ne opazimo, dokler ne mine 8 dni zdravljenja z vemurafenibom. Po konganem zdravu’enju 7 vemurafenibom bo morda potreben 8-dnevni premor, da se izognemo interakcijam z nadaljnjim

adravljenjem. Zdravljene 7 absevanjem: Pri bolnikih, zdravljenih z vemurafenibom, so porocali o povecanju toksicnosti obsevanja. V veini primerov so bolniki prejeli protokole obsevanja z 2 Gy/dan ali vet (hipofrakcionirane protokole). Medsebojno delovanje s S/s[em/zdrawl Ghsocasm

uporabi vemurafeniba in substrata P- ] epotrebna prewdnost Pri uporabi zdravil, ki so substrati P-gp in imajo 0zko terape\dskonknolnpr digoksina. dabigatran eteksilata, aliskirenal, je treba razmisliti o dodatnem spremljanju koncentracije zdravila. Moznosti, da ib morda poveca izp

zdrawmm w se plenasajn 7 EERP ni mugnce |kuucm Vplivi socasno dravil na Je treba uporabljati previdno v kombinaciji z mocnimi mmb\tom CYP3Ad, gtukummdamje m/an prenasatmh beljakovin lnpr Htonavmem sakvinavirjem, temrommlnum ketoknnazutom
vor irjem). Sozasna uporaba mocnih induktorjev P-gp, glukuronidacije infali CYP3A (npr. rifampicina, rifabuting, karb fenitoina ali entj ) lahko vodi v sub i ibu in se ji je treba izogibati. Vplivi

induktorjev in inhibitorjev P- gp in BCRP na izpostavijenost vemurafenibu niso znani. Ne moremo pa izkljuciti moznosti, da imajo ahko zdravile, ki vplivajo na P-gp [npr. verapamil, ciklosporin, ritonavir, kinidin, itrakonazol) ali BCRP (npr. cwknspurm gefmmb] vpliv na farmakokinetiko vemurafeniba. NeZeleni
utinki: Med najpogostejsimi nezelenimi uinki (> 30 %), o katerih so porotali v zvezi z vemurafenibom, so artralgija, utrujenost, koani izpusta, fotosenzibilnostna reakcija, navzea, alopecija in stbenje. Zelo pogosto je bil opisan plostatocelicni karcinom koe. Sledijo drugi zelo pogosti in pogosti nezeleni utinki
Zelo pogosti- seboroitna keratoza, kozni papilom, zmanjSanje teka, glavobol, disgevzija, kaSel], driska, bruhanje, zaprtost, aktinicna keratoza, makulo-papulozen izpustaj, papulozen izpustaj, hiperkeratoza, eritem, suha koza, sancne opekline, mialgija, bolecina v okontini, midicno-skeletne bolecine. bole€ine v
hrbtu, pireksija, periferni edem, astenija, 2viSanje GGT. Pogost: folikulitis, bazalnacelicni karcinom, novi primarni melanom, ohromelost sedmega Zivca, omatica, uveitis, sindrom palmarno-plantarne eritrodisestezije, panikulitis, pilarna keratoza, artritis, Dupuytrenova kontraktura, 2viSanje ALT, alkalne fosfataze,
bilirubina in izguba telesne mase, podaljSanje QT in aviSanje kreatinina v kivi. Posebne populacije: Pri starejsin bolniki (> 65 Let) je mozna vecja verjetnost nezelenih utinkov, viljuéno s plostatoceliénim karcinomom koze, zmanjsanjem teka in motnjami sénega ritma. Med nezelene ucinke stopnje 3, ki so bili
med klinicnimi preskusanji vemurafeniba pri Zenskah opisani pogosteje kot pri moskih, spadajo koini izpustaj, artralgija in fotosenzibilnost. Porocanje o domnevnih nezelenih ucinkih: Porotanje o domnevnih nezelenih ucinkih zdravila po izdaji dovoljenja za promet je pomembno. Omogoca namret stalno
spremljanje razmerja med koristmi in tveganji zdravila. Od zdravstvenih delavcev se zahteva, da porocajo o katerem koli domnevnem neZelenem utinku zdravila na: Javna agencija Republike Slovenije za zdravila in medicinske pripomocke, Sektor za farmakovigilanco, Nacionalni center za farmakovigilanco,
Slovenceva ulica 22, SI-1000 Ljubljana, Tel: +386 (0)8 2000 500, Faks: +386 (08 2000 510, e-posta: h-farmakovigilancafdjazmp.si, spletna stran: www.jazmp.si. ReZim izdaje zdravila: Rp/Spec. Imetnik dovoljenja za promet: Roche Registration Limited, 6 Falcon Way, Shire Park, Welwyn Garden City, AL7
1TW, Velika Britanija. Verzija: 3.0/17. Informacija pripravijena: julij 2017

Samo za strokovno javnost.

DODATNE INFORMACIJE SO NAVOLJO PRI: Roche farmacevtska druzba d.0.0., Vodovodna cesta 109, 1000 Ljubljana.
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1 Povzetek glavnih znacilnosti zdravila Cotellic. Dostopano julij 2017
na: http://www.ema.europa.eu/docs/sl_Sl/document_Llibrary/
EPAR_-_Product_Information/human/003960/WC500198563.pdf

2 Povzetek glavnih znacilnosti zdravila Zelboraf. Dostopano julij
2017 na: http://www.ema.europa.eu/docs/sl_Sl/document_Llibrary/
EPAR_-_Product_Information/human/002409/WC500124317.pdf
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BISTVENI PODATKI 1Z POVZETKA GLAVNIH ZNACILNOSTI ZDRAVILA

XALKORI 200 mg, 250 mg trde kapsule

¥ Za to zdravilo se izvaja dodatno spremljanje varnosti. Tako bodo
hitreje na voljo nove informacije o njegovi varnosti. Zdravstvene
delavce naprosamo, da porocajo o kateremkoli domnevnem
nezelenem ucinku zdravila. Glejte poglavie 4.8 povzetka glavnih
znacilnosti zdravila, kako porocati o nezelenih ucinkih. Sestava in
oblika zdravila: Ena kapsula vsebuje 200 mg ali 250 mg krizotiniba.
Indikacije: Prva linija zdravljenja odraslih bolnikov z napredovalim
nedrobnoceli¢nim plju¢nim rakom (NSCLC - Non-Small Cell Lung
Cancer), ki je ALK (anaplasticna limfomska kinaza) pozitiven.
Zdravljenje odraslih bolnikov s predhodno zdravljenim, napredovalim
NSCLC, ki je ALK pozitiven. Zdravlienje odraslih bolnikov z
napredovalim NSCLC, ki je ROS1 pozitiven. Odmerjanje in naéin
uporabe: Zdravljenje mora uvesti in nadzorovati zdravnik z izkugnjami
z uporabo zdravil za zdravljenje rakavih bolezni. Preverjanje
prisotnosti ALK in ROST: Pri izbiri bolnikov za zdrav\jenjeje treba pred
zdravljenjem opraviti tocno in validirano preverjanje prisotnosti ALK
ali ROS1. Odmerjanje: Priporoceni odmerek je 250 mg dvakrat na dan
(500 mg na dan), bolniki pa morajo zdravilo jemati brez prekinitev. Ce
bolnik pozabi vzeti odmerek, ga mora vzeti takoj, ko se spomni, razen
¢e do naslednjega odmerka manjka manj kot 6 ur. V tem primeru
bolnik pozabljenega odmerka ne sme vzeti. Prilagajanja odmerkov:
Glede na varnost uporabe zdravila pri posameznem bolniku in kako
bolnik zdravljenje prenasa, utegne biti potrebna prekinitev in/ali
zmanjsanje odmerka zdravila na 200 mg dvakrat na dan; ce je
potrebno $e nadaljnje zmanjsanje, pa znasa odmerek 250 mg enkrat
na dan. Za prilagajanje odmerkov pri hematoloski in nehematoloski
(povecanje vrednosti AST, ALT, bilirubina; ILD/pnevmonitis;
podaljsanje intervala QTc, bradikardija, bolezni oci) toksicnosti glejte
preglednici 1in 2 v povzetku glavnih znacilnosti zdravila. Okvara jeter:
Pri blagi in zmerni okvari je zdravljenje treba izvajati previdno, pri hudi
okvari se zdravila ne sme uporabljati. Okvara ledvic: Pri blagi in zmerni
okvari prilagajanje zacetnega odmerka ni priporoceno. Pri hudi okvari
ledvic (ki ne zahteva peritonealne dialize ali hemodialize) je zacetni
odmerek 250 mg peroralno enkrat na dan; po vsaj 4 tednih zdravljenja
se lahko povec¢a na 200 mg dvakrat na dan. Starejsi bolniki (U 65 let):
Prilagajanje zacetnega odmerka ni potrebno. Pediatricna populacija:
Varnost in uc¢inkovitost nista bili dokazani. Nacin uporabe: Kapsule je
treba pogoltniti cele, z nekaj vode, s hrano ali brez nje. Ne sme se jih
zdrobiti, raztopiti ali odpreti. Izogibati se je treba uzivanju grenivk,
grenivkinega soka ter uporabi $entjanzevke. Kontraindikacije:
Preobcutljivost na krizotinib ali katerokoli pomozno snov. Huda okvara
jeter. Posebna opozorila in prewdnostm ukrepi: Dolocanje statusa
ALK in ROST: Pomembno je izbrati dobro validirano in robustno
metodologijo, da se izognemo lazno negativnim ali lazno pozitivnim
rezultatom. Hepatotoksi¢nost: V klini¢nih Studijah so porocali o
hepatotoksic¢nosti, ki jo je povzrocilo zdravilo (vklju¢no s primeri s
smrtnim izidom). Delovanje jeter, vkljuéno z ALT, AST in skupnim
bilirubinom, je treba preveriti enkrat na teden v prvih 2 mesecih
zdravljenja, nato pa enkrat na mesec in kot je klini¢no indicirano.
Ponovitve preverjanj morajo biti pogostejse pri povecanijih vrednosti
stopnje 2, 3 ali 4. Intersticijska bolezen plju¢ (ILD)/pnevmonitis:
Lahko se pojavi huda, Zivljenjsko nevarna ali smrtna ILD/pnevmonitis.
Bolnike s simptomi ILD/pnevmonitisa, je treba spremljati, zdravljenje

pa prekiniti ob sumu na ILD/pnevmonitis. Podalj$anje intervala QT:

Opazali so podaljsanje intervala QTc. Pri bolnikih z obstojeco
bradikardijo, podaljsanjem intervala QTc v anamnezi ali predispozicijo
zanj, pri bolnikih, ki jemljejo antiaritmike ali druga zdravila, ki
podaljsujejo interval QT, ter pri bolnikih s pomembno obstojeco sréno
boleznijo in/ali motnjami elektrolitov je treba krizotinib uporabljati
previdno; potrebno je redno spremljanje EKG, elektrolitov in delovanja
ledvic; preiskavi EKG in elektrolitov je treba opraviti ¢imblizje uporabi
prvega odmerka, potem se priporoc¢a redno spremljanje. Ce se interval
QTc podaljsa za 60 ms ali vec, je treba zdravljenje s krizotinibom
zacasno prekiniti in se posvetovati s kardiologom, Bradikardija: Lahko
se pojavi simptomatska bradikardija (Iahko se razvije ve¢ tednov po
zacetku zdravljenja); izogibati se je treba uporabi krizotiniba v
kombinaciji z drugimi zdravili, ki povzrocajo bradikardijo; pri
simptomatski bradikardiji je treba prilagoditi odmerek. Sréno
popuscanje: Porocali so o hudih, Zivljenjsko nevarnih ali smrtnih
nezelenih ucinkih srénega popuscanja. Bolnike je treba spremljati
glede pojavov znakov in simptomov srénega popuscanja in ob pojavu
simptomov  zmanj$ati odmerjanje ali prekiniti  zdravljenje.
Nevtropenija in_levkopenija: V klini¢nih Studijah so porocali o
nevtropeniji, levkopeniji in febrilni nevtropeniji; sprem\]atl je treba
popolno  krvno sliko (pogostejse pre\skave e se opazijo
abnormalnosti stopnje 3 ali 4 ali ¢e se pojavi povisana telesna
temperatura ali okuzba). Perforacija v prebavilih: V klini¢nih Studijah
so porocali o perforacijah v prebavilih, v obdobju trzenja pa o smrtnih
primerih perforacij v prebavilih. Krizotinib je treba pri bolnikih s
tveganjem za nastanek perforacue v prebavilih uporabljati prewdno
bolniki, pri katerih se razvije perforacija v prebavilih, se morajo
prenehati zdraviti s krlzotmlbom bolnike je treba pouciti o prvih
znakih perforacije in jim svetovati, naj se nemudoma posvetujejo z
zdravnikom. Vplivi na ledvice: V klini¢nih studijah so opazili zvisanje
ravni kreatinina v krvi in zmanj$anje ocistka kreatinina. V klini¢nih
Studijah in v obdobju trzenja so porocali tudi o odpovedi ledvic, akutni
odpovedi ledvic, primerih s smrtnim izidom, primerih, ki so zahtevali
hemodializo in hiperkaliemiji stopnje 4. Vplivi na vid: V klini¢njh
Studijah so porocali o izpadu vidnega polja stopnje 4 z izgubo vida. Ce
se na novo pojavi huda izguba vida, je treba zdravljenje prekiniti in
opraviti oftalmoloski pregled. ¢e so motn]e vida trdovratne ali se
poslabsajo, je priporocljiv oftalmoloski pregled. Histoloska preiskava,
ki ne nakazuje adenokarcinoma: Na voljo so le omejeni podatki pri
NSCLC, ki je ALK in ROST pozitiven in ima histoloske znacilnosti, ki ne
nakazujejo adenokarcinoma, vkljuéno s plos¢atoceli¢nim karcinomom
(SCC). Medsebojno delovanje z drugimi zdravili in druge oblike
interakcij: Zdravila, ki lahko povecajo koncentracije krizotiniba v
plazmi (mocni zaviralci CYP3A4, npr. atazanavir, indinavir, nelfinavir,
ritonavir,  sakvinavir,  itrakonazol, ketokonazol,  vorikonazol,
klaritromicin, telitromicin, troleandomicin), tudi grenivke in grenivkin
sok. Zdravila, ki lahko zmanjsajo koncentracije krizotiniba v plazmi
(mocni induktorji CYP3A4, npr. karbamazepin, fenobarbital, fenitoin,
rifampicin, Sentjanzevka). Zmerni induktorji CYP3A4, npr. efavirenz in
rifabutin. Zdravila, katerih koncentracije v plazmi lahko krizotinib
spremeni (midazolam, alfentanil, cisaprid, ciklosporin, derivati ergot
alkaloidov, fentanil, pimozid, kinidin, sirolimus, takrolimus, bupropion,
efavirenz, peroralni kontraceptivi, raltegravir, irinotekan, morfin,
nalokson, digoksin, dabigatran, kolhicin, pravastatin, metformin,
prokainamid). Zdravila, ki podaljsujejo interval QT ali ki lahko
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povzrocijo Torsades de pointes (antiaritmiki skupine IA (kinidin,
disopiramid), antiaritmiki skupine Il (amiodaron, sotalol, dofetilid,
ibutilid), metadon, cisaprid, moksifloksacin, antipsihotiki). Zdravila, ki
povzrocajo bradikardijo (nedihidropiridinski zaviralci kalcijevih
kanalckov  (verapamil, diltiazem), antagonisti adrenergi¢nih
receptorjev  beta, klonidin, gvanfacin dlgoksm meflokin
antiholinesteraze, pllokarpm) PI in d
Zenske v rodni dobi se morajo izogibati zanositvi. Med zdravljenjem in
najmanj 90 dni po njem je treba uporabljati ustrezno kontracepcijo
(velja tudi za moske). Zdravilo lahko $koduje plodu in se ga med
nosec¢nostjo ne sme uporabljati, razen ce klini¢no stanje matere ne
zahteva takega zdravljenja. Matere naj se med jemanjem zdravila
dojenju izogibajo. Zdravilo lahko zmanjsa plodnost moskih in Zensk.
Vpliv na sposobnost voznje in upravljanja strojev: Lahko se pojavijo
simptomatska bradikardija (npr. sinkopa, omotica, hipotenzi
motnje vida ali utrujenost; potrebna je previdnost. NeZeleni u€inki:
Najresnejsi nezeleni ucinki so bili hepatotoksi¢nost, ILD/pnevmonitis,
nevtropenija in podalj$anje intervala QT. Najpogostejsi nezeleni u¢inki
(U 25 %) so bili motnje vida, navzea, diareja, bruhanje, edem, zaprtje,
povecane vrednosti transaminaz, utrujenost, pomanjkanje apetita,
omotica in nevropatija. Ostali zelo pogosti (U 1/10 bolnikov) nezeleni
ucinki so: nevtropenija, anemija, levkopenija, disgevzija, bradikardija,
bolecina v trebuhu in izpuscaj. Naéin in rezim izdaje: Predpisovanije in
izdaja zdravila je le na recept, zdravilo pa se uporablja samo v
bolnisnicah. Izjemoma se lahko uporablja pri nadaljevanju zdravljenja
na domu ob odpustu iz bolninice in nadaljnjem zdravljenju. Imetnik
dovoljenja za promet: Pfizer Limited, Ramsgate | Road, Sandwich, Kent
CT13 9NJ, \/ellka Britanija. Datum zadn]e revm]e besedlla n 11 2016
Pred pred se p gl
znaulnosh zdravila.

Vir: 1. Povzetek glavnih znacilnosti zdravila Xalkori, 11.11.2016

XAR-03-17 Samo za strokovno javnost
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