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Background. Diffusion kurtosis imaging (DKI) allows for assessment of diffusion influenced by microcellular structures.
We analyzed DKI in suspected low-grade gliomas prior to histopathological diagnosis. The aim was to investigate if
diffusion parameters in the perilesional normal-appearing white matter (NAWM) differed from contralesional white
matter, and to investigate differences between glioma malignancy grades II and III and glioma subtypes (astrocytomas and oligodendrogliomas).
Patients and methods. Forty-eight patients with suspected low-grade glioma were prospectively recruited to this
institutional review board-approved study and investigated with preoperative DKI at 3T after written informed consent.
Patients with histologically proven glioma grades II or III were further analyzed (n=35). Regions of interest (ROIs) were
delineated on T2FLAIR images and co-registered to diffusion MRI parameter maps. Mean DKI data were compared
between perilesional and contralesional NAWM (student’s t-test for dependent samples, Wilcoxon matched pairs
test). Histogram DKI data were compared between glioma types and glioma grades (multiple comparisons of mean
ranks for all groups). The discriminating potential for DKI in assessing glioma type and grade was assessed with receiver
operating characteristics (ROC) curves.
Results. There were significant differences in all mean DKI variables between perilesional and contralesional NAWM
(p=<0.000), except for axial kurtosis (p=0.099). Forty-four histogram variables differed significantly between glioma
grades II (n=23) and III (n=12) (p=0.003–0.048) and 10 variables differed significantly between ACs (n=18) and ODs
(n=17) (p=0.011–0.050). ROC curves of the best discriminating variables had an area under the curve (AUC) of
0.657–0.815.
Conclusions. Mean DKI variables in perilesional NAWM differ significantly from contralesional NAWM, suggesting altered microstructure by tumor infiltration not depicted on morphological MRI. Histogram analysis of DKI data identifies
differences between glioma grades and subtypes.
Key words: diffusion kurtosis imaging (DKI); glioma; perilesional; tumor infiltration; grade, subtype
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Introduction
Gliomas are neoplasms arising from neuroglial or
precursor cells. Neuropathological classification
is based on dominant cell type, malignancy grade
atypia (I–IV), cell density, mitosis, endothelial proliferation, necrosis and genetic tumor properties.1,2
Astrocytomas (ACs) and oligodendrogliomas
(ODs) are the most prevalent histological glioma
subtypes. Neuropathologically glioma grade II differs from grade III primarily based on cell density
and proliferation and may present with similar
imaging patterns on morphological Magnetic resonance imaging (MRI), showing high signal intensity on T2-weighted images. Grade II and III gliomas typically do not display necrosis or ring-like
contrast enhancement as do gliomas grade IV.3-5
Imaging is an important tool in the preoperative evaluation of suspected low-grade gliomas
as well as monitoring of treatment response and
follow-up. MRI, that is non-invasive except for
administration of contrast agent, is used to assess
tumor extension but also to evaluate tumor heterogeneity and to identify higher-grade areas within
low-grade tumors, preoperatively or as a sign of
progression. Low-grade gliomas are associated
with a more indolent clinical course compared
to high-grade gliomas. The clinical course varies
within the group of low-grade gliomas where ODs
have a slower growth than ACs.6,7 Accurate preoperative radiological diagnosis is of special interest
when tumors are located in or adjacent to eloquent
areas because the time to surgery and neuropathological diagnosis might be prolonged in such cases.
MRI also plays an important role in the follow-up
of gliomas that are primarily not suitable for gross
tumor resection.8
Gliomas have an infiltrating growth pattern in
the white matter9,10, exemplified by their ability to
grow in cranial nerves.11 Tumor infiltration is commonly assessed by morphological T2-weighted images where the high tumor signal defines the outer
borders of the tumor.12 This concept of evaluating
glioma growth through morphological MRI has
been challenged by studies showing infiltrative
growth in gliomas not perceived on T2-weighted
images.13,14 Studies have shown tumor growth up
to several centimeters outside the morphological
T2-boundary on MRI.14-16 Jenkinson et al., found
that ODs with intact 1p19q were more likely to
show an infiltrating growth pattern despite having
more sharp edges towards the surrounding brain
on T2-weighted MRI.13 Perilesional microscopic
tumor infiltration that is not visualized on morRadiol Oncol 2017; 51(2): 121-129.

phological MRI may give rise to local tumor recurrence also in patients operated with radiologically
radical tumor resection. Therefore, a better method
for preoperative glioma border evaluation than T2weighted signal changes is warranted.
Water diffusivity, the random motion of water
molecules, in particular non-Gaussian, reflects tissue microstructure, in for example cellularity and
edema.17 Diffusion kurtosis imaging (DKI) is an extension of diffusion tensor imaging (DTI) and provides quantitative information about how tissue
water diffusion deviates from a normally distributed diffusion.18,19 DKI quantifies excess kurtosis,
but also directional diffusivities from DTI and as
such gives a more comprehensive analysis of tissue
diffusion properties.20 Recently, histological evaluation and quantitative microscopy was used to
show that high kurtosis in tumors is associated to
both intra-voxel heterogeneity in cell density and
high cell eccentricity.21
A limited number of studies have investigated
DKI in gliomas (grade I–IV).17,22-25 Previous DKI
studies have focused on the evaluation of differences in mean DKI parameters between lowgrade gliomas (grade I–II) and high-grade gliomas
(grade III–IV)22-25, while comparisons between specific grades or glioma subtypes have been limited.
Glioma grade has also been evaluated by perfusion
MRI with only a few studies showing differences
between glioma grade II and grade III, and that by
applying a histogram based approach.26-28
The aim of this prospective study is to investigate if diffusion parameters in the perilesional
normal-appearing white matter (NAWM) differ
from contralesional NAWM, and to investigate the
role of DKI histogram analysis in discrimination
between glioma malignancy grades (grade II vs.
grade III) and glioma subtypes (AC vs. OD) in a cohort of patients with suspected low-grade gliomas.

Patients and methods
Forty-eight patients (> 18 years) with clinical and
radiological suspected low-grade gliomas were
prospectively recruited during 2010–2014. A patient suspected of having a low-grade glioma had
an intra-axial brain lesion with high signal intensity on T2-weighted images with none or minimal
contrast enhancement on morphological MRI.
Ring-like contrast enhancement or areas of necrosis were exclusion criteria. The study was approved by the local ethics committee (regional ethical review board in Uppsala (Dnr 2010/015)) and
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was therefore performed in accordance with the
ethical standards laid down in the 1964 Declaration
of Helsinki and its later amendments. All patients
(n = 48) gave written informed consent before taking part in the study.
Imaging was performed preoperatively on a 3 T
MRI scanner with a 32-channel head coil (Achieva,
Philips Healthcare, Best, the Netherlands) with
morphological and diffusion sequences (Figure 1).
Morphological MRI included axial T2FLAIR
(TR/TE 11,000/125ms; 90 degree flip angle; 512 x 512
matrix; 0.45 x 0.45 x 6.00 mm3 voxel size) and T1weighted spin echo sequences (TR/TE 600/10ms; 70
degree flip angle; 512 x 512 matrix; 0.45 x 0.45 x
5.00 mm3 voxel size) before and after gadobutrol
contrast agent administration (Gadovist®, Bayer
Schering Pharma, Berlin-Wedding, Germany).
Morphological MRI sequences not assessed in
this study were sagittal and axial T2-weighted
turbo spin echo, coronal T2FLAIR, and sagittal T1weighted 3D turbo field echo after contrast agent
injection.
DKI was acquired with a SE-EPI sequence, and
the following scan parameters were used: TR/TE
5,400 ms/76 ms; 27 slices with a thickness of 2 mm;
SENSE = 2; 128 x 128 matrix; FoV 256 x 256 mm2;
15 diffusion encoding directions, with b = 0, 500,
1,000, 2,500, and 2,750 s/mm2, for a total scan time
of 6 minutes. Selection of b-values was based on the
protocol optimized by Poot et al.29 Post-processing
was performed using in-house developed software, implemented in Matlab (The Mathworks,
Natick, MA, USA). Motion and eddy current distortions were corrected by an extrapolation-based
procedure that has superior performance for high
b-value dMRI compared to the conventional method of registering to the volume acquired with b =
030, available at https://github.com/markus-nilsson/
md-dmri. In this process, images were smoothed
using 3D Gaussian kernel with a FWHM of 2 mm.
This smoothing was performed to reduce the number of model misfits. The spatial smoothing was
kept to a minimum by the conservative choice of
kernel width. DTI parameter maps of mean diffusivity (MD) and fractional anisotropy (FA) were
calculated based on volumes acquired with b ≤
1,000 s/mm2. The mean of the kurtosis tensor (MK)
was calculated as described by Latt et al.31, and
Hansen et al.32
Axial T2FLAIR images were co-registered to
Mean Diffusivity maps with the SPM8 toolbox
(www.fil.ion.ucl.ac.uk/spm) using normalized
mutual information with 7th-order B-spline interpolation. Co-registered images were visually as-
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FIGURE 1. MRI in a patient with an oligodendroglioma grade II in the right frontal
lobe, non-smoothed images. (A) T2FLAIR, (B) Axial Kurtosis, (C) Axial Diffusivity, (D)
Radial Kurtosis, (E) Radial Diffusivity, (F) Mean Diffusivity, (G) Fractional Anisotropy,
color coded, (H) Mean Kurtosis. Mean, axial and radial diffusivity 10-3 mm2/sec,
fractional anisotropy, mean, axial and radial kurtosis and fractional anisotropy are
dimensionless.

sessed for correct re-alignment to source images.
Manual Regions of interest (ROIs) placement was
performed blinded to histopathological diagnosis
on non-smoothed T2FLAIR images using in-house
developed software. Increased signal intensity on
T2FLAIR was regarded as tumor.33 To avoid artifacts, the most superior and the most inferior slice
were excluded from analysis; also chemical shift
artifacts were excluded. Perilesional volume ROIs
were delineated in NAWM one voxel outside the
suspected tumor area on T2FLAIR on three consecutive slices, avoiding bulk tumor and gray matter
(74 ± 43 voxels (mean ± SD)). NAWM ROIs were delineated in the contralateral hemisphere white matRadiol Oncol 2017; 51(2): 121-129.
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A

B

C

D

FIGURE 2. ROIs in a patient with an oligodendroglioma grade II.
(A) Total tumor ROI. (B) Peripheral tumor ROI. (C) Central tumor
ROI. (D) Perilesional ROI. All ROIs were drawn on non-smoothed
images to increase the precision. ROI = region of interest

ter, lateral to the lateral ventricle (corona radiata)
on four consecutive slices (131 ± 37 voxels (mean ±
SD)). Three tumor volume ROIs (total tumor, central tumor, and peripheral tumor) were delineated
on T2FLAIR as depicted in Figure 2 A–D. Total tumor ROIs were delineated 1 voxel inside the outer
border of the increased signal on T2FLAIR images
(3,087 ± 2,102 voxels (mean ± SD)) on all slices with
tumor. Peripheral tumor ROIs (1,153 ± 595 voxels
(mean ± SD)) were delineated one voxel inside the
increased signal on T2FLAIR, one voxel wide on
all slices with tumor. Central tumor ROIs were delineated with a margin of two voxels to the border
of the FLAIR signal changes (1,491 ± 1,384 voxels
(mean ± SD)). ROIs were then transferred to the
co-registered diffusion maps and diffusion parameters (axial, radial and mean kurtosis; axial, radial
and mean diffusivity; and FA) were extracted.

Statistical analysis
Data distribution was analyzed using the normal
probability plot and Shapiro-Wilks W test. Nonnormally distributed data were analyzed with
Radiol Oncol 2017; 51(2): 121-129.

non-parametric tests and normally distributed data were analyzed with parametric tests. Statistical
analysis was performed with Statistica 12 (Statsoft,
Tulsa, OK, USA) software. A p value < 0.05 after
correction for multiple comparisons was regarded
as statistically significant. To test for differences
between mean DKI histogram variables in perilesional compared to NAWM, the Student’s t test
for dependent samples was used for normally distributed data and Wilcoxon matched pairs test for
non-normally distributed data. Descriptive data of
mean DKI variables for tumor grades and subtypes
were calculated with mean and SD. Histograms
with mean, standard deviation, skewness, kurtosis, peak height, peak position, 10th, 50th and 90th
percentiles were calculated for all DKI variables in
all ROIs. To adjust for interindividual differences
between patients, ratios were calculated between
tumor ROIs, perilesional ROIs and contralateral
NAWM ROIs. To test for differences in relative DKI
histogram variables between glioma grades II and
III and between glioma subtypes ACs and ODs, a
non-parametric test for multiple comparisons of
mean ranks for all groups was performed with
correction for multiple comparisons with Dunn’s
test in each histogram group (mean, standard deviation, skewness, kurtosis, peak height, peak
position, 10th, 50th and 90th percentiles). From the
multiple comparisons analysis, receiver-operating
characteristics (ROC) curves were calculated for
variables with the lowest p-values. The area under
the curve (AUC) and the diagnostic performance
were calculated from ROC.

Results
Forty-eight patients were included in the study.
Thirty-five patients had a postoperative neuropathological diagnosis of AC or OD grades II or
III and data from these 35 patients are presented.
Diagnosis was obtained by neuronavigation-guided needle biopsy (n = 4), open biopsy (n = 5), or
resection sample (n = 26). The neuropathological
diagnoses followed the 2007 WHO classification of
brain tumors34, based on dominant cell type (AC
or OD), cell density and proliferation (grade II vs.
grade III). Included patients had a neuropathological diagnosis of AC II (n = 10), AC III (n = 8), OD II
(n = 13) and OD III (n = 4). Mean age at diagnostic
imaging was 48 ± 15 years (mean ± SD).
Significant differences in mean DKI variables
were observed between perilesional white matter
and contralateral NAWM (p = < 0.0000–0.0002) for
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TABLE 1. Results from analysis of perilesional and contralesional normal-appearing white matter
Perilesional NAWM

Contralesional NAWM

Mean (SD) (n = 35)

Mean (SD) (n = 35)

Axial diffusivity

1.26 (0.14)

1.38 (0.13)

Radial diffusivity

0.67 (0.10)

0.53 (0.06)

0.000001

Fractional anisotropy

0.40 (0.11)

0.55 (0.09)

< 0.000000

Axial kurtosis

0.76 (0.07)

0.73 (0.08)

0.099422

Radial kurtosis

1.29 (0.24)

1.63 (0.16)

< 0.000000

Mean diffusivity

0.87 (0.07)

0.82 (0.04)

0.000009

Mean kurtosis

0.95 (0.09)

1.06 (0.05)

< 0.000000

Diffusion histogram parameter

p
0.000182

Student’s t-test for dependent samples (normally distributed data) and Wilcoxon matched pairs test (non-normally distributed data). NAWM = Normal
appearing white matter. Mean, axial and radial diffusivity 10-3 mm2/sec, fractional anisotropy, mean, axial and radial kurtosis and fractional anisotropy
are dimensionless.

all variables but axial kurtosis (p = 0.0994), with
lower mean and radial kurtosis in perilesional
white matter (Table 1). Fractional anisotropy and
axial diffusivity were lower in the perilesional
NAWM compared to contralesional white matter,
while the mean diffusivity and radial diffusivity
were higher in the perilesional NAWM.
Mean DKI parameters from whole tumor (total
tumor ROIs) are presented in table 2. Mean DKI
variables did not differ significantly between glioma grades II (n = 23) and III (n =12) or between ACs
(n = 18) and ODs (n = 17) (p = 0.10–0.96).
The DKI histogram analysis identified 44 (out of
252) histogram variables (supplementary Table 1A)
that significantly differed between glioma grades II
and III (p = 0.0025–0.0476). Ten variables were statistically different between ACs and ODs (supplementary Table 1B) (p = 0.0110–0.0496). All results
were adjusted for multiple comparisons.
The best discriminating DKI histogram variables
between glioma grades II and III and between ACs

grade II and III were derived from radial kurtosis
in the peripheral tumor ROI (Table 3). The best discriminating variable between ODs grades II and III
was derived from fractional anisotropy in the peripheral tumor ROI (Table 3). The best discriminating variables between ACs and ODs were derived
from MD in central and perilesional ROIs (Table 3).
Results from ROC calculations of the best discriminating DKI variable are presented in Table 3
with ROC figures presented in Figure 3. A full
analysis of the discriminating properties of these
variables is presented in supplementary Table 2.

Discussion
We investigated preoperative DKI in patients with
suspected low-grade gliomas to analyze differences in DKI parameters between perilesional and
contralesional NAWM and between malignancy
grades and histological subtypes.

TABLE 2. Mean diffusion kurtosis imaging variables in tumor regions of interest (ROI) (mean (SD))
Glioma subgroups:
Axial diffusivity (mean (SD))

Grade II

Grade III

n = 23

n = 12

1.72 (0.19)

1.81 (0.35)

p

0.19

Astrocytoma

Oligodendroglioma

n = 18

n = 17

1.76 (0.28)

1.74 (0.24)

p
0.78

Radial diffusivity (mean (SD))

1.44 (0.20)

1.50 (0.34)

0.52

1.47 (0.31)

1.46 (0.17)

0.71

Fractional anisotropy (mean (SD))

0.12 (0.03)

0.13 (0.04)

0.22

0.13 (0.04)

0.12 (0.03)

0.10

Axial kurtosis (mean (SD))

0.47 (0.08)

0.48 (0.06)

0.47

0.46 (0.06)

0.49 (0.08)

0.68

Radial kurtosis (mean (SD))

0.53 (0.09)

0.53 (0.08)

0.77

0.52 (0.09)

0.54 (0.09)

0.54

Mean diffusivity (mean (SD))

1.54 (0.19)

1.60 (0.34)

0.71

1.56 (0.30)

1.55 (0.19)

0.96

Mean kurtosis (mean (SD))

0.50 (0.08)

0.50 (0.07)

0.50

0.49 (0.07)

0.51 (0.09)

0.66

All values are expressed as ratios normalized against contralateral normal appearing white matter. Mean, axial and radial diffusivity 10-3 mm2/sec, fractional anisotropy, mean,
axial and radial kurtosis and fractional anisotropy are dimensionless.
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FIGURE 3. ROC curves presenting the best discriminating relative DKI histogram
variables between glioma grades (II and III) and subtypes (astrocytomas and
oligodendrogliomas). (A) Discrimination between glioma grades II and III with the
kurtosis of radial kurtosis in peripheral tumor ROI, AUC = 0.815. (B) Discrimination
between glioma subtypes astrocytoma and oligodendroglioma with the skewness
of mean diffusivity in central tumor ROI, AUC = 0.732. (C) Discrimination between
glioma grades II and III in astrocytomas with the skewness of radial kurtosis in
peripheral tumor ROI, AUC = 0.812. (D) Discrimination between glioma subtypes
astrocytoma and oligodendroglioma in gliomas grade II with the peak height of
mean diffusivity in central tumor ROI, AUC = 0.660. (E) Discrimination between glioma
grades II and III in oligodendrogliomas, with the peak height of fractional anisotropy
in peripheral tumor ROI, AUC = 0.739. (F) Discrimination between glioma subtypes
astrocytoma and oligodendroglioma in gliomas grade III with the kurtosis of mean
diffusivity in perilesional ROI, AUC = 0.657.
AUC = area under the curve; ROC = receiver operating characteristic; ROI = region of interest

DKI parameters in perilesional NAWM differed
significantly from contralesional NAWM. A higher
mean diffusivity and lower fractional anisotropy is
a characteristic diffusional pattern for white matter
tumor infiltration.35 A lower kurtosis in the perileRadiol Oncol 2017; 51(2): 121-129.

sional white matter supports the rearrangement of
white matter microstructure associated with tumor
infiltration. Lower axial diffusivity reflects a less
organized structure in gliomas compared to normal white matter structure, and a higher radial diffusivity reflects the non-demyelinating nature of
tumor infiltration.36
The perilesional NAWM was defined as the area
outside of the high signal intensity tumor on T2weighted images. The high T2-signal correlates to
the area of the tumor but is an inefficient method to
describe less dense cell concentration present in the
periphery of diffusely infiltrating gliomas.9,12,14,16
Since pure vasogenic edema is rare in suspected
low-grade gliomas we believe that the risk of misclassifying tumor infiltration edema for pure vasogenic edema in this cohort is small.12
Our findings that DKI parameters in the perilesional NAWM differ from contralateral NAWM can
be interpreted as the presence of peritumoral infiltration.14 This advantage of DKI over morphological
T2-weighted d images allows for a more exact appreciation of the tumor invasion into the brain parenchyma prior to the planning of surgery and/or
radiation therapy.12 There is accumulating evidence
that the extent of tumor resection in low-grade gliomas correlates with improved survival.37 The presence of perilesional infiltration supports the concept
of supratotal tumor resection.38 DKI parameters
from the preoperative MRI would thus potentially
be helpful in the pre-surgical/radiation planning.
We identified 44 histogram variables with significant differences between glioma grades II and III
(supplementary Table 1A). Variables with the lowest p-value and highest AUC from ROC-analysis
were all derived from the peripheral tumor ROIs
and two out of the three best discriminating variables were derived from histogram parameters of
radial kurtosis (Table 3). The differences in radial
kurtosis between glioma grades II and III may be
related to structural re-arrangements in microarchitecture when grade II tumors progress into
malignant gliomas. Our results are in agreement
with those by Raab et al.17, who found no difference in mean FA between ACs grade II and III. Our
results are also in line with a report by Murakami
et al.39, who reported no significant differences in
minimum, average or maximum ADC (MD) between ACs grades II and III.39 Our data differs from
the recent paper by Jiang et al.24, who found significant differences in mean kurtosis between glioma
grades II and III using a semiautomatic process.
This discrepancy could be attributed to the fact
that the patient cohort in our study only include
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TABLE 3. Results from multiple comparison test and receiver operating characteristics curves in groups and subgroups of gliomas

Discrimination between glioma grades II (n = 23) and III (n = 12)
The kurtosis of radial kurtosis in peripheral tumor ROI
Discrimination between astrocytoma grades II (n = 10) and III (n = 8)
The skewness of radial kurtosis in peripheral tumor ROI
Discrimination between oligodendroglioma grades II (n = 13) and III (n = 4)
The peak height of fractional anisotropy in peripheral tumor ROI
Discrimination between glioma types astrocytomas (n = 18) and oligodendrogliomas (n = 17)
The skewness of mean diffusivity in central tumor ROI
Discrimination between glioma types astrocytomas grade II (n = 10) and oligodendrogliomas grade II (n = 13)
The peak height of mean diffusivity in central tumor ROI
Discrimination between glioma types astrocytomas grade III (n = 8) and oligodendrogliomas grade III (n = 4)
The kurtosis of mean diffusivity in perilesion ROI

p

AUC

0.0025

0.8152

0.0034

0.8116

0.0066

0.7391

0.0191

0.7320

0.0110

0.6601

0.0174

0.6569

Multiple comparison of mean ranks between groups of glioma grades and types of gliomas with Dunn’s correction for multiple comparisons. AUC = area under the curve.
ROI = region of interest. All values are expressed as ratios normalized against contralateral normal appearing white matter.

suspected low-grade gliomas, possibly selecting
cases of grade III gliomas more similar in radiologic appearance and biology than a non-selected
group of gliomas including all four glioma grades
(WHO grade I–IV). In our study cohort, none of
the included patients showed ring like contrast enhancement with central necrosis on conventional
MRI, and therefore we were unlikely to include
any cases of gliomas grade IV neuropathologically
misdiagnosed as grade III.
The partition of ROIs into peripheral and central
zones is based on the concept of glioma growth.
Gliomas show infiltrating growth outside the outer
tumor boundaries appreciated on T2-weighted
MRI but tend to recur centrally after radiation therapy, where the cell density is highest.10 Infiltration
length outside the T2-hyperintensity has been estimated mathematically and confirmed through
biopsy series10 and by en-bloc resections outside
the radiological tumor borders.14 Our data confirm
both the concept of differences in biological structure in the central and peripheral tumor portion of
gliomas, but also the presence of biological microstructural changes outside the boundaries appreciated on morphological T2-weighted images.
Ten histogram variables differed significantly
between ACs with ODs (supplementary Table 1B).
The best discriminating variable was derived from
the MD, which showed different skewness, peak
height and kurtosis between astrocytic and oligodendroglial tumors. MD measures the average
diffusion between several directions without di-

rectional information. While ACs and ODs share
a common histogenetic origin they differ in their
histological appearances. ACs are recognized
through their neoplastic astrocytes with slightly
elongated nuclei on a background of multiple fibrillary dendrites expressing glial fibrillary acidic
protein (GFAP) while ODs display higher cell density with monomorphic cells with uniformly round
nuclei and perinuclear halos.34,40 These differences
in extracellular space composition may explain differences in MD between ACs and ODs.
MD histograms have previously been used to
discriminate ACs from ODs. In 2007, Tozer et al.41,
differentiated glioma subtypes in a cohort of 27
gliomas grade II by ADC histogram analysis. They
performed the MRI post-biopsy, and in agreement
with our study, mean ADCs could not alone separate the different subtypes. In 2009 Bian et al.42,
and Khayal et al.43, reported on a group of gliomas grade II analyzing ADC histograms in nonenhancing tumor regions and found significant
differences between ODs and ACs for histogram
variables. Our results that the peak height of MD
in central tumor ROI differ between ACs and ODs
grade II are in agreement with Khayal et al.43 who
found significant differences in the 75th percentile
of ADC between ACs and ODs grade II. Also in
agreement with our study, Lam et al.44, when assessing 17 glioma patients reported no difference
in mean ADCs between ODs and non-OD. If glial
subtypes could be assessed without the need for
surgery, patients deemed inoperable due to tumor
Radiol Oncol 2017; 51(2): 121-129.
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location could have a higher probability of receiving adequate treatment, since ODs have shown
better prognosis and clinical effect when receiving
chemotherapeutics.45
One limitation to our study is the manual definition of tumor and perilesional ROIs. We minimized
the risk of bias in ROI-delineation by choosing a
method that could easily be standardized between
patients. Therefore we analyzed the whole tumor
area seen as high signal intensity on T2FLAIR. Our
methodology strives to assess the major diffusional properties of gliomas and minimize the risk of
selection bias that may be introduced when small
ROIs are selected. In addition, analyzing small
ROIs may result in large inter-observer variations.
Further, a manually defined ROI reflects a clinical
setting. Another limitation to our study might be
attributed to the limited number of included patients. Despite this, our cohort of gliomas grades
II and III is equal to or larger than in previously
published DKI studies.17,22
In summary, we investigated histogram DKI
analysis in a prospectively gathered cohort of patients with suspected low-grade gliomas. We conclude that DKI variables in perilesional NAWM
differ significantly from contralesional NAWM,
suggesting an altered microstructure not depicted
on morphological MRI. Further, histogram analysis of DKI data identifies differences between glioma grades II and III and between astrocytomas
and oligodendrogliomas not apparent through
comparisons of mean DKI parameters. Future
glioma studies should analyze the extent of tumor
cell infiltration outside the high signal intensity on
T2FLAIR and correlate DKI-data with co-localized
neuropathological data.
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Background. We aimed to analyse the morphokinetic features of breast fibrocystic changes (nonproliferative lesions,
proliferative lesions without atypia and proliferative lesions with atypia) presenting as a non-mass enhancement (NME)
in dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) examination.
Patients and methods. Forty-six patients with histologically proven fibrocystic changes (FCCs) were retrospectively
reviewed, according to Breast Imaging Reporting and Data System (BI-RADS) lexicon. Prior to DCE-MRI examination,
a unilateral breast lesion suspicious of malignancy was detected clinically, on mammography or breast ultrasonography.
Results. The predominant features of FCCs presenting as NME in DCE-MRI examination were: unilateral regional or
diffuse distribution (in 35 patients or 76.1%), heterogeneous or clumped internal pattern of enhancement (in 36 patients or 78.3%), plateau time-intensity curve (in 25 patients or 54.3%), moderate or fast wash-in (in 31 patients or 67.4%).
Nonproliferative lesions were found in 11 patients (24%), proliferative lesions without atypia in 29 patients (63%) and
lesions with atypia in six patients (13%), without statistically significant difference of morphokinetic features, except of
the association of clustered microcysts with proliferative dysplasia without atypia.
Conclusions. FCCs presenting as NME in DCE-MRI examination have several morphokinetic features suspicious of
malignancy, therefore requiring biopsy (BI-RADS 4). Nonproliferative lesions, proliferative lesions without atypia and
proliferative lesions with atypia predominantly share the same predefined DCE-MRI morphokinetic features.
Key words: breast; magnetic resonance imaging; fibrocystic changes

Introduction
Fibrocystic changes (FCCs) are the most frequent
benign conditions of breast, diagnosed in 50% of
women examined clinically and in 90% of women
in histopathological studies. These benign disorders have two important implications from the
point of view of breast cancer diagnosis and manRadiol Oncol 2017; 51(2): 130-136.

agement. First, FCCs can mimic breast cancer on
clinical examination, mammography and breast
ultrasonography, leading to unnecessary breast
biopsies and patient anxiety. Second, some types
of FCCs represent a risk factor for the subsequent
development of breast cancer.1 Based on a classification system of FCCs proposed by Dupont and
Page and according to other studies, women with
doi:10.1515/raon-2017-0016
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histologically confirmed nonproliferative lesions
have no increased breast cancer risk. On the contrary, women whose breast biopsies show proliferative lesions with or without atypia are at risk of
developing cancer, with relative risk ranging from
3.9–13.0 and 1.3–1.9 respectively.2-4
Combining morphological and enhancement kinetics features of the breast lesions, dynamic contrast-enhanced MRI (DCE-MRI) shows the highest sensitivity of all imaging methods in detecting
breast diseases, up to 100%. Nevertheless, the specificity in the differentiation between benign and
malignant lesions is lower, up to 75%.5 The major
cause of false positive findings in DCE-MRI examination and consecutive unnecessary biopsies are
the lesions with non-mass enhancement (NME).
NME refers to the lesion that is seen only on postcontrast DCE-MRI sequences and does not have
space-occupying effect. The enhancement pattern
of NME is distinct from normal surrounding breast
parenchyma and may contain interspersed fat. On
the contrary, a mass enhancement is a three-dimensional space-occupying lesion.6,7 The causes of
NME include FCCs, inflammatory benign lesions,
in situ ductal carcinoma (DCIS), invasive lobular
carcinoma and some cases of oestrogen receptornegative invasive ductal carcinoma. The mass enhancement is usually confined to malignant or benign tumors.8-11
Our study of pathologically confirmed FCCs
presenting as NME in DCE-MRI examination has
two goals: 1) to analyse morphological and enhancement kinetics features of FCCs, 2) to compare
these features between nonproliferative lesions,
proliferative lesions without atypia and proliferative lesions with atypia.

Patients and methods

in the second and third week of the menstrual cycles. None of the patients had previous breast biopsy, breast surgery or current hormone replacement
therapy. All patients initially had unilateral breast
lesion suspicious of malignancy either on clinical
examination, mammography or ultrasonography.
The lesions were presented as calcifications or
asymmetric tissue on mammography and hypoechoic non-mass lesions on ultrasonography (BIRADS 4a to BI-RADS 4c categories according to the
ACR BI-RADS lexicon).6,12 The indication for breast
DCE-MRI prior to biopsy was to evaluate the local
extent of the lesion in the dense breast on mammography (32 patients) or suspected multifocal lesions on mammography and/or ultrasonography
(14 patients).13 After the pathological confirmation
of FCCs, the patients were examined biannually by
physical examination and mammography. During
the predefined follow-up period, no ipsilateral or
contralateral breast cancer was detected.

Methods
The DCE-MRI examinations were performed with
a 1.5 Tesla MRI unit (Magnetom Avanto, Siemens
Medical Solutions, Erlangen, Germany) with dedicated bilateral breast coil and the patient in the
prone position. The standard protocol was used for
the axial-plane images with the slice thickness of
2 mm (Table 1).14 The contrast medium was gadopentetate dimeglumine (Magnevist, Bayer Schering
Pharma, Berlin, Germany) applied as the bolus injection of 0.1 mmol/kg body weight injected with
the automatic injector (Mississippi, Ulrich Medical,

TABLE 1. Standard dynamic contrast-enhanced magnetic resonance imaging
(DCE-MRI) protocol for axial-plane images for T1-weighted FLASH 3D precontrast
and five postcontrast series

Patients
In the period of two years (January 2010 to January
2012) a total of 947 patients were examined by two
radiologists (MZC and NMM) using the standardized breast DCE-MRI full diagnostic protocol.
From this group, 46 patients with FCCs presenting as NME were selected and retrospectively reviewed. The study was performed in accordance
with the Declaration of Helsinki and was approved
by the Institutional Review Board Committee (No.
4502-01/2011). All patients gave written informed
consent to participate in DCE-MRI examination.
The age of the patients was 50.78 ± 8.99 years. In all
premenopausal women DCE-MRI was performed
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T2weighted

T2weighted

T1weighted

T1weighted

MRI sequence/
parameters

TIRM

TSE

TSE

FLASH 3D

Echo time (ms)

60

70

12

4.8

Repetition time
(ms)

7690

5900

910

9.1

Inversion time (ms)

180

Flip angle (°)

150

180

90

25

Field of view
(mm×mm)

340×340

340×340

340×340

340×340

Image matrix

320×256

384×319

320×234

576×564

3D = three-dimensional; DCE-MRI = dynamic contrast-enhanced magnetic resonance imaging;
FLASH = fast low-angle shot pulse sequence; TIRM = turbo inversion recovery magnitude; TSE =
turbo spin-echo
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FIGURE 1. DCE-MRI findings of proliferative fibrocystic changes. Axial T1-weighted
images, precontrast image (A) and contrast-enhanced image 1 min 23 s after
administration of gadolinium (B) with corresponding subtraction image (C), show
the segmental, non-mass enhancement (long arrows), measured 2.5x1x2.5 cm, with
clumped internal pattern of enhancement. Time-intensity curve is plateau (type 2)
with fast wash-in (D). Turbo inversion recovery magnitude (TIRM) sequence (E) show
clustered microcysts (short arrows).

Ulm, Germany) at the rate of 2 mL/s, followed by the
flush of 20 mL saline. Contrast-enhanced dynamic
sequences were acquired five times every 1 min 23
s. The postprocessing methods, including a creation
of time intensity curves (TICs), i.e. enhancement (%)
against time (s), were performed on the workstation Leonardo, using the image processing software
Syngo (Syngo, Siemens Medical Solutions).
Two experienced radiologists in breast MRI,
ZCM, 20 yr. and MMN, 7 yr., reviewed the DCEMRI examinations. Based on the fifth edition of the
BI-RADS lexicon, published in 2013, the following
morphokinetic features of NME were analysed:
distribution of enhancement (focal, linear, segmental, regional, multiple regions, diffuse), internal enhancement pattern (homogeneous, heterogeneous,
clumped, clustered ring enhancement, stippled),
type of TICs (persistent curve or type 1, plateau
curve or type 2, wash out curve or type 3), washin i.e. the enhancement rate 90 s after intravenous
contrast application (slow, medium, rapid), and
signal intensity on T2-weighted (T2W) images.6
A surgical biopsy was performed in all patients. Among them, 21 patients with nonpalable
lesions, prior to the biopsy underwent a radioguided occult lesion localization (ROLL) procedure
with Technetium-99m, under stereotactic or ultrasonographic guidance.15 Haematoxylin and eosin
stained slides of formalin-fixed and paraffin-embedded tissue blocks were assessed by a pathologist, experienced in breast pathology. According to
Radiol Oncol 2017; 51(2): 130-136.

the classification system of Dupont and Page, the
lesions were classified as nonproliferative lesions,
proliferative lesions without atypia, and proliferative lesions with atypia (atypical ductal and lobular
hyperplasia).2

Statistical analysis
Following DCE-MRI features of NME were analysed: distribution of postcontrast enhancement,
internal enhancement pattern, type of TICs, washin, and signal intensity on T2W images. These distinctive DCE-MRI features of NME were compared
for three groups of FCCs: nonproliferative lesions,
proliferative lesions without atypia, and proliferative lesions with atypia. Frequencies were used to
describe the distribution of categorical variables.
The difference between investigated variables in
three groups of FCCs was analysed using χ² test.
P values less than 0.05 were considered statistically
significant. SPSS for Windows, Statistics version
16.0. (SPSS Inc., Chicago, USA) was used to perform statistical analyses.

Results
The lesions were detected clinically in 25 patients
(54.3%), on mammography in 43 patients (93.5%)
and by breast ultrasonography in 30 patients
(65.2%).
Out of 46 biopsies, nonproliferative lesions were
found in 11 patients (24%), proliferative lesions
without atypia in 29 patients (63%) and proliferative lesions with atypia in six patients (13%). On
DCE-MRI examination, all cases were presented
as unilateral non-mass enhancement of BI-RADS 4
category (Figure 1).
Forty-three lesions (93.5%) were equal to or larger than 1 cm in size and three lesions were smaller
than 1 cm and larger than 0.5 cm in size (6.5%). The
distribution of the postcontrast enhancement was
segmental in 11 patients (23.9%) and regional or
diffuse in 35 patients (76.1%). The other types of
distribution (focal, linear enhancement and multiple regions) were not found. The internal enhancement pattern was homogeneous in two patients
(4.3%), heterogeneous and clumped in 36 patients
(78.3%), and stippled in eight patients (17.4%).
Clustered ring enhancement was not detected.
The types of time-intensity curves were persistent
(type 1) in 17 patients (37.0%), plateau (type 2) in
25 patients (54.3%), and wash out (type 3) in four
patients (8.7%). The initial postcontrast signal in-
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TABLE 2. Nonproliferative lesion, proliferative lesions without atypia and proliferative lesions with atypia: dynamic contrastenhanced magnetic resonance imaging (DCE-MRI) morphological and enhancement kinetics features, based on BI-RADS lexicon
Statistical
difference

Proliferative lesions
without atypia (N = 6)

p = 0.454

p = 0.168

p = 0.722

p = 0.752

p = 0.014

Non proliferative
lesions (N = 11)

The DCE-MRI features of fibrocystic
changes

1

1

1

0.5 < d < 1 cm

5

28

10

d ≥ 1 cm

3

7

1

Segmental

3

22

10

Regional or diffuse

0

2

0

Homogeneous

1

4

3

Stippled

23

8

Heterogeneous or
clumped

3

8

6

Persistent

3

19

3

Plateau

0

2

2

Wash out

5
p = 0.097

Proliferative lesions
with atypia (N = 29)

2

8

5

Slow

1

10

3

Moderate

3

11

3

Fast

1

18

2

Present

5

11

9

Absent

Size

NME distribution
NME internal
enhancement

TIC

Wash-in

Microcysts (T2W
images)

d = longest diameter; DCE-MRI = dynamic contrast-enhanced magnetic resonance imaging; NME = non-mass enhancement; TIC = time-intensity curve;
T2W = T2-weighted

tensity enhancement (enhancement rate, wash-in)
was slow in 15 patients (32.6%), moderate in 14 patients (30.4%), and fast in 17 patients (37.0%). On
T2W images FCCs were associated with clustered
microcysts in 25 cases (54.3%).
As shown in Table 2, the features of nonproliferative lesions, proliferative lesions without atypia
and proliferative lesions with atypia on DCE-MRI
examination did not show statistically significant
difference in the term of the size (p = 0.454), the distribution of postcontrast enhancement (p = 0.168),
the internal enhancement pattern (p = 0.722), the
types of time-intensity curves (p = 0.097) and the
initial postcontrast signal intensity enhancement (p
= 0.752). Presence of microcysts on T2W images in
these three groups of FCCs was statistically significant compared to the lack of the feature (p = 0.014).

Discussion
Numerous studies have demonstrated the clinical importance of FCCs, related to the high prevalence of the condition, the considerable impact
on quality of life and the increased breast cancer
risk for women with proliferative lesions.2-4,16-18

Nevertheless, only few studies analysed features of
FCCs on DCE-MRI, based on the limited number
of cases. Chen et al. reported two studies with 31
patients and 11 patients, analysing FCCs in DCEMRI examination and MR spectroscopy for choline
detection.19,20 Van den Bosch et al. and Kiyak et al.
reported morphological and kinetic features of
FCCs on DCE-MRI in the group of 14 patients and
27 patients, respectively.21,22
Our study included 46 symptomatic patients
with pathologically confirmed FCCs presenting
as NME, mimicking malignancy in DCE-MRI examination. Chen et al. reported that FCCs on DCEMRI had characteristics of NME in 39% of cases,
mass enhancement in 35% of cases, while 26% of
cases were nonenhancing lesions.19 According to
the published data, breast DCE-MRI has the potential to distinguish benign from malignant mass
lesions effectively. Nevertheless, DCE-MRI is inferior in discriminating benign from malignant
NME lesions.23 Hence, a meticulous analysis of the
multiple, standardized parameters from BI-RADS
lexicon is crucial to achieve a higher diagnostic
performance of DCE-MRI in the case of FCCs presenting as NME, including the distribution of enhancement, the internal enhancement pattern, the
Radiol Oncol 2017; 51(2): 130-136.
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type of TICs, the wash-in, and the signal intensity
on T2W images.
In our study the postcontrast enhancement of
FCCs was unilateral in all patients. The most frequent types of the distribution of NME were regional - involving more than 25% of a breast quadrant, and diffuse - involving the entire breast (35
patients or 76.1%). Segmental distribution, reflecting the ductal distribution, was detected in 11 patients (23.9%). Thomassin-Naggara et al. emphasize
that „the more extensive distribution of enhancement is, the less suspicious for malignancy it is“.8
Agrawal et al. showed that the diffuse enhancement was highly suggestive of benign lesions.24 On
the other hand, segmental NME was considered
the most suspicious, with the positive predictive
value (PPV) for malignancy from 76% to 100%,
confirmed with the study by Tozaki and Fukuda.25
Our results show that FCCs mainly show the more
extensive distribution - regional and diffuse, suggesting benign aetiology of the condition.
The internal pattern of enhancement in our
study was heterogeneous and clumped in 36 cases
(78.3%). The stippled enhancement was noted in
eight patients (17.4%) and homogeneous in two
patients (4.3%). According to the previous studies
(Thomassin-Naggara et al., Tozaki and Fukuda),
when the enhancement is heterogeneous or
clumped the risk of malignancy is considered high,
with the PPV of 53–58%, while the homogenous enhancement has low PPV for malignancy, up to 5%.
The stippled enhancement represents the normal
breast parenchymal enhancement.8,25 Since almost
80% of the cases in our study showed heterogeneous or clumped enhancement on DCE-MRI, the
internal pattern can be one of the most important
reasons for mimicry of the breast cancer by FCCs.
Kinetic curve enhancement reflects functional
aspects of blood vessel permeability in normal
and pathological breast tissue after intravenous
gadolinium contrast application. According to the
published data, the permanent enhancement (type
1 time-intensity curve) is seen in benign lesions in
85% of cases, the plateau (type 2) curve is seen in
36% of malignant cases and the washout (type 3)
curve in 57% of malignant cases.26 In our study the
majority of patients have type 2 curve (25 or 54.3%),
followed by type 1 curve in 17 patients (37%) and
type 3 in four patients (8.7%). Generally, the published data about the kinetic curve enhancement
of NME significantly differ. In the study of FCCs
by Chen et al. 90% of NME lesions had the type 1
curve.19 Bartella et al. reported predominantly the
type 2 curve in cases of malignant NME.27 Goto et
Radiol Oncol 2017; 51(2): 130-136.

al. did not find any differences in the kinetic curve
enhancement between benign and malignant NME
lesions.28 These differences may be partly due to
the fact that the time-intensity curves are based on
the semiquantitative analysis of gadolinium contrast uptake with the free-hand selected region of
interest (ROI) on the heterogeneous areas of NME.
Some recent studies suggested that the quantitative analysis using automated computer-aided
diagnosis (CAD) can overcome subjectivity of the
free-hand selection of ROI.29 The postcontrast enhancement rate types in our study were slow in 15
patients (32.6%), moderate in 14 patients (30.4%)
and fast in 17 patients (37.0%). Based on the published data, slow wash-in indicates benign lesions,
medium wash-in may indicate lesions like mastitis,
fresh scar, FCCs or DCIS, while the fast initial enhancement is suggestive of malignancy, especially
when combined with the type 2 or the type 3 enhancement curve.30
NME lesions in our study of FCCs were associated with microcysts on T2W images in 54.3% of
cases, which was suggestive of benign conditions.8
Additionally, we investigated DCE-MRI morphokinetic features of three distinct histological
types of FCCs: nonproliferative lesions (11 cases or
24%), proliferative lesions without atypia (29 cases
or 63%) and proliferative lesions with atypia (6 cases or 13%). Our results show that nonproliferative
lesions, proliferative lesions without atypia and
proliferative lesions with atypia have similar morphokinetic features (distribution of NME, internal
pattern of enhancement, type of TICs and wash-in)
with the exception of the significant association of
microcysts with proliferative hyperplasia without
atypia. To our knowledge, our study is the first,
which analyses the morphokinetic features of distinct histological types of FCCs on MRI examination. Our study was prompted by the report from
Hartman et al. published in 2015, which anticipated
a potentially important role of DCE-MRI in case of
atypical hyperplasia.31 Hartman et al. showed that
in women with atypical hyperplasia a lifetime risk
of breast cancer approaches 30% at 25 years. This
high cumulative incidence is not widely recognized, and thus screening DCE-MRI is not routinely recommended for these patients.13,32 Hartman et
al. suggested more intensive screening of women
with atypical hyperplasia, with DCE-MRI added
to mammography, as well as the use of selective
oestrogen-receptor modulators and aromatase inhibitors to prevent breast cancer in women with
atypical hyperplasia. We hypothesized that the differentiation of atypical hyperplasia by DCE-MRI
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examination from other types of FCCs could be
helpful in DCE-MRI screening. Our study was limited by the low number of proliferative lesions with
atypia, thus necessitating further investigation.
Our study has some limitations. We did not analyse incidental findings of FCCs on DCE-MRI. Our
analysis was conducted in the selected group of
symptomatic patients: the lesions were suspicious
of malignancy on clinical examination, mammography or ultrasonography and larger than 1 cm
in DCE-MRI examination in 93.5% of cases. These
facts may have influenced the interpretation and
results of DCE-MRI examination.
In conclusion, the profile of FCCs presented as
NME in DCE-MRI examination predominantly includes: unilateral regional or diffuse distribution
(76.1% of cases), heterogeneous or clumped internal pattern of enhancement (78.3% of cases), plateau (type 2) time-intensity curve (54.3% of cases)
with moderate or fast wash-in (67.4% of cases), and
associated clustered microcysts (54.3% of cases).
Although these findings do not have the classic
appearance of malignancy, they are sufficiently
suspicious to recommend the biopsy, as final BIRADS 4 category. In case of NME, proliferative lesions without atypia are the most frequent type of
FCCs (63%), followed by nonproliferative lesions
(24%), and proliferative lesions with atypia (13%).
DCE-MRI cannot show the subtle histological differences between nonproliferative lesions, proliferative lesions without atypia and proliferative lesions with atypia. According to some novel data,
MR diffusion-weighted imaging (DWI), related to
tissue cellularity and thermal motion of water molecules instead of permeability of blood vessels after the contrast uptake, may be more specific than
DCE-MRI to define the benign nature of FCCs.33,34
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Background.

Peri-lesional edema is a serious and well-known complication of stereotactic radiosurgery (SRS). Here
we evaluated edema risk after SRS and assessed its formation and resolution dynamics.
Patients and methods. 107 patients underwent SRS for heterogeneous diagnoses: 34 (29%) with arteriovenous malformations, 38 (35%) with meningiomas, 16 (15%) with metastatic tumors, 16 (15%) with acoustic neuromas, 3 with (3%)
cavernomas, and 2 (2%) each with anaplastic astrocytomas and anaplastic oligoastrocytomas. Edema area was
delineated in MRI T2-FLAIR sequences 0, 6, 12, 18, 24, 30, and 38 months after treatment. Lesion location was defined
as either above (n = 80) or below (n = 32) the “Frankfurt modified line” (FML).
Results. 17% of patients developed or had worsening post-treatment edema. Edema volume was maximal at 6
months (mean 7.2, SD 1.2) post radiosurgery. Post-SRS edema was 5.1 (1.06 – 24.53) times more likely in patients with
lesions above the FML. There was no association between edema development and age, PTV size, number of beams,
and diagnosis (p = 0.07).
Conclusions. Radiosurgery-associated edema develops within 6 months of treatment and decreases over time.
Edema occurrence is strongly related to lesion location, and its presence is much more likely when the treated lesions
are situated above the Frankfurt line.
Key words: brain edema; LINAC; radiosurgery; stereotactic

Introduction
Intracranial stereotactic radiosurgery (SRS) is a radiotherapy technique used to treat patients unsuitable for surgery or after partial resection of meningiomas, neuromas, brain metastases, and vascular
malformations. Typical eligibility criteria are patients with tumors not exceeding 3.5 cm and those
who can cooperate during the procedure.1,2
Brain edema is a common radiosurgery-related
side effect3-7 that often requires symptomatic treatRadiol Oncol 2017; 51(2): 137-141.

ment since untreated it can impair quality of life
or even cause death. For many years, the most effective edema treatments have been corticosteroids
(dexamethasone) and mannitol.
The exact pathophysiology of edema formation
after radiotherapy remains unclear but may be related to cerebrovascular impairment, disruption of
the blood-brain barrier, or radiation-induced damage to microglia and astrocytes.8 Aquaporin 4 and
other mediators have been implicated in edema
formation including inflammatory cytokines, andoi:10.1515/raon-2017-0018
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giogenesis factors (VEGF), hypoxia-related factors
(HIF-1), cyclooxygenases, and markers of glial activation.5,9-11
Current evidence suggests that radiosurgeryrelated brain edema is associated with tumor size,
location of the lesion, the prescribed radiotherapy
dose, and the presence of edema before treatment.12,13 Some data show that brain edema, even
in homogenous clinical groups, is unrelated to
the maximum dose or the surrounding conformity index.14 It should be noted that most existing
research concerns edema related to meningioma
radiosurgery.5,12,13
We have observed edema after radiosurgery in
patients with various clinical and histopathologic
diagnoses in our practice, the significance of which
remains uncertain. We therefore sought to identify
factors that predispose to edema formation after
SRS and assess edema formation and resolution
dynamics.
TABLE 1. Baseline patient characteristics
Number of
patients

Characteristic
Total number of lesions
Sex

111
Male

40

Female

63

Age (mean)

51

Histopathological diagnosis

Lesion location

Arteriovenous malformation

34

Meningioma

38

Metastasis

16

Neuroma

16

Cavernous angioma

3

Anaplastic astrocytoma

2

Anaplastic Oligoastrocytoma

2

Ponto-cerebellar angle

24

Cerebellum

7

Parietal lobe

16

Frontal lobe

17

Subcortical nucleus/hippocampus

12

Convexity

2

Petroclival

1

Temporal lobe

8

Falx

13

Tentorium

3

Occipital lobe

4

More than one SRS
treatment

8
6.3 cm3

Mean V12
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Patients and methods
One hundred and three patients undergoing 111
SRS procedures were treated in the Oncology
Centre in Bydgoszcz between January 2008 and
October 2012. The study population had a heterogeneous set of histopathological diagnoses: 34
(29%) arteriovenous malformations (AVMs), 38
(35%) meningiomas, 16 (15%) metastatic tumors,
16 (15%) neuromas, 3 (3%) cavernous angiomas, 2
(2%) anaplastic astrocytomas, and 2 (2%) anaplastic oligoastrocytomas. The baseline patient characteristics are shown in Table 1.
Patients were treated with a 6 MV photon beam
provided by a linear accelerator (Varian, USA)
and a micromultileaf collimator with 3mm width
leaves at the isocenter (Brainlab, Germany). The
median prescribed doses at the lesion margin
(isodose line) was 16 Gy for all lesions apart from
for neuromas (12 Gy). Patient immobilization and
target volume definition were achieved using a
stereotactic frame or thermoplastic mask. After
mask/frame fixation, three-dimensional computed
tomography (3D-CT) was performed and then
fused with non-stereotactic gadolinium-enhanced
T1-weighted magnetic resonance imaging (MRI)
sequences.
All patients with radiological signs of brain edema during follow-up examinations were included.
Edema volume was delineated on T2-weighted
axial MRI/FLAIR scans with a 1 mm slice thickness
using the Oncentra Brachy (Nucletron) treatment
planning workstation. Edema analysis was performed on MRI scans prior to treatment and 3, 6,
9, 12, 18, 24, 30, and 36 months after treatment. An
example is shown in Figure 1.
To analyze lesion location, lesions were separated into occurrence above (n = 80) and below (n = 32)
a plane separating the top and bottom of the skull
extending from frontal to parietal (protuberatnia
frontalis to protuberantia occipitalis) and situated
3 cm above the Frankfurt line14 (referred to here as
the Frankfurt modified line (FML)) (Figure 2). All
infratentorial tumors (number), lesions localized
in the central brain structures (e.g., hippocampus,
caudate nucleus), lesions localized to the temporal
and inferior parts of the frontal lobes, and meningiomas of the tentorium and sella turcica were regarded as “below” FML lesions and all others as
“above” FML lesions. The study was performed
in accordance with the principles of the Helsinki
Declaration and was approved by the Ethics
Committee of Collegium Medicum of Nicolaus
Copernicus University.
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A

B

C

D
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FIGURE 1. MRI scans performed after treatment showing delineation of area with decreasing edema. (A) 6 months; (B) 12 months; (C) 18 months; (D)
24 months.

All statistical analyses were performed using
Statistica v.10 (Dell Inc., Austin, TX).

Results
Five patients did not attend for follow-up studies
and were excluded from further analysis. SRSassociated edema occurred in 17 patients, of whom
one patient was diagnosed with a meningioma
located in the pontocerebellar angle with edema
prior to SRS and that increased in volume in the six
months after treatment. The initial MRI did not reveal edema in the other patients. SRS-related edema occurred in 2/16 (12.5%) metastatic tumors, 5/34
(14.7%) AVMs and 10/38 (26.3%) meningiomas.
The dynamics of edema formation over time
(log-normal distribution) are shown in Figure 3.
There were no associations between edema development and age, size of irradiated area, volume of

FIGURE 2. The Frankfurt Line (blue line) and the Frankfurt modified line (FML; red line).

Radiol Oncol 2017; 51(2): 137-141.
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FIGURE 3. The largest volume of edema was observed at 6 months (mean 7.2
months, S.D. 1.2 months) after radiosurgery and decreased thereafter.

normal brain covered by 12 Gy isodose (V12), number of beams, type of tumor (p = 0.07), or the type
of immobilization applied.
With respect to lesion location, edema occurred
in 2/32 lesions below the FML and in 15/80 lesions
above the FML, representing a 5.1-times (1.06 –
24.53) increased incidence of edema after radiosurgery for lesions above the FML.
There was no association between edema development after secondary radiosurgery in the same
patients if no edema formed after the initial treatment.

Discussion
Radiosurgery-related peri-lesional edema is a wellknown but rarely described complication of SRS.
Here we present the relationship between edema
occurrence and lesion location in a population of
patients with heterogeneous diagnoses.
The incidence of edema in this cohort (17%) is
consistent with the published literature, recognizing that most data relates to edema occurring
after radiosurgery for meningiomas. Chang et al.
observed edema in 26.3% of patients with meningiomas after radiosurgery, about 40% of whom
presented with symptoms of increased intracranial pressure.15 Kobayashi et al. reported edema in
13.8% of patients with benign meningiomas after
radiosurgery.16 With respect to radiosurgery-relatRadiol Oncol 2017; 51(2): 137-141.

ed edema in patients with other histopathological
diagnoses, Hallemeier et al. reported edema after
radiosurgery in 44% of patients with astrocytoma,
which was effectively treated with oral or intravenous steroid therapy17, while Williams et al. described a case of steroid-resistant edema treated
with bevacizumab that developed 9 months after
radiosurgery for a vascular malformation.18
Cai et al. found that the risk of edema increased
with greater tumor-brain contact interface area,
supporting the observed differing incidence of
edema according to location: the decreased incidence of edema below the FML may be associated
with the amount of brain surrounding the lesion,
since the lesion-brain contact interface above the
FML is greater than below the FML.19
We found no association between the presence
of edema and lesion size, dose escalation, or histopathological diagnosis. Although this finding
may be due to the small number of patients in each
group, these parameters need to be taken into account when assessing edema risk after radiosurgery.20
The lack of an association between the histopathological diagnosis and lesion size suggests a
common pathway for post-SRS edema formation,
most likely related to impaired blood flow surrounding the intracranial lesion and explaining
why the incidence of edema is lower in locations
with better blood supply. For instance, with respect to tumors occurring in the parasagittal region, a higher edema risk may be present due to
an unfavorable location (above the FML) and a
histopathological diagnosis of meningioma. In this
area, numerous veins carry blood to the superior
sagittal sinus and the lower and deep vein (Galena
vein), and numerous vessels at the tumor border
drain blood from the tumor to normal brain vessels. Radiosurgery may impair flow in these vessels, similar to the mechanism seen when vessels in
an AVM are obliterated. This leads to regional impairment of venous drainage from the brain and, as
a consequence, edema.
We observed an increase in edema volume over
the first 6 – 9 months and a decrease thereafter.
In one retrospective multi-center study, the average duration of edema after radiosurgery was estimated to be 15 months (range 5 – 18 months)21,
with maximum accumulation after 6 – 8 months,
consistent with the results presented here. Not all
brain edema is symptomatic or requires treatment,
but if edema is observed radiologically at followup 3 months after treatment even in the absence of
symptoms, a short regimen of steroids may be ap-
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propriate to avoid the natural dynamics of edema
formation occurring.
Patients treated with multiple rounds of radiosurgery to more than one lesion are a valuable
study group for assessing the prevalence of complications. Here, this patient subgroup did not develop edema at follow up after both the first and
subsequent treatments. This may suggest that resistance to edema formation depends on host or individual factors, but this hypothesis would require
further clinical validation.
The study has several limitations. The FML
plane was arbitrarily selected by the investigators
from personal observations and does not represent
an anatomical border that may explain differences
in edema formation. Due to the retrospective nature of the analysis, we were unable to examine
steroid treatment and its influence on edema formation and resolution. Nevertheless, to our knowledge, this is one of the largest studies of SRS-related
edema formation.

Conclusions
Peri-lesional cerebral edema is a temporary intracranial complication after radiosurgery. The most
severe MRI changes can be observed in the first
six to nine months after treatment. The occurrence
of cerebral edema is dependent on the intracranial
location. Localization of lesion above the FML is a
strong predictor of the emergence of this treatment
complication.
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Background.

In patients operated for malignant glioma, 5-aminolevulinic acid (5-ALA)-induced fluorescence guidance is useful. However, we occasionally experience instances of non-visible fluorescence despite a histopathological
diagnosis of high-grade glioma. We sought to identify factors that influence the intraoperative visualization of gliomas
by their 5-ALA-induced fluorescence.
Patients and methods. We reviewed data from 60 patients with astrocytic or oligodendroglial tumors who underwent tumor removal under 5-ALA-induced fluorescence guidance between January 2014 and December 2015. Their
characteristics, preoperative magnetic resonance imaging (MRI) findings, histological diagnosis, and genetic profile
were analyzed and univariate and multivariate statistical analyses were performed.
Results. In 42 patients (70%) we intraoperatively observed tumor 5-ALA fluorescence. They were 2 of 8 (25%) patients
with World Health Organization (WHO) grade II, 9 of 17 (53%) with grade III, and 31 of 35 (89%) patients with grade
IV gliomas. Univariate analysis revealed a statistically significant association between 5-ALA fluorescence and the
isocitrate dehydrogenase 1 (IDH1) status, 1p19q loss of heterozygosity (LOH) , the MIB-1 labeling index, and the tumor
margin, -heterogeneity, and -contrast enhancement on MRI scans (p < 0.001, p = 0.003, p = 0.007, p = 0.046, p = 0.021,
and p = 0.002, respectively). Multivariate analysis showed that the IDH1 status was the only independent, statistically
significant factor related to 5-ALA fluorescence (p = 0.009).
Conclusions. This study identified the IDH1 status as the factor with the most influence on the 5-ALA fluorescence of
diffuse gliomas.
Key words: glioma; 5-aminolevulinic acid (5-ALA); IDH1 mutation

Introduction
Although the standard treatment for malignant
gliomas is the combination of maximal resection
followed by radiation therapy and adjuvant chemotherapy (temozolomide)1, their prognosis remains unfavorable. Maximal resection is the most
important factor for improving the survival rate2-4,
Radiol Oncol 2017; 51(2): 142-150.

patients who underwent complete resection benefited more from temozolomide than did patients
treated by incomplete resection.5
According to the 2016 WHO classification, the
genetic profile, e.g. the isocitrate dehydrogenase 1
(IDH1) mutation status and 1p19q co-deletion, is
the key factor for the diagnosis and treatment of
diffuse gliomas. The IDH1 mutation status is more
doi:10.1515/raon-2017-0019
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prognostic for overall survival than are standard
histological criteria that differentiate high-grade astrocytomas.6,7 Also, the prognosis of IDH1 mutant
glioblastoma is considerably better than of IDH1
wild-type anaplastic astrocytoma and glioblastoma6,7, and methylation of the O-6-methylguanine
DNA methyltransferase (MGMT) promoter in diffuse gliomas is a predictive epigenetic marker of
the responsiveness to alkylating agents such as temozolomide.8
A naturally occurring intermediary in the heme
synthetic pathway, 5-aminolevulinic acid (5-ALA)9,
is used for the intraoperative visualization of malignant gliomas. After its administration as a prodrug, it is metabolized at the tissue level to the active
compound, protoporphyrin IX (PPIX), which is
responsible for in vivo photosensitization.9 5-ALAinduced fluorescence guidance facilitates complete
tumor removal and may enhance progression-free
survival.4,10 According to previous studies9,11, no
visible fluorescence was reported in 100% of World
Health Organization (WHO) grade I, 81% of WHO
grade II, and 25% of high-grade (WHO grades III
and IV) gliomas. High-grade gliomas lacking contrast enhancement on magnetic resonance imaging
(MRI) scans may not display appreciable macroscopic fluorescence.12
In contrast, it has been reported that 5-ALAinduced fluorescence is associated with contrast
enhancement on preoperative MRI scans13, a highgrade WHO classification14-16, high tumor cellularity17-19, an increased MIB-1 labeling index12,15,19, and
a high tumor burden.13 Factors that account for the
difference in the level of fluorescence in individual
tumors remain to be clearly identified.
The aim of this study was to identify the
factor(s), including MRI observations and genetic
factors, with the greatest influence on intraoperative 5-ALA-induced fluorescence in patients with
diffuse gliomas.

Patients and methods

TABLE 1. Clinical characteristics of 60 patients with diffuse
gliomas
Characteristics

No. of Patients (%)

Number of patients

60 (100)

Sex
Male

35 (58.3)

Female

25 (41.7)

Age (yrs)
Average ± SD

60.7 ± 15.4

Median

62.5

Range

6 - 80

Tumor grades and subtypes (WHO 2007)
Grade II

8 (13.3)

Astrocytoma

2 (3.3)

Oligoastrocytoma

3 (5.0)

Oligodendroglioma

3 (5.0)

Grade III

17 (28.3)

Anaplastic astrocytoma
Anaplastic oligoastrocytoma
Anaplastic oligodendroglioma
Grade IV

2 (3.3)
3 (5.0)
12 (20.0)
35 (58.3)

Localization
Frontal

22 (36.7)

Fronto-temporal

2 (3.3)

Temporal

9 (15.0)

Temporo-parietal

5 (8.3)

Temporal & insular

2 (3.3)

Parietal

4 (6.7)

Parieto-occipital

2 (3.3)

Occipital

0 (0)

Insular

4 (6.7)

Central

8 (13.3)

Cerebellar

2 (3.3)

Tumor Status
Primary

54 (90.0)

Recurrence

6 (10.0)

Patient population
The Research Ethics Committee of the Faculty of
Medicine, University of Miyazaki, approved this
study; prior informed consent for inclusion in the
study was obtained from all patients. They underwent tumor removal at Miyazaki University
Hospital during the period from January 2014 to
December 2015. We collected 71 consecutive glioma patients. Our inclusion criteria were surgery
under 5-ALA-induced fluorescence guidance, a

preoperative MRI evaluation, and a histological
diagnosis of astrocytic or oligodendroglial tumors
based on the WHO 2007 classification.20 Excluded
were patients with WHO grade I tumors and/or
needle biopsy only. In patients who had undergone surgical resection more than once during the
period, data from the first resection were used. Of
Radiol Oncol 2017; 51(2): 142-150.
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nosis, and tumor location are shown in Table 1. Of
the included patients, 35 (58.3%) had WHO grade
IV, 17 (28.3%) WHO grade III, and 8 (13.3%) had
WHO grade II gliomas. The tumor location was
the frontal lobe (22 patients, 36.7%), followed by
the temporal lobe (9 patients, 15.0%). In 8 patients
(13.3%) the tumor was centrally located in the basal
ganglion, corpus callosum, and brain stem; none of
the tumors were occipital.

Preoperative MRI

A

B

C

D

All preoperative MRI studies were performed
within a week before surgery on a 3 Tesla scanner
(Magnetom Verio; Siemens, Erlangen, Germany).
T1- and T2-weighted- (T1W, T2W), and contrastenhanced T1W axial images were used for analysis. The images were assessed consensually by two
neuroradiologists blinded to the genotype and the
5-ALA-induced fluorescence of each lesion. They
used methods described elsewhere21 to qualitatively assess the following findings: a sharp or
indistinct tumor border, homogeneous or heterogeneous signal intensity throughout the tumor on
T1W and T2W images, and the presence or absence
of contrast enhancement on contrast-enhanced
T1W images (Figure 1). Identification of the predominant characteristics of individual tumors was
based on the readers’ judgment of the tumor border and signal heterogeneity.

Surgical procedure

E

F

FIGURE 1. Comparison of tumor characteristics on MRI scans. Axial T2W images
showing a mass with (A) a smooth and (B) an indistinct tumor border in the left frontal
lobe, (C) homogeneous intensity in the right frontal lobe, and (D) heterogeneous
intensity in the left thalamus. Axial gadolinium-enhanced T1W images show that (E)
the tumor lacks contrast enhancement in the right frontal lobe and is (F) contrastenhanced in the left parietal lobe.

the 71 patients, 60 (35 men, 25 women; age range
6-80 years, mean age 60.7 years) with astrocytic
or oligodendroglial tumors fulfilled our selection
criteria; 54 (90.0%) harbored newly diagnosed gliomas. The patient characteristics, histological diagRadiol Oncol 2017; 51(2): 142-150.

5-ALA (20 mg/kg) was orally administered 3 hours
before surgery. For the operation we used an OPMI
Pentero instrument (Zeiss, Oberkochen, Germany)
equipped with BLUE 400 for visualizing fluorescence and for neuro-navigation. All resections
were performed with navigational guidance using
contrast-enhanced axial, coronal, and sagittal T1Wor fluid-attenuated inversion recovery (FLAIR) images. The targets for tissue sampling were selected
by choosing contrast-enhanced lesions and neuronavigation, or the tumor center of high-intensity lesions on FLAIR images. Fluorescence was checked
repeatedly under our modified neurosurgical microscope by switching between white- and blue-violet excitation light in different areas of the lesion
during each procedure. Fluorescence was categorized subjectively by two operating surgeons; a 3rd
surgeon confirmed their judgment by reviewing a
movie obtained intraoperatively. Fluorescence was
categorized as non-visible (negative) and visible
(positive).19,22 Positive fluorescence included mild

Saito K et al. / IDH1 mutation and 5-ALA fluorescence in diffuse glioma

A

B

C

FIGURE 2. Appearance of the tumor cavity under the surgical microscope. (A-B) Violet-blue light excitation yielding visible 5-ALA
fluorescence. Note robust (lava-like orange) (A) and mild (pink) brightness (B). (C) No 5-ALA fluorescence is visualized in the tumor
cavity.

(pink) and robust brightness (lava-like orange)18
(Figure 2).

Pathological diagnosis
To diagnose the tumors histopathologically, neuropathologists used the 2007 WHO classification of
central nervous system tumors.20 They were blinded to intraoperative 5-ALA fluorescence. Tumor
cell proliferation was assessed immunohistochemically using MIB-1 antibody (anti-Ki-67, 1:50;
DAKO, Hamburg, Germany). The highest density
of Ki-67 immunopositive cells was evaluated in hot
spots. The percentage of immunolabeled tumor cell
nuclei was expressed as the MIB-1 labeling index.

IDH1 mutation analysis
IDH1 mutation was confirmed by immunohistochemical analysis using R132H antibody23 or by
direct sequencing. Immunostaining was according to the manufacturer’s protocol. Briefly, formalin-fixed paraffin-embedded tissue was sliced
into 2-µm sections and dried at 42ºC for 3 hours.
Deparaffinization was with xylene, rehydration
was by submerging the tissue samples in graded
series of ethanol (100% to 70%, decreased in 10%
steps). Phosphate-buffered saline (PBS) was used
for washing. For antigen retrieval, slides were pretreated by steaming with citric acid buffer (pH 6.0)
for 20 min in an autoclave. The sections were then
treated with 10% H2O2 for 10 min at room temperature to block endogenous peroxidase activity.
After washing in 3 changes of PBS for 5 min, the
sections were immunostained with monoclonal
anti-human IDH1-R132H antibody (1:20 dilution,
H09, Dianova, Hamburg, Germany) diluted with
PBS, and incubated at 4ºC overnight. After being

washed in 3 changes of PBS buffer, the tissues
were covered by anti-mouse specific second antibody administered in 1 - 3 drops per slide (Dako
EnVision, Hamburg, Germany), and held for 30
min at room temperature. After being washed in
3 changes of PBS buffer, the staining reaction was
performed by covering the tissue with a prepared
3, 3’-diaminobenzine (DAB) chromogen solution (1 drop of DAB chromogen for every 1000 µl
of PBS). This was followed by incubation for approximately 40 sec to allow for proper brown color
development. A definite cytoplasmic immunoreaction product was scored as staining cells. Staining
was scored on a two-grade scale as negative (no or
< 10% staining), and as positive (> 10% positively
stained cells).
Direct DNA sequencing was as previously
described.23,24 IDH1 genomic DNA was isolated from frozen tissue samples with a QIAamp
DNA Mini Kit (QIAGEN, Tokyo, Japan).
A spanning 90-base pair (bp) fragment was
identified with the sense primer IDH1 (forward:
5’-GGCTTGTGAGTGGATGGGTA-3’)
and the antisense primer IDH (reverse:
5’-GCAAAATCACATTATTGCCAAC-3’).
The
25-µl reaction mixture contained 50 ng of tumor
genomic DNA, 1 µl of each forward and reverse
primer (10 µM), 12.5 µl of GoTaq Hot Start Green
Master Mix (Promega K.K., Tokyo, Japan), and an
amount of deionized water to obtain a total volume
of 25 µl. Genomic DNA was subjected to polymerase chain reaction (PCR) amplification, initial denaturation at 95º for 2 min, and 35 cycles of amplification consisting of denaturation at 95º for 30
sec, annealing at 58º for 30 sec, and extension at
72º for 20 sec. Final extension was performed at 72º
for 5 min. The 100-bp PCR amplification products
were confirmed by 2% agarose gel electrophoresis.
Radiol Oncol 2017; 51(2): 142-150.
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TABLE 2. 5-aminolevulinic acid-induced fluorescence (5-ALA) in 60 diffuse gliomas
5-ALA fluorescence

WHO grade II

WHO grade III

WHO grade IV

Positive

2/8 (25 %)

9/17 (53 %)

31/35 (89%)

Negative

6/8 (75 %)

8/17 (47 %)

4/35 (11%)

The sequence reactions were performed by using
a Big Dye Terminator v1.1 Cycle Sequencing Kit
(Thermo Fisher Scientific K.K., Yokohama, Japan)
in a 20-µl reaction mixture comprised of 1 µl of the
100-bp PCR products, 4 µl of PCR buffer, 2 µl of
the forward primer (5 µM), 12 µl of deionized water and 1 µl of Big Dye Terminator Ready Reaction
Mix. Initial denaturation was performed at 96º for 1
min and 25 cycles of amplification (denaturation at
96º for 30 sec, annealing at 50º for 5 sec, and extension at 60º for 4 min). Sequencing products were
immediately submitted to direct sequencing on an
ABI PRISM 310 Genetic Analyzer (Thermo Fisher
Scientific K.K., Yokohama, Japan).

Fluorescence in situ hybridization (FISH)
FISH analysis of 1p19q loss of heterozygosity
(LOH) was performed on formalin-fixed paraffinembedded 5-µm tissues25 prepared for dual-probe
hybridization with Vysis LSI FISH Probe according
to the manufacturer’s instructions (Abbott Japan
Co. Ltd.). 1p36/1q25 and 19q13/19p13 dual-color
probe sets were used for locus-specific 1p and 19q
analysis, respectively, following the manufacturer’s instructions (Abbott Japan). Nuclei were
counterstained with 4,6-diamidino-2 phenylindole
(DAPI).

Analysis of MGMT promoter methylation
Analysis of the methylation status of the MGMT promoter was performed by bisulfite modification and
subsequent methylation-specific PCR assay using
previously described primers.8 The primer sequences for the unmethylated reaction were forward:
5’-TTTGTGTTTTGATGTTTGTAGGTTTTGT-3’
and reverse: 5’-AACTCCACACTCTTCCAAAAA
CAAAACA-3’. Sequences for the methylated reaction were forward: 5’-TTTCGACGTTCGTAGG
TTTTCGC-3’ and reverse: 5’-GCACTCTTCCG
AAAACGAAACG-3’. The PCR conditions were
35 cycles of 30 sec each at 95º, and 60º, and 60 sec
at 72º; the PCR products were electrophoresed on
15% polyacrylamide gels as previously described.26
Radiol Oncol 2017; 51(2): 142-150.

Statistical analysis
All numeric data were reported as the mean ±
standard deviation. The positive predictive value (PPV) of 5-ALA fluorescence for high-grade
gliomas was calculated as the number of 5-ALA
fluorescence-positive high grade gliomas / number of all 5-ALA fluorescence-positive tumors. Its
negative predictive value (NPV) was calculated
as the number of 5-ALA fluorescence-negative
low-grade gliomas (WHO grade II) / number of all
5-ALA fluorescence-negative tumors. The diagnostic accuracy of 5-ALA fluorescence for high-grade
gliomas was calculated as the number of 5-ALA
fluorescence-positive high-grade gliomas plus the
number of 5-ALA fluorescence-negative low grade
gliomas / the number of all tumors.
Univariate and multivariate logistic regression
analyses were used to identify clinical characteristics and genetic- and imaging features associated with the 5-ALA-induced fluorescence of the
lesions. Univariate analysis was with the χ2-, the
Fisher exact-, or the Student t-test. Variables with
p < 0.05 by univariate analysis were used for multivariate analysis. In multivariate logistic regression
analysis we computed the odds ratio (OR) and the
accompanying 95% confidence interval (CI) using
samples with non-visible fluorescence for reference. P values < 0.05 were considered statistically
significant. All statistical analyses were performed
with SPSS software (version 23; IBM SPSS, Chicago
IL, USA).

Results
Intraoperative 5-ALA fluorescence
Among the 60 tumors, 42 (70%) were 5-ALA fluorescence-positive; the others were negative. Of the
8 WHO grade II gliomas, 2 were positive, as were 9
of 17 (53%) WHO grade III and 31 (89%) of 35 grade
IV gliomas (Table 2). For high-grade gliomas, the
PPV of 5-ALA fluorescence was 95.2%; the NPV
was 33.3%, and diagnostic accuracy was 76.7%.
As shown in Table 3, among the 60 diffuse gliomas, 13 (22%) harbored IDH1 mutations. These
were more often seen in grade II (4/8, 50%) and
grade III gliomas (7/17, 41%) than in glioblastomas
(2/35, 6%). Of the 13 tumors with IDH1 mutations,
2 (15%) manifested visible fluorescence, the other
11 did not.
Univariate analysis revealed a statistically significant association between 5-ALA fluorescence
and the IDH1 status (mutated, non-mutated),
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1p19q LOH, MIB-1, and the margin, heterogeneity, and contrast enhancement of the tumors (p <
0.001, p = 0.003, p = 0.007, p = 0.046, p = 0.021, and
p = 0.002, respectively); neither the patient age nor
the MGMT methylation status was significantly
associated. Multivariate analysis showed that the
IDH1 status was the only independent, statistically
significant factor related to 5-ALA fluorescence (p
= 0.009) (Table 4). Using tissue samples with nonvisible fluorescence as the reference, we found that
the OR (95% CI) for IDH1 wild type was 19.238
(1.39, 175.39). No other factors had a significant effect on 5-ALA fluorescence.

Discussion
In this study, we analyzed factors that influence
the intraoperative visualization of gliomas by their
5-ALA-induced fluorescence. Our results demonstrate that the IDH1 status was the only independent, statistically significant factor related to 5-ALA
fluorescence.
As in an earlier study15, significantly more
high- than low-grade gliomas exhibited 5-ALA
fluorescence. Others12,15,18,27 reported that MIB-1,
an indicator of proliferation activity, and 5-ALA
fluorescence were positively correlated. Widhalm
et al.27 who documented a significantly higher proliferation rate in the tumor area with- than without 5-ALA fluorescence found that visible 5-ALA
fluorescence was correlated with a MIB-1 ≥10%.
On the other hand, according to Lau et al.18 5-ALA
intensity is a strong predictor of the degree of tumor cellularity in the most highly fluorescent areas but less predictive in areas with lower 5-ALA
intensities. A significant difference in the contrast
enhancement of fluorescing and nonfluorescing
tissue on T1W MRI scans has been reported.13 Our
multivariate analysis showed that the IDH1 status
was the only independent, significant factor affecting 5-ALA fluorescence.
Yang et al.28 showed that in tumor cells the IDH
mutation may lead to the accumulation of tricarboxylic acid (TCA) cycle metabolites. This results
in the activation of the heme biosynthesis pathway
that works to remove TCA metabolites. Inactivation
of the TCA cycle by fumarate hydratase deficiency involves the biosynthesis and degradation
of heme; this facilitates the use of accumulated
TCA cycle metabolites and partial mitochondrial
nicotinamide adenine dinucleotide (NADH) production.29 A comparison of wild-type- and IDH1mutant U87MG cell lines showed that mutated

TABLE 3. Relationship between 5-aminolevulinic acid-induced fluorescence (5-ALA)
status and clinical-pathologic features
Patients
with visible
fluorescence
(n=42)

Patients with
no visible
fluorescence
(n=18)

P value

χ2, Fisher,
or Student
t test

62.4 ± 16.4

56.7 ± 12.5

0.16

-

<0.001

23.57

Positive

2

11

Negative

40

7
0.003

10.22

0.05

4.35

0.007

-

0.046

4.88

0.021

6.48

0.002

11.71

Clinical-pathologic
features
Age (years)
Average ± SD
IDH1 mutation

1p19q LOH
Positive

5

9

Negative

37

9

Positive

18

13

Negative

24

5

38.5 ± 20.7

20.2 ± 22.8

Irregular

27

6

Smooth

15

12

MGMT methylation

MIB1 LI (%)
Average ± SD
Tumor margin

T2 Heterogeneity
Homo

2

5

Hetero

40

13

Contrast
enhancement
Positive

41

12

Negative

1

6

TABLE 4. Multivariate analysis of significant factors from univariate analysis
P Value

Odds ratio

95% confidence
interval

IDH1 wild type

0.009

19.238

1.39, 175.39

1p19q LOH

0.198

0.301

0.05, 1.87

MIB-1 labeling index

0.157

1.033

0.99, 1.08

Tumor margin

0.743

0.720

0.10, 5.15

T2 heterogeneity

0.470

2.763

0.18, 43.44

Contrast enhancement

0.345

4.107

0.22, 77.32

Factor

states of IDH1 are linked to enhance 5-ALA fluorescence.24 Paradoxically, glioma tissue harboring
IDH1 mutations accumulated high levels of 2-hydroxyglutarate (2HG) while the level of other TCA
cycle metabolites, including alpha-ketoglutarate,
malate, fumarate, succinate, and isocitrate, was not
significantly altered.30 These observations suggest
Radiol Oncol 2017; 51(2): 142-150.

148

Saito K et al. / IDH1 mutation and 5-ALA fluorescence in diffuse glioma

FIGURE 3. Schematic illustration of the relationship between heme synthesis and
the IDH1 mutation. Thick arrows indicate metabolism activation, white arrows
the activated enzymes or plasma membrane structures involved in porphyrin
metabolism. ABCG2 transports porphyrins from the cytoplasm to the extracellular
space. NADP+ levels increase during metabolization to bilirubin by heme. The IDH1
mutation may promote a defense system against ROS by activating catalase, HO-1,
etc. The intracellular PPIX level is downregulated. (ABCG2 = ATP-binding cassette
transporter G2; CO = carbon monoxide; FECH = ferrochelatase; HO-1 = heme
oxygenase-1; PP = protoporphyrin; ROS = reactive oxygen species).

that IDH1 mutant gliomas do not involve the activation of heme biosynthesis via activation of the
TCA cycle.
The increased production of reactive oxygen
species (ROS) was suggested to be implicated in
human glioma tumorigenesis.31 However, in embryonic brain cells from IDH1-mutant mice, intracellular ROS levels were dramatically reduced
and the NADP+/NADPH ratio and catalase activity
were increased.32 We hypothesize that the acquisition of IDH1 mutations by low-grade gliomas upgrades their cell protection from oxidative injury.
For example, heme oxygenase-1 (HO-1), one of
the most important molecules affording protection against oxidative stress33, is a microsomal
and mitochondrial enzyme.34 HO-1 catalyzes the
oxidation of heme to biologically harmless products, i.e. carbon monoxide (CO), biliverdin (rapidly
reduced to bilirubin), and ferrous iron. The treatment of melanoma cells with ALA during photodynamic therapy increased the accumulation of
PPIX and concomitantly enhanced HO-1 expression.35 Hagiya et al.36 reported that the messenger
RNA level of HO-1 and of ATP-binding cassette
transporter G2 (ABCG2), a transporter of porphyrins from the cytoplasm to the extracellular space
Radiol Oncol 2017; 51(2): 142-150.

across the plasma membrane, was markedly increased when HepG2 cells were exposed to PPIX
and visible light. These observations lead us to
suspect that the difficulty in inducing fluorescence
in IDH1-mutated gliomas is attributable to the establishment of a defense system against oxidative
stress (Figure 3).
Although our study population was small, 22%
of our 60 patients manifested IDH1 mutations. As
in earlier studies7,37,38, the incidence of the IDH1
mutation was highest in patients with WHO grade
II gliomas. While there might be a difference in the
frequency of IDH1 mutations between the Japanese
and other populations, of our 8 WHO grade II
gliomas, 75% were 5-ALA fluorescence-negative,
a finding similar to that reported by others.11,19
Interestingly, in both patients with 5-ALA fluorescence-positive grade II gliomas, IDH1 was wildtype. One of the patients died as a result of malignant transformation 24 months after the operation.
Ballester et al.39L. Y.</author><author>Olar, A.</
author><author>Roy-Chowdhuri, S.</author></authors></contributors><auth-address>Department
of Pathology and Genomic Medicine, Houston
Methodist Hospital, Houston, Texas (L.Y.B. proposed that IDH1/2 wild-type gliomas be classified as molecular glioblastomas because, although
the pathological diagnosis is low-grade glioma,
the prognosis of patients with IDH1/2 wild-type
gliomas is unfavorable. They also stated that the
molecular subclassification of brain tumors identified important glioma subgroups whose prognosis
is favorable and that mutations in IDH1/2, TP53,
ATRX, and a 1p19q co-deletion suffice for the accurate molecular classification of diffuse gliomas.
Even when the intraoperative pathological diagnosis is low-grade glioma, 5-ALA fluorescence positivity alerts to biological malignancy.14
The PPV value of fluorescence as an indicator
of high-grade gliomas was very high although the
NPV was only 33%. Therefore, the possibility of
high-grade glioma in the absence of intraoperative
5-ALA fluorescence cannot be excluded.
The IDH1 mutation status of diffuse gliomas is
important as the mutation played a strong role in
the intraoperative absence of 5-ALA fluorescence.
The ability to identify the IDH1 status intraoperatively based on the presence or absence of fluorescence of tumor tissue may be useful for determining the appropriate degree of resection.
Our study has some limitations. First, as our
study population was relatively small, our findings warrant validation studies in larger cohorts.
Second, fluorescence was evaluated qualitatively
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and subjectively by experienced surgeons and
quantitative assessment may yield more objective
results.

Conclusions
Our study identified the IDH1 status as the only
independent, statistically significant factor related
to 5-ALA fluorescence. Further studies in a large
population are required to clarify the association
between the genetic status and the intraoperative
5-ALA-induced fluorescence of diffuse gliomas.
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Background. Colorectal cancer (CRC) represents one of the most common malignancies worldwide. Research has
indicated that functional gene changes such as single nucleotide polymorphism (SNP) influence carcinogenesis and
metastasis and might have an influence on disease relapse. The aim of our study was to evaluate the role of SNPs in
selected genes as prognostic markers in resectable CRC.
Patients and methods. In total, 163 consecutive patients treated surgically for CRC of stages I, II and III at the
University Medical Centre in Maribor in 2007 and 2008 were investigated. DNA was isolated from formalin-fixed paraffin-embedded CRC tissue from the Department of Pathology and SNPs in genes SDF-1α, MMP7, RAD18 and MACC1
were genotyped using polymerase chain reaction followed by high resolution melting curve analysis or restriction
fragment length polymorphism.
Results. We found worse disease-free survival (DFS) for patients with TT genotype of SNP rs1990172 in gene MACC1 (p
= 0.029). Next, we found worse DFS for patients with GG genotype for SNP rs373572 in gene RAD18 (p = 0.020). Higher
frequency of genotype GG of MMP7 SNP rs11568818 was found in patients with T3/T4 stage (p = 0.014), N1/N2 stage
(p = 0.041) and with lymphovascular invasion (p = 0.018). For MACC1 rs1990172 SNP we found higher frequency of
genotype TT in patients with T3/T4 staging (p = 0.024). Higher frequency of genotype GG of RAD18 rs373572 was also
found in patients with T1/T2 stage with disease relapse (p = 0.041).
Conclusions. Our results indicate the role of SNPs as prognostic factors in resectable CRC.
Key words: single nucleotide polymorphism; colorectal cancer; MACC1; RAD18; MMP7; SDF-1α

Introduction
Colorectal cancer (CRC) represents the third most
common malignancy worldwide in men and secRadiol Oncol 2017; 51(2): 151-159.

ond most common malignancy in women, accounting for approximately 10% of all tumour
types worldwide and 8% of cancer related mortality.1 In Slovenia according to Cancer registry of
doi:10.1515/raon-2016-0043
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Slovenia yearly reports, CRC is the second most
common cancer in men and women. The incidence
was steadily increasing in the last decades. From
2001 to 2011 it has risen by 35%, from 1110 in 2001
to 1709 in 2010 when it reached its peak. The incidence is now declining with 1530 in 2012. There
is also a relative proximal shift of tumour location
with the incidence of colon cancer increasing faster
than the incidence of rectal cancer.2-5
The survival of CRC is improving as a consequence of screening programs, new chemotherapy
regimens and targeted treatments as well as improved surgical treatment of metastatic disease.
According to Surveillance, Epidemiology, and
End Results (SEER) register and a worldwide
CONCORD-2 study, the 5-year CRC survival in
developed countries is more than 60%.6,7
CRC is a heterogeneous disease and its cancerogenesis a multistep process. CRC develops in 75%
sporadically because of mutations acquired during
a person´s lifetime and in 25% as a combination
of hereditary syndromes, a higher risk because of
CRC familial burden without criteria for a hereditary syndrome or as a consequence of inflammatory bowel syndrome.8 It evolves through distinct
genetic pathways: chromosomal instability, microsatellite instability (MSI-H) and the CpG island
methylator phenotype (CIMP). Next to »classical adenoma-carcinoma« sequence proposed by
Fearon and Voglestein there is also a newly recognized »serrated neoplasia pathway«, where CRC
evolves through different precancerous lesions, as
for instance serrated adenoma.9 The carcinogenesis
might also differ in regard to CRC arising either in
right or left hemicolon.10
The current treatment for resectable CRC of
stage I, II and III is surgical resection. For patients
of stage I, surgical resection is the only recommended treatment without adjuvant chemotherapy. For patients of stage III adjuvant chemotherapy
is recommended in all patients. In contrast for patients of stage II adjuvant chemotherapy is not recommended for unselected patients, but for those
with clinical or pathological risk factors.11-13
Potential clinical and pathological risk factors
for recurrence of stage II CRC have been investigated and incorporated in different guidelines,
but a definite consensus has not yet been reached.
According to European and American guidelines
(The European Society for Medical Oncology
(ESMO), The American Society of Clinical Oncology
(ASCO) and The National Comprehensive Cancer
Network (NCCN)), negative prognostic risk factors according to all three sets of guidelines are: T4
Radiol Oncol 2017; 51(2): 151-159.

tumours, bowel perforation, extension of surgical
lymphadenectomy, inadequate pathological sampling of lymph nodes and poor tumour differentiation grade. Further negative prognostic markers
included in one or two sets of guidelines are: bowel obstruction, lymphovascular invasion and/or
perineural invasion and indeterminate or positive
margins. Consensus on them has not been reached
yet. There is no clear message regarding adjuvant
chemotherapy patient selection in stage II CRC.11-13
Although stage I and early stage II CRC are
prognostically very favourable, with a small burden of disease, a proportion of these tumours have
certain characteristics, making them clinically
more malignant and therefore predisposing them
to disease recurrence or metachronous colon cancer.9 Up to 30% of patients with stage I and up to
50% of patients with stage II of CRC are going to
relapse.14,15 Considering these facts it is clear that
classical TNM staging system has its limitations, so
it is necessary to determine molecular or immunological prognostic and predictive markers to implement in routine clinical practice.16,17
Single nucleotide polymorphisms (SNPs) are
molecular factors that might be useful as prognostic markers in CRC. Preliminary genome wide
association (GWA) study in non-caucasian population has indicated a role of SNPs in resectable
CRC.18 We hypothesized that SNPs participating in
genetic risk for CRC and metastasis might prove as
a prognostic factor in resectable CRC. In our study,
we have selected SNPs with higher frequency in
patients with either local lymph node involvement
or systemic dissemination in genes participating
in CRC carcinogenesis and disease dissemination:
SDF-1α (stromal derived factor 1 alpha) located on
chromosome 10, MMP7 located on chromosome
11, RAD18 located on chromosome 3, and MACC1
(metastasis associated in colorectal cancer 1) located on chromosome 7.19-22 The aim of our study was
to evaluate the role of SNPs in selected genes as
prognostic markers in resectable CRC.

Patients and methods
We have conducted a study, regarding the role of
selected SNPs in resectable CRC. In total, 163 consecutive patients treated surgically at University
Medical Centre in Maribor in years 2007 and 2008
have been investigated. The inclusion criterion was
colorectal adenocarcinoma of stages I, II or III. The
exclusion criteria were: history of inflammatory
bowel disease, preoperative chemoradiotherapy/
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radiotherapy, perioperative mortality within 30
days and confirmed familial CRC (FAP, HNPCC
or other familial syndromes). Mean age of the
patients at diagnosis was 67 years +/- 11.4 years
(range 26–88 years). Clinical and pathohistological
characteristics examined were: age, gender, TNM
stage, differentiation grade, perineural invasion
and lymphovascular invasion. Time to progression
was defined as time from diagnosis to progression. Patients were followed-up on average for 69
months. Data regarding their vital status was acquired from Cancer registry of Slovenia. Clinical
and pathohistological characteristics of patients
and tumours are summarized in Table 1.

DNA isolation and SNP genotyping
DNA was extracted from the formalin-fixed paraffin-embedded (FFPE) CRC tissues of 163 patients
from the Department of Pathology, University
Medical Centre in Maribor. FFPE tissues were prepared as follow: at macroscopic examination of
resected specimen, the pathologist sampled representative tissue samples (2 x 2 x 0.4 cm) from tumour, bowel wall outside the tumour and all lymph
nodes from the resected pericolic or mesorectal fat.
For determination of resection margin status, the
representative tissue samples were taken also from
the proximal and distal intestinal resection margin,
from circumferential resection margin and dyed
with the indian-ink. All representative tissue samples and all obtained lymph nodes were put into
labeled histo-casettes and standardly processed in
automated histoprocessors (dehydrated and paraffined). Paraffined tissue samples were embedded in paraffin blocks. For the extraction of DNA,
12μm thick tissue slices were cut with microtome
from tumour tissue blocks.
DNA was isolated from FFPE tissues using
BiOstic FFPE Tissue DNA Isolation Kit ®(MO BIO
Laboratories, Inc.) according to manufacturer recommendations. SNPs of genes SDF-1α (rs1801157),
MMP7 (rs11568818), RAD18 (rs373572) in MACC1
(rs1990172) were genotyped using polymerase
chain reaction (PCR) followed by high resolution
melting (HRM) or restriction fragment length polymorphism (RFLP) techniques. Forward and reverse primer sequences, size of product after PCR,
primer concentrations, annealing temperatures
and genotyping method are shown in Table 2.
HRM genotyping was performed using real time
PCR LC480 instrument (Roche, Germany). PCRHRM was carried out using LC480 HRM Master
Mix (Roche, Germany). Conditions were as follow:

153

TABLE 1. Clinical and pathohistological characteristics of patients included in study
Clinical and histopathological characteristics

CRC patients (N = 163)

Sex
Male/female, N (%)

92/71 (56.4/43.6)

Age at diagnosis
Mean +/- SD

67.28 +/- 11.44

Stage of disease, N (%)
I
II
III

29 (17.8)
81 (49.7)
53 (32.5)

TNM staging
Tumour, N (%)
T1
T2
T3
T4
Lymph nodes, N (%)
N0
N1
N2
Vital status (5.10.2015), N (%)
dead
alive

8 (4.9)
24 (14.7)
120 (73.6)
11 (6.7)
110 (67.5)
38 (23.3)
15 (9.2)
65 (39.9) (42 due to CRC
progression, 23 other cause)
98 (60.1)

Disease progression, N (%)
yes
no

46 (28.2) (42 dead, 4 alive)
117 (71.8)

Disease progression according to stage, N (%)
stage I
stage II
stage III

5 (17.2)
18 (22.2)
23 (43.4)

Clinical characteristics, N (%)
more than 12 lymph nodes resected
adjuvant therapy

70 (42.9)
41 (25.2)

Differentiation grade, N (%)
I
II
III
no data

66 (40.5)
74 (45.4)
21 (12.9)
2 (1.2)

Perineural invasion, N (%)
yes
no

13 (8.0)
150 (92.0)

Lymphovascular invasion, N (%)
yes
no

27 (16.6)
136 (83.4)

N = number of patients

initial denaturation at 95°C for 10 min, followed
by 45 cycles of 95°C for 10 s, 57 or 60°C (primer
pair dependent) for 15 s and 72°C for 10 s, followed by HRM step of 95°C for 1 min, 40°C for 1
min and 60 – 90°C at 0.02°C/s. PCR-RFLP conditions were as follow: initial denaturation at 95°C
for 5 min, followed by 35 cycles of 95°C for 30 s,
60 or 63°C (primer pair dependent) for 30 s and
72°C for 30 s. After PCR, products were incubated
with restriction enzymes shown in Table 2 at 37°C
overnight. Digested products were resolved in 2%
agarose gel.
Our study was approved by the National Ethics
committee of Slovenia (clinical trial registration number: 65/02/13) and is listed at University
Radiol Oncol 2017; 51(2): 151-159.
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TABLE 2. Primer sequences used in PCR reaction, expected sizes of products, annealing temperatures, primer concentrations and genotyping method
of selected SNPs; restriction enzymes and sizes of fragments after restriction for genotyping of SNPs rs1801157 (CXCL12) and rs1990172 (MACC1)
Gene

SNP ID

Forward and reverse primer

CXCL12

rs1801157
A/G

GTGGGATGGGATGGTGGAG

MACC1

rs1990172
G/T

CAGGGAAAGAAATGGTTATTGCA

MMP7

rs11568818
A/G

TGGAGTCAATTTATGCAGCAG

RAD18

rs373572
A/G

TGTGATTAACCTAGTGGTTATTTTCTT

Gene

SNP ID

Restriction enzyme

CCTCAGCTCAGGGTAGCC

GGAAAAGGAGGGAAGCATGTG

CGAGGAAGTATTACATCGTTATTGG

GCATCCTAGTCTTCTCTATATTTTCG

Product
size [bp]

Annealing
temperature [°C]

Primer
concentration
[nM]

Genotyping
method

109

60

650

RFLP

115

63

300

RFLP

93

57

250

HRM

85

60

300

HRM

Size of fragments after restriction [bp]

CXCL12

rs1801157

MspI

AA: 109, AG: 109+62+47, GG: 62+47

MACC1

rs1990172

BseGI

GG: 80+35, GT: 105+80+35, TT: 105

Medical Centre Maribor as research project: IRP2014/01-21.

Statistical analysis
The clinical endpoint of our trial was evaluating
the role of selected SNPs as prognostic factors by
determining disease-free survival from the date of
the surgery. Kaplan-Meier survival curves were
constructed and compared using the log-rank
test. Multivariate analysis was carried out using a
Cox proportional hazard model. Group distribution for each clinicopathological characteristic was
compared using two-tailed Fischer exact test. Data
are expressed as the mean +/- standard deviation.
Statistical significance was defined as p < 0.05. All
analyses were performed using SPSS.

Results
Over an average follow-up period of 69 months, 65
deaths were recorded (39.9%). Out of those 65 patients, 42 died because of disease progression and
23 patients died of another cause.
Selected SNPs were genotyped in 163 CRC patients with well-defined clinical and histopathological characteristics. Genotype and allele frequencies were calculated for all patients and are shown
in Table 3. When comparing selected SNPs with
clinical and pathohistological characteristics of patients, higher frequency of genotype GG of MMP7
rs11568818 SNP was found in patients with T3/T4
Radiol Oncol 2017; 51(2): 151-159.

staging (29.6%) compared to patients with T1/T2
staging (7.1%, p = 0.014), in patients with N1/N2
staging (36.2%) compared to N0 staging (19.8%,
p = 0.041) and in patients with lymphovascular
invasion (45.8%) compared to patients without
lymphovascular invasion (21.0%, p = 0.018). For
MACC1 rs1990172 SNP, we found higher frequency of genotype TT in patients with T3/T4 staging
(62.5%) compared to patients with T1/T2 staging
(36.0%, p = 0.024). All correlations between selected
SNPs and clinical and histopathological characteristics are presented in Table 3.
We have further evaluated the correlation of
genotype frequencies in patients with progression
compared to patients without disease progression.
We found association between tumour TNM staging and SNP rs373572 in gene RAD18. Higher frequency of genotype GG was found in patients with
T1/T2 staging with disease progression (60.0%)
compared to patients with T1/T2 staging without
disease progression (12.0%, p = 0.041). No statistically significant differences were discovered in
rs1990172 in gene MACC1, rs1801157 in gene SDF1α or rs11568818 in gene MMP7.
The results of survival analysis showed association with SNP rs1990172 in gene MACC1 and with
SNP rs373572 in gene RAD18. We found worse
disease-free survival (DFS) for patients with TT
genotype of SNP rs1990172 in gene MACC1 compared to patients with GT or GG genotype (p =
0.029, Figure 1). One year, 3 years and 5 years DFS
were in patients with TT genotype 94.8%, 67.3%
and 62.9%, respectively compared to patients with
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TABLE 3. Associations between selected SNPs and clinico-histopathological characteristics of patients
TNM staging
Gene/
SNP ID

CXCL12
rs1801157

MACC1
rs1990172

MMP7
rs11568818

Grade of
differentiation

Perineural
invasion

Lymphovascular
invasion

Frequency

T1+T2

T3+T4

N0

N1+N2

1+2

3

No

Yes

No

Yes

AA

4.76

0.0

5.9

7.3

0.0

4.8

5.3

5.2

0.0

5.8

0.0

AG

29.25

31.0

28.8

26.0

35.3

27.8

42.1

29.9

23.1

27.3

38.5

GG

65.99

69.0

65.3

66.7

64.7

67.5

52.6

64.9

76.9

66.9

61.5

Statistical
analysis

0.346

0.096

1.000

1.000

0.354

p-value

1.261

1.573

0.900

1.102

1.228

OR

1.159–1.373

1.388–1.783

0.102–7.916

1.045–1.162

1.135–1.329

95% CI

0.828

1.000

0.303

0.543

0.656

p-value

0.814

0.960

0.556

1.860

0.820

OR

0.340–1.948

0.471–1.958

0.210–1.471

0.488–7.089

0.342–1.967

95% CI

GG

5.84

12.0

4.5

7.8

2.1

5.2

5.3

5.6

7.7

7.1

0.0

GT

36.50

52.0

33.0

37.8

34.0

37.9

26.3

38.7

15.4

35.4

41.7

TT

57.66

36.0

62.5

54.4

63.8

56.9

68.4

55.6

76.9

57.5

58.3

Statistical
analysis

0.024

0.363

1.000

0.560

0.350

p-value

2.963

1.477

0.982

0.718

1.229

OR

1.202–7.301

0.715–3.050

0.112–8.641

0.081–6.338

1.131–1.334

95% CI

0.263

0.160

0.453

0.237

1.000

p-value

3.880

2.918

1.641

2.657

1.034

OR

0.463–32.516

0.649–13.119

0.583–4.620

0.697–10.127

0.523–2.525

95% CI

AA

27.27

28.6

27.0

28.1

25.5

27.9

26.3

26.7

33.3

27.7

25.0

AG

47.55

64.3

43.5

52.1

38.3

47.5

52.6

48.9

33.3

51.3

29.2

GG

25.17

7.1

29.6

19.8

36.2

24.6

21.1

24.4

33.3

21.0

45.8

Statistical
analysis

1.000

0.843

1.000

0.736

1.000

p-value

1.084

1.141

1.082

0.729

1.151

OR

0.433–2.713

0.517–2.521

0.362–3.234

0.207–2.573

0.420–3.152

95% CI

0.014

0.041

1.000

0.497

0.018

p-value

5.457

2.296

0.818

1.547

3.182

OR

1.226–24.284

1.054–5.002

0.252–2.654

0.437–5.479

1.273–7.952

95% CI

AA

51.59

46.7

52.8

48.6

58.0

50.4

55.0

50.7

61.5

51.9

50.0

AG

38.22

33.3

39.4

41.1

32.0

39.3

35.0

39.6

23.1

38.2

38.5

GG

10.19

20.0

7.9

10.3

10.0

10.4

10.0

9.7

15.4

9.9

11.5

RAD18
rs373572
Statistical
analysis

0.685

0.306

0.812

0.567

1.000

p-value

0.784

0.685

0.830

0.643

1.079

OR

0.353–1.739

0.348–1.348

0.323–2.133

0.201–2.058

0.465–2.504

95% CI

0.085

1.000

1.000

0.624

0.731

p-value

0.342

0.970

0.960

1.688

1.184

OR

0.113–1.030

0.318–2.957

0.201–4.580

0.339–8.399

0.312–4.488

95% CI

GT/GG genotype, where 1 year, 3 years and 5 years
DFS were 91.1%, 85.7% and 78.3%, respectively.
Next, we found worse survival for patients with
GG genotype compared to patients with AG or
AA genotype for SNP rs373572 in gene RAD18 (p =
0.020, Figure 2). One year, 3 years and 5 years DFS
were in patients with GG genotype 86.7%, 53.3%
and 45.7%, respectively, compared to patients
with AG/AA genotype, where 1 year, 3 years and
5 years DFS were 94.9%, 78.9% and 74.2%, respectively. The survival analysis for SNP rs11568818 in
gene MMP7 and rs1801157 in gene SDF-1α did not
show statistically significant differences.

Discussion
Our study is the first report of the association
between SNP rs373572 in RAD18 gene and SNP
rs1990172 in MACC1 gene with DFS in resectable
CRC. We also identified the association of SNP
rs373572 in RAD18 gene in patients with stage I
CRC and disease relapse.
Association between SNP rs373572 in RAD18
gene and DFS has been found, where 5-year DFS
was significantly shorter for patients with GG
genotype compared to patients with AA or AG
genotype. Multivariate analysis showed that GG
Radiol Oncol 2017; 51(2): 151-159.
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FIGURE 1. Survival analysis curves for different genotype groups of CRC patients
according to SNP rs1990172 in gene MACC1.

FIGURE 2. Survival analysis curves for different genotype groups of CRC patients
according to SNP rs373572 in gene RAD18.

genotype could be independent negative prognostic factor, however association was at a borderline
of statistical significance. In patients with stage I
CRC, the GG genotype was more frequent in patients who relapsed, making it a potential negative
Radiol Oncol 2017; 51(2): 151-159.

prognostic factor for early stage CRC. RAD18 gene
combines two distinct pathways maintaining genome stability.23 So far, association between SNP
rs373572 and increased risk for CRC has been confirmed and significant association between SNP
and clinicopathological features, specifically in differentiated grade and lymph node metastasis has
been found in Japanese population.21 Association
between rs373572 and CRC (colon and rectum
cancer) has been also found in Han Chinese and
it was shown that SNP is significantly related with
increased risk of metastasis in CRC.24 Interestingly,
this study showed in contrary better prognosis for
patients with GG genotype. Further, statistically
significant association has been found between
MACC1 intron rs1990172 SNP genotype GT or TT
and higher T stage of TNM. Patients with GT or
GG genotype also had higher 5-years DFS compared to patients with TT genotype. Multivariate
analysis showed that TT genotype was an independent negative prognostic factor. This may partially explain the poorer prognosis of patients with
TT genotype. MACC1 is a regulator of the HGF/
Met signaling pathway which plays a key role in
regulating many biological processes including
cellular proliferation, cell metastasis, cell invasiveness, angiogenesis, epithelial mesenchymal transition, inducing increased invasiveness, tumorigenesis and also chemoresistance.25 The expression
levels of MACC1 in colon cancer without distant
metastases was significantly higher in primary
tumours that later developed distant metastases,
compared to those that did not metastasize within
a 10-year-follow-up period.26 Several SNPs have
been discovered in human MACC1 gene and Lang
et al.27 conducted a trial researching six SNPs in
MACC1 gene and they report a positive association of the MACC1 tagging SNP rs1990172 with reduced overall survival in patients with CRC. The
study showed, in contrary to our results, better
prognosis for patients with TT genotype. There
are some differences in the design and clinical
endpoint comparing both studies. Lang et al. also
included patients with metastatic disease making
the patient population more heterogenous. Their
clinical endpoint was also overall survival (OS)
not DFS. The authors concluded that rs1990172
was significantly associated with an increased risk
for any death, not just CRC related. As we see in
our study, out of 65 patients who died in course
of follow up, 42 died of CRC recurrence and in 23
patients’cause of death was different. Considering
this, DFS is more reliable to evaluate the role of
a prognostic factor in adjuvant setting than OS.
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Association between MACC1 rs1990172 SNP and
other cancers has been found. For example, in patients with HER2-positive breast cancer, increased
risk for progression or death for carriers of the G
allele of SNP rs1990172 has been found.28
In our study we also found association between genotype GG of MMP7 gene promoter SNP
rs11568818 and higher tumour (T) TNM stage,
with regional lymph node dissemination and lymphovascular invasion. Our results suggest, that GG
genotype of MMP7 rs11568818 SNP is negative
prognostic biomarker for CRC. Consistent with our
results, genotype GG of SNP rs11568818 in MMP7
has been recently associated with patients with
CRC and aggressive course of the disease and with
higher regional lymph node involvement.29 In this
study relationship between GG genotype of MMP7
rs11568818 SNP and advanced tumour infiltration has also been reported. Higher prevalence of
MMP7 rs11568818 GG genotype was also found
among bladder cancer patients compared to controls, however, SNP was not associated with the tumour grade or stage.30 In meta-analysis of MMP2,
MMP7 and MMP9 promoter polymorphisms, AG
and GG genotype carriers of MMP7 rs11568818
SNP had an increased gastric cancer risk, suggesting it may play allele-specific role in cancer development.31 In breast cancer, statistically significant
association with disease-free survival (DFS) was
found for MMP7 rs11568818 SNP, where patients
homozygous for G allele had significantly worse
prognosis.32 In our study, statistically significant
association with 5-year DFS for MMP7 rs11568818
SNP has not been found. Altogether, MMP7 seems
very promising candidate for predicting tumour
progression and metastasis also in CRC patients,
particularly since it was also found, that the overexpression of MMP7 has considerable metastatic
potential and correlates with unfavourable clinicopathological characteristics.33
We also investigated SNP rs1801157 in CXCL12
(SDF-1α) gene. The CXCL12/CXCR4 axis promotes
metastasis in numerous cancers. CXCL12 is being
produced and released from tissues as liver or lung
and trigger the migration of tumour cells expressing with CXCR4 receptor thereby promoting invasion, proliferation and survival under suboptimal
condition.34 SNPs in CXCL12 gene have also been
studied as a factor of increased likelihood developing cancer and increased likelihood of dissemination.35,36 In a clinical trial conducted by Chang
et al.37, GA/AA genotype of SNP rs1801157 was
significantly higher in patients with lymph node
metastasis among T3 tumours. In addition, an in-

vestigation of the relationship between CXCL12
genotypes and different clinico-pathological prognostic factors revealed a positive association between the GA/AA genotype and lympho-vascular
invasion. Both of these results indicate a predisposition to worse prognosis. In our study we haven’t
confirmed statistically significant association for
SNP rs1801157 CXCL12 gene in 5-year DFS nor
correlation between genotype distribution and
clinicopathological characteristics. However, the
distribution of genotypes was in our study similar
compared to other studies.37 They however discovered higher AA genotype frequency in patients
with T3 CRC in regional lymph node dissemination and lymphovascular invasion. Survival analysis showed worse DFS for the AA genotype in patients with lymph metastases.37
Stage III CRC patients are those who benefit from
adjuvant chemotherapy resulting in increased DFS
and OS at 6 and 10 years of follow up.38,39 Patients
with stage II disease with negative prognostic factors also benefit from adjuvant chemotherapy.
There is however some controversy regarding unselected patients of stage II and also to some extent
of stage I, because it is not always objectively possible to make a clear conclusion regarding negative regional lymph node status and the absence of
negative pathohistological prognostic factors.40
TNM staging has in proportion of patients low
prognostic value. Resection of appropriate number
of lymph nodes is frequently impossible. In only
about 50% of patients the required resection of 12
lymph nodes is achieved.16,41,42 Next to that, light
microscopy has its limitations regarding sensitivity
regarding detection of malignant cells in regional
lymph nodes.43 Also only a proportion of a pathological specimen can be examined and this can lead
to false negative reports regarding pathological
risk factors.17 Inadequate resection of appropriate
number of lymph nodes and limitations of light
microscopy may lead to false downward stage migration. Lymphovascular and perineural invasion
are negative prognostic factors, but they can also
be underreported.44,45 Considering these facts we
see, that a substantial proportion of patients is undertreated.
A proportion of patients can have a more malignant phenotype irrespective of the TNM stage
and known pathohistological prognostic factors,
predisposing them to a more aggressive course of
the disease. An intrinsic molecular characteristic,
like nucleotide polymorphism, might prove extremely helpful in this regard. Polymorphisms of
genes participating in carcinogenesis and disease
Radiol Oncol 2017; 51(2): 151-159.
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dissemination thereby represent a potential new
prognostic marker.
We have investigated patients from northeastern part of Slovenia almost exclusively of
Slovenian origin. Our results regarding genotype
distribution and connection with pathohistological
characteristics are most consistent with study conducted by Dziki et al.29 on Polish population, which
is as Slovenian also of Slavic origin. Our results
compared to other studies are less consistent, but
other studies were mainly performed in east Asia
and Austria. The differences may be attributable to
population genetic differences.
There is however also a question of appropriate
study design, especially clinical endpoint. OS is of
course the most important endpoint in oncology
research, but it may be influenced by many treatment related factors beyond the point of disease
relapse. DFS is therefore more appropriate clinical
endpoint in resectable disease in research of prognostic markers. Although our results indicate the
role of polymorphisms, further research is needed
to validate our findings.
Screening of polymorphisms in selected genes
of CRC patients in our study suggested that they
may have a role as a prognostic factors in resectable CRC. In conclusion, the goal is to identify patients who are going to derive most clinical benefit,
without facing unnecessary side effects.
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Background. Omitting the placement of clips inside tumour bed during breast cancer surgery poses a challenge for
delineation of lumpectomy cavity clinical target volume (CTVLC). We aimed to quantify inter-observer variation and
accuracy for CT- and MRI-based segmentation of CTVLC in patients without clips.
Patients and methods. CT- and MRI-simulator images of 12 breast cancer patients, treated by breast conserving
surgery and radiotherapy, were included in this study. Five radiation oncologists recorded the cavity visualization score
(CVS) and delineated CTVLC on both modalities. Expert-consensus (EC) contours were delineated by a senior radiation
oncologist, respecting opinions of all observers. Inter-observer volumetric variation and generalized conformity index
(CIgen) were calculated. Deviations from EC contour were quantified by the accuracy index (AI) and inter-delineation
distances (IDD).
Results. Mean CVS was 3.88 +/- 0.99 and 3.05 +/- 1.07 for MRI and CT, respectively (p = 0.001). Mean volumes of CTVLC
were similar: 154 +/- 26 cm3 on CT and 152 +/- 19 cm3 on MRI. Mean CIgen and AI were superior for MRI when compared
with CT (CIgen: 0.74 +/- 0.07 vs. 0.67 +/- 0.12, p = 0.007; AI: 0.81 +/- 0.04 vs. 0.76 +/- 0.07; p = 0.004). CIgen and AI increased
with increasing CVS. Mean IDD was 3 mm +/- 1.5 mm and 3.6 mm +/- 2.3 mm for MRI and CT, respectively (p = 0.017).
Conclusions. When compared with CT, MRI improved visualization of post-lumpectomy changes, reduced interobserver variation and improved the accuracy of CTVLC contouring in patients without clips in the tumour bed. Further
studies with bigger sample sizes are needed to confirm our findings.
Key words: breast cancer; contouring; contouring variation; MRI; CT

Introduction
There are two clinical scenarios in which delineation of the lumpectomy cavity (LC) is required
during breast cancer radiotherapy: boost after
whole breast irradiation (WBI) and accelerated
partial breast irradiation (APBI). WBI after organsparing surgery reduces the risk of breast cancer
recurrence and mortality.1,2 Delivery of boost dose
to the LC clinical target volume (CTVLC) is an important component of this treatment. It has been
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shown to improve local control at an increased risk
of moderate to severe fibrosis.3 APBI is becoming
increasingly utilized in selected groups of patients.
Shorter overall treatment time, reduced radiation
exposure of the organs at risk and comparable disease control make it a good alternative to WBI for
early stage disease.4-6 High accuracy of contouring
and precision of treatment delivery are needed to
optimize the delicate therapeutic ratio between

treatment benefit and side effects. This is especially
important in the setting of highly conformal dose
doi:10.1515/raon-2017-0014
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delivery to a small volume, such as boost after WBI
and becomes critical during APBI where the entire
dose is delivered to the CTVLC. Inter-observer variation (IOV) in contouring is one of the main contributors to the cumulative budget of uncertainties
in radiotherapy.7 It may undermine the gain of
high-precision technologies, blur the dose-effect
relations and compromise treatment comparisons.
For the individual patient, geographical miss of the
target volume leads to increased chance of relapse,
while unnecessary irradiation of normal tissues increases the probability of side effects. Respecting
the common contouring guidelines accompanied
by adequate training and high quality imaging are
the most important strategies to reduce contouring
variation.7-11
Currently, CT is the standard imaging modality
for CTVLC contouring. Due to its poor ability for
soft tissue depiction, placement of surgical clips or
markers at the edges of LC is recommended to improve tumour bed delineation.12-16 But reliability of
inserted markers as a surrogate for tumour bed is
a matter of debate9,16-18 and omission of their placement in some patients poses a special challenge
to the radiation oncologist during CTVLC delineation.19 The role of MRI for contouring in breast cancer radiotherapy is controversial11,20-23 and the evidence to support its use in patients without markers in the tumour bed is scarce.24,25 In our present
study, we aimed to (1) quantify the IOV and (2)
assess the accuracy of CT- and MRI-based CTVLC
contouring in patients without clips in the LC. Our
null hypothesis was that there is no statistically
significant difference between MRI- and CT- based
contouring in this subgroup of patients.

Patients and methods
Patients and images
Anonymized image data sets of patients with pathology-proven unilateral invasive ductal carcinoma of the breast, treated by breast conserving surgery and adjuvant radiotherapy in 2013 were considered for this study. Cases without surgical clips
in the LC and available CT- and MRI-simulator
data sets were eligible for inclusion. Adjuvant
radiotherapy had to consist of WBI followed by
CTVLC boost. Patients who underwent oncoplastic surgery were excluded. All radiotherapy was
completed before initiation of the study and the
presented work did not interfere with routine
management of our patients. The study protocol
was reviewed and given ethical approval by the

Institutional Medical Research Centre which governs our Institutional Review Board (Trial registration number: 15329/15).

Acquisition of CT and MRI simulator
images
During simulation and treatment, patients were
placed in comfortable and reproducible supine position with arms abducted over the head. For CT
simulation patients were placed on breast board
and wires were used to identify the surgical scars
and drainage sites. Non-contrast volumetric CT
study with contiguous slices of 5 mm thickness
was obtained from the level of the body of the mandible to at least 5 cm below the inframammary fold
(Siemens Somatom Sensation ® 16-slice scanner,
120 kVp, approximately 90 mAs, voxel size of 1.26
x 1.26 x 5 mm, matrix size of 512 x 512). MR images were obtained on a dedicated wide-bore 1.5T
450w MRI simulator (General Electrics Optima
®) equipped with radiotherapy applications. The
MRI in this study was a simulation procedure and
was acquired supine as per CT planning with efforts made to replicate the positioning as much as
achievable. The arms were elevated and cradled,
and external alignment lasers used to align the
tattoos, albeit the incline was not applied due to
limitations of the MRI bore diameter. The supine
positioning achieved a more similar deformation
of the breast tissue to the planning CT than a prone
diagnostic arrangement. General purpose Flex
coils were used. Our breast MRI protocol included
T2 weighted FSE propellor, proton density with fat
saturation, Dixon type LAVA-Flex and balanced
steady state gradient echo FIESTA imaging sequences. All sequences were acquired axially with
matrix size of 288 x 288, approximately 42 cm field
of view and slice thickness of 5 mm. For the T2 FSE
sequence, mean system related geometric distortions after the application of the vendor-provided
correction algorithms were 0.5, 0.9 and 1.9 mm for
radial distances of 100, 200, and 250 mm respectively. Anonymized non-registered CT and MRI
data-sets were imported to the ECLIPSE workstation (Varian, Medical Systems ®) for contouring.

Cavity visualization score and
contouring
Cavity visualization score (CVS) was recorded by
each observer for all cases and both modalities, using the standardized numeric scale ranging from
1 (cavity not visualized) to 5 (all cavity margins
Radiol Oncol 2017; 51(2): 160-168.
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clearly visualized).26 CTVLC was contoured separately on CT and MRI by five experienced radiation oncologists (observers), who were blinded for
each other’s delineations. The observers had access
to clinical and imaging findings at time of diagnosis and to surgical and pathology reports. They
were asked to respect the following instructions
during delineation:
1. Adjust window level to optimize visualization
of the region of interest.
2. Contour on axial images.
3. When contouring on the MRI, use the T2
weighted FSE images as primary data set and
take the information from other sequences into
account.
4. Allow for a minimum interval of 2-weeks between CT- and MRI-based contouring to minimize bias resulting from familiarity with the
cases.
5. Create CTVLC according to our departmental
guidelines:
A. 
First, delineate the lumpectomy cavity
(LC) as intra-mammary post-lumpectomy
changes. During delineation, compare findings with contralateral anatomy to identify
differences in geometry, tissue architecture,
formation of seroma, hematoma or scar tissue, fat replacement on CT and decreased
signal intensity on MRI. While contouring,
take all available information into account
to identify the LC (tumour location on
preoperative imaging, pathology reports,
lumpectomy scar on the skin, etc.).
B. To define CTVLC, add a 15 mm uniform margin around the LC and edit it to exclude the
chest wall and skin.
Finally, the expert consensus (EC) contours of
CTVLC were delineated on CT and MRI for all cases. EC contouring was led by the senior radiation
oncologist, taking the opinions of all five observers
into account.

Inter-observer variation: Mean volumes and standard deviations (SD) of CTVLC were calculated for
each study case on CT- and MRI-based approach.
Inter-observer coefficients of variance (CoV – ratio
between SD and mean value) and ratios between
the smallest and largest volume were determined
for each case and modality. Inter-observer conformity index was calculated based on the generalized formalism (CIgen), which is independent of
the number of the analysed volumes.29 It equals the
sum of intersections of all possible volume-pairs
divided by the sum of their unions.
Contouring accuracy: We used the EC as a surrogate for the “ground truth” contour. Deviations
from EC were measured on CT and MRI for all
cases and observers. Accuracy index (AI) was determined according to paired CI formalism.29 AI
was calculated as the ratio between common and
encompassing volume for each pair of EC and observer’s contour. Further, mean absolute distances
between contours of individual observers and EC
were calculated in contouring plane. This method
has been used before and is described in detail.27,28,30
Briefly, the inter-delineation distances (IDD) were
calculated between each voxel of observer’s contour and nearest voxel of the EC contour in 72 angular steps of 5 degrees for all slices.27,28,30

Statistical analysis
Statistical design of the study did not entail calculation of the sample size and the number of observers. Instead, all evaluable cases satisfying the
inclusion criteria to the point of study initiation
and all available observers from our department
were included to maximize the statistical power.
Continuous variables were presented as mean values with standard deviations. Paired sample t-test
was used to compare mean values of analysed variables between CT and MRI. P-value of < 0.05 was
considered as the limit for statistical significance.
SPSS for windows (SPSS Inc., 1989–2015, Chicago,
Illinois) was used for data analysis.

Analysis of contouring uncertainties
Contouring uncertainties on CT and MRI were
analysed from two perspectives, reflecting our
study objectives: (1) to quantify the IOV, global
variability between delineations was assessed and
(2) to quantify contouring accuracy, deviations of
observers from the EC contours were analysed.
Contour analysis tool 1 (CAT 1) software and related methodology27,28 was used for volumetric and
distance-based computations.
Radiol Oncol 2017; 51(2): 160-168.

Results
Cavity visualization score
The use of MRI improved the cavity visualization
in 11 out of 12 (92%) cases (Figure 1). In the remaining one case, mean CVS was equal (3.0) on both
modalities. Mean CVS was 3.88 +/- 0.99 and 3.05
+/- 1.07 for MRI and CT, respectively (p = 0.001).
Correlation of CIgen and AI with CVS is shown in
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Figure 1. CIgen and AI improved with increasing
CVS for both contouring approaches. Example of
contouring variation for two selected cases with a
high and low CVS is presented in Figure 2.

Inter-observer variation
The results of IOV analysis are presented in Table 1
and Figure 1A. Mean CIgen for MRI was significantly superior to CIgen for CT (0.74 +/- 0.07 vs. 0.67 +/0.12, p = 0.007). CIgen for MRI was higher than for
CT in 10 (83 %) cases. In case number 9, CT-based
CIgen was superior to MRI (0.77 vs. 071) and in case
number 6 they were identical (0.76). Mean volumes
of CTVLC were 154 +/- 26 cm3 on CT and 152 +/- 19
cm3 on MRI (non-significant difference). Mean volumetric CoV was non-significantly lower for MRI
when compared with CT (12% vs. 18 %; p = 0.1).
Similarly, average ratio between the smallest and
largest delineated volume was non-significantly
higher for MRI when compared with CT (0.8 +/- 0.1
vs. 0.7+/- 0.1.; p = 0.1).

A

Contouring accuracy
Results of analysis of deviations from EC contours
are shown in Table 2 and Figure 1B. Observers
placed all contours in the correct breast quadrant.
Mean AI was higher for MRI when compared with
CT (0.81 +/- 0.04 vs. 0.76 +/- 0.07; p = 0.004). MRIbased mean AI was superior to CT in 10 (83 %)
cases. In case number 9, CT-based AI was slightly
superior to MRI (0.81 +/- 0.04 vs. 0.8 +/- 0.05) and in
case number 1, AI was the same for both modalities
(0.88 +/- 0.1) (Table 2, Figure 1B). There was small
but significant difference in mean IDD between CT
and MRI (3.6 mm +/- 2.3 mm vs. 3 mm +/- 1.5 mm;
p = 0.017). Corresponding mean CoV for CT was
higher than for MRI (61 % vs. 49 %; p = 0.003). The
mean value of maximal IDD was 13 +/- 6 mm for
CT and 10 +/- 4 mm for MRI (p = 0.06).

B

FIGURE 1. (A) Generalized conformity index (CIgen) and (B) accuracy index (AI) as a
function of the cavity visualization score (CVS) for CT and MRI based contouring of
lumpectomy cavity clinical target volume. None of the patients had surgical clips
inserted in the tumor bed. Case numbers are indicated for each modality.

A
FIGURE 2. CT and MRI based contouring in two examples
with high and low cavity visualization scores (CVS). Observers’
delineations are white and expert consensus (EC) contours
black. (A) Case with a CVS of 4.8 on CT and 5 on MRI: mean
generalized conformity index (CIgen), accuracy index (AI) and
inter-delineation distance (IDD) were 0.79, 0.85 and 2.4 mm on
CT and 0.80, 0.86 and 2.2 mm on MRI. (B) Case with a CVS of 2
on CT and 3 on MRI: mean CIgen, AI and IDD were 0.46, 0.61 and
6 mm for CT and 0.63, 0.73 and 4.5 mm for MRI.

B
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Discussion

TABLE 1. Results for inter-observer variation in contouring. The difference in mean
generalized conformity index (CIgen) between the CT and MRI based contouring was

Results of the present study rejected our null hypothesis: MRI, when compared with CT, led to (1)
reduced IOV and (2) improved accuracy for CTVLC
contouring in patients without markers in the tumour bed. Keeping in mind the cost and complexity of utilizing MRI for radiotherapy planning, our
findings justify its use in selected cases.
CT-based delineation of the LC is prone to
IOV, even among experienced radiation oncologists.7,10,11,31-34 In various tumour sites, MRI has been
shown to reduce contouring uncertainties when
compared with CT.35-41 Based on these findings,
MRI is becoming increasingly implemented for
contouring and is the recommended gold standard
in some malignancies.42 However, there are many
studies that failed to demonstrate improved contouring with the use of MRI for various tumour
sites.43-47 As far as breast cancer is concerned, several authors investigated the impact of adding
MRI to CT for delineation of lumpectomy cavity with negative or inconclusive outcome.11,16,20-23
Den Hartogh et al. found that addition of postoperative MRI to CT guided delineation marginally
increased the target volumes and failed to reduce
the IOV.22 Similarly, Kirby et al. reported that addition of MRI to CT resulted in tumour bed volumes
that were discordant with those based on CT and

statistically significant (p = 0.007)
Case

CT
Mean V
[cm3] (SD)

CoV
[%]

1

198 (10)

2

MRI
CIgen

Mean V
[cm3] (SD)

CoV
[%]

CIgen

5

0.85

106 (4)

4

0.87

241 (37.5)

16

0.69

256 (28)

11

0.77

3

108 (20.7)

19

0.56

125 (10)

8

0.75

4

75 (18.1)

24

0.64

92 (12)

13

0.69

5

175 (47.9)

27

0.46

217 (68)

31

0.63

6

140 (10.1)

7

0.76

125 (14)

11

0.76

7

103(39.7)

39

0.48

64 (2)

4

0.66

8

180 (22.5)

12

0.79

158 (14)

9

0.8

9

135 (19.8)

15

0.77

126 (20)

16

0.71

10

204 (44.3)

22

0.68

215 (19)

9

0.76

11

99 (14.4)

15

0.66

135 (11)

8

0.79

12

195 (27.3)

14

0.69

210 (29)

14

0.74

MEAN (SD)

154 (26)

18

0.67 (0.12)

152 (19)

12

0.74 (0.07)

CoV = Coefficient of Variance; CTVLC = Clinical Target Volume of Lumpectomy Cavity;
SD = Standard Deviation

TABLE 2. Accuracy index (AI) and inter-delineation distances (IDD), based on the expert consensus (EC) delineation as the reference. The differences
in AI and IDD between CT and MRI were statistically significant (p < 0.05)
CT
Case

1

MRI

IDD [mm]

AI

IDD [mm]

AI

Mean

SD

CoV [%]

Mean

SD

CoV [%]

Mean

(SD)

CoV [%]

Mean

SD

CoV [%]

2.1

0.8

38

0.88

0.02

3

1.8

0.58

32

0.88

0.01

2

2

3.6

1.9

53

0.78

0.1

12

3.2

1.9

59

0.83

0.02

3

3

3.9

2.6

67

0.67

0.07

10

3.2

1.8

56

0.78

0.02

2

4

2.3

1

43

0.75

0.06

8

2.3

0.9

39

0.77

0.05

6

5

6

4

67

0.61

0.15

24

4.5

2.1

47

0.73

0.14

20

6

2.6

1.1

42

0.82

0.02

2

2.6

1

38

0.83

0.02

2

7

6

4.1

68

0.64

0.09

14

3.6

1.8

50

0.76

0.05

7

8

2.4

1.2

50

0.85

0.02

2

2.2

1

45

0.86

0.04

4

9

3

2.9

97

0.81
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clips alone. With the use of MRI, the tumour bed
volume increased in 28 out of 30 cases included, resulting in a median CTV increase of 10.3% (-33.6%–
80.9%).20 Mast et al. compared CT- and MRI-based
delineations of breast and LC by four observers in
10 patients. The mean CI for the LC was 0.52 for CT
and 0.48 for CT combined with MRI (p = 0.33).23 In
another similar study, the inter-observer agreement was even lower. While MRI and CT enabled
similar visualization of the LC, MRI resulted in
lower generalized CI (0.32 +/- 0.25) when compared with CT (0.52 +/- 0.21).21
The rationale to use MRI in our study was to
improve contouring consistency for cases without
surgical clips in the tumour bed. Mean CVS on MRI
(3.88 +/- 0.99) was significantly superior to CVS on
CT (3.05 +/- 1.07) (p = 0.001). CVS was improved
in 92% and was accompanied by an increase of
CIgen and AI in 83% cases. For both modalities, we
found an increase of CIgen and AI with increasing
CVS (Figure 2). Therefore, inter-observer concordance depended directly on the ability to visualize
lumpectomy cavity, which was superior on MRI.
Of note, in all of the reports which failed to show
benefit of MRI, clips were placed at the edges of
LC.11,16,20-23 In a study by Giezen et al., four observers (2 radiologists and 2 radiation oncologists) obtained a mean CVS of 2.8 +/- 1.7 for MRI and 2.9
+/- 1.7 for CT. In contrast to our findings, Giezen
et al. demonstrated superiority of CT over MRI for
contouring, especially at low CVS.21 With increasing CVS values, both modalities performed better
and the CIgen from MRI approached that from CT.
The lack of added value of MRI in this and other
published studies20-23 could be attributed to better
visibility of the clips on CT, introducing a bias in
its favour, as acknowledged by the authors.21 This
effect becomes especially important at low CVS
values. Our positive findings could be attributed
also to the fact that MRI was performed as simulation procedure, replicating the CT planning supine
position as much as achievable.
To our knowledge, there are only two publications in addition to our present study which
demonstrated added value of MRI for delineation
of post-lumpectomy tumour bed.24,25 In the study
by Jolicoeur et al., there were no surgical clips
implanted at time of lumpectomy. Three observers delineated the post-lumpectomy tumour bed
in 70 patients. Highly significant IOV was demonstrated for CT based contouring of the tumour
bed (p < 0.0001), while agreement was high for the
MRI-based approach. The volumes of MRI based
contours were 30–40% smaller than the CT-derived

volumes. In another study with three observers
and 36 cases, mean CVS for the LC was 3.3 and
4.3 for CT and T2 MRI, respectively (p < 0.0001).
Better CVS was reflected in superior inter-observer
consistency and volumetric agreement of contours.
The authors stated that surgical clips were occasionally, but not routinely placed by the referring
surgeons.24
Based on our results, addition of MRI to CT
could be justified as a good alternative to CT alone
for selected patients in whom the placement of
surgical clips in the tumour bed was omitted. But
despite concerns regarding their reliability as a
surrogate for tumour bed17,18,48, placement of clips
followed by CT-based contouring of LC should be
currently considered as the gold standard.16 This
approach has been shown to improve the accuracy
of LC contouring, reduce the overall boost volume
and help prevent geographical miss and underdosage of the LC.13-16,49-52 But the technique of placement and the number of inserted markers differs
between institutions and surgeons and is even
omitted in some cases. Kirwan et al. recently reported on a retrospective study of 196 cases, assessing the compliance with recommendations for clip
insertion. Although recommended by the clinical
guidelines, the clip insertion was omitted in 56% of
cases while additional 7% of patients had only two
or fewer clips inserted. Ten of 31 referring surgeons
routinely omitted clips and the omission rate was
significantly higher for centres with low (≤ 1 patient) when compared with high (≥ 14 patients) rate
of recruitment to IMRT clinical trials (67% vs. 27%,
respectively; p < 0.001).19 These results emphasize
the need for good collaboration between radiation
oncologists and surgeons and standardization of
clip placement.9 Auditing of clip insertion has been
suggested as one of the key performance indicators
for quality control of breast cancer surgery.19
Based on their study which demonstrated reduction of IOV when adding MRI to CT, Jolicoeur
et al. proposed that the use of CT-MRI fusion may
obviate the need for surgical clips altogether.25
However, while reduction of IOV indicates increased contouring agreement, it doesn’t necessarily imply improved accuracy. To assess the accuracy, individual delineations would in theory need
to be compared with the ground truth or correct
delineation. In the absence of the histopathological proof, the ground truth is an elusive concept.
Different approaches, including simultaneous
truth and performance level estimation (STAPLE),
expert consensus (EC) or their combination have
been used as surrogates for correct delineation.27,53
Radiol Oncol 2017; 51(2): 160-168.
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In our current study, the concept of EC delineation
was applied. Keeping in mind the limitations of the
“ground truth” definition, our results indicate that
adding MRI to CT improves contouring accuracy
in cases without surgical clips in the LC cavity.
Comparison of our results with findings of other studies is challenging due to the variable conditions under which contouring was performed
and the diversity of methods used for IOV assessment. The impact of variables such as experience
and specialty of observers, use of guidelines, type
of surgery, etc. should be kept in mind when comparing reports.16 As far as the methods for IOV
assessment are concerned, CI is one of the most
commonly used quantifiers. In general, CI is a
measure of overlap between analyzed volumes,
but there is a diversity of formalisms used in the
literature which cannot be directly compared. The
generalized CI (CIgen) formalism is independent of
the number of delineations, enabling the comparisons between studies with different number of observers.29 Regardless of the CI formalism used, the
impact of contouring variation on CI is inversely
proportional to the size of the analyzed volume.
Therefore, same absolute deviation between analyzed contours will result in lower CI for small volumes (i.e. tumour bed) when compared with larger
volumes (i.e. tumour bed with a margin). The effect
of margins on CI is particularly relevant in breast
cancer, where the contours are typically cropped
to exclude the skin and chest wall, improving the
apparent conformity between observers.
In our study, mean CIgen of 0.67 (+/- 0.12) and 0.74
(+/- 0.07) was obtained for CT and MRI-based contouring of CTVLC, respectively. Major et al. studied
the impact of contouring guidelines on consistency
of LC and planning target volume (PTV) contouring
for multi-catheter partial breast irradiation. When
contouring was performed on pre-implant scans
by experienced observers and according to the
guidelines (similar conditions as in our study), they
obtained a CIgen of 0.59 and 0.73 for LC and PTV,
respectively. The margins for PTV were similar to
our margins for CTVLC, making the resulting volume sizes comparable between the two studies. Of
note, CIgen for PTV, obtained by CT and clip-based
contouring54 was similar to our CIgen for CTVLC, obtained by MRI in patients without clips. The lower
CIgen for LC when compared with PTV54 reflects the
sensitivity of CI to the volume size, as described
above. Majority of other published studies reported
on contouring uncertainties for tumour bed, with a
CI ranging from 0.32–0.52.21-23 Our results compare
favourably with the existent literature. This can
Radiol Oncol 2017; 51(2): 160-168.

be attributed to strict compliance with contouring
guidelines, participation of experienced observers
and use of high quality imaging.
Low number of observers and cases that were
entered in analysis can be considered as the main
limitations of our study. Considering the need for
specific expertise in breast radiotherapy, experience in interpretation of MRI and relative rarity
of cases without clips in LC, higher number of observers and cases is challenging to obtain outside a
multi-institutional setting. This challenge is reflected in the limited number of observers and cases in
studies, published by several authors before us.20-23
Multi-centre collaborative projects may represent
the optimal approach to overcome this limitation
and shed more light on the subject of contouring
uncertainties in general.

Conclusions
In breast cancer patients without clips in the tumour bed after breast conserving surgery, MRI
improved the visualization of lumpectomy cavity when compared with CT. Consequently, interobserver agreement and accuracy of contouring
of lumpectomy cavity clinical target volume were
improved. Placement of surgical clips, followed
by CT-based contouring is the gold standard for
contouring of the boost volume for postoperative
irradiation in breast cancer. However, in patients
without clips, addition of MRI to CT simulator images should be considered to improve delineation
accuracy. Further studies with higher number of
observers and cases are required to confirm our
findings.
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Background.

Low recurrence rates and long term survival are the main therapeutic goals of rectal cancer surgery.
Complete, margin- negative resection confers the greatest chance for a cure. The aim of our study was to determine
whether the length of the distal resection margin was associated with local recurrence rate and long-term survival.
Patients and methods. One hundred and nine patients, who underwent sphincter-preserving resection for locally
advanced rectal cancer after preoperative chemoradiotherapy between 2006 and 2010 in two tertiary referral centres were included in the study. Distal resection margin lengths were measured on formalin-fixed, pinned specimens.
Characteristics of patients with distal resection margin < 8 mm (Group I, n = 27), 8–20 mm (Group II, n = 31) and > 20
mm (Group III, n = 51) were retrospectively analysed and compared. Median (range) follow-up time in Group I was
89 (51–111), in Group II 83 (57–111) and in Group III 80 (45–116) months (p = 0.326), respectively.
Results. Univariate survival analysis showed that distal resection margin length was not statistically significantly associated with overall survival or local recurrence rate (p > 0.05). In a multiple Cox regression analysis, after adjusting
for pathologic T and N stage (yT, yN), distal resection margin length was still not statistically significantly associated
with overall survival.
Conclusions. Our study shows that close distal resection margins can be accepted as oncologically safe for sphincter-preserving rectal resections after preoperative chemoradiotherapy.
Key words: rectal cancer; distal resection margin; chemoradiotherapy; local recurrence; survival

Introduction
Rectal carcinoma is one of the commonest forms
of cancer in both men and women in the Western
world and the second most common cause of death.
Even when disease is still localised and surgical resection is considered curative, survival is approxiRadiol Oncol 2017; 51(2): 169-177.

mately 60% at 5 years and approximately 50% at 10
years.1 Although disseminated disease is the most
common cause of death, local recurrence causes severe disabling symptoms, is difficult to treat and
is often fatal.2,3 Local control (i.e. low recurrence
rates) and long term survival are the main therapeutic goals of rectal cancer surgery. Secondary
doi:10.1515/raon-2016-0030
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therapeutic goals are anal sphincter preservation
and preservation of voiding and sexual functions,
thus improving the quality of life. Complete, margin-negative resection confers the greatest chance
for a cure.4 Hence, all the resection margins (proximal, distal, and circumferential) must have no microscopic cancer cell residua. Negative distal resection margin (DRM) is defined as a distance from
the distal border of the gross tumour (or scar tissue
in patients showing clinically complete response
after chemoradiation) and the edge of the distal resection margin, in which no cancer cells are found
with microscopic examination.
Historically, the standard guidelines recommended DRM of at least 4–5 cm, which meant that
sphincter-preserving rectal resection for low lying
rectal cancers was practically non-existent. In 1982,
Heald published his monumental work in which
he recommended the removal of the entire mesorectum with sharp dissection under direct vision,
a technique that became known as total mesorectal
excision (TME). This ingenious technique, when
done properly (i.e. along the embryologic avascular areolar plane, between the mesorectal fascia propria and the fascia of the pelvic sidewall),
is advantageous because in addition to including
removal of the mesorectum containing the rectal
draining lymph nodes, it also facilitates autonomic
nerve preservation. TME optimises the oncological
outcome by reducing the local recurrence rate and
also preserves the quality of life.5
Thus, the previously applicable 5 cm rule was
gradually modified to 2 cm and later with advances in surgical techniques to 1 cm rule or even
less.6,7 Preoperative long course chemoradiotherapy (CRT) using 5-fluorouracil (5-FU) regimen has
since emerged as the standard of care for patients
with locally advanced lower and middle rectal cancer (LARC).8,9 To date, the refinements in management have led to a decrease in local recurrence rates
from 25–40% to less than 6%. Seventy-five percent
of local recurrences are detected within two years
of diagnosing the primary tumour. Around 20% to
50% of patients with local recurrences have isolated recurrent disease without distant metastases.10,11
Several reports have shown that in approximately one fourth of cases (6.5–58%) there is a substantial, microscopical distal intramural spread of
tumour cells (DIS). Whenever DIS is present, it is
limited to within 2 cm in 95% of all patients. Rarely
does it extend for more than 2 cm in nonirradiated
tumours. When it does, it is associated with advanced disease and poor long-term prognosis even
when all resection margins are free of disease.12,13
Radiol Oncol 2017; 51(2): 169-177.

Similarly, not often does DIS extend more than 1
cm from the distal edge of the gross tumour in rectal cancer patients treated with preoperative CRT.
When it does, the clinical course of such patients is
usually worse, because they rapidly develop distant metastases or/ and locally recurrent disease,
regardless of DRM length.14 This finding suggests
that tumour biology as opposed to resection margin determines the ultimate outcome.15
A positive or close circumferential resection
margin is strongly associated with local and metastatic recurrence despite CRT and TME.16,17 By contrast, the association of close DRM and its influence on recurrence and long term survival is less
clear, with somewhat conflicting reports.18 Many
centres around the world, including our own two
Tertiary Referral Centres (University Medical
Centre Ljubljana, Institute of Oncology Ljubljana)
have accepted close (1 cm or even less) DRMs as
oncologically safe in an effort to maximize the eligibility of patients for sphincter-preserving rectal
resection.
The aim of our study was to find out whether
the length of the distal resection margin (DRM)
has any influence on local recurrence rate and
long-term survival among patients with locally
advanced rectal cancer treated with preoperative
chemoradiotherapy and sphincter-preserving rectal resection.

Patients and methods
Patients
Between January 2006 and December 2010, 109
patients who had undergone preoperative CRT
and sphincter-preserving rectal resection at two
Slovene Tertiary Referral centres (University
Medical Centre Ljubljana and Institute of Oncology
Ljubljana) were included in our study. We included patients with histologically confirmed rectal
adenocarcinoma, confined to the lower and middle
third of the rectum without distant disease (M0).
Patients had to have had a stage II or stage III disease, confirmed with magnetic resonance imaging
(MRI) of the pelvis. Patients enrolled in the study
were not supposed to have previously received radiotherapy, chemotherapy or any targeted therapy
for rectal cancer. We excluded patients who had
other co-existing malignancies or a malignancy
within the last 5 years prior to the enrolment other
than non- melanoma skin cancer or in situ carcinoma of the cervix, as well as patients with nonradical operation (either R1 microscopic residua in
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any of the resection margins or R2 macroscopically
seen, gross tumour residua).
Pre-treatment work-up consisted of a complete
history, physical examination, complete blood
count and serum biochemistry, carcinoembryonic
antigen (CEA), chest radiography and ultrasonography or computed tomography (CT) scan of the
entire abdomen. MRI was done for primary tumour and nodal staging. After discharge, followup visits were scheduled every 3 months for the
first 2 years, every 6 months during the 2.–5. year,
and yearly thereafter. Physical examination, CEA
determination, colonoscopy, chest radiography
and ultrasonography or/ and CT scan of the whole
abdomen were performed. Recurrences were confirmed pathologically and/ or by sequential imaging with positron emission tomography or MRI.19
Patient data and histological tumour characteristics were prospectively collected. The study
itself was retrospective and was approved by the
National Ethics Committee (#61/09/14).

Surgery
Surgery was performed 6–8 weeks after completion of preoperative CRT. All operations were
performed by qualified, experienced colorectal
surgeons who performed total mesorectal excision
with autonomic nerve preservation as the standard
procedure. The option for a temporary ileostomy
or colostomy was left to the surgeon’s discretion.
The anastomoses were performed using circular
stapling devices.

Chemoradiotherapy
Patients received preoperative capecitabine-based
CRT. They received a total irradiation dose (TD) of
45 Gy to the pelvis plus 5.4 Gy as a boost to the
primary tumour in 1.8 Gy daily fractions over 5.5
weeks. Radiotherapy (RT) was delivered using 15
MV photon beams and four-field box technique,
once daily, 5 days per week. All fields were treated
daily. Patients were irradiated in a prone position
with a full bladder and using a belly board to minimise the exposure of the small bowel.
Chemotherapy was administered concomitantly
with RT, started on the first day of RT and finished
on the last day of RT. Chemotherapy was continuous throughout the RT period and it consisted of
oral capecitabine at a daily dose of 1650 mg/m2, divided into two equal doses given 12 hours apart.
One dose was taken 1 hour prior to RT. All patients
received adjuvant chemotherapy with capecitabine

1250 mg/m2 orally twice daily on days 1–14 every 3
weeks; 4 cycles were recommended, beginning 6–8
weeks after surgery.

Pathology
Distal bowel margins were measured in formalin- fixed, pinned specimens. The distal resection
margin length was defined as the closest distance
between the distal border of the gross tumour (or
scar tissue in patients showing clinically complete
response after chemoradiation) and the edge of
the distal resection. The cutting edges of doughnuts were not included in these measurements, but
were also assessed microscopically.

Statistical analysis
Differences in categorical variables between study
groups were analysed using Chi-square test or
likelihood ratio test as appropriate. Differences
in numeric variables between groups were investigated using Kruskal-Wallis test. Cox’s proportional hazards model was used to test the association between each of the risk factors and local recurrence or overall survival. For overall survival,
both univariate and multiple Cox regression models were used, but because of the low number of
events, the multiple analysis was restricted to include two possible confounders. Proportional hazard assumption was tested graphically by a loglog plot. Time intervals were calculated from the
date of the surgery. The p-values < 0.05 were considered statistically significant. Statistical analysis
was performed using the SPSS software program
(Version 23.0).

Results
The study included 109 rectal cancer patients.
There were 75 male and 34 female patients with
an average age of 63 years (range, 34–83). Average
length of hospitalization was 9 days (range, 3–52).
Altogether, we registered 8 major complications
that required surgical re-intervention. There was
no postoperative 30 day mortality. Characteristics
of patients with distal resection margin (DRM) <
8 mm (Group I, n = 27), 8–20 mm (Group II, n =
31) and > 20 (Group III, n = 51) mm are shown in
Table 1. Groups were comparable regarding all
characteristics, except for the stage of the illness.
Group III consisted of a higher share (29.4%) of patients with N stage of 2 compared with Group II
Radiol Oncol 2017; 51(2): 169-177.
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TABLE 1. Clinicopathological features of patients according to distal resection margin (DRM)
Group I (n = 27)

Group II (n = 31)

Group III (n = 51)

All (n = 109)

p

21 (77.8)

21 (67.7)

33 (64.7)

75 (68.8)

0.490

Age (years)

60 (44–83)

64 (37–76)

66 (34–82)

63 (34–83)

0.453

Length of hospitalisation (days)

10 (7–52)

9 (5–31)

9 (3–36)

9 (3–52)

0.189

5

6

8

8

0.002

Male gender

Median distance from anal verge to tumor (cm)
DRM (mm)a

5 (1–8)

15 (9–20)

40 (25–80)

20 (1–80)

< 0.001

CRM (mm) b

10 (1–25)

10 (4–30)

10 (2–40)

10 (1–40)

0.284

Ileostomy / Transversostomy

22 (81.5)

21 (67.7)

35 (68.6)

78 (71.6)

0.509

1 (2)

8 (7.3)

0.058

1 (2)

1 (0.9)

Surgical complications

2 (7.4)

5 (16.1)

T

0.103
1

0 (0)

0 (0)

2

1 (3.7)

4 (12.9)

1 (2)

6 (5.5)

3

26 (96.3)

26 (83.9)

42 (82.4)

94 (86.2)

4

0 (0)

1 (3.2)

5 (9.8)

6 (5.5)

0 (0)

0 (0)

2 (3.9)

2 (1.8)

Missing data
N

0.047
0

14 (51.9)

12 (38.7)

9 (17.6)

35 (32.1)

1

8 (29.6)

15 (48.4)

24 (47.1)

47 (43.1)

2

4 (14.8)

4 (12.9)

15 (29.4)

22 (20.2)

1 (3.7)

0 (0)

3 (5.9)

4 (3.7)

0

3 (11.1)

4 (12.9)

3 (5.9)

10 (9.2)

1

5 (18.5)

7 (22.6)

2 (3.9)

14 (12.8)

2

7 (25.9)

10 (32.3)

13 (25.5)

30 (27.5)

3

12 (44.4)

9 (29)

33 (64.7)

54 (49.5)

4

0 (0)

1 (3.2)

0 (0)

1 (0.9)

Missing data
yT

0.039

c

0.004

yNc
0

22 (81.5)

27 (87.1)

26 (51)

75 (68.8)

1

3 (11.1)

3 (9.7)

17 (33.3)

23 (21.1)

2

2 (7.4)

1 (3.2)

8 (15.7)

11 (10.1)

Regression level

0.003

1

0 (0)

4 (20)

14 (35.9)

18 (23.7)

2

8 (47.1)

5 (25)

18 (46.2)

31 (40.8)

3

6 (35.3)

6 (30)

4 (10.3)

16 (21.1)

4

3 (17.6)

5 (25)

3 (7.7)

11 (14.5)

Vascular invasion

1 (8.3)

4 (21.1)

4 (10.3)

9 (12.9)

0.477

Perineural invasion

0 (0)

1 (5.6)

4 (10)

5 (7.2)

0.342

5 (18.5)

4 (12.9)

25 (49)

34 (31.2)

0.001

Positive lymph nodes
a

DRM = distal resection margin; Group I , DRM < 8mm; Group II, 8 ≤ DRM ≤ 20 mm; Group III, DRM > 20 mm

b

CRM = circumferential resection margin.

c

yT, yN = stage as assessed by pathologic examination of the surgical specimen (after CRT and resection)

Values are shown as median (range) for ordinal and numeric variables and as frequency (percentage) for nominal variable
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TABLE 2. Risk factors for time to local recurrence or death using univariate Cox regression analysis
Local recurrence-free survival
Variable (reference group)

Overall survival

Hazard Ratio (95 % CI)

P-value

Hazard Ratio (95 % CI)

P-value

Female gender (male)

2.3 (0.3; 16.2)

0.411

0.6 (0.2; 1.6)

0.279

Age (years)

1.1 (0.9; 1.2)

0.395

1 (1; 1.1)

0.125

Length of hospitalisation (days)

1.0 (0.8; 1.2)

0.762

1 (1; 1.1)

0.812

DRM (mm)

a

DRM Group III (Group I + Group II)a

1 (1; 1.1)

0.218

1 (1; 1)

0.838

3.5 (0.4; 33.8)

0.276

1.4 (0.6; 3.3)

0.402
0.667

DRM a
DRM Group II ( Group I)

a

DRM Group III (Group I)
CRM (mm)b
N 2 - 3 (0 - 1)
yT 0 - 1 (2 - 4)
yT

c

-

-

1.3 (0.4; 4.5)

0.714

-

-

1.6 (0.5; 5.1)

0.392

1 (0.9; 1.2)

0.524

1 (0.9; 1)

0.343

3.6 (0.5; 25.6)

0.199

1.7 (0.6; 4.4)

0.293

3.1 (0.3; 29.4)

0.333

1.2 (0.4; 3.7)

0.699

-

-

1 (0)

-

-

0.2 (0; 1.8)

0.15

2 (0)

-

-

0.4 (0.1; 1.7)

0.215

3 (0)

-

-

0.7 (0.2; 2.3)

0.517

c

0.017

4 (0)

-

-

19.5 (1.6; 234.6)

0.019

yN 0 (1-2) c

7 (0.7; 67.2)

0.092

2.4 (1.1; 5.6)

0.040

-

-

-

-

1.6 (0.6; 4.6)

yNc
1 (0)
2 (0)

0.020
0.382

-

-

4.1 (1.5; 11.2)

0.005

Vascular invasion

2.4 (0.3; 23.4)

0.441

0.9 (0.2; 4)

0.892

Perineural invasion

6.5 (0.7; 62.8)

0.105

0.9 (0.1; 6.9)

0.920

DRM = distal resection margin; Group I, DRM < 8 mm; Group II, 8 ≤ DRM ≤ 20 mm; Group III, DRM > 20 mm
b

CRM = circumferential resection margin.

c

yT, yN = stage as assessed by pathologic examination of the surgical specimen (after CRT and resection)

Values are shown as median (range) for ordinal and numeric variables and as frequency (percentage) for nominal variables

(12.9%) and Group I (14.8%) (p = 0.020). After the
surgery, a higher share of patients in Group III had
a more advanced stage of tumours (yT, p = 0.039;
yN, p = 0.004) and a lower share had regression levels of 3 and 4 (p = 0.003).
Median (range) follow-up time in Group I was
89 (51–111), in Group II 83 (57–111) and in Group III
80 (45–116) months (p = 0.326), respectively. There
were 4 (14.8%) deaths due to rectal cancer in Group
I, 6 (19.4%) in Group II and 12 (23.5%) in Group
III. There were no local recurrences in Group I, 1
in Group II and 3 in Group III. Univariate survival
analysis showed DRM length was not statistically

significantly associated with overall survival or local recurrence rate (p > 0.05; Table 2, Figure 1).
Overall survival was statistically significantly
associated with tumour stage after surgery (yT, p
= 0.017; yN, p = 0.02). Patients with pathologic T
stage 4 (yT4) after the surgery had 19.5 (95% CI,
1.6–234.6) times higher risk of death than patients
with pathologic T stage 1 (yT1). Patients with
pathologic N stage 2 after the surgery (yN2) had
4.1 (95% CI, 1.5–5.6) times higher risk of death than
patients with N stage 0 (yN0). None of the other
risk factors was statistically significantly associated with overall survival. No association between
Radiol Oncol 2017; 51(2): 169-177.

174

Grosek J et al. / Rectal cancer and distal resection margin

A

B

FIGURE 1. Univariate analysis of survival rate: (A) local recurrence-free survival, (B) overall survival rate.

examined risk factors and recurrence-free survival
could be found (Table 2, Figure 1).
After adjusting for pathologic stage T and N
after surgery (yT, yN), DRM length was still not
statistically significantly associated with overall
survival. Factors deemed statistically significant
in univariate model were also statistically significantly associated with overall survival in multiple
survival regression model (Table 3; Figure 2).

Discussion
The management of locally advanced rectal cancer
(T3, T4, and /or N+) is multimodal and is based on
preoperative CRT followed by surgery with TME.
The latter can be done either as sphincter-preserv-

FIGURE 2. Multiple analysis of overall survival rate in the three
patient groups.

Radiol Oncol 2017; 51(2): 169-177.

ing low rectal resection or abdominoperineal excision (APE). Preoperative CRT results in downsizing and down-staging of rectal cancer, which often
facilitates or even makes possible radical, i.e. R0 resection and thus improves local control. Moreover,
the tumour regression can be substantial, in 1527% of cases even complete (pathologic complete
response) and in such cases sphincter-preserving
resections can be done even in cases where primarily APE would be indicated.20,21 However, often,
regardless of tumour regression and with or without intersphincteric resection a close DRM must be
accepted, in order to preserve the anal sphincter.22
The present study shows that in patients with
rectal cancer after CRT and sphincter-preserving
rectal resection, the length of DRM has no statistically significant influence on local recurrence and
long-term survival, as long as all the resection margins (proximal, distal, circumferential) have no microscopic cancer cell residua.
Patients in our study were divided into three
groups based on the length of the distal resection
margins (DRM < 8, 8–20 and > 20 mm, respectively). The cut of values for the subgroups were
set theoretically, based on previously published
reports.23-28 We observed 4 (14.8%) deaths due
to rectal cancer in Group I, 6 (19.4%) in Group II
and 12 (23.5%) in Group III. There were no local
recurrences in Group I, one in Group II and three
in Group III. Univariate survival analysis showed
DRM length was not statistically significantly associated with overall survival or local recurrence
rate (p > 0.05; Table 2, Figure 1,2). After adjusting
for pathologic stages T and N after surgery (yT,
yN), the DRM length was still not statistically significantly associated with overall survival (Table 3;
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Figure 3). However, the multiple Cox regression
analysis could not be done to the second endpoint
of the study (i.e. local recurrence free survival), because there were too few local recurrences.
Our results are supported with several recent
reports in the literature. Hong et al. enrolled 218
rectal cancer patients in their study. Patients were
classified into three groups according to the length
of the DRM (< 1 cm, 1–2 cm, > 2 cm). There were
no statistically significant differences in survival or
local recurrence rate among the groups. A limitation of this study was that histopathologic examination was not conducted properly on the circumferential resection margins in more than half of
the enrolled patients. Not all the patients received
preoperative CRT and some received postoperative chemoradiotherapy.29 This is in contrast to our
study, which was a very homogeneous one, as all
the enrolled patients uniformly received the same
5-FU based CRT regime. All the specimens were
histopathologically tested for all the resection margins, including the circumferential resection margin; if any of the margins were positive, patients
were excluded from the study (R1 resection). One
of the most comprehensive systematic reviews of
the literature was published by Bujko et al.23 In this
review authors identified 17 studies showing results in relation to margins < 1 cm versus > 1 cm,
five studies in relation to a margin ≤ 5 mm versus
≥ 5 mm and five studies showing results in a margin of ≤ 2 mm. Their meta-analysis showed, that
in a selected group of patients, DRM < 1 cm does
not jeopardize oncological safety and, furthermore,
that even margins shorter than 5 mm may be acceptable. However, Bujko et al. emphasized, that
patient and tumor selection is very important for
such an approach. Nevertheless, they could give
no precise rules nor specific criteria for such a selection. Apart from this systematic review, there
are several other similar reports in literature, either
meta-analysis or reports showing results from individual institutions.24-28 These reports are more
or less heterogeneous with patients being treated
with surgery alone or in combination with pre- or
postoperative CRT and in these studies there are
very different numbers of enrolled patients with
different median times of follow-up. In these studies the DRM is analysed either as a continuous
variable or as a variable defining cut-off points of
different DRM lengths. However, putting the heterogeneity and biases of these reports aside, they
generally show no statistically significant differences among different lengths of the DRM on local
recurrence rate or on long term survival.

TABLE 3. Risk factors for time to death using multiple Cox regression analysis
Variable (reference group)

Overall survival
Hazard Ratio (95% CI)

P-value
0.014

yT

a

1 (0)

0.2 (0; 2.3)

0.212

2 (0)

0.3 (0.1; 1.5)

0.158

3 (0)

0.5 (0.1; 1.9)

0.309

4 (0)

23.1 (1.8; 302.3)

0.017
0.034

yNa
1 (0)

1.5 (0.4; 5.4)

0.489

2 (0)

4.2 (1.4; 12.6)

0.011
0.871

DRM b
DRM Group II ( Group I)

1.3 (0.3; 5.1)

0.690

DRM Group III (Group I)

1.4 (0.4; 4.4)

0.609

a yT, yN = stage as assessed by pathologic examination of the surgical specimen (after CRT and
resection)

DRM = distal resection margin; Group I , DRM < 8mm; Group II, 8 ≤ DRM ≤ 20 mm; Group III, DRM
> 20 mm

b

Values are shown as median (range) for ordinal and numeric variables and as frequency
(percentage) for nominal variables

By contrast, Vernava et al. reported that DRM ≤
8 mm statistically significantly worsens both local
control and long term survival.30 The interpretation of this study was, however, complicated by
the fact, that the patients between 1977 and 1985
were treated before the adoption of the TME.31 We
believe that strict adherence to TME principles is
critical and this is why we believe our group of patients with DRM < 8 mm did not have statistically
significantly worse local recurrence rate or overall
survival. None of the 27 patients in group I have
had recurrent disease to date (median follow-up 89
months), although there were also minimally negative DRMs in this group of patients (median DRM
length 5 mm; 1–8 mm). Moreover, univariate analysis of overall survival rate and local recurrence-free
survival as well as a multivariate analysis of overall
survival rate in the three patient groups, adjusted
for yT and yN stage, showed a slight but still statistically nonsignificant tendency, that patients from
group I (DRM < 8 mm) (Figure 1,2) may have had
even lower recurrence rates and better long- term
survival. Possible explanation for this is that the
operating surgeon, due to his experience in rectal
cancer, performed APE rather than sphincter-preserving surgery in selected cases with bulky, fixed
or otherwise more unfavourable tumours, because
he believed that this was the only way to achieve
margin negative resection. This hypothesis is supported with our results (Table 1) which show that
Radiol Oncol 2017; 51(2): 169-177.
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the three groups of DRM lengths (DRM < 8 mm;
Group II, 8 ≤ DRM ≤ 20 mm; Group III, DRM > 20
mm) are comparable in all characteristics, except
for the stage of the illness. Group of patients with
DRM > 20 mm had a higher share of patients with
more advanced tumours (yT, p = 0, 039; yN, p = 0,
003) and a lower share of patients with regression
levels of 3 and 4 (p = 0.003). This can represent a
bias in our study, but one that cannot be avoided
when the best interest of patients is in question.
Another possible limitation of our study is
that the lengths of DRMs were measured on fixed
pinned specimens, whereas the 1 cm rule refers
to margins measured by surgeons under fresh
anatomically restored ex vivo conditions.32 There
is no consensus on whether the margins should
be measured in fresh or formalin-fixed specimens.
Prospective measurements of DRMs with 5 different methods showed that margins were significantly smaller in unpinned than pinned specimens.
Although no significant differences were observed
in pinned specimens before or after fixation, there
was a significant shrinkage after fixation in unpinned specimens.33 To avoid this and for consistency, we measured all of the DRM lengths in
pinned and then fixed specimens.
Finally, although it is a well-established fact, that
sphincter-preserving rectal resection improves quality of life, such improvement of functional results
must be objectively measured, preferably through
reliable, validated and sensitive instruments (i. e.
questionnaires).34 Such quality of life assessment
was not systematically done for our patients, hence
this important end-point of rectal surgery could not
be properly investigated in our study.
In summary, our study shows that in patients
with rectal cancer after CRT and sphincter-preserving rectal resection, the length of the distal resection
margin has no statistically significant influence on
local recurrence and long-term survival, as long as
all the resection margins (proximal, distal, circumferential) have no microscopic cancer cell residua.
Based on our results, taken in context with current
reports in literature, we believe it is reasonable to
accept short (1 cm or even less) lengths of DRM in
order to perform sphincter-preserving rectal resections after CRT, as long as the TME principles are
strictly followed.
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Background. Authors report clinical outcomes of patients treated with robotic stereotactic body radiotherapy (SBRT)
for primary, recurrent and metastatic lung lesions.
130 patients with 160 lesions were treated with Cyberknife SBRT, including T1-3 primary
lung cancers (54%), recurrent tumors (22%) and pulmonary metastases (24%). The mean biologically equivalent dose
(BED10Gy) was 151 Gy (72–180 Gy). Median prescribed dose for peripheral and central lesions was 3x20 Gy and 3x15 Gy,
respectively. Local control (LC), overall survival (OS), and cause-specific survival (CSS) rates, early and late toxicities
are reported. Statistical analysis was performed to identify factors influencing local tumor control.
Results. Median follow-up time was 21 months. In univariate analysis, higher dose was associated with better LC and
a cut-off value was detected at BED10Gy ≤ 112.5 Gy, resulting in 1-, 2-, and 3-year actuarial LC rates of 93%, vs 73%, 80%
vs 61%, and 63% vs 54%, for the high and low dose groups, respectively (p = 0.0061, HR = 0.384). In multivariate analysis, metastatic origin, histological confirmation and larger Planning Target Volume (PTV) were associated with higher
risk of local failure. Actuarial OS and CSS rates at 1, 2, and 3 years were 85%, 74% and 62%, and 93%, 89% and 80%,
respectively. Acute and late toxicities ≥ Gr 3 were observed in 3 (2%) and 6 patients (5%), respectively.
Conclusions. Our favorable LC and survival rates after robotic SBRT, with low rates of severe toxicities, are coherent
with the literature data in this mixed, non-selected study population.

Patients and methods.

Key words: Cyberknife; stereotactic body radiotherapy; non-small cell lung cancer; lung metastasis

Introduction
Although surgical resection is considered as the
standard of care in patients with early-stage nonsmall cell lung cancer (NSCLC), a significant percentage of mostly elderly patients are not eligible
Radiol Oncol 2017; 51(2): 178-186.

for this treatment. Stereotactic body radiotherapy
(SBRT) is considered to be an effective and well
tolerated, non-invasive treatment option for this
population.1,2 Efforts have already been made to
directly compare the effectiveness and toxicity
of SBRT to surgery for operable patients in randdoi:10.1515/raon-2017-0015
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omized trials, but unfortunately, these trials did
not reach their accrual target and were prematurily
closed because of low recruitment.2
However data from prospective trials show
consistenly high levels of local control rates with
stereotactic irradiation of early stage NSCLC.3-6
Although SBRT literature is more extensive for
early stage primary lung cancer, publications concerning recurrent lung tumors and lung metastases
also show high local control rates.7-9 On the basis of
the published clinical experience stereotactic radiotherapy of the lung became one of the most established indications of SBRT.10-11 A clear dose-effect
relationship has been shown by several SBRT studies, and a BED10Gy ≥ 100 Gy (Biologically Effective
Dose with an α/β of 10 Gy) was found to be associated with better results.12 Nevertheless, the delivered dose and fraction number should be tailored
to the anatomical situation and size of the lesion, as
the proximity of critical organs can lead to higher
probability of toxicity.
Although there have been attemps for single
fraction treatments13-14, generally lung SBRT is delivered in 3 to 8 fractions. Treatment-related severe
toxicities are uncommon using “risk-adapted”
fractionation schemes with lower dose per fraction
for central tumors.15
The purpose of this study is to evaluate and report the clinical outcomes of the first 130 consecutively treated patients presented with primary,
recurrent primary or secondary lung tumors. The
primary objective was to analyse local therapeutic
efficacy of robotic SBRT and factors influencing local control. The secondary objectives were to evaluate early and late toxicities and survival results.

Patients and methods
Patients
Cyberknife® (Accuray Inc. Sunnyvale, USA) robotic SBRT treatments were started at the Liege
University Hospital in April 2010. Ordinary indications for SBRT treatment include T1-T2 primary
NSCLC, recurrent primary lung tumors, and solitary-, or oligometastases. However, more rarely
this treatment is appied on T3 tumors or soliter
lymph node metastases.16-19 The majority of primary and recurrent lung tumors in our cohort were
considered ineligible for surgical resection because
of poor lung functions or severe comorbidities. For
metastatic lesions medical inoperability; > 1 lesions
in different lobes or lungs; prior lobectomy and
patient preference were the major causes leading
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to the choice of SBRT. Based on individual medical
consideration and absence of realistic therapeutic
alternatives a small number of unusual indications
were also included, like patients harboring T3N0
or T1N1 disease. In the present study 130 consecutive patients treated with BED10Gy ≥ 72 Gy were
evaluated. Central or large tumors were not excluded, but the dose and number of fractions were
adapted. Central lesions were defined as lesions
located whithin 2 cm from the pulmonary hilum,
heart, great vessels, or trachea. Indications for each
individual patient were discussed and approved
in multi-disciplinary tumor boards. Especially for
primary tumors, pathological confirmation was
requested either by bronchofiberoscopy or transthoracic biopsy. For patients considered not eligible for histological confirmation (due to technical
or medical reasons), the indication was based on
strong clinical suspicion supported by positron
emission tomography (PET).
One hundred and thirty patients, with a total of
160 lung lesions were treated between April 2010
and June 2012. Patient and tumor characteristics
are listed in Table 1.
TABLE 1. Patient, tumor and treatment characteristcs
Characteristic

n (%)

Total number of patients/lesions

130 (100%)/160 (100%)

Mean age in years

71 (range: 40–92)

Male/female ratio

77 (59%) / 53 (41%)

No. with COPD

45 (35%)

Mean FEV1 (%)

65 (range: 24–139)

Mean FEV1 (L)

2 (range: 0.53–3.65)

Histological confirmation

79 (61%)

Primary cancer patients/lesions

81 (62%) / 86 (54%)

T1N0

53

T2N0

19

T3N0

5

T1N1

4

Recurrent tumor patients /lesions (n)

23 (18%) / 35 (22%)

Lung metastasis patients /lesions (n)

26 (20%) / 39 (24%)

Mean GTV volume (ml)

11.5 (range: 0.6–86.5)

Mean PTV volume (ml)

33.2 (range: 5.8–118.1)

Location of lesions: peripheral/central

113 (71%) /47 (29%)

Mean total dose (Gy)/Mean no. of fractions

60/3 fx (range: 40–60 / 3–5 fx)

Mean/median BED10Gy (Gy)

151/180 Gy

BED = mean biologically equivalent dose; COPD = chronic obstructive pulmonary disease; FEV1 =
forced expiratory volume in 1 second; fx = fractions; GTV = gross tumour volume; PTV = planning
target volume

Radiol Oncol 2017; 51(2): 178-186.
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Median age of patients at treatment was 71
years (range 40–93), and 59% (n = 77) were males.
Distribution of lesions were: 53% (n = 86) primary,
22% (n = 35) recurrent tumor/intrapulmonary metastasis of a lung tumor and 25% (n = 39) metastases from other cancer. Cancer of origin for metastatatic lesions were: colorectal (49%; n = 19), salivary
gland (13%; n = 5), breast (10%; n = 4) , melanoma
(5%; n = 2), kidney (5%; n = 2), neuroendocrin (3%;
n = 1), multiple primary (13%; n = 5) , unkown
(2%; n = 1). Distribution of histological types for
the patient group with pathologically confirmed
primary lung cancer was: 47% adenocarcinoma
(n = 29), 33% squamosus cell carcinoma (n = 21),
15% NSCLC (n = 9), 5% undifferentiated (n = 3).
The maximal number of lesions treated by SBRT in
the same patient was four. Four patients were presented with stage T1N1 disease. For these patients
the affected lymph node(s) were also treated with
SBRT. Positivity of these lymph nodes were based
on high SUVmax value on PET CT, without cytological confirmation, but usually the histology of
the belonging primary tumors were known.
One patient was categorized as T3 for tumor
size, the other four T3 patients had mediastinal
pleura invasion or separate nodule in the same
lobe.
Distribution of the 113 peripheral lesions was :
n = 66 primary, n = 21 recurrent, n = 26 metastasis.
The group of 47 central lesions was composed of
17 primary tumors plus 3 synchronous N1 lymph
nodes, 14 recurrent cancers and 13 metastases.

Treatment preparation
Technical characteristics and tracking options of
the Cyberknife robotic SBRT system have been
exhaustively detailed elsewhere.16-17 For thoracic
tumors there are three different tracking types,
which can be appropriately selected according to
each clinical case. Synchrony® is a real-time tumor
tracking algorithm which requires fiducial markers to be previously inserted inside or near to the
target. The fiducials are detected by orthogonal
X-rays at the treatment room. The system includes
an infrared camera that monitors the movement of
the chest. During treatment, spatial information on
the location of the fiducials and data of the respiratory cycle are connected to redirect the robot, and
realize real-time tracking. Fiducial insertion can be
contraindicated for some patients because of the
inherent risk of pneumothorax. For selected cases,
when tumor silhouette is sharply identified on both
ortogonal X-ray detector panels, the algorithm of
Radiol Oncol 2017; 51(2): 178-186.

Xsight Lung® can be used for tracking the target,
without the need for implanted markers. When
none of these two previously mentioned tracking
algorithm is feasible, tracking is performed on the
vertebra (XsightSpine®).
Planning CT images were obtained with a slice
thickness of 1 mm. Patients were immobilised using an individual vacuum bag ˝in supine position,
with arms next to the body. Four-dimensional (4D)
CT simulation was not introduced for Cyberknife
treatment, thus expiration and moderate inspiration CT scans were acquired to estimate magnitude
of respiratory releated tumor movement. In case of
fiducial-, or direct tumor tracking, only expiration
CTs were used for delineation. For patients with
fiducial markers, CT simulation was delayed with
a minimum of 10 days after implantation to minimise uncertainity linked to the potential marker
migration.
The vast majority of patients (n = 125; 96%) had
PET CT scans in treatment position using the same
individual vacuum bag used at the CT simulation,
to optimize target volume definition.
For patients with real-time tumor tracking generally a margin of 3 mm was applied around the
gross tumor volume (GTV) to achieve clinical target volume (CTV). CTV contours were then, corrected manually when overlapping with ribs or
mediastinal structures. An additional 2 mm was
added to create planning target volume (PTV).
When real time tumor tracking was not feasible,
we used an internal target volume of GTV, large
enough to cover all possible tumor positions during the respiratory cycle. After that, the method
and the margins for creating CTV-internal target
volume (ITV) and PTV was similar to real time
tracked patients.

SBRT procedure
Treatment plans were implemented with Multiplan
treatment planning system (TPS) version 5.1
(Accuray Inc. Sunnyvale, USA), using Ray Tracing
calculation algorythm. Prescription doses varied
between 40 to 60 Gy in 3 to 5 fractions, depending
on proximity to organs at risk (OAR) and on tumor size. Dose was typically prescribed to the 80%
isodose line (75–82%) encompassing the PTV. Dose
constrains to OARs were applied according to a
class solution (Table 2) which was based on published data of Timmerman and AAPM Taskgroup
101 guidelines.18-19
SBRT treatments were performed by Cyberknife
Robotic Radiosurgery treatment unit (Accuray Inc.
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Sunnyvale, USA). Treatment consisted of typically
100–200 non-coplanar beams using Iris® various
aperture collimator in a range between 15 to 60 mm
with a dose rate of 600 MU/min.

Follow up and toxicity evaluation
Patients were followed up by the treating radiation
oncologist and/or by referring pulmonologist or
oncologist. In addition to regular CT-scans, metabolic follow up of treatment effect by PET CT was
performed in 118 patients (91%) to make distinction
between local disease progression and localized
pulmonary fibrosis.20,21 Acute and late toxicities
were evaluated using the Common Terminology
Criteria for Adverse Events (CTCAE v4.0). Toxicity
was classified as acute up to 3 months after SBRT.
The patient follow up time was defined as the
period between the first day of Cyberknife treatment to the date of last visit or death.

Statistical analysis
Patient and lesion characteristics and toxicities were
described in terms of means or medians (range) or
in terms of numbers (%). A descriptive analysis
was used to present patient and treatment characteristics and toxicity data. Local control (LC), overall survival (OS) and cause-specific survival (CSS)
rates were estimated by the Kaplan-Meier method.
The prognostic value of patient and tumor characteristics on LC was determined using uni- and
multivariate Cox regression models. Results were
considered to be statisticallysignificant at p-values
≤ 0.05. Statistical analysis was performed with the
SAS version 9.3 software (SAS Institute, Cary, NC,
USA).

Ethical considerations
This retrospective cohort study was approved by
institutional review board.

Results
The mean and median follow up time (FUP) was 21
months (range 2–39) with only 8 cases (6.2%) with
a follow-up of less than 6 months. Total dose and
number of fractions was determined with consideration of tumor location and size. In some cases
the initially planned dose was reduced and/or the
fraction number was increased in order to better
meet OAR constraints. The applied dose and fractionation schemes are described in Table 3.

TABLE 2. Dose constraints for organs at risk
Organ

Type of
constraint

Dose (Gy) for
3 fractions SBRT

Dose (Gy) for
5 fractions SBRT

Spinal cord

Dmax

22 (7.33 Gy/fx)

30 (6 Gy/fx)

Esophagus

Dmax

27 (9 Gy/fx)

35 (7 Gy/fx)

Trachea and main
bronchi

Dmax

30 (10 Gy/fx)

32 (6.4 Gy/fx)

Heart

Dmax

30 (10 Gy/fx)

38 (7.6 Gy/fx)

Plexus brachialis

Dmax

24 (8 Gy/fx)

32 (6.4 Gy/fx)

Ribs

Dmax

37 (12.3/fx)

43 (8.6/fx)

Skin

Dmax

32 (10.6/fx)

24 (4.8/fx)

Lung (both lungs)

Volumetric

V10.5Gy < 1500 cc
V11.4Gy < 1000 cc

V12.5Gy < 1500 cc
V13.5Gy < 1000 cc

Liver

Volumetric

V17.1Gy < 700 cc

V21Gy < 700 cc

Delivered dose varied from BED10Gy = 72 Gy (40
Gy in 5 fractions) to BED10Gy = 180 Gy (60 Gy in 3
fractions). The median dose for peripheral lesions
was 3x 20Gy, whereas for central lesions the median was 3x 15Gy. Mean/median BED10Gy for peripheral and central lesions were 170/180Gy and
102/112.5 Gy, respectively. Real-time tumor tracking was performed in 42% of treatments (n = 66)
either using gold fiducial based (Synchrony) or direct fluoroscopic (Xsight Lung) methods.

Local control
For the whole cohort the actuarial 1-, 2-, and 3-year
LC rates were 86%, 75%, and 62%, respectively.
In univariate Cox regression model, a higher
BED10Gy was associated with better LC (p = 0.008).
Analysis of the different dose levels found a cutoff value between BED 112.5 Gy and 132 Gy.
Treatments using doses higher than 112.5 Gy
TABLE 3. Dose-fractionation schemes
Radiotherapy
scheme

BED10Gy (Gy)

n (%)

3x20 Gy

180

96 (60%)

3x18 Gy

151.2

7 (4%)

3x17 Gy

137.7

4 (2.5%)

5x12 Gy

132

1 (0,6%)

3x15 Gy

112.5

24 (15%)

5x10 Gy

100

4 (2.5%)

5x9 Gy

85.5

11 (7%)

5x8 Gy

72

13 (8%)

BED = mean biologically equivalent dose
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FIGURE 1. Probabilty of local control according to dose (BED ≤ 112.5 Gy vs. higher).

FIGURE 2. Probability of local control for primary (n = 86), recurrent (n = 35) and
metastatic (n = 39) lesions.

showed a significant advantage in terms of LC, resulting 1-, 2-, and 3-year actuarial LC rates of 93%
vs 73%, 80% vs 61%, and 63% vs 54%, respectively
(p = 0.0061, HR = 0.384; Figure 1).
In univariate analysis there were no significant
differences between primary (P), recurrent (R) and
metastatic (M) lesions in terms of actuarial LC (p =
0.091). However in pairwise comparison primary
tumors provided improved results compared to
metastases: 1-, 2-, and 3-year LC rates were 89% vs
84%, 80% vs 59%, and 64% vs 53%, respectively (p =
0.035; Figure 2). Other factors such as tumor tracking (inclusive tracking modality), and histological
confirmation of malignancy had no significant effect on LC.
During separate analysis of the primary tumor
group there was no significant difference in LC
according to T-stage. However, there was a a nonsignificant trend favoring LC in T1 compared to T2
(p = 0.063).
Local control was significantly higher for peripheral lesions, compared to central lesions (p =
0.025), resulting in 1-, 2-, and 3-year LC rates of
91% vs 74%, 79% vs 63%, and 60% vs 56%, respectively (Figure 3).
In univariate Cox regression model, larger GTV
and PTV volumes were associated with a higher
risk of local relapse (p = 0.0034 and p = 0.0013, respectively).
The variables tested in multivariate analysis were
tumor type (primary/recurrent/metastasis), tracking (yes/no), confirmed histology (yes/no), location
of lesions (central/peripheral), BED10Gy, GTV, PTV,
and PTV coverage. These variables were selected
in order to determine treatment and tumor factors
influencing LC. In multivariate analysis the metastatic origin of lesions (HR = 7.3; p < 0.0001), the histological confirmation of malignancy (HR = 4.1; p =
0.0052) and larger PTV (HR = 1.03; p < 0.0001) were
associated with significantly lower LC rate.

Overall survival and cause-specific
survival
One-, two-, and three-year actuarial rates of OS
were 85%, 74% and 62%, respetively, whereas the
respective rates of CSS were 93%, 90%, and 80%.

Early and late toxicities

FIGURE 3. Probability of local control for peripheral (n = 113) and central (n = 47)
lesions.

Radiol Oncol 2017; 51(2): 178-186.

Treatment related Grade (G) 3 or higher acute and
late toxicities were observed at 3 (2%) and 6 patients
(5%), respectively. Acute toxicities included 2 cases
(1.5%) of G3 pneumonitis and a single case (0.8%) of
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TABLE 4. Comparative table of relevant published data and own results
Study

Technic

Histological
confirmation
%

No. of
pts/
lesions

dose (Gy)/fx

BED10Gy (Gray)

Median
FUP
(month)

Local Control

Overall
Survival

CK

100

40

median 48 (42-60)/3 fx

124.8

44

91%@3y

75%@3y

180 (Peripheral)
112.5 (Central)

15

96%@2y for 60 Gy
78%@2y for 45 Gy

62%@2y

PRIMARY
Chen VJ (26)
van der Voort
van Zyp (27)

CK

51

70

60/3fx (Peripheral)
45/3fx (Central)

Factor (28)

CK

95

78

60/3 fx (Peripheral)
48/4 fx (Central)

75-180

14.4

87%@2y

68%@2y

Bahig (4)

CK

84

150

median 60/3 fx
40- 60/3-5 fx

72-180 (Peripheral)
106-180 (Central)

22

96%@2y

87%@2y

Shen (29)

CK

84

50

57 (48-60)/3fx

104-150

35

crude 96%@2y

86%@1y
74%@2y

Davis, RSS REGISTRY (5)

CK,
LINAC

100

723/741

median 54 (10-80)/3 fx

151.2

12

88%@1y
76%@2y

T1: 85/63%@1/2y
T2: 76/52@1y/2y

Fakiris (30)

LINAC

100

70

60-66/3fx

180-211.2

50.2

88.1%@3y

42.7%@3y

Nuyttens (7)

CK

12

30/57

30/1 fx; 60/3-5 fx; 56/7 fx

36

79%@1y

63%@2y
38%@4y

Inoue (8)

LINAC

87/189

48/3fx; 50/5 fx; 52-60/10 fx;

80%@2y
80%@3y

47%@2y
32%%@3y

124/159

26/1 fx; 37.5/3; 48/8 fx

14

83%@3y

37%@3y (Primary)
16%@3y (Met)

21/39

35-40/5 fx

6.3

crude: 87%

crude: 86%
52.7%@2y
45.9% (Primary)
66.7% (Met)

METASTASES

30-168

MIXED: PRIMARY+METASTASES
Guckenberger (31)

LINAC

Ernst-Stecken (9)

LINAC

19
100

59.5-72

Duncker-Rohr (32)

LINAC

55

39/45

37.5/3 fx; 30/5 fx

84 (Peripheral)
60 (Central)

17

80.5%@2y
95% @2y Prim
59.7%@2y Met

Current study

CK

total 61%
primary 77%

130/160

median 60/3 fx (Peripheral)
median 45/5 fx (Central)

median 180 (Peripheral)
median 112.5 (Central)

21

86%@1y
75%@2y
62 %@3y

BED = mean biologically equivalent dose; CK = Cyberknife; fx = fractions; LINAC = linear accelerator, Met = metastases; Prim = primary tumour; Y = year

G5 pulmonary haemorrhage. This latter elderly (85
years old) patient had a fatal ipsilateral pulmonary
haemorrhage 1 month after the completion of his
SBRT (45 Gy in 5 fractions) for a right sided central
tumor recurrence, and was classified as a possible
treatment related adverse event. The patient had already been treated with chemotherapy 4 years earlier for his primary lung tumor, and 1 year earlier
by Cyberknife for a contralateral upper lobe relapse
without progression until the time of death.
Late toxicities were G3 dyspnea (n = 3; 2.3%,
all presenting with chronic obstructive pulmonary disease [COPD] Global Initiative for Chronic
Obstructive Lung Disease [GOLD] III prior to
SBRT), G3 sick sinus syndrome (n = 1; 0.8%) requiring pacemaker implantation 8 months after SBRT,
G3 pain due to a rib fracture requiring major analgesic (n = 1; 0.8%). One patient (0.8%) suffered
a fatal haemorrhage (G5) 7 months after SBRT for
a centrally located recurrent tumor mass, which
invaded vascular structures already at the time
of detection, and had shown progression after

Cyberknife treatment (40 Gy in 5 fracions). This
case was encoded as a treatment related adverse
event, although local tumor progression could not
be formally excluded.
Grade 2 late toxicities were also recorded such as
asymptomatic or moderately painful rib fractures
(n = 5; 3.8%), recurrent laryngeal nerve palsy (n =
1; 0.8%), late radiation pneumonitis (n = 14; 10.8%)
and pneumothorax (n = 6; 4.6%) after transthoracic
marker placement requiring tube placement for a
few days.

Discussion
High (86%, 75%, and 62% at 1, 2, and 3 years) actuarial LC rates were observed at the first 130 consecutive patients treated with lung SBRT in our institution. Our results are comparable with published
data from other lung SBRT series (Table 4).4-5,7-9, 22-28
Bahig et al. reported their results on 150 patients
treated with Cyberknife with a median dose of 60
Radiol Oncol 2017; 51(2): 178-186.
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Gy in 3 fractions leading to exellent LC rates of
96% at 2 years. This cohort, including peripheral
and central tumors, consisted of purely stage T1-2
primary NSCLC.4 In our study favorable LC was
observed for primary tumors compared to metastatic lesions. The same finding was reported by
Duncken-Rohr32, while Guckenberger et al.31n =
41; Stage IA, n = 13; Stage IB, n = 19; T3N0, n = 9
showed comparable 3-year results for primary and
metastatic lesions treated with SBRT between the
two groups at 3 years. In a comparative study of
primary and metastatic lung tumors by Yamamoto
et al.33 tumor diameter and metastatic origin were
associated with significantly lower LC rates, which
is congruent with our findings.
Location of the target in lung SBRT has an important role in defining maximum deliverable
doses in function of their proximity to adjacent radiosensitive OARS. In our analysis, LC rates at 1-,
2-, and 3-years are significantly different between
central and peripheral lesions. The same observation was reported by van der Voort van Zyp et al.
with LC of 96 % vs.78% LC at 2 years for peripheral
vs. central T1-2 NSCLC lung tumors treated with
60 Gy or 45 Gy in 3 fractions, respectively.27
The question of optimal dose of SBRT for central lesions remains unclear however, careful and
appropriate dose-fractionation can lead to high tumor control with low rate of severe toxicities even
in this population. In our series the overall mean
BED10Gy was 151 Gy with a range between 72–180
Gy. As the total dose and the number of fractions
was determined by the location and the size of the
target lesion, the same treatment schedules were
applied for primary, recurrent and metastatic lesions. Central lesions were treated with a mean /
median BED10Gy of 102/112.5 Gy, the corresponding doses for peripheral lesions were 170/180 Gy,
respectively. Obviously, the above seen better local
control rates for peripheral tumors were linked to
higher deliverable dose.
In a recent systematic review of central tumors
Senthi et al.34 have found that LC rates ≥ 85 % can
be achieved with low rates of complications when
prescribed BED on the tumor is ≥ 100Gy, and at the
same time the biologically equivalent normal tissue
dose does not exceed 210 Gy. In a recent multicentric analysis of linac based central lung SBRT for
NSCLC in German and Austrian institutions,the
authors show similar LC rates to ours with 76%,
64% and 52% at 1, 2, and 3 years with a delivered
median BED10 of 72 Gy (range 43–180 Gy).35
In series reporting results of purely peripheral,
T1-2 NSCLC treated with similar technology and
Radiol Oncol 2017; 51(2): 178-186.

doses to ours, LC rates as high as 83.8–100% were
achieved at 2 years.26,29,36-38
A subgroup analysis of primary lung cancer
patients in our cohort yielded actuarial 1-, 2-, and
3-year LC of 89%, 80%, and 64 %, respectively.
These results are similar to the findings of a recent,
large scale publication on data of the RSSearch®
Patient Registry of Radiosurgery Society reporting the clinical outcome of 723 patients with early
stage, node negative NSCLC treated with various
SBRT techniques achieving 88% and 76% LC rates
at 1 and 2 years, respectively.5
For metastatic and recurrent patient groups we
observed 1-, 2-, and 3-year LC rates of 84%, 59%,
53% and 83%, 83%, 83%, respectively. Inoue et al.8
reported comparable results (3-year LC rate of
80%) in a large cohort study of central and peripheral metastases of 87 pts (189 lesions).
Although the distribition of patient numbers
at the different dose-levels was particularly inbalanced in our cohort, analysis was performed on effect of BED10Gy on LC. A clear correlation between
the applied dose and the actuarial local control
rates were found with a cut-off at BED10Gy of 112.5
Gy, where lower doses were associated with higher rates of local recurrence. Local control rates at 1,
2, and 3 years were 93% vs 73%, 80% vs 61%, and
63% vs 54%, for the higher and lower dose groups,
respectively (p = 0.0061, HR = 0.384). These results
are coherent with the findings of others, however
dose cut-off was found to be somewhat lower in
the literature. Onishi et al.12 and Olsen et al.39 has
shown that SBRT with a BED10Gy ≥ 100 Gy was associated with significantly better LC rates than
those with lower doses. In a large cohort study
of 505 patients treated for NSCLC BED10Gy < 105
Gy predicted higher local recurrence rates of 15%
vs 4% in the low dose and high dose group, respectively.40 In contrast, in a cohort of 94 NSCLC
Stephans et al.41 did not observe a significant difference in 12 months actuarial LC between fractionation schemes of 5x10 Gy vs 3x20 Gy (BED10Gy = 100
Gy vs 180Gy).
The limitations of our findings concerning the
optimal BED10Gy include the inbalanced distribution of patients in different dose-level groups, the
possible selection bias and the non-randomized nature of this cohort study.
The incidence of G3 or higher toxities in our
study was coherent with the literature with 2% of
acute and 5% of late complications.8,38 Two patients
out of 130 (1.5%) has died because of pulmonary
haemorrhage. Grade 5 toxicities are rare, but existing complications of SBRT, occuring predominant-

Janvary ZL et al. / Outcomes of Cyberknife lung stereotactic body radiotherapy

ly in centrally located tumors with an incidence
of 0–2% in the literature.4,35 This low incidence of
treatment realted deaths can reasonably be considered as acceptable, given the lack of treatment
alternatives for this population.

Conclusions
Stereotactic ablative radiotherapy using the
CybeKnife system for the treatment of primary,
recurrent and metastatic lung lesions seems to be
a safe and effective treatment option for medically
inoperable patients. A clear dose-response relationship was confirmed with a significantly improved
local control with BED10Gy over 112.5 Gy. More firm
data from prospective trials are needed to validate
findings of this study.
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Background. In Slovenia like in other countries, till recently, personal history of epithelial ovarian cancer (EOC) has
not been included among indications for genetic counselling. Recent studies reported up to 17% rate of germinal
BRCA1/2 mutation (gBRCA1/2m) within the age group under 50 years at diagnosis. The original aim of this study was to
invite to the genetic counselling still living patients with EOC under 45 years, to offer gBRCA1/2m testing and to perform
analysis of gBRCA1/2m rate and of clinico-pathologic characteristics. Later, we added also the data of previously
genetically tested patients with EOC aged 45 to 49 years.
Patients and methods. All clinical data have to be interpreted in the light of many changes happened in the field
of EOC just in the last few years: new hystology stage classification (FIGO), new hystology types and differentiation
grades classification, new therapeutic possibilities (PARP inhibitors available, also in Slovenia) and new guidelines for
genetic counselling of EOC patients (National Comprehensive Cancer Network, NCCN), together with next-generation sequencing possibilities.
Results. Compliance rate at the invitation was 43.1%. In the group of 27 invited or previously tested patients with
EOC diagnosed before the age of 45 years, five gBRCA1/2 mutations were found. The gBRCA1/2m detection rate
within the group was 18.5%. There were 4 gBRCA1 and 1 gBRCA2 mutations detected. In the extended group of 42
tested patients with EOC diagnosed before the age of 50 years, 14 gBRCA1/2 mutations were found. The gBRCA1/2m
detection rate within this extended, partially selected group was 33.3%. There were 11 gBRCA1 and 3 gBRCA2 mutations detected.
Conclusions. The rate of gBRCA1/2 mutation in tested unselected EOC patients under the age of 50 years was
higher than 10%, namely 18.5%. Considering also a direct therapeuthic benefit of PARP inhibitors for BRCA positive
patients, there is a double reason to offer genetic testing to all EOC patients younger than 50 years. Regarding clinical data, it is important to perform their re-interpretation in everyday clinical practice, because this may influence
therapeutic possibilities to be offered.
Key words: ovarian cancer; BRCA1/2 gene; genetic counselling

Introduction
The frequency of germinal BRCA1/2 mutations in
unselected patients with epithelial ovarian cancer
(EOC) was found to be higher than 10%, according
to recent studies.1-5 Within the age group under 50
Radiol Oncol 2017; 51(2): 187-194.

years at diagnosis, the reported frequency is even
higher and it amounts up to 17%, and within a subgroup of patients aged 40–49 years the frequency
amounts up to 24%.4,6
It is of utmost importance for optimal healthcare
sistem in every country to have its own epidemiodoi:10.1515/raon-2017-0013
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logical data on frequency of germinal mutations of
different hereditary cancers. Substantial research
on BRCA1/2 germinal mutations in Slovenian
population has been already done.7-12 However,
we haven’t performed yet an analysis on the frequencies of BRCA1/2 mutations in ovarian cancer
patients before the age of 50 years. In Slovenia like
in other countries, till recently, personal history of
epithelial ovarian cancer (EOC) has not been included among the indications for genetic counselling.
The original aim of this study was to include into
the process of genetic counselling all living patients
with epithelial ovarian cancer (EOC) diagnosed in
the period 1999–2008 according to the data of the
Slovenian National Cancer Registry who were
younger than 45 years at the time of diagnosis and
were treated at the Institute of Oncology Ljubljana.
The process of genetic counselling included the
possibility of genetic BRCA1/2 testing, with all possible clinical implications offered afterwards.
Our hypothesis was that the frequency of
BRCA1/2 mutations in the tested patients would
be higher than 10%. Original study started in 2012.
Later, we added also the data of previously genetically tested patients with EOC aged 45 to 49 years
at the time of diagnoses who were diagnosed in the
period 1999–2010.
All germinal BRCA1/2 mutation (gBRCA1/2m)
positive patients were offered inclusion into the
screening and prophylactic program for the highrisk group for breast cancer. In addition, since in
the meantime the first PARP inhibitor was registered in European Union for therapy of BRCA
positive serous ovarian cancers, in case of relapses mutation carriers were offered this treatment.
Following new guidelines of SGO and National
Comprehensive Cancer Network (NCCN), genetic
counselling is offered now to all EOC patients in
Slovenia. However, genetic testing is still restricted
to EOC patients that were diagnosed with highgrade-serous EOC.

Patients and methods
Ethical approval
The study was approved by the National Medical
Ethics Committee (201/02/1011).

Patients accrual
Data from 87 patients diagnosed with ovarian cancer (code C56 according to ICD-10 ) before the age
Radiol Oncol 2017; 51(2): 187-194.

of 45 years, in the period 1999–2008 and treated at
the Institute of Oncology Ljubljana, were analyzed
using the National Cancer Registry of Republic
of Slovenia database. Patients with EOC and still
alive were included. Two patients with borderline
tumors and one patient with mixed ovarian cancer
(carcinosarcoma) were included as well. Patients
with germinal, stromal and some other rare nonepithelial ovarian cancers like primary ovarian
lymphoma were excluded from the study.
With these inclusion and exclusion criteria, 57
patients were eligible to participate in the study.
Since five of them have already undergone genetic
counselling and BRCA testing, their anonymous
data were included in the study with an extra approval of the National Medical Ethics Committee.
The other 52 patients were invited by the letter
to participate in the study. The invitation letter
included patient information leaflet with all the
data about the genetic counselling and testing
and an invitation for genetic counselling at the
Cancer Genetic Clinic of the Institute of Oncology
Ljubljana. In patients under acute stress of an ongoing diagnostics or treatment, the invitation was
postponed until the conclusion of such a process.

Genetic testing (mutation screening,
BRCA analysis)
The DNA was isolated from peripheral blood
using the DNA isolation kit (Quiagen, Hilden,
Germany). Mutation screening was performed
at the Institute of Oncology Ljubljana, Slovenia,
and, for two samples, still at the Vrije Univerity
Brussels, Belgium. Complete screening of all
BRCA1/2 exons was performed, using method of
multiplex ligation-dependent probe amplification
analysis (MLPA; MRC Holland, Amsterdam, the
Netherlands) for detection of large genomic deletions and insertions, and using high-resolution
melting, denaturing gradient gel electrophoresis
and direct sequencing methods already reported,
for small mutations.8,9,11,12,13
Clinico-pathologic data of tested patients were
collected from medical records following prepared
study protocol. These included: family history of
cancer including age at diagnosis in 1st and 2nd degree relatives, number of deliveries, hystologic
type of ovarian cancer, tumor grade and disease
stage. The old FIGO staging classification and hystologic type and grade classification were used for
all patients since data accrual dated back to 1999.
Due to 46.8% compliance rate and the small
number of tested patients during the study, a de-
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TABLE 1. BRCA1/2 molecular diagnostics at patients with epithelial ovarian cancer under 50 years of age
Patient
code

BRCA1
HGVS c.DNA*

BRCA1
HGVS protein*

Type

c.5377A>T

p.(Lys1793*)

Nonsense

c.68_69delAG

p.(Glu23Valfs*17)

Frameshift

c.1067A>G

p.(Gln356Arg)

Missense(UV)

1A01
2A01
2A02
2A03

c.3018_3021delTTCA

p.(His1006Glnfs*17)

Frameshift

2A04

c.181T>G

p.(Cys61Gly)

Missense

3A02

c.181T>G

p.(Cys61Gly)

Missense

3A03

c.844_850dupTCATTAC

p.(Gln284Leufs*5)

Frameshift

3A04

c.191G>A

p.(Cys64Tyr)

Missense

4A01

c.1687C>T

p.(Gln563*)

Nonsense

4A02

c.3718C>T

p.(Gln1240*)

Nonsense

4A03

c.1687C>T

p.(Gln563*)

Nonsense

c.5266dupC

p.(Gln1756Profs*74)

Frameshift

3A01

4A04
4A05

cision was reached of changing inclusion criteria
to include also data of previously tested patients
with ovarian cancer aged 45 to 49 years diagnosed
in the period 1999–2008 and previously tested patients with ovarian cancer at age up to 49 years
diagnosed during 2009–2010. The final number
of patients included in the analysis of genetic and
clinico-pathologic data was 42 patients, with 43
ovarian cancers (one patient had synchronously
two different ovarian cancers).

BRCA2
HGVS c.DNA*

BRCA2
HGVS protein*

Type

c.7195A>G

p.(Thr2399Ala)

Missense(UV)

c.9117G>A

p.(Pro3039Pro)

Synonimus and
splicing

c.3265C>T

p.(Gln1089*)

Nonsense

c.5101C>T

p.(Gln1701*)

Nonsense

TABLE 2. Family history of BRCA tested patients with EOC before age 45, diagnosed
1999–2008

Family history(of any
cancer at 1st or 2nd degree)
Family history of1stdegreebreast cancer
Family history of1stdegreeovarian cancer

gBRCAm +
N=5

gBRCAm –
N = 22

Positive

5

14

Negative

0

8

Positive

1

1

Negative

4

21

Positive

2

0

Negative

3

22

Statystical analysis
Descriptive and bivariate statistics were used for
analysis of the data. Due to small study group, exact tests (hi2 and t) were used. Statistical tests were
performed with SPSS v.22 statistical software program.

Results
Compliance
Of the 52 invited patients, in one case patient’s
husband answered that the patient had recently
died. Of the other 51 patients there were 22 (43.1%)
who decided for genetic counselling and were
first counselled in 2012 and 2013. They all gave
informed consent also for BRCA genetic testing.
All tested patients received second-session genetic

counselling afterwards when the result of genetic
testing was known. There was no response from
17 patients; three patients postponed genetic counselling for several times and it became clear they
are not sure about wanting it, therefore they were
not included into the study. In four cases, the letter came back because the address was changed
and patients were unretrievable. Five patients answered explicitly they did not want to participate.

BRCA1/2 status analysis (mutation
detection rate)
In the group of 27 invited or previously tested patients with ovarian cancer diagnosed before the age
of 45 years, 5 mutations were found. Mutation detection rate within the group therefore was 18.5%.
Radiol Oncol 2017; 51(2): 187-194.

p (Fisher’s
exact test)
p = 0.280
p = 0.342
P = 0.028
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TABLE 3. Clinicopathologic characteristics at BRCA tested patients with EOC at age under 50 years

Age at 1st cancer
_________________

BRCA+
Ovarian cancers
N = 15

BRCAOvarian cancers
N = 28

p

mean
_______

40.8
______

36.9
______

0.149 (t test)
______________

mean

42.8

37.1

0.036 (t test)

first

11

23

3

0

Age at the ovarian cancer
Sequence of the ovarian cancer

second
paralel to 1

1

5

I

4 (26.7%)

17 (60.7%)

II

4 (26.7%)

2 (7.1%)
7 (25.0%)

st

Stage of the ovarian cancer (FIGO)

Hystology Type of the Ovarian cancer

III

5 (33.3%)

IV

2 (13.3%)

2 (7.1%)

serous

6 (40%)

13 (46.4%)

mucinous

0

3 (10.7%)

endometrioid

7 (46.7%)

7 (25.0%)

clearcell

0

2 (7.1%)

mixed Ca

2 (13.3%)

1 (3.6%)

mixed Ca+Sa

0

1 (3.6%)

unknown

0

1 (3.6%)

borderline

1 (6.7%)

1 (3.6%)

first

1 (6.7%)

11 (39.3%)

second

3 (20.0%)

9 (32.1%)

third

10 (66.7%)

6 (21.4%)

unidentifiable

0

1 (3.6%)

Grade of the Ovarian cancer

TABLE 4. Other cancers characteristics in BRCA tested patients with EOC at age
under 50 years
BRCA+
N = 14

BRCAN=28

Previous invasive

Yes

2

0

breast cancer

No

12

28

Later invasive breast

Yes

3

0

cancer

No

11

28

Occurrence of DCIS

Yes

0

2

breast cancer

No

14

26

Concurrent
Endometrial Cancer
(with ovarian one)

Yes

0

5

No

14

23

p
P = 0.106(exact χ2 )
P = 0.032 (exact χ2 )
P = 0.545 (exact χ2 )

P = 0.151 (exact χ2 )

There were four BRCA1 and one BRCA2 mutations
(Table 1).
In the extended group of 42 tested patients with
ovarian cancer diagnosed before the age of 50 years
(during the period 1999–2010), 14 mutations were
found. Mutation detection rate within this extended, partially selected group was 33.3%.
There were 11 BRCA1 and three BRCA2 mutations (Table 1).
Radiol Oncol 2017; 51(2): 187-194.

0.037 (exact χ2 )
0.055 (exact χ2 )

0.451(exact χ2 )

0.008(exact χ2 )

Clinicopathologic results
Family history of a presence of any cancer in 1st or
2nd degree relative didn’t show significant difference in the rate between gBRCA1/2m positive and
negative group. As well, a family history of 1st
degree breast cancer was of similar rate between
the groups. There was significantly higher rate of
1st degree ovarian cancer in family history of gBRCAm1/2 positive patients (Table 2).
Mean age at the ovarian cancer diagnosis was
significantly higher at gBRCA1/2m positive patients (42.8 years vs. 37.1 years; p = 0.036). There
was no statistically significant difference in mean
age at the diagnosis of first cancer (Table 3).
Analysis of the sequence of cancers showed that
the rate of ovarian cancer as the second cancer was
significantly higher in gBRCA1/2m positive group.
Regarding stage of ovarian cancer, there was a
trend of higher rate of the first stage in gBRCA1/2m
negative group (60.7% vs. 26.7% in gBRCA1/2m
positive; p = 0.055).
In ovarian cancer hystology type there was no statistically significant difference and the rate of serous type was nearly the same (40% in gBRCA1/2m
positive patients vs. 46% in negative ones). There
was no mucinous type in gBRCA1/2m positive
group. Clear-cell type was present only in one case
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of mixed carcinoma. Carcinosarcoma case did not
make part of gBRCA1/2m positive group.
In ovarian cancer grade there was significantly
higher rate of high-grade (G2 and G3) cancers in
gBRCA1/2m positive group (66.7% vs. 21.4% in
negative group; p = 0.008). There was also a case
of borderline ovarian cancer in gBRCA1/2m positive group. This borderline ovarian cancer of stage
I was concomitant with contralateral grade I and
stage I ovarian cancer. Therefore, there were 43
cancers diagnosed in 42 patients (Table 3).
Tubal contralateral serous malignant changes
defined as synchronous contralateral tubal cancer
stage III were found in one patient. They were defined as second primary cancer because ovarian cancer was endocystical (endophitic growth in serous
cystadenoma). Patient was gBRCA1/2m positive.
Analysis of the other cancers diagnosed in the
same patients showed that there was at least a
trend (considering No of patients, and significant
difference considering No of ovarian cancers) of
higher rate of previous invasive breast cancer in
gBRCA1/2m positive group. As well, there was significantly higher rate of later invasive breast cancer
in gBRCA1/2m positive group. The rate of DCIS of
the breast showed no statistical difference between
the groups (Table 4).
Concurrent endometrial cancer was found in 5
out of 28 gBRCA1/2m negative patients and in O
out of 14 positive patients, but the difference was
not statistically significant (p = 0.151).

Discussion
Genetic counselling and testing
Compliance of the OC patients invited to genetic
counselling was similar to our previous study.10 It
would’ve been probably higher if there had been
a direct therapeutic benefit of testing already present. At the time when our study started, PARP
inhibitors have not been yet registered and used
in standard therapy of OC patients. Therefore direct benefit of testing consisted in surveillance for
eventual second primary breast cancer or in its prevention in gBRCA1/2 positive OC patients. Indirect
benefit was present for patients’ relatives.
Pal et al.1 reported a higher compliance than
ours: 64% vs. 43.1%, respectivelly. Both studies
were performed in a period before olaparib therapy was approved. We may speculate that the reason for the difference might have been the way of
inviting the patients, which is not described in their
paper. Namely, one can suppose that the invitation

comming from medical doctor directly involved in
therapy process is more efficient than the invitation comming from Cancer Genetic Clinic team.
Indeed, our latest data from October 2014 show
much higher compliance rate of 82.5%, since genetic councelling and testing was performed for therapeutic reasons and patients were reffered to Cancer
Genetic Clinics by their medical oncologists.14
Mutation rate of 18.5% (5/27) within the group
of unselected EOC patients under 50 years of age
is in accordance with studies already mentioned
and with our hypothesis. In accordance are also
results of Australian Ovarian Cancer Study Group,
published after the beginning of our study, which
found gBRCA1/2m rate of 22.2% in EOC patients
diagnosed before the age of 50 years.15 As someone
could expect it is higher than the rate found in most
of population-based studies with EOC patients unselected for the age.16
We are aware of limitations of our small study
group as a consequence of several factors, above all
of low incidence of EOC under the age of 50 years
and of small population of our country. Therefore,
it was not possible to perform a subanalysis of mutation rate of the EOC patients aged 40–49 years
and compare results to recently published large
Canadian population-based study which found
mutation rate of 24.0%.6 Nevertheless it is noteworthy that one of gBRCA1/2m positive patients in our
study was only 24 years old at EOC diagnosis. In
the European multicentric study of Lakhani et al.
there was no such case of gBRCA1/2 positive EOC
patient under 30 years age found. Therefore, it is
rare, but not impossible.
The gBRCA1/2 mutation rate of 33.3% for our
larger, combined and partly selected EOC group
under the age of 50 years is not representative for
the entire population of EOC patients under the
age of 50 years in Slovenia, because 20 out of 42 patients were tested on the basis of BRCAPRO calculation and not on the basis of EOC diagnosis under
the age of 50 years.
Regarding the type of mutations no new slovenian mutations and also no founder mutations
were found. All mutations found have already
been described.11

Clinicopathologic features
Family history of gBRCA1/2m positive patients
not surprisingly had higher 1st degree ovarian cancer rate. With larger sample we would expect also
higher 1st degree breast cancer history rate, according to published data.1,3,4
Radiol Oncol 2017; 51(2): 187-194.

191

192

Cvelbar M et al. / BRCA1/2 status and ovarian cancer before 50 years of age

The mean age of gBRCA1/2m positive patients
(42.8 years) was higher than that of negative ones
(37.1 years). Eleven out of fourteen positive patients were 40–49 years old. This surprising result
is however in accordance with Canadian study in
which the prevalence of mutations was particularly high among women in their forties.6 Contrary,
Danish study found the highest gBRCA1/2 mutation rate (23%) in EOC patients under the age of
40 years.4 The large European multicentric study of
207 gBRCA1/2m positive EOC patients found not
a single case at the age below 30 years, while there
were 13 gBRCA1/2m negative EOC patients in this
very young age group. In age groups of 30–39 and
40–49 years old there were more patients with, than
without gBRCA1/2 mutation (20 vs. 16 and 68 vs.
49). In patients older than 50 years sporadic cases
prevailed.17 Interestingly the youngest patient with
gBRCA1/2m in our study was only 24 years old at
the time of OC diagnosis.
EOC was significantly more often a second primary cancer, after the breast cancer which had developed earlier, in the group of gBRCA1/2m positive in comparison to gBRCA1/2m negative patients (2/12 compared to 0/28). This is in accordance
with published data on double primary breast and
ovarian cancer.10,18,19 In a large international pathology study of CIMBA consortium published in 2012
it was found that 415 of 1129 (36.8%) gBRCA1/2m
positive EOC patients had developed breast cancer
before developing ovarian cancer.20
Higher grade of EOC in patients with gBRCA1/2
mutation observed in our study is in accordance
with most of the published data.17,20
In accordance with published data is also a
higher stage trend in gBRCA1/2m positive group
observed in our study.15,21
The most unexpected finding of our study is high
rate of endometroid type of EOC in gBRCA1/2m
positive group (46.7%). This seems in contrast with
current concepts of tubal origin and of high-grade
serous type of »ovarian« cancer in gBRCA1/2m
positive patients.22 It is also in contrast with our
previous results of a pilot study (10) where 8/12
(66.7%) gBRCA1/2m positive ovarian cancers were
serous and only 2/12 (16.7%) were endometrioid
ones. But interestingly, high rate of endometrioid type was noted in unselected OC patients in
Slovenia also in the past.23,24 It was argued that this
could be attributed to different histopathological
criteria and interpretation.
Internationally, the problem of histopathological
interpretation was specifically adressed in a large
European study published in 2004.17 Aware of the
Radiol Oncol 2017; 51(2): 187-194.

problem of interobserver variation and of particular
difficulty when a lesion is high grade, they attempted to minimise the effects of interobserver variability. In so doing, they found that even if the frequency of serous EOC was higher among gBRCA1m
carriers compared with controls, it accounted for
only 40% of EOC, and consecutivelly the frequencies of other (but mucinous) histology types were
higher than in previous reports, with endometrioid
type accounting for 33% in gBRCA1m carriers, 29%
in gBRCA2m carriers and 33% in gBRCAm negative EOC patients. Also clear cell EOC frequencies
were similar in carriers than in controls.
In the light of these data, the rates of various
histologic types found in our study are more correspondent to international data of that period.
Further decisive highlights on relationship between serous and endometrioid type of EOC are
comming from a series of studies with molecular
approach, making research in gene expression
profiling; the results show that high-grade serous
type EOC and high-grade endometrioid EOC are
molecularly similar.25,26 Therefore, it emerges that
morfological similarity has its basis in molecular
similarity of these two, only appearantly different
histologic subtypes of EOC. Indeed, Alsop et al.
report that increasingly, high-grade endometrioid
EOC are being reclassified as high-grade serous
EOC.15
In our study, four out of seven endometrioid
gBRCA1/2m positive EOC were high-grade (G3)
and therefore morfologically and molecularly similar to serous high-grade type. Other three endometrioid gBRCA1/2m positive EOC were borderline,
low-grade (G1) and medium grade (G2). Therefore,
even if high-grade and also medium-grade endometrioid EOC case would’ve been reclassified
today in high-grade serous EOC, there remains a
case of gBRCA1/2m positive patient with borderline and low-grade endometrioid EOC which can
not be reclassified.
It’s known that in general, 15–20% of endometrioid EOC is associated with carcinoma of the
endometrium.22 In our study there was no such
case found in gBRCA1/2m positive EOC patients,
but there were 5 cases in gBRCA1/2m negative patients. We found no specific data in the literature
with regard to gBRCA1/2 mutation in patients with
concurrent (synchronous) endometrial and ovarian cancer. However, a case of germline mutation
in another tumor supressor gene RAD51D was recently described in such a patient.27
Concurrent primary contralateral invasive tubal
cancer was found in one gBRCA1/2m positive EOC
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patient. STIC (serous tubal intraepithelial carcinoma) as a precursor of serous »ovarian« cancer was
not adressed in present study, because a change of
concepts and of histologic practice occured only a
few years ago and therefore STIC has not yet been
a part of standardised histopathologic report in
EOC patients in the period analysed.

Conclusions
The rate of gBRCA1/2 mutation in tested EOC patients under the age of 50 years is higher than 10%
(18.5%). Considering also a direct therapeuthic
benefit of PARP inhibitors for BRCA positive patients, there is a double reason to offer genetic testing to all EOC patients younger than 50 years.
Positive patients for gBRCA1/2m can be younger than 30 years so even very young patients can
not be excluded from gBRCA1/2m testing.
Almost half of the gBRCA1/2m positive patients
has been diagnosed as having endometrioid histologic type of EOC. It is important to consider
for individual patient how far ago the hystologic
diagnosis was made, since high-grade endometrioid type, on the basis of recent molecular studies,
is more and more often reclassified to high-grade
serous type.
However, among our gBRCA1/2m positive
patients, there was also a case of concurrent lowgrade endometrioid ovarian tumor and contralateral borderline endometrioid EOC, so endometrioid EOC in positive patients is not only a question
of overlapping of high-grade endometrioid and
high-grade serous EOC. Therefore we must consider for gBRCA1/2 testing all patients with EOC
younger than 50 years and not only serous-type
EOC patients.
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Background.

The insulin-like growth factor 1 receptor (IGF1R) expression has been addressed as a potential prognostic marker in non-small-cell lung cancer (NSCLC) in various studies; however, the associations between IGF1R
expression and prognosis of advanced NSCLC patients is still controversial. The aim of our observational, cohort
study was to evaluate the expression of IGF1R in advanced NSCLC and its prognostic role. A subgroup analysis was
performed to address the influence of pre-existing type 2 diabetes mellitus (T2DM) status on IGF1R expression and
overall survival (OS).
Patients and methods. IGF1R expression was evaluated in 167 consecutive advanced NSCLC patients (stage IIIB
and IV), diagnosed and treated at one university institution, between 2005 and 2010. All patients received at least
one line of standard cytotoxic therapy and 18 of them had pre-existing T2DM. IGF1R expression was determined by
immunohistochemical (IHC) staining, with score ≥ 1+ considered as positive. Information on baseline characteristics, as
well as patients’ follow-up data, were obtained from the hospital registry. Associations of IGF1R expression with clinical
characteristics and overall survival were compared.
Results. IGF1R expression was positive in 79.6% of patients, significantly more often in squamous-cell carcinoma
(SCC) compared to non-squamous-cell (NSCC) histology (88.7% vs. 74.3%; P = 0.03). IGF1R positivity did not correlate
with T2DM status or with other clinical features (sex, smoking status, performance status). Median OS was similar between IGF1R positive and IGF1R negative group (10.2 vs. 8.5 months, P = 0.168) and between patients with or without
T2DM (8.7 vs. 9.8 months, P = 0.575). Neither IGF1R expression nor T2DM were significant predictors of OS.
Conclusions. IGF1R or T2DM status were not significantly prognostic in described above collective of advanced
NSCLC treated with at least one line of chemotherapy. In addition, no association between T2DM status and IGF1R
expression was found. Further studies on IGF1R expression and its prognostic as well as therapeutic consequences in
a larger collective of advanced NSCLC patients, with or without T2DM, are needed.
Key words: insulin-like growth factor 1 receptor; type 2 diabetes mellitus; advanced non-small-cell lung cancer;
overall survival

Introduction
Lung cancer is the most common cancer diagnosed
worldwide, and approximately 85% of cases represent non-small-cell lung cancer (NSCLC).1 Since
Radiol Oncol 2017; 51(2): 195-202.

lung cancer in the early stages is generally asymptomatic, almost two-thirds of patients are diagnosed in advanced stages.2,3 While patients with
localized or locally advanced lung cancer have
approximately 50% and 30% chance of five-year
doi:10.1515/raon-2017-0020
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survival4, advanced lung cancer is still incurable.
Despite the rise in survival rates lately, five-year
relative survival of patients with advanced lung
carcinoma remains poor.4
Advances in recent survival rates are attributable to the discovery of potential targets such as
mutations in the epidermal growth factor receptor (EGFR) or rearrangements in the anaplastic
lymphoma kinase (ALK) gene and consecutive
development of targeted therapies with monoclonal antibodies (mAb) and tyrosine kinase inhibitors (TKI).5,6 However, although targeted therapies
offer high objective response rates and improved
progression-free survival (PFS), eventually acquired resistance develops, leading to disease progression.7 To overcome the resistance mechanisms
new molecular alterations in different other co-activated pathways are extensively sought.
The insulin-like growth factor 1 receptor (IGF1R)
signalling pathway has been shown to promote oncogenic transformation and cancer cell growth and
survival8,9 and has been associated with resistance
to specific oncologic therapies in various human
cancers10-12, including EGFR-TKI13,14 and ALK-TKI15
in NSCLC. With various lines of evidence supporting IGF1R signalling pathway as a potential target
for cancer therapy, different anti-IGF1R mAbs and
small-molecule TKIs were developed and entered
clinical trials. However, despite the encouraging preclinical data, all the trials performed so far
failed to confirm a meaningful clinical response in
NSCLC patients treated with IGF1R inhibitors, although such results can be attributed to unselected
patients, lack of predictive biomarkers and compensatory signalling through other growth factor
pathways.16
IGF1R is a transmembrane heterotetrameric
protein with tyrosine kinase activity. Binding of
IGF1 and IGF2 activates the IGF1R, triggering a series of reactions via the PI3K-AKT and RAS/RAF/
mitogen-activated protein kinase signalling pathways, enhancing cancer cell growth, survival and
metastasizing.
IGF1R and its signalling pathway were extensively studied in various human cancers. In
hormone-receptor positive breast cancer (luminal
A, luminal B) positive IGF1R expression is associated with better prognosis17,18, while in triple negative breast cancer it negatively affects survival.17,19
Similarly, IGF1R overexpression in laryngeal20,
cervical21, pancreatic22, gastric23, renal24 and urothelial carcinoma25 is linked to worse survival rates,
whereas the influence of IGF1R overexpression on
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survival in colorectal and endometrial carcinoma
remains unconfirmed.26-29
IGF1R expression was also addressed as a potential prognostic marker in NSCLC in various
studies.14,30-47 Most of the studies involved patients
with resected lung cancer and only four among
them were performed in advanced NSCLC.12,32,42,44
Cappuzzo et al. found that gefitinib-treated patients with high IGF1R overexpression had longer
median survival44, while Yeo et al. reported a shorter progression-free survival in response to EGFRTKI in EGFR mutated patients14, while Kim et al.
found no significant connection between IGF1R
overexpression and survival of advanced NSCLC
patients.46 Similar results were obtained in surgically treated NSCLC patients.30-33,35-42,45,47 In 2014
a meta-analysis including 17 studies evaluating
IGF1R expression and its impact on survival in
NSCLC patients was published, that confirmed
the association between positive IGF1R expression and worse disease-free survival, but not OS.48
However, only three studies evaluated IGF1R expression in advanced NSCLC34,44,46, and a subgroup
analysis of two of them44,46, including 77 and 68 patients respectively, showed a significant correlation
between IGF1R expression and better OS.
Moreover, optimal evaluation of IGF1R expression remains unconfirmed. In most of the published
studies in NSCLC IGF1R protein expression was
measured by immunohistochemistry, while some
also evaluated IGF1R gene expression using quantitative reverse transcription polymerase chain
reaction (qRT-PCR) and IGF1R gene copy number
by in situ hybridization. In summary, scarce and
conflicting information exist concerning IGF1R expression impact on survival in advanced NSCLC.
There are epidemiological data supporting the
biological link between cancer and type 2 diabetes
mellitus (T2DM) and the well-known fact that patients with T2DM have an increased risk of cancer
and cancer-related mortality.49 In a recently published study, a higher IGF1R expression - according to the previously mentioned meta-analysis a
detrimental prognostic factor in operable NSCLC was found in early stage NSCLC patients with preexisting T2DM, suggesting a possible role of IGF1R
signalling pathway in the development and growth
of NSCLC.50 Type 2 diabetes mellitus is characterized by insulin resistance and resultant chronic hyperinsulinemia, which enhances growth hormone
receptor expression in the liver, increases IGF1 production and availability, thus leading to the IGF1R
signalling pathway activation.51,52 Several meta-
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analyses and studies have been published in the recent years, confirming diabetes mellitus as a negative prognostic factor for breast, colorectal, gastric,
pancreatic, liver, prostate, renal and cervical cancer
survival.53-60 Studies addressing the prognostic role
of T2DM in NSCLC patients have been contradictory.61-63 However, the recently published meta-analysis confirmed a significant association between
T2DM and worse prognosis in NSCLC patients,
especially in surgically treated patients.64 There are
also data showing that the use of metformin, one of
the most commonly prescribed drugs for diabetes
mellitus, improves the generally bad prognosis of
cancer patients with concomitant T2DM. In a large
meta-analysis, the use of metformin was associated
with a significant improvement in overall survival
and cancer-specific survival of cancer patients.65
The purpose of this study was to evaluate IGF1R
expression in advanced NSCLC and its impact on
OS. Furthermore, we evaluated the influence of
T2DM on OS and IGF1R expression in advanced
NSCLC.

Patients and methods
Our study was performed following the
Recommendations for Tumour Marker Prognostic
Studies (REMARK).66

Patient selection
In the present study 167 consecutive patients, with
patohistologically confirmed advanced NSCLC
stage IIIB (20 patients) and IV (147 patients),
treated with at least one line of cytotoxic therapy
at the University Clinic Golnik, Slovenia, between
2005 and 2010, and with available tissue for immunohistochemical analysis, were included. All patients were treated and followed according to the
standard clinical practices at the time. All patients
received at least one systemic treatment, that comprised of platinum doublets in a vast majority of
them (165/167 patients; 98.8%), only two patients
(1.2%) received gemcitabine monotherapy. The
median follow-up time was 9.79 months (range
0.20‒72.34 months).
Information on baseline demographics and clinicopathological characteristics of the patients were
obtained from our hospital registry system, whilst
date of death was obtained from the National
Cancer Registry.
The study was reviewed and approved by the
National Ethics Committee (No. 135/07/09).

Tissue preparation and
immunohistochemical analysis
Formalin-fixed, paraffin-embedded tissue sections
containing preserved tumour tissue from primary
tumour obtained at diagnosis were used for immunohistochemical analysis.
Tissue sections 4-µm thick were deparaffinized in xylene and rehydrated in a graded series
ethanol. After standard antigen retrieval with Cell
Conditioning 1 (CC1) buffer solution (Ventana
Medical Systems, Tucson, Arizona, USA), staining with pre-diluted rabbit monoclonal antibody
against human IGFR-1 (Ventana G11; CONFIRM,
Ventana Medical Systems, Tucson, Arizona, USA;
ready-to-use concentration 1.7 µg/mL) was performed on Ventana BenchMark XT autostainer with
a 16 minutes primary antibody incubation time at
37°C. Binding detection of the primary antibody
was performed utilizing the ultraView Universal
DAB Detection Kit (Ventana Medical Systems,
Tucson, Arizona, USA), and subsequently, the slides
were counterstained with Hematoxylin II (Ventana
Medical Systems, Tucson, Arizona, USA), according
to the manufacturers’ recommendations. The omission of the primary antibody was used as a negative control. IGF1R expression in adjoining normalappearing bronchial epithelium within each tissue
section was used as an internal positive control.
Immunohistochemical (IHC) staining of the
invasive cancer components was independently
evaluated on at least 2 x 2 mm cores per patient by
two observers (MH, GV), blinded to all patient data. Discrepant cases were reviewed by a third observer (IK). Cell membrane and cytoplasm staining
was scored on a scale of 0 (no staining), 1+ (weak
staining), 2+ (moderate staining), and 3+ (strongly
positive staining). Since there are no validated and
standardized cut-off values for IGF1R-IHC positivity, membrane staining equal or above 1+ in at least
1% of tumour cells was considered positive.

Statistical analysis
Associations of IGF1R expression with patient clinical characteristics were compared by chi-square
test. OS (time in months from diagnosis date to
patient death) was evaluated using Kaplan-Meier
method and hazard ratio was calculated by using
the Cox proportional hazards regression model.
OS for the subgroups was compared using the logrank test.
Statistical analysis was performed using IBM
SPSS ver. 19.0 (SPSS Inc., Chicago, IL, USA). A
Radiol Oncol 2017; 51(2): 195-202.
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TABLE 1. Patient and tumour characteristics
Variable
All patients

No (%)

P-value less than 0.05 was determined as statistically significant. All reported P-values are twotailed.

167 (100%)

Histology
NSCC

105 (62.9%)

SCC

62 (37.1%)

Sex
Male

119 (71.3%)

Female

48 (28.7%)

Smoking status
Current/former smoker

145 (86.8%)

Never smoker

22 (13.2%)

ECOG-PS
0–1

152 (91.0%)

≥2

15 (9.0%)

Diabetes mellitus type 2
No

149 (89.2%)

Yes

18 (10.8%)

IGF1R expression
Positive

133 (79.6%)

Negative

34 (20.4%)

ECOG-PS = Eastern Cooperative Oncology Group performance status;
IGF1R = insulin-like growth factor-1 receptor; NSCC = non-squamous cell
carcinoma; SCC = squamous cell carcinoma

Results
Patient and tumour characteristics
A total of 167 patients were included in this study.
Baseline demographics and clinicopathological characteristics are summarized in Table 1. At
the time of diagnosis, median age was 63 years
(range 40‒82 years), 37.1% of cases were squamous-cell carcinoma (SCC; 62/167 patients) and
62.9% were non-squamous-cell (NSCC; 105/167
patients) histology. The majority of patients were
males (119/167; 71.3%), smokers or former smokers (145/167; 86.8%) and had an estimated Eastern
Cooperative Oncology Group (ECOG) performance status of 0‒1 (152/167; 91.0%). Pre-existing
T2DM was present in 18 (10.8%) of patients; 8 out
of 18 were receiving metformin, while the rest of
them were treated with other oral antidiabetic
medications or insulin.

IGF1R expression
IGF1R expression was found in 133/167 (79.6%) of
tumour samples. IGF1R positivity was significantly
more frequent in SCC (88.7%) compared to NSCC
(74.3%) (P = 0.03) (Figure 1). However, there was
no significant association between IGF1R positivity
rate and sex, smoking status, performance status
or T2DM (Table 2). The IGF1R positivity rate was
quite similar in patients with or without T2DM;
77.8% and 79.9%, respectively.

Survival analysis

FIGURE 1. Representative immunohistochemical staining of insulin-like growth factor
1 receptor in a squamous-cell carcinoma sample.
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Median OS was similar between IGF1R positive
and IGF1R negative group (10.2 versus 8.5 months,
P = 0.168) (Figure 2) and also between patients with
or without T2DM (8.7 versus 9.8 months, P = 0.575)
(Figure 3).
Neither IGF1R expression nor T2DM were significant predictors of overall survival in the univariate and multivariate analysis. Regarding the
other characteristics included in the analysis, no
significant differences in survival were observed
based on histology, whereas sex, smoking status
and performance status were borderline significant
in the univariate analysis, but in multivariate analysis only performance status remained borderline
significant (P = 0.057) (Table 3).

100

Survival probability (%)

Survival probability (%)
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80
60
40
20
0

0

20 40 60 80
Time (months)
Number at risk
Group: IGF1R IHC POSITIVE
133 34 7 1 0
Group: IGF1R IHC NEGATIVE
34 6 1 0 0
IGF1R IHC POSITIVE
IGF1R IHC NEGATIVE

FIGURE 2. Median
overall survival based
on insulin-like growth
factor 1 receptor (IGF1R)
expression.

100

TABLE 2. IHC IGF1R expression by histological/clinical characteristics and diabetes
mellitus

80
60

Variable

40
20
0

All patients
0

20
40
60
Time (months)

Number at risk
Group: T2DM YES
18
4
Group: T2DM NO
149
36

80

2

0

0

6

1

0

T2DM YES
T2DM NO

FIGURE 3. Median overall
survival based on type 2
diabetes mellitus (T2DM) status.

IGF1R positive
No (%)

IGF1R negative
No (%)

133 (79.6%)

34 (20.4%)

Histology
NSCC

78 (74.3%)

27 (25.7%)

SCC

55 (88.7%)

7 (11.3%)

Male

98 (82.4%)

21 (17.6%)

Female

35 (72.9%)

13 (27.1%)

Sex

0.17

Smoking status

0.77

Current/former smoker

116 (80.0%)

29 (20.0%)

Never smoker

17 (77.3%)

5 (22.7%)
0.97

0–1

121 (79.6%)

31 (20.4%)

≥2

12 (80.0%)

3 (20.0%)

No

119 (79.9%)

30 (20.1%)

Yes

14 (77.8%)

4 (22.2%)

Diabetes mellitus type 2

In the present study, we aimed to assess the prognostic impact of IGF1R expression in 167 advanced
NSCLC patients treated with at least one line of
chemotherapy, and to evaluate the impact of T2DM
on IGF1R expression, as well as its prognostic role.
Neither IGF1R expression nor T2DM status were
found to be independent predictors of OS in advanced NSCLC in the multivariate analysis of survival. In addition, no association between T2DM
status and IGF1R expression was found. However,

0.84

ECOG-PS = Eastern Cooperative Oncology Group performance status; IGF1R = insulin-like growth
factor-1 receptor; NSCC = non-squamous cell carcinoma; SCC = squamous cell carcinoma

a significantly higher expression of IGF1R in SCC
compared to NSCC histology was observed.
Interestingly, a significant association between
positive IGF1R expression and SCC histology was

TABLE 3. Univariate and multivariate analysis of overall survival
Univariate Analysis

Multivariate Analysis

HR

95%CI

P value

HR

95%CI

P value

1.097

0.798–1.509

0.569

1.249

0.885–1.763

0.206

1.396

0.994–1.961

0.054

1.390

0.939–2.057

0.100

1.692

1.064–2.689

0.026

1.509

0.908–2.510

0.113

0.600

0.351–1.025

0.061

0.589

0.341–1.015

0.057

0.869

0.531–1.423

0.576

0.828

0.498–1.378

0.468

0.766

0.523–1.121

0.170

0.776

0.518–1.162

0.219

Histology
SCC vs NSCC
Sex
Male vs female
Smoking status
Current/former smoker vs.
non-smoker
ECOG-PS
0–1 vs ≥ 2
Diabetes mellitus type 2
Yes vs No
IGF1R
Positive vs negative

P value

0.03

ECOG PS

Discussion

Variable

199

ECOG-PS = Eastern Cooperative Oncology Group performance status; IGF1R = insulin-like growth factor-1 receptor; NSCC = non-squamous cell
carcinoma; SCC = squamous cell carcinoma
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observed in our study (P = 0.03), that is in line
with the data from the meta-analysis of Zhao et
al., where a trend towards an increased IGF1R expression in SCC histology was noted.48 However,
only 10 out of 17 included studies (46% of included
patients) had sufficient data to assess the relationship between IGF1R expression and histology. In
addition, in advanced NSCLC Kim et al. found a
significantly higher IGF1R expression in the SCC
subgroup.46 Although the molecular basis of IGF1R
overexpression in SCC remains unknown, these
data suggest IGF1R expression might reflect an
important role of the IGF1R signalling pathway in
SCC development and spread.
No significant associations were noted between
IGF1R expression and sex, smoking status and performance status in our study. Similarly, other published studies in advanced NSCLC did not report
an association between IGF1R expression and the
aforementioned prognostic factors14,34,44, with the
exception of the study by Kim et al., where IGF1R
expression was associated with smoking status46,
in accordance to the meta-analysis.48 Whether
this is a consequence of an underlying molecular
mechanism, or the result of the majority of NSCLC
patients being smokers, remains to be elucidated.
Although the OS of IGF1R positive patients
with advanced NSCLC was longer than OS to
IGF1R negative counterparts (10.2 vs. 8.5 months,
P = 0.168), this difference was not statistically significant. The trend shown in our study is consistent
with the subgroup analysis in the meta-analysis,
where IGF1R positive expression was associated
with significantly better OS in NSCLC stage III and
IV patients48, proposing that aberrant signalling
pathways, other than IGF1R, take over the major
role in advanced NSCLC progression.
Despite the increasing evidence that T2DM negatively affects cancer prognosis49,53-61,63,64, we could
not prove a significant influence of T2DM on advanced NSCLC survival. Besides a relatively small
proportion of patients with T2DM in our study (N
= 18; 10.8%), another confounding factor might be
the fact, that almost half of our patients with T2DM
were treated with metformin, known to improve
cancer prognosis.65 Furthermore, IGF1R was not
overexpressed in T2DM patients, compared to
non-T2DM patients, opposing findings of Ding et
al. who found higher IGF1R expression in patients
with T2DM, compared to non-T2DM patients.50
However, as our T2DM subgroup was underpowered, our results need further confirmation on a
larger group of patients with advanced NSCLC
and T2DM.
Radiol Oncol 2017; 51(2): 195-202.

In the present study, IGF1R expression was
determined by immunohistochemistry, with an
arbitrarily predefined cut-off value of ≥ 1+. To emphasise, there are no validated scoring systems or
cut-off values for IGF1R expression available, and
in the published studies different thresholds were
used, resulting in great differences in the percentage of positive samples (range 12.7% to 78.0%).14,3045
Moreover, Dziadziuszko et al. reported that different anti-IGF1R antibodies on the market have
different specificity to IGF1R.30 In summary, methodological issues might have a strong influence
on IGF1R expression evaluation and the need for
a validated system for IGF1R expression detection
is warranted.
The major limitation of our study is the retrospective design and a relatively small number of
advanced NSCLC patients included, especially
patients with T2DM, affecting statistical power of
survival analysis and accuracy of the findings. In
addition, no validated scoring system for immunohistochemical IGF1R expression and an arbitrarily
defined cut-off value for IGF1R positivity may be
another source of bias. Unfortunately, in all of the
studies addressing the prognostic role of IGF1R expression in advanced NSCLC the same limitations
arise.14,34,44,46 Furthermore, tissue samples retrieved
in NSCLC are often scanty, with small biopsies failing to show any intra-tumoural biomarker heterogeneity.
In conclusion, we did not confirm a prognostic value of IGF1R overexpression or T2DM in
advanced NSCLC patients, treated with at least
one line of chemotherapy. In spite of those negative findings in relation to IGF1R overexpression,
we have shown a significant association between
IGF1R and SCC, indicating a possible oncogenic
role of IGF1R in SCC that deserves a further research. Yet, based on a small number of patients
in our study, further prospective studies on IGF1R
expression and its prognostic as well as therapeutic consequences in a larger collective of advanced
NSCLC patients, with or without T2DM, are needed.

Acknowledgements
The authors thank Tončka Urbanc and Mitja Rot
for help with tissue sections preparation and immunohistochemistry. This work was funded by
Slovenian Research Agency Grant J3-4076.

Humar M et al. / Prognostic role of IGF1R in advanced NSCLC

References
1. International Agency for Research on Cancer. World health Organization.
GLOBOCAN 2012: estimated cancer incidence, mortality and prevalence
worldwide in 20012. Lung cancer fact sheet. [Citated 2016 Jun 15]. Available
at http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx?cancer=lung.
2. Morgensztern D, Ng SH, Gao F, Govindan R. Trends in stage distribution
for patients with non-small cell lung cancer: A National Cancer Database
survey. J Thorac Oncol 2010; 5: 29-33. doi: 10.1097/JTO.0b013e3181c5920c
3. Debevec L, Jerič T, Kovač V, Bitenc M, Sok M. Is there any progress in routine
management of lung cancer patients? A comparative analysis of an institution in 1996 and 2006. Radiol Oncol 2009; 43: 47-53. doi: 10.2478/v10019009-0008-x
4. Howlader N, Noone AM, Krapcho M, Miller D, Bishop K, Altekruse SF, et
al. SEER cancer statistics review, 1975-2013. Bethesda: National Cancer
Institute. [Citated 2016 Sept 04]. Available at http://seer.cancer.gov/
csr/1975_2013/
5. Sechler M, Cizmic AD, Avasarala S, Van Scoyk M, Brzezinski C, Kelley N, et
al. Non-small-cell lung cancer: molecular targeted therapy and personalized
medicine – drug resistance, mechanisms, and strategies. Pharmgenomics
Pers Med 2013; 6: 25-36. doi: 10.2147/PGPM.S26058
6. Zwitter M, Stanic K, Rajer M, Kern I, Vrankar M, Edelbaher N, Kovac V.
Intercalated chemotherapy and erlotinib for advanced NSCLC: high proportion 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
7. Wang J, Wang B, Chu H, Yao Y. Intrinsic resistance to EGFR tyrosine kinase
inhibitors in advanced non-small-cell lung cancer with activating EGFR mutations. Onco Targets Ther 2016; 9: 3711-26. doi: 10.2147/OTT.S106399
8. Ward CW, Garrett TP, McKern NM, Lou M, Cosgrove LJ, Sparrow LG, et al.
The three dimensional structure of the type I insulin-like growth factor
receptor. Mol Pathol 2001; 54: 125-32.
9. Blakesley VA, Stannard BS, Kalebic T, Helman LJ, LeRoith D. Role of the IGF-I
receptor in mutagenesis and tumor promotion. J Endocrinol 1997; 152: 33944.
10. Eckstein N, Servan K, Hildebrandt B, Politz A, von Jonquières G, WolfKümmeth S, et al. Hyperactivation of the insulin-like growth factor receptor
I signalling pathway is an essential event for cisplatin resistance of ovarian
cancer cells. Cancer Res 2009; 69: 2996-3003. doi: 10.1158/0008-5472.CAN08-3153
11. Huang F, Xu LA, Khambata-Ford S. Correlation between gene expression
of IGF-1R pathway markers and cetuximab benefit in metastatic colorectal
cancer. Clin Cancer Res 2012; 18: 1156-66. doi: 10.1158/1078-0432.CCR-111135
12. Yuen JS, Akkaya E, Wang Y, Takiguchi M, Peak S, Sullivan M, et al. Validation
of the type 1 insulin-like growth factor receptor as a therapeutic target in
renal cancer. Mol Cancer Ther 2009; 8: 1448-59. doi: 10.1158/1535-7163.
MCT-09-0101
13. Suda K, Mizuuchi H, Sato K, Takemoto T, Iwasaki T, Mitsudomi T. The insulinlike growth factor 1 receptor causes acquired resistance to erlotinib in
lung cancer cells with the wild-type epidermal growth factor receptor. Int J
Cancer 2014; 135: 1002-6. doi: 10.1002/ijc.28737
14. Yeo CD, Park KH, Park CK, Lee SH, Kim SJ, Yoon HK, et al. Expression of
insulin-like growth factor 1 receptor (IGF-1R) predicts poor responses to
epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors in nonsmall cell lung cancer patients harboring activating EGFR mutations. Lung
Cancer 2015; 87: 311-7. doi: 10.1016/j.lungcan.2015.01.004
15. Lovly CM, McDonald NT, Chen H, Ortiz-Cuaran S, Heukamp LC, Yan Y, et al.
Rationale for co-targeting IGF1R and ALK in ALK fusion-positive lung cancer.
Nat Med 2014; 20: 1027-34. doi: 10.1038/nm.3667
16. Beckwith H, Yee D. Minireview: Were the IGF signaling inhibitors all bad?
Mol Endocrinol 2015; 29: 1549-57. doi: 10.1210/me.2015-1157.
17. Yerushalmi R, Gelmon KA, Leung S, Gao D, Cheang M, Pollak M, et al. Insulinlike growth factor receptor (IGF-1R) in breast cancer subtypes. Breast
Cancer Res Treat 2012; 132: 131-42. doi: 10.1007/s10549-011-1529-8

18. Mountzios G, Aivazi D, Kostopoulos I, Kourea HP, Kouvatseas G, Timotheadou
E, et al. Differential expression of the insulin-like growth factor receptor
among early breast cancer subtypes. PLoS One 2014; 9: e91407. doi:
10.1371/journal.pone.0091407
19. Bahhnassy A, Mohanad M, Shaarawy S, Ismail MF, El-Bastawisy A, Ashmawy
AM, et al. Transforming growth factor-β, insulin-like growth factor I/insulinlike growth factor I receptor and vascular endothelial growth factor-A:
prognostic and predictive markers in triple-negative and non-triple-negative
breast cancer. Mol Med Rep 2015; 12: 851-64. doi: 10.3892/mmr.2015.3560
20. Mountzios G, Kostopoulos I, Kotoula V, Sfakianaki I, Fountzilas E, Markou K,
et al. Insulin-like growth factor 1 receptor (IGF1R) expression and survival in
operable squamous-cell laryngeal cancer. PLoS One 2013; 8: e54048. doi:
10.1371/journal.pone.0054048
21. Huang Y-F, Shen M-R, Hsu K-F, Cheng Y-M, Chou C-Y. Clinical implications of
insulin-like growth factor 1 system in early-stage cervical cancer. Br J Cancer
2008; 99: 1096-102. doi: 10.1038/sj.bjc.6604661
22. Hirakawa T, Yashiro M, Murata A, Hirata K, Kimura K, Amano R, et al.
IGF-1 receptor and IGF binding protein-3 might predict prognosis of patients with resectable pancreatic cancer. BMC Cancer. 2013; 13: 392. doi:
10.1186/1471-2407-13-392
23. Numata K, Oshima T, Sakamaki K, Yoshihara K, Aoyama T, Hayashi T, et al.
Clinical significance of IGF1R gene expression in patients with Stage II/III
gastric cancer who receive curative surgery and adjuvant chemotherapy
with S-1. J Cancer Res Clin Oncol 2016; 142: 415-22. doi: 10.1007/s00432015-2039-6
24. Sichani MM, Yazdi FS, Moghaddam NA, Chehrei A, Kabiri M, Naeimi A, et al.
Prognostic value of insulin-like growth factor-I receptor expression in renal
cell carcinoma. Saudi J Kidney Dis Transpl 2010; 21: 69-74.
25. Gonzalez-Roibon N, Kim JJ, Faraj SF, Chaux A, Bezerra SM, Munari E, et
al. Insulin-like growth factor-1 receptor overexpression is associated with
outcome in invasive urothelialcarcinoma of urinary bladder: a retrospective
study of patients treated using radical cystectomy. Urology 2014; 83: 1444.
e1-6. doi: 10.1016/j.urology.2014.01.028
26. Cappuzzo F, Varella-Garcia M, Finocchiaro G, Skokan M, Gajapathy S,
Carnaghi C, et al. Primary resistance to cetuximab therapy in EGFR FISHpositive colorectal cancer patients. Br J Cancer 2008; 99: 83-9. doi: 10.1038/
sj.bjc.6604439
27. Takahari D, Yamada Y, Okita N, T, Honda T, Hirashima Y, Matsubara J, et al.
Relationships of insulin-like growth factor-1 receptor and epidermal growth
factor receptor expression to clinical outcomes in patients with colorectal
cancer. Oncology 2009; 76: 42-8. doi: 10.1159/000178164
28. Joehlin-Price AS, Stephens JA, Zhang J, Backes FJ, Cohn DE, Suarez AA.
Endometrial cancer insulin-like growth factor 1 receptor (IGF1R) expression
increases with body mass index and is associated with pathologic extent
and prognosis. Cancer Epidemiol Biomarkers Prev 2016; 25: 438-45. doi:
10.1158/1055-9965.EPI-15-1145
29. Peiró G, Lohse P, Mayr D, Diebold J. Insulin-like growth factor-I receptor and
PTEN protein expression in endometrial carcinoma. Correlation with bax
and bcl-2 expression, microsatellite instability status, and outcome. Am J
Clin Pathol 2003; 120: 78-85. doi: 10.1309/C1KA-H1PR-L1UB-W798
30. Dziadziuszko R, Merrick DT, Witta SE, Mendoza AD, Szostakiewicz B,
Szymanowska A, et al. Insulin-like growth factor receptor 1 (IGF1R) gene
copy number is associated with survival in operable non-small-cell lung
cancer: a comparison between IGF1R fluorescent in situ hybridization, protein expression, and mRNA expression. J Clin Oncol 2010; 28: 2174-80. doi:
10.1200/JCO.2009.24.6611
31. Lee CY, Jeon JH, Kim HJ, Shin DH, Roh TW, Ahn CM, et al. Clinical significance
of insulin-like growth factor-1 receptor expression in stage I non-small-cell
lung cancer: immunohistochemical analysis. Korean J Intern Med 2008; 23:
116-20. doi: 10.3904/kjim.2008.23.3.116
32. Gong Y, Yao E, Shen R, Goel A, Arcila M, Teruya-Feldstein J, et al. High expression levels of total IGF-1R and sensitivity of NSCLC cells in vitro to an antiIGF-1R antibody (R1507). PLoS One 2009; 4: e7273. doi: 10.1371/journal.
pone.0007273
33. Cappuzzo F, Tallini G, Finocchiaro G, Wilson RS, Ligorio C, Giordano L, et al.
Insulin-like growth factor receptor 1 (IGF1R) expression and survival in surgically resected non-small-cell lung cancer (NSCLC) patients. Ann Oncol 2010;
21: 562-7. doi: 10.1093/annonc/mdp357

Radiol Oncol 2017; 51(2): 195-202.

201

202

Humar M et al. / Prognostic role of IGF1R in advanced NSCLC

34. Ning XH, Wang YZ, Bai CM, Li J. Clinical significance of insulin-like growth
factor-1 receptor in platinum-based chemotherapy for non-small celllung
cancer. [Chinese]. Zhongguo Yi Xue Ke Xue Yuan Xue Bao 2010; 32: 366-70.
doi: 10.3881/j.issn.1000-503X.2010.04.002
35. Tsuta K, Mimae T, Nitta H, Yoshida A, Maeshima AM, Asamura H, et al.
Insulin-like growth factor-1 receptor protein expression and gene copy
number alterations in non-small cell lungcarcinomas. Hum Pathol 2013; 44:
975-82. doi: 10.1016/j.humpath.2012.09.002
36. Ludovini V, Flacco A, Bianconi F, Ragusa M, Vannucci J, Bellezza G, et al.
Concomitant high gene copy number and protein overexpression of IGF1R
and EGFR negatively affect disease-free survival of surgically resected nonsmall-cell-lung cancer patients. Cancer Chemother Pharmacol 2013; 71:
671-80. doi: 10.1007/s00280-012-2056-y
37. Zhang X, Sun J, Wang H, Lou Y, Zhang Y, Sha H, et al. IGF-1R and Bmi-1
expressions in lung adenocarcinoma and their clinicopathologic and prognostic significance. Tumour Biol 2014; 35: 739-45. doi: 10.1007/s13277-0131100-9
38. Gately K, Forde L, Cuffe S, Cummins R, Kay EW, Feuerhake F, et al. High coexpression of both EGFR and IGF1R correlates with poor patient prognosis in
resected non-small-cell lung cancer. Clin Lung Cancer 2014; 15: 58-66. doi:
10.1016/j.cllc.2013.08.005

52. Wang HS, Wang TH. Polycystic ovary syndrome (PCOS), insulin resistance
and insulin-like growth factors (IGfs)/IGF-binding proteins (IGFBPs). Chang
Gung Med J 2003; 26: 540-53.
53. Zhou Y, Zhang X, Gu C, Xia J. Diabetes mellitus is associated with breast
cancer: systematic review, meta-analysis, and in silico reproduction.
Panminerva Med 2015; 57: 101-8.
54. Jiang Y, Ben Q, Shen H, Lu W, Zhang Y, Zhu J. Diabetes mellitus and incidence
and mortality of colorectal cancer: a systematic review and meta-analysis of
cohort studies. Eur J Epidemiol 2011; 26: 863-76. doi: 10.1007/s10654-0119617-y
55. Tian T, Zhang LQ, Ma XH, Zhou JN, Shen J. Diabetes mellitus and incidence
and mortality of gastric cancer: a meta-analysis. Exp Clin Endocrinol
Diabetes 2012; 120: 217-23. doi: 10.1055/s-0031-1297969
56. Walter U, Kohlert T, Rahbari NN, Weitz J, Welsch T. Impact of preoperative
diabetes on long-term survival after curative resection of pancreatic adenocarcinoma: a systematic review and meta-analysis. Ann Surg Oncol 2014;
21: 1082-9. doi: 10.1245/s10434-013-3415-6
57. Wang YG, Wang P, Wang B, Fu ZJ, Zhao WJ, Yan SL. Diabetes mellitus and
poorer prognosis in hepatocellular carcinoma: a systematic review and meta-analysis. PLoS One. 2014; 9: e95485. doi: 10.1371/journal.pone.0095485

39. Tran TN, Selinger CI, Yu B, Ng CC, Kohonen-Corish MR, McCaughan B, et al.
Alterations of insulin-like growth factor-1 receptor gene copy number and
protein expression are common in non-small cell lung cancer. J Clin Pathol
2014; 67: 985-91. doi: 10.1136/jclinpath-2014-202347

58. Cai H, Xu Z, Xu T, Yu B, Zou Q. Diabetes mellitus is associated with elevated
risk of mortality amongst patients with prostate cancer: a meta-analysis of
11 cohort studies. Diabetes Metab Res Rev 2015; 31: 336-43. doi: 10.1002/
dmrr.2582

40. Nakagawa M, Uramoto H, Shimokawa H, Onitsuka T, Hanagiri T, Tanaka
F. Insulin-like growth factor receptor-1 expression predicts postoperative
recurrence in adenocarcinoma of the lung. Exp Ther Med 2011; 2: 585-90.
doi: 10.3892/etm.2011.258

59. Chen L, Li H, Gu L, Ma X, Li X, Gao Y, et al. The impact of diabetes mellitus on
renal cell carcinoma prognosis: a meta-analysis of cohort studies. Medicine
(Baltimore) 2015; 94: e1055. doi: 10.1097/MD.0000000000001055

41. Kim JS, Kim ES, Liu D, Lee JJ, Solis L, Behrens C, et al. Prognostic impact of
insulin receptor expression on survival of patients with non small cell lung
cancer. Cancer 2012; 118: 2454-65. doi: 10.1002/cncr.26492
42. Yamamoto T, Oshima T, Yoshihara K, Nishi T, Arai H, Inui K, et al. Clinical significance of immunohistochemical expression of insulin-like growth factor-1
receptor and matrixmetalloproteinase-7 in resected non-small cell lung
cancer. Exp Ther Med 2012; 3: 797-802. doi: 10.3892/etm.2012.493
43. Xu C, Xie D, Yu SC, Yang XJ, He LR, Yang J, et al. β-Catenin/POU5F1/SOX2
transcription factor complex mediates IGF-I receptor signaling and predicts
poor prognosis in lung adenocarcinoma. Cancer Res 2013; 73: 3181-9. doi:
10.1158/0008-5472.CAN-12-4403
44. Cappuzzo F, Toschi L, Tallini G, Ceresoli GL, Domenichini I, Bartolini S, et al.
Insulin-like growth factor receptor 1 (IGFR-1) is significantly associated with
longer survival in non-small-cell lung cancer patients treated with gefitinib.
Ann Oncol 2006; 17: 1120-7. doi: 10.1093/annonc/mdl077
45. Kikuchi R, Sonobe M, Kobayashi M, Ishikawa M, Kitamura J, Nakayama E, et
al. Expression of IGF1R is associated with tumor differentiation and survival
in patients with lung adenocarcinoma. Ann Surg Oncol 2012; 19(Suppl 3):
S412-20. doi: 10.1245/s10434-011-1878-x.
46. Kim YH, Sumiyoshi S, Hashimoto S, Masago K, Togashi Y, Sakamori Y, et al.
Expressions of insulin-like growth factor receptor-1 and insulin-like growth
factor binding protein 3 in advanced non-small-cell lung cancer. Clin Lung
Cancer 2012; 13: 385-90. doi: 10.1016/j.cllc.2011.11.009
47. Park E, Park SY, Kim H, Sun PL, Jin Y, Cho SK, et al. Membranous Insulin-like
Growth Factor-1 Receptor (IGF1R) Expression Is Predictive of Poor Prognosis
in Patients with Epidermal Growth Factor Receptor (EGFR)-Mutant Lung
Adenocarcinoma. J Pathol Transl Med 2015; 49: 382-8. doi: 10.4132/
jptm.2015.07.10
48. Zhao S, Qiu Z, He J, Li L, Li W. Insulin-like growth factor receptor 1 (IGF1R) expression and survival in non-small cell lung cancer patients: a meta-analysis.
IntJ Clin Exp Pathol 2014; 7: 6694-704.
49. Richardson LC, Pollack LA. Therapy insight: Influence of type 2 diabetes on
the development, treatment and outcomes of cancer. Nat Clin Pract Oncol
2005; 2: 48-53. doi: 10.1038/ncponc0062
50. Ding J, Tang J, Chen X, Men HT, Luo WX, Du Y, et al. Expression characteristics
of proteins of the insulin-like growth factor axis in non-small cell lung cancer
patients with preexisting type 2 diabetes mellitus. Asian Pac J Cancer Prev
2013; 14: 5675-80.
51. LeRoith D, Roberts CT Jr. The insulin-like growth factor system and cancer.
Cancer Lett 2003; 195: 127-37.

Radiol Oncol 2017; 51(2): 195-202.

60. Jiamset I, Hanprasertpong J. Impact of diabetes mellitus on oncological outcomes after radical hysterectomy for early stage cervical cancer. J Gynecol
Oncol 2016; 27: e28. doi: 10.3802/jgo.2016.27.e28
61. Inal A, Kaplan MA, Kucukoner M, Urakci Z, Kilinc F, Isikdogan A. Is diabetes
mellitus a negative prognostic factor for the treatment of advanced nonsmall-cell lung cancer? Rev Port Pneumol 2014; 20: 62-8. doi: 10.1016/j.
rppneu.2013.09.001
62. Hatlen P, Gronberg BH, Langhammer A, Carlsen SM, Amundsen T. Prolonged
survival in patients with lung cancer with diabetes mellitus. J Thorac Oncol
2011; 6: 1810-7. doi: 10.1097/JTO.0b013e31822a75be
63. Imai H, Kaira K, Mori K, Ono A, Akamatsu H, Matsumoto S, et al. Prognostic
significance of diabetes mellitus in locally advanced non-small cell lung
cancer. BMC Cancer 2015; 15: 989. doi: 10.1186/s12885-015-2012-4
64. Zhu L, Cao H, Zhang T, Shen H, Dong W, Wang L, et al. The effect of diabetes mellitus on lung cancer prognosis: a PRISMA-compliant meta-analysis
of cohort studies. Medicine (Baltimore) 2016; 95: e3528. doi: 10.1097/
MD.0000000000003528
65. Yin M, Zhou J, Gorak EJ, Quddus F. Metformin is associated with survival
benefit in cancer patients with concurrent type 2 diabetes: a systematic
review and meta-analysis. Oncologist 2013; 18: 1248-55. doi: 10.1634/theoncologist.2013-0111
66. Altman DG, McShane LM, Sauerbrei W, Taube SE. Reporting recommendations for tumor marker prognostic studies (REMARK): explanation and elaboration. PLoS Med 2012; 9: e1001216. doi: 10.1371/journal.pmed.1001216

203

research article

Carotid artery stiffness, digital endothelial
function, and coronary calcium in patients
with essential thrombocytosis, free of overt
atherosclerotic disease
Matjaz Vrtovec1,2, Ajda Anzic2, Irena Preloznik Zupan3,4, Katja Zaletel1,4, Ales Blinc2,4
Department of Nuclear Medicine, University Medical Centre Ljubljana, Slovenia
Department of Vascular Diseases, University Medical Centre Ljubljana, Slovenia
3 Department of Haematology, University Medical Centre Ljubljana, Slovenia
4 Faculty of Medicine, University of Ljubljana; Slovenia
1
2

Radiol Oncol 2017; 51(2): 203-210.
Received 21 September 2016
Accepted 17 December 2016
Correspondence to: Aleš Blinc, Department of Vascular Diseases, University Medical Centre Ljubljana, Zaloška 7, SI-1525 Ljubljana, Slovenia.
E-mail: ales.blinc@kclj.si
Disclosure: No potential conflicts of interest were disclosed.
This work has been supported by the Slovenian Research Agency, Research Program No. P3-0308. The authors are grateful to Dr. Borut Jug
for his contribution to initiating the study.

Background.

Patients with myeloproliferative neoplasms (MPNs) are at increased risk for atherothrombotic events.
Our aim was to determine if patients with essential thrombocytosis (ET), a subtype of MPNs, free of symptomatic atherosclerosis, have greater carotid artery stiffness, worse endothelial function, greater coronary calcium and carotid
plaque burden than control subjects.
Patients and methods. 40 ET patients without overt vascular disease, and 42 apparently healthy, age and sexmatched control subjects with comparable classical risk factors for atherosclerosis and Framingham risk of coronary
disease were enrolled. All subjects were examined by physical and laboratory testing, carotid echo-tracking ultrasound, digital EndoPat pletysmography and CT coronary calcium scoring.
Results. No significant differences were found between ET patients and controls in carotid plaque score [1 (0-1.25)
vs. 0 (0-2), p=0.30], β- index of carotid stiffness [7.75 (2.33) vs. 8.44 (2,81), p=0.23], pulse wave velocity [6,21 (1,00) vs.
6.45 (1.04) m/s; p=0.46], digital reactive hyperemia index [2.10 (0.57) vs. 2.35 (0.62), p=0.07], or augmentation index
[19 (3-30) vs. 13 (5-22) %, p=0.38]. Overall coronary calcium burden did not differ between groups [Agatston score 0.1
(0-16.85) vs. 0 (0-8.55), p=0.26]. However, significantly more ET patients had an elevated coronary calcium score of
>160 [6/40 vs. 0/42, p < 0.01].
Conclusions. No significant differences between groups were found in carotid artery morphology and function,
digital endothelial function or overall coronary calcium score. Significantly more ET patients had an elevated coronary
calcium score of >160, indicating high cardiovascular risk, not predicted by the Framingham equation.
Key words: arterial wall; functional properties; morphological properties; calcium score; Framingham risk score; myeloproliferative disease

Introduction
Philadelphia chromosome-negative chronic myeloproliferative neoplasms (MPNs) are clonal
haematopoietic stem cell disorders, traditionally
Radiol Oncol 2017; 51(2): 203-210.

divided into essential thrombocytosis (ET), polycythemia vera (PV), and primary myelofibrosis
(PMF). Transitions between these disease entities are common, and may represent a continuum
from early disease to the advanced myelofibrosis
doi:10.1515/raon-2017-0006
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stage and finally to leukemic transformation.1 The
Janus kinase JAK2 V617F mutation is detected in
more than 95% of patients with PV and in approximately 50% of patients with ET and PMF.2 It is not
known in detail, how the Janus kinase (JAK) signal pathway dysregulation affects MPNs initiation
and evolution, but elevated biomarkers of chronic
inflammation have been described in all MPNs
entities.3-9 In addition to thrombotic and haemorrhagic complications and bone marrow failure in
the advanced stage, patients with MPNs often suffer atherothrombotic events.9-11 Thrombosis may
involve the veins as well as the arteries, with acute
coronary disease being the most prevalent manifestation of the latter.10 Over a period of 10 years,
about 10% of patients with PV and ET suffered
myocardial infarction.11
Chronic inflammation plays an important role
in the development of atherosclerosis in general
population.12,13 In MPNs, it seems that chronic inflammation could be a trigger and promoter of the
clonal expansion of leukocytes and platelets which
release inflammatory cytokines.14 Since inflammatory cytokines contribute to leukocyte and platelet generation, a positive feedback loop is established14, contributing to premature atherosclerosis
in patients with MPNs.8,9,15
Ultrasonographic measurement of carotid arterial stiffness has been proposed as a sensitive
method for detecting early vascular changes.16-18
Endothelial dysfunction is associated with cardiovascular risk19, and also a contributor to the
progression of atherosclerosis.20 Coronary artery
calcium scanning is the most reliable predictor of
coronary events in subjects with intermediate cardiovascular risk.21 Little is known about functional
and morphological properties of the arterial wall
and the prevalence of asymptomatic coronary atherosclerosis in patients with JAK2 V617F positive
myeloproliferative disease.
Our aim was to test whether patients with JAK2
V617F positive MPNs, without clinically manifest
atherosclerosis, have more prevalent asymptomatic carotid plaques, greater carotid artery stiffness,
greater coronary calcium burden and worse digital
endothelial function than apparently healthy control subjects, matched for classical risk factors for
atherosclerosis.

Patients and methods
Patients were recruited from University Medical
Centre Ljubljana, Department of Haematology
Radiol Oncol 2017; 51(2): 203-210.

among JAK2 V617F positive patients with ET,
treated between 2011 and 2014. Among 180 ET
consecutive patients, 124 were JAK2 positive and
61 did not have a personal history of clinically
manifest atherosclerotic vascular disease (angina
pectoris, myocardial infarction, transient ischemic
attack, ischemic stroke, peripheral arterial disease
or known aortic disease). Among those, 40 patients
gave their informed consent for participating in the
cross-sectional study of functional and morphological properties of the carotid arteries, coronary calcium burden and endothelial function of the digital
arteries. The control group was recruited among
apparently healthy employees of the University
Medical Centre Ljubljana and their relatives, aiming to match the patient group regarding age and
sex. After screening 57 volunteers, 42 apparently
healthy subjects were selected matching the ET
patients for age, sex distribution and classical risk
factors for atherosclerosis.
All participating subjects had to be at least 18
years old, not pregnant, and free of documented
or clinically suspected atherosclerotic vascular
disease. After giving their informed consent, all
subjects were questioned for their medical history
according to a structured questionnaire, examined physically and drawn blood for laboratory
testing. Subsequently, their extracranial carotid
arteries were examined by ultrasound, reactive
hyperemia response of the digital arteries was assessed by EndoPat pletysmography, and coronary
calcium burden was assessed by CT. Workup of
each study participant was done in single visit,
between January 2014 and August 2015, strictly
on Fridays between 12.00 and 16.00 hours, in the
facilities of the Clinical Department for Vascular
Diseases and Department of Nuclear Medicine,
University Medical Centre Ljubljana. The study
was approved by the Committee for Medical Ethics
of the Republic of Slovenia with the decision letter
154/05/12.
The 10-year risks of coronary heart disease,
myocardial infarction, stroke and overall cardiovascular disease were calculated according to the
Framingham risk equations, taking into account
the subjects age, sex, smoking status, presence of
diabetes, systolic blood pressure total serum cholesterol and HDL-cholesterol.22 Left ventricular
hypertrophy as determined by EKG was not taken
into account. The Framingham risk calculator in
Microsoft Excel was used for the calculations.23
The extracranial carotid arteries (common, internal and external carotid on both sides) were examined by a single ultrasonographer, using an Aloka
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prosound α7 (Hitachi Aloka Medical, Ltd., Japan)
machine with a linear vascular probe (working frequency of 5-13 MHz). Testing was performed with
subjects comfortably lying supine in a quiet room
with the air temperature of 22-24°C.
Asymptomatic carotid atherosclerosis was assessed by identifying carotid plaques, which were
defined as focal lesions exceeding the intima-media thickness by at least 50% or reaching an absolute thickness of at least 1.5 mm in two orthogonal
projections. Scoring of atherosclerotic plaques was
performed by a modification of the methodology
used in the Rotterdam Study.24 The extracranial
carotid arteries were divided into three sectors on
each side: the common carotid artery and its bulb,
the internal carotid artery, and the external carotid artery. At least one plaque in any sector was
scored 1 point, while the absence of plaques was
scored as 0. Thus, the carotid plaque score ranged
from 0 (absence of plaques) to 6 (plaques in all
sectors).24
Echo-tracking of the common carotid arterial
wall 2 cm proximal to the bulb was used to the
β-stiffness index (β)25 and to estimate pulse wave
velocity (PWV)26. The β-stiffness index was calculated as:
β = ln (P_max / P_min) / [(D_max – D_min / D_min)]
where P_max was the systolic blood pressure,
P_min the diastolic pressure; D_max the maximum
arterial diameter and D_min the minimal arterial
diameter.
The PWV was estimated according to the formula:21
PWV = √ ((β x P_min) / 2ρ))
where ρ was the specific mass of blood (ρ = 1050
kg/m³).
Coronary artery calcium scanning was performed on a Biograph M 128-row PET-CT scanner (Siemens, Erlangen, Germany. We used a
non-contrast protocol with sequential, prospective
ECG triggering, rotation time 0.33 sec, tube voltage 120 kV, CARE Dose 4D, slice thickness 3 mm,
with no slice overlap. Scanning was done in sustained breath hold, from the carina to the base of
the heart. Post-processing was done on the Syngo
Leonardo workstation. Evaluation of the dataset of
every study subject was done three times, and the
calculated average value was used for further analysis. The coronary calcium burden was expressed
as the Agatston score.27

Endothelial function of the digital arteries was
measured by digital pletysmography before and
after a 5-min arterial occlusion of the forearm by
inflating a cuff to 60 mmHg more than the arterial
blood pressure in order to assess the response to
reactive hyperemia by the apparatus EndoPAT2000
(Itamar Medical REF, Israel). All subjects were examined in the fasting state and were requested to
abstain from drinking coffee or smoking at least 3
hours before the examination, and to abstain from
drinking alcohol at least 10 hours before the examination. Testing was performed with subjects comfortably lying supine in a quiet room with the air
temperature 22-24°C.
The reactive hyperemia index (RHI) and augmentation index (AI) were determined.28 RHI was
calculated by the formula:
RHI = (A/B) / (C/D)
where A is the post-occlusion pulse wave amplitude (PWA) of the occluded hand, B the baseline
PWA of the occluded hand, C the post-occlusion
PWA of the contralateral hand, and D the baseline
PWA of the contralateral hand.
The AI was determined from the shape of the
arterial pulse wave by the EndoPAT 2000 software
which distinguished between the primary pulse
wave (P1) and the reflected pulse wave (P2) by the
formula: AI = ((P2-P1)/P1) x 100.28 The results were
normalized to a heart rate of 75/min.
All sets of data were tested for normality of distribution using the normal-quintile plot, calculating the correlation coefficient and checking it for
the critical value that would warrant rejection of
normal distribution with an α-error probability of
0.05. Normally distributed data are presented as
mean and standard deviation, while non-normally
distributed data are presented as median and range
between the 1st and 3rd quartile. Differences between
subjects with ET and control subjects were tested by
the chi-square test for discrete variables, for normally distributed continuous variables by the paired
Student’s t-test for independent samples, and for
non-normally distributed continuous variables by
the Mann-Whitney test for independent samples.
The Pearson correlation coefficient was calculated between the Framingham prediction of coronary heart disease and the coronary calcium score,
and between the coronary calcium score and the
carotid plaque score of the two groups. The calculations were done by Microsoft Excel software or
by the Social Science Statistics Calculators available at www.socscistatistics.com.
Radiol Oncol 2017; 51(2): 203-210.
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FIGURE 1. Recruitment of essential thrombocytosis (ET) and
control subjects for the cross-sectional study of endothelial
function and preclinical atherosclerosis.

Results
The flow chart of recruitment is shown in
Figure 1
The baseline characteristics of our subjects are
shown in Table 1. The groups were matched for
age and sex distribution and there were no significant differences in blood pressure, blood lipids,
smoking status or diabetes. Thus, there were no
differences in the Framingham prediction of cardiovascular risk between the two groups (Table 2).

FIGURE 2. Correlation of the Framingham coronary heart disease (CHD) risk and
coronary calcification (Agatston score). While a significant Pearson correlation
between the Framingham CHD risk and the Agatston score was found for control
subjects (r = 0.577, p < 0.001), no significant correlation was found for the patients
with essential thrombocytosis (ET).

Radiol Oncol 2017; 51(2): 203-210.

The patients with ET differed from the control
group in most parameters of blood cell count, most
notably the number of platelets (Table 3). No differences were found between the two groups in the
carotid plaque score, carotid artery stiffness or the
estimated pulse wave velocity (Table 4).
The RHI of the digital arteries showed a trend
towards toward better endothelial reactivity in
control subjects [2.35 (0.62) vs. 2.10 (0.57)], but the
difference did not reach statistical significance (p
= 0.07). There were also no differences in the AI,
an estimate of stiffness of the conductive arteries of
the upper limb (Table 5).
The majority of our patients and control subjects had their coronary arteries free of calcification
(Figure 2), and the overall Agatston calcium score
did not differ between the two groups. However, a
significant number of patients with ET had a high
calcium score not predicted by the Framingham
risk equation for coronary disease (Table 6,
Figure 2). While a significant correlation between
the Framingham CHD risk and the Agatston was
found for control subjects (r = 0.577, p < 0.001), no
significant correlation was found fort the patients
with ET (r = 0.197, p =0.223).
A weak correlation between the carotid plaque
score and the Agatston coronary artery calcium
score was found in patients with ET (r = 0.418, p
< 0.01), but there was no correlation in the control
group (r = 0.063, p = 0.69).

Discussion
This cross-sectional study of patients with JAK2
V617F positive ET did not find differences in carotid artery plaque score, carotid artery stiffness, endothelial function or overall coronary calcium score
in comparison to control subjects, but there were
more patients with a high coronary calcium score
among the patients. The Framingham coronary disease risk prediction correlated with the coronary
calcium score in control subjects, but not in patients
with ET, indicating that Philadelphia chromosomenegative MPNs, specifically ET, represent a nonclassical risk factor for coronary atherosclerosis.
Why was high calcium scoring the only parameter that differed between patients with ET and
apparently healthy control subjects, whereas arterial stiffness and endothelial function did not show
any significant difference?
Coronary calcium scanning is the most reliable
predictor of coronary events in asymptomatic individuals with an intermediate risk according to
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TABLE 1. Baseline characteristics. Numbers of subjects are given for discrete data. Mean and standard deviation are shown for
normally distributed continuous data; median and interquartile range are given for non-normally distributed continuous data.
Comparisons between groups were tested by χ-square1, Student’s t-test2, or Mann-Whitney test3
Variable
2

Age (years)

¹ Sex (M/F)

ET patients
(n= 40)

Control group
(n= 42)

Comparison between
groups (p)

57.1 (14.1)

58.2 (13.1)

0.71

14/26

16/26

0.77

2

BMI (kg/m2)

25.4 (3.5)

27.0 (4.5)

0.07

2

Waist circumference (cm)
M
F

95.4 (10.4)
89.7 (8.8)

101.1(10.2)
89.4 (13.6)

0.14
0.92

3

Systolic blood pressure (mmHg)

139 (129-148)

136 (130-143)

0.33

3

Diastolic blood pressure (mmHg)

80 (73-89)

80 (74-87)

0.92

2

Total cholesterol (mmol/l)

5.01 (1.07)

5.23 (0.83)

0.30

2

LDL-cholesterol (mmol/l)

2.73 (0.77)

2.86 (0.69)

0.42

2

HDL-cholesterol (mmol/l)

1.44 (0.48)

1.63 (0.48)

0.07

2

Triglycerides (mmol/l)

1.82 (0.79)

1.65 (0.82)

0.33

1

Current smoking (yes/no)

5/35

3/39

0.41

1

Ever smoking (yes/no)

16/24

11/31

0.12

1

Diabetes (yes/no)

3/37

0/42

0.07

3

Serum glucose (mmol/l)

5.4 (4.7-6.1)

5.1 (4.8-5.6)

0.64

Kidney disease (yes/no)
2

Serum creatinine (µmol/l)

Family history of premature CVD (yes/no)
1

Family history of CVD (yes/no)

0/40

0/42

-

75.7 (15.0)

75.7 (14.1)

0.99

0/40

0/42

-

16/24

16/26

0.86

BMI = body mass index; CVD = cardiovascular disease; ET = essential thrombocytosis; F = female; HDL = high density lipoprotein; LDL = low density
lipoprotein; M = male

TABLE 2. Cardiovascular 10-year risk estimation by the Framingham risk equations. Median and interquartile range are shown.
Comparisons between groups were tested by the Mann-Whitney test
Framingham
10-year risk calculation (%)

ET patients
(n= 40)

Control group
(n= 42)

Comparison between
groups (p)

CHD

7.80 (3.98-13.73)

7.20 (3.57-11.37)

0.52

MI

2.87 (1.25-6.72)

2.17 (0.77-4.73)

0.47

2.93 (1.19-5.37)

2.59 (1.49-4.09)

0.73

14.56 (7.16 – 23.68)

12.99 (6.43-19.52)

0.84

Stroke
CVD

CHD = coronary heart disease; CVD = overall cardiovascular disease; ET = essential thrombocytosis; MI = myocardial infarction; Stroke = ischemic stroke

the Framingham score.21 Many studies have demonstrated its prognostic superiority over risk-factor
based predictions, and the radiation exposure is no
greater than that of mammography.21 Individuals
with an Agatston score of >160 have a significantly increased risk for a major adverse cardiac
event29, and our cross-sectional study identified 6
such patients among the 40 patients with ET, but

none among the 42 control subjects. Since there
was no correlation between the Framingham risk
prediction and the coronary calcium score among
patients with ET, this speaks for JAK2 positive ET
being a non-classical risk factor for coronary atherosclerosis. With the increasing availability of
coronary artery calcium scanning and it’s decreasing radiation exposure it might be desirable to test
Radiol Oncol 2017; 51(2): 203-210.
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TABLE 3. Blood cell count and C-reactive protein (CRP). Mixed cells denote a composite reading for monocytes, eosinophils and
basophils. When CRP was reported as < 5 mg/L, a value of 2.5 mg/L was ascribed to the subject, therefore the CRP values are
only an approximation. Mean and standard deviation are shown for normally distributed data; median and interquartile range are
given for non-normally distributed data. The comparisons between groups were tested by Student’s t-test1, or by Mann-Whitney
test2
Variable

ET patients
(n= 40)

Control group
(n= 42)

Comparison between
groups (p)

4.37 (0.67)

4.76 (0.41)

<0.01

1

Red blood cells [10^12/L]

1

Platelets [10^9/L]

509 (182)

243 (53)

<0.001

1

Leukocytes [10^9/L]

7.60 (3.00)

7.02 (1.63)

0.28

1

Lymphocytes [10^9/L]

1.67 (0.80)

2.23 (0.75)

<0.01

1

Neutrophils [10^9/L]

5.15 (2.48)

4.15 (1.20)

0.02

Mixed cells
[10^9/L]

0.6 (0.4-0.9)

0.6 (0.5-0.7)

0.76

CRP [mg/L]

5.0 (2.5-8.4)

5.4 (2.5-6.1)

0.27

2

2

ET = essential thrombocytosis

TABLE 4. Asymptomatic carotid plaques, carotid β-stiffness index and estimated pulse wave velocity. Mean and standard
deviation are given for normally distributed continuous data, median and interquartile range are given for non-normally distributed
continuous data and the number of subjects with a carotid plaque score of ≥2 is given. Comparisons between groups were tested
by: χ-square1, Student’s t-test2, or the Mann-Whitney test3
ET patients
(n= 40)

Control group
(n= 42)

Comparison between
groups (p)

3

Carotid plaque score

1 (0-1.25)

0 (0-2)

0.30

1

Carotid plaque score
≥2 (yes/no)

10/30

14/28

0.41

2

β-stiffness index

7.75 (2.34)

8.44 (2.81)

0.23

2

pulse wave velocity (m/s)

6.21 (1.00)

6.45 (1.04)

0.46

ET = essential thrombocytosis

TABLE 5. Endothelial function of the digital arteries - reactive hyperemia index (RHI) and estimate of vascular stiffness - augmentation
index (AI). Means and standard deviations are given for the normally distributed RHI, medians and interquartile range are given for
non-normally distributed AI. Comparisons between groups were tested by the Student’s t-test1, or the Mann-Whitney test2

1

RHI

2

AI [%]

ET patients
(n= 40)

Control group
(n= 42)

Comparison between
groups (p)

2.10 (0.57)

2.35 (0.62)

0.07

19 (3-30)

13 (5-22)

0.38

ET = essential thrombocytosis

TABLE 6. Coronary calcium burden. Median and interquartile range are given for the Agatston score of coronary calcification,
and the number of subjects with an Agatston score of > 160 is given. The comparison between groups were tested by χ-square1- or
Mann-Whitney test2
Coronary calcuim burden
2
1

Agatston score

Agatston score > 160 (yes/no)

ET = essential thrombocytosis

Radiol Oncol 2017; 51(2): 203-210.

ET patients
(n= 40)

Control group
(n= 42)

Comparison between
groups (p)

0.1 (0-16.85)

0 (0-8.55)

0.26

6/34

0/42

<0.01
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all middle aged patients with JAK2 positive MPNs
for coronary calcium regardless of their perceived
Framingham risk.
Carotid plaque score and the Agatston coronary
artery calcium score, two markers of advanced
atherosclerosis, were weakly correlated in patients
with ET (r = 0.418, p < 0.01), but not at all in the
control group.
Functional methods for assessing arterial stiffness and endothelial function are less robust than
coronary calcum scanning and morphological carotid ultrasound examination. Although arterial
stiffness and endothelial dysfunction strongly correlate with vascular risk factors and atherothrombotic events, there is no universally accepted method of their measurement and their clinical utility is
not well established.16,19 Since arterial stiffness and
endothelial function can be measured in many different ways, each research group has to focus on
methods that are available to them and with which
they are familiar. We chose the ultrasound based
echo-tracking method to determine the local stiffness of the common carotid artery, expressed by
the β-stiffness index, which has the advantage of
being independent of blood pressure in a wide
physiological range.25 Detecting and analyzing carotid wall motion as a function of cardiac cycle by
echo-tracking is straightforward, but carotid stiffness tells little about the coronary arteries, which
have much greater stiffness than the common carotid arteries.30 Carotid stiffness predicted cardiovascular events in patients with advanced renal
disease31 and following renal transplantation32, but
was not predictive in a broader sample of patients
with manifest cardiovascular disease.33
The most widely used non-invasive method of
measuring endothelial function is flow-mediated
vasodilatation of the brachial artery, which however is time-consuming and may be operator dependent.19 We used finger pletysmography/pulse amplitude tonometry with the EndoPat method which
has the advantage of being relatively rapid and operator-independent.19,34 Endothelial dysfunction,
assessed by this method correlated with traditional
and metabolic cardiovascular risk factors in the
third generation of the Framingham cohort.35 The
hyperaemic pulse amplitude response was somewhat blunted by increasing body mass index.35 In
our subjects, there was a trend toward lower body
mass index in patients with ET in comparison to
control subjects [25.4 (SD3.5) vs 27.0 (SD4.5) kg/m2,
p = 0.07]. Nevertheless, we noted a trend towards
better reactive hyperaemia index in the control
subjects [2.35 (SD 0,62) vs. 2.10 (SD 0.57), p = 0.07].

The main limitation of our study is its cross-sectional design. Each participant was examined only
once, so we could not estimate the progression of
atherosclerotic disease or follow the clinical outcomes. The relatively small number of patients is
another important limitation, but we have recruited all actively treated patients with ET registered at
our Department of Hematology, and similar studies are expected to face the same problem, since ET
has a relatively low prevalence.
Also, due to a limited pool of control subjects,
they were not perfectly matched to the ET patients
in terms of classical risk factors for atherosclerosis,
since there was a trend toward higher prevalence
of diabetes, lower HDL-cholesterol and higher
prevalence of ever smoking among patients with
ET. However, the striking discrepancies between
the Framingham risk prediction and high coronary
calcium score strongly argue against classical risk
factors being predominantly responsible for the
advanced coronary atherosclerosis in patients with
ET.
Sensitive markers of inflammation were not
measured and could therefore not be correlated
with endothelial function, arterial stiffness and
preclinical atherosclerosis. However, the association of JAK2 positive status and markers of inflammation has been firmly established2,4-7,9 and all our
patients with ET were JAK2 positive.
The assessment of arterial stiffness and endothelial function was limited by our methods of measurement (see above). Although all subjects were
examined at the same time of day under standardized conditions, the examination period ranged for
more than a year and a half, so there might have
been some effects of seasonal variability on endothelial function and arterial stiffness. However,
this would have affected both groups equally,
since the patients and the control subjects were examined in an interspersed fashion. Also, in clinical
practice patients are seen year-round and it is mandatory to use tests that are robust enough not to be
dependent on many confounders.

Conclusions
In our cross-sectional study, we did not find significant differences in asymptomatic carotid plaque
score, carotid stiffness, digital endothelial function or overall coronary calcium score between patients with JAK2 positive ET and control subjects.
However, significantly more patients with JAK2
positive ET than control subjects had a coronary
Radiol Oncol 2017; 51(2): 203-210.
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calcium Agatston score of > 160, indicating high
cardiovascular risk that was not predicted by the
Framingham equation. CT calcium score is a robust, widely available and simple test which might
prove useful in identifying ET patients at high risk
for coronary events.
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Background.

Colorectal surgery is associated with a high incidence of postoperative infections. Early clinical signs
are difficult to distinguish from the systemic inflammatory response related to surgical trauma. Timely diagnosis may significantly improve the outcome. The objective of this study was to compare a new biomarker index CD64 for neutrophils (iCD64n) with standard biomarkers, white blood cell (WBC) count, neutrophil/lymphocyte ratio (NLR), C-reactive
protein (CRP) and procalcitonin (PCT) for the early detection of postoperative infection.
Methods. The prospective study included 200 consecutive patients with elective colorectal cancer surgery.
Postoperative values of biomarkers from the postoperative day (POD) 1 to POD5 were analysed by the receiver operating characteristic (ROC) analysis to predict infection. The Cox regression model and the Kaplan-Meier method
were used to assess prognostic factors and survival.
Results. The increase of index CD64n (iCD64n) after surgery, expressed as the ratio iCD64n after/before surgery was
a better predictor of infection than its absolute value. The best 30-day predictors of all infections were CRP on POD4
(AUC 0.72, 99% CI 0.61–0.83) and NLR on POD5 (AUC 0.69, 99% CI 0.57–0.80). The best 15-day predictors of organ/
space surgical site infection (SSI) were the ratio iCD64n on POD1 (AUC 0.72, 99% CI 0.58–0.86), POD3 (AUC 0.73, 99% CI
0.59–0.87) and CRP on POD3 (AUC 0.72, 99% CI 0.57–0.86), POD4 (AUC 0.79, 99% CI 0.64–0.93). In a multivariate analysis
independent risk factors for infections were duration of surgery and perioperative transfusion while the infection itself
was identified as a risk factor for a worse long-term survival.
Conclusions. The ratio iCD64n on POD1 is the best early predictor of intra-abdominal infection after colorectal cancer surgery. CRP predicts the infection with the same predictive value on POD3.
Key words: colorectal surgery; index CD64n; postoperative infection

Introduction
Colorectal cancer surgery is often followed by postoperative complications. They appear in 24–38%1,2,
prolong hospitalization and increase hospital cost.
The perioperative mortality rate has been reported to be 3–4%.2,3 The most common are infectious
complications, especially surgical site infections
(SSIs). SSIs are divided into incisional (superficial
and deep) wound infections and organ/space infecRadiol Oncol 2017; 51(2): 211-220.

tions, which are mostly the result of anastomotic
leak.4 Intra-abdominal infection can be manifested
as abscess, local or diffuse peritonitis.5 The incidence of SSI after elective colorectal resection is
5–30%.6,7 Rectal surgery has a higher risk for infection because of longer duration and greater bacterial contamination compared with colon surgery.8,9
Postoperative infectious complications, particularly severe infections influence patient outcomes and
worsen long-term survival.10-12 The most common
doi:10.1515/raon-2016-0016
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mechanisms causing this are deregulated host immune response during the infection and extraluminal implantation of malignant cells in anastomotic
leakage.13
Early clinical signs of postoperative infections
are nonspecific and difficult to distinguish from
the systemic inflammatory response syndrome
(SIRS) triggered by surgical trauma. SIRS is usually self-limiting or may progress to infection, sepsis and septic shock.14 The median time to diagnosis of infection has been reported to be from POD
(postoperative day) 7 to POD9.4,7,15-19 Organ/space
SSIs have been diagnosed significantly later than
incisional SSIs.20 Most causes of infection, such as
anastomotic leak, can appear much earlier.5 Early
identification of patients with a high probability
of infections is necessary so that clinicians may
focus on additional diagnostic investigations. Preemptive antibiotic therapy decreases the incidence
and severity of postoperative infections and significantly improves the outcome.21
The most commonly used laboratory test during
the postoperative period, namely white blood cell
(WBC) count is neither very sensitive nor specific.22,23 Many studies affirmed the predictive value
of a non-specific C-reactive protein (CRP) for infection after surgery, but it is more reliable if analysed together with the clinical assessment.24-26 The
results of procalcitonin (PCT) studies have been
contradictory. In some studies PCT proved to be
as good as or even better predictor of infections
than CRP5,23,27,28, but in others worse than CRP.29,30
Neutrophil/lymphocyte ratio (NLR) is a marker of
immunosuppression and is increased in SIRS after major surgery, polytrauma, endotoxaemia and
sepsis.31 In some studies it proved to be a predictor
of all complications after abdominal surgery.32,33
A biological marker which could predict infections before the development of clinical signs and
symptoms develop is needed. Therefore we studied a new biomarker neutrophil CD64 (CD64n), in
laboratory analysis expressed as an index CD64n
(iCD64n). CD64 is a high-affinity Fc receptor for
IgG1 and IgG3 subclasses of immunoglobulins
(FcγRI), expressed on macrophages, monocytes,
less on eosinophils and very weakly on non-activated neutrophils.34,35 Neutrophil expression of
CD64 is down-regulated or lost with cell maturation and strongly up-regulated in response to proinflammatory cytokines in SIRS and sepsis.36-39 The
main functions triggered by FcγRs include phagocytosis, enzyme release and clearance of immune
complexes.40 The expression of CD64n can be induced by bacteria as well as viruses.41,42 Two meRadiol Oncol 2017; 51(2): 211-220.

ta-analyses by Cid et al.43 and Li et al.44 concluded
iCD64n could be a promising diagnostic biomarker
for bacterial infections. Another meta-analysis reported iCD64n is a helpful marker for early diagnosis of sepsis in critically ill adult patients45 and in
neonates.46-48 It can differentiate systemic infection
from disease flare in patients with inflammatory
autoimmune diseases.49
A new biomarker iCD64n has up to now been investigated very scarcely after a major surgery.34,50-54
The objective of this study was to compare iCD64n
with standard predictive markers of infections WBC count, NLR, CRP and PCT - after colorectal
cancer resection. We investigated the risk factors of
infection and their impact on survival.

Patients and methods
In this prospective study 200 consecutive patients
with elective colorectal carcinoma surgery were
included. The study was conducted at the surgery
department of the Institute of Oncology Ljubljana
from September 2010 to March 2013. The study
protocol was approved by the Republic of Slovenia
National Medical Ethics Committee. All the patients provided written consent for data collection
and publication.
The exclusion criteria were preoperative infection, preoperative ileus and palliative surgical
procedure. Neo-adjuvant chemotherapy (CTX)
and/or radiotherapy (RT) were carried out in 118
(59%) patients and finished six to eight weeks before surgery. The stage of tumour was evaluated
clinically according to the nuclear magnetic resonance (NMR) investigation before the beginning
of the treatment. The stage of tumour without neoadjuvant CTX/RT was diagnosed by histopathological examination. The TNM (Tumour, Node,
Metastasis) classification was used for staging colorectal cancer disease.55 Each patient was assessed
preoperatively according to American Society of
Anesthesiologists (ASA) physical status classification which accurately predicts morbidity and
mortality.56,57 Bioelectric impedance analysis (BIA)
measurement was performed on the day before the
surgery. Body mass index (BMI) was calculated according to the formula in which body mass (kg) is
divided by the square of the body height (cm).
On the day of the surgery blood samples for
inflammation markers, albumins and haematocrit
analysis were taken in the operating room before
intravenous fluid application started. Each patient
received systemic antibiotic prophylaxis for Gram
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negative and anaerobic bacteria on induction of anaesthesia and prior to skin incision. A standardized
protocol for general and epidural anaesthesia was
used. During the surgery we recorded the length of
the procedure, the blood loss volume and the volume of blood transfusion. The body temperature
was measured at the end of the procedure.
Values of WBC count, WBC differential, CRP,
PCT and iCD64n were recorded just before surgery
and after surgery daily from POD1 to POD5. NLR
was calculated by dividing the number of neutrophils by the number of lymphocytes. The ratio iCD64
was calculated by dividing a postoperative value
of iCD64n by its preoperative value. SIRS criteria
from POD1 to POD5 and postoperative infections
up to 30 days after surgery were recorded. SSIs (incisional, organ/space), pneumonia, central venous
catheter related bloodstream infections (CRBSIs),
urinary tract infections (UTIs) and enterocolitis
were recorded. Microbial cultures were used as the
gold standard to identify the source of infection.
Criteria for SIRS reconsidered in the year 2001 by
SCCM/ESICM/ACCP/ATS/SIS International Sepsis
Definitions Conference58 and criteria for nosocomial infections defined by Centres for Disease Control
and Prevention (CDC) were used.59 The perioperative transfusion of red blood cells was considered
as a risk factor for infection until the infection has
developed and as a risk factor for survival 30 days
after surgery. The duration of hospitalization was
recorded. After discharge each patient was monitored by outpatient clinic examinations 30 days
after surgery. The data from medical records and
the data of the Cancer Registry of the Republic of
Slovenia were used to follow survival.

Biomarkers measurement
WBC count (reference range 4–10 x 109/L), WBC
differential (neutrophil count 1.50–7.40 x 109/L,
lymphocyte count 1.10–3.50 x 109/L) and haematocrit (reference range 0.390–0.500) were analysed with a haematological blood analyser LH75
(Beckman Coulter). The immunobiochemic analyser Modular Analytics SWE (Roche Diagnostics)
was used for serum samples analysis. Serum concentration of CRP (reference range 0–5mg/L) was
measured by immunoturbidimetric method, PCT
(reference range 0–0.5μg/L) by electrochemiluminiscence method and albumins (reference range
35–52g/L) by bromcresol green method.
Neutrophil CD64 was quantified by flow cytometry using the Leuko64 assay (Trillium Diagnostics,
LLC, Maine, USA) according to the manufacturer’s

instructions. Whole blood EDTA-anticoagulated
samples were used for analysis. During working
days samples were immediately transported to
the laboratory and analysed on the same day. The
results were available after a few hours. During
weekends samples were stored up to 48 hours
in refrigerator at 4°C. 100 μL of the whole blood
was incubated for 15 minutes in the dark at room
temperature with a mixture of murine monoclonal
antibodies. Fluorescence beads were then added
and flow cytometer analysis was performed. The
iCD64 was derived by the ratio of linearized mean
fluorescence intensity (MFI) of the cell population
to the fluorescein isothiocyanate (FITC) signal from
the beads. An internal negative control was the automatically measured lymphocyte iCD64 (< 1.0)
and an internal positive control was the automatically measured monocyte iCD64 (> 3.0). The limit
value of iCD64n for probable sepsis was > 1.5.

Bioelectric impedance analysis (BIA)
BIA was performed using a portable bioelectrical impedance analyser BodyStat QuadScan 4000
(Douglas, Great Britain). Phase angle (PA) is a ratio
between the reactance (Xc) and resistance (R).60 The
normal range for men is from 7.90° to 6.19° and for
women 7.04° to 5.64°.61 The illness marker (IM) is
the ratio between the impedance measurement at
200kHz and 5kHz. A ratio closer to 1.00 indicates
poor cellular health or extreme fluid overload.

Statistical analysis
The t-test was used to compare numeric variables
(age, BMI, temperature, PA, IM and albumins)
between infected and non-infected patients. Nonnormally distributed continuous variables were
summarised using medians and interquartile ranges and Mann-Whitney U test was used to compare
these variables (infected versus non-infected patients). Categorical variables were analysed with
the Pearson’s chi-square test and the Fisher’s exact
test. To counteract the problem of multiple comparisons the Holm-Bonferroni corrected p values
were used.62
The predictive values of biomarkers WBC, NLR,
CRP, PCT, iCD64 and the ratio iCD64n for postoperative infection were assessed by the receiver
operating characteristic (ROC) curve. Each cut-off
value was determined by using the maximum value of the Youden index. The Bonferroni correction
for AUC confidence intervals was used because
multiple statistical tests were performed. The calRadiol Oncol 2017; 51(2): 211-220.
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TABLE 1. Comparison of patient and surgical characteristics between infected and non- infected group
Characteristic
Age (years)
Gender
ASA score

Total
N=200

No infection
N=132

Infection N=68

p-value

Correctede
p-value

62.8 (11.3)

62.2 (11.0)

63.8 (11.9)

0.3787f

1

male

131 (65.5%)

86 (65.2%)

45 (66.2%)

1g

1

female

69 (34.5%)

46 (34.8%)

23 (33.8%)

I

14 (7%)

12 (9.1%)

2 (2.9%)

0.0503h

0.8546

II

105 (52.5%)

74 (56.1%)

31 (45.6%)
34 (50%)
0.2222g

1

III

76 (38%)

42 (31.8%)

IV

5 (2.5%)

4 (3%)

1 (1.5%)

no

161 (80.5%)

110 (83.3%)

51 (75%)

yes

39 (19.5%)

22 (16.7%)

17 (25%)

BMI (kg/m²)

27.2 (4.3)

27.3 (4.1)

27.2 (4.6)

0.8461f

1

Phase anglea (°)

5.4 (1.0)

5.5 (1.0)

5.3 (1.1)

0.4632f

1

0.81 (0.04)

0.81 (0.04)

0.81 (0.04)

0.8567f

1

12.2 (9.8-16.5)

12.8 (9.9-16.5)

11.3 (8.8-16.5)

0.1852t

1

≥ 38%

100 (50%)

66 (50%)

34 (50%)

1h

1

30-37%

87 (43.5%)

57 (43.2%)

30 (44.1%)
4 (5.9%)

Diabetes mellitus

Illness markera
Dry lean body massa (kg)
Hematocritb

26-29%

12 (6%)

8 (6.0%)

21-25%

1 (0.5%)

1 (0.8%)

0 (0%)

42.1 (3.6)

42.4 (3.3)

41.6 (4.0)

0.1583f

1

rectum

137 (68.5%)

84 (63.6%)

53 (77.9%)

0.0909h

1

colon

60 (30%)

46 (34.8%)

14 (20.6%)
0.0265h

0.477

0.0251g

0.477

0.9404h

1

0.0034h

0.0749

0.0784h

1

Albuminb (g/l)
Tumour site

Stage (TNM)

rectum+ colon

3 (1.5%)

2 (1.5%)

1 (1.5%)

0

3 (1.5%)

2 (1.5%)

1 (1.5%)

I

27 (13.5%)

21(15.9%)

6 (8.8%)

II

42 (21%)

34 (25.8%)

8 (11.8%)

III

109 (54.5%)

66 (50%)

43 (63.2%)

IV

19 (9.5%)

9 (6.8%)

10 (14.7%)

no

82 (41%)

62 (47%)

20 (29.4%)

yes

118 (59%)

70 (53%)

48 (70.6%)

< 24 hours

54 (27%)

35 (26.5%)

19 (27.9%)

24 hours

132 (66%)

87 (65.9%)

45 (66.2%)

> 24 hours

14 (7%)

10 (7.6%)

4 (5.9%)

LAR

86 (43%)

62 (47%)

24 (35.3%)

Miles + Hartmann

50 (25%)

23 (17.4%)

27 (39.7%)

64 (32%)

47 (35.6%)

17 (25%)

no

186 (93%)

126 (95.5%)

60 (88.2%)

yes

14 (7%)

6 (4.5%)

8 (11.8%)

Duration of surgery (min)

170 (130-220)

160 (120-196.2)

200 (150-242.5)

< 0.0001t

0.0004

Loss of blood (ml)

500 (300-800)

400 (200-675)

600 (400-1000)

< 0.0001t

0.0003

Temperaturec (°C)

35.3 (0.6)

35.3 (0.5)

35.3 (0.7)

0.8719f

1

0 (0-606.2)

0 (0-326.2)

345 (0-842.5)

< 0.0001t

0.0009

no

138 (71.1%)

95 (74.8%)

43 (64.2%)

0.1657g

1

yes

56 (28.9%)

32 (25.2%)

24 (35.8%)
0.1895g

1

0.5151g

1

0.012g

0.2392

0.005g

0.1055

< 0.0001h

< 0.0001

Preoperative RT/CTX
Antibiotic prophylaxis

Surgical procedure
Rectum resection
Colon resection
Synchronous resection of
liver metastases

Perioperatived transfusion of
PRBC (ml)
SIRS 1 (POD 1)
SIRS 2 (POD 2)
SIRS 3 (POD 3)
SIRS 4 (POD 4)
SIRS 5 (POD 5)
Re-operation

no

147 (75.4%)

100 (78.7%)

47 (69.1%)

yes

48 (24.6%)

27 (21.3%)

21 (30.9%)

no

161 (82.6%)

107 (84.3%)

54 (79.4%)

yes

34 (17.4%)

20 (15.7%)

14 (20.6%)

no

149 (77.2%)

104 (83.2%)

45 (66.2%)

yes

44 (22.8%)

21 (16.8%)

23 (33.8%)

no

144 (80.9%)

99 (87.6%)

45 (69.2%)

yes

34 (19.1%)

14 (12.4%)

20 (30.8%)

no

188 (94%)

132 (100%)

56 (82.4%)

yes

12 (6%)

0 (0%)

12 (17.6%)

ASA = American Society of Anesthesiologists; BMI = body mass index; CTX – chemotherapy; Hartmann = proctosigmoidectomy; LAR = low anterior rectum resection; Miles =
abdominoperineal rectum resection; POD = postoperative day; PRBC = packed red blood cells; RT = radiotherapy; SIRS = systemic inflammatory response syndrome; TNM =
classification of malignant tumors (Tumour, Nodes, Metastasis)
measured one day before surgery; b in the morning before surgery; c at the end of surgery; d during the surgery and 30 days after the surgery or until the infection develops;
Holm-Bonferroni correction; f T-test (mean, standard deviation); g Chi-square test; h Fisher's exact test; t Mann-Whitney U test (median, interquartile range)
a
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culated confidence interval (CI) for AUC was 99%,
but interpreted as the 95% one.63 Multivariate logistic regression analysis was used to explore the prediction of the probability of infection. Considering
survival of the patients, Kaplan-Meier curves between groups of infected and non-infected patients
were compared by the log-rank test.64 Prognostic
factors were investigated by univariate and multivariate Cox proportional hazard model. A p-value
≤ 0.05 was considered statistically significant. All
analyses were performed with R statistical software, version 3.2.1.

Results
A total of 200 patients were included in the study,
131 males (65.5%) and 69 females (34.5%). The
characteristics of the patients, cancer disease and
surgical procedure are shown in Table 1.

FIGURE 1. The dynamics of CRP shown with median for infected/non-infected group
5 days after colorectal surgery. The width of the box shows the interquartile range.
The distal points of vertical line show the highest and the lowest values of CRP.
CRP = C-reactive protein; POD = postoperative day

Infectious complications
Sixty-eight patients (34%) developed infectious
complications, 132 patients did not. Sepsis was diagnosed in 47 patients (23.5%). Two infections were
diagnosed in 10 patients. The most frequent postoperative infection was SSI in 61 patients (30.5%).
Incisional SSI was diagnosed as the first infection
in 28 patients, organ/space SSI in 30 patients, both
of them in 3 patients. Most of the incisional SSIs
(58%) were diagnosed in patients with abdominoperineal rectum resection and most of organ/space
SSIs (52%) in patients with LAR (low anterior rectum resection). Other infections were quite rare (8
UTIs, 5 pneumonias, 1 Clostridium difficile enterocolitis). The median number of days until the first
infection occurred was seven with interquartile
range (IQR) 6–9. The median time to organ/space
SSI occurrence was 8 days (IQR 6–12). Antibiotic
therapy was applied in 116 patients. In the cases
of negative microbiologic results and clinical signs
not concordant with infection it was stopped after
a few days. Reoperation was necessary in 12 patients (6%), because of infection in 7 and for other
reasons in 5 patients.
Risk factors for any perioperative infection as
shown by univariate analysis were: duration of
surgery (corrected p = 0.0004), loss of blood (corrected p = 0.0003) and perioperative transfusion of
red blood cells (corrected p = 0.0009). Surgical procedure and SIRS on POD5 were on the threshold of
statistical significance for postoperative infections.
Albumins before surgery, PA, IM and dry lean body

FIGURE 2. The dynamics of the ratio iCD64n shown with median 5 days after
colorectal surgery. The width of the box shows the interquartile range. The distal
points of vertical line show the highest and the lowest values of the ratio iCD64n.
iCD64n = index CD64n

mass were not found to be risk factors for postoperative infections. A risk factor for organ/space SSI
was perioperative transfusion (corrected p < 0.0001)
while the blood loss was at the border of statistical
significance (corrected p = 0.07). The hospital stay of
19 days (IQR 14–24) in the infected group was significantly longer as compared to 10 days (IQR 7–12)
in the non-infected group (p < 0.0001).

Multivariate analysis
The multiple logistic regression analysis was made
for prediction of all postoperative infections. It included ASA score, type of surgical procedure, duration of surgery and perioperative transfusion.
Independent risk factors for infections were found
to be duration of surgery (odds ratio [OR] 1.63, 95%
Radiol Oncol 2017; 51(2): 211-220.
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FIGURE 3. ROC curve for the ratio iCD64n POD1-POD5 as a predictor of organ/space
SSIs 15 days after colorectal surgery.
iCD64n = index CD64n; POD = postoperative day; ROC = receiver operating characteristic;
SSIs = surgical site infections

FIGURE 4. ROC curve for CRP POD1-POD5 as a predictor of organ/space SSIs 15 days
after colorectal surgery.
CRP = C-reactive protein; POD = postoperative day; ROC = receiver operating characteristic;
SSIs = surgical site infections

CI 1.14–2.40, p = 0.01) and perioperative transfusion
(OR 1.10, 95% CI 1.02–1.19, p = 0.014). The expected
odds for infection increased with every hour of surgery by 63% (95% CI 14–140%) or with every 100
mL of transfusion by 10% (95% CI 2–19%).

Biomarkers analysis
The values of all biomarkers after surgical procedures were elevated, reaching the peak values on
the first day (WBC count, NLR and PCT) or on the
Radiol Oncol 2017; 51(2): 211-220.

second day (CRP, iCD64n, ratio iCD64n) and later
slowly decreasing. The increase of biomarkers was
greater in the infection group than in the non-infection group (Figure 1,2).
The ROC analysis was used to compare biomarkers WBC count, NLR, CRP, PCT, iCD64n and the ratio iCD64n from POD1 to POD5 as early predictors
of postoperative infections. Predictions for all infections in 15 and 30 days and for organ/space SSIs
in 15 days were made. The 15-day prediction was
made because the great majority (97%) of the first
infections had been diagnosed up to and including
this day. The highest diagnostic accuracy for 30-day
prediction of all infections was for CRP observed on
POD4 (AUC 0.72, 99% CI 0.61–0.83), POD2 (AUC
0.70, 99% CI 0.59–0.80) and POD3 (AUC 0.69, 99%
CI 0.58–0.80). The cut-off value for CRP POD4 was
69 mg/L. Two other, rather good predictors were
NLR on POD4 (AUC 0.65, 99% CI 0.54–0.77), POD5
(AUC 0.69, 99% CI 0.57–0.80) and the ratio iCD64
on POD2 (AUC 0.67, 99% CI 0.56–0.78) with the cutoff value 1.74. The results of ROC analysis for 15day prediction of all infections were similar.
In the 15-day prediction of organ/space infections the diagnostic accuracies of CRP and the ratio iCD64n were better than in the two previously
mentioned analyses for all infections. The ratio
iCD64n was a better predictor on POD3 (AUC 0.73,
99% CI 0.59–0.87) and POD1 (AUC 0.72, 99% CI
0.58–0.86), followed by POD4 (AUC 0.72, 99% CI
0.57–0.88) and POD2 (AUC 0.70, 99% CI 0.55–0.84).
The cut-off value for POD1 was 1.37 and POD3 1.40
(Figure 3). The predictive value of CRP was the best
on POD4 (AUC 0.79, 99% CI 0.64–0.93) followed by
POD5 (AUC 0.73, 99% CI 0.57–0.88), POD3 (AUC
0.72, 99% CI 0.57–0.86) and POD2 (AUC 0.70, 99%
CI 0.56–0.85). The cut-off value for CRP on POD4
was 103 mg/L (Figure 4). The prognostic value of
PCT for 15-day prediction of organ/space infection was most sensitive on POD4 (AUC 0.72, 99%
CI 0.57–0.88) (Figure 5) and for iCD64n on POD5
(AUC 0.69, 99% CI 0.53–0.85).

Survival
The thirty-day mortality was 0% and the ninetyday mortality 0.5%. The Kaplan Meier analysis
showed a one-year survival rate in the non-infected
group was 97.7% (95% CI 93.1–99.3) and in the infected group 92.6% (95% CI 83.2–96.9). A two-year
survival was significantly higher in the non-infected group 92.4% (95% CI 86.4–95.9) as compared
to the infected group 80.9% (95% CI 69.4–88.4). P
value in log-rank test was 0.0134 (Figure 6). A me-
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dian follow-up of patients was 40.9 months (range
32.4–51.5).
Prognostic factors were investigated by univariate and multivariate Cox proportional hazard model. Predictive factors for shorter survival in univariate analysis were: age (p < 0.0001), ASA score
(p = 0.0006), tumour stage (p = 0.027), PA (p =
0.0024), dry lean body mass (p = 0.015), perioperative transfusion (p = 0.0004) and postoperative
infection (p = 0.016). Multivariate analysis showed
independent factors associated with shorter survival were: age (hazard ratio [HR] 1.06, 95% CI
1.02–1.10, p = 0.0044) and postoperative infection
(HR 1.96, 95% CI 1.03–3.73, p = 0.04).

Discussion
Colorectal surgery is associated with an intensive
release of pro-inflammatory cytokines followed by
an anti-inflammatory response and immuno-paralysis. Cellular immunity, crucial for defence against
cancer cells in the perioperative period is significantly suppressed.65-67 Postoperative immunosuppression can be further exacerbated by blood
transfusion. These immune changes predispose the
host to infection, sepsis and even multiple organ
dysfunction syndrome (MODS).68
In the present study we compared a new biomarker iCD64n and the ratio iCD64n with other
biomarkers - WBC count, NLR, CRP and PCT. We
found out the best early predictor of organ/space
SSIs was the ratio iCD64n. CRP and PCT predicted
these infections with the same AUC later, on POD3
and POD4. Other biomarkers as predictive factors
for infections after colorectal surgery had already
been much studied widely whereas iCD64n had
not yet been.
Warschkow et al. reported in a diagnostic metaanalysis of 1832 patients the best CRP predictive
value for postoperative complications after colorectal surgery was 135 mg/L on POD4 with a negative predictive value (NPV) 89%.69 In another retrospective study with 1187 patients Warschkow et
al. concluded CRP on POD4 with the cut-off 123
mg/L had the highest diagnostic accuracy for the
early detection of infections (sensitivity 66%, specificity 77%).22 In a meta-analysis with 2215 patients
Gans et al. reported infectious complications after
major abdominal surgery were very unlikely in patients with CRP below 159 mg/L on POD3 (pooled
values: AUC 0.87, sensitivity 77%, specificity 77%,
NPV 90%). Maximum predictive values were
reached on POD5 (pooled values: AUC 0.83, sen-

FIGURE 5. ROC curve for PCT POD1-POD5 as a predictor of organ/space SSIs 15 days
after colorectal surgery.
POD = postoperative day; PCT = procalcitonin; ROC = receiver operating characteristic;
SSIs = surgical site infections

FIGURE 6. Kaplan-Meier survival curve for infected and non-infected group. Patients
have been followed up for a minimum of 28 months.

sitivity 86%, specificity 86%, NPV 92%).70 The conclusion of the pooled analysis with 1427 patients
made by Straatman et al. was that CRP on POD3
below 75 mg/L may be a safe discharge criterion
after major abdominal surgery with a NPV 97.2%.
The probability of major postoperative complications for CRP cut-off 215 mg/L was 20% (95% CI
14.7–25.60%).71 In our study CRP on POD4 had the
best predictive value in the 30-day prediction of all
infections and even better on POD4 in the 15-day
prediction of organ/space SSIs.
Radiol Oncol 2017; 51(2): 211-220.
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Some recent studies have compared the diagnostic accuracy of PCT and CRP for infection after
colorectal surgery. Takakura et al. reported in the
study which included 114 patients with colorectal resection PCT on POD1 and POD3 (AUC 0.76
and 0.77) was a more relevant predictor for surgical site infection than CRP (AUC 0.71).27 GarciaGranero et al. reported that in 205 patients undergoing surgery for colorectal cancer PCT was better
than CRP in the early prediction of major anastomotic leak on POD3, POD4 and POD5. The best
AUC values for PCT were 0.87 and for CRP 0.85
on POD5.23 The results of study, made by Lagoutte
et al. were different. It included 100 patients and
showed PCT is neither earlier nor more accurate
than CRP for the detection of anastomotic leakage
after colorectal surgery. The best accuracy for CRP
and PCT was obtained on POD4 (AUC 0.87 and
0.75).29 Oberhofer et al. reported in a study with 79
colorectal surgical patients PCT on POD2 and CRP
on POD3 had similar predictive values for infections (AUC 0.75 and 0.75).28 In the present study
we found out that PCT on POD4 (AUC 0.64) was a
worse predictor than CRP (AUC 0.72) in the 30-day
prediction of all infections. In the 15-day prediction
of organ/space SSIs PCT on POD4 (AUC 0.72) was
worse than CRP (AUC 0.79) again.
As in other studies WBC count proved to be a
poor early diagnostic marker of postoperative infections. The best predictive value of NLR was on
POD5 (AUC 0.69) in the 30-day prediction of all
infections and was as good as for CRP (AUC 0.68).
Only few studies have investigated the dynamics of iCD64n in the postoperative period. The
first have been done in cardiovascular and orthopedic surgery. Two studies done by Kolackova et
al. with 40 cardiac patients34 and Katoh et al.50 with
41 orthopaedic patients reported the expression of
CD64n after surgery was significantly increased
with the peak on POD3. Studies by Fjaertoft et al.51
and Gerrits et al.52 reported that iCD64n was significantly higher in septic patients compared to patients with SIRS after surgery and control group.
Unlike clean surgical procedures, the iCD64n in
clean-contaminated surgery has only recently been
explored. In the study Janež et al.53 included 77 patients. They compared postoperative differences
in inflammatory and immunological response between opened and laparoscopically assisted colorectal surgery. There was a considerable increase
of iCD64n in both groups of patients on POD1
(1.42 in open surgery group versus 1.24 in laparoscopic surgery group). But they did not observe
difference in infectious complications in these two
Radiol Oncol 2017; 51(2): 211-220.

groups. In a very recent study, which included 189
patients with colorectal, 17 with maxillofacial and
23 with open heart surgery, Jukic et al.54 reported
that iCD64n is the best predictor of postoperative
infections in the first 48 hours after major surgery
compared to WBC count, neutrophils and CRP.
The AUC value after 24 hours was 0.89 and after
48 hours 0.82. The most frequent infection was the
respiratory tract infection (40%).
In the present study index CD64n was not found
to be a good early predictor for any infection including organ/space SSIs. However, we found that
the ratio iCD64n was a better predictor of infection
than its absolute value. In the 30-day prediction
of all infections the ratio iCD64n on POD2 (AUC
0.67) was a worse predictor than CRP (AUC 0.70).
However, for the 15-day prediction of organ/space
SSI the ratio iCD64n on POD1 (AUC 0.72) was the
best early predictor among all studied biomarkers (AUC on POD1 for iCD64n and CRP was 0.63
and for PCT 0.61). Patients with the ratio iCD64n
higher than the cut-off value 1.37 on POD1 should
be closely monitored and additional diagnostic
measures should be taken to confirm or exclude
infection. Our study group was homogeneous and
it is comprised of patients with clean-contaminated colorectal surgery. SSIs were the most common
postoperative infections. We explain this with a
high number of rectum surgeries (68%), a high
stage of the disease (64% stage III and IV) and a
high proportion of patients preoperatively treated
with neo-adjuvant CTX and/or RT (59%). Risk factors for infections were analysed. It was shown that
duration of surgery and transfusion of red blood
cells were independent risk factors for infections.
The length of surgery procedure is closely correlated with perioperative immunoparalysis and
predisposition to infection.71
We found out that age, ASA score, tumour stage,
PA, dry lean body mass, perioperative transfusion
and postoperative infection correlated with the
length of survival. Multivariate analysis showed
that the only independent factors associated with
shorter survival were age and postoperative infection. In our study a perioperative transfusion of
red blood cells was not an independent prognostic marker for survival. However, in many other
studies postoperative infections and perioperative transfusion were independent risk factors for
worse long-term survival.73-77 Both of them aggravate cytokine response after surgery, suppress cell
mediated immunity and can facilitate the growth
of tumour cells. Due to the synergistic effect patients with both risk factors represent a group with
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a particularly poor prognosis.78 The efforts to reduce postoperative infections may have a favourable effect on cancer prognosis.

15. Pedersen T, Roikjaer O, Jess P. Increased levels of C-reactive protein and
leukocyte count are poor predictors of anastomotic leakage following laparoscopic colorectal resection. Dan Med J 2012; 59: A4552.

Conclusions

17. den Dulk M, Noter SL, Hendriks ER, Brouwers MAM, van der Vlies CH,
Oostenbroek RJ, et al. Improved diagnosis and treatment of anastomotic
leakage after colorectal surgery. Eur J Surg Oncol 2009; 35: 420-6.

In the present study we found the ratio iCD64n
on POD1 was the earliest predictor of intra-abdominal infection after colorectal cancer surgery.
CRP predicts the infection with the same predictive value later, not before POD3. Further research
is needed to evaluate the role of neutrophil CD64
expression in infection diagnosis after major surgery. Postoperative infection was found to be an
independent predictive factor of shorter long-term
survival.

18. Matthienssen P, Henriksson M, Hallböök O, Grunditz E, Noren B, Arbman
G. Increase of serum C-reactive protein is an early indicator of subsequent
symptomatic leakage after anterior resection. Colorectal Dis 2008; 10: 7580.
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Backgrounds. Testicular cancer is the most common malignancy in young men. Considering increasing incidence,
exceptionally high cure rate, as well as long life expectancy, assessment of long term toxicity in testicular cancer survivors is of great importance. In the last decades a major effort has been made in order to reduce toxicity of treatment,
while maintaining its high effectiveness.
Conclusions. Actual knowledge on treatment toxicity is based on outdated treatment modalities. Hopefully, modern
treatment modalities could reduce toxicity, but, there is no firm confirmation for that at the moment, as data dealing
with late sequelae of modern treatment of testicular cancer are not available yet due to the short period of observation. The life-threatening cardiovascular toxicity in testicular cancer survivors is major complication of platinum-based
chemotherapy, mediastinal radiotherapy and even subdiaphragmatic radiotherapy.
Key words: testicular cancer; cardiovascular toxicity; long-term survivors

Introduction
Although rare disease, testicular cancer is the most
common malignancy in young men aged 20 to 40
years. Considering increasing incidence worldwide1-3, exceptionally high cure rate with 5-year
survival rate exceeding 95% for all stages4 and life
expectancy almost comparable to age-matched
healthy male population5, evaluation of treatmentrelated long-term morbidity has become increasingly important. In the past decades efforts have
been made in order to optimize treatment with objective to decrease toxicity, while maintaining high
cure rates. The introduction of less toxic chemotherapeutic schemes6-8, reduction in radiation doses and volumes9-11 and preferred use of active surveillance12, have all led to reduced treatment toxicity. Irrespective of that, some treatment-related
sequelae remained unavoidable. Most of the current studies represent complications of treatment
modalities administered several years or even decades ago, but are still of a major concern.
Radiol Oncol 2017; 51(2): 221-227.

With the 25-year risk of approximately 16%, cardiovascular diseases (CVD) are among the most
important life-threatening long-term complications in testicular cancer survivors.13 Long-term
testicular cancer survivors are more likely to develop unfavourable cardiovascular risk profile.14-21
In addition, an increased risk of mortality caused
by CVD has also been observed.5,22-24
According to the current knowledge, cardiovascular toxicity is mainly due to cisplatin based
chemotherapy and mediastinal radiation therapy13,19,25; although subdiaphragmatic radiotherapy
is associated with an increased risk of CVD as
well.14,26

Treatment-related
cardiovascular morbidity
The introduction of cisplatin based chemotherapeutic regimens into treatment of testicular cancer in the early 1970s represents cornerstone in
doi:10.1515/raon-2016-0021
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TABLE 1. Risk for coronary artery disease in testicular cancer survivors regarding to different treatment modalities
Author (year)

N

Period of
treatment

Median follow up
(range), in years

Age at
diagnosis
(range)

Age at
follow-up
(range)

Risk for CAD
(CI 95 %)

Treatment
Modalities

Meinardi et
al.17 (2000)

87

Before 1987a

14 (10 to 20)

27 (17-36)

42 (30-50)

SIR=7.1 (1.9 to 18.3)

ChT

Age adjusted results. Older than 50
years at follow-up were excluded.

Huddart et al.24
(2003)

992

1982-1992

10.2 (0 to 20.3)

31.7 (10-82)

44 (23-78)

RR=1.00 (reference)
RR=2.59 (1.15 to 5.84)
RR=2.40 (1.04 to 5.45)
RR=2.78 (1.09 to 7.07)

Surveillance
ChT
RT
ChT and RT

Age adjusted results. Only 8.3 %
of RT treated patients had also
med. RT.

Van der BeltDusebuot et
al.11 (2006)

2339

1965-1995

18.4 (5 to 38.4)

38.3b (n.r.)
28.1c (n.r.)

59.8b
(n.r.)
50.4c
(n.r.)

SIR=0.94 (0.61 to 1.39)
SIR=1.35 (0.97 to 1.83)
SIR=1.07 (0.92 to 1.23)
SIR=2.48 (1.77 to 3.37)
SIR=0.92 (0.77 to 1.08)
SIR=2.97 (1.73 to 4.77)
SIR=1.83 (1.08 to 2.90)

Surveillance
ChT
RT
RT – med.
RT – subdia.
RT – med. + ChT
RT – subdia. + ChT

Patients with CAD before or
within 5 years from diagnosis were
excluded.

Haughnes et
al.12 (2010)

990

1980-1994

19 (13 to 28)

31 (15-53)

51 (31-69)

HR=1.0 (reference)
HR=2.0 (0.64 to 6.1)
HR=5.7 (1.9 to 17.1)
HR=2.1 (0.78 to 5.4)
HR=5.3 (1.5 to 18.3)

Surveillance
ChT (CVB)
ChT (BEP)
RT
ChT + RT

Age adjusted results. Patients with
CAD before or within 2 years from
diagnosis were excluded. Only 3
of 420 RT treated patients had also
med. RT.

Note

BEP = bleomycin, etoposid, cisplatin; CAD = coronary artery disease; ChT = chemotherapy; CVB = cisplatin, etoposid, bleomycin; HR = hazard ratio; med. = mediastinal; N =
number of patients; n.r. = not reported; RT =radiotherapy; RR = relative risk; SIR = standardized incidence ratio; subdia. = subdiaphragmatic;
a

All patients treated with cisplatin based chemotherapy before 1987.

b

Age for seminoma patients.

c

Age for nonseminoma patients.

testicular cancer management. Prior to that, different chemotherapeutic regimens were used,
some of them containing even anthracyclines, cytotoxic drugs with well known cardiotoxic effect.
Although reports on cisplatin cardiovascular toxicity date back to the 1980s20,27-29, first study systematically reporting the frequency of late cardiac
morbidity by Meinardi et al. was published in 2000.
After a median follow up of 14 years, a major cardiac event was documented in 5 of 87 patients (5.8%)
treated with cisplatin based chemotherapy; myocardial infarction in 2 (2.3%) and angina pectoris
in the remaining 3 (3.5%) patients. Compared with
the general male population, this corresponded to
approximately 7-fold increased risk (observed-toexpected ratio [O/E] = 7.1, 95% confidence interval
[CI], 1.9 to 18.3-fold). In this study, additional analysis of subclinical cardiac disease was performed
as well. Echocardiographic evaluation showed
abnormal diastolic function of the left ventricle in
33% of the patients treated with cisplatin based
chemotherapy, probably as an early sign of microvasculopathy.19
Subsequent studies with larger testicular cancer
cohorts in following years revealed the magnitude
of the problem (Table 1). Huddart et al. reported
on cardiovascular morbidity in 992 testicular cancer survivors, treated between 1982 and 1992 at the
Royal Marsden Health Service Trust. In particular, they reported on cardiac events, comprising
Radiol Oncol 2017; 51(2): 221-227.

angina pectoris, long-term chest pain, myocardial
infarction, surgery for coronary artery disease and
others cardiac abnormalities. Approximately two
thirds of the patients were treated with chemotherapy; cisplatin-based in two thirds and carboplatinbased in remaining third. After a median follow
up of 10.2 years, age-adjusted relative risk (RR) for
cardiac events was 2.59 (95% CI, 1.15 to 5.84) with
no significant difference between patients treated
with cisplatin and those treated with carboplatin.
There was no difference in risk for cardiac events
between patients treated with bleomycin containing regimens and those, who didn’t get bleomycin,
indicating that bleomycin did not significantly contribute to cardiac damage. Moreover, in this study,
risk for cardiac events was increased in patients
treated with radiotherapy (RR = 2.4, 95% CI, 1.04
to 5.45), although a minority of them - only 8.3%,
received mediastinal radiotherapy. Patients treated
with chemotherapy and radiotherapy were, as expected, at the highest risk, with age-adjusted RR =
2.78 (95% CI, 1.09 to 7.07).26
After a median follow up of 18.4 years, van der
Belt-Dusebout et al. reported on 694 cardiovascular
events in 2 512 5-year testicular cancer survivors.
The overall standardized incidence ratio (SIR) for
coronary artery disease was significantly elevated
(SIR = 1.17, 95% CI, 1.04 to 1.31). They found slightly, but not significantly increased risk for coronary
artery disease in chemotherapy treated patients
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compared to the general population (SIR = 1.35,
95% CI, 0.97 to 1.83). Chemotherapy with cisplatin,
vinblastine, bleomycin (PVB) regimen was associated with 1.9-fold (95% CI, 1.7 to 2.0-fold), significantly increased risk for myocardial infarction,
while chemotherapy with bleomycin, etoposide,
cisplatin (BEP) was associated with borderline significantly increased risk for CVD (SIR = 1.5, 95%
CI, 1.0 to 2.2), but not for myocardial infarction.
Analysis of patients treated with radiotherapy revealed 3.7-fold (95% CI, 2.2 to 6.2-fold) increased
risk for myocardial infarction after a mediastinal
radiotherapy, while there was no increased risk for
CVD after subdiaphragmatic radiotherapy. There
was a trend towards higher risk for coronary artery
disease with younger age at diagnosis and younger age at follow up as well, for the whole study
group. In addition, in nonseminoma group of patients there was a significant influence of attained
age of patient on the risk for myocardial infarction,
with increased risk in 54 years old or younger (SIR
= 1.86, 95% CI, 1.20 to 2.74), even higher risk in
younger than 45 years (SIR = 2.06, 95% CI, 1.15 to
3.41) and decreased risk in 55 years or older (SIR =
0.53, 95% CI, 0.25 to 0.98).13
Haugnes et al. recently reported on cardiovascular morbidity in 990 testicular cancer survivors
treated between 1980 and 1994. The incidence of
two end-points were evaluated: coronary artery
disease, including myocardial infarction and angina pectoris and atherosclerotic diseases, including coronary artery disease, cerebrovascular insult,
transitory ischemic attack, carotid stenosis and other peripheral atherosclerotic disease. With a median follow up of 19 years, testicular cancer survivors
treated with chemotherapy had increased risk for
coronary artery disease (hazard ratio [HR] = 2.6,
95% CI, 0.96 to 6.9) and atherosclerotic disease (HR
= 2.6, 95% CI, 1.1 to 5.9), compared to surgery only
group. Treatment with BEP was associated with
a 5.7-fold (95% CI, 1.9 to 17.1-fold), significantly
increased risk for coronary artery disease and a
4.7-fold (95% CI, 1.8 to 12.2-fold), significantly increased risk for atherosclerotic disease, while treatment with CVB was associated with nonsignificantly increased risk for CVD, in contrary with the
results of van der Belt-Dusebout study. Additional
subanalyses, taking into account chemotherapy
type, revealed that higher cumulative dose of
etoposide was associated with increased risk for
coronary artery disease, while higher cumulative
doses of etoposide and cisplatin were associated
with increased risk for atherosclerotic disease as
well. Interestingly, risk for coronary artery disease

and atherosclerotic disease were increased even in
patients treated with mostly non-mediastinal radiotherapy (only 3 of 420 irradiated patients received
mediastinal radiotherapy), being 2.1-fold (95%
CI, 0.78 to 5.4-fold) and 2.3-fold (95% CI, 1.03 to
5.3-fold), respectively. In accordance with results
of other studies, treatment with chemotherapy and
radiotherapy posed the highest risk, 5.3-fold (95%
CI, 1.5 to 18.3-fold) for coronary artery disease and
4.7-fold (95% CI, 1.6 to 14.1-fold) for atherosclerotic
disease, respectively.14

Treatment-related cardiovascular
mortality
Hanks et al. reported on elevated cardiac mortality after 15-years follow up in 387 testicular cancer
survivors treated with radiotherapy in 1973 and
1974. Seventy-nine percent of patients with stage
II and 27% of patients with stage I had mediastinal
irradiation. A significant, 3.1-fold increase in noncancer mortality was observed compared to general male population. Further analysis of causes of
death revealed a 2.3-fold increase in cardiac deaths.
Eight out of ten patients, who died due to cardiac
disease, received mediastinal irradiation.22
In Zagars’ study only minority of patients (71
of 477) received mediastinal irradiation. The cardiac mortality rate was significantly elevated only
beyond 15 years of follow-up with standardized
mortality ratio (SMR) 1.95 (95% CI, 1.24 to 2.94).
Cardiac mortality rate was not significantly elevated during the first 15 years of follow up for the
whole group of patients, except for the subgroup of
patients treated with mediastinal irradiation (SMR
= 1.63, 95% CI, 0.44 to 4.17).23
Fossa et al. was the first author reporting on
cardiac mortality among testicular cancer survivors treated with combination of radiotherapy and
chemotherapy. They found slightly, but significantly increased risk of dying from circulatory disease (SMR = 1.20, 95% CI, 1.0 to 1.5). A comparison
according to the diagnostic periods failed to show
increase of mortality after the introduction of cisplatin, probably due to other treatment modifications
that happened in that period: omission of mediastinal irradiation, confinement of subdiaphragmatic
fields and introduction of modern radiotherapy
planning and delivery facilities.24
In another large international study by Fossa
et al., there was no significant increase in overall
mortality from circulatory disease in whole study
population of 38 907 patients treated for testicular
cancer with only surgery, chemotherapy or raRadiol Oncol 2017; 51(2): 221-227.
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diotherapy or with combination of chemotherapy
and radiotherapy. However, a significantly increased mortality due to hypertensive disorder
(SMR = 1.39, 95% CI, 1.01 to 1.89) was documented.
Mortality caused by all circulatory diseases was
significantly higher in testicular cancer survivors
treated with chemotherapy (SMR = 1.44, 95% CI,
1.06 to 1.91) compared to group of patients treated
with radiotherapy or surgery only. The risk was
even higher in testicular cancer survivors treated
with radiotherapy and chemotherapy (SMR = 2.06,
95% CI, 1.27 to 3.14). In comparision with the general population, mortality from circulatory disease
was significantly increased in patients treated with
radiotherapy at the age under 35 years (SMR = 1.7,
95% CI, 1.21 to 2.31), as well as in patients treated
with chemotherapy (with or without radiotherapy)
at the age under 35 years after 1975 (SMR = 1.58,
95% CI, 1.25 to 2.01). The latter coincides with introduction of cisplatin based chemotherapy.5

Pathophysiology of CVD caused by
cisplatin based chemotherapy
Although mechanisms that would explain an increased risk of CVD after cisplatin based chemotherapy are not completely clarified, endothelial damage is considered to play a main role in
pathogenesis. Microalbuminuria, thought to be an
early sign of endothelial damage, was reported by
Meinardi et al. in 22% of patients treated with cisplatin based chemotherapy.19 Patients with microalbuminuria had a tendency of higher blood pressure, which could be a consequence of systemic
endothelial damage as well.30 Moreover, microalbuminuria was shown to be a predictor of cardiac
events.31,32 Nuver et al. observed microalbuminuria in 12% of patients treated with cisplatin based
chemotherapy for testicular cancer after median
follow up of 7 years, compared to 0% in surgery
only group and 4.6% in a larger group of healthy
men from general population.33
Nuver et al. proposed other endothelial and
inflammatory markers as potential early indicators of endothelial damage and atherosclerosis,
which is essentially an inflammatory proces.33
Namely, they found significantly higher levels of
von Willebrandt factor (vWF), tissue plasminogen
activator (t-PA), plasminogen activator inhibitor-1
(PAI-1), fibrinogen and high sensitivity C-reactive
protein (hs-CRP) in patients treated with chemotherapy compared to healthy men. Elevated levels of endothelial and inflammatory markers
were shown to be associated with higher risk for
Radiol Oncol 2017; 51(2): 221-227.

coronary artery disease.34,35 In addition, elevated
levels of inflammatory proteins were associated
with more pronounced atherosclerosis as well.36
Moreover, according to the available data from the
literature, hs-CRP could be a predictive marker for
CVD.36-39 In the same study by Nuver et al. evaluation of vascular structure and function of common carotid artery was performed. Irrespective of
high levels of endothelial and inflammatory markers, this evaluation failed to show any significant
changes in wall structure or function of blood vessel, except a small, but statistically significant increase in carotid wall stiffness. Explanation for this
could be impairment of microvasculature at the
early stages, with later impairment of the macrovasculature. The same author in another study also
reported on small, but statistically significant increase in carotid intima media thickness in patients
treated with cisplatin based chemotherapy, which
was shown to be associated with higher myocardial infarction incidence.40
Gietema et al. showed a presence of circulating
platinum in plasma up to 20 years after treatment
with cisplatin based chemotherapy in testicular
cancer survivors, which, together with the awareness of signs for endothelial damage, led to the
theory that cisplatin may chronically stimulate
the endothelium, eventually resulting in vasculature impairment.41,42 Correlation between cisplatin
plasma levels and severity of neurotoxicity was
recently shown, indicating that cisplatin level may
serve as a putative marker for long-term toxicity,
perhaps even for CVD.43

Unfavourable cardiovascular risk profile,
metabolic syndrome and hypogonadism
in testicular cancer survivors
CVD following cisplatin based chemotherapy
could, on the other hand, be caused by a gradual
development of unfavourable cardiovascular risk
profile. Namely, several studies reported significantly higher prevalence of hypertension in testicular cancer survivors treated with platinum based
chemotherapy.14,16,19 Another cause of hypertension
in testicular cancer survivors could be abdominal
radiotherapy. Namely, some studies with patients
treated with abdominal radiotherapy for malignant disease in abdomen reported on increased
risk of hypertension. Possible explanation for this
is development of radiation nephropathy with
resulting hypertension, probably through a renovascular mechanism with activation of the reninangiotensin-aldosteron system.44-46 Furthermore, a
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few studies reported on increased risk for hypercholesterolemia, as well as increased prevalence of
obesity following cisplatin based chemotherapy in
testicular cancer survivors, which was, on the other
hand, not confirmed by others.14-19,21 Haugnes et al.
found significantly higher levels of HbA1c in all
chemotherapy and radiotherapy treated testicular
cancer patients compared to surgery only group,
moreover, patients treated with radiotherapy were
at a greater risk of being diagnosed with diabetes
as well. Namely, the prevalence of diabetes for the
whole study group was 7.3%, while it was 10.2%
and 15.6% for radiotherapy and radiotherapy/
chemotherapy group, respectively. The most likely
explanation for this is radiation damage of pancreatic gland tissue, as the large part of the gland
is included in subdiaphragmatic radiation field.
Insulin resistance in testicular cancer patients treated with chemotherapy could be a consequence of
persistent hypomagnesemia, caused by cisplatininduced damage of proximal renal tubules. In
Haugnes´ study it was found that the prevalence
of other unfavourable risk factors for CVD was the
highest in radiotherapy/chemotherapy group as
well, suggesting a possibility of synergistic effect.14
Hypertension, dyslipidaemia, obesity and insulin resistance are all components of the metabolic
syndrome. Considering that testicular cancer survivors are at greater risk to have one or more of
these components, the metabolic syndrome could
be a possible causal link between cytotoxic treatment and CVD.47,48 The prevalence rates of metabolic syndrome in testicular cancer survivors range
from 8% to 40%, depending on applied criteria for
diagnosis of this syndrome. Patients treated with
chemotherapy are at higher risk for development
of metabolic syndrome, compared to controls and
to radiotherapy or surgery only group. This is especially true for patients receiving higher cumulative dose of cisplatin – 850 mg or more. Beside
association with cumulative dose of cisplatin, a
positively correlation was demonstrated between
prevalence of metabolic syndrome and cumulative
doses of bleomycin and etoposide as well.48 The aetiology of the metabolic syndrome is not entirely
clear. Gietema et al. were the first authors reporting
on the possible association of metabolic syndrome
with low serum testosterone levels in patients who
received chemotherapy.49 Nuver et al. proposed
that low serum testosterone level and metabolic
syndrome could be associated through increased
body mass index.48
It’s well known that hypogonadism increases
risk for CVD and correlates with the severity of ath-

erosclerosis, even in a healthy male population. In
addition, it was shown that gonadal dysfunction is
associated with obesity, dyslipidaemia and insulin
resistance, as well as with higher levels of markers
of endothelial damage. A middle aged men from
general population with free testosterone levels in
the lower third of normal range were at a 2.7-fold
(95% CI, 2.0 to 3.7-fold) increased risk for metabolic
syndrome in age-adjusted analyses. After further
adjusting for body mass index, low free testosterone level was associated with 1.7-fold (95% CI, 1.2
to 2.4-fold) increased risk for metabolic syndrome.
This correlation was even more pronounced for
total testosterone levels and sex-hormone binding
globulin levels.50 In testicular cancer survivors, gonadal dysfunction may be result of prior treatment
with chemotherapy, subdiaphragmatic radiotherapy and with surgery as well.51
However, it is still ongoing debate, whether
metabolic syndrome is a consequence of hypogonadism or intrinsic feature of testicular cancer survivors, as a part of testicular dysgenesis syndrome.
If the first assumption is true, the testosterone substitution therapy could have a favourable impact
on metabolic syndrome and development of CVD
in testicular cancer survivors. To date, there is no
evidence for that. According to the literature, substitution therapy with testosterone might be useful in men with significantly reduced testosterone
levels, while its benefit is questionable in a case of
modest hypogonadism.48

Pathophysiology of CVD caused by
irradiation
Increased risk for CVD after mediastinal radiotherapy in patients treated for testicular cancer is a
consequence of a direct exposure of the heart to irradiation.52-54 Data from the literature indicate that
irradiation of the heart leads to the tissue damage
through microvasculopathy and eventually macrovasculopathy. Endothelial damage of small blood
vessels is due to radiation induced generation of
reactive oxygen species. Typically, irregularities
of the endothelial cell membranes, cytoplasmic
swelling, thrombosis and rupture of the walls are
present in early phase. This eventually results in
reduced ratio of capillaries to myocytes by approximately 50%, leading to ischaemia and fibrosis in
late phase.55
Less is known about pathologic association
between subdiaphragmatic radiotherapy and
CVD. According to the physical model, in series
of Huddart et al., the expected mean dose to the
Radiol Oncol 2017; 51(2): 221-227.
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heart in a case of “dog leg” radiation field, extending upwards to the bottom of tenth thoracic vertebra, was approximately 2.5% of the total dose,
which is unlikely to cause any serious damage.26
Possible mechanism of CVD in patients treated
with abdominal radiotherapy could be radiation
nephropathy, as well as hypogonadism, as mentioned above. A direct endothelial damage, eventually resulting in atherosclerosis, is another possible mechanism, supported by increased levels of
hs-CRP in patients treated with radiotherapy.56
Up to 1980´s, total dose of subdiaphragmatic radiotherapy was 36 to 40 Gy and even more. After
that, radiation dose was gradually reduced, being
20 Gy for stage I seminoma, 30 Gy for stage II A
and 36 Gy for stage II B. In case of prophylactic
mediastinal irradiation, testicular cancer survivors
usually received 30 Gy. Fractionation, mainly used
in subdiaphragmatic, as well as in mediastinal irradiation, is 2 Gy daily fractions 5 days per week.

Implication for future
Current knowledge about long-term treatment-related toxicity in testicular cancer survivors is based
on treatment modalities administered years to
decades ago. Optimization of treatment, including
omission of mediastinal irradiation, confinement
of subdiaphragmatic fields, use of modern radiotherapy planning and delivery techniques, lowering the cumulative doses of cytotoxic drugs and
preferential use of active surveillance will probably
all reduce risk for cardiac toxicity.7-12 However, as
data from newer studies are not yet available, we
do not have confirmation for this and further research is essential.57
Following successful treatment, most of the
testicular cancer survivors are under the medical
surveillance of their oncologists for subsequent 5 to
10 years. Obviously, these patients need a longer,
probably life-long follow-up with special attention
to modifiable CVD risk factors. Patients should be
treated for hypertension, diabetes, hyperlipidaemia and dyslipidaemia and advised about healthy
lifestyle. A smoking cessation is highly recommended, along with regular physical activity and
maintaining of optimal body weight. At the moment, no guidelines concerning CVD risk in testicular cancer survivors are available and several
study groups proposed their development.25
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Background. Radiation-related lymphopenia has been associated with poor patient outcome. Our aim was to identify predictors of lymphopenia after palliative radiotherapy, with a focus on dose-volume parameters.

Patients and methods. To retrospectively assess patients with various cancers who had undergone palliative radiotherapy, we delineated three organs at risk: the volume enclosed by the body surface contour (body A), the volume
left after excluding air, pleural effusion, ascites, bile, urine, and intestinal content (body B), and the volume of the bone
marrow (BM). We then noted the absolute volume of the three organs at risk that had received 5–30 Gy, and assessed
the predictive value for post-treatment lymphopenia of grade 3 or higher (LP3+).
Results. Of 54 patients, 23 (43%) developed LP3+. Univariate logistic regression analysis showed that body A V5, body
A V10, body B V5, body B V10, the number of fractions, and splenic irradiation were significant predictors of LP3+ (p <
0.05). By multivariate analysis, body A V5, body A V10, body B V5, body B V10, and the number of fractions retained
significance (p < 0.05). BM dose-volume parameters did not predict lymphopenia.
Conclusions. Higher body A and body B dose-volume parameters and a larger number of fractions may be predictors of severe lymphopenia after palliative radiotherapy.
Key words: palliative radiotherapy; radiation-related lymphopenia; dose-volume parameters

Introduction
The important role of lymphocytes in the immune
response to cancer1 is evidenced by the better survival of lung-, colorectal-, and breast cancer-, and
glioblastoma patients whose cancer tissues manifest lymphocyte infiltration.2-5 Survival tends to
be poor in cancer- and lymphoma patients with
lymphopenia before undergoing treatment6-10, and
treatment-related lymphopenia is associated with
a poor outcome in patients subjected to curative
chemoradiotherapy for pancreatic-, lung-, cervical-, and nasopharyngeal cancer and malignant
glioma.11-18
Radiol Oncol 2017; 51(2): 228-234.

The irradiation of circulating peripheral blood
may elicit radiation-related lymphopenia.19,20
Although studies to evaluate the effect of irradiation on lymphocytes showed that radiation-related
lymphopenia was associated with organ-specific
(lung14 and brain21) dose-volume parameters, dosimetric predictors applicable at various treatment
sites remained to be identified.
Radiation-related lymphopenia has been studied mainly in patients who had received curative
treatment11-18; there are few reports on patients
subjected to palliative radiotherapy (RT). Because
lymphocytes are highly radiosensitive, exposure to
even low doses of radiation can lead to a decrease
doi:10.1515/raon-2016-0050
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in the number of peripheral blood lymphocytes.22,23
Consequently, even low radiation doses delivered
by palliative RT can lead to lymphopenia affecting
the immune system and the treatment outcome.
Focusing on dose-volume parameters, we attempted to identify predictors of lymphopenia after palliative RT. We used organs at risk based on
body surface contour to evaluate their predictive
value.

Patients and methods
Patients
This retrospective study was approved by the institutional review board of Kumamoto University
Hospital (No. 1171). The study was carried out according to the Declaration of Helsinki. Our inclusion criteria were as follows: patients treated with
palliative RT between October 2010 and June 2013
at the Kumamoto University Hospital; the availability of laboratory data acquired within 2 weeks
prior to the start of RT; and of two or more laboratory data obtained within one month after the start
of RT, the latest data recorded at least 2 weeks after
the start of RT. The exclusion criteria were hematologic tumor; chemotherapy, molecular targeted
therapy, interferon treatment, or radiotherapy delivered from one month before to one month after
the start of RT; or grade 2 or higher lymphopenia
based on the Common Terminology Criteria for
Adverse Events (CTCAE) v 4.0 at the start of RT.
Patient-, tumor-, and treatment data were obtained
from medical charts.

Laboratory data
The study endpoints were (1) the absolute lymphocyte count at nadir, defined as the lowest value recorded within one month after the start of RT, (2)
the lymphocyte count ratio, obtained by dividing
the nadir absolute lymphocyte count by the pre-RT
absolute lymphocyte count, and (3) lymphopenia
of grade 3 or higher (LP3+, absolute lymphocyte
count < 500 x 106/L) determined by CTCAE v 4.0,
with the highest grade within one month after the
start of RT recorded for analysis.

available software (Velocity AI, Velocity Medical
System, Atlanta, GA, USA). To evaluate the effect
of radiation on peripheral blood lymphocytes, one
radiation oncologist delineated the volume of two
organs at risk where body A is the volume enclosed
by the body surface contour, and body B is the volume left after excluding air, pleural effusion, ascites, bile, urine, and intestinal content (Figure 1).
For body A, the body surface contour was obtained
first by using threshold-based segmentation and
then by manual correction. To obtain body B, we
excluded volumes whose irradiation would not
contribute to the reduction of lymphocytes; lung
tissue was included and the trachea and bronchi
were excluded. For bone marrow (BM), all bones
were delineated by threshold-based segmentation
and manual correction (Figure 1); intervertebral
disks and costal-, thyroid-, cricoid-, and tracheal
cartilage were excluded. The distal half of the femur and humerus were also excluded from BM
because they contain little proliferating bone marrow.24 The absolute volumes of the three organs at
risk receiving 5-, 10-, 20-, and 30 Gy (V5, V10, V20,
and V30) were recorded.

Statistical analysis
Data were summarized by using descriptive statistics (frequency, percentage, median, range). The
correlation between the dose-volume parameters
and the nadir lymphocyte count was evaluated
with the Spearman correlation coefficient. For univariate and multivariate logistic regression analysis, the age, interval from tumor diagnosis, the
pre-RT absolute lymphocyte count, total radiation
dose, number of fractions, total monitor units, total
irradiation time, and all dose-volume parameters
were the continuous variables. The categorical variables included the gender, previous RT, previous
chemotherapy, concurrent steroid use, bone metastasis, brain metastasis, splenic irradiation, and
thymic irradiation. Variables that were significant

Dose-volume parameters
All patients underwent CT simulation in the supine position, and three-dimensional treatment
planning. For this study, we delineated organs at
risk on planning CT images with commercially

body A

body B

BM

FIGURE 1. Delineation of the three organs at risk. Body A is the volume enclosed by
the body surface contour. Body B excludes air, pleural effusion, ascites, bile, urine,
and the intestinal content. BM = bone marrow.
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TABLE 1. Patient and treatment characteristics (n = 54)
Characteristic

No. of
patients

%

33

61

Patient characteristics
Male gender
Age (years)
Median

69

Range

39-86

in univariate analysis were included in multivariate analysis. The overall survival, calculated from
the start of RT, was estimated with the KaplanMeier method; differences determined with the
log-rank test. Values of p < 0.05 were considered
statistically significant. All statistical analyses were
performed with SPSS software, version 23 (IBM
SPSS, Armonk, NY, USA).

Primary tumor
Lung

14

26

Gastrointestinal

9

17

Skin

4

7

Liver

3

6

3

6

Uterus

21

39

Previous radiotherapy

15

28

Previous chemotherapy

26

48

Concurrent steroid use

23

43

Bone metastasis

27

50

Brain metastasis

11

20

Others

a

Interval from tumor diagnosis to
radiotherapy (months)
Median

13

Range

0-168

1356

Range

844-3468

Total radiation dose (Gy)
30

Range

16–50

Number of fractions
Median

10

Range

4–25

Fraction size (Gy)
Median

3

Range

2–5

Total monitor units for all fractions
Median

4433

Range

1896–
13890

Dose-volume parameters

Total irradiation time for all fractions (minutes)
Median

7.5

Range

3.2–37.7

Treatment site
Head and neck

14

26

Chest

24

44

Abdomen

10

19

Pelvis

11

20

Limb

1

2

Splenic irradiationb

9

17

Thymic irradiationc

15

28

a Others include head and neck (3 patients), breast (3 patients), mediastinal (3 patients), urogenital
(8 patients), and soft tissue (4 patients) tumors; b Yes, if any part of the spleen was covered by the 5
Gy idodose line; c Yes, if any part of the thymus was covered by the 5 Gy idodose line.
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We included 54 patients whose solid tumors were
treated with palliative RT. The patient and treatment characteristics are summarized in Table 1. As
we excluded patients with lymphopenia of grade
2 or higher (absolute lymphocyte count < 800 x
106/L), all included patients had a pre-RT absolute
lymphocyte count ≥ 800 x 106/L. The median follow-up period from the start of RT was 4.5 months
(range 0–42.0 months).

The median pre-RT absolute lymphocyte count
was 1356 x 106/L (range 844–3468 x 106/L), and the
median nadir post-RT absolute lymphocyte count
was 536 x 106/L (range 131–1653 x 106/L). The median lymphocyte count ratio, obtained by dividing the nadir- by the pre-RT absolute lymphocyte
count, was 0.410 (range 0.108–0.983). Of the 54 patients, 12 (22%), 19 (35%), 20 (37%), and 3 (6%) patients had post-treatment lymphopenia of grade 1,
2, 3, and 4, respectively; a total of 23 (43%) patients
developed LP3+.

Treatment characteristics
Median

Patients

Laboratory data

Pre-radiotherapy absolute lymphocyte
count (x 106/L)
Median

Results

The median (range) V5, V10, V20, and V30 for body
A were 2.880 (0.399–8.976), 2.519 (0.344–6.596),
1.629 (0.000–4.255), and 0.660 (0.000–3.365) x 103
mL, respectively. These values were 2.704 (0.392–
8.143), 2.384 (0.341–5.959), 1.597 (0.000–3.919), and
0.645 (0.000–3.326) x 103 mL for body B and 0.348
(0.000–0.974), 0.258 (0.000–0.909), 0.174 (0.000–
0.737), and 0.076 (0.000–0.724) x 103 mL for BM.

Correlation between the dose-volume
parameters and the nadir lymphocyte
count
There was a negative correlation between body
dose-volume parameters (V5, V10, and V30 for
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body A and body B) and the nadir lymphocyte
count (p < 0.05, Table 2). Higher body A and body
B dose-volume parameters were correlated with
a lower post-RT lymphocyte count. There was
no significant correlation between BM dose-volume parameters and the nadir lymphocyte count
(Table 2). We observed a strong correlation between
body A V5 and body B V5 (Speaman’s rho = 0.992,
p < 0.001), between body A V10 and body B V10
(Speaman’s rho = 0.992, p < 0.001), between body
A V20 and body B V20 (Speaman’s rho = 0.997, p
< 0.001), and between body A V30 and body B V30
(Speaman’s rho = 0.999, p < 0.001).

Predictors of severe treatment-related
lymphopenia
Univariate logistic regression analysis showed
that body A V5, body A V10, body B V5, body B
V10, the number of fractions, and splenic irradiation were significant predictors of LP3+ (p < 0.05,
Table 3). For multivariate analysis, we took into account factors with p < 0.05 by univariate analysis
(number of fractions and splenic irradiation) to test
the independent significance of dose-volume parameters (Table 4). We found that body A V5, body
A V10, body B V5, body B V10, and the number
of fractions retained significance (p < 0.05). Higher
body A and body B dose-volume parameters and a
larger number of fractions were predictive of LP3+.

TABLE 2. Spearman correlation coefficients between the dose-volume parameters
and the nadir lymphocyte count
Nadir lymphocyte count
Absolute lymphocyte
count at nadir

Lymphocyte
count ratioa

Spearman’s
rho

p-value

Spearman’s
rho

p-value

Body A V5

-0.265

0.053

-0.350

0.010

Body A V10

-0.283

0.038

-0.367

0.006

Body A V20

-0.231

0.093

-0.255

0.063

Body A V30

-0.305

0.025

-0.281

0.039

Body B V5

-0.274

0.045

-0.347

0.010

Body B V10

-0.280

0.040

-0.352

0.009

Body B V20

-0.236

0.086

-0.260

0.057

Body B V30

-0.302

0.027

-0.280

0.041

BM V5

-0.152

0.27

-0.210

0.13

BM V10

-0.161

0.25

-0.207

0.13

BM V20

-0.135

0.33

-0.161

0.25

BM V30

-0.168

0.23

-0.185

0.18

Variable

BM = bone marrow; a The lymphocyte count ratio was calculated by dividing the nadir absolute
lymphocyte count by the pre-radiotherapy absolute lymphocyte count.

Relationship between radiation-related
lymphopenia and overall survival
The median survival for all patients was 6.3 months
(95% confidence interval: 4.1–8.5 months). The
overall survival based on the grade of radiation-related lymphopenia is shown in Figure 2. There was
no statistically significant difference in the overall
survival of patients with LP3+ and the other grades
of lymphopenia (p = 0.79).

Lymphopenia < grade 3 n = 31
Lymphopenia ≥ grade 3 n = 23

p = 0.79

Discussion
We found that body A V5, body A V10, body B V5,
body B V10, and the number of fractions were significant predictors of severe radiation-related lymphopenia. Higher body A and body B dose-volume
parameters and a larger number of fractions were
predictive of LP3+. In contrast, irradiation to lymphoid organs such as the bone marrow, spleen, and
thymus were not predictive of radiation-related
lymphopenia.

Median survival
Lymphopenia < grade 3 5.3 months (95% CI: 5.1-5.5 months)
Lymphopenia ≥ grade 3 7.8 months (95% CI: 0.5-15.1 months)
FIGURE 2. Overall survival according to the grade of radiationrelated lymphopenia.
CI = confidence interval.
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TABLE 3. Univariate logistic regression analysis for lymphopenia of grade 3 or higher
Variable

OR

95% CI

p-value

Male vs. female

1.39

0.46–4.22

0.55

Age (per 1 year increase)

0.99

0.94–1.03

0.53

Previous radiotherapy (yes vs. no)

1.02

0.30–3.47

0.98

Previous chemotherapy (yes vs. no)

0.53

0.18–1.58

0.26

Concurrent steroid use (yes vs. no)

1.07

0.36–3.17

0.91

Bone metastasis (yes vs. no)

0.86

0.29–2.53

0.78

Brain metastasis (yes vs. no)

0.72

0.18–2.84

0.64

Interval from tumor diagnosis to radiotherapy
(per 1 month increase)

1.00

0.99–1.02

0.81

Pre-radiotherapy absolute lymphocyte count
(per increase of 1 x 106/l)

0.99

0.99–1.00

0.23

Total radiation dose (per 1-Gy increase)

1.06

0.99–1.14

0.11

Patient characteristics

Treatment characteristics

Number of fractions (per 1-fraction increase)

1.18

1.01–1.38

0.036

Total monitor units over the entire treatment
course (per increase of 100 monitor units)

1.01

0.99–1.03

0.29

Total irradiation time over the entire
treatment course (per 1-minute increase)

0.99

0.92–1.08

0.91

Splenic irradiation (yes vs. no)

a

6.34

1.18–34.24

0.032

Thymic irradiation (yes vs. no)

b

0.58

0.17–2.03

0.39

Body A V5 (per 1 x 10 mL increase)

1.55

1.06–2.26

0.025

Body A V10 (per 1 x 103 mL increase)

1.60

1.04–2.45

0.032

Body A V20 (per 1 x 103 mL increase)

1.60

0.96–2.68

0.074

Body A V30 (per 1 x 10 mL increase)

1.87

0.95–3.68

0.069

Body B V5 (per 1 x 103 mL increase)

1.58

1.05–2.38

0.027

Body B V10 (per 1 x 10 mL increase)

1.63

1.04–2.56

0.035

Body B V20 (per 1 x 103 mL increase)

1.59

0.94–2.72

0.087

Body B V30 (per 1 x 10 mL increase)

1.84

0.93–3.67

0.082

BM V5 (per 1 x 103 mL increase)

3.62

0.37–35.36

0.27

BM V10 (per 1 x 10 mL increase)

2.88

0.27–31.10

0.38

BM V20 (per 1 x 103 mL increase)

1.78

0.15–20.92

0.65

BM V30 (per 1 x 10 mL increase)

4.73

0.19–115.78

0.34

3

3

3

3

3

3

BM = bone marrow; OR = odds ratio; CI = confidence interval; a Yes, if any part of the spleen
was covered by the 5 Gy idodose line; b Yes, if any part of the thymus was covered by the 5 Gy
idodose line.

Others19,20 suggested that the irradiation of circulating peripheral blood may lead to the development of radiation-related lymphopenia. This hypothesis is supported by findings that lymphopenia was observed after the delivery of RT to various
body parts that did, or did not, include lymphoid
organs.19,25 The irradiation of extracorporeal blood
can lead to long-lasting lymphopenia.26 Tang et al.14
found that in lung cancer patients, higher lung V5
Radiol Oncol 2017; 51(2): 228-234.

to V10 values were associated with a lower lymphocyte nadir, and Huang et al.21 reported that in
patients with high-grade glioma, higher brain volume receiving 25 Gy was a significant predictor of
acute severe lymphopenia during RT and concurrent temozolomide. We document that the body
dose-volume parameters we applied are useful
predictors of lymphopenia in patients exposed to
RT at different sites including the head and neck,
the chest, abdomen, and the pelvis.
Our univariate and multivariate logistic regression analysis showed that irradiation to the bone
marrow, spleen, and thymus was not a consistently
significant predictor. Lymphoid organs such as the
thymus, bone marrow, and spleen are central components of the mammalian immune system; lymphocytes are developed in these organs.27 While
splenic irradiation was a significant predictor of
LP3+ by univariate logistic regression analysis, it
lost its significance upon multivariate analysis.
Because the 95% confidence interval was wide in
our multivariate analysis (Table 4), the predictive
value of splenic irradiation should be examined
in large patient populations. We detected no significant association between lymphopenia and
bone marrow irradiation although Sini et al.28 reported that the exposure of bone marrow to radiation played a significant role. They found that
higher BM V40 was associated with higher risk of
acute Grade3 or late Grade2 lymphopenia in prostate cancer patients treated with whole-pelvis RT.
Because information on the role of lymphoid organs in radiation-related lymphopenia is limited,
additional studies are warranted.
The number of fractions was a significant predictor of severe radiation-related lymphopenia.
This finding agrees with earlier observations.20,29
MacLennan et al.29 analyzed the consequences of
prophylactic cranial irradiation in children with
leukemia. In their prospective study, the total radiation dose was constant (24 Gy) and the number of
fractions was determined by the participating centers. They found that the level of radiation-related
lymphopenia induced by that total dose depended
on the number of fractions into which it was divided. The mean lymphocyte count of patients examined 3 months after receiving this dose in 5-, 12-,
and 20 fractions was 1.84-, 1.12-, and 0.64 x 109/L,
respectively. Yovino et al.20 analyzed a model that
calculated the radiation dose received by circulating lymphocytes; they found that as the number of
fractions increased, the percentage of blood receiving ≥ 0.5 Gy increased rapidly. We also found that
the number of fractions was a significant predictor
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of radiation-related lymphopenia, however, in our
study the total radiation dose was not a significant
predictor. Because lymphocytes are highly radiosensitive22,23, their number killed by one fraction
may not be strongly associated with the dose per
fraction. A larger dose per fraction might be relatively less effective in killing lymphocytes than a
small dose.
We observed a strong correlation between body
A and body B dose-volume parameters when the
volume was equal (e.g. body A and body B exposed
to 5 Gy). It is easier to obtain the volume of body A
than body B because body A is based on the body
surface contour that can be acquired by auto-segmentation using commercially available software
tools. Body A dose-volume parameters may be a
convenient tool for predicting radiation-related
lymphopenia.
Our data showed that there was no significant
difference in the overall survival of patients with
LP3+ and other grades of lymphopenia. Although
lymphopenia related to curative chemoradiotherapy has been shown to be associated with poor
patient outcomes11-18, its prognostic value for palliative RT remains to be determined.
Our study has some limitations. The study population was small and some useful predictors of
lymphopenia may have gone undetected. Also, as
our study was retrospective, laboratory data were
acquired at different points after the start of RT.
Consequently, the true nadir lymphocyte count
may not have been evaluated in some patients.
In summary, we identified body A and body B
dose-volume parameters were useful new predictors of radiation-related lymphopenia. These body
dose-volume parameters were acquired by delineating the body surface and they may be convenient
for predicting radiation-related lymphopenia. As
the parameters are not organ-specific, they are applicable at various treatment sites. Although their
predictive value for radiation-related lymphopenia
should be examined in groups of patients with different diseases, our findings may help to elucidate
the mechanisms underlying the elicitation of radiation-related lymphopenia in patients treated with
palliative RT.

CI = confidence interval; OR = odds ratio; a Yes, if any part of the spleen was covered by the
5 Gy idodose line; Factors with p < 0.05 by univariate analysis (number of fractions and splenic
irradiation) were taken into account to test the independent significance of the dose-volume
parameters.
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Background. The aim of the study was to assess patient dose from whole-body computed tomography (CT) in association with patient size, automatic exposure control (AEC) and intravenous (IV) contrast agent.
Patients and methods. Sixty-five testicular cancer patients (mean age 28 years) underwent altogether 279 wholebody CT scans from April 2000 to April 2011. The mean number of repeated examinations was 4.3. The GE LightSpeed
16 equipped with AEC and the Siemens Plus 4 CT scanners were used for imaging. Whole-body scans were performed
with (216) and without (63) IV contrast. The ImPACT software was used to determine the effective and organ doses.
Results. Patient doses were independent (p < 0.41) of patient size when the Plus 4 device (mean 7.4 mSv, SD 1.7 mSv)
was used, but with the LightSpeed 16 AEC device, the dose (mean 14 mSv, SD 4.6 mSv) increased significantly
(p < 0.001) with waist cirfumference. Imaging with the IV contrast agent caused significantly higher (13% Plus 4, 35%
LightSpeed 16) exposure than non-contrast imaging (p < 0.001).
Conclusions. Great caution on the use of IV contrast agent and careful set-up of the AEC modulation parameters is
recommended to avoid excessive radiation exposure on the whole-body CT imaging of young patients.
Key words: automatic exposure control; computed tomography; contrast agent; radiation exposure; waist circumference

Introduction
The use of computed tomography (CT) as a diagnostic tool has increased in the past decades and
nowadays CT imaging contributes most to the increase in radiation exposure of all medical radiation applications.1 Increased CT use has resulted
in growing rates of repeat or multiple imaging in
various patient populations and risks from cumuRadiol Oncol 2017; 51(2): 235-240.

lative radiation exposure have recently received
more attention.2,3 Some patients may go through
many CT studies during the treatment and followup and they may have a long life expectancy so the
associated risk from imaging should be kept as low
as reasonably.
One way to reduce the overall radiation dose
and to lower the cumulative dose is to reduce the
dose in individual patients.1 All CT manufacturers
doi:10.1515/raon-2017-0012
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have introduced online tube current output modulation systems, also known as automatic exposure
control (AEC), with the main intent to decrease radiation dose without compromising image quality.
These devices modulate the tube-current output
in the x-, y-, and z-directions to maintain a given
image noise level appropriate for patient size and
volume. Indeed, automatic exposure control algorithms do reduce radiation doses by adjusting
tube-current to patient size.4,5 However, the scanners without AEC were long in use together the
newer devices. On these scanners consideration
of patient size mainly depended on the experience
and competence of the personnel, and radiation exposure parameters were adjusted only just before
the examination.
The cancer patients were mainly studied with
two different scanners in our hospital, so we
sought to clarify how a device equipped with AEC
affects the exposure to radiation of patients with
different waist circumferences compared to a nonAEC device.

Patients and methods
The LightSpeed 16 (GE, Wisconsin, United States)
and Plus 4 (Siemens, Erlangen, Germany) devices
are third-generation CT scanners and they allow
helical scanning. The LightSpeed 16 is a multi-slice
CT with an adaptive array detector consisting of 24
parallel rows of solid-state detectors. The detectors
cover 20 mm in the z-direction at the iso-center.
Detectors allow imaging of 16 slices per rotation
and 0.63 to 10 mm slices can be reconstructed in
the helical mode, depending on the reconstruction
method and the selected pitch. The LightSpeed 16
device has an automatic exposure control, which
adjusts the tube current to patient size and along
the z-axis, but not during rotation. The input value
of AEC was the noise index. The Plus 4 device is
a single-slice CT with a ceramic detector covering
10 mm in the z-direction at the iso-center. The Plus
4 device can reconstruct 1 to 10 mm slices. It has
no automatic tube current control. The main difference between the devices is in current (mA) applications. The Plus 4 uses mainly a current of 150
mA for all patients, but the LightSpeed 16 exploit
a wide variation of current (53 to 441 mA) and the
baseline is higher. Usually, a voltage of 120 kV was
used on both scanners. The Plus 4 used two series
with intravenous (IV) contrast and the LightSpeed
16 examined thorax, liver and abdomen separately
in order to have better dose modulation, but there
Radiol Oncol 2017; 51(2): 235-240.

were no other differences on image parameters,
when IV contrast agent was used.
The study group consisted of 65 patients who
underwent whole-body scanning with the two
most frequently used scanners at the Department
of Radiology, Turku University Hospital between
the years 2000 – 2011. The procedures followed
Helsinki declaration and the study was approved
by the South-Western Finland Hospital district’s
Ethical Committee.
The inclusion criteria were testicular cancer and
age under 40 years. During this period this group
of patients underwent 279 whole-body CT scans,
on average 4.3 per patient. IV contrast agent was
used on 77.4% of scans. The scanned area usually
covered the whole-body from lower neck to the
symphysis or mid-thigh; in a few cases it started
from the external auditory canal to cover the entire
neck.
Details of the imaging studies patients were obtained from the institutional radiology database.
The CT-data were collected from each examination
for calculation of effective doses and the patientspecific organ doses, where the doses of stomach,
urinary bladder, breast, liver, red bone marrow,
testicles, colon, lenses, pancreas, lungs and heart
were collected. For this, software developed by
ImPACT, which uses the NRPB Monte Carlo dose
data sets (report SR250), was used.6 The tissueweighting factors from ICRP 103 (2007) were used
to calculate the effective dose.7 For the calculations
the software used voltage, current, rotation time,
pitch and scanning length for input, and also tabulated the CTDIair-values, which were dependent on
the scanner, voltage and collimation. The patient
exposure from the LightSpeed 16, which uses current modulation, was calculated using the highest
and lowest current values; the mean of these was
then calculated and assumed to be closest to the actual value. The dose calculation has been described
in detail by Salminen et al.8
The waist circumference was measured from
one axial CT image with a metric tool (PACS,
Carestream Health Inc, New York, USA). The
measurement was made at the midpoint between
the lowest rib and the iliac crest; the midpoint was
identified visually with topogram.
Means and standard deviations (SD) or medians and range of values were used to describe continuous variables. Observations were plotted in a
scatter plot and regression lines were created to
illustrate the difference between scanners. For nonnormally distributed variables group differences
were tested with Wilcoxon’s Two-Sample Test.
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TABLE 1. Patient characteristics at the time of the first whole-body scan
Characteristic

Value

Number of patients

65

Median age (years)

28 (range 16.5-39.4)

Number of patients with seminoma/non-seminoma
Median waist circumference (cm)†

26/39
92.2 (range 66.9-126.3)

Total number of whole-body CTEs

FIGURE 1. Boxplot of effective dose by device. The difference
between devices is highly significant (p < 0.0001, Wilcoxon’s).

279

Mean number of whole-body CTEs/patient

4.3 (SD 2.6)

Number of whole body CTEs
-LightSpeed 16
-Plus 4

137 (49.1%)
142 (50.2%)

Number of whole-body CTE with IV contrast
-LightSpeed 16
-Plus 4

104 (75.9)
112 (78.9)

† The waist circumference was measured midway between the lowest rib and the iliac crest from
one exial CT image.
CTE = computed tomography examinations

TABLE 2. Mean effective dose and SD (mSv) by device and waist circumference
with and without IV contrast
LightSpeed 16*

Plus 4**

Waist circumference

< 100 cm

≥ 100 cm

< 100 cm

≥ 100 cm

With IV

13.6 (3.2)

17.5 (6.1)

7.4 (1.2)

8.5 (3.3)

Without IV

10.7 (2.0)

12.8 (1.9)

6.2 (0.5)

7.7 (2.5)

All

12.8 (3.2)

16.7 (5.9)

7.2 (1.2)

8.2 (3.0)

* The p-value (Wilcoxon two-sample test) between waist circumference over and under 100 cm
p=0.003

FIGURE 2. Effective dose versus waist circumference by scanner
type in whole-body examinations. A wider variation of effective
doses is observed for the LightSpeed 16 device.

P-values less than 0.05 were considered statistically
significant. The SAS system for Windows, Version
9.3 (SAS Institute Inc, Cary, NC, USA) was used for
the statistical calculations.

Results
The mean (SD) age of the patients was 28.3 (6.6)
years. Further patient characteristics and number
of CTs are presented in Table 1. Figure 1 shows a
boxplot comparing effective doses by device. Dose
levels were lower and the dose range narrower for
the device without an AEC system (Plus 4). The
average effective dose delivered was significantly
lower for the Plus 4 than the LightSpeed 16 (p <
0.0001).

** The p-value (Wilcoxon two-sample test) between waist circumference over and under 100 cm
p=0.003

When the effective dose was plotted against the
in waist circumference (Figure 2) a wider variation
was observed for the LightSpeed 16 device, showing that patients with larger waist circumference
were exposed to higher doses (p < 0.0001). There
was a positive association between waist circumference and the dose. The effective dose generated by
the LightSpeed 16 device for patients with a waist
circumference < 100 cm was 12.8 mSv (SD 3.2) and
> 100 cm 16.7 mSv (SD 5.9). With Plus 4 the regression analysis showed that there was no overall statistically significant change in effective dose as the
waist circumference increased (p = 0.41). However,
at a cut point of 100 cm, there was a difference: the
effective dose was 7.2 mSv (SD 1.2) when the waist
circumference was < 100 cm and 8.2 mSv (SD 3.0)
for > 100 cm (p < 0.025).
Table 2 shows the mean effective doses by device and waist circumference for imaging studRadiol Oncol 2017; 51(2): 235-240.
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ies with and without IV contrast. The use of IV
contrast agent resulted in significantly higher
radiation exposure compared to imaging studies with no IV contrast (p = 0.002 Plus 4, p < 0.003
LightSpeed 16).
The organ doses varied between 0.006 and 65
mGy; the lenses were subjected to the lowest dose,
the stomach to the highest. Using LightSpeed 16
device the organ doses tended to increase in pace
with the effective doses. For larger patients significantly higher organ doses were received by the
breast, lungs, heart, stomach, liver, pancreas, colon, bladder, testicles and red bone marrow, and
the doses increased statistically significantly in
relation with the waist circumference for imaging
studies performed with the LightSpeed 16 device
(p < 0.001 for all organs). Such an increase in organ
doses was not observed for the Plus 4 device.

Discussion
In this study, the effective dose to patients who
were imaged because of testicular cancer was, on
average, 7 mSv for the Plus 4 device and 12 mSv
for the LightSpeed 16 device. The doses were significantly lower for all patients who were imaged
with the older device without AEC. Use of the
AEC increased the overall exposure, but it varied
by patient size: smaller patients received lower
doses than larger patients. The principle of AEC is
to modify the current for variations in patient size.
Still, the baseline level of exposure from the AEC
CT-device exceeded the level of non-AEC device,
and the exposure was especially high among patients of larger waist circumference. Probably the
baseline reset was left on an unnecessarily high
level, since the lower level of the non-AEC device
was sufficient for producing proper diagnostic results.
Patients, whose waist circumference was over
100 cm, received higher dose on LightSpeed 16, because the scanner used higher current. When the
waist circumference increased over 118 cm, the device used the maximum current during the whole
examination and the current was not modulating.
On LightSpeed 16 the voltage remain unchanged
(120 kV) regardless of waist circumference. The
reason for higher doses on Plus 4 was the higher
voltage (140 kV), which was used, when the waist
circumference was over 113 cm.
Comparing procedures performed by devices it
should be noted that also the number of series were
different. On Plus 4 there were two series, when IV
Radiol Oncol 2017; 51(2): 235-240.

contrast was used while there were three series on
LightSpeed 16. The LightSpeed 16 examined thorax, liver and abdomen separately in order to have
better dose modulation. This contributes to higher
patient exposure on LightSpeed 16. Basic set up
level for LightSpeed 16 was also high, perhaps following the vendor’s recommendation rather than
being adapted to a departmental protocol.
Based on data available on how patient biometrics should be considered in CT imaging.9,10,11 Chan
and associates have addressed the question of BMI
and abdominal fat. They found that by increasing
these variables effective doses from the abdomen
and pelvis scans also significantly increased.10
They observed a potential risk of very high radiation doses to oversized patients when the automatic exposure control system is used. Our results are
in concert with this and point out the importance
of careful consideration of precise values. A study
by Kalra et al.12 reported that a z-axis modulating
AEC, if used correctly, can reduce the dose by 34–
45%. Optimum use requires an understanding of
the importance to reset parameters and of the effect
of IV contrast agent on radiation exposure.
The noise index (NI) was used as an input factor in the AEC of the LightSpeed 16 device. The NI
is approximately equal to the SD of reconstructed
images and allows selecting the amount of noise of
images. The NI determines the tube current within
the selected range. In our study a higher tube current was used in the LightSpeed 16 device, which
implies that the NI was set too low and especially
larger patients require selection of a higher NI, because more noise can be moderated on larger patients and a 5% increase in NI is associated with a
10% reduction in radiation dose.13 There are also
another means to lower the dose in addition to increasing the NI, since all parameters that affect image noise affect indirectly the tube current when an
AEC is used.14
Use of IV contrast increased the radiation dose
from both devices further. Paul and associates
observed that CTs done with IV contrast agent
raises the dose in chest imaging in AEC-equipped
CTs.15 The use of IV contrast agent usually involves
multiple imaging steps: first native CT and then
contrast-augmented CT. More phases naturally
increase the effective dose to the patient. The use
of IV contrast agent does not always provide additional diagnostic information and the usefulness
of doing both a native and a contrast CT requires
further study.16,17,18
The use of already used or refurbished CT scanners is becoming more popular in less privileged
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countries. Concerns regarding the poor quality of
these devices have been expressed.19 We voice our
concern also for the lag of appropriate and timely
maintenance and for the understanding of the importance of protocol details, regardless of the type
or age of the device. Even older devices could be
used achieving sufficient diagnostic value without
increasing patient exposure unnecessarily.
The advantages of the current study include the
use of 1-slice and 16-slice CT devices in the same
hospital environment. We could collect all data
comprehensively since all patients were followed
up in the same hospital and scanning was exclusively performed with only two CT devices. The
disadvantage of this study was the old fashion devices. However, this is understandable, while the
examinations have been done since 2000, when the
16-slice scanners were the state of the art. While
64-slice scanners or more slice scanners are nowadays widely used, it would also be interesting to
study the differences between patients with newer
devices.
There were significant differences in the amount
of radiation exposure to the patients scanned with
these two devices. Thus, it is necessary to understand the technical characteristics of each CT device
in addition to the scanning protocol, when radiation exposure is determined clinically. The protocol should be adapted to patient biometrics: exposure may be increased only when more radiation
is required to improve the quality of the scans. In
all clinical radiology, unnecessary exposure must
be avoided. Imaging records and protocols should
describe in detail when it is allowable to deviate
from the pre-assigned imaging protocol regarding
radiation dose and use of IV contrast agent. This
information is needed for clinical reasons, but importantly also for purposes of reconstructing the
estimated amount of radiation exposure to the individual.
Although all imaging studies were done in one
hospital, we could not retrospectively establish the
reason for why the basic dose levels were higher also for small patients, when the AEC was used compared to previous practice. The reason may reside
in the vendor’s recommendation. If so, this stands
in contrast to the principle of using an AEC: to provide a substantial reduction in radiation dose with
similar or improved image quality.20 As the image
quality of LightSpeed 16 may have exceeded the
image quality needed for clinical decision, there is
a need for image quality assessment between these
two devices to further explain the differences in
doses.

Conclusions
The current results show that there is a need for
careful consideration of the set-up of the basic parameters for AEC-equipped CT devices. This need
stems from the present observation that patient
size and the use of IV contrast media are associated with an excessive risk of unnecessarily high
radiation exposure. Proper attention to these circumstances is warranted for improved radiation
protection in connection with CT-imaging studies.
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Difuzijsko obteženo slikanje s koeficientom
obteženosti gliomov gradus II in III – analiza
tumorske infiltracije ob leziji, gradusa in podtipov
gliomov
Anna F. Delgado AF, Fahlström M, Nilsson M, Shala G. Berntsson SG, Zetterling M, Libard
S, AlafuzoffI, Westen D, Lätt J, Smits A, Larsson EM
Izhodišča.

Difuzijsko obteženo slikanje s koeficientom obteženosti (DKI) omogoča oceno difuzije na katero vplivajo mikro-celične strukture. DKI smo analizirali pri bolnikih s sumom na gliom nizke stopnje malignosti pred samo histopatološko analizo.
Naš namen je bil raziskati, ali se MR-difuzijski parametri v beli substance normalnega izgleda (BSNI) ob tumorski spremembi
razlikujejo od tistih v beli substanci nasproti le-te ter poiskati razlike v DKI med gliomomigradus II in III oz. podtipi gliomov (astrocitomi in oligodendrogliomi).

Bolniki in metode.

Oseminštirideset bolnikov, s sumom na gliom nizke stopnje malignosti,ki so podali pisni pristanek za
sodelovanje, smo vključili v raziskavo, ki jo je odobrila etična komisija Univerze: Pri bolnikih smo pred operacijo analizirali DKI
izmerjen na MR aparatu jakosti3T. Bolniki, pri katerih je histološka analiza pokazala gliom gradusa II ali III (n=35) so bili vključeni
v nadaljevanje raziskave Na T2 in FLIAR obteženih sekvencah smo določili področja interesa (PI) ter jih poleg tega označili
na zemljevidu MR-difuzijskih parametrov. Primerjali smo srednje vrednosti DKI za BSNI ob leziji in nasproti lezije (Studentov t-test
za odvisne spremenljivke, Wilcoxonovim testom ujemanja parov). Primerjali smo histograme DKI različnih podtipov gliomov in
različnih gradusov (multipla primerjava povprečnih razvrstitev za vse skupine). Sposobnost razlikovanja podtipov in gradusov
gliomov s pomočjo DKI smo določili z ROC (receiveroperatingcharacteristics) krivuljami.

Rezultati. Rezultati so pokazali statistično značilne razlike v vseh parametrih DKI med BSNI ob tumorski spremembi in tistimi
nasproti le-te. (p = <0,000), razen za aksilano sploščenost (p = 0,099). Štiriinštirideset spremenljivk histograma se je statistično
značilno razlikovalo med gliomom gradus II (n = 23) in III (n = 12) (p = 0,003-0,048). Deset spremenljivk se je statistično značilno
razlikovalo med astrocitom (n = 18) in oligodendrogliomi (n = 17) (p = 0,011-0,050). ROC krivulje spremenljivk, ki so pokazale
najboljšo razlikovanje so imele AUC (površina pod krivuljo) med 0.657 in 0.815.
Zaključki. Srednje vrednosti spremenljivk DKI v beli substanci normalnega izgleda ob tumorski spremembiso se razlikovali od
tistih nasproti le-te, kar kaže na spremenjeno mikrostrukturo zaradi tumorske infiltracije, ki pa jo na MR-preiskavi morfološko ne
zaznamo. Rezultati analize histogramov DKI so pokazali razlike med podtipi in stopnjo malignosti gliomov.
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Dinamična s kontrastom poudarjena
magnetnoresonančna preiskava dojk. Fibrocistične
spremembe, ki se izrazijo kot masne lezije in
se ne obarvajo ter posnemajo malignost
Milošević ZC, Nadrljanski MM, Milovanović ZM, Gusic NZ, Vučičević SS, Radulović OS
Izhodišča. Namen raziskave je bil analizirati morfokinetične značilnosti fibrocističnih sprememb v dojkah (neproliferativne
lezije, proliferativne lezije brez atipije in proliferativne lezije z atipijo), ki se pri dinamičnih s kontrastom poudarjenih magnetnoresonančnih preiskavah (DCE-MRI) izrazijo kot masne lezije brez obarvanja.

Bolniki in metode. S pomočjo podatkovne slikovne baze za dojke (BI – RADS; angl. Breast Imaging Reporting and Data
System) smo retrospektivno pregledali 46 bolnikov s histološko dokazanimi fibrocističnimi spremembami. Pred preiskavo DCEMRI smo na malignost sumljivo enostransko lezijo dojke ugotovili klinično, jo dokazali z mamografijo ali ultrazvokom dojke.
Rezultati. Prevladujoče lastnosti fibrocističnih sprememb, ki so se na preiskavi DCE-MRI izrazile kot masne lezije brez obarvanja, so bile: enostranska regionalna ali difuzna porazdelitev (pri 35 bolnikih ali 76,1 %), heterogen ali gručast notranji vzorec
ojačanja (pri 36 bolnikih ali 78,3 %), plato na krivulji odvisnosti časa od intenzivnosti signala (pri 25 bolnikih ali 54,3 %), zmerne ali
hitre spremembe (angl. wash-in; pri 31 bolnikih ali 67,4 %). Neproliferativne lezije smo odkrili pri 11 bolnikih (24 %), proliferativne
lezije brez atipije pri 29 bolnikih (63 %) in lezije z atipijo pri šestih bolnikih (13 %). Pri tem nismo našli statistično pomembnih razlik
v morfokinetičnih značilnostih razen združevanja grozdov mikrocist pri proliferativni displaziji brez atipij.
Zaključki.

Fibrocistične spremembe, ki se na DCE-MRI preiskavah izrazijo kot masne lezije brez obarvanja, imajo več morfokinetičnih značilnosti, sumljivih za maligno bolezen, zato je potrebna biopsija (BI - RADS 4). Pri večini neproliferativnih lezij,
proliferativnih lezij brez atipije in proliferativnih lezij z atipijo najdemo iste predvidljive morfokinetične značilnosti DCE-MRI.
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Magnetnoresonančno vrednotenje možganskega
edema po stereotaktični radiokirurgiji
izvedeni na lineranem pospeševalniku
Harat M, Lebioda A, Lasota J, Makarewicz R
Izhodišča. Peritumorski edem je resen in dobro znan zaplet stereotaktične radiokirurgije. Ocenili smo tveganje za nastanek
edema po stereotaktični radiokirurgiji ter dinamiko njegovega nastajanja in resolucije.
Bolniki in metode.

107 bolnikov z različnimi diagnozami smo zdravili s stereotaktično radiokirurgijo. Indikacije za
zdravljenje so bile: 34 (29 %) arteriovenskih malformacij, 38 (35 %) meningeomov, 16 (15 %) metastatskih tumorjev,
16 (15 %) akustičnih nevromov, 3 (3 %) kavernomov in po 2 (2 %) anaplastična astrocitoma in anaplastična oligoastrocitoma.
Področje edema smo vrisali na sekvenci MRI T2-FLAIR 0, 6, 12, 18, 24, 30, in 38 mesecev po zdravljenju. Lokacijo lezije smo
opredelili nad (n = 80) ali pod (n = 32) „Frankfurtsko modificirano linijo“ (FML).

Rezultati. Pri 17 % bolnikov se je po zdravljenju na novo razvil edem ali pa povečal. Obseg edema je bil največji 6 mesecev
po radiokirurgiji (povprečno 7,2 meseca; SD 1,2). Edem po stereotaktični radiokirurgiji je bil 5,1 (1,06–24,53) krat bolj pogost pri
bolnikih lezijami nad FML. Povezav med razvojem edema, starostjo, velikostjo planirnega tarčnega volumna (PTV), številom
žarkovnih snopov in diagnozo nismo našli (p = 0,07).

Zaključki.

Z radiokirurgijo povezan edem se je razvil v 6 mesecih po zdravljenju in se nato sčasoma zmanjševal. Nastanek
edema je bil močno povezan z lokacijo lezije, njegova prisotnost je bila veliko bolj verjetna, če je lezija ležala nad Frankfurtsko
linijo.
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Genetski dejavniki, ki vplivajo na fluorescenco
povzročeno s 5-aminolevulinsko kislino med
operacijo difuznih gliomov
Saito K, Hirai T, Takeshima H, Kadota Y, Yamashita S, Ivanova A, Yokogami K
Izhodišča. Pri bolnikih z malignegim gliomom lahko s fluorescenco povzročeno s 5-aminolevulinsko kislino (5-ALA) usmerjamo
operativni poseg. Občasno pa fluorescence ne vidimo kljub histopatološki diagnozi glioma visoke stopnje. Namen raziskave
je bil ugotoviti dejavnike, ki vplivajo na intraoperativno vizualizacijo gliomov s pomočjo fluorescence povzročene s 5-ALA.
Bolniki in metode. Pregledali smo podatke 60 bolnikov z astrocitnimi ali oligodendrocitnimi tumorji, pri katerih smo tumorje
odstranili ob pomoči fluorescence povzročene s 5-ALA, med januarjem 2014 in decembrom 2015. S pomočjo univariatne in
multivariatne statistične analize smo proučili klinične značilnosti bolnikov, ugotovitve predoperativnega slikanja z magnetno
resonanco (MRI), histološke diagnoze in genetske profile.
Rezultati.

Pri 42 bolnikih (70 %) smo med operacijo opazili fluorescenco povzročeno s 5-ALA. 2 od 8 bolnikov (25 %) sta
imela tumor po WHO gradus II, 9 od 17 (53 %) gradus III, in 31 od 35 (89 %) bolnikov tumor gradus IV. Univariatna analiza je pokazala statistično pomembno povezavo med fluorescenco povzročeno s 5-ALA in statusom izocitrat dehidrogenaze 1 (IDH1)
(p < 0,001), izgubo heterozigotnosti (LOH) 1p19q (p < 0,003), proliferacijskim indeksom MIB-1(p < 0,007), tumorskimi robovi (p
< 0,046), heterogenostjo tumorjev (p < 0,021), in privzemom kontrasta pri slikanju z MRI (p = 0,002). Multivariantna analiza pa
je pokazala, da je status IDH1 edini statistično neodvisen dejavnik, ki vpliva na fluorescenco povzročeno s 5-ALA (p = 0,009).

Zaključki. Rezltati raziskave so pokazali, da ima status IDH1 največji vpliv na fluorescenco povzročeno s 5-ALA pri difuznih gliomih.
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Polimorfizmi posameznega nukleotida v genih
MACC1, RAD18, MMP7 in SDF-1α kot napovedni
dejavnik pri resektabilnem raku debelega črevesa
in danke
Horvat M, Potočnik U, Repnik K, Kavalar R, Zadnik V, Potrč S, Štabuc B
Izhodišča.

Rak debelega črevesa in danke je v svetu med najpogostejšimi raki. Raziskave so pokazale, da funkcionalne
spremembe genov (polimorfizmi posameznega nukleotida, SNP) sovpadajo z razsojem in večjo agresivnostjo tumorja ter
lahko posledično vplivajo na večjo verjetnost ponovitve bolezni. Namen naše raziskave je bil opredeliti vlogo polimorfizmov
izbranih genov kot napovednega dejavnika pri raku debelega črevesa in danke resektabilnih stadijev.

Bolniki in metode.

V raziskavo smo vključili bolnike z resektabilnim rakom debelega črevesa in danke stadijev I, II in III, ki
smo jim odkrili in zdravili v letu 2007 in prvi polovici leta 2008 v Univerzitetnem kliničnem centru Maribor. Analizirali smo v parafin
vpete vzorce tkiva iz arhiva Oddelka za patologijo UKC Maribor in genotipizirali izbrane SNP-je v genih SDF-1α, MMP7, RAD18 in
MACC1. Za genotipizacijo vzorcev DNA smo uporabili metodo verižne reakcije s polimerazo, ki ji je sledila analiza talilne krivulje
visoke ločljivosti (PCR-HRM) oziroma reakcija polimorfizmov dolžin restrikcijskih fragmentov (PCR-RFLP).

Rezultati.

Ugotovili smo slabše preživetje brez ponovitve bolezni pri bolnikih z genotipom TT SNP-ja rs1990172 na genu
MACC1 (p = 0,029). Prav tako smo ugotovili slabše preživetje brez napredovanja bolezni pri bolnikih z genotipom GG SNP-ja
rs373572 na genu RAD18 (p = 0,020). Ugotovili smo večjo pogostnost genotipa GG SNP-ja rs11568818 na genu MMP7 pri bolnikih stadijev T3/T4 (p = 0,014), stadijev N1/N2 (p = 0,041) in z limfovaskularno invazijo (p = 0,018). Prav tako smo ugotovili večjo
frekvenco genotipa TT SNP-ja rs1990172 na genu MACC1 pri bolnikih stadijev T3/T4 (p = 0,024). Ugotovili smo večjo frekvenco
genotipa GG SNP-ja rs373572 na genu RAD18 pri bolnikih stadijev T1/T2 s ponovitvijo bolezni (p = 0,041).

Zaključki.

SNP-ji v genih MMP7, MACC1 in RAD18 imajo možno vlogo kot napovedni dejavnik pri raku debelega črevesa
in danke resektabilnih stadijev.
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Magnetno resonančno slikanje zmanjša variabilnost
vrisovanja tarčnega volumna pri bolnicah z rakom
dojke brez označevalcev v ležišču tumorja
Al-Hammadi N, Caparrotti P, Divakar S, Riyas M, Halsnad Chandramouli S, Hammoud R,
Hayes J, Mc Garry M, Prasad Paloor S, Petric P
Izhodišča.

Opustitev vstavitve kovinskih označevalcev oteži vrisovanje kliničnega tarčnega volumna ležišča tumorja (angl.
lumpectomy cavity clinical target volume; CTVLC) pred obsevanjem. Namen raziskave je bil opredeliti variabilnost in natančnost vrisovanja CTVLC s pomočjo magnetne resonance (MR) in računalniške tomografije (CT).

Bolniki in metode. V raziskavo smo vključili simulatorske slike CT in MR 12 bolnic z rakom dojke, ki smo jih zdravili s kirurško
odstranitvijo tumorja in pooperativnim obsevanjem. Pet radioterapevtov je na vse slike vrisalo CTVLC in ocenilo zmožnost
vizualizacije kirurške votline (angl. cavity visualization score; CVS). Upoštevaje mnenja vseh radioterapevtov je šesti, najizkušenejši radioterapevt, vrisal referenčne (angl. expert consensus; EC) obrise CTVLC. Izračunali smo variabilnost velikosti vrisanih
tarčnih volumnov in splošni kazalec volumetričnega ujemanja (ang. generalized conformity index; CIgen). Odstopanja od EC
obrisov smo opredelili z izračunom kazalca natančnosti (ang. accuracy index; AI) in razdalj med obrisi (ang. inter-delineation
distance; IDD).
Rezultati.

Povprečen CVS je znašal 3.88 +/- 0.99 oz. 3.05 +/- 1.07 za MR oz. CT (p = 0.001). Povprečna prostornina CTVLC je
bila podobna med CT in MR: 154 +/- 26 cm3 in 152 +/- 19 cm3. Srednji CIgen in AI sta bila višja pri MR kot CT vrisovanju (CIgen:
0.74 +/- 0.07 proti 0.67 +/- 0.12, p = 0.007; AI: 0.81 +/- 0.04 proti 0.76 +/- 0.07; p = 0.004). CIgen in AI sta naraščala z naraščanjem
CVS. Povprečna IDD je bila 3 mm +/- 1.5 mm oz. 3.6 mm +/- 2.3 mm za vrisovanje na podlagi MR oz. CT (p = 0.017).

Zaključki. V primerjavi s CT je MR slikanje izboljšalo opredelitev pooperativnih sprememb, zmanjšalo razlike med obrisi
posameznih radioterapevtov in povečalo natančnost vrisovanja CTVLC pri bolnicah brez označevalcev v ležišču tumorja. Za
potrditev zgornjih rezultatov so potrebne dodatne raziskave na večjem vzorcu.
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Vpliv dolžine distalnega resekcijskega roba
na lokalno ponovitev bolezni in dolgoročno
preživetje pri bolnikih z rakom danke zdravljenih
s predoperativno radiokemoterapijo in sfinkter ohranjujočo resekcijo danke
Grosek J, Velenik V, Edhemović I, Omejc M
Izhodišča.

Preprečevanje lokalne ponovitve bolezni in zagotavljanje dolgoročnega preživetja sta glavna cilja zdravljenja
raka danke. Ustrezna kirurška tehnika, ki sledi predoperativni radiokemoterapiji, omogoča bolnikom z lokalno napredovalim
rakom danke najboljše možnosti ozdravljenja. Cilj raziskave je bilo ugotoviti, ali je dolžina distalnega resekcijskega roba povezana z lokalno ponovitvijo bolezni in dolgoročnim preživetjem.

Bolniki in metode.

V raziskavo smo vključili 109 bolnikov z lokalno napredovalim nemetastatskim rakom danke, ki smo jih
med letoma 2006 in 2010 zdravili s predoperativno radiokemoterapijo in nato sfinkfter ohranjujočo resekcijo danke. Dolžine
distalnih resekcijskih robov smo izmerili na preparatih, fiksiranih v formalinu. Bolnike smo razdelili v tri skupine glede na dolžino
distalnega resekcijskega roba: [1] rob < 8 mm (1. skupina, n = 27); [2] rob 8–20 mm (2. skupina, n = 31) in [3] rob > 20 mm (3.
skupina, n = 51). Skupine smo med seboj retrospektivno primerjali in statistično analizirali. Povprečen čas sledenja bolnikov iz
1. skupine je bil 89 mesecev (51–111), iz 2. skupine 83 (57–111) ter 3. skupine 80 (45–116) mesecev (p = 0,326).

Rezultati. Univariatna analiza ni pokazala statistično pomembne povezave dolžine distalnega resekcijskega roba z dolgoročnim preživetjem ali stopnjo lokalne ponovitve bolezni (p > 0,005). Tudi v multivariatnem regresijskem modelu, ob kontroli s
patološkim T in N stadijem po operaciji (yT, yN), dolžina distalnega resekcijskega roba ni bila statistično pomembno povezana
z dolgoročnim preživetjem.
Zaključek.

Pri bolnikih, vključenih v našo raziskavo, dolžina distalnega resekcijskega roba ni bila statistično pomembno
povezana z lokalno ponovitvijo bolezni in dolgoročnim preživetjem.
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Rezultati zdravljenja 130 bolnikov, ki so zboleli
zaradi primarnih ali sekundarnih pljučnih tumorjev,
z robotsko stereotaktično telesno radioterapijo
Cyberknife
Janvary ZL, Jansen N, Baart V, Devillers M, Dechambre D, Lenaerts E, Seidel L,
Barthelemy N, Berkovic P, Gulyban A, Lakosi F, Horvath Z, Coucke PA
Izhodišča. Avtorji poročajo o rezultatih zdravljenja bolnikov s primarnimi, recidivnimi in metastatičnimi lezijami na pljučih z
robotsko stereotaktično telesno radioterapijo (SBRT, ang. Stereotactic Body RadioTherapy).
Bolniki in metode. S SBRT ob uporabi Cyberknife smo zdravili 130 bolnikov s 160 lezijami: primarnimi tumorji T1-3 (54 %), recidivnimi tumorji (22 %) in pljučnimi zasevki (24 %). Povprečna biološka ekvivalentna doza (BED10Gy) je bila 151 Gy (72–180 Gy).
Srednji predpisani dozi na periferne in centralne lezije sta bili 3 x 20 Gy in 3 x 15 Gy. Poročamo deleže lokalne kontrole, celokupnega preživetja in vzročno-specifičnega preživetja ter zgodnje in kasne toksičnosti. Naredili smo statistično analizo za
prepoznavo dejavnikov, ki vplivajo na lokalno kontrolo bolezni.

Rezultati. Srednji čas sledenja je bil 21 mesecev. V univariatni analizi je bila višja doza povezana z boljšo lokalno kontrolo;
razmejitveno vrednost smo ugotovili pri BED10Gy ≤ 112,5 Gy. Za visokodozno in nizkodozno skupino je bil delež lokalne kontrole
po 1, 2 in 3 letih 93 % proti 73 %, 80 % proti 61 % in 63 % proti 54 % (p = 0,0061, razmerje obetov = 0,384). V multivariatni analizi je
bilo povečano tveganje za lokalni recidiv povezno z metastatično naravo lezije, histološko potrditvijo in večjim planirnim tarčnim volumnom (PTV). Deleži 1-, 2- in 3-letnega celokupnega preživetja so bili 85 %, 74 % in 62 %, deleži vzročno-specifičnega
preživetja pa 93 %, 89 % in 80 %. Zgodnjo in kasno toksičnost stopnje ≥ 3 smo ugotovili pri 3 (2 %) in 6 (5 %) bolnikih.
Zaključki. Spodbudna stopnja lokalne kontrole in preživetja po robotski SBRT ter nizka stopnja hude toksičnosti v naši mešani, neselekcionirani študijski skupini se sklada s podatki iz literature.
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Genetsko svetovanje, status BRCA1/2 in
kliničnopatološke značilnosti pri bolnicah z rakom
jajčnikov pred 50. letom
Cvelbar M, Hočevar M, Novaković S, Stegel V, Perhavec A, Krajc M
Izhodišča. V Sloveniji, tako kot v drugih državah, do nedavnega osebne anamneze epitelnega raka jajčnikov nismo
vključevali med indikacije za genetsko svetovanje. Nedavne raziskave iz drugih držav so ugotovile delež germinalnih mutacij
BRCA1/2 (gBRCA1/2) do 17 % v starostni skupini pod 50 let ob diagnozi. Osnovni namen raziskave je bil povabiti na genetsko
svetovanje bolnice z epitelnim rakom jajčnikov pred 45. letom, ponuditi genetsko testiranje z vsemi možnimi implikacijami ter
izvesti analizo deleža mutacij gBRCA1/2 in kliničnopatoloških značilnosti. Kasneje smo dodali še podatke predhodno genetsko
testiranih bolnic z epitelnim rakom jajčnikov v starosti 45 do 49 let.
Bolniki in metode.

Vse klinične podatke smo interpretirali v luči mnogih sprememb, ki so se zgodile na področju epitelnega raka jajčnikov prav v zadnjih nekaj letih: nova histološka klasifikacija stadijev FIGO, nova klasifikacija histoloških tipov in
gradusov diferenciacije, nove terapevtske možnosti (uvedba inhibitorjev PARP v klinično prakso tudi v Sloveniji) in nove smernice National Comprehensive Cancer Network (NCCN) za genetsko svetovanje bolnicam z epitelnim rakom jajčnikov, kakor
tudi nove možnosti, ki jih prinaša sekvenciranje naslednje generacije.

Rezultati.

Delež sodelujočih glede na povabljene bolnice je bil 43,1 %. V skupini 27 povabljenih in testiranih bolnic z epitelnim rakom jajčnikov pred 45. letom je bilo najdenih 5 mutacij. Delež gBRCA1/2m je bil 18,5 %. Ugotovljene so bile 4 gBRCA1 in
1 gBRCA2 mutacije. V razširjeni skupini 42 testiranih bolnic z epitelnim rakom jajčnikov pred 50. letom smo našli 14 gBRCA1/2
mutacij. Delež ugotovljenih gBRCA1/2 mutacij v tej razširjeni, delno selekcionirani skupini je bil 33,3 %. Ugotovili smo 11 gBRCA1 mutacij in 3 gBRCA2 mutacije. Klinično je bil prisoten značilno večji delež pozitivne družinske anamneze raka jajčnikov v
prvem kolenu pri gBRCA1/2 pozitivnih bolnicah. Povprečna starost ob diagnozi epitelnega raka jajčnikov je bila pri gBRCA1/2
pozitivnih bolnicah značilno višja. Kljub temu pa je bila ugotovljena mutacija gBRCA1/2 pri bolnici stari komaj 24 let. Delež
epitelnega raka jajčnikov kot drugega primarnega raka je bil v skupini gBRCA1/2 pozitivnih bolnic značilno višji. Ugotovili smo
težnjo večjega deleža prvega stadija epitelnega raka jajčnikov v skupini gBRCA1/2 negativnih bolnic (60,7 % vs. 26,7 % pri
pozitivnih; p = 0,055). Glede histološkega tipa epitelnega raka jajčnikov ni bilo statistično značilnih razlik med skupinama in
delež seroznega tipa je bil skoraj enak (40 % pri BRCA1/2 pozitivnih vs. 46 % pri negativnih). Glede stopnje diferenciacije (gradusa) je bil ugotovljen značilno večji delež visoko gradusnih (G2 in G3) epitelnih raka jajčnikov v gBRCA1/2 pozitivni skupini
(66,7 % vs. 21,4 % v negativni skupini; p = 0,008). Ugotovljen je bil tudi primer mejno malignega epitelnega tumorja jajčnikov
v gBRCA1/2 pozitivni skupini.

Zaključki. Ugotovljeni genetski rezultati so v skladu z nedavnimi raziskavami iz drugih držav in kažejo, da je delež mutacij
gBRCA1/2 pri testiranih neizbranih bolnicah z epitelnim rakom jajčnikov pred 50. letom višji kot 10 %, namreč 18,5 %. Prag 10 %
verjetnosti mutacije kot kriterij za genetsko testiranje v tej starostni skupini bolnic je dosežen in je genetsko testiranje za to starostno skupino upravičeno. Dodaten razlog so profilaktične implikacije glede raka dojk in implikacije glede njihovih sorodnikov.
Upoštevajoč tudi sedanjo neposredno terapevtsko korist testiranja glede na možnost uporabe inhibitorjev PARP za BRCA1/2
pozitivne bolnice z epitelnim rakom jajčnikov obstaja zdaj dvojni razlog za genetsko testiranje vseh bolnic z epitelnim rakom
jajčnikov pred 50. letom. Pri kliničnopatoloških podatkih je v vsakodnevni klinični praksi pomembna njihova re-interpretacija,
ker ta lahko vpliva na terapevtske možnosti.
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Izražanje receptorja za inzulinu podoben rastni
faktor 1 pri napredovalem nedrobnoceličnem raku
pljuč in njegov vpliv na celokupno preživetje
Humar M, Kern I, Vlačič G, Hadžić V, Čufer T
Izhodišča. Izražanje receptorja za inzulinu podoben rastni faktor (IGF1R) so proučevali kot možen napovedni dejavnik pri
nedrobnoceličnem raku pljuč v več raziskavah. Vendar pa povezava med izražanjem IGF1R in napovedjo poteka bolezni
teh bolnikov ostaja vprašljiva. Cilja observacijske kohortne raziskave sta bila ocena izražanja IGF1R pri napredovalem nedrobnoceličnem raku pljuč in njegov napovedni pomen; z analizo podskupine pa oceniti vpliv že znane sladkorne bolezni tipa 2
(T2DM) na izražanje IGF1R in celokupno preživetje.
Bolniki in metode.

Izražanje IGF1R smo določili pri 167 zaporednih bolnikih z nedrobnoceličnim rakom pljuč, ki smo jih
diagnosticirali in zdravili v univerzitetni ustanovi med 2005 in 2010. Vsi bolniki so prejeli vsaj en red standardnega citostatskega zdravljenja. Izražanje IGF1R smo določili imunohistokemijsko in kot pozitivno reakcijo upoštevali vrednost ≥ 1+. Podatke o
osnovnih značilnostih in sledenju bolnikov smo pridobili iz bolnišničnega informacijskega sistema. S χ2 testom smo primerjali
povezave med izražanjem IGF1R in kliničnimi značilnostmi. Celokupno preživetje smo ocenili s Kaplan–Meierjevo metodo in s
testom log-rank opredelili razlike med podskupinami. Univariatno in multivariatno analizo smo naredili s Coxovim regresijskim
modelom sorazmernih tveganj.

Rezultati. Izražanje IGF1R je bilo pozitivno pri 79,6 % bolnikov, statistično značilno pogosteje pri bolnikih s ploščatocelični
rakom v primerjavi z ne-ploščatoceličnim (88,7 % proti 74,3 %; P = 0,03). Pozitivno izražanje IGF1R ni bilo povezano s sladkorno boleznijo ali ostalimi kliničnimi lastnostmi (spol, kadilski status, stanje splošne zmogljivosti). Srednja vrednost celokupnega
preživetja je bila primerljiva med IGF1R pozitivno in IGF1R negativno skupino (10,2 proti 8,5 mesecev, P = 0.168) in med bolniki
z ali brez T2DM (8,7 proti 9,8 mesecev, P = 0,575). Izražanje IGF1R in T2DM se nista izkazala kot neodvisna napovednika celokupnega preživetja v Coxovi analizi.
Zaključki.

IGF1R ali T2DM nista bila statistično značilno napovedna v raziskovani skupini bolnikov z napredovalim nedrobnoceličnim rakom pljuč, zdravljenim z vsaj enim redom kemoterapije. Tudi povezave med T2DM in izražanjem IGF1R nismo
dokazali. Zato so potrebne nadaljnje raziskave v večji skupini bolnikov z napredovalim nedrobnoceličnim rakom pljuč, z ali
brez sladkorne bolezni, za opredelitev izražanja IGF1R in njegovega napovednega pomena ter terapevtskega vpliva.
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Togost karotidnih arterij, delovanje endotelija
prstov rok in kalcinacije koronarnih arterij pri
bolnikh z esencialno trombocitozo, brez klinično
izražene aterosklerotične bolezni
Vrtovec M, Anžič A, Preložnik Zupan I, Zaletel K, Blinc A
Izhodišča. Bolniki z mieloproliferativnimi neoplazmami (MPN) imajo povečano tveganje za aterotrombotične zaplete.
Namen raziskave je bil ugotoviti, ali imajo bolniki z vrsto MPN, esencialno trombocitozo (ET), ki še nimajo klinično izražene
ateroskleroze, večjo togost karotidnih arterij, slabše delovanje endotelija in povečano kalcijevo breme koronarnih arterij v
primerjavi s kontrolnimi preiskovanci.
Bolniki in metode.

V raziskavo smo vključili 40 bolnikov z ET brez klinično izražene žilne bolezni, in 42 navidezno zdravih
kontrolnih preiskovancev, ki so bili primerljivi bolnikom po starosti, spolu in srčnožilnem tveganju po framinghamski oceni. Vse
preiskovance smo pregledali klinično in laboratorijsko, jim opravili ultrazvočno preiskavo karotidnih arterij, digitalno pletizmografijo z metodo EndoPat in z računalniško tomografijo določili kalcijevo breme koronarnih arterij.

Rezultati.

Bolniki z ET in kontrolni preiskovanci se niso razlikovali v točkovanju karotidnih leh [1 (0-1.25) proti 0 (0-2), p=0.30],
indeksu-β karotidne togosti [7.75 (2.33) proti 8.44 (2.81), p=0.23], hitrosti potovanja pulznega vala [6.21 (1.00) proti 6.45 (1.04)
m/s; p=0.46], indeksu reaktivne hiperemije prstov rok [2.10 (0.57) proti 2.35 (0.62), p=0.07], ali v ojačitvenem indeksu [19 (3-30)
proti 13 (5-22) %, p=0.38]. Celokupno kalcijevo breme koronarnih arterij se med skupinama ni razlikovalo [Agatstonov točkovnik 0.1 (0-16.85) proti 0 (0-8.55), p=0.26], značilno več bolnikov z ET pa je imelo povečano kalcijevo breme z vrednostjo
Agatstonovega točkovnika >160 [6/40 proti 0/42, p < 0.01].

Zaključki. Med skupinama nismo našli značilnih razlik v ultrazvočno merjeni strukturi in funkciji karotidne arterije, v delovanju
endotelija prstov rok ali v celokupnem kalcijevem bremenu koronarnih arterij. Značilno več bolnikov z ET kot kontrolnih preiskovancev je imelo povečano koronarno kalcijevo breme z vrednostjo Agatstonovega točkovnika >160, kar je pomenilo veliko
srčnožilno tveganje, ki ga framinghamski točkovnik ni napovedal.
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Povečanje ekspresije CD64 na nevtrofilcih kot
pokazatelj okužbe v trebuhu po operaciji debelega
črevesa in danke
Kerin Povšič M, Beović B, Ihan A
Izhodišča. Okužbe so pogost zaplet zdravljenja po operaciji debelega črevesa in danke. Zgodnje klinične znake težko razlikujemo od sistemskega vnetnega odziva, ki ga povzroči operativni poseg. Pravočasna diagnoza okužbe lahko pomembno
vpliva na preživetje. Zanimalo nas je, kateri biološki kazalec kmalu po operaciji najbolje napove kasnejšo okužbo. V raziskavo
smo vključili več bioloških kazalcev in primerjali njihove napovedne vrednosti za okužbo: levkocite, razmerje med nevtrofilnimi
granulociti in limfociti (NLR), C-reaktivni protein (CRP), prokalcitonin (PCT) in nov kazalec receptor CD64 na nevtrofilnih levkocitih, izražen kot indeks CD64n (iCD64n).
Metode. V prospektivno raziskavo smo vključili 200 bolnikov z elektivno operacijo raka debelega črevesa ali danke.
Vrednosti bioloških kazalcev smo spremljali od prvega do petega pooperativnega dne. Napovedne vrednosti za okužbo smo
ugotavljali z analizo ROC (Receiver Operating Characteristics). Za oceno napovednih kazalcev smo uporabili model Cox-ove
regresije, za analizo preživetja pa metodo Kaplan-Meier.
Rezultati. Povečanje iCD64n po operaciji, izraženo kot razmerje iCD64n po operaciji/pred operacijo je bil boljši napovedni
dejavnik za okužbo kot njegova absolutna vrednost. Najboljšo napovedno vrednost za vse okužbe 30 dni po operaciji smo
ugotovili za CRP četrtega pooperativnega dne (AUC 0,72; 99 % interval zaupanja [CI] 0,61–0,83) in za NLR petega pooperativnega dne (AUC 0,69; 99 % CI 0,57–0,80). Najboljšo napovedno vrednost za okužbe organov/telesnih votlin 15 dni po operaciji
smo ugotovili za razmerje iCD64n prvega pooperativnega dne (AUC 0,72; 99 % CI 0,58–0,86), tretjega pooperativnega dne
(AUC 0,73; 99 % CI 0,59–0,87) in CRP tretjega pooperativnega dne (AUC 0,72; 99 % CI 0,57–0,86), četrtega pooperativnega
dne (AUC 0,79; 99 % CI 0,64–0,93). Neodvisna dejavnika tveganja za okužbo po operaciji sta bila trajanje operacije in perioperativna transfuzija. Ugotovili smo, da je okužba po operaciji neodvisen negativen napovedni dejavnik za dolgoročno
preživetje.

Zaključki. Razmerje iCD64n prvi dan po operaciji je najboljši zgodnji pokazatelj okužbe v trebuhu po operaciji debelega
črevesa/danke. CRP napove okužbo z enako napovedno vrednostjo tretji dan po operaciji.
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Pozne posledice na srčno-žilnem sistemu po
zdravljenju raka mod
Gugić J, Zadravec Zaletel L, Oblak I
Izhodišča. Rak mod je najbolj pogosta maligna bolezen pri mlajših moških. Upoštevajoč naraščajočo incidenco, izjemno
visoko stopnjo ozdravljivosti in dolgo pričakovano življenjsko dobo je ocena poznih posledic pri bolnikih zdravljenih zaradi raka
mod zelo pomembna. Zaradi težnje, da bi zmanjšali škodljivost in obenem ohranili visoko učinkovitost zdravljenja, so v zadnjih
desetletjih zdravljenje raka mod spreminjali.
Zaključki. Sedanja spoznanja o poznih posledicah zdravljenja temeljijo na uporabi zastarelih načinov zdravljenja. Podatkov
o poznih posledicah modernejših načinov zdravljenja, ki so trenutno v uporabi, pa zaradi kratke opazovalne dobe še nimamo.
Pozne posledice zdravljenja raka mod na srčno-žilnem sistemu predstavljajo poglavitne življenjsko nevarne zaplete po zdravljenju s platino vsebujočo kemoterapijo ter po obsevanju medpljučja in obsevanju pod prepono.
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Diozimetrični kazalci limfopenije, povzročene
s paliativnim obsevanjem. Napovedna vrednost
dozno-volumskih parametrov, ki temeljijo na
telesnem obodu
Saito T, Toya R, Matsuyama T, Semba A, Oya N
Izhodišča. Z obsevanjem povezana limfopenija je združena s slabšim preživetjem bolnikov. Namen raziskaveje bil opredeliti
kazalce za lifopenijo po paliativni radioterapiji, s poudarkom na dozno-volumskih parametrih.

Bolniki in metode.

Za potrebe retrospektivne analize bolnikov z različnimi raki, ki smo jih zdravili s paliativno radioterapijo,
smo označili tri rizične organe: volumen, zamejen s telesnim obodom (telo A); volumen, ki je ostal po izključitvi zraka, plevralnega izliva, ascitesa, žolča, urina in črevesne vsebine (telo B); in volumen kostnega mozga. Ugotavljali smo absolutni volumen
treh rizičnih organov, ki je prejel dozo 5–30 Gy in ocenili napovedno vrednosti za nastanek limfopenije stopnje 3 ali več (LP3+)
po zdravljenju.

Rezultati.

LP3+ je imelo 23 (43 %) izmed 54 bolnikov. Univariatna logistična regresijska analiza je pokazala, da so telo A V5,
telo A V10, telo B V5, telo B V10, število frakcij in obsevanje vranice statistično pomembni napovedovalci LP3+ (p < 0.05). V
mulitvariatni analizi so statistično značilnost (p < 0,05) zadržali telo A V5, telo A V10, telo B V5, telo B V10 in število frakcij. Doznovolumski parametri kostnega mozga niso napovedovali limfopenije.

Zaključki.

Višji dozno-volumski parametri, telo A in telo B ter število frakcij bi lahko bili kazalci za napoved hude limfopenije
po paliativni radioterapiji.
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Breme sevanja za mlade bolnike z rakom testisov
pri slikanju z računalniško tomografijo ter z
uporabo avtomatske kontrole izpostavljenosti in z
kontrastnimi sredstvi
Niiniviita H, Kulmala J, Pölönen T, Heli Määttänen H, Järvinen H, Salminen E
Izhodišča.

Namen raziskave je bil oceniti dozo, ki jo prejme bolnik pri slikanju celotnega telesa s računalniško tomografijo
(CT) ter ugotoviti odvisnost te doze od velikosti bolnika, uporabe avtomatske kontrole izpostavljenosti (AKI) in intravenske
aplikacije kontrastnega sredstva.

Bolniki in metode. Od aprila 2000 do aprila 2011 smo pri petinšestdesetih bolnikih z rakom testisov (povprečne starosti 28
let) naredili 279 slikanj celotnega telesa s CT. Povprečno število ponovnih slikanj je bilo 4,3. Za slikanja smo uporabili aparaturi
GE Lightspeed 16 opremljeni z AKI in CT aparat Siemens Plus 4. Slikanje celega telesa smo v 216 primerih izvedli z intravensko
apliciranim kontrastnim sredstvom, v 63 primerih pa brez njega. Efektivno dozo in dozo na posamezne organe smo določeli s
pomočjo programske opreme ImPACT.

Rezultati. Pri uporabi naprave Plus 4 je bila doza na bolnika neodvisna od velikosti bolnika (srednja vrednost 7,4 mSv, SD
1,7 mSv; p < 0,41). Pri slikanju z Lightspeed 16 z AKI pa se je doza statistično značilno povečala (srednja vrednost 14 mSv, SD
4,6 mSv; p < 0,001) z obsegom pasu. Slikanje s intravensko apliciranim kontrastnim sredstvom je povzročilo statistično značilno
višjo izpostavljenost v primerjavi s slikanji brez uporabe kontrastnega sredstva (13 % pri slikanju s Plus4 v primerjavi z 35 % pri
slikanju z Lightspeed 16; p < 0,001).
Zaključki.

Da bi se izognili pretirani izpostavljenosti sevanju pri slikanju celotnega telesa mladih bolnikov z aparatom CT,
je potrebna previdnost zlasti pri uporabi intravensko apliciraneh kontrastnih sredstev, poleg tega pa je priporočljivo skrbno
spremljanje parametrov AKI.
Radiol Oncol 2017; 51(2): I-XI.
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Activity of "Dr. J. Cholewa" Foundation for
Cancer Research and Education – a report for
the second 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 congresses, 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
cancer.
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.
Viljem Kovač M.D., Ph.D.
Borut Štabuc, M.D., Ph.D.
Tomaž Benulič, M.D.
Andrej Plesničar, M.D., M.Sc.
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