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Background. This meta-analysis aimed to evaluate the comparative diagnostic efficacy of [18F]FDG PET/CT and [18F]
FDG PET/MRI in detecting bone metastases in breast cancer patients.
Methods. An extensive search was conducted in the PubMed, Embase, Web of Science, and Cochrane Library 
databases to identify available publications up to February 2023. Studies were included if they evaluated the diag-
nostic efficacy of [18F]FDG PET/CT and [18F]FDG PET/MRI in patients with breast cancer bone metastases. Sensitivity and 
specificity were assessed using the DerSimonian and Laird method, followed by transformation via the Freeman-Tukey 
double inverse sine transformation.
Results. 16 articles (including 4 head-to-head comparison articles) involving 1,261 patients were included in the 
meta-analysis. The overall sensitivity of [18F]FDG PET/CT in patient-based analysis, lesion-based analysis, and head-to-
head comparison were 0.73, 0.89, and 0.87, respectively, while the overall sensitivity of [18F]FDG PET/MRI were 0.99, 
0.99, and 0.99. The results indicated that [18F]FDG PET/MRI appears to a higher sensitivity in comparison to [18F]FDG PET/
CT(all P < 0.05). In contrast, the overall specificity of [18F]FDG PET/CT in patient-based analysis, lesion-based analysis, 
and head-to-head comparison were 1.00, 0.99, and 1.00, respectively, while the overall specificity of [18F]FDG PET/
MRI were 1.00, 0.99, and 0.98. These results suggested that [18F]FDG PET/CT has a similar level of specificity compared 
to [18F]FDG PET/MRI.
Conclusions. Our meta-analysis indicates that [18F]FDG PET/MRI demonstrates superior sensitivity and similar specific-
ity to [18F]FDG PET/CT in detecting bone metastases in breast cancer patients. Further prospective research is required 
to confirm these findings and assess the clinical application of these techniques.
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Introduction

Breast cancer is a serious global health concern 
and is the most prevalent malignancy affecting 

women.1 Bone metastasis is a frequent complica-
tion of advanced breast cancer, with nearly 65% 
of patients developing bone metastases.2 The ex-
istence of bone metastases can cause severe mor-
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bidity and death, as well as reduced quality of life 
and an increased risk of skeletal-related events.3 
Hence, early identification of bone metastases is 
essential for effective treatment strategies and im-
proved patient outcomes. For the detection of bone 
metastases in breast cancer, conventional imaging 
techniques such as X-ray, bone scintigraphy, and 
computed tomography (CT) have been utilized.4 
However, these modalities have limits in terms of 
sensitivity, specificity, and spatial resolution.5

With higher sensitivity and specificity, as well 
as the capacity to provide both metabolic and ana-
tomical information, [18F]Fluorodeoxyglucose ([18F]
FDG) positron emission tomography/computed 
tomography (PET/CT) and [18F]FDG positron emis-
sion tomography/magnetic resonance imaging 
(PET/MRI) have emerged as promising imaging 
modalities to identify bone metastases in breast 
cancer patients.6 [18F]FDG is a radiotracer that ac-
cumulates in cancer cells and can be detected 
via positron emission tomography (PET). PET/CT 
imaging combines PET and CT imaging to pro-
vides metabolic as well as anatomical information, 
whereas PET/MRI imaging combines PET and 
magnetic resonance imaging (MRI) for a more de-
tailed analysis of soft tissue structures.7,8

Numerous studies have been conducted to as-
sess the diagnostic accuracy of [18F]FDG PET/CT 
and [18F]FDG PET/MRI in detecting bone metas-
tases in breast cancer patients, with inconsistent 
results. Some studies have shown that [18F]FDG 
PET/MRI is superior to [18F]FDG PET/CT in terms 
of sensitivity9,10, while others have reported similar 
diagnostic performance for both modalities.11

Therefore, a meta-analysis should be conducted 
to assess the diagnostic efficacy of [18F]FDG PET/
CT and [18F]FDG PET/MRI for detecting bone me-
tastases in breast cancer. The current meta-anal-
ysis would provide an overall comparison of the 
diagnostic efficacy of the two modalities, based 
on the extracted data from all available identified 
studies.

Methods

The meta-analysis followed the Preferred 
Reporting Items for a Systematic Review and Meta-
analysis of Diagnostic Test Accuracy (PRISMA-
DTA) guidelines.12 The protocol of the current me-
ta-analysis has been registered with PROSPERO 
(CRD42023402353).

Search strategy

An extensive search was conducted in the PubMed, 
Embase, Web of Science, and Cochrane Library 
databases to identify available publications up to 
February 2023. The search was conducted using 
the following keyword terms: “Positron-Emission 
Tomography”, “Breast Neoplasms” and “Bone 
metastases”. More details could be found in the 
Supplementary Table 1. The reference lists of the 
included studies were manually searched to find 
additional relevant articles.

Inclusion and exclusion criteria

Studies were included in this meta-analysis if they 
evaluated the diagnostic performance of [18F]FDG 
PET/CT and/or [18F]FDG PET/MRI in patients with 
breast cancer bone metastases with a sample size 
of more than 10 patients. 

Duplicated articles, abstracts without full texts, 
editorial comments, letters, case reports, reviews, 
meta-analyses, irrelevant titles and abstracts, 
and non-English full-text articles were excluded. 
Studies with incomplete or unclear data necessary 
to calculate the sensitivity or specificity of the im-
aging modality being studied were excluded. In 
addition, studies using PET without CT or MRI, 
or using different radiotracers were excluded. For 
studies using the same data, only the latest studies 
were taken into consideration.

Retrieval of relevant articles 

Two researchers independently read the titles and 
abstracts of retrieved articles using the predeter-
mined selection criteria. Subsequently, full-text 
evaluation was conducted to ascertain each study’s 
eligibility. The event of discrepancies between the 
researchers were resolved through discussion, ul-
timately arriving at a consensus.

Quality assessment 

Two researchers independently assessed the qual-
ity of the included studies utilizing the Quality 
Assessment of Diagnostic Performance Studies 
(QUADAS-2) tool.13 The QUADAS-2 tool encom-
passes four essential domains: (1) patient selection; 
(2) index test; (3) reference standard; and (4) flow 
and timing. The risk of bias was rated as “high 
risk,” “low risk,” or “unclear risk.”

In assessing the risk of bias, several key as-
pects were evaluated. First, patient selection bias 
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was addressed by enrolling consecutive patients. 
Second, the results of the index test were evalu-
ated independently of the outcomes of the refer-
ence standard to minimize potential bias. Third, 
the reference standard was evaluated without 
knowledge of the results of the index test to en-
sure objectivity. Finally, the flow and timing as-
pect examined the appropriateness interval (less 
than 3 months) between the index tests and the 
reference standard. Regarding applicability con-
cerns, the analysis focused on three main ques-
tions. First, patient selection was “Are there any 
concerns regarding the relevance of the included 
patients to the scope of the review?” Second, the 
index test was “Are there concerns that the target 
condition as defined by the reference?” Third, the 
reference standard was “Are there concerns about 
the compatibility between the target condition, as 
established by the reference standard, and the re-
view question?”

Data extraction 

Two researchers independently extracted data 
from all the included articles. The gathered data 
included information about the author, year of 
publication, and the type of imaging test used in 
the study, study features (country, study design, 
analysis, and reference standard), characteristics 
of patients (number of patients, clinical indication, 
mean/median age, and previous treatment), and 
technical aspects (scanner modality, ligand dose, 
and image analysis). 

In cases of disagreements, the researchers dis-
cussed the issue until a consensus was reached to 
ensure accuracy in the extracted data.

Outcome measures

The main outcome measure were the sensitivities 
and specificities of [18F]FDG PET/CT and [18F]FDG 

TABLE 1. Study and patient characteristics of the included studies for [18F]FDG PET/CT

Author Year
Type of

imaging
test

Study characteristics Patient characteristics

Country Study 
design Analysis Reference standard No. of 

patients Clinical indication Mean/Median age Previous 
treatment

Catalano et al.15 2015 PET/CT Italy Retro PB Pathology and/or 
follow-up imaging 109 Initial stage and 

post-treatment stage Mean ± SD: (58.08 ± 10.7) Surgery

Melsaether et al.10 2016 PET/CT USA Pro LB Pathology and/or 
follow-up imaging 51 Initial stage and 

post-treatment stage
Mean(range):

56 (32–76) Chemotherapy

Botsikas et al.9 2018 PET/CT Switzerland Pro PB and LB Pathology and/or 
follow-up imaging 80 Initial stage and 

post-treatment stage
Mean ± SD:
(48 ± 12.9) NA

Sawicki et al.11 2016 PET/CT Germany Pro LB Pathology and/or 
follow-up imaging 21 Post-treatment stage Mean ± SD: 

(59.4 ±11.5) NA

Balci et al.17 2012 PET/CT Turkey Retro PB Pathology and/or 
follow-up imaging 162 Initial stage and 

post-treatment stage Mean: 50.6 Surgery

Hahn et al.18 2011 PET/CT Germany Retro PB and LB Follow-up imaging 29 Initial stage Mean (range): 57.5 
(35–78) NA

Manohar et al.19 2012 PET/CT India Retro LB Pathology and/or 
follow-up imaging 111 Post-treatment stage Mean(range):

52 (22–80) Surgery

Niikura et al.25 2011 PET/CT Japan Retro LB Pathology and/or 
follow-up imaging 225 Initial stage and 

post-treatment stage Mean: 53.4
Chemotherapy 

or endocrine 
therapy

Riegger et al.22 2012 PET/CT Germany Retro LB Pathology and/or 
follow-up imaging 106 Initial stage Mean ± SD:

(57 ± 13) NA

Rager et al.23 2018 PET/CT Switzerland Retro PB and LB Follow-up imaging 25 Initial stage and 
post-treatment stage

Median(range):
5 (38–82) NA

Demir et al.20 2014 PET/CT Turkey Retro LB Pathology and/or 
follow-up imaging 50 Post-treatment stage Mean ± SD: (53.9 ± 12.3) NA

Hansen et al.24 2015 PET/CT Denmark Pro LB Pathology 18 Post-treatment stage Mean(range):
61.5 (38–76) Surgery

Niikura et al.21 2016 PET/CT Japan Pro PB Pathology and/or 
follow-up imaging 28 Initial stage and 

post-treatment stage
Median(range):

59 (31–76) Surgery

Shawky et al.26 2016 PET/CT Egypt Pro LB Pathology and/or 
follow-up imaging 30 Post-treatment stage Mean(range): 53.5 

(33–73)

Surgery or 
Chemotherapy 
or radiotherapy

Teke et al.27 2020 PET/CT Turkey Retro LB Follow-up imaging 62 Initial stage Median(range):
44.5 (8–81) NO

LB = lesion-based; NA = not available; PB = patient-based; Pro = prospective; Retro = retrospective
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PET/MRI in patient-based analysis, lesion-based 
analysis and head-to-head comparison. Sensitivity 
was defined as the ratio of patients or lesions with 
true positive (TP) scans to the sum of TP and false 
negative (FN) scans for either patients or lesions 
have been reported; Specificity was defined as the 
ratio of patients or lesions with true negative (TN) 
scans to the sum of TN scans and false negative 
(FN) scans have been reported. 

Statistical analysis

Sensitivity and specificity were assessed using 
the DerSimonian and Laird method, followed by 
transformation via the Freeman-Tukey double in-
verse sine transformation. The Jackson method 
was used to calculate the confidence intervals. The 
Cochrane Q and I2 statistics were used to assess 
the heterogeneity within and between groups.14 If 
the heterogeneity between the studies differed sig-
nificantly (P < 0.10 or I2 > 50%), sensitivity analysis 
was performed by reassessing the sensitivities or 

specificities following the omission of articles one 
by one. This was done to evaluate the robustness 
of the overall sensitivities or specificities and to 
identify single studies that may contribute to het-
erogeneity.

We evaluated publication bias by employing 
both funnel plot and Egger’s test (for outcomes 
including over 10 studies). For all statistical tests 
except heterogeneity (P < 0.10), a significance level 
of P < 0.05 was considered statistically significant. 
Statistical analyses were conducted using R soft-
ware version 4.1.2 for statistical computing and 
graphics.

Results
Search strategy and study selection

The preliminary search revealed a total of 1525 
publications. However, 542 studies were consid-
ered duplicates, and another 950 did not meet the 
eligibility criteria and were therefore not included 
in the study. After a comprehensive review of the 
full texts of the remaining 33 articles, another 17 
were deemed ineligible for the study either be-
cause data (TP, FP, FN, and TN) were not avail-
able (n = 8) or the radiotracer was different (n = 3). 
In addition, non-English articles (n = 2) and PET 
without CT or MRI articles (n = 3) were excluded. 
Finally, 16 articles9-11,15-27 (including 4 head-to-head 
comparison articles) evaluating the diagnostic ef-
ficacy of [18F]FDG PET/CT (n = 15)17-20,22-27, and [18F]
FDG PET/MRI (n = 5)9-11,15,16 were included in the 
meta-analysis. The article selection process, ac-
cording to the PRISMA flow diagram, is depicted 
in Figure 1.

Study description and quality assessment

The 16 eligible studies included a total of 1,261 
breast cancer patients (range from 18 to 225). 
Among the included studies, 9 articles were retro-
spective studies, while 7 articles were prospective 
studies. In terms of analysis methods, 3 articles 
employed patient-based analysis, 9 articles used 
lesion-based analysis, and 4 articles utilized both 
methods. 2 articles used pathology as the reference 
standard, 11 articles employed pathology and/or 
follow-up imaging as the reference standard, and 
3 articles solely relied on follow-up imaging as the 
reference standard. Regarding clinical indications, 
3 articles involved patients exclusively at the initial 
stage, 6 articles included patients only at the post-
treatment stage, and the remaining 7 articles in-

FIGURE 1. PRISMA flow diagram illustrating the study selection process.

FN = false negative; FP = false positive; TN = true negative; TP = true positive
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cluded patients at both initial and post-treatment 
stages. Table 1 and Table 2 summarize the study 
and patient characteristics of [18F]FDG PET/CT and 
[18F]FDG PET/MRI, while Supplementary Table 2 
and Supplementary Table 3 present the technical 
aspects.

The risk of bias for each study according to the 
QUADAS-2 tool is illustrated in Figure 2. For the 
patient selection risk of bias assessment, we found 
2 studies that graded as “high risk” since they 
didn’t include consecutive patients. For the index 
test, 3 studies were graded as “high risk” since the 
applied cut-off values were not pre-determined. 
With regards to the reference standard, 2 studies 
were graded as “high risk” as the final diagnosis 
was not determined independently by two or more 

physicians. The flow and timing standard were 
graded as “high risk” in 2 studies because some 
participants were excluded from data analyses. 
There were no major concerns with the quality of 
the included studies based on the overall quality 
assessment.

TABLE 2. Study and patient characteristics of the included studies for [18F]FDG PET/MRI

Author Year
Type of

imaging
test

Study characteristics Patient characteristics

Country Study 
design Analysis Reference standard No. of 

patients Clinical indication Mean/Median age Previous 
treatment

Catalano et al.15 2015 PET/MRI Italy Retro PB Pathology and/or 
follow-up imaging 109 Initial stage and 

post-treatment stage Mean ± SD: (58.08 ± 10.7) Surgery

Bruckmann et al.21 2021 PET/MRI Germany Pro PB and LB Pathology 154 Post-treatment stage Mean ± SD: (53.8±11.9) NO

Melsaether et al.10 2016 PET/MRI USA Pro LB Pathology and/or 
follow-up imaging 51 Initial stage and 

post-treatment stage
Mean(range):

56(32–76) Chemotherapy

Botsikas et al.9 2018 PET/MRI Switzerland Pro PB and LB Pathology and/or 
follow-up imaging 80 Initial stage and 

post-treatment stage
Mean ± SD:
(48 ± 12.9) NA

Sawicki et al.11 2016 PET/MRI Germany Pro LB Pathology and/or 
follow-up imaging 21 Post-treatment stage Mean ± SD: (59.4 ± 11.5) NA

LB = lesion-based; NA = not available; PB = patient-based; Pro = prospective; Retro = retrospective

FIGURE 2. Risk of bias and applicability concerns of the included studies using the 
Quality Assessment of Diagnostic Performance Studies QUADAS-2 tool.

FIGURE 3. Forest plot showing the pooled sensitivities of [18F]FDG PET/CT and [18F]FDG PET/MRI in bone metastasis of breast cancer patients on a 
patient-based analysis. The plot displays individual study estimates (squares) with corresponding 95% confidence intervals (horizontal lines) and 
the pooled sensitivity estimate (diamond) for both modalities. The size of the squares represents the relative weight of each study in the meta-
analysis.9,15,17,18,21,23,25
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Comparing the sensitivity of [18F]
FDG PET/CT and [18F]FDG PET/MRI for 
detecting bone metastases in breast 
cancer

For patient-based analysis, a total of 8 studies with 
213 patients were included in the analysis, and the 
pooled sensitivity of [18F]FDG PET/CT in detecting 
bone metastases in breast cancer was 0.73 (95% CI: 
0.42–0.96), whereas [18F]FDG PET/MRI had an over-
all sensitivity of 0.99 (95% CI:0.90–1.00) (Figure 3). 
There was significant difference between [18F]FDG 
PET/CT and [18F]FDG PET/MRI in the sensitivity 
(P = 0.04) (Figure 3). After removing Hahn et al.’s 
study18 in our sensitivity analysis, the I² value be-
came 0%, suggesting it may be the potential source 
of heterogeneity. However, the results from the 
sensitivity analysis remained stable, with only mi-
nor variations observed, ranging from 0.66 to 0.86 
(Supplementary Figure 1).

For lesion-based analysis, a total of 13 studies 
with 1588 lesions were included in the analysis, 
and the pooled sensitivity of [18F]FDG PET/CT in 
detecting bone metastases in breast cancer was 
0.89 (95% CI: 0.80–0.96), whereas [18F]FDG PET/

MRI had an overall sensitivity of 0.99 (95% CI:0.96–
1.00) (Figure 4). There was significant difference 
between [18F]FDG PET/CT and [18F]FDG PET/
MRI in the overall sensitivity (P < 0.01) (Figure 4). 
Regarding the pooled overall sensitivity of [18F]
FDG PET/CT in lesion-based analysis, the I2 was 
94%. The sensitivity analysis revealed no potential 
source of heterogeneity. The results following sen-
sitivity analysis remained stable, and only minor 
variations in the results ranging from 0.88 to 0.92 
were noted (Supplementary Figure 2). The funnel 
plot and Egger’s test revealed no evidence of pub-
lication bias for [18F]FDG PET/CT in lesion-based 
analysis (P = 0.30) (Supplementary Figure 3).

For head-to-head comparison, a total of 4 stud-
ies with 442 patients or lesions were included in 
the analysis, and the pooled sensitivity of [18F]FDG 
PET/CT in detecting bone metastases in breast 
cancer was 0.87 (95% CI: 0.77–0.94), whereas [18F]
FDG PET/MRI had an overall sensitivity of 0.99 
(95% CI:0.96–1.00) (Supplementary Figure 4). A 
significant difference was observed in the over-
all sensitivity between [18F]FDG PET/CT and [18F]
FDG PET/MRI. (P < 0.01) (Supplementary Figure 4). 
Regarding the pooled overall sensitivity of [18F]

FIGURE 4. Forest plot showing the pooled sensitivities of [18F]FDG PET/CT and [18F]FDG PET/MRI in bone metastasis of breast cancer patients on a 
lesion-based analysis. The plot displays individual study estimates (squares) with corresponding 95% confidence intervals (horizontal lines) and 
the pooled sensitivity estimate (diamond) for both modalities. The size of the squares represents the relative weight of each study in the meta-
analysis.9-11,18-20,22-27
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FDG PET/CT in lesion-based analysis, the I2 was 
64%. After removing Botsikas et al.’s study9 in 
our sensitivity analysis, the I² value became 0%, 
suggesting it may be the potential source of het-
erogeneity. However, the results from the sensi-
tivity analysis remained stable, with only minor 
variations observed, ranging from 0.83 to 0.90. 
(Supplementary Figure 5).

Comparing the specificity of [18F]
FDG PET/CT and [18F]FDG PET/MRI for 
detecting bone metastases in breast 
cancer

For patient-based analysis, a total of 7 studies with 
625 patients were included in the analysis, and the 
pooled specificity of [18F]FDG PET/CT in detecting 
bone metastases in breast cancer was 1.00 (95% CI: 
0.97–1.00), whereas [18F]FDG PET/MRI had an over-
all specificity of 1.00 (95% CI:0.98–1.00) (Figure 5). 
There was no significant difference between [18F]
FDG PET/CT and [18F]FDG PET/MRI in the over-
all specificity (P = 0.55) (Figure 5). The pooled 
overall specificity of [18F]FDG PET/CT and PET/
MRI exhibited I² values of 52% and 54%, respec-
tively. Sensitivity analysis revealed that removing 
Niikura et al.’s study21 reduced PET/CT heterogene-
ity (I² = 0%), while removing Botsikas et al.’s study9 
had a similar effect on PET/MRI. Nonetheless, 
both analyses yielded stable results, with minor 

variations between 0.99 and 1.00 (Supplementary 
Figures 6 and 7).

For lesion-based analysis, a total of 9 studies 
with 1023 lesions were included in the analysis, 
and the pooled specificity of [18F]FDG PET/CT in 
detecting bone metastases in breast cancer was 
0.99 (95% CI: 0.97–1.00), whereas [18F]FDG PET/MRI 
had an overall specificity of 0.99 (95% CI:0.95–1.00) 
(Figure 6). A significant difference was observed 
in the overall specificity between [18F]FDG PET/
CT and [18F]FDG PET/MRI (P = 0.07) (Figure 6). 
Regarding the pooled overall specificity of [18F]
FDG PET/CT in lesion–based analysis, the I2 was 
67%. After removing Hahn et al.’s study18 in our 
sensitivity analysis, the I² value became 49%, 
suggesting it may be the potential source of het-
erogeneity. However, the results from the sensi-
tivity analysis remained stable, with only minor 
variations observed, ranging from 0.99 to 1.00. 
(Supplementary Figure 8).

For head-to-head comparison, a total of 2 stud-
ies with 466 patients or lesions were included in 
the analysis, and the pooled specificity of [18F]FDG 
PET/CT in detecting bone metastases in breast can-
cer was 1.00 (95% CI: 0.98–1.00), whereas [18F]FDG 
PET/MRI had an overall specificity of 0.98 (95% 
CI:0.91–1.00) (Supplementary Figure 9). No signifi-
cant difference was observed in the overall speci-
ficity between [18F]FDG PET/CT and [18F]FDG PET/
MRI (P = 0.50) (Supplementary Figure 9). 

FIGURE 5. Forest plot showing the pooled specificities of [18F]FDG PET/CT and [18F]FDG PET/MRI in bone metastasis of breast cancer patients on a 
patient-based analysis. The plot displays individual study estimates (squares) with corresponding 95% confidence intervals (horizontal lines) and 
the pooled specificity estimate (diamond) for both modalities. The size of the squares represents the relative weight of each study in the meta-
analysis. 9,15,17,18,21,23,25
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Complementary role in identifying 
bone metastases of PET/CT, PET/MRI, 
MRI(PET/MRI) alone, and CT(PET/CT) alone for 
detecting bone metastases in breast 
cancer

In the 4 head-to-head comparison studies, one study 
(Melsaether et al.) did not provide information re-
garding the complementary role of PET/CT and PET/
MRI in identifying bone metastases.10 Therefore, 
the evaluation was from 3 studies (Supplementary 
Table 4). Among these studies, PET/MRI correctly 
identified bone metastases in 10 out of 98 patients 
or lesions (10.2%) with initially negative PET/CT re-
sults. Conversely, PET/CT correctly identified bone 
metastases in none of the 86 patients (0%) with ini-
tially negative PET/MRI results.

Furthermore, 2 studies reported information on 
the detection of bone metastases in breast cancer 
patients using MRI (PET/MRI) alone, while 4 stud-
ies provided data on CT (PET/CT) alone. The results 
indicate that MRI (PET/MRI) alone demonstrated a 
higher detection rate (65.5%, 180 out of 275) com-
pared to CT (PET/CT) alone (51.2%, 166 out of 324) 
(Supplementary Table 4).

Discussion

In the field of detecting bone metastases in breast 
cancer, there has been uncertainty and controver-

sy regarding the comparative diagnostic efficacy 
of [18F]FDG PET/CT and [18F]FDG PET/MRI.9,15 Key 
issues of comparison between the two imaging 
modalities include differences in sensitivity and 
specificity, as well as potential variations in diag-
nostic performance across different patient popu-
lations and analysis methods. To our knowledge, 
this is the first meta-analysis conducted on this 
topic, with patient-based, lesion-based and head-
to-head comparison analysis, to compare the di-
agnostic efficacy of [18F]FDG PET/CT and [18F]FDG 
PET/MRI in detection of bone metastases in breast 
cancer patients. 

The pooled sensitivity of [18F]FDG PET/CT in 
patient-based analysis, lesion-based analysis and 
head-to-head comparison were 0.73,0.89 and 0.87, 
while the pooled sensitivity of [18F]FDG PET/MRI 
were 0.99,0.99 and 0.99. In comparison to [18F]FDG 
PET/CT, it was suggested that [18F]FDG PET/MRI 
appeared to have a higher sensitivity (all P 0.05). 
In contrast, the pooled specificity of [18F]FDG PET/
CT in patient-based analysis, lesion-based analysis 
and head-to-head comparison were 1.00,0.99 and 
1.00, while the pooled specificity of [18F]FDG PET/
MRI were 1.00,0.99 and 0.98. These findings indi-
cated that [18F]FDG PET/CT and [18F]FDG PET/MRI 
have comparable levels of specificity.

Our results are in line with previous researches 
that have also suggested that [18F]FDG PET/MRI 
may have a higher sensitivity for detecting bone 
metastases compared to [18F]FDG PET/CT.28 In 

FIGURE 6. Forest plot showing the pooled specificities of [18F]FDG PET/CT and [18F]FDG PET/MRI in bone metastasis of breast cancer patients on a 
lesion-based analysis. The plot displays individual study estimates (squares) with corresponding 95% confidence intervals (horizontal lines) and 
the pooled specificity estimate (diamond) for both modalities. The size of the squares represents the relative weight of each study in the meta-
analysis.9,18-21,23,25-27
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2023, Zhang et al.28 conducted a meta-analysis to 
compare the diagnostic accuracy of [18F]FDG PET/
CT and PET/MRI for detecting distant metastases 
in patients with various types of cancer. In the sub-
group analysis including 3 studies of breast cancer 
(182 patients), they found that [18F]FDG PET/MRI 
demonstrated higher sensitivity (0.95 versus 0.87) 
and specificity (0.96 versus 0.94) compared to PET/
CT. Our meta-analysis included a larger number 
of studies (16 studies) and patients than Zhang’s 
study, which allowed us to perform a more com-
prehensive and robust analysis of the diagnostic 
efficacy of the two imaging modalities. Despite 
the difference, our study also provide evidence 
that PET/MRI has higher sensitivity and similar 
specificity compared to PET/CT in detecting bone 
metastases of breast cancer by adding more stud-
ies.

In 2019, Evangelista et al.6 conducted a head-to-
head comparison study of [18F]FDG PET/CT and 
[18F]FDG PET/MRI for the evaluation of breast 
cancer. The authors included two head-to-head 
comparison studies that specifically focused on 
the detection of bone metastases in breast cancer. 
They reported that PET/MRI was able to detect 
more primary and skeletal/non-skeletal distant 
metastases compared to PET/CT. Our study and 
the study by Evangelista et al. are consistent in 
demonstrating the potential advantages of PET/
MRI over PET/CT for the evaluation of bone me-
tastasis in breast cancer. The superior sensitivity 
of [18F]FDG PET/MRI may be attributed to its ca-
pacity to provide both anatomical and functional 
information, which may be useful in cases where 
there is soft tissue involvement or bone marrow 
invasion.29

While the current meta-analysis found that [18F]
FDG PET/MRI had a higher sensitivity than [18F]
FDG PET/CT, it is important to note that [18F]FDG 
PET/MRI may not be available in all medical cent-
ers. The availability of [18F]FDG PET/MRI may also 
be affected by the medical center’s location and 
resources. PET/CT provides high-resolution ana-
tomical images and functional information from 
the PET component. In addition, it also has lower 
economic cost requirements compared to PET/
MRI, making it a widely used imaging technique 
in clinical practice.30,31 PET/CT, on the other hand, 
has some limitations. One of the main limitations 
is the exposure to ionizing radiation, especially 
for younger patients or those who need repeated 
imaging exams.10 

Overall, [18F]FDG PET/CT and [18F]FDG PET/
MRI are both useful imaging modalities for de-

tecting bone metastases in breast cancer patients, 
each having their own set of benefits and limita-
tions. The choice of which imaging modality to 
use will depend on various factors such as the 
clinical situation, the accessibility of the imaging 
technique, and the preferences of the physicians.

In addition, another valuable diagnostic mo-
dality, Whole-body MRI (WB-MRI), also has 
demonstrated it capabilities. WB-MRI provides a 
comprehensive evaluation of the entire body with 
high sensitivity and excellent soft tissue contrast.32 
On the other hand, PET/MRI combines functional 
and anatomical information, leading to improved 
specificity and simultaneous examination.33 To 
make a more accurate conclusion regarding the 
optimal tool for detecting bone metastasis, further 
head-to-head studies directly comparing WB-MRI 
and PET/MRI are needed.

Some limitations of the current meta-analysis 
should be considered when interpreting the re-
sults. Firstly, the heterogeneity of the included 
studies may have affected the overall sensitivities 
or specificities of [18F]FDG PET/CT and [18F]FDG 
PET/MRI, which may cause by different patient 
populations or imaging protocols. We therefore 
try to find out the source of heterogeneity by per-
forming sensitivity analysis. Secondly, the studies 
included in the meta-analysis were mostly retro-
spective (9 of 16), which may have introduced bias. 
Third, pathology was not available for all lesions 
and patients, imaging follow-up was also used as 
the reference standard in cases where pathologi-
cal examination was unavailable. Therefore, well-
designed prospective studies with standardized 
imaging protocols and comprehensive pathologi-
cal data are needed to confirm the findings of this 
meta-analysis. 

Conclusions

Based on the pooled results, our meta-analysis 
suggests that [18F]FDG PET/MRI has a higher sen-
sitivity and similar specificity compared to [18F]
FDG PET/CT in detection of bone metastases in 
breast cancer patients. Clinicians should consider 
the advantages and limitations of each imaging 
technique when making decisions about which 
method to use. Further studies with standardized 
imaging protocols and comprehensive pathologi-
cal data are needed to confirm these findings and 
to explore the clinical utility of these imaging tech-
niques.



Radiol Oncol 2023; 57(3): 299-309.

Xia L et al. / [18F]FDG PET/CT and [18F]FDG PET/MRI in detecting bone metastases308

Acknowledgements

Author Contributions: XL and CJ conceived and 
designed the study. XL, QS, HD, LJ, HH, and LY 
extracted and analyzed the data, while XL, QS, HD 
and LJ wrote the first version of the manuscript. 
All authors contributed to the manuscript and ap-
proved the final version for submission.

Funding: This research was supported 
by National Natural Science Foundation of 
China [81871943 to JC]; Guangdong Provincial 
Clinical Research Center for Digestive Diseases 
[2020B1111170004]; Guangzhou High-level Key 
Clinical Specialty Construction Project [No.9]; The 
Project of Key Medical Discipline in Guangzhou 
[2021-2023].

Data availability statement: The original find-
ings of this study are encompassed within the 
article. For additional inquiries, please contact the 
corresponding authors.

References
1.	 Torre LA, Islami F, Siegel RL, Ward EM, Jemal A. Global cancer in women: 

burden and trends. Cancer Epidemiol Biomarkers Prev 2017; 26: 444-57. 
doi: 10.1158/1055-9965.Epi-16-0858

2.	 Ahmed A, Glynne-Jones R, Ell PJ. Skeletal scintigraphy in carcinoma of the 
breast – a ten year retrospective study of 389 patients. Nucl Med Commun 
1990; 11: 421-6. doi: 10.1097/00006231-199006000-00004

3.	 Hortobagyi GN, Theriault RL, Lipton A, Porter L, Blayney D, Sinoff C, et al. 
Long-term prevention of skeletal complications of metastatic breast cancer 
with pamidronate. Protocol 19 Aredia Breast Cancer Study Group. J Clin 
Oncol 1998; 16: 2038-44. doi: 10.1200/jco.1998.16.6.2038

4.	 Roberts CC, Daffner RH, Weissman BN, Bancroft L, Bennett DL, Blebea JS, et 
al. ACR appropriateness criteria on metastatic bone disease. J Am Coll Radiol 
2010; 7: 400-9. doi: 10.1016/j.jacr.2010.02.015

5.	 Rong J, Wang S, Ding Q, Yun M, Zheng Z, Ye S. Comparison of 18 FDG 
PET-CT and bone scintigraphy for detection of bone metastases in breast 
cancer patients. A meta-analysis. Surg Oncol 2013; 22: 86-91. doi: 10.1016/j.
suronc.2013.01.002

6.	 Evangelista L, Cuppari L, Burei M, Zorz A, Caumo F. Head-to-head com-
parison between 18F-FDG PET/CT and PET/MRI in breast cancer. Clin Transl 
Imaging 2019; 7: 99-104. doi: 10.1007/s40336-019-00319-2

7.	 Choi YJ, Shin YD, Kang YH, Lee MS, Lee MK, Cho BS, et al. The Effects of pre-
operative (18)F-FDG PET/CT in breast cancer patients in comparison to the 
conventional imaging Study. J Breast Cancer 2012; 15: 441-8. doi: 10.4048/
jbc.2012.15.4.441

8.	 Evangelista L, Cervino AR, Ghiotto C, Al-Nahhas A, Rubello D, Muzzio PC. 
Tumor marker-guided PET in breast cancer patients-a recipe for a perfect 
wedding: a systematic literature review and meta-analysis. Clin Nucl Med 
2012; 37: 467-74. doi: 10.1097/RLU.0b013e31824850b0

9.	 Botsikas D, Bagetakos I, Picarra M, Da Cunha Afonso Barisits AC, Boudabbous 
S, Montet X, et al. What is the diagnostic performance of 18-FDG-PET/MR 
compared to PET/CT for the N- and M- staging of breast cancer? Eur Radiol 
2018; 29: 1787-98. doi: 10.1007/s00330-018-5720-8

10.	 Melsaether AN, Raad RA, Pujara AC, Ponzo FD, Pysarenko KM, Jhaveri K, 
et al. Comparison of whole-body (18)F FDG PET/MR imaging and whole-
body (18)F FDG PET/CT in terms of lesion detection and radiation dose in 
patients with breast cancer. Radiology 2016; 281: 193-202. doi: 10.1148/
radiol.2016151155

11.	 Sawicki LM, Grueneisen J, Schaarschmidt BM, Buchbender C, Nagarajah J, 
Umutlu L, et al. Evaluation of ¹⁸F-FDG PET/MRI, ¹⁸F-FDG PET/CT, MRI, and 
CT in whole-body staging of recurrent breast cancer. Eur J Radiol 2016; 85: 
459-65. doi: 10.1016/j.ejrad.2015.12.010

12.	 McInnes MDF, Moher D, Thombs BD, McGrath TA, Bossuyt PM, Clifford T, 
et al. Preferred reporting items for a systematic review and meta-analysis 
of diagnostic test accuracy studies: the PRISMA-DTA statement. Jama 2018; 
319: 388-96. doi: 10.1001/jama.2017.19163

13.	 Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, et al. 
QUADAS-2: a revised tool for the quality assessment of diagnostic accuracy 
studies. Ann Intern Med 2011; 155: 529-36. doi: 10.7326/0003-4819-155-
8-201110180-00009

14.	 Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat 
Med 2002; 21: 1539-58. doi: 10.1002/sim.1186

15.	 Catalano OA, Nicolai E, Rosen BR, Luongo A, Catalano M, Iannace C, et al. 
Comparison of CE-FDG-PET/CT with CE-FDG-PET/MR in the evaluation of os-
seous metastases in breast cancer patients. Br J Cancer 2015; 112: 1452-60. 
doi: 10.1038/bjc.2015.112

16.	 Bruckmann NM, Kirchner J, Umutlu L, Fendler WP, Seifert R, Herrmann K, 
et al. Prospective comparison of the diagnostic accuracy of 18F-FDG PET/
MRI, MRI, CT, and bone scintigraphy for the detection of bone metastases 
in the initial staging of primary breast cancer patients. Eur Radiol 2021; 31: 
8714-24. doi: 10.1007/s00330-021-07956-0

17.	 Balci TA, Koc ZP, Komek H. Bone scan or F-18-Fluorodeoxyglucose posi-
tron emission tomography/computed tomography; which modality better 
shows bone metastases of breast cancer? Breast Care 2012; 7: 389-93. doi: 
10.1159/000341559

18.	 Hahn S, Heusner T, Kümmel S, Köninger A, Nagarajah J, Müller S, et al. 
Comparison of FDG-PET/CT and bone scintigraphy for detection of bone 
metastases in breast cancer. Acta Radiol 2011; 52: 1009-14. doi: 10.1258/
ar.2011.100507

19.	 Manohar K, Mittal BR, Senthil R, Kashyap R, Bhattacharya A, Singh G. 
Clinical utility of F-18 FDG PET/CT in recurrent breast carcinoma. Nucl Med 
Commun 2012; 33: 591-6. doi: 10.1097/MNM.0b013e3283516716

20.	 Demir SS, Aktas GE, Yenici FU. A Lesion based and sub-regional comparison 
of FDG PET/CT and MDP bone scintigraphy in detection of bone metastasis 
in breast cancer. Curr Med Imaging 2017; 13: 422-30. doi: 10.2174/157340
5613666170126121221

21.	 Niikura N, Hashimoto J, Kazama T, Koizumi J, Ogiya R, Terao M, et al. 
Diagnostic performance of F-18-fluorodeoxyglucose PET/CT and bone scin-
tigraphy in breast cancer patients with suspected bone metastasis. Breast 
Cancer 2016; 23: 662-7. doi: 10.1007/s12282-015-0621-z

22.	 Riegger C, Herrmann J, Nagarajah J, Hecktor J, Kuemmel S, Otterbach F, et 
al. Whole-body FDG PET/CT is more accurate than conventional imaging for 
staging primary breast cancer patients. Eur J Nucl Med Mol Imaging 2012; 
39: 852-63. doi: 10.1007/s00259-012-2077-0

23.	 Rager O, Lee-Felker SA, Tabouret-Viaud C, Felker ER, Poncet A, Amzalag G, 
et al. Accuracy of whole-body HDP SPECT/CT, FDG PET/CT, and their com-
bination for detecting bone metastases in breast cancer: an intra-personal 
comparison. Am J Nucl Med Mol Imaging 2018; 8: 159-68. PMID: 30042868

24.	 Hansen JA, Naghavi-Behzad M, Gerke O, Baun C, Falch K, Duvnjak S, et al. 
Diagnosis of bone metastases in breast cancer: lesion-based sensitivity of 
dual-timepoint FDG-PET/CT compared to low-dose CT and bone scintigra-
phy. PLoS ONE 2021; 16: e0260066. doi: 10.1371/journal.pone.0260066

25.	 Niikura N, Costelloe CM, Madewell JE, Hayashi N, Yu TK, Liu J, et al. FDG‐PET/
CT compared with conventional imaging in the detection of distant metas-
tases of primary breast cancer. Oncologist 2011; 16: 1111-9. doi: 10.1634/
theoncologist.2011-0089

26.	 Shawky M, Ali ZAE, Hashem DH, Houseni M. Role of positron-emission 
tomography/computed tomography (PET/CT) in breast cancer. Egipt J Radiol 
Nucl Med 2020; 51: 125. doi: 10.1186/s43055-020-00244-9

27.	 Teke F, Teke M, Inal A, Kaplan MA, Kucukoner M, Aksu R, et al. Significance 
of hormone receptor status in comparison of 18F -FDG-PET/CT and 99mTc-
MDP bone scintigraphy for evaluating bone metastases in patients with 
breast cancer: single center experience. Asian Pac J Cancer Prev 2015; 16: 
387-91. doi: 10.7314/apjcp.2015.16.1.387



Radiol Oncol 2023; 57(3): 299-309.

Xia L et al. / [18F]FDG PET/CT and [18F]FDG PET/MRI in detecting bone metastases 309

28.	 Zhang C, Liang Z, Liu W, Zeng X, Mo Y. Comparison of whole-body 18F-FDG 
PET/CT and PET/MRI for distant metastases in patients with malignant 
tumors: a meta-analysis. BMC Cancer 2023; 23: 37. doi: 10.1186/s12885-
022-10493-8

29.	 Wu LM, Gu HY, Zheng J, Xu X, Lin LH, Deng X, et al. Diagnostic value of 
whole-body magnetic resonance imaging for bone metastases: a systematic 
review and meta-analysis. J Magn Reson Imaging 2011; 34: 128-35. doi: 
10.1002/jmri.22608

30.	 Bruckmann NM, Morawitz J, Fendler WP, Ruckhäberle E, Bittner AK, Giesel 
FL, et al. A role of PET/MR in breast cancer? Semin Nucl Med 2022; 52: 611-
8. doi: 10.1053/j.semnuclmed.2022.01.003

31.	 Tabouret-Viaud C, Botsikas D, Delattre BM, Mainta I, Amzalag G, Rager 
O, et al. PET/MR in breast cancer. Semin Nucl Med 2015; 45: 304-21. doi: 
10.1053/j.semnuclmed.2015.03.003

32.	 Pfannenberg C, Schwenzer N. Whole-body staging of malignant melanoma: 
advantages, limitations and current importance of PET-CT, whole-body MRI 
and PET-MRI. Radiologe 2015; 55: 120-6. doi: 10.1007/s00117-014-2762-z

33.	 Tunariu N, Blackledge M, Messiou C, Petralia G, Padhani A, Curcean S, et al. 
What’s new for clinical whole-body MRI (WB-MRI) in the 21st century. Br J 
Radiol 2020; 93: 20200562. doi: 10.1259/bjr.20200562


