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Abstract

Background and aim The present study aimed to evaluate the use of '®F-2-["8F]-fluoro-2-deoxy-d-glucose
(FDG) PET/MRI (Positron emission tomography-computed tomography) in predicting the pathological response
to neoadjuvant chemotherapy (NAC) in patients with breast cancer (BC) compared to the use of MRI (Magnetic
Resonance Imaging) alone.

Methods \We searched numerous databases, including PubMed, Scopus, Embase, and Science Direct, using curated
keywords. The variance of each study was determined using the binomial distribution, and STATA version 14 was used
to analyze the data by performing random-effect models. Additionally, we calculated study heterogeneity using the
chi-squared test and I? index and utilized funnel plots and Egger tests to assess publication bias.

Results The current investigation analyzed 239 patients from six published studies. The pooled estimated sensitivity
and specificity of '8F-FDG PET/MRI was 0.91 (95% Cl=0.90 to 0.92, I?=100% and P=0.000) and 0.62 (95% Cl=0.53 to
0.72,12=99.8% and P=0.000), respectively. Pooled sensitivity and specificity of MRI were 0.78 (95%Cl=0.59 to 0.96,
12=100% and P=0.000) and 0.56 (95%Cl=0.33 to 0.80, 1?°=99.8% and P=0.000), respectively.

Conclusions Based on our findings, the combined form of '®F-FDG PET/MRI imaging is more sensitive and specific
than MRI alone for predicting response to NAC in BC patients.
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Introduction

Breast cancer (BC) is the second most common disease
among women worldwide and one of the most frequently
diagnosed life-threatening cancers. Every year, new cases
of BC are diagnosed in more than 2.3 million women,
resulting in nearly 700,000 deaths [1-2].

In recent years, neoadjuvant chemotherapy (NAC)
has become a standard management option for locally
advanced or inflammatory BC patients. NAC can facili-
tate the successful implementation of breast-conserving
surgery (BCS) instead of mastectomy by reducing the
primary tumour size and down-staging the tumour bur-
den before surgery [3—-5]. Notably, pathologic complete
response (pCR) is an important prognostic parameter
for predicting disease-free survival and overall survival in
patients with BC, and achieving a pCR is the best thera-
peutic outcome for patients receiving NAC. Hence, accu-
rate assessment of the pCR and prediction of tumour
response to NAC before surgery is crucial to avoid
unnecessary surgeries in managing BC patients [1, 5].

Various effective diagnostic methods have been used in
BC patients for the assessment of pathologic response to
NAC, including physical examination, mammography/
ultrasonography (MMG/US), positron emission tomog-
raphy/computed tomography (PET/CT), magnetic reso-
nance imaging (MRI), and pathological evaluation of the
breast [6, 7]. In the meantime, noninvasive imaging tech-
niques that can help monitor the response to NAC in BC
patients are desirable. Among the radiological modalities,
various international guidelines recommend breast MRI
as the most accurate imaging method for monitoring
treatment response and predicting patient outcomes in a
neoadjuvant setting [8, 9]. However, underestimation or
overestimation of residual tumor extent may be observed
on breast MRI after NAC. In addition, MRI techniques
cannot assess newly developing distant metastases dur-
ing NAC [8]. Positron emission tomography (PET) imag-
ing using '8F-2-['*F]-fluoro-2-deoxy-d-glucose (**F-FDG)
has an essential role in oncology as a powerful diagnos-
tic prognostic modality, and its role in managing breast
cancer is evolving. '®F-FDG PET method has been used
to evaluate the clinical and pathological response to
NAC in patients with BC, and it also shows lymph node
metastasis.

Although most studies on radiomics analysis primarily
utilize routine imaging techniques like CT or MRI, there
is a growing trend towards employing more sophisticated
imaging methods, such as multiparametric '*F-FDG
PET/MRI. This approach aims to enhance the feature
extraction process and provide a more comprehensive
imaging platform. Initial results from these studies have
shown promise [8]. Hence, a combined approach in the
form of an 'F-FDG PET/MRI imaging may improve
the monitoring of response to NAC and breast cancer
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staging. In addition, using this hybrid, both breast and
nodal status can be more accurately determined before
NAC [1, 8]. Thus, the present study investigated the
overall diagnostic performance and accuracy of "*F-FDG
PET/MRI in pCR after NAC in BC patients compared to
conventional MRI techniques.

Materials and methods
We conducted this study using the PRIMSA protocol for
reporting systematic reviews and meta-analyses [9].

Search strategy

We searched the online database of PubMed, Sco-
pus, Embase, and Science Direct from January 2000 up
until December 2023 using a combination of specifi-
cally curated strategies for each database via the follow-
ing keywords and Boolean operators: “positron emission
tomography or positron emission tomography/ mag-
netic resonance imaging OR PET OR PET/MRI OR 8F-
FDG PET/MRI, “breast neoplasm or breast carcinoma
or breast cancer or breast tumor;, “response or predic-
tion,” and “magnetic resonance imaging or MR or MRI”
We also checked the reference list of related articles and
searched Google Scholar as grey literature to prevent
missing any eligible studies.

Inclusion and exclusion criteria
The criteria for inclusion were as follows: (1) Patients
should undergo both ®F-FDG PET/MRI scan and
MRI examination before and after NAC. (2) The stud-
ies should be either prospective or retrospective. (3)
The article should include a minimum of 10 patients.
(4) The studies should provide raw data, including true
positives (TP), false positives (FP), true negatives (TN),
and false negatives (FN). (6) The gold standard for pCR
should be defined as the complete absence of residual
invasive tumor cells, regardless of the presence of carci-
noma in situ or the absence of residual tumors and meta-
static lymph nodes. (7) In MRI assessment, complete
response (CR) can be defined as the absence of substan-
tial enhancement on post-chemotherapy MR imaging or
a reduction of at least 30% in the maximal diameter (D
max) or volume of the tumor; (8) Parameters for PET/
MRI assessment could include SUV, SUVmax, or pSUV.
CR was defined as the absence of any uptake of '*F-FDG
in the tumor, or a reduction of at least 50% in the stan-
dardized uptake value (SUV) or maximum SUV (SUV-
max) or partial SUV (pSUV) compared to before NAC.
We excluded (1) review articles, editorial articles, and
book chapters, and (2) articles with no FDG imaging
agent, animal articles, articles that do not report sensitiv-
ity and specificity, or studies that did not simultaneously
examine PET and MRI. The flow diagram (Fig. 1) shows
the studies selected in this study.
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Fig. 1 PRISMA flow diagram
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Risk of bias in individual studies (Quality assessment)

To evaluate the risk of bias in individual studies, the
Newcastle-Ottawa scale (NOS) for cross-sectional and
case-control studies was utilized, with 9 points for case-
control studies and cohort studies indicating high quality
and low risk of bias: 1-3, 4—6, and 7-9, were categorized
as of low, intermediate, and high quality, respectively for
case-control studies and 1-3, 4-5, and 6-9 was catego-
rized as of low, intermediate, and high quality, respec-
tively for cross-sectional studies (Table 1).

Data extraction

The following data extracted from the included studies:
name of the first author, place, year, sample size, mean
age, design of the study, type of MR], initial clinical stage,
cancer subtype, histology subtype, evaluation index,
lesion size, type of neoadjuvant chemotherapy, and speci-
ficity, sensitivity, positive predictive value (PPV), negative
predictive value (NPV), and accuracy of MRI, PET, 8F-
FDG PET/CT, and "*F-FDG PET/MRL

Statistical analysis

Statistical analysis was done through Stata version 14.0.
The pooled sensitivity and specificity estimates were cal-
culated using a random effects model. The standard error
(S.E.) of sensitivity and specificity was calculated. The
heterogeneity among different studies was analyzed using
the Chi-squared test. The assessment was conducted
using a forest plot, which included the presentation of I?
values. If there was heterogeneity, defined as an I* value
of more than 50%, the random effects model (REM) was
chosen. Conversely, the fixed effects model (FEM) was
chosen.

Table 1 Quality assessment of included studies
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Results

Study selection

The current study is conducted according to the PRISMA
checklist [10]. After the initial strategic search, 226
studies were identified. After removing duplicates and
title-abstract screening, 40 studies remained for full-
text screening. Finally, six studies were eligible for our
meta-analysis.

Study characteristics

The included studies were published from 2017 to 2023
[11-16]. Two studies were from the Netherlands [14,
16], one from Korea [13], one from Taiwan [15], one
from Germany [12], and one from Japan [11]. The stud-
ies included 239 individuals (median sample size=42,
range=10-74). The mean age of the population was 48.69
years (SD=3.97). The pathological response was consid-
ered the gold standard in the included studies. Table 2
shows the characteristics of the included studies in detail.

Performance of PER/MRI, MRI, and PET in evaluating
response to neoadjuvant chemotherapy

The estimated pooled sensitivity and specificity of '°F-
FDG PET/MRI was 0.91 (95% CI=0.90 to 0.92, ?’=100%
and P=0.000), and 0.62 (95% CI=0.53 to 0.72, ’=99.8%
and P=0.000), respectively (Fig. 2). Pooled sensitivity
and specificity of MRI were 0.78 (95%CI=0.59 to 0.96,
=100% and P=0.000) and 0.56 (95%CI=0.33 to 0.80,
12=99.8% and P=0.000), respectively (Fig. 3).

The pooled estimate of PPV and NPV of |F-FDG
PET/MRI were 0.92 (95%CI=0.91 to 0.93, I*=100% and
P=0.000) and 0.63 (95%CI=0.47 to 0.79, 1*=99.9% and
P=0.000), respectively. The PPV and NPV of MRI were
0.75 (95%CI=0.54 to 0.96, 1’=100% and P=0.000) and
0.66 (95% CI=0.61 to 0.71, I*’=98.6% P=0.000).

Author Selection Comparability Outcome Over-
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Fig. 2 Forest plots showing the pooled estimate of specificity (a) and sensitivity (b) of '8F-FDG PET/MRI in Assessing pCR to NAC in patients with breast
cancer. The square represents the effect estimate of individual studies with more than 95% confidence intervals (Cl)). The size of the squares is propor-
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Fig. 3 Forest plots showing the pooled estimate of sensitivity (@) and specificity (b) of MRI in Assessing pCR to NAC in patients with breast cancer, The
square represents the effect estimate of individual studies with more than 95% confidence intervals (95% Cl), with the size of squares proportional to the
weight assigned to the study in the meta-analysis. Diamond denotes the overall estimation

Publication bias

Begg’s test, which we performed, revealed no indica-
tion of publication bias among the included articles
(p=0.322). The publication bias funnel plot for the
included papers is shown in Fig. 4.

Discussion

Traditional anatomical imaging methods, such as mam-
mograms and breast ultrasound, have traditionally been
performed to evaluate the pathologic response of BC to
NAC. However, these anatomical imaging modalities can
sometimes be challenging in determining response to
NAC. It is difficult to differentiate between fibrosis and

residual tumors with these methods, and their use is lim-
ited in monitoring the treatment response [5, 17]. '°F-
FDG PET and MRI imaging are increasingly employed to
predict and monitor BC patients’ pathological response
to NAC. A hybrid form of ®F-FDG PET/MRI imaging
modalities could be attractive due to the possibility of
improving the monitoring of the response to NAC treat-
ment, staging of cancer, and the accuracy of nodal status
assessment in BC [8, 18].

This study systematically assessed the diagnostic per-
formance and accuracy of MRI and combined *F-FDG
PET/MRI in pCR after NAC in BC patients. In the study
of Tokuda et al. [19], the sensitivity and specificity of two
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Fig. 4 Funnel plot among the studies

imaging modalities of dedicated breast PET (dbPET)
and whole-body PET (WBPET) in predicting pCR after
NAC was reported as 85.7% and 72.7%, 71.4% and 77.3%,
respectively. The reduction rate (R.R.) of peak standard-
ized uptake values (SUVp) may significantly influence the
results. In the study by KIM et al. [20], when an R.R. of
88% was used as the threshold value for distinguishing
between pCR and pPR (pathological partial response),
the sensitivity and specificity of FDG-PET for predict-
ing the pathological response of BC to NAC were 100%
and 56.5%, respectively. While with R.R. of 79%, sensi-
tivity and specificity were reported as 85.2% and 82.6%,
respectively.

MRI results in our study revealed a specificity and
sensitivity of 78% and 56%, respectively, for predicting
the response to NAC therapy in patients with BC. In
another meta-analysis study, results revealed a higher
sensitivity (65% vs. 56%) and specificity (88% vs. 78%)
of MRI in assessing pCR to NAC in patients with BC
compared with ours [18]. In the study by Wu et al. [21]
to evaluate and predict the pathological response to
NAC in BC patients, the sensitivity and specificity for
diffusion-weighted MRI (DWI) were 93% and 82%, and
for dynamic contrast-enhanced MRI (DCE-MRI) were
reported as 56% and 78%, respectively. A previous study
showed the sensitivity and specificity of the DCE-MRI
imaging method to be 100% and 50%, respectively [19].
The difference in the results can be due to the difference
in the type of MRI modality and depending on the SUV
cut-off value as a significant influencing factor.

Our study introduced the hybrid form F-FDG PET/
MRI imaging with 62% sensitivity and 91% specificity as a
more powerful prognostic tool for predicting response to
NAC treatment in B.C. patients than MRI alone because,
during NAC, the metabolic reduction in the tumor
occurs much earlier than the vascularization and shrink-
ing of the tumor volume. Metabolic analysis may only
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investigate the initial effect of NAC, and by integrating it
with morphology and vascular analysis, a more accurate
prediction may be possible [11, 22, 23]. Hence, the hybrid
form of BF-FDG PET/MRI can help improve the accu-
racy of NAC therapy assessment in BC because clinicians
can simultaneously collect morphological and metabolic
imaging information.

Although our study introduced *F-FDG PET/MRI
imaging as a useful prognostic tool in predicting response
to NAC in BC, it has some limitations. (1) In the studies
we included in our meta-analysis, there can be hetero-
geneity in the different types and stages of breast cancer.
(2) MRI technique may vary among the studies reviewed
and affect the results.3) Despite each imaging method’s
diagnostic value, the investigated strategies’ monetary
value still needs to be examined as it is a costly proce-
dure in many countries and comes with an unavailable
approach. 4) The breast cancer subtypes included are
heterogeneous. However, the subgroups’ responses to
chemotherapy and pet-CT sensitivity are unequal. For
instance, the lobular histological type produces weaker
PET-CT uptake. Additionally, triple negatives have a
good NAC response. Applying subgroup analysis will
increase the quality of findings in future research 0.5) we
observed high heterogeneity amongst included articles
that need to be further addressed in future studies when
the data on the current literature reaches a higher level of
considerability.

Conclusion

The results of our study showed that the combined form
of F-FDG PET/MRI imaging has higher sensitivity and
specificity for predicting response to NAC in BC patients
than MRI alone. Therefore, this study highlights the
importance of using the '®F-FDG PET/MRI modality as
a powerful prognostic tool in BC that can improve the
accuracy of pCR assessment after NAC.
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