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Simple Summary: This study investigates the effectiveness of three imaging methods—T2-weighted
imaging (T2WI), diffusion-weighted imaging (DWI), and 2-deoxy-2-[18F]fluoro-D-glucose positron
emission tomography-computed tomography (2-[18F]FDG PET-CT)—individually and combined,
in assessing treatment response for locally advanced cervical carcinoma (LACC). As the third most
common cancer worldwide, precise post-treatment evaluation is crucial for planning and follow-up.
This research addresses the lack of a standardised response assessment after chemoradiotherapy for
LACC, introducing a five-point qualitative scale for assessment. The findings aim to fill knowledge
gaps in treatment response evaluation, potentially influencing clinical practices for better patient
outcomes in cervical cancer management.

Abstract: Purpose: To evaluate the utility and comparative effectiveness of three five-point qualitative
scoring systems for assessing response on PET-CT and MRI imaging individually and in combination,
following curative-intent chemoradiotherapy (CRT) in locally advanced cervical cancer (LACC).
Their performance in the prediction of subsequent patient outcomes was also assessed; Methods:
Ninety-seven patients with histologically confirmed LACC treated with CRT using standard institu-
tional protocols at a single centre who underwent PET-CT and MRI at staging and post treatment
were identified retrospectively from an institutional database. The post-CRT imaging studies were in-
dependently reviewed, and response assessed using five-point scoring tools for T2WI, DWI, and FDG
PET-CT. Patient characteristics, staging, treatment, and follow-up details including progression-free
survival (PFS) and overall survival (OS) outcomes were collected. To compare diagnostic performance
metrics, a two-proportion z-test was employed. A Kaplan–Meier analysis (Mantel–Cox log-rank)
was performed. Results: The T2WI (p < 0.00001, p < 0.00001) and DWI response scores (p < 0.00001,
p = 0.0002) had higher specificity and accuracy than the PET-CT. The T2WI score had the highest
positive predictive value (PPV), while the negative predictive value (NPV) was consistent across
modalities. The combined MR scores maintained high NPV, PPV, specificity, and sensitivity, and
the PET/MR consensus scores showed superior diagnostic accuracy and specificity compared to
the PET-CT score alone (p = 0.02926, p = 0.0083). The Kaplan–Meier analysis revealed significant
differences in the PFS based on the T2WI (p < 0.001), DWI (p < 0.001), combined MR (p = 0.003), and
PET-CT/MR consensus scores (p < 0.001) and in the OS for the T2WI (p < 0.001), DWI (p < 0.001), and
combined MR scores (p = 0.031) between responders and non-responders. Conclusion: Post-CRT
response assessment using qualitative MR scoring and/or consensus PET-CT and MRI scoring was
a better predictor of outcome compared to PET-CT assessment alone. This requires validation in a
larger prospective study but offers the potential to help stratify patient follow-up in the future.
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1. Introduction

Cervical carcinoma ranks as the third most prevalent malignancy globally [1,2], with
up to 40% of women presenting with locally advanced cervical carcinoma (LACC) [3]. The
age-standardised incidence of cervical cancer stands at 13.1 per 100,000 women, contribut-
ing over 300,000 deaths annually [4,5].

Accurate diagnosis and staging of LACC are vital for effective treatment planning.
Current methods involve clinical history, pelvic examination, cystoscopy, biopsy, and col-
poscopy, with pelvic magnetic resonance imaging (MRI) recommended for an initial extent
evaluation. Additionally, 2-deoxy-2-[18F]fluoro-D-glucose (2-[18F]FDG) positron emission
tomography-computed tomography (PET-CT) is recommended for the confirmation of
nodal disease and metastatic staging [6–8]. Recent guidelines advocate for the use of both
TNM and FIGO systems, superseding reliance on the FIGO system alone [8].

Early-stage cervical cancer differs from LACC in terms of treatment approaches, with
surgery preferred for the former and concurrent chemoradiotherapy (CRT) as the standard
for the latter [8–11]. Image-guided adaptive brachytherapy (IGABT) is considered in most
cases, provided the topography of the tumour allows for it, while (salvage) surgery is
reserved for treatment failure or recurrence [9]. While more than 90% of patients with
LACC achieve complete response to treatment initially, up to 33% of patients experience
disease recurrence within two years post therapy [12,13]. Therefore, a precise response
assessment is crucial for detecting residual tumour or recurrence, facilitating potential
curative surgery [14].

The current response assessment post CRT in patients with LACC lacks standardis-
ation, relying on a combination of imaging and clinical examination, which is hindered
by anatomical changes and patient discomfort [14]. The principal imaging modalities for
assessing tumour extent post CRT encompass MRI and 2-[18F]FDG PET-CT, each offering
distinct advantages and disadvantages [15].

MRI is commonly used, but the interpretation of T2-weighted imaging (T2WI) can
be challenging due to signal similarities between post-radiotherapy oedema and necrotic
tumour, necessitating repeat imaging to avoid false positives [16].

Diffusion-weighted imaging (DWI) is increasingly incorporated into LACC MRI pro-
tocols to mitigate diagnostic uncertainty on T2WI. Apparent diffusion coefficient (ADC)
values from DWI indicate tumour aggressiveness, but there is a lack of evidence regarding
firm cut-off values or quantitative derivation that is clinically reproducible [16]. In contrast,
qualitative analyses, such as the use of five-point ordinal scales, are now the standard-of-
care for assessing treatment response post therapy in patients with lymphoma, with similar
methods being used in head and neck oncologic imaging to stratify patient management
post CRT [17–19]. There is no consensus on the use of a qualitative scale for assessing MRI
response in patients with LACC.

Contrastingly, 2-[18F]FDG PET-CT excels in evaluating tumour metabolic activity
compared to MRI, demonstrating a strong correlation between measured size on imaging
and pathological specimen size [20]. PET-CT also plays a significant role in post-treatment
surveillance with several single-centre studies that have demonstrated that 2-[18F]FDG
PET-CT performed post CRT can independently predict patient outcomes in LACC [21–24].
The timely assessment provided by PET-CT allows for potential treatment modifications in
cases of a demonstrated poor response either during or immediately post therapy [20]. Ad-
ditionally, PET-CT proves valuable in the assessment of distant metastatic disease, including
the involved lymph nodes, thereby enhancing any subsequent treatment [25]. Notable
disadvantages, however, include the difficulty in the detection of low-volume recurrence or
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untreated disease, which may be masked by physiologic, non-pathologic, or inflammatory
states, leading to increased metabolic activity and subsequent false positives [26,27].

The use of a five-point qualitative response assessment scale for 2-[18F]FDG PET-CT
to predict outcomes after CRT in patients with LACC has been proposed, potentially
enhancing subsequent patient treatment even further and facilitating more personalised
risk-adapted follow-ups in line with recent European Society of Gynaecological Oncology
(ESGO) guidance [8,22].

Despite these developments, the comparative effectiveness of MRI and 2-[18F]FDG
PET-CT for treatment response evaluation in patients with LACC after non-surgical treat-
ment remains an under-researched topic [28,29]. Moreover, investigation into the utilisation
of combination assessment is warranted, especially in light of promising and favourable
outcomes observed in previous studies involving biologically similar cancers, such as
anal cell carcinoma [30]. This could be used to offer personalised follow-ups, potentially
alleviating the substantial reduction in the quality of life of and economic impact to the
patient associated with both the disease and its subsequent follow-up [31].

Therefore, the primary aim of this study was to evaluate the utility and comparative
effectiveness of three five-point qualitative scoring systems for the evaluation of response in
2-[18F]FDG PET-CT and MRI imaging, both individually and in tandem, following curative-
intent CRT in patients with LACC. The secondary aim was to assess the performance of
2-[18F]FDG PET-CT and MR in the prediction of subsequent patient outcomes.

2. Materials and Methods
2.1. Ethics Approval

This study has been developed upon the informed consent of the patients undergoing
the diagnostic procedures for the imaging studies and uses their anonymised personal data
for scientific research purposes. We obtained formal approval from the Ethics Committee to
use radiological imaging and clinical data including retrospective retrieval of anonymised
patient data from institutional databases (RCD-Onc: Enhancing understanding and pre-
diction of cancer outcomes with baseline characteristics from routinely collected data,
Integrated Research Application Approval Number 277122).

2.2. Study Population and Follow-Up

A retrospective analysis of the data was conducted from consecutive patients with
histologically confirmed LACC treated between June 2014 and December 2021 at a single
tertiary referral centre. Baseline and response assessment MRI and 2-[18F]FDG PET-CT
were undertaken, with the latter being performed approximately three months post CRT.
Additional MRI assessments occurred at 6 and/or 12 months post treatment in the majority
of patients. The inclusion criteria included patients with locally advanced cervical cancer
receiving initial curative-intent CRT treatment only, in accordance with departmental
protocols. The exclusion criteria included patients with metastatic disease outside of the
radiation therapy volume, those with surgically resected cancer, those who had undergone
previous CRT for LACC, or those deemed ineligible for curative-intent CRT.

The patients were followed up with a physical examination consisting of an abdominal
and gynaecological exam 6 weeks post CRT. For the first two years post treatment, the
patients were followed up in three-monthly intervals where follow-up included a physical
examination. This was supplemented by 2-[18F]FDG PET-CT at 3 months and MRI scans at
3 and 6 months post treatment. True complete responses as defined by a normal clinical
examination and locoregional control at 3 months, received twelve-monthly rather than
six-monthly MRI follow-ups.

Data, including clinical history, patient demographics, tumour staging, treatment, and
progression-free survival [PFS] and overall survival [OS] outcomes, were obtained from the
institutional electronic patient record system (PPM+, Leeds, UK). The subject characteristics
of the patients including their histological sub-groups are provided in Table 1. PFS was
defined as LACC-related death, time from treatment completion to locoregional failure,
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or new distant metastatic disease. OS, on the other hand, was defined as the time from
completion of CRT to death, regardless of the cause.

Table 1. Patient demographics.

Variables n-97 No.

Age Median 47
Range 24–82

T stage T1 7 (7%)
T2 66 (68.0%)
T3 19 (20%)
T4 5 (5%)

Nodal disease at baseline Yes 45
No 52

Histological subtype Squamous cell carcinoma 77 (79%)
Adenocarcinoma 15 (15%)

Adenosquamous carcinoma 3 (4%)
Other 2 (2%)

Metastatic stage at baseline M0 94
M1 3

Primary tumour SUVmax Median 15.1
Range 4.7–52.5

Deaths 27

Progression 23

Follow-up period (days) Median 1506
Range 71–2757

Duration between treatment
completion and MRI response

assessment (days)
Median 92

Range 48–238

Duration between treatment
completion and PET-CT response

assessment (days)
Median 95

Range 16–246

2.3. Concurrent Chemoradiotherapy Regimen

The patients underwent either pelvic three-dimensional conformal external beam radio-
therapy (EBRT) or volumetric modulated arc therapy (IMRT) concurrently with chemother-
apy. The prescribed doses were 48 Gy in 24 fractions for EBRT and 45 Gy in 25 frac-
tions for IMRT. For those receiving the IMRT protocol, a simultaneous integrated boost of
55–57.5 Gy was prescribed specifically for large lymphadenopathy (short axis > 1 cm). The
overall dose for both EBRT and IMRT remained consistent, ensuring an equivalent dose
in two Gy/fraction (EQD2) of >85 Gy to a high-risk clinical target volume. In addition to
radiotherapy, the majority of the patients received concurrent IV cisplatin chemotherapy
(40 mg/m2). Exceptions were noted for a few patients whose age, performance status, or
comorbidities necessitated the use of alternative chemotherapy agents. Post CRT, the majority
of the patients received a high-dose-rate intra-cavity brachytherapy (BRT) boost, delivered in
three fractions over three weeks, typically within 10 days of completing their CRT regimen.
The dosing adhered to International Commission on Radiation Units and Measurements
Reports 62 and 38 guidelines [32] and institutional treatment guidelines.

2.4. Image Acquisition

Standardised departmental protocols were employed for all PET-CT studies performed
using two GE Healthcare Discovery 690 and 710 scanners (GE Healthcare, Madison, WI,
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USA). The use of multiple scanners followed the standard procedure in our Trust. It was
anticipated that any potential discrepancies in the results stemming from inter-scanner
variability would be negligible. CT was employed for localising anatomy and correcting
for attenuation. Serum blood glucose levels were routinely assessed before the scan, with
image acquisition deferred if the levels exceeded 10 mmol/L. The patients adhered to a 6 h
fasting period before receiving 4 MBq/kg of 2-[18F]FDG via intravenous injection. Imaging
was conducted 60 min after tracer injection without administration of iodinated contrast
media. The imaged volumes were from the skull base to the upper thighs.

The study reformats comprised the following:

1. Non-contrast 2.5 mm thick axial reformats with applied soft tissue kernel, extending
from the skull base to the proximal femora.

2. Non-contrast 2.5 mm thick axial reformats with applied lung kernel, extending from
the lung apices to the upper abdomen.

3. Non-attenuation-corrected axial reconstructions of 2-[18F]FDG activity extending from
the skull base to the proximal femora.

4. Maximum intensity projection (MIP) 3D reconstruction of FDG activity.
5. Fused 2-[18F]FDG/CT axial reconstructions with slice thickness of 2.5 mm.
6. Fused 2-[18F]FDG/CT coronal reconstructions with slice thickness of 2.5 mm.

Baseline and follow-up pelvic MRI was conducted using standardised departmental
protocols on a 1.5-T Siemens Aera scanner (Siemens Healthcare, Erlangen, Germany) with
a body and pelvic phased-array coil. The study sequences comprised the following:

1. High-resolution small-field-of-view sagittal and axial T2-weighted (T2W) sequences
(3 mm slice thickness).

2. T2-weighted gradient echo images, including axial, coronal, and oblique reformats
(3 mm slice thickness).

3. Diffusion-weighted image (DWI) sequences (b0, b150, b500) in axial plane with a
corresponding apparent diffusion coefficient (ADC) map (4 mm slice thickness).

4. Multi-shot turbo spin echo (TSE) T2 transverse and T1 coronal plane sequences
(balanced steady state free precession line acquisition with undersampling, BLADE)
(10 mm and 4 mm slice thicknesses, respectively).

The patients fasted for 6 h before the examination and arrived with full bladders to
minimise bowel motion artefact and improve their assessment.

2.5. Image Analysis

MRI interpretation utilised the picture-archiving and communication system (PACS)—
Impax® PACS v.5.6, (Agfa HealthCare, Mortsel, Belgium), while PET-CT interpretation
was carried out on a workstation employing Advantage Windows, v.3.5 (GE Healthcare,
Madison, WI, USA). A clinician with 2 years of experience in clinical medicine, supervised
by a dual-certified radiologist/nuclear medicine physician and a radiologist with a special
interest in gynaecological imaging with over 15 years of experience in PET-CT and MRI,
respectively. The post-CRT imaging was compared with the baseline studies.

Five-point scales were employed to score the patients for residual tumoral signal
on T2WI and DWI as well as for 2-[18F]FDG activity on the PET-CT. Interpretation was
performed on a patient-by-patient basis, and any discrepancies were resolved through
consensus agreement.

2.6. PET-CT Criteria

No residual 2-[18F]FDG uptake within the primary tumour and nodes was classified
as a complete metabolic response (CMR) (grade 1); a focal uptake less than the mediastinal
blood pool (MBP) was classified as a likely complete metabolic response (grade 2); a focal
uptake greater than the mediastinal blood pool but less than the liver activity was classified
as indeterminate (ID) (grade 3); a focal update greater than the liver activity was classified
as a partial metabolic response (PMR) (grade 4); a focal intense uptake greater than twice the
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background hepatic activity or new foci not present in the baseline imaging were classified
as progressive disease (PD) (grade 5). The 2-[18F]FDG PET-CT response assessment scale
with the associated imaging appearance is documented in Figure 1.
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Figure 1. 2-[18F]FDG PET-CT response assessment scale.

2.7. MRI Criteria

Tumour response assessment on T2WI was evaluated through the examination of
morphological features and signal intensities within the cervix and/or nodal or metastatic
disease in the imaged volume. A complete response (grade 1) signified the absence of
discernible tumour/nodal or metastatic disease, with restoration of a normal cervical
appearance. An excellent response (grade 2) was determined by the presence of a low signal
intensity indicative of post-treatment fibrotic changes, with no observable tumour, nodal,
or metastatic remnants. A moderate response (grade 3) was defined by a heterogeneous
signal intensity and an indeterminate appearance of the cervix. A minimal response (grade
4) was denoted by a reduction in tumour size but a persistent intermediate signal intensity,
suggesting the presence of residual disease. No response (grade 5) was determined where
no therapeutic effect was evident or the tumour exhibited frank progression and/or new
nodal/metastatic disease. Tumour response assessment was carried out based on the
highest b-value for the DWI and the accompanying ADC map, with the following grading
system: no increased signal intensity (SI) on the DWI and no low SI on the ADC were
considered a grade 1 response; a slightly increased SI on the DWI and no low SI on the
ADC were considered to be a grade 2 response; an increased SI on the DWI and no low
SI on the ADC were categorised as a grade 3 response; an increased SI on the DWI and
a slightly low SI on the ADC constituted a grade 4 response; and a high SI on the DWI
and a low SI on the ADC were a grade 5 response. The T2-weighted and DWI response
assessments are illustrated in Figures 2 and 3, respectively.

In order to reference the assessments against clinical outcomes, receiver operating
characteristic (ROC) curves were created for each imaging modality to determine the
optimal classification threshold for treatment response. A literature search was conducted,
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which identified the consensus criteria used to combine T2WI and DWI as well as those for
reaching a consensus for MR and PET-CT parameters [30,33].
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2.8. Statistical Analysis

Statistical analysis was conducted using Python (v. 3.9.6) along with the NumPy
(v. 1.2.5) and Pandas (2.1.1) libraries. A two-proportion z-test for comparing specificity,
sensitivity, positive predictive value (PPV), negative predictive value (NPV), and accuracy
was grounded in its appropriateness for assessing differences in proportions between two
binomial and independent groups [34]. Statistical significance was determined with a
two-tailed p-value of <0.05.

A time-to-event analysis with a starting point designated as CRT completion was
conducted. Kaplan–Meier survival plots were generated and an analysis using the Mantel–
Cox log-rank test was performed using the Python library KaplanMeierFitter, part of
lifelines (v. 0.27.8). The use of Kaplan–Meier survival plots and the Mantel–Cox log-rank
test is well-established for comparing survival distributions of censored data and is suited
for assessing treatment outcomes. The log-rank test is often employed, owing to the
rightward skew and censoring of data [35]. Our analysis also assessed PFS and OS.

The Cox proportional hazards model was employed to calculate hazard ratios (HR). This
model was selected for its suitability in analysing time-to-event data for binary covariates [36].

3. Results
3.1. Study Group

Ninety-seven patients, with a median age of 47 years (range: 24–82), were analysed.
The histological subtypes included squamous cell carcinoma (79%), adenocarcinoma (15%),
adenosquamous carcinoma (4%), and others (2%). Forty-five patients had nodal disease at
the baseline, and the follow-up continued until death or the 1 July 2023, with a median of
49.5 months (range: 2.3–90.6 months). See Table 1 for the subject characteristics, including
the histological sub-groups.

3.2. Overall and Progression-Free Survival

Twenty-three out of the ninety-seven (24%) subjects demonstrated residual cervical,
nodal, or metastatic disease after CRT, defined clinically by outcome. Of these subjects,
fifteen demonstrated persistent cervical disease, nine with interval progression in their
primary tumour and six with persistent cervical/pelvic nodal disease. Five subjects demon-
strated locoregional metastatic disease, with a further three patients who developed new
systemic metastatic disease found during our response assessment evaluation. During the
follow-up period, twenty-seven subjects (28%) died owing to disease progression. The
median time to progression was 166 days (range 72–1395 days), and the median time to
death was 706 days (range 90–1834 days).

3.3. Imaging Analysis
3.3.1. Image Grouping

A threshold value of four or greater for the PET-CT and T2WI and three or greater for
the DWI signified an incomplete response. A modified version of the consensus criteria for
the T2WI and DWI was proposed and is detailed in Table 2. This was compared against using
the highest score for either parameter. The respective ROC curves demonstrated a marginally
better area under the curve (AUC) (77.4) for the highest score method when compared to the
modified criteria (AUC 76.3). Therefore, the former method was used for MR harmonisation.
A modified version of the criteria for the harmonisation of consensus MR and PET-CT was
used and is detailed in Supplemental Table S1. The ROC curve for data harmonisation using
the highest score for MR consensus and the modified criteria demonstrated an AUC of 68.2.
The associated ROC curves and diagnostic performance tables for the PET-CT, T2WI, DWI,
and combined data are shown in Figure 4 and Table 3, respectively.
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Table 2. Modified scoring scheme adapted from Haider et al. (2006) [33].

Grade T2W- + Diffusion-Weighted Imaging

0, Definitely not cancer T2W = 1 or DWI = 1
1, Probably not cancer T2W ≤ 3 and DWI = 2 or 3

2, Possible cancer T2W ≥ 4 and DWI = 2 or 3 or T2W ≤ 3 and DWI = 4
3, Probably cancer T2W < 4 and DWI = 4 or 5
4, Definite cancer T2W ≥ 4 and DWI = 4 or 5

Table 3. Diagnostic performance tables for PET-CT, T2W, DWI, and combined data.

Response Clinical Outcome 3m PET-CT
Score

3m T2W
Score

3m DWI
Score

MR
Consensus

PET/MR
Consensus

Complete Response 74 38 75 63 68 51

Incomplete Response 23 59 24 34 25 46

False Positive 42 8 17 13 28

False Negative 6 9 6 7 5

True Positive 17 14 17 16 18

True Negative 32 66 57 61 46

Sensitivity 73.91% 60.87% 73.91% 69.57% 78.26%

Specificity 43.24% 89.19% 77.03% 82.43% 62.16%

Positive Predictive Value 28.81% 63.64% 50.00% 55.17% 39.13%

Negative Predictive Value 84.21% 88.00% 90.48% 89.71% 90.20%

Accuracy 50.52% 82.47% 76.29% 79.38% 65.98%
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3.3.2. Image Classification

When considered in isolation, PET-CT, T2WI, and DWI demonstrated complete re-
sponses in 38 patients (39.2%), 75 patients (77.3%), and 63 patients (64.9%), respectively.
PET-CT and DWI with sensitivities of 73.91% outperformed T2WI (60.87%), although this
did not reach a statistical significance (PET-CT vs. T2WI p = 0.05238). Conversely, T2WI and
DWI exhibited superior specificity and diagnostic accuracy when compared with PET-CT
(Specificity: PET-CT 43.24%, T2WI 89.19%, and DWI 77.03% [PET-CT vs. T2WI p < 0.00001],
[PET-CT vs. DWI p < 0.00001]. Accuracy: PET-CT 50.52%, T2WI 82.47%, and DWI 76.29%
[PET-CT vs. T2WI p < 0.00001], [PET-CT vs. DWI p = 0.0002]). PPV was greatest for
T2WI (89.19%), followed by DWI (50.00%), significantly outperforming PET-CT (28.81%)
([PET-CT vs. T2WI p < 0.00001], [PET-CT vs. DWI p = 0.00252]), whilst NPV was similar
for all the parameters (PET-CT 84.21%, T2WI 88.00%, and DWI 90.48%). When combined,
the MR consensus data maintained high NPV (89.71%), PPV (55.27%), specificity (82.43%),
and sensitivity (69.67%). The PET/MR consensus had the highest diagnostic sensitivity
(78.26%) when compared to all the other parameters and maintained NPV at 90.20%, with
improvements in accuracy (65.98%), PPV (39.13%), and specificity (62.16%) when compared
to the PET-CT alone (PET-CT/MR consensus vs. PET-CT p = 0.02926, p = 0.12852, and
p = 0.0083, respectively) but not to the combined MR or individual T2WI and DWI.

When examining the Kaplan–Meier analysis, statistically significant differences in
the PFS between the responders (mean 1261 days) and the non-responders arose for T2W
(mean 523 days) (p < 0.001), DWI (p < 0.001) (mean 1296 days vs. mean 592 days), the
MR consensus (p = 0.003) (mean 1290 days vs. mean 680 days), and the PET-CT/MR
consensus (p < 0.001) (mean 1298 days vs. mean 660 days). No significant differences
were observed in the PET-CT PFS (Figure 5). Furthermore, differences reaching statistical
significance were observed in the OS between the responders (mean 1851 days) and the
non-responders for T2WI (mean 940 days) (p < 0.001), DWI (p < 0.001) (mean 1781 days vs.
mean 1435 days), and the MR consensus (p = 0.031) (mean 1799 days vs. mean 1555 days).
There was no significant difference in the OS between the responders (mean 1638 days) and
the non-responders for PET-CT (mean 1670 days) (p = 0.489) or the PET-CT/MR consensus
(p = 0.05) (mean 1766 days vs. mean 1573 days) (Figure 6).

The Cox regression analysis pertaining to the PFS for MR consensus findings showed
a lower hazard ratio (HR) (HR = −1.03, p = 0.696) in comparison to the T2WI (HR = 1.17,
p = 0.054) and DWI (HR = 1.5, p = 0.169) alone, although this did not reach a statistical
significance. Similarly, the HR values for PET-CT (HR = −0.22, p = 0.696) and the PET-
CT/MR consensus (HR = −0.74, p = 0.358) also remained non-significant. In the context
of the OS, the HR values for the MR consensus (HR = −0.35, p = 0.683) and the PET-
CT/MR consensus (HR = 0.01, p = 0.986) were the lowest, yet similarly devoid of statistical
significance (Table 4).
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Table 4. Individual and combined modality evaluation of post-curative-intent chemoradiotherapy
response in individuals with locally advanced cervical carcinoma.

(a)

Chi-Square df p-Value

Progression-free
survival analysis

PET-CT 1.94 1 0.164

T2WI 28.12 1 <0.001

DWI 21.19 1 <0.001

MR Consensus 8.85 1 0.003

PET/MR Consensus 11.36 1 0.001

Overall Survival
Analysis

PET-CT 0.48 1 0.489

T2WI 13.91 1 <0.001

DWI 11.08 1 0.001

MR Consensus 4.67 1 0.031

PET/MR Consensus 3.84 1 0.05
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Table 4. Cont.

(b)

Hazard
Ratio

Lower 95%
Confidence

Interval

Upper 95%
Confidence

Interval
p-Value

Progression-free
survival analysis

PET-CT −0.02 −1.34 0.89 0.696

T2WI 1.17 −0.02 2.37 0.054

DWI 1.5 −0.63 3.63 0.169

MR Consensus −1.03 −3.36 1.3 0.385

PET/MR Consensus 0.74 −0.84 2.32 0.358

Overall Survival
Analysis

PET-CT 0.05 −0.90 1 0.913

T2WI 0.82 −0.27 1.91 0.14

DWI 0.98 −0.65 2.61 0.238

MR Consensus −0.35 −2.03 1.34 0.683

PET/MR Consensus 0.01 −1.28 1.3 0.986
Bold denotes a statistically significant result.
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4. Discussion

This study demonstrates for the first time the use of response assessment scoring
to evaluate individual and combined assessments of 2-[18F]FDG PET-CT, T2-weighted,
and DWI in patients with LACC. In this study, we observed similar NPV across PET-CT,
T2WI, and DWI, and these trends persisted when examining the results for consensus MR
and combination PET/MR assessments. The sensitivity of PET-CT and DWI at 73.91%
surpassed that of T2WI at 60.87%, reaching statistical significance. Additionally, T2WI and
DWI exhibited superior specificity (T2WI: 89.19%, DWI: 50.00%) and diagnostic accuracy
(T2WI: 82.47%, DWI: 76.29%) when compared with PET-CT (sensitivity 43.24%, accuracy
50.52%), also reaching statistical significance. Furthermore, the positive predictive value
(PPV) for T2W (63.64%) and DWI (50.00%) significantly outperformed PET-CT (28.81%).

The existing literature supports the well-defined contributions of MRI and FDG PET-
CT in the pre-treatment assessment of patients with LACC. MRI emerges as the preferred
choice for evaluating parametrial, vaginal, cervical, bladder, and rectal involvement, as
evidenced by previous studies [37,38]. On the other hand, PET-CT excels in sensitivity
for detecting lymph node metastases and assessing involvement in distant sites such as
the pelvic, para-aortic, inguinal, and supraclavicular regions, as well as the peritoneum,
mesentery, gastrointestinal tract, pleura, and mediastinum [39]. The distinct strengths of
these imaging techniques position them as valuable tools in guiding treatment decisions,
helping doctors determine whether surgery or CRT is the optimal course of action [40,41].

While prior research has explored the utility of PET-CT in appraising post-CRT re-
sponse among patients with LACC [22,42–44], it is important to note that the existing
evidence base comprises only a limited number of studies. Nevertheless, PET-CT is widely
employed in guiding decisions on subsequent treatments [6,45]. Some researchers have
advocated for the integration of standardised MRI and PET-CT response assessment scores
and proposed the inclusion of DWI in MR protocols to enhance their specificity [22].
This confirms the need for comprehensive and evidence-based strategies in post-CRT
response evaluations.

Gynaecological examinations post radiation therapy are challenging due to vagi-
nal adhesions and fibrosis, hindering accurate visualisation of the cervix. Addition-
ally, post-radiotherapy MRI may face challenges in accurately assessing response due
to inflammation-induced hyperintensity on T2WI [46]. Similarly, PET-CT evaluation can
be influenced by inflammation and necrosis induced by radiotherapy [44]. Our study
contributes to this discourse by exploring the use of an individual five-point qualitative
scale for PET-CT, T2WI, and DWI for predicting tumour response in patients with LACC
post CRT.

The examination of the PET-CT findings revealed a PPV and NPV of 28.81% and
84.21%, respectively. The PPV figures were lower than those reported in other published
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series (median 58.9%) [22,24,47–49]. These studies were conducted at variable time-points
after CRT (median 2 months, range 1–5), potentially contributing to the observed range
in the reported PPV values, and were few in number. Furthermore, the accurate assess-
ment of post-treatment responses may have been hindered by the presence of prominent
physiological tracer activity or inflammatory changes, with the absence of an established
optimal time-point for re-evaluation being a further complicating factor. Our reported NPV
findings aligned with figures demonstrated in the established literature.

Consensus MR demonstrated a PPV and NPV of 50% and 90.48%, respectively—
figures comparable to those reported in the limited number of studies with published
data [50,51] (PPV range 15–100%, NPV range 78.9–96%). These single-centre studies,
involving 41 and 52 patients, respectively, again demonstrated a wide range of PPV values,
likely due to their small sample size. When the specificity and accuracy of the consensus
MR data were examined, the figures in our study outperformed those of the PET-CT
alone, yielding highly significant differences in specificity (p = 0.02926) and accuracy
(p = 0.0083). This may be secondary to the incorporation of DWI sequences, which help
one mitigate diagnostic uncertainty compared to using T2WI alone [16]. This suggests that
MR assessment may be better suited to the detection of residual disease and recurrence,
although limitations in our study size preclude drawing definitive conclusions.

When assessing the findings from the PET-CT and MRI in combination, our study
demonstrated some advantages compared to the PET CT findings alone, with statisti-
cally significant improvements in accuracy and specificity. In contrast, when compared
to the combined MR findings, the PET/MR combination assessment exhibited a poorer
performance in terms of specificity, PPV, and accuracy, while displaying an overall similar
performance in sensitivity and NPV. In prior studies which examined response assessments
post CRT for anal cancer, a malignancy sharing biological characteristics with cervical
cancer, combination assessments of PET-CT and MRI results demonstrated a substantial
advantage. Significant enhancements in false positives, true negatives, sensitivity, speci-
ficity, PPV, and overall accuracy were observed when compared to relying solely on MRI
interpretation [30]. Therefore, whilst our findings suggest that a combination assessment
in LACC cases is weaker regarding the former metrics, these observations could also be
biassed by the relatively small sample size and/or choice of methodology for harmonising
the data. Exploring alternative options for data harmonisation could prove valuable in
determining whether such modifications could enhance the diagnostic performance of
combined PET/MR consensus.

When examining survival, the log-rank Mantel–Cox test demonstrated significant
associations in PFS prediction for T2WI, DWI, and MR and PET/MR consensus. Similarly,
when OS was considered, statistically significant differences for T2WI, DWI, and MR
consensus were observed, with PET/MR consensus lying at the threshold of significance
(p = 0.05). Interestingly, the PET-CT findings did not reach significance for either PFS or
OS in this study, despite previous single-centre studies on LACC which reported OS rates
in patients with CR on PET-CT of around 90% at the 5 year mark and 95% at the 2 year
mark, with 95–100% NPV [22] and a very low rate of asymptomatic recurrence (1.6% in
cervical cancer patients) [42]. The hazard ratios for all imaging modalities except for PFS in
PET-CT crossed the threshold of unity, with no statistically significant observations when
examining either PFS or OS through individual or combined assessment metrics. Whilst
the absence of significance may be attributed to the fact that no single imaging modality
serves as a definitive predictive marker for outcomes, other plausible contributors, such as
the limited sample size introducing variability and compromising statistical power or an
insufficient follow-up time, may also be responsible.

In considering future research directions, the recent literature exploring the use
of neoadjuvant chemo-immunotherapy in locally advanced cervical cancer (LACC) has
demonstrated promising antitumor activity and a manageable adverse event profile [52].
The combination of neoadjuvant chemo-immunotherapy with radical surgery may herald
a potential new treatment avenue in this population of patients. Assessing pre-treatment
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and post-therapeutic imaging appearances in this context may be vital for several reasons.
Pre-treatment imaging could be potentially useful in stratifying patients for a neoadjuvant
regimen, especially when considering that research has been limited to those individuals
with mild–moderate risk factors for recurrence [52]. Post-therapeutic imaging, for example,
with 2-[18F]FDG PET-CT and MRI, either individually or in combination, could risk-stratify
patients who have shown an excellent response to neoadjuvant chemo-immunotherapy
and may be crucial for informing decisions between surgery and surveillance as treatments
evolve. This requires thorough investigation through future research. As has been alluded
to, LACC is associated with significant effects on QoL and HRQoL post treatment [31].
The employment of a standardised follow-up, which may serve to provide personalised
risk-adapted care, could help improve patients’ quality of life and reduce the economic
burden associated with longer-term follow-up. Alternatively, the use of multiple diagnostic
methods may increase patient burden, leading to the opposite of the intended effect. These
are considerations that need to be taken into account when contemplating the direction of
future research and the development of a standardised follow-up protocol.

Furthermore, the relationship between Human Papillomavirus (HPV) status and out-
comes in squamous cell carcinoma across various organs, including the cervix, must be
investigated in the broader context of pre- and post-imaging appearances [53]. Although
the current study did not encompass an assessment of HPV status, its inclusion in subse-
quent research works stands as an avenue for inquiry. Qualitative assessments, including
the application of five-point ordinal scales, have become the standard approach for evaluat-
ing treatment response after therapy in lymphoma cases. Comparable methodologies are
employed in head and neck oncological imaging to stratify patient management following
CRT [17–19]. Our study contributes to the ongoing discourse surrounding the challenges
encountered in post-radiation therapy evaluations, shedding light on the limitations and
strengths of 2-[18F]FDG PET-CT and MRI. The exploration of a five-point qualitative scale
for each modality in predicting tumour response post CRT offers a valuable framework
that could be adapted for assessing treatment response in other cancers that are biologically
similar to cervical cancer, including those which may be linked to HPV infection, such as
vulvar, vaginal, and penile cancers. Finally, ongoing investigations into Delta-radiomic fea-
tures derived from 2-[18F]FDG PET-CT in patients with LACC post CRT have demonstrated
promise for event-free survival prediction in preliminary work conducted within our re-
search group [54]. These tentative findings require further validation through investigation
with a larger sample size of patients.

This work presents the novel use of a five-point scoring tool for each modality and
combination assessments in an initial single-centre study. This may limit the generalisability
of the findings to a broader population. Being retrospective, the study design is inherently
subject to biases associated with data collection over time, and future prospective evalu-
ations may help reduce this bias. This study did not collate data related to the patients’
HPV status, an aspect which has been previously implicated as a causative agent in cervical
carcinogenesis [53]. Data collection relating to HPV status and how this affects imaging
appearances remains a direction for future research. The relatively small study size and
the heterogeneity in the treatment approaches, including the exclusion of some patients
from high-dose brachytherapy, were also factors that may have influenced the results.
Finally, the scanning schedules of some patients were affected by the COVID-19 pandemic,
introducing an external factor that might have influenced the timing and consistency of the
imaging assessments. These limitations emphasise the need for cautious interpretation of
the results and underscore the importance of future studies with larger sample sizes and
prospective designs to validate our findings.

5. Conclusions

In conclusion, our study demonstrates that combining MR, PET-CT, and MRI for post-
CRT response assessment in LACC cases yields more accurate predictive outcomes than
using PET-CT alone. This multimodal approach could be a valuable clinical indicator for
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patient follow-up. However, independent validation is crucial before clinical translation of
the proposed approach. Further studies with larger, multicentre, and prospective datasets
are needed to ensure the reliability and generalisability of our findings.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers16030476/s1, Table S1: Modified scoring scheme used to
harmonise consensus MR and PET-CT data. Adapted from Adusumilli et al. (2022) [30].

Author Contributions: Conceptualisation, A.S.; methodology, R.C., S.S. and A.S.; formal analysis,
S.S.D., S.M., M.J., R.F., S.S. and A.S.; investigation, S.S.D. and R.F.; data curation, S.S.D., S.M., M.J.
and R.F.; writing—original draft preparation, S.S.D. and A.S.; writing—review and editing, R.F., S.S.,
R.C., S.M., M.J. and A.S.; supervision, A.S. and R.F.; project administration, A.S. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Leeds Teaching Hospitals NHS Trust
(IRAS Approval Ref 277122; December 2019).

Informed Consent Statement: Informed consent was obtained from all the subjects involved in
this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to institutional data-sharing restrictions.

Acknowledgments: Scarsbrook acknowledges academic salary support from Cancer Research UK
(Grant Ref: C19942/A28832) and Leeds Hospitals Charity (Ref: 9R01/1403). The funders had no role
in the following aspects of the study: the design of the study; the collection, analyses, or interpretation
of the data, the writing of the manuscript; or the decision to publish the results.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Jemal, A.; Siegel, R.; Ward, E.; Hao, Y.; Xu, J.; Thun, M.J. Cancer statistics, 2009. CA Cancer J. Clin. 2009, 59, 225–249. [CrossRef]
2. Ries, L.A.G.; Melbert, D.; Krapcho, M.; Stinchcomb, D.G.; Howlader, N.; Horner, M.J.; Mariotto, A.; Miller, B.A.; Feuer, E.J.;

Altekruse, S.F.; et al. SEER Cancer Statistics Review, 1975–2005; National Cancer Institute: Bethesda, MD, USA, 2008.
3. Donkoh, E.T.; Agyemang-Yeboah, F.; Asmah, R.H.; Wiredu, E.K. Prevalence of cervical cancer and pre-cancerous lesions among

unscreened Women in Kumasi, Ghana. Medicine 2019, 98, e14600. [CrossRef]
4. Arbyn, M.; Weiderpass, E.; Bruni, L.; de Sanjosé, S.; Saraiya, M.; Ferlay, J.; Bray, F. Estimates of incidence and mortality of cervical

cancer in 2018: A worldwide analysis. Lancet Glob. Health 2020, 8, e191–e203. [CrossRef]
5. Cohen, P.A.; Jhingran, A.; Oaknin, A.; Denny, L. Cervical cancer. Lancet 2019, 393, 169–182. [CrossRef]
6. Perrone, A.M.; Dondi, G.; Coe, M.; Ferioli, M.; Telo, S.; Galuppi, A.; De Crescenzo, E.; Tesei, M.; Castellucci, P.; Nanni, C.; et al.

Predictive role of MRI and 18F FDG PET response to concurrent chemoradiation in T2b cervical cancer on clinical outcome: A
retrospective single center study. Cancers 2020, 12, 659. [CrossRef]

7. Janicek, M.F.; Averette, H.E. Cervical cancer: Prevention, diagnosis, and therapeutics. CA Cancer J. Clin. 2001, 51, 92–114.
[CrossRef]

8. Cibula, D.; Raspollini, M.R.; Planchamp, F.; Centeno, C.; Chargari, C.; Felix, A.; Fischerová, D.; Jahnn-Kuch, D.; Joly, F.; Kohler, C.;
et al. ESGO/ESTRO/ESP Guidelines for the management of patients with cervical cancer–Update 2023. Virchows Archiv 2023, 482,
935–966. [CrossRef]

9. Marth, C.; Landoni, F.; Mahner, S.; McCormack, M.; Gonzalez-Martin, A.; Colombo, N. Cervical cancer: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2017, 28, iv72–iv83. [CrossRef]

10. Fagotti, A.; Anchora, L.P.; Conte, C.; Chiantera, V.; Vizza, E.; Tortorella, L.; Surico, D.; De Iaco, P.; Corrado, G.; Fanfani, F.; et al.
Beyond sentinel node algorithm. Toward a more tailored surgery for cervical cancer patients. Cancer Med. 2016, 5, 1725–1730.
[CrossRef]

11. Fanfani, F.; Vizza, E.; Landoni, F.; De Iaco, P.; Ferrandina, G.; Corrado, G.; Gallotta, V.; Gambacorta, M.A.; Fagotti, A.; Monterossi,
G.; et al. Radical hysterectomy after chemoradiation in FIGO stage III cervical cancer patients versus chemoradiation and
brachytherapy: Complications and 3-years survival. Eur. J. Surg. Oncol. 2016, 42, 1519–1525. [CrossRef]

12. Eifel, P.J.; Winter, K.; Morris, M.; Levenback, C.; Grigsby, P.W.; Cooper, J.; Rotman, M.; Gershenson, D.; Mutch, D.G. Pelvic
irradiation with concurrent chemotherapy versus pelvic and para-aortic irradiation for high-risk cervical cancer: An update of
radiation therapy oncology group trial (RTOG) 90-01. J. Clin. Oncol. 2004, 22, 872–880. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/cancers16030476/s1
https://www.mdpi.com/article/10.3390/cancers16030476/s1
https://doi.org/10.3322/caac.20006
https://doi.org/10.1097/MD.0000000000014600
https://doi.org/10.1016/S2214-109X(19)30482-6
https://doi.org/10.1016/S0140-6736(18)32470-X
https://doi.org/10.3390/cancers12030659
https://doi.org/10.3322/canjclin.51.2.92
https://doi.org/10.1007/s00428-023-03552-3
https://doi.org/10.1093/annonc/mdx220
https://doi.org/10.1002/cam4.722
https://doi.org/10.1016/j.ejso.2016.05.011
https://doi.org/10.1200/JCO.2004.07.197
https://www.ncbi.nlm.nih.gov/pubmed/14990643


Cancers 2024, 16, 476 17 of 18

13. Pötter, R.; Georg, P.; Dimopoulos, J.C.; Grimm, M.; Berger, D.; Nesvacil, N.; Georg, D.; Schmid, M.P.; Reinthaller, A.; Sturdza, A.;
et al. Clinical outcome of protocol based image (MRI) guided adaptive brachytherapy combined with 3D conformal radiotherapy
with or without chemotherapy in patients with locally advanced cervical cancer. Radiother. Oncol. 2011, 100, 116–123. [CrossRef]

14. Thomeer, M.G.; Vandecaveye, V.; Braun, L.; Mayer, F.; Franckena-Schouten, M.; de Boer, P.; Stoker, J.; Van Limbergen, E.; Buist, M.;
Vergote, I.; et al. Evaluation of T2-W MR imaging and diffusion-weighted imaging for the early post-treatment local response
assessment of patients treated conservatively for cervical cancer: A multicentre study. Eur. Radiol. 2019, 29, 309–318. [CrossRef]

15. Pinho, D.F.; King, B.; Xi, Y.; Albuquerque, K.; Lea, J.; Subramaniam, R.M. Value of intratumoral metabolic heterogeneity and
quantitative 18F-FDG PET/CT parameters in predicting prognosis for patients with cervical cancer. Am. J. Roentgenol. 2020, 214,
908–916. [CrossRef] [PubMed]

16. Dappa, E.; Elger, T.; Hasenburg, A.; Düber, C.; Battista, M.J.; Hötker, A.M. The value of advanced MRI techniques in the
assessment of cervical cancer: A review. Insights Imaging 2017, 8, 471–481. [CrossRef]

17. Sjövall, J.; Bitzén, U.; Kjellén, E.; Nilsson, P.; Wahlberg, P.; Brun, E. Qualitative interpretation of PET scans using a Likert scale to
assess neck node response to radiotherapy in head and neck cancer. Eur. J. Nucl. Med. Mol. Imaging 2016, 43, 609–616. [CrossRef]

18. Barrington, S.F.; Mikhaeel, N.G.; Kostakoglu, L.; Meignan, M.; Hutchings, M.; Müeller, S.P.; Schwartz, L.H.; Zucca, E.; Fisher,
R.I.; Trotman, J.; et al. Role of imaging in the staging and response assessment of lymphoma: Consensus of the International
Conference on Malignant Lymphomas Imaging Working Group. J. Clin. Oncol. 2014, 32, 3048. [CrossRef]

19. Vincens, E.; Balleyguier, C.; Rey, A.; Uzan, C.; Zareski, E.; Gouy, S.; Pautier, P.; Duvillard, P.; Haie-Meder, C.; Morice, P.
Accuracy of magnetic resonance imaging in predicting residual disease in patients treated for stage IB2/II cervical carcinoma
with chemoradiation therapy: Correlation of radiologic findings with surgicopathologic results. Cancer 2008, 113, 2158–2165.
[CrossRef]

20. Lin, A.; Ma, S.; Dehdashti, F.; Markovina, S.; Schwarz, J.; Siegel, B.; Powell, M.; Grigsby, P. Detection of distant metastatic disease
by positron emission tomography with 18F-fluorodeoxyglucose (FDG-PET) at initial staging of cervical carcinoma. Int. J. Gynecol.
Cancer 2019, 29, 487–491. [CrossRef]

21. Palaniswamy, S.S.; Borde, C.R.; Subramanyam, P. 18F-FDG PET/CT in the evaluation of cancer cervix: Where do we stand today?
Nucl. Med. Commun. 2018, 39, 583–592. [CrossRef]

22. Scarsbrook, A.; Vaidyanathan, S.; Chowdhury, F.; Swift, S.; Cooper, R.; Patel, C. Efficacy of qualitative response assessment
interpretation criteria at 18F-FDG PET-CT for predicting outcome in locally advanced cervical carcinoma treated with chemora-
diotherapy. Eur. J. Nucl. Med. Mol. Imaging 2017, 44, 581–588. [CrossRef] [PubMed]

23. Chung, H.H.; Kim, J.W.; Kang, K.W.; Park, N.-H.; Song, Y.-S.; Chung, J.-K.; Kang, S.-B. Predictive role of post-treatment [18F] FDG
PET/CT in patients with uterine cervical cancer. Eur. J. Radiol. 2012, 81, e817–e822. [CrossRef] [PubMed]

24. Choi, J.; Kim, H.J.; Jeong, Y.H.; Lee, J.-H.; Cho, A.; Yun, M.; Lee, J.D.; Kim, Y.B.; Kim, Y.T.; Kang, W.J. The role of 18 F-FDG PET/CT
in assessing therapy response in cervix cancer after concurrent chemoradiation therapy. Nucl. Med. Mol. Imaging 2014, 48, 130–136.
[CrossRef] [PubMed]

25. Diver, E.; Hinchcliff, E.; Gockley, A.; Melamed, A.; Contrino, L.; Feldman, S.; Growdon, W. Utilization of preoperative PET-CT
and pelvic MRI reduces multimodality therapy in the care of women with early-stage cervical carcinoma. Gynecol. Oncol. 2018,
149, 35–36. [CrossRef]

26. Kostakoglu, L.; Agress, H., Jr.; Goldsmith, S.J. Clinical role of FDG PET in evaluation of cancer patients. Radiographics 2003, 23,
315–340, quiz 533. [CrossRef]

27. Cook, G.J.R.; Maisey, M.N.; Fogelman, I. Normal variants, artefacts and interpretative pitfalls in PET imaging with 18-fluoro-2-
deoxyglucose and carbon-11 methionine. Eur. J. Nucl. Med. 1999, 26, 1363–1378. [CrossRef] [PubMed]

28. Su, T.-P.; Lin, G.; Huang, Y.-T.; Liu, F.-Y.; Wang, C.-C.; Chao, A.; Chou, H.-H.; Yen, T.-C.; Lai, C.-H. Comparison of positron
emission tomography/computed tomography and magnetic resonance imaging for posttherapy evaluation in patients with
advanced cervical cancer receiving definitive concurrent chemoradiotherapy. Eur. J. Nucl. Med. Mol. Imaging 2018, 45, 727–734.
[CrossRef]

29. Kalash, R.; Glaser, S.M.; Rangaswamy, B.; Horne, Z.D.; Kim, H.; Houser, C.; Beriwal, S. Use of functional magnetic resonance
imaging in cervical cancer patients with incomplete response on positron emission tomography/computed tomography after
image-based high-dose-rate brachytherapy. Int. J. Radiat. Oncol. Biol. Phys. 2018, 102, 1008–1013. [CrossRef]

30. Adusumilli, P.; Elsayed, N.; Theophanous, S.; Samuel, R.; Cooper, R.; Casanova, N.; Tolan, D.J.; Gilbert, A.; Scarsbrook, A.F.
Combined PET-CT and MRI for response evaluation in patients with squamous cell anal carcinoma treated with curative-intent
chemoradiotherapy. Eur. Radiol. 2022, 32, 5086–5096. [CrossRef]
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