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Abstract

Purpose Our purpose was to assess the diagnostic performance of positron emission tomography/computed tomography (PET/
CT) and pelvic/abdominal magnetic resonance imaging (MRI) after concurrent chemoradiotherapy (CCRT) for posttherapy
evaluation in patients with advanced cervical cancer.

Methods Patients with cervical squamous cell carcinoma, either with advanced FIGO stage or with positive pelvic or para-
aortic lymph node (PALN), received PET/CT using ['*F]fluorodeoxyglucose and MRI including diffusion-weighted imaging
between 2 and 3 months after CCRT completion. PET/CT were interpreted independently by two nuclear medicine physicians
and MRI by two radiologists using the same scoring system. Active residual tumor was proven by pathological confirmation
or disease progression on imaging studies within one year after CCRT and the disease regions were classified as local,
regional, PALN, or distant. Patient-based and region-based comparison was performed using the receiver operating charac-
teristic curve analysis.

Results The study included 55 patients and 15 (27%) patients had active residual tumor. The diagnostic performance of PET/CT
is significantly superior to that of MRI in patient-based analysis (P = 0.025) and in the detection of local (P = 0.045) and regional
(P=0.014) disease. The patient-based sensitivity, specificity, and accuracy of PET/CT are 60%, 100%, and 89% while those of
MRI are 27%, 100%, and 80%.

Conclusions PET/CT is superior to MRI for posttherapy evaluation in patients with advanced cervical cancer 2—3 months after
definitive CCRT, mainly for the detection of residual local and regional disease. Patients with negative or equivocal results should
be followed up regularly due to suboptimal sensitivities of imaging.
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Introduction

Cervical cancer is the fourth most common cause of cancer
death among women worldwide [1]. Advanced cervical can-
cer is not curable by surgery alone, and concurrent chemora-
diotherapy (CCRT) has replaced radiotherapy alone as the
treatment of choice based on the encouraging results of five
randomized trials published in 1999 [2—6]. A meta-analysis
reported a 6% improvement in 5-year OS with CCRT versus
radiotherapy alone [7]. A decreasing beneficial effect with
increasing FIGO stage has been noticed, with 10% survival
improvement for stage la to Ila, 7% for stage IIb, and 3% for
stage III to [Va. Approximately one third of patients receiving
definitive therapy will experience persistent or recurrent dis-
ease and the majority of these can be detected within the first
two years [8, 9]. It is thus desirable to assess the posttherapy
disease status early after definitive treatment, in order to pro-
vide additional therapy for patients with persistent disease and
to offer a surrogate marker for treatment efficacy assessment.

At the primary staging of cervical cancer, magnetic reso-
nance imaging (MRI) has been considered to be the best im-
aging modality for local staging due to its soft tissue resolution
[10]. Positron emission tomography/computed tomography
(PET/CT) using fluorine-18-labeled fluorodeoxyglucose
(["®F]FDG) has been shown to be better than MRI in detecting
metastatic lymph nodes [11]. A prospective study by Schwarz
et al. indicated the metabolic response assessed by PET/CT 2—
4 months after completion of CCRT is predictive of survival
outcome in 92 patients with cervical cancer [12]. Recent stud-
ies also suggested that MRI with diffusion-weighted imaging
(DWI) may be useful in evaluating the therapeutic response to
CCRT [13-15]. However, the diagnostic performance of PET/
CT and MRI for detecting posttherapy disease early after de-
finitive CCRT have not been addressed before. In this pro-
spective observational study we evaluated PET/CT with
["®F]FDG and pelvic/abdominal MRI with DWI scheduled
2-3 months after completion of CCRT in patients with ad-
vanced cervical cancer, with the hypothesis that MRI is supe-
rior in detecting local lesions and PET/CT is superior in de-
tecting regional and distant metastases.

Materials and methods
Patients

A prospective, randomized Asian Gynecologic Oncology
Group trial (AGOG 09-001, ClinicalTrials.gov identifier
NCT00842660) with a parallel PET/CT imaging study had
been conducted [8, 16]. The detailed inclusion and exclusion
criteria were presented previously. Concisely, patients with
cervical squamous cell carcinoma, either FIGO stage III-IVA
or with positive pelvic or para-aortic lymph node (PALN)
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defined by pretreatment PET/CT, were enrolled. Eligibility
also required a ECOG status of 0 or 1 and documentation of
adequate bone marrow, liver, and renal function. Patients
with prior pelvic radiation, prior systemic chemotherapy, or
evidence of distant metastasis other than PALN were exclud-
ed. Fifty-five patients entering the parallel imaging study
received posttherapy PET/CT and MRI 2-3 months after
completion of CCRT. All participants gave their written in-
formed consents.

Concurrent chemoradiotherapy

The patients were enrolled into a randomized trial comparing
CCRT with single-agent cisplatin versus cisplatin plus
gemcitabine. Chemotherapy consisted of weekly intravenous
infusion of cisplatin (40 mg/m?) with or without gemcitabine
(125 mg/m®) administered during the course of radiotherapy
up to six cycles. The detailed protocol has been previously
described [16].

Posttherapy PET/CT imaging and interpretation

Posttherapy PET/CT studies were arranged between 2 and
3 months after completion of CCRT. The patients were
instructed to fast for 6 h before examination. Images were
started at 50 min after the intravenous injection of [ *FJFDG
(370 £ 10% MBq). A non-enhanced CT scan from the head to
the thigh followed by PET imaging was acquired on the PET/
CT systems (Discovery ST16, GE Health Systems,
Milwaukee, WI, USA, or Biograph mCT, Siemens
Healthcare, Erlangen, Germany). PET scans were corrected
for attenuation using the CT data with an ordered subset ex-
pectation maximization algorithm. PET/CT images were
interpreted independently by two nuclear medicine physicians
(SuTP and Liu FY, with 4 and 12 years of experience for PET/
CT reporting in gynecologic oncology) who were aware of the
study protocol but did not access the patients’ previous imag-
ing studies, using a 4-point scoring system: 1 (normal or be-
nign), 2 (equivocal), 3 (suspicious for malignancy) and 4
(highly confident for malignancy). The lesion localization
was categorized as local, regional, PALN, or distant. A lesion
or region is classified as negative, equivocal, or positive ac-
cording the summed score of the two interpreters (23 as
negative, 45 as equivocal, 68 as positive). For the calcula-
tion of sensitivity, specificity and accuracy, equivocal lesions
were classified as negative. For the patient-based analysis, the
lesion with the highest summed score was considered to be
representative.

Posttherapy MRI and interpretation

Posttherapy MRI studies were also arranged between 2
and 3 months after completion of CCRT and the general
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imaging protocol had been described previously [17].
Pelvic and abdominal imaging was performed using a
1.5-Tesla scanner (SIGNA LX, GE Health Systems,
Milwaukee, WI, USA) or a 3-Tesla scanner (Tim Trio,
Siemens Healthcare, Erlangen, Germany) and included
different sequences and axes of view, also with DWI
and gadolinium enhancement. DWI was obtained using a
single-shot spin-echo echo-planar technique with
chemical-shift selective fat-suppression. The b-value was
chosen to be 0 and 1000 s/mm? to optimize the signal to
noise ratio. MRI studies were interpreted by two radiolo-
gists (Huang YT and Lin G, with 7 and 12 years of ex-
perience for MRI reporting in gynecologic oncology) in-
dependently using the same scoring system described for
the PET/CT studies.

Patient follow-up and determination of posttherapy
disease status

The first patient follow-up had been scheduled at two
months after CCRT completion, with posttherapy imaging
studies performed within the following one month.
Further posttherapy surveillance protocol including imag-
ing studies was performed every 3—6 months for the first
2 years or whenever tumor recurrence was suspected.
Posttherapy disease is defined to be positive if patholog-
ical confirmation or disease progression on the imaging
studies have been documented within one year after
CCRT completion. The sites of persistent or recurrent
disease are classified into local, regional, PALN, and dis-
tant regions based on the pathological and imaging
findings.

Statistical analysis

Statistical analysis was performed with the software
MedCalc (version 16.8, MedCalc Software, Belgium),
with a P value <0.05 considered statistically significant.
Pearson’s chi-squared test was performed to compare
the baseline characteristics between patients with and
without posttherapy disease. Receiver operating charac-
teristic (ROC) curve analysis and comparison were per-
formed to evaluate the diagnostic performance of PET/
CT and MRI in assessing posttherapy disecase status,
both for patient-based and region-based analyses.
Weighted kappa values with linear weights were obtain-
ed to evaluate the inter-interpreter agreement of PET/CT
and MRI, respectively. Weighted kappa values less or
equal to 0.20, 0.21 to 0.40, 0.41 to 0.60, 0.61 to 0.80,
and 0.81 to 1.00 indicated poor, fair, moderate, good, and
excellent agreement.

Results

Baseline patient characteristics and posttherapy
disease status

All 55 patients entering the parallel imaging study received
posttherapy PET/CT and MRI during 2—-3 months after com-
pletion of CCRT, with the interval between PET/CT and MRI
being 1.3 +£8.0 (mean + standard deviation) days. The
CONSORT diagram and patient characteristics of the study
had been presented before [8]. The median age was 56 years at
primary diagnosis. There were four patients with FIGO stage
I, 28 patients with FIGO stage II, and 23 patients with FIGO
stage III. Two patients with stage [VA enrolled in the AGOG
09-001 trial did not participate in the parallel imaging study.

A total of 15 (27%) patients were determined to have active
residual tumor, with ten patients having pathological proof
and five patients confirmed by follow-up imaging studies.
The failure sites are presented in Table 1. Local, regional,
PALN, and distant failures were present in five, seven, five,
seven patients, respectively. Eight patients had failure in one
region (two local, two regional, one PALN, and three distant
lymph nodes). Two patients had combined local and regional
failure. Combined regional and PALN failure, combined
PALN failure and lung metastasis, and combined local failure
and lung metastasis occurred in one patient, respectively. The
remaining two patients had combined regional and PALN
failure along with other distant metastases.

Table 1
15)

Failure sites of patients with positive posttherapy disease (n =

Failure Sites Failure Validation

Local Regional PALN Distant

- + + SLN, Lung Biopsy

- - - MLN Biopsy

- - - SLN Biopsy
- - + - Imaging

+ - - - Biopsy

- + + ILN, SLN, MLN, Lung Biopsy
- - + Lung Imaging
- + - - Imaging

+ - - Lung Biopsy

- Biopsy

- - SLN Biopsy
- + - - Surgery
+ + - Imaging

+ - - Biopsy
+ - - Imaging

Abbreviations: /LN inguinal lymph node, MLN mediastinal lymph node,
PALN para-aortic lymph node, SLN supraclavicular lymph node
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Baseline characteristics of patients and their association
with active residual tumor are presented in Table 2. Among
the baseline characteristics, only the presence of PALN me-
tastasis is significantly associated with active residual tumor
(P<0.001). Nine (69%) out of 13 patients with initial PALN
metastasis had residual disease, while six (14%) out of 42
patients without PALN metastasis had residual disease.

Patient-based comparison of posttherapy PET/CT
and MRI

The ROC curves of PET/CT and MRI for detecting
posththerapy disease on the patient-based analysis are illus-
trated in Fig. 1, with area under the curve (AUC) values of
PET/CT and MRI being 0.828 (95% CI, 0.702 to 0.916) and
0.618 (95% CI, 0.477 to 0.746), respectively. The diagnostic
performance of PET/CT is significantly superior to that of
MRI (P =0.025). The sensitivity, specificity, positive predic-
tive value, negative predictive value, and accuracy of PET/CT
are 60%, 100%, 100%, 87%, and 89%, respectively, while
those of MRI are 27%, 100%, 100%, 78%, and 80%. For
the evaluation of inter-interpreter agreement, PET/CT inter-
preters achieved good agreement ( = 0.654) while MRI inter-
preters achieved fair agreement ( = 0.277).

Table 2 Baseline patient characteristics and comparison between
patients without and with active residual tumor after definitive therapy

Characteristic ~ Patient No. (%) P

With active
residual tumor

Without active
residual tumor

Total

Age, years .804
<56 29 (53) 21(53) 8 (53)
>56 26 (47) 19 (47) 7 (47)

FIGO stage .635
-1 32 (58) 22 (55) 10 (67)
I 23 (42) 18 (45) 5(33)

Primary tumor 326
grade
MD 28 (51) 22 (55) 6 (40)
PD 27 (49) 18 (45) 9 (60)

Pelvic lymph 558
node
Negative 8(15) 7(18) 1 (7
Positive 47 (85) 33(82) 14 (93)

Para-aortic <.001
lymph node
Negative 42 (76) 36 (90) 6 (40)
Positive 13 (34) 4 (10) 9 (60)

Abbreviation: F/GO International Federation of Gynecology and
Obstetrics, MD moderately differentiated, PD poorly differentiated
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Fig. 1 Receiver operating characteristic curves of PET/CT and MRI for
detecting posththerapy disease in the patient-based analysis, with area
under the curve values of PET/CT and MRI being 0.828 and 0.618,
respectively

Region-based comparison of posttherapy PET/CT
and MRI

Region-based analytical results including the AUC value, sen-
sitivity, specificity, positive predictive value, negative predic-
tive value, and accuracy for PET/CT and MRI are listed in
Table 3. The PET/CT is superior to MRI in detecting local
(P=0.045) and regional (P=0.014) disease, manifested by
higher sensitivities of PET/CT. A case with active residual
local disease detected by PET/CT but not by MRI is illustrated
in Fig. 2. The sensitivities for detecting regional disease are
lower than those for detecting local disease, both for PET/CT
and MRI. For detecting PALN, PET/CT and MRI have equal
sensitivities and specificities. For distant metastases other than
PALN, the sensitivity of PET/CT is higher than that of MRI
but the difference is not significant by the ROC analysis (P =
0.105) (Fig. 3).

For local assessment, PET/CT interpreters achieved good
agreement ( =0.610) while MRI interpreters achieved mod-
erate agreement ( = 0.392). For regional assessment, PET/CT
interpreters achieved good agreement ( = 0.642) while MRI
interpreters achieved only poor agreement ( =0.152). For
PALN assessment, both PET/CT interpreters and MRI inter-
preters achieved moderate agreement ( =0.548 and 0.597,
respectively). For assessing distant disease, both PET/CT in-
terpreters and MRI interpreters achieved good agreement ( =
0.700 and 0.796, respectively).

Discussion

PET/CT is found to have a higher sensitivity than MRI for
posttherapy disease detection. In contrast to our hypothesis,
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Table 3 Region-based diagnostic
performance of PET/CT and MRI AUC P Sensitivity Specificity PPV NPV Accuracy
value (%) (%) (%) (%) (%)
Local
PET/CT 0.976 0.045 80 100 100 98 98
MRI 0.850 40 100 100 94 95
Regional
PET/CT  0.805 0.014 29 100 100 91 91
MRI 0.554 0 100 NA 87 87
PALN
PET/CT  0.664 0.355 40 100 100 94 95
MRI 0.682 40 100 100 94 95
Distant
PET/CT  0.750 0.105 57 100 100 94 95
MRI 0.563 14 100 100 89 89

Abbreviations: AUC area under the curve, MRI magnetic resonance imaging, NA not applicable, NPV negative
predictive value, PET/CT, positron emission tomography/computed tomography, PPV positive predictive value

*P value for diagnostic performance comparison between PET/CT and MRI obtained using the receiver operating

characteristic curve analysis

PET/CT is superior to MRI in local disease detection. It seems
that post-CCRT tissue reactions do interfere with the ability of
MRI to detect residual local tumor. PET/CT is also superior in
detecting residual regional nodes, as in the situation of

primary staging. However, PET/CT is not superior to MRI
for PALN detection. As for distant metastases, the AUC value
of PET/CT is higher than that of MRI but the difference does
not reach statistical significance. As a whole-body scan, PET/

Fig. 2 Posttherapy axial PET/CT and MRI images of a 56-year-old
patient with FIGO stage II cervical cancer and right external iliac lymph
node metastasis after definitive chemoradiotherapy. T2-weighted MRI (a)
and fat-saturated contrast-enhanced T1-weighted MRI (b) showed a
small-sized right external iliac node (arrows). Both radiologists
considered this to be a benign reactive posttherapy lymph node (score

1) although the diffusion-weighted MRI (¢) showed some diffusion
restriction (arrow). On the PET/CT fusion image (d), obviously
increased metabolic activity over the lymph node was noted (arrow)
and both nuclear medicine physicians considered it to be with residual
malignancy (score 3). Further right pelvic lymph node dissection proved
the presence of residual nodal metastases
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Fig. 3 Posttherapy sagittal PET/CT and MRI images of a 58-year-old
patient with FIGO stage III cervical cancer and nodal metastases. T2-
weighted image (a) and contrast enhanced fat-saturated T1-weighted
image (b) showed atrophy of uterine cervix without identifiable residual
tumor. Diffusion weighted image (¢) showed susceptibility artifacts in the

CT detected three more patients with metastatic lesions out-
side the scanning field of MRI. In another patient with
supraclavicular lymph node and right lower lung metastases,
PET/CT detected both lesions, while MRI detected the lower
lung lesion, which was at the edge of its scanning field. This
difference of performance may become significant if the sam-
ple size becomes larger. However, with the introduction of
whole-body MRI, the advantage of PET/CT for detecting dis-
tant metastases may no longer persist.

Posttherapy PET/CT showed lower sensitivities for nodal
and distant disease detection than for residual local tumor.
This may be related to the lower sensitivities of PET/CT for
detecting small volume tumors. A previous study by our
group found the false-negative pelvic LN micrometastases
on PET measured a median of 4 by 3 mm (range, 0.5 by 0.5
to 7 by 6 mm) [18]. Metastatic lymph nodes or distant foci
with small volumes of viable tumor may not be detected.
Ferrandina et al. assessed MRI and PET/CT in 96 cervical
cancer patients receiving neoadjuvant CCRT or chemotherapy
and showed that both imaging modalities performed 4—
6 weeks from the end of neoadjuvant treatment and before
surgery have low sensitivities and high specificities for resid-
ual lymph node detection [19]. However, they found MRI to
have high sensitivity and low specificity for detecting residual
local disease, in contrast to our results. This may be related to
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cervical region due to the rectal gas without definite diffusion restriction.
On the PET/CT fusion image (d), a hypermetabolic cervical lesion over
the posterior lip of the uterine cervix (arrow) was found. Cervical biopsy
proved the presence of residual local disease

the shorter time between imaging and treatment in
Ferrandina’s study. The volumetric and morphological regres-
sion of local tumors may not be complete at that time and this
can result in a high false positive rate.

We had noticed some patients without active residual tu-
mor to have mildly increased ['*F]FDG activity at the cervix
on the posttherapy PET/CT study. Since post-radiotherapy
inflammation was thought be the cause, the interpreters usu-
ally gave a score of 2 (equivocal) for this local finding. The
ability of PET/CT to differentiate between positive local dis-
ease and post-radiotherapy inflammation is thus based on the
size and intensity of local abnormality and can be subjective
and interpreter-dependent. Whether there are more objective
and discriminative criteria for this differentiation deserves ad-
ditional study.

Posttherapy disease is defined to be positive if pathological
confirmation or disease progression on the imaging studies
have been documented within one year after CCRT. Eight
patients were confirmed to have residual or progressive dis-
ease during the first six months and seven during 7-12 months
after CCRT. It is difficult to confirm the posttherapy disease
within 6 months as small residual or metastatic tumors need
more time to grow before identifiable. No patient was found to
have recurrent disease during 12-24 months after CCRT. We
thus consider our definition for posttherapy disease to be
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reasonable. However, late recurrence did occur in some pa-
tients and this may be associated with dormant tumor cells
[20]. Since the sensitivities of early posttherapy imaging for
detecting small volume disease are limited, we do not expect it
to be able to detect or predict late recurrence.

Although DWI and ADC mapping have the potential to aid
the traditional MRI in detecting posttherapy disease in patients
with cervical cancer, their ability to detect small volume tu-
mors is still uncertain. From the current study, the sensitivity
of MRI for detecting posttherapy disease is suboptimal, espe-
cially for the detection of residual regional lymph node.
Whether the PET/MR imaging introduced in recent years
can outperform PET/CT and become the one-stop imaging
modality for surveillance after CCRT will be an interesting
topic for further study.

Due to the high specificities of posttherapy PET/CT and
MRI, patients with positive imaging findings have pathologi-
cal confirmation and evaluated for further management.
Patients with negative or equivocal findings should be still
followed up due to the low sensitivities of imaging. Our pre-
vious study showed a few clinically useful prognosticators for
treatment failure from pre-treatment and during-treatment as-
sessment [8]. For patients with high risk of failure, a more
intensive follow-up may be considered even if the posttherapy
imaging result is negative or equivocal.

There were limitations in our study. First, the sample size of
this observational study was dependent on the enrolled patient
number of the original trial. Although a larger patient number
can lead to stronger results, we think the statistical results to be
satisfactory. Second, we found the scoring of imaging findings
to be interpreter-dependent as implied by the weighted kappa
values. In general, the interpretation of PET/CT achieved bet-
ter agreement than that of MRI. The inconsistency between
interpreters may be related to either reader experience or the
interpretability of images. Third, the definition of positive
lymph node metastasis for the eligible patients was based on
imaging rather than histopathological confirmation. Patients
with positive or suspicious lymph node metastasis on the pre-
treatment MRI received PET/CT for clinical confirmation in-
stead of invasive biopsy.

Conclusions

The diagnostic performance of PET/CT is superior to that of
MRI for posttherapy evaluation in patients with advanced cer-
vical cancer 2-3 months after definitive CCRT, mainly for the
detection of residual local and regional disease. Patients with
positive findings should be evaluated for further management
due to the high specificities of PET/CT and MRI, while pa-
tients with negative or equivocal results should be still follow-
ed up regularly due to suboptimal sensitivities.
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