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Abstract: Tumor response in locally advanced cervical cancer (LACC) is generally evaluated with MRI
and PET, but this strategy is not supported by the literature. Therefore, we compared the diagnostic
performance of these two techniques in the response evaluation to concurrent chemoradiotherapy
(CCRT) in LACC. Patients with cervical cancer (CC) stage T2b treated with CCRT and submitted to
MRI and PET/CT before and after treatment were enrolled in the study. All clinical, pathological,
therapeutic, radiologic and follow-up data were collected and examined. The radiological response
was analyzed and compared to the follow-up data. Data of 40 patients with LACC were analyzed.
Agreement between MRI and PET/CT in the evaluation response to therapy was observed in 31/40
(77.5%) of cases. The agreement between MRI, PET/CT and follow-up data showed a Cohen kappa
coefficient of 0.59 (95% CI = 0.267–0.913) and of 0.84 (95% CI = 0.636–1.00), respectively. Considering
the evaluation of primary tumor response, PET/CT was correct in 97.5% of cases, and MRI in 92.5% of
cases; no false negative cases were observed. These results suggest the use of PET/CT as a unique
diagnostic imaging tool after CCRT, to correctly assess residual and progression disease.

Keywords: locally advanced cervical cancer; PET/CT; MRI; concurrent chemoradiotherapy; treatment
response; follow up

1. Introduction

Cervical carcinoma (CC) is the third commonest gynecological cancer in women worldwide [1,2].
In the past, CC was routinely staged with the clinical FIGO system but the new ESGO guidelines
introduced and recommended a TNM classification with a FIGO staging, too [3–5]. Early CC and
locally advanced CC (LACC) represent two different realities with distinct therapeutic approaches and
prognosis. Surgery is the preferred approach in the early stage while concurrent chemoradiation (CCRT)
is the standard treatment option in LACC [3,6–8]. The target of the external beam radiation therapy
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(EBRT) includes the pelvic lymph nodes, but the irradiation field can be extended to the common
iliac and para-aortic region in patients with nodal involvement [9,10]. The residual macroscopic
tumor is then boosted with brachytherapy (BRT). CCRT allows local control of the disease in 70%–80%
of patients, with 66% and 58% 5-year overall survival (OS) and disease-free survival (DFS) rates,
respectively [11,12]. Recurrences occur in 22%–41% of patients, mostly within the first two years after
the end of treatment. The recurrence site is more frequently loco-regional while distant metastases are
rare [13]. Treatment response is evaluated 3-6 months after the end of CCRT, clinically and by imaging
techniques [14]. Currently there is no agreement on the gold standard imaging technique to evaluate a
tumor’s response. Data in the literature are lacking and contradictory. MRI and PET/CT represent
the most used imaging techniques [15,16] with different purposes: the assessment of response in the
primary tumor (T) performed by MRI and assessment of response of the metastases performed by
PET/CT [17,18]. In daily practice, usually MRI represents the first imaging method to evaluate response
to therapy and PET/CT is mostly performed only if residual disease is suspected by MRI [3]. However,
since clear and reliable data in this field are missing and there is no consensus on which technique
should be used, the National Comprehensive Cancer Network (NCCN) [10] recommend both MRI and
PET/CT as a post-treatment assessment of tumor response in LACC after CCRT [19].

Considering the uncertainty of current evidence, we retrospectively compared the diagnostic
performance of 18F-FDG PET/CT and MRI in the response evaluation after CCRT in LACC stage T2b.

2. Materials and Methods

2.1. Population

The clinical data of all patients with CC referred to our Unit of Gynecologic Oncology of Sant’Orsola
Hospital of Bologna (Italy) between June 2007 and January 2017 were retrospectively analyzed. Among
these we selected patients with stage T2b treated with CCRT.

Inclusion criteria were (a) histologically proven squamous cell cervical cancer and adenocarcinoma
performed by biopsy or cone according to the WHO criteria [20]; (b) clinical stage T2b; c) treatment
with CCRT; d) a pre-treatment pelvic MRI and total body 18F-FDG PET/CT and post-treatment pelvic
MRI and total body 18F-FDG PET/CT performed in the radiologic service of our institution; and e)
adequate follow-up over 24 months.

Exclusion criteria were (a) patients younger than 18 years old; (b) rare (other than squamous or
adenocarcinoma) histological type; (c) a previous history of cancer in the last 5 years; (d) other stages
different from T2b; (e) previous surgery or chemotherapy; and (f) pre- or post-treatment pelvic MRI
and/or total body 18F-FDG PET/CT performed in other centers.

All clinical and pathological data were collected and examined, including age, body mass index
(BMI), histological type, TNM staging system [5], radiotherapy and chemotherapy administration.

2.2. Concurrent Chemo-Radiotherapy Scheme

All patients underwent pelvic 3-dimensional conformal EBRT. In patients with para-aortic lymph
node metastases, detected by 18F-FDG-PET/CT, the fields were extended up to the level of the renal
vessels or even more cranially based on the positive node site. In case of large lymphadenopathy (short
axis greater than one centimeter) with high 18F-FDG uptake (SUVmax > 3), a highly conformed EBRT
boost was prescribed.

Cisplatin (40 mg/m2) was administered intravenously once a week concurrently with EBRT. After
radio-chemotherapy, all patients underwent a BRT boost, using the high dose rate (HDR) or pulsed
dose rate (PDR) technique. The EBRT and BRT doses were prescribed according to the International
Commission on Radiation Units and Measurements Reports 62 and 38, respectively [21].
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2.3. Pelvic MRI Image Analysis

A baseline pelvic MRI was performed before the beginning of the treatment. An area with a
high signal intensity in the cervix compared to the cervical stroma on the T2-weighted image with
enhancement was considered neoplastic tissue in the pelvic MRI. Images were obtained with a high
field magnet 1.5 T MRI system (GE, SIGNA LX HD-xt) using phase arrayed body coils. T2-weighted
FSE images were obtained in sagittal, axial and oblique, perpendicular to the axis of the uterine cervix,
and coronal with a 3–4 mm thickness and interslice gaps of 0.3/0.4 mm (matrix 320 × 224, FOV 28–32,
4NEX, TE 100, TR 3400) planes. LAVA 3D T1-weighted sequences were obtained before and after
the intravenous (i.v.) injection of gadolinium contrast medium. Vaginal distension with aqueous gel
(60 cc) was used in order to improve evaluation of the vaginal walls. Patients fasted for 4–6 h before
the examination in order to reduce bowel motion artefacts and the bladder must be half full.

2.4. Total Body 18F-FDG PET/CT Image Analysis

Whole body PET and low-dose CT scans were obtained one hour after the i.v. injection of
3.5 MBq/Kg of 18F-FDG (PET scanner Discovery PET-CT 710, GE, Boston, Massachusetts, United States).
A low dose Computed Tomography (CT) scan was performed both for attenuation correction and
to provide an anatomical map. The CT parameters were 120KV, 80mA and 0.8 s for rotation, and a
thickness of 3.75 mm. An iterative 3-D ordered subsets expectation maximization method with two
iterations and 20 subsets, followed by smoothing (with a 6-mm 3-D gaussian kernel) with CT-based
attenuation, scatter and random coincidence event correction, was used to reconstruct the PET images.

Patients fasted for 6 h and eventual insulin therapy was interrupted at least 6 h before the
examination. All patients were positioned supine on the imaging table, arms above, and acquired from
the base of the skull to the mid thighs. All 18F-FDG PET/CT scans were reviewed by two expert nuclear
medicine physicians with more than ten years of experience and a specific interest in gynecological
malignancies. Discrepancies have been solved by consensus. For each scan, together with a visual
assessment, a maximum standardized uptake value (SUVmax) was measured for every area of the focal
uptake higher than the background and suspected to be a metastasis based on qualitative interpretation
according to the location, the size and the intensity of the 18F-FDG uptake.

2.5. Evaluation of the Response to CCRT

All patients were studied at baseline with pelvic MRI and total body 18F-FDG PET/CT and treatment
response was performed 6 months after the end of CCRT in the same tomographs. All radiological
images were reviewed by M.C. for MRI and C.N. and P.C. for PET. Response to treatment was defined
as complete response (CR), partial response (PR), progressive disease (PD) and stable disease (SD)
according to RECIST criteria for the pelvic MRI and EORTC criteria for the 18F-FDG PET/CT [22,23].

2.6. Follow Up

Patients defined as CR by both imaging techniques (18F-FDG PET/CT and MRI) had a follow-up
gynecological examination every 4 months in the first 2 years and every 6 months for 3 years.
A chest–abdomen CT scan was performed every 12 months or in case of clinical suspicion of a relapse.

Patients defined not complete responders (PR, SD, PD) by one or both techniques were treated
according to the localization of the residual or progressive disease (surgery or chemotherapy) or
observed periodically with subsequent clinical or instrumental investigations in case of doubt.

Progression-free survival (PFS) was calculated from the first diagnosis to recurrence and overall
survival (OS) was obtained from diagnosis to the last follow up or death.

The study was performed according to Helsinki declaration 2013, and all patients signed an
informed consent and the local ethical committee of Sant’Orsola-Malpighi Hospital—Bologna approved
this study (CE 322/2019/Oss/AUOBo).
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2.7. Statistical Analysis

The software IBM SPSS ® 20.0, 2012 (Statistical Package for Social Science), was used for statistical
data analysis and a p-value < 0.05 was considered statistically significant. Continuous variables were
expressed as mean ± SD and categorical variables as percentages. Survival curves were calculated
using the Kaplan–Meier method. Cohen’s kappa was used to compare the two imaging techniques.

3. Results

3.1. Population

The flow chart of the recruitment is showed in Figure 1. In total, 40 patients met the inclusion
criteria (patients with histologically proven squamous cell cervical cancer and adenocarcinoma
stage T2b treated with CCRT with a pre-treatment pelvic MRI and total body 18F-FDG PET/CT and
post-treatment pelvic MRI and total body 18F-FDG PET/CT performed in the radiologic service of our
institution, and with adequate follow-up over 24 months) and were enrolled in the study. The patients’
characteristics are reported in Table 1.
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Figure 1. Flow chart of the study. Patient selection from our database of patients with cervical cancer.

Table 1. The population’s characteristics.

Characteristics Values

N 40

Age, years (mean ± SD) 61 ± 16

Mean age at diagnosis (mean ± SD) 55 ± 15

BMI mean (mean ± SD) 24.5 ± 4.2

Histotype
Squamous n (%) 32 (80%)

Adenocarcinoma n (%) 8 (20%)

Stage TNM
T2b 40 (100%)
N0 23 (57%)
N1 17 (43%)
M 0 40 (100%)

Note: n: number of patients; BMI: body mass index; T: primary tumor; N: nodes; M: metastases.
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The mean EBRT total dose was 45 ± 1 Gy, eight patients (20%) needed extended-field pelvic and
para-aortic radiotherapy and the mean dose of the boost on the positive nodes was 15.1 ± 6.2 Gy. All
patients received weekly Cisplatin at the dose of 40 mg/sm. Eight out of 40 patients (20%) received
four cycles, 27/40 (67.5%) patients received five cycles and 5/40 (12.5%) patients received six cycles. All
patients received a BRT boost with a mean dose of 28.7 ± 6.3 Gy.

3.2. MRI Parameters

The mean pre-treatment maximum tumor diameter measured by MRI was 45.5 ± 14.4 mm (mean
± SD). In six patients (15%) MRI detected nodal involvement and the mean node short-axis length was
19.5 ± 8.9 mm (mean ± SD). After treatment, a complete response of the primary cervical tumor was
recorded in 32 (80%) patients, while residual disease was observed in eight (20%) patients. Only one
metastatic lymph node was still present (2.5%) with a short-axis length of 15 mm.

3.3. 18F-FDG PET/CT Parameters

Pathological uptake was present in all primary tumors and lymph node involvement was detected
in 17/40 patients (43%). The mean pre-treatment SUVmax of the primary tumor was 14.2 ± 5.6 (mean
± SD) and the mean SUVmax of pathologic lymph nodes was 6.2 ± 2.6 (mean ± SD). After CCRT in
35 target lesions (87.5%) the uptake of 18F-FDG was normalized and the SUVmax of the residual lesions
was 9.7 ± 5.6 (mean ± SD). After the CCRT persistence, increased SUVmax in the lymph nodes was
detected in five patients (12.5%), showing a mean SUVmax of 7.5 ± 5.1 (mean ± SD).

3.4. Agreement between MRI and 18F-FDG PET/TC

Agreement between MRI and 18F-FDG PET/CT in the evaluation response to therapy was observed
in 31/40 (77.5%) of cases (Table 2 and Figure 2A,B). In these cases, a CR was observed in 28/31 patients
(90.3%) and follow-up data showed a strong correlation with the response to therapy. In fact, only five
out of 28 patients (18%) with CR experienced a subsequent treatment failure: Two local recurrences
after 63 months and 64 months, respectively; one lung metastasis after 15 months; one vertebral
metastasis after 24 months; and one patient showed lung and cerebellar metastases after 75 months. A
PR was seen in 2/31 (6.5%) of the patients, who underwent rescue therapies. One of them underwent
radical surgery and the histological exam confirmed residual disease in the cervix and in pelvic lymph
nodes. The second one received palliative treatment because of severe comorbidities. Both patients
died due to progressive disease after 12 and 18 months, respectively. One patient showed PD (1/31,
3.2%), and underwent a posterior exenteration (radical hysterectomy, bilateral salpingectomy, total
colpectomy, pelvic and para-aortic lymphadenectomy, rectal resection with colorectal termino-terminal
anastomosis and ileostomy). The patient died after 18 months.

Table 2. Concordance between MRI and FDG-PET/CT after CCRT.

MRI
18F-FDG PET/CT

CR PR SD PD Total

CR 28 2 0 2 32

PR 3 2 0 2 7

SD 0 0 0 0 0

PD 0 0 0 1 1

Total 31 4 0 5 40

Note: CCRT: concomitant chemo-radiotherapy; CR: complete response; PR: partial response; SD: stable disease; PD:
progression disease.



Cancers 2020, 12, 659 6 of 13

3.5. Disagreement between MRI and 18F-FDG PET/CT

In 9/40 (22.5%) cases, MRI and 18F-FDG PET/CT showed different results in terms of response
(Tables 2 and 3). In Cases #1 and #2, MRI showed a CR, while 18F-FDG PET/CT showed a PD due to the
detection of distant metastasis in the lung and in a supraclavicular node, respectively. Both patients
died after 47 and 33 months.

In Case #3 and #4, MRI showed a PR while 18F-FDG PET/CT showed a PD. In particular, in Case #3
the MRI showed a PR while the 18F-FDG PET/CT showed a CR of the primary lesion but also a vertebral
metastasis. The patient underwent chemotherapy and died after 33 months. In Case #4, both imaging
techniques showed a PR at the level of the cervical lesion but 18F-FDG PET/CT detected also a common
iliac lymph node metastasis. The patient underwent anterior exenteration (radical hysterectomy,
bilateral salpingo-oophorectomy, total colpectomy, pelvic and para-aortic lymphadenectomy and total
cystectomy with Indiana pouch neobladder reconstruction) followed by chemotherapy. The patient
is still alive after 102 months of follow-up with no evidence of disease. The pathological evaluation
confirmed the 18F-FDG PET/CT findings.

In Cases #5 (Figure 2C,D), #6 and # 7, MRI showed a PR while the 18F-FDG PET/CT showed a CR.
Patients #5 and #6 are alive after 48 and 67 months of follow-up, respectively, without evidence of
disease and patient # 7 died due to unrelated reasons (hearth attack).

In Case #8 both techniques reported CR in the pelvis but a glucose uptake near to the spleen
was observed. The patient underwent surgery in order to remove the upper abdominal lesion and
the pathological examination showed a desmoids tumor unrelated to CC. The patient is alive after 49
months of follow-up without evidence of disease.

In Case #9, 18F-FDG PET/CT showed a borderline increase uptake in the primary tumor (SUVmax

was 3.2), interpreted as a suspicious persistence of disease (PR), although MRI showed no sign of
disease (CR); the patient is alive after 79 months of follow-up without evidence of disease.
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Figure 2. (A) and (B) show agreement between MRI and 18F-FDG PET/CT after CCRT. The red arrows
indicate the residual tumor (partial response). (C) and (D) show disagreement between MRI and
18F-FDG PET/CT after CCRT. In panel (C) the red arrow indicates the residual tumor (partial response)
and in (D) the red arrow indicates the absence of a tumor (complete response) in MRI and18F-FDG
PET/CT, respectively.
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Table 3. Details of discordant cases.

Case
18F-FDG
PET/CT

MRI FU Localization of Disease and Treatment Status to the
Last FU

1 PD CR PD Lung metastasis (PET)→ chemotherapy DOD

2 PD CR PD Supraclavicular node metastasis (PET)→ chemotherapy DOD

3 PD PR PD Vertebral metastasis (PET)→ chemotherapy DOD

4 PD PR PD Common iliac lymph node metastasis (PET)→ anterior
pelvectomy and chemotherapy NED

5 CR PR CR Follow up→ no disease NED

6 CR PR CR Follow up→ no disease NED

7 CR PR CR Follow up→ Died for hearth attack DOC

8 PR CR CR Uptake near the spleen→ Abdominal surgery: desmoid
tumor. Follow up→ no disease NED

9 PR CR CR Follow up→ no disease NED

Note: CCRT = concomitant chemo-radiotherapy; CR = complete response; PR = partial response; SD = stable
disease; PD = progressive disease; DOD = Died of disease; DOC = Died of other causes; NED = no evidence of
disease; FU = follow up.

3.6. Follow-Up Outcomes

According to follow-up data we divided patients in 33 responders (82.5%) and seven
non-responders (17.5%) (Table 4). Considering local control and distant metastasis, the number
of false positive findings were one for 18F-FDG PET/CT (Case #9) and three for pelvic MRI (Cases #5,
#6 and #7). The number of false negative findings were two (Cases #1 and #2) for pelvic MRI and none
for 18F-FDG PET/CT.

The agreement between pelvic MRI, 18F-FDG PET/CT and follow-up data showed a Cohen kappa
coefficient of 0.59 (95% CI = 0.267–0.913) and of 0.84 (95% CI = 0.636–1.00), respectively.

Considering the evaluation of primary tumor response, 18F-FDG PET/CT was correct in 97.5% of
cases and MRI in 92.5% of cases; no false negative cases were observed with both methods.

The 5-year PFS and OS rates were, respectively, 78% and 88% (Figures 3 and 4).

Table 4. Accuracy in the treatment response evaluation of MRI and FDG-PET/CT compared to the
follow-up data.

Response FU data 18F-FDG PET/CT MRI

Responders (CR) 33 (82.5%) 31 (77.5%) 32 (80%)

Non-responders (PR + SD + PD) 7 (17.5%) 9 (22.5%) 8 (20%)

False Positive Findings - 1 3

False Negative Findings - 0 2

Note: CCRT: concomitant chemo-radiation therapy; CR: complete response; PR: partial response; SD: stable disease;
PD: progressive disease; FU: follow up.
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4. Discussion

Our retrospective study showed a better correspondence with the follow-up data of
18F-FDG-PET/CT (0.84) with respect to MRI (0.59) in the evaluation of the response to CCR for
primary tumor and distant metastasis in T2b CC.

T2b CC represents 38% of CC with the possibility of salvage surgery and complete response to
therapy higher than other LACC stages. The persistence of disease in T2b tumors is important to
plan salvage surgery. The surgeon’s aim is to exclude the diagnosis of disease progression rather
than macroscopic parametrial invasion since the therapy is not selective on the parametria but is
represented by an exenteration surgery. In the literature, the role of MRI and 18F-FDG-PET/CT before
treatment in CC seems well defined. MRI is superior for the assessment of parametrial, vaginal, cervical,
bladder and rectum involvement [24,25]. 18F-FDG-PET/CT, instead, is more sensitive in detecting
lymph node metastases (pelvic, paraaortic, inguinal and supraclavicular) and peritoneum, mesentery,
gastrointestinal tract, pleura and mediastinal involvement [26]. Therefore, both exams are useful in the
treatment choice (surgery or CCRT), and in RT planning [27,28]. However, evidence on the evaluation
of response to CCRT are weak, although this assessment has a crucial role to decide subsequent
treatments [29–32]. To detect residual disease, both clinical and radiological competences are needed.
Unfortunately, gynecologic examination after RT is difficult to perform. Indeed, vaginal adhesions and
post-RT fibrosis interfere with an accurate visualization of the cervix and with a thorough evaluation
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of the parametria [33]. Post-RT MRI scans may not optimally evaluate treatment response due to
edema/inflammation in T2W hyperintense areas, as well as heterogeneous Gd-contrast enhancement
from the main lesion [34]. On the other hand, post radiotherapy necrosis and inflammation may
interfere with 18F-FDG-PET/CT evaluation [35]. Therefore, well-defined roles of the two imaging
techniques after CCRT are lacking.

In the assessment of primary tumor response, our data found that 18F-FDG-PET/CT is more
sensitive (100% versus 80%) and specific (97% versus 89%) than MRI. In fact, three cases correctly
diagnosed by PET as CR were false positive using MRI (#5, #6 and #7). When we analyzed the
false positive cases found with MRI, we found that probably they were due to the residual fibrosis
subsequent to RT as reported in literature [36]. Based on these data, if we had performed only MRI,
20% of our patients would have received an incorrect diagnosis, while with 18F-FDG-PET/CT this
percentage would have been of only 3%. False positive results are an important issue: it could require
subsequent exams, biopsies and the possibility of over-treatments and complications. These data are
supported by a study concluding that MRI accuracy is not enough to select patients who can benefit
from completion surgery if residual disease is suspected due to the high false positive rate [37]. In our
experience, residual disease with MRI or 18F-FDG-PET/CT after CCRT must be carefully considered
before proceeding with further invasive investigations. Instead, in case of negative imaging, no doubt
must arise because no false negative cases were observed with both techniques.

The incidence of metastatic progression of disease in LACC is not negligible, particularly in
the upper abdomen and chest, even in patients with primary tumor controlled by CCRT. Indeed,
in our series, in 10% of cases 18F-FDG PET/CT showed distant metastases (PD) not detectable by
pelvic MRI. In our experience, sensitivity and specificity of 18F-FDG PET/CT when we considered
distant metastasis was 100% and 97%, respectively; these values were higher than for MRI (71% and
91%, respectively). These values are similar to data from studies reporting 82%–100% and 78%–100%
sensitivity and specificity rates for MRI, respectively, and 83%–100% and 50%–100% for 18F-FDG
PET/CT, respectively [38,39]. The sensitivity and specificity of PET increases for distant metastases
(86% and 100%, respectively). These data highlighted the high diagnostic value of 18F-FDG PET/CT
and the importance of a total body evaluation in order to exclude progressive disease even if local
control is achieved.

Based on this retrospective analysis we suggest that, after CCRT, 18F-FDG PET/CT is effective in
response evaluation and that MRI should only be reserved for special cases. It is not easy to compare
the results of our study with those of the literature. To our knowledge there is a lack of studies that
focused on the direct comparison between 18F-FDG PET/CT and MRI in in the response evaluation
after CCRT in LACC stage T2b.

Waldestrom et al. examined 25 LACC patients (stages IB2–IIIB) with both MRI and 18F-FDG
PET/CT before and after CCRT and found that in almost half of the patients the 18F-FDG-PET/CT
before treatment provided additional diagnostic information leading to changes in treatment planning
compared to information from MRI. MRI, instead, detected pelvic tumor spread not seen on the
18F-FDG-PET/CT in 2/24 patients. [40]. On the contrary, a metanalysis of 15 studies of Maeds et
al. evaluated the diagnostic accuracy of additional whole body 18F-FDG PET/CT compared with
conventional imaging in women with suspected recurrent/persistent cervical cancer, concluding that
the use of 18F-FDG PET/CT in recurrent cervical cancer and its endorsement by national guidelines is
not supported by the literature. However, none of the studies included in this metanalysis directly
compared additional PET–CT with MRI or CT separately, and the included populations were very
heterogeneous and often follow-up periods were short. [41].

The results of other studies are generally based on the analysis of a single imaging technique,
18F-FDG PET/CT [42,43] or CT/MRI [44], or reported that the addition of 18F-FDG PET/CT to other
imaging techniques increases the sensitivity and specificity [45]. Finally, no studies compared 18F-FDG
PET/CT with MRI and all studies had a short follow-up period. This fact represents an evident problem
considering that follow-up accuracy and duration are important to confirm the radiological results,
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being a pathological response not available in case of CCRT. On the contrary, our study is supported by
long-term follow up of 50 ± 26 months (mean ± SD), with overall survival results (Figure 3) consistent
with data in the literature.

Some considerations about false positive of 18F-FDG PET/CT are required. Case #8 developed a
new and benign tumor, not related to the LACC. We considered this case as FP but probably it should
be better considered as a concomitant disease. Case #9 was a borderline glucose case, which was not
considered as a positive lesion and therefore the patient received no subsequent treatments.

Limitations of our study were the retrospective nature of the analysis and the small sample size,
while strengths of the study could be considered the prolonged follow-up and the well-defined setting
of patients. Further studies are needed to confirm our findings in a prospective setting.

5. Conclusions

In conclusion, 18F-FDG PET/CT seems to be superior to pelvic MRI in the evaluation of the
treatment response to CCRT in T2b CC. In addition, in some cases 18F-FDG PET/CT detected distant
metastasis resulting in a change in the therapeutic strategy. Further studies are needed to confirm
that 18F-FDG PET/CT should be the standard option, almost six months after the end of CCRT in
LACC, to evaluate the treatment response. These results may suggest that 18F-FDG-PET/CT is a unique
diagnostic imaging tool to use after CCRT in order to correctly assess residual and progression disease.

Author Contributions: Conceptualization, A.M.P. and P.D.I.; methodology, S.F. and A.G.M.; software, M.T. and
M.F.; validation, A.G. and M.F.; formal analysis, A.M.P and G.D.; investigation, A.M.P and P.D.I.; resources, M.C.,
P.C. and C.N.; data curation, G.D. and E.D.C.; writing—original draft preparation, A.M.P.; writing—review and
editing, G.D. and S.T.; visualization, M.C., C.N. and P.C.; supervision, A.G.M. and S.F.; project administration,
P.D.I. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors are grateful to Stefano Friso for data collection and statistical analysis.

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

References

1. Jemal, A.; Siegel, R.; Ward, E.; Hao, Y.; Xu, J.; Thun, M.J. Cancer statistics. CA Cancer J. Clin. 2009, 59, 225–249.
[CrossRef] [PubMed]

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. Cibula, D.; Pötter, R.; Planchamp, F.; Åvall-Lundqvist, E.; Fischerova, D.; Meder, C.H.; Köhler, C.; Landoni, F.;
Lax, S.; Lindegaard, J.C.; et al. The European Society of Gynaecological Oncology/European Society for
Radiotherapy and Oncology/European Society of Pathology Guidelines for the Management of Patients with
Cervical Cancer. Int. J. Gynecol. Cancer 2018, 28, 641–655. [CrossRef] [PubMed]

4. Bhatla, N.; Berek, J.S.; Fredes, M.C.; Denny, L.A.; Grenman, S.; Karunaratne, K.; Kehoe, S.T.; Konishi, I.;
Olawaiye, A.B.; Prat, J.; et al. Revised FIGO staging for carcinoma of the cervix uteri. Int. J. Gynecol. Obstet.
2019, 145, 129–135. [CrossRef] [PubMed]

5. Brierley, J.; Gospodarowicz, M.K.; Wittekind, C. TNM Classification of Malignant Tumours; Wiley: Chichester,
UK, 2017.

6. 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]

7. 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]

http://dx.doi.org/10.3322/caac.20006
http://www.ncbi.nlm.nih.gov/pubmed/19474385
http://dx.doi.org/10.1097/IGC.0000000000001216
http://www.ncbi.nlm.nih.gov/pubmed/29688967
http://dx.doi.org/10.1002/ijgo.12749
http://www.ncbi.nlm.nih.gov/pubmed/30656645
http://dx.doi.org/10.1093/annonc/mdx220
http://dx.doi.org/10.1002/cam4.722


Cancers 2020, 12, 659 11 of 13

8. 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]

9. Ferrandina, G.; Anchora, L.P.; Gallotta, V.; Fagotti, A.; Vizza, E.; Chiantera, V.; De Iaco, P.; Ercoli, A.;
Corrado, G.; Bottoni, C.; et al. Can We Define the Risk of Lymph Node Metastasis in Early-Stage Cervical
Cancer Patients? A Large-Scale, Retrospective Study. Ann. Surg. Oncol. 2017, 24, 2311–2318. [CrossRef]

10. Koh, W.-J.; Abu-Rustum, N.R.; Bean, S.; Bradley, K.; Campos, S.M.; Cho, K.R.; Chon, H.S.; Chu, C.; Clark, R.;
Cohn, D.; et al. Cervical Cancer, Version 3.2019, NCCN Clinical Practice Guidelines in Oncology. J. Natl.
Compr. Cancer Netw. 2019, 17, 64–84. [CrossRef]

11. Chemoradiotherapy for Cervical Cancer Meta-Analysis Collaboration (CCCMAC) Reducing uncertainties
about the effects of chemoradiotherapy for cervical cancer: Individual patient data meta-analysis. Cochrane
Database Syst. Rev. 2010, 008285.

12. Onal, C.; Reyhan, M.; Guler, O.C.; Yapar, A.F. Treatment outcomes of patients with cervical cancer with
complete metabolic responses after definitive chemoradiotherapy. Eur. J. Nucl. Med. Mol. Imaging 2014, 41,
1336–1342. [CrossRef]

13. Quinn, M.; Benedet, J.; Odicino, F.; Maisonneuve, P.; Beller, U.; Creasman, W.T.; Heintz, A.; Ngan, H.;
Pecorelli, S. Carcinoma of the Cervix Uteri. Int. J. Gynecol. Obstet. 2006, 95, S43–S103. [CrossRef]

14. Herrera, F.G.; Prior, J.O. The role of PET/CT in cervical cancer. Front. Oncol. 2013, 3. [CrossRef] [PubMed]
15. Schwarz, J.K.; Siegel, B.A.; Dehdashti, F.; Schwarz, J.K. Association of Posttherapy Positron Emission

Tomography with Tumor Response and Survival in Cervical Carcinoma. JAMA 2007, 298, 2289. [CrossRef]
[PubMed]

16. Hricak, H. Cancer of the uterus: The value of mri pre- and post-irradiation. Int. J. Radiat. Oncol. 1991, 21,
1089–1094. [CrossRef]

17. Saida, T.; Tanaka, Y.O.; Ohara, K.; Oki, A.; Sato, T.; Yoshikawa, H.; Minami, M. Can MRI predict local control
rate of uterine cervical cancer immediately after radiation therapy? Magn. Reson. Med Sci. 2010, 9, 141–148.
[CrossRef] [PubMed]

18. Salani, R.; Khanna, N.; Frimer, M.; Bristow, R.E.; Chen, L.-M. An update on post-treatment surveillance and
diagnosis of recurrence in women with gynecologic malignancies: Society of Gynecologic Oncology (SGO)
recommendations. Gynecol. Oncol. 2017, 146, 3–10. [CrossRef]

19. Hequet, D.; Marchand, E.; Place, V.; Fourchotte, V.; De La Rochefordière, A.; Dridi, S.; Coutant, C.; Lécuru, F.;
Bats, A.-S.; Koskas, M.; et al. Evaluation and impact of residual disease in locally advanced cervical cancer
after concurrent chemoradiation therapy: Results of a multicenter study. Eur. J. Surg. Oncol. 2013, 39,
1428–1434. [CrossRef]

20. Kurman, R.J. World Health Organization Classification of Tumours of Female Reproductive Organs. In
World Health Organization Classification of Tumours, 4th ed.; International Agency for Research on Cancer:
Lyon, France, 2014.

21. International Commission on Radiation Units and Measurements. Dose and Volume Specification for Reporting
Intracavitary Brachytherapy in Gynecology; (ICRU) Report 38; The Commission: Bethesda, MD, USA, 1985.

22. Eisenhauer, E.A.; Therasse, P.; Bogaerts, J.; Schwartz, L.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.;
Gwyther, S.; Mooney, M.; et al. New response evaluation criteria in solid tumours: Revised RECIST guideline
(version 1.1). Eur. J. Cancer 2009, 45, 228–247. [CrossRef]

23. Young, H.; Baum, R.; Cremerius, U.; Herholz, K.; Hoekstra, O.; Lammertsma, A.A.; Pruim, J.; Price, P.
Measurement of clinical and subclinical tumour response using [18F]-fluorodeoxyglucose and positron
emission tomography: Review and 1999 EORTC recommendations. Eur. J. Cancer 1999, 35, 1773–1782.
[CrossRef]

24. Park, J.J.; Kim, C.K.; Park, B.K. Prediction of disease progression following concurrent chemoradiotherapy for
uterine cervical cancer: Value of post-treatment diffusion-weighted imaging. Eur. Radiol. 2015, 26, 3272–3279.
[CrossRef]

25. Freeman, S.; Aly, A.M.; Kataoka, M.Y.; Addley, H.C.; Reinhold, C.; Sala, E. The Revised FIGO Staging System
for Uterine Malignancies: Implications for MR Imaging. Radiographics 2012, 32, 1805–1827. [CrossRef]
[PubMed]

http://dx.doi.org/10.1016/j.ejso.2016.05.011
http://dx.doi.org/10.1245/s10434-017-5917-0
http://dx.doi.org/10.6004/jnccn.2019.0001
http://dx.doi.org/10.1007/s00259-014-2719-5
http://dx.doi.org/10.1016/S0020-7292(06)60030-1
http://dx.doi.org/10.3389/fonc.2013.00034
http://www.ncbi.nlm.nih.gov/pubmed/23549376
http://dx.doi.org/10.1001/jama.298.19.2289
http://www.ncbi.nlm.nih.gov/pubmed/18029833
http://dx.doi.org/10.1016/0360-3016(91)90754-R
http://dx.doi.org/10.2463/mrms.9.141
http://www.ncbi.nlm.nih.gov/pubmed/20885087
http://dx.doi.org/10.1016/j.ygyno.2017.03.022
http://dx.doi.org/10.1016/j.ejso.2013.10.006
http://dx.doi.org/10.1016/j.ejca.2008.10.026
http://dx.doi.org/10.1016/S0959-8049(99)00229-4
http://dx.doi.org/10.1007/s00330-015-4156-7
http://dx.doi.org/10.1148/rg.326125519
http://www.ncbi.nlm.nih.gov/pubmed/23065170


Cancers 2020, 12, 659 12 of 13

26. Yen, T.-C.; Ng, K.-K.; Ma, S.-Y.; Chou, H.-H.; Tsai, C.-S.; Hsueh, S.; Chang, T.-C.; Hong, J.-H.; See, L.-C.;
Lin, W.-J.; et al. Value of Dual-Phase 2-Fluoro-2-Deoxy-d-Glucose Positron Emission Tomography in Cervical
Cancer. J. Clin. Oncol. 2003, 21, 3651–3658. [CrossRef] [PubMed]

27. Kusmirek, J.; Robbins, J.; Allen, H.; Barroilhet, L.; Anderson, B.; Sadowski, E. PET/CT and MRI in the imaging
assessment of cervical cancer. Abdom. Imaging 2015, 40, 2486–2511. [CrossRef] [PubMed]

28. Cima, S.; Perrone, A.M.; Castellucci, P.; Macchia, G.; Buwenge, M.; Cammelli, S.; Cilla, S.; Ferioli, M.;
Ferrandina, G.; Galuppi, A.; et al. Prognostic Impact of Pretreatment Fluorodeoxyglucose Positron Emission
Tomography/Computed Tomography SUVmax in Patients with Locally Advanced Cervical Cancer. Int. J.
Gynecol. Cancer 2018, 28, 575–580. [CrossRef] [PubMed]

29. Lima, G.M.; Matti, A.; Vara, G.; Dondi, G.; Naselli, N.; De Crescenzo, E.M.; Morganti, A.; Perrone, A.M.; De
Iaco, P.; Nanni, C.; et al. Prognostic value of posttreatment 18F-FDG PET/CT and predictors of metabolic
response to therapy in patients with locally advanced cervical cancer treated with concomitant chemoradiation
therapy: An analysis of intensity- and volume-based PET parameters. Eur. J. Nucl. Med. Mol. Imaging 2018,
45, 2139–2146. [CrossRef]

30. Dessole, M.; Petrillo, M.; Lucidi, A.; Naldini, A.; Rossi, M.; De Iaco, P.; Marnitz, S.; Sehouli, J.; Scambia, G.;
Chiantera, V. Quality of Life in Women After Pelvic Exenteration for Gynecological Malignancies. Int. J.
Gynecol. Cancer 2018, 28, 267–273. [CrossRef]

31. Perrone, A.M.; Livi, A.; Fini, M.; Bondioli, E.; Concetti, S.; Morganti, A.; Contedini, F.; De Iaco, P. A surgical
multi-layer technique for pelvic reconstruction after total exenteration using a combination of pedicled
omental flap, human acellular dermal matrix and autologous adipose derived cells. Gynecol. Oncol. Rep.
2016, 18, 36–39. [CrossRef]

32. Chiantera, V.; Rossi, M.; De Iaco, P.; Koehler, C.; Marnitz, S.; Ferrandina, G.; Legge, F.; Parazzini, F.;
Scambia, G.; Schneider, A.; et al. Survival After Curative Pelvic Exenteration for Primary or Recurrent
Cervical Cancer: A Retrospective Multicentric Study of 167 Patients. Int. J. Gynecol. Cancer 2014, 24, 916–922.
[CrossRef]

33. Galuppi, A.; Perrone, A.M.; La Macchia, M.; Santini, N.; Medoro, S.; Maccarini, L.R.; Strada, I.; Pozzati, F.;
Rossi, M.; De Iaco, P. Local α-Tocopherol for Acute and Short-Term Vaginal Toxicity Prevention in Patients
Treated with Radiotherapy for Gynecologic Tumors. Int. J. Gynecol. Cancer 2011, 21, 1708–1711. [CrossRef]

34. Jeong, Y.Y.; Kang, H.K.; Chung, T.W.; Seo, J.J.; Park, J.G. Uterine Cervical Carcinoma after Therapy: CT and
MR Imaging Findings. Radiographics 2003, 23, 969–981. [CrossRef]

35. Schwarz, J.K.; Siegel, B.A.; Dehdashti, F.; Rader, J.; Zoberi, I. Posttherapy [18F] Fluorodeoxyglucose Positron
Emission Tomography in Carcinoma of the Cervix: Response and Outcome. J. Clin. Oncol. 2004, 22,
2167–2171.

36. Wang, J.; Boerma, M.; Fu, Q.; Hauer-Jensen, M. Radiation responses in skin and connective tissues: Effect on
wound healing and surgical outcome. Hernia 2006, 10, 502–506. [CrossRef] [PubMed]

37. 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. Cancer 2008, 113, 2158–2165. [CrossRef] [PubMed]

38. Viswanathan, C.; Faria, S.; Devine, C.; Patnana, M.; Sagebiel, T.; Iyer, R.B.; Bhosale, P.
[18F]-2-Fluoro-2-Deoxy-D-glucose–PET Assessment of Cervical Cancer. PET Clin. 2018, 13, 165–177.
[CrossRef]

39. Otero-García, M.M.; Mesa-Álvarez, A.; Nikolic, O.; Blanco-Lobato, P.; Basta-Nikolic, M.; De
Llano-Ortega, R.M.; Paredes-Velázquez, L.; Nikolic, N.; Szewczyk-Bieda, M. Role of MRI in staging
and follow-up of endometrial and cervical cancer: Pitfalls and mimickers. Insights Imaging 2019, 10, 19.
[CrossRef]

40. Waldenström, A.-C.; Bergmark, K.; Michanek, A.; Hashimi, F.; Norrlund, R.R.; Olsson, C.E.; Gjertsson, P.;
Leonhardt, H. A comparison of two imaging modalities for detecting lymphatic nodal spread in
radiochemotherapy of locally advanced cervical cancer. Phys. Imaging Radiat. Oncol. 2018, 8, 33–37.
[CrossRef]

41. Meads, C.; Davenport, C.; Małysiak-Szpond, S.; Kowalska, M.; Zapalska, A.; Guest, P.; Martin-Hirsch, P.;
Borowiack, E.; Auguste, P.; Barton, P.; et al. Evaluating PET-CT in the detection and management of recurrent
cervical cancer: Systematic reviews of diagnostic accuracy and subjective elicitation. BJOG: Int. J. Obstet.
Gynaecol. 2013, 121, 398–407. [CrossRef]

http://dx.doi.org/10.1200/JCO.2003.01.102
http://www.ncbi.nlm.nih.gov/pubmed/14512397
http://dx.doi.org/10.1007/s00261-015-0363-6
http://www.ncbi.nlm.nih.gov/pubmed/25666968
http://dx.doi.org/10.1097/IGC.0000000000001207
http://www.ncbi.nlm.nih.gov/pubmed/29372911
http://dx.doi.org/10.1007/s00259-018-4077-1
http://dx.doi.org/10.1097/IGC.0000000000000612
http://dx.doi.org/10.1016/j.gore.2016.10.006
http://dx.doi.org/10.1097/IGC.0b013e3182a80aec
http://dx.doi.org/10.1097/IGC.0b013e318223659d
http://dx.doi.org/10.1148/rg.234035001
http://dx.doi.org/10.1007/s10029-006-0150-y
http://www.ncbi.nlm.nih.gov/pubmed/17047884
http://dx.doi.org/10.1002/cncr.23817
http://www.ncbi.nlm.nih.gov/pubmed/18780318
http://dx.doi.org/10.1016/j.cpet.2017.11.004
http://dx.doi.org/10.1186/s13244-019-0696-8
http://dx.doi.org/10.1016/j.phro.2018.11.002
http://dx.doi.org/10.1111/1471-0528.12488


Cancers 2020, 12, 659 13 of 13

42. Son, S.H.; Jeong, S.Y.; Chong, G.O.; Lee, Y.H.; Park, S.-H.; Lee, C.-H.; Jeong, J.H.; Lee, S.-W.; Ahn, B.-C.; Lee, J.;
et al. Prognostic Value of Pretreatment Metabolic PET Parameters in Cervical Cancer Patients with Metabolic
Complete Response After Concurrent Chemoradiotherapy. Clin. Nucl. Med. 2018, 43, e296–e303. [CrossRef]

43. Ryu, S.-Y.; Kim, M.-H.; Choi, S.-C.; Choi, C.-W.; Lee, K.H. Detection of early recurrence with 18F-FDG PET in
patients with cervical cancer. J. Nucl. Med. 2003, 44.

44. Park, J.J.; Kim, C.K.; Park, S.Y.; Park, B.K. Parametrial Invasion in Cervical Cancer: Fused T2-weighted
Imaging and High-b-Value Diffusion-weighted Imaging with Background Body Signal Suppression at 3 T.
Radiology 2015, 274, 734–741. [CrossRef]

45. Grisaru, D.; Almog, B.; Levine, C.; Metser, U.; Fishman, A.; Lerman, H.; Lessing, J.B.; Even-Sapir, E. The
diagnostic accuracy of 18F-Fluorodeoxyglucose PET/CT in patients with gynecological malignancies. Gynecol.
Oncol. 2004, 94, 680–684. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1097/RLU.0000000000002188
http://dx.doi.org/10.1148/radiol.14140920
http://dx.doi.org/10.1016/j.ygyno.2004.05.053
http://www.ncbi.nlm.nih.gov/pubmed/15350358
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Population 
	Concurrent Chemo-Radiotherapy Scheme 
	Pelvic MRI Image Analysis 
	Total Body 18F-FDG PET/CT Image Analysis 
	Evaluation of the Response to CCRT 
	Follow Up 
	Statistical Analysis 

	Results 
	Population 
	MRI Parameters 
	18F-FDG PET/CT Parameters 
	Agreement between MRI and 18F-FDG PET/TC 
	Disagreement between MRI and 18F-FDG PET/CT 
	Follow-Up Outcomes 

	Discussion 
	Conclusions 
	References

