
Introduction

Uterine cervical cancer is the fourth most commonly di-
agnosed malignancy and leading cause of cancer related
death worldwide in women [1]. With the implementation
of cytologic screening programs, the mortality rates of cer-
vical cancer have declined substantially as more patients
are diagnosed at an early stage [2]. In the current guide-
lines, early-stage cervical cancer [International Federation
of Gynecology and Obstetrics (FIGO) stage IA2-IIA] are
treated with radical hysterectomy (RH) and pelvic lymph
node dissection (PLND) or pelvic external-beam radiation
therapy (EBRT) and brachytherapy [3, 4]. Patients with one
or more of pathologically high-risk factors for recurrence,
such as pelvic lymph node (PLN) metastasis, parametrial
involvement (PI), and/or positive resection margin (RM)
were advised to receive adjuvant concurrent chemoradio-
therapy (CCRT) to reduce the likelihood of recurrence and
improve survival [5]. However, despite the significant im-
provement in treatment outcomes, the survival of this high-
risk group remains unsatisfactory.

18F-fluorodeoxyglucose positron emission tomography
(FDG PET) has been widely used not only for determining
the extent of disease, but also predicting treatment outcome

in patients with cervical cancer [6]. Non-squamous cell his-
tologic type, pathologic tumor size ≥ 4 cm, and two or more
positive PLN have been identified as prognostic factors for
survival in the high-risk group [7]. However, there have
been no studies investigating the prognostic value of FDG
PET finding that can successfully predict which patients
with high-risk factor will recur after receiving adjuvant
CCRT. The analysis of risk factors is very important to es-
tablish better treatment strategies. Additional treatment op-
tions and intensive follow-up schedule can be considered
for patients with poor prognostic factors.

The aim of the present study was to identify these prog-
nostic factors and recurrent patterns in high-risk cervical
cancer patients who were treated with RH followed by ad-
juvant CCRT.

Materials and Methods
The authors retrospectively reviewed the medical records of

FIGO Stage IB or IIA cervical cancer patients who had been
treated with RH followed by adjuvant CCRT in the (hospital name
was erased for review) Hospital between 2008 and 2013. All clin-
ical information was investigated after obtaining the approval with
exemption of the institutional review board of the hospital (IRB

Published:  15 February 2020 

Summary
Purpose: The prognostic value of [18F]-fluorodeoxyglucose positron emission tomography (FDG PET) in early-stage high-risk cer-

vical cancer patients was evaluated. Materials and Methods: A total of 86 Stage IB or IIA cervical cancer patients with high risk factors
(positive resection margin (RM), parametrial invasion (PI) or pelvic lymph node (PLN) metastasis) were retrospectively investigated.
Results: There was a statistically significant decrease in recurrence-free survival (RFS) in patients with bulky tumor (p = 0.011), posi-
tive RM (p = 0.001), and PLN positivity on FDG PET (p = 0.012) in multivariate analyses. Independent prognostic factors for overall
survival (OS) included non-squamous cell type (p = 0.005), bulky tumor (p = 0.020), and PLN positivity on FDG PET (p = 0.007). Pa-
tients with positive PLN on FDG PET had worse five-year RFS (62.0% vs. 85.0%, p = 0.013) and OS (68.7% vs. 89.5%, p = 0.011) rates
than those with negative PLN uptake. Conclusion: PLN metastasis on FDG PET and bulky tumor were found to be statistically signif-
icant prognostic factors for both RFS and OS in early-stage high-risk cervical cancer patients.

Key words: Cervical cancer; High risk factors; Adjuvant chemoradiotherapy; FDG PET.

Positive pelvic lymph node on [18F]-FDG PET is a prognostic
factor in early-stage high-risk cervical cancer treated by 
radical hysterectomy and adjuvant chemoradiotherapy

D. Kim1, Y. Ki3, W. Kim1, D. Park1, D. Suh2, K. Kim2, J. Lee3, H. Jeon3, J. Nam1

1Departments of Radiation Oncology, 2Departments of Obstetrics and Gynecology, Biomedical Research Institute, 
Pusan National University Hospital and Pusan National University School of Medicine, Busan

3Department of Radiation Oncology, Pusan National University Yangsan Hospital and Pusan National University School of Medicine, Yangsan (Korea)

EJGO European Journal of
Gynaecological Oncology

Original Research

Eur. J. Gynaecol. Oncol. - ISSN: 0392-2936 
XLI , n. 1, 2020
doi: 10.31083/j.ejgo.2020.01.4815

©2020 Kim et al. 
Published by IMR Press

This is an open access article under the CC BY-NC 4.0 license 
https://creativecommons.org/licenses/by-nc/4.0/.

https://www.imrpress.com


D. Kim, Y. Ki, W. Kim, D. Park, D. Suh, K. Kim, J. Lee, H. Jeon, J. Nam43

approval numbers: H-1707-003-056). Patients who had received
neoadjuvant chemotherapy prior to surgery were excluded be-
cause it could affect the pathologic findings. Patients with para-
aortic LN metastasis determined by preoperative [18F]-FDG PET
were also excluded. Adjuvant CCRT was prescribed to patients
with the following pathologic high-risk factors: PLN metastasis,
PI, and/or positive RM. All patients were clinically staged preop-
eratively and classified according to the criteria of the FIGO
(2009). The pretreatment workup included a complete medical
history, physical examination, complete blood count, liver func-
tion test, serum squamous cell carcinoma antigen (SCC-Ag), chest
X-rays, MRI of the pelvis, and [18F]-FDG PET scan.

The patients were examined using a dedicated PET/CT system
after a minimum of four-hour fasting. In addition, 4.0 MBq/kg 
of FDG was administered intravenously one hour prior to 
imaging. Whole-body emission PET scan (skull to mid-thigh) 
was obtained using a 3D acquisition mode with three minutes 
per bed position. PET images were reconstructed using CT 
attenuation maps. The standardized uptake value (SUV) was 
calculated as follows: SUV = [measured activity concentration 
(MBq/mL)] / (injected activity (MBq) / body weight (g)]. After 
all hypermetabolic tumor foci were segmented, the software 
calculated the maximum SUV (SU-Vmax), which was defined as 
the peak SUV in 1 pixel with the highest counts within the 
region of interest. The authors refer to SUVmax of the primary 
tumour as SUVcervix and that of the PLN as SUVPLN. Positive 
FDG uptake was defined as a focally increased FDG uptake 
greater than the SUV 3.0. Equivocal or unclear uptakes were 
interpreted as negative findings.

All patients were treated with RH and bilateral PLND. Para-
aortic LN sampling was performed in 21 cases. Patients who had 
biopsy confirmed para-aortic LN metastasis were excluded from 
the study.

Adjuvant RT was started within 4–6 weeks after surgery. EBRT 
was delivered using a 15-MV photon with a four-field box tech-
nique. The RT field (entire pelvis) included the tumor bed and the 
regional lymphatics. The median dose was 50.4 (range, 45.0-50.4) 
Gy in conventional fractionation. High-dose-rate intravaginal 
brachytherapy after EBRT was administered in 62 (72.1%) pa-
tients using an Ir-192 brachytherapy unit with a total dose of 
12-20 Gy in three to five fractions prescribed at 5 mm beyond
the vaginal mucosa. All patients received weekly intravenous
cisplatin (40 mg/m2) as a radiosensitizing agent (median 6
cycles, range 3-7). After completion of CCRT, 40 patients
underwent consolidation chemotherapy (CCT) every three
weeks for a total of three cycles according to the gynecologist’s
preference. Paclitaxel 135 mg/m2 diluted in 500 ml of 5%
dextrose water was administered over three hours followed by
carboplatin 400 mg/m2 administered over 60 min.

The time to recurrence was calculated in months from the date 
of surgery to the date of first recurrence. Patients who died with-
out evidence of recurrence or who were lost to follow-up were 
censored at the date of death or their last follow-up. The follow-
ing clinical and pathologic variables were included because pre-
vious studies have shown they may have some prognostic value: 
age, FIGO Stage, histologic subtype, differentiation grade, tumor 
size, depth of stromal invasion, addition of CCT, PLN involve-
ment, number of positive PLN, PI, surgical RM, lymphovascular 
space invasion (LVSI), and PLN status on FDG PET [5, 8-10].

As for the tumor size, the patients were stratified into two groups: 
4 cm or less versus larger than 4 cm. Similarly, the depth of stro-
mal invasion was classified as less than or more than two-thirds 
of the full thickness of the cervix. Kaplan-Meier method and the 
log-rank test were used to calculate the survival rates and detect 
the significance of each survival difference according to prog-
nostic factors. The variables, which were significant in univari-
ate analysis were included in the multivariate model. Multivariate 
analyses were carried out using the Cox proportional hazards 
model with a stepwise backward selection procedure. All analy-
ses were based on a two-tailed test for a significance level of 0.05 
and were carried out using the SPSS statistical software package, 
version 18.0.

Results

A total of 86 patients were selected for the statistical anal-
ysis. Patient and tumor characteristics are listed in Table 1. 
The median age at the time of surgery was 49 (range 30–79) 
years. The histological cell types included 68 squamous cell 
carcinomas (SCC), 16 adenocarcinomas, and two adeno-
squamous carcinomas, respectively. The mean (±SD) 
pathologic diameter of tumors was 4.11±1.87 cm. The me-
dian SUVcervix and SUVPLN was 9.4 (range, 3.0-35.3) and 
1.0 (range, 0.7-14.2). The difference of mean SUVcervix be-
tween disease recurrence and non-disease recurrence group 
was not statistically significant. With regards to high-risk 
factors, PLN, PI, and RM were identified positively in 
81.4%, 30.2%, and 12.8% of patients, respectively. Nine-
teen patients had more than two pathologic risk factors and 
two patients had all three factors. In 70 patients with PLN 
metastasis, two or more positive PLN were 35 (40.7%). The 
median number of dissected PLN were 25 (range, 8-47). 
Median time to CCRT completion was 43 (range, 36–52) 
days.

Patients were followed regularly up to June 2017. The 
median duration of follow-up was 48 months (range, 4-118 
months) and there were 15 cancer-related deaths. The five-
year recurrence-free survival (RFS) and overall survival 
(OS) rate for the entire population was 74.9% and 79.9%, 
respectively. Patterns of initial recurrence were seven in the 
pelvic cavity, 11 hematogenous metastases (six: lung, four: 
liver, one: skin), and three simultaneous loco-regional/dis-
tant failures. When the time to recurrence was examined, 
76.2% (16/21) of recurrence had occurred within 18 months 
of surgery.

The risk factors for prognosis were evaluated by uni-
variate and multivariate analyses. In univariate analysis 
(Table 2), FIGO Stage IIA, non-squamous histologic type, 
pathologic tumor size (≥ 4 cm), positive PLN shown by 
FDG PET, and positive RM were significantly associated 
with worse RFS and OS. Multivariate Cox proportional 
analysis revealed that pathologic tumor size (≥ 4cm), RM 
involvement, and positive PLN on FDG PET were identi-
fied as significant prognostic factors for RFS. After multi-
variate analysis for OS, non-squamous histologic type,
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pathologic tumor size (≥ 4cm), and PLN metastasis on
FDG PET were remained as significant prognostic factors
(Table 3). Therefore, patients with positive PLN on FDG
PET and bulky tumor size performed poorly in terms of
both RFS and OS.

As shown in Figure 1, the RFS and OS rates of the pa-
tients with PLN positivity on FDG PET was significantly
lower than those without PLN FDG uptake (five-year RFS
rate: 62.0% vs. 85.0%, p = 0.013; five-year OS rate: 68.7%
vs. 89.5%, p = 0.011). Patients with pathologic tumor size

(≥ 4cm) had also significantly worse five-year RFS and OS
than those without bulky tumor size (five-year RFS rate:
58.4 vs. 87.2 %, p = 0.001; five-year OS rate: 66.6 vs.
89.6%, p = 0.004).

Discussion

This study was conducted to evaluate prognostic value
of FDG PET finding in early-stage high-risk cervical can-
cer patients who were primarily treated by RH with adju-
vant CCRT. Metastatic PLN was detected in 43% of
patients with FDG PET and PLN metastasis was histolog-
ically confirmed in 81.4% of patients. Several studies have
reported RFS of 70% to 85% in patients with early-stage
high-risk cervical cancer who received adjuvant CCRT [11,
12]. The five-year RFS was 74.9% in this study. This is a
favorable outcome considering the relatively high PLN
metastasis rate in the present study. The recurrence rate was
24.4% and distant metastasis accounted for the majority of
treatment failures.

This study demonstrates that among multiple variables,
PLN metastasis on FDG PET and bulky tumor were found
to be prognostic factors associated with OS and RFS. The
pathologic lymph nodes status is generally considered to
be the most important prognostic factor in early-stage cer-
vical cancer [5]. However, PLN positivity on FDG PET
was more significant than the pathologic findings, such as
the number of metastatic PLNs. Pathologically bulky tumor
is one of the adverse prognostic factors in intermediate-risk
group [8]. In the current investigation, however, tumor size
was associated with worse survival, even in the high-risk
group.

To investigate the prognostic significance of multiple
PLN metastases, the authors classified patients into two
groups according to the number of positive PLNs (0-1 or ≥
2). There was no significant difference in RFS and OS be-
tween the two groups. The present findings are consistent
with a previous study, which demonstrated that the effect of
adding concurrent chemotherapy to pelvic RT was more
profound in patients with multiple PLN metastases than in
patients with a single PLN metastasis [13]. Therefore, the
adverse prognostic impact of multiple PLN metastases was
abolished in patients receiving CCRT.

The LN ratio, defined as the ratio of the number of pos-
itive LNs to the total number of examined LNs, was em-
phasized as an important prognostic factor in patients with
cervical cancer [14]. Even though the LN ratio may reflect
the number of positive LNs and the quality of LN dissec-
tion simultaneously, the authors decided not to include the
LN ratio in the analysis, due to the wide range of dissected
LNs (8~47).

With regards to histologic cell type, there is controversy
whether adenocarcinoma was associated with a worse prog-
nosis than SCC [15]. In this study, non-SCC subtype
showed significantly worse OS in multivariate analysis.

Table 1. — Clinicopathologic characteristics of patients
and tumors.

No. of patients (%) 
Age (years), median (range) 49 (30-79)

< 50 48 (55.8)
≥ 50 38 (44.2)  

FIGO Stage
IB1 59 (68.6)
IB2 19 (22.1)
IIA1 6 (7.0)
IIA2 2 (2.3)  

Histologic type
Squamous cell 68 (79.1)
Adeno 16 (18.6)
Adenosquamous 2 (2.3)  

Differentiation
Well 13 (15.1)
Moderate 59 (68.6)
Poorly 14 (16.3)  

Tumor size (cm)
≤ 4 49 (57.0)
> 4 37 (43.0)  

PLN involvement
No 16 (18.6)
Yes 70 (81.4)  

No. of PLN metastasis
0-1 51 (59.3)
≥ 2 35 (40.7)  

Lymphovascular invasion
No 31 (36.0)
Yes 55 (64.0)

Depth of invasion
< 2/3 18 (20.9)
≥ 2/3 68 (79.1) 

Resection margin involvement
No 75 (87.2)
Yes 11 (12.8)  

Parametrial invasion 
No 60 (69.8)
Yes 26 (30.2)  

PLN status on FDG-PET
Negative 49 (57.0)
Positive 37 (43.0)

Consolidation chemotherapy
Yes 40 (46.5)
No 46 (53.5)

FIGO: International Federation of Gynecology and Obstetrics; PLN: pelvic
lymph node; FDG-PET: fluorodeoxyglucose positron emission tomography.
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However, there was no difference in RFS between SCC and
non-SCC group.

Previous reports have demonstrated that metabolic pa-
rameters of primary tumor and regional LN on 18F-FDG

PET may be prognostic biomarkers for the prediction of
disease recurrence in patients with locally advanced cervi-
cal cancer [16-18]. In early-stage cervical cancer, preoper-
ative SUVPLN ≥2.36 was an independent risk factor for

Table 3. — Multivariate analysis of risk factors associated with five-year recurrence-free and overall survivals.
Five-year recurrence-free survival Five-year overall survival 
HR (95% CI) p-valuea) HR (95% CI) p-valuea)

FIGO Stage (IIA vs. IB) 2.597 (0.840-8.026) 0.097 2.676 (0.694-10.324) 0.153  
Histologic type (Non-SCC vs. SCC) 2.384 (0.839-6.774) 0.103 4.895 (1.616-14.823) 0.005 
Tumor size (cm) (≥ 4 vs. < 4) 3.473 (1.327-9.088) 0.011 3.985 (1.245-12.754) 0.020 
RM involvement (yes vs. no) 4.620 (1.804-11.833) 0.001 3.030 (0.848-10.828) 0.088  
PLN status on FDG PET (positive vs. negative) 3.226 (1.293-8.049) 0.012 5.411 (1.603-18.268) 0.007 
HR: hazard ratio; CI: confidence interval; RM: resection margin. Other abbreviations as in Table 1 and 2. a)By backward Cox hazard model.

Table 2. — Univariate analysis for recurrence-free and overall survival.
Five-year recurrence-free survival Five-year overall survival
% p-valuea) % p-valuea)

Age (years) 0.479 0.689 
< 50 72.7 79.7
≥ 50 77.5 78.6  

FIGO Stage 0.014 0.032 
IB 77.4 82.2
IIA 50.0 53.6  

Histologic type 0.023 0.028 
SCC 80.6 85.7
Non-SCC 51.1 58.4  

Grade 0.088 0.321 
Well 90.9 85.7
Moderate 75.8 82.0
Poorly 56.3  67.7  

Tumor size (cm) 0.001 0.004
< 4 87.2 89.6
≥ 4 58.4 66.6 

PLN involvement 0.940 0.585 
No 73.1 78.1
Yes 75.1 79.8 

No. of PLN metastasis 0.451 0.289
0-1 77.6 82.6
≥ 2 71.0  75.5   

Lymphovascular invasion 0.140 0.635
No 67.0 75.8
Yes 79.3 82.3   

Depth of invasion 0.421 0.392
< 2/3 83.0 88.2
≥ 2/3 72.6 77.3   

Resection margin involvement <0.001 0.001
No 80.8 84.1
Yes 32.7 50.9 

Parametrial invasion 0.839 0.340
No 76.4 78.7
Yes 70.9 82.2  

PLN status on FDG PET 0.013 0.011 
Negative 85.0 89.5
Positive 62.0 68.7 

Consolidation chemotherapy 0.373 0.801
Yes 70.4 76.9
No 79.8 82.0   

SCC: squamous cell carcinoma. Other abbreviations as in Table 1. a)By log-rank test.
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recurrence [19]. In the current study, the present authors
also demonstrated that PLN positivity on FDG PET is a
prognostic biomarker in patients with high-risk cervical
cancer. The present presumed that PLN metabolic activity
may reflect propensity for metastasis, a major cause of mor-
tality in cervical cancer patients with high-risk factor. To
the best of their knowledge, this study is the first to inves-
tigate the prognostic value of preoperative 18F-FDG PET in
early-stage high-risk cervical cancer. There are several po-
tential limitations to this study that must be acknowledged.
It was retrospective and performed at a single institution
with a relatively small number of patients. Statistical sig-
nificance could not be reached in some subgroups because
of limited sample size. In addition, the present findings may
have difficulty to be generalized because of variability in
FDG PET image acquisition and interpretation procedures
among institutions.

Although adjuvant CCRT resulted in improved survival
outcomes, a significant number of high-risk patients still
had recurrences and died of their disease. The major pattern
of failure following adjuvant CCRT is distant metastasis
rather than local failure [5]. However, not all patients with
high-risk factor bear the same risk of distant recurrence.
Therefore, it would be valuable to identify the patients at
high-risk of recurrence. To further improve the prognosis of
this patient group, intensive treatment strategies need to be
investigated. One strategy that might improve patient out-
comes is the addition of CCT after CCRT. This explanation
corresponds to meta-analyses indicating that the addition
of systemic chemotherapy has a benefit in reducing the risk
of distant failure [8, 20]. CCT did not improve the survival
outcomes of the patients in this study population. In con-
sideration of the retrospective nature of this study, selec-
tion bias for CCT might have influenced the analysis
results. Thus, the clinical benefit of adding CCT after post-
operative CCRT in patients who were at high risk for re-
currence needs to be investigated in future prospective
clinical trials.

Conclusion

The present results suggested that PLN metastasis on 
FDG PET is an independent prognostic factor for high-risk 
early-stage cervical cancer after RH and postoperative 
CCRT. PLN positivity on FDG PET is of potential clinical 
value because it may help physician offer better patient 
counseling on clinical outcome and select ideal targets for 
more aggressive therapy.
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