
Introduction

Cervical cancer is the most frequently diagnosed gy-

necological cancer in Korea [1-2] and the second most

common malignancy among women worldwide [3]. The

International Federation of Gynecology and Obstetrics

(FIGO) reported five-year recurrence and five-year over-

all mortality rates for cervical cancer of 28% and 27.8%,

respectively [2, 4]. The pretreatment evaluation of pa-

tients with cervical cancer is important for determining

optimal treatment and predicting the patient’s prognosis.

Although accurate clinical staging is the most predictive

factor of treatment outcome, several clinical and patho-

logical risk factors have been identified to support this

prediction. Risk factors include age, histological tumor

type, pelvic lymph node metastasis, involvement of the

resection margin and parametrium, deep cervical stromal

invasion, bulky tumor size, and lymph-vascular space in-

vasion (LVSI) [3, 5-12]. Several studies have attempted

to accurately predict the outcome of cervical cancer pa-

tients.

[18F]Fluorodeoxyglucose positron emission tomography

(FDG-PET) is an imaging technique based on the increased

uptake of glucose that is characteristically observed in ma-

lignant lesions. Previous studies have demonstrated the ef-

ficacy of FDG-PET and PET/CT in the pretreatment and

post-treatment evaluation of cervical cancer patients [13-

15]. Several studies have shown that FDG uptake in pri-

mary cervical cancer is predictive of survival in patients

undergoing radiotherapy [16-17]. Recent clinical studies in

patients with cervical cancer have demonstrated that high

pretreatment FDG uptake measured as a standardized up-

take value (SUV) in the primary tumor should be consid-

ered a risk factor for disease recurrence after treatment [2,

12, 16, 18]. 

In this study, the authors evaluated FDG uptake, which

was measured as the SUVmax, in primary cervical cancer to

determine its association with the prognoses of cervical can-

cer patients in FIGO Stages IB1 to IVB. It is unknown

whether routine performance of FDG-PET/CT before treat-

ment will have prognostic effects independent of treatment

modalities in patients with various stages of cervical cancer.
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Purpose of Investigation: To evaluate the prognostic significance of positron emission tomography/computed tomography (PET/CT)
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aged with PET/CT prior to treatment during one of the staging work-ups. The patients were observed for a median of 31.4 months

(range, six to 89 months) after the initial treatment. The standardized uptake value (SUV) max of the primary cervical tumor mass was

compared with the prognostic factors. Results: A total of 81 patients who were primarily treated with radical hysterectomy (RH, n=45)

or concurrent chemoradiation (CCRT, n=36) were analyzed. Multivariate analysis indicated that larger tumor size (> 4 cm, OR 8.694,

95% CI, 1.638-46.146), deep stromal invasion (≥ 1 cm, OR 7.249, 95% CI, 1.141-46.039) by the primary tumor, and pathologically con-

firmed pelvic lymph node involvement (positive, OR 14.586, 95% CI, 2.072-102.674) were significantly associated with recurrence after

treatment. However, pretreatment SUVmax was not a significant independent predictor of disease recurrence (OR 1.058, 95% CI, 0.255-

4.398). Conclusion: [18F]Fluorodeoxyglucose (FDG) uptake by the primary tumor showed a significant association with several risk

factors that have been identified as treatment predictors. However, a high pretreatment SUVmax was not predictive of recurrence in uter-

ine cervical cancer patients.
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Materials and Methods

Patients
The present hospital has been a referral center for patients with

cancer since August 2005. All patients who are diagnosed with in-

vasive cervical cancer routinely undergo FDG-PET/CT imaging

before treatment at this institute. The authors analyzed all clinical,

histological, and imaging data from the patients who were treated

for invasive cervical cancer between August 2005 and December

2012. They restaged 12 patients in FIGO Stages IIA to IIA1 (four

patients) and IIA2 (eight patients) according to the revised FIGO

staging system [19] after reviewing their records. Patients were ex-

cluded from the analysis if any of the following criteria were pres-

ent: (1) PET/CT performed at other hospitals, (2) follow-up period

of < three months, (3) refusal of PET/CT imaging, (4) no

chemotherapy during radiotherapy because of advanced age and/or

medical problems, (5) no standard intracavitary irradiation after ex-

ternal irradiation because of non-response, and (6) referral requests

to other treatment facilities, (7) Stages IA1 and IA2 disease. This

study was approved by the institutional review board at Konkuk

University Hospital.

PET/CT imaging and analysis
The patients fasted for at least six hours, and their blood glucose

concentrations were evaluated before the PET studies (< 120 mg/dl

for non-diabetic patients and < 200 mg/dl for diabetic patients). In

the resting state, the patients were intravenously injected with FDG

(4.8 MBq/kg body weight). PET/CT images were acquired 60 min-

utes later using a scanner. The axes from the PET and CT systems

were mechanically aligned. ACT from the skull base to the mid-

thigh (without i.v. contrast) was performed for attenuation correction

and anatomic localisation using a standardised protocol of 120 kV,

50 mA, a 0.75-sec tube-rotation time per rotation, a 1.5-pitch, and a

five-mm section thickness. Immediately after the CT, PET images

were acquired for 2.5 minutes per frame using a conventional three-

dimensional protocol.

The FDG-PET/CT images were assessed by two experienced nu-

clear medicine physicians. The SUVmax was used quantitatively

to determine the FDG-PET/CT activity. SUVmax was defined as

the maximum tumour concentration of FDG divided by the injected

dose corrected for the patient’s body weight. To obtain the SU-

Vmax, a transaxial image representing the highest tumour uptake

was carefully selected, and a circular region of interest was placed

in the FDG accumulating area.

Treatment 
1) Radical hysterectomy (RH) with pelvic lymph node dissec-

tion (PLND): After pathological identification, the patients under-

went physical examinations, intravenous pyelography (IVP),

cystoscopy, rectosigmoidoscopy, chest X-ray, MRI or CT of the

pelvis, PET/CT, and other routine laboratory tests prior to surgery.

Each patient underwent a class III RH with PLND. All of the spec-

imens were assessed by two pathologists who specialize in gyne-

cological oncology. The authors categorized the patients by

pathological risk factors into a high-risk group and an intermediate-

risk group. The high-risk group included the patients who had pos-

itive pelvic lymph nodes, microscopic parametrial extension, or

positive vaginal resection margins [20-21]. The intermediate group

included the patients with stromal invasion of ≥ 1 cm, LVSI, or a

large tumor (the largest diameter was ≥ 4 cm) [8, 22]. The patients

with one or more of the high-risk factors received adjuvant pelvic

radiotherapy (RT) and concurrent chemotherapy (weekly cisplatin,

40 mg/m2/week). The patients who had two or more intermediate

risk factors received adjuvant RT alone [18]. Radiotherapy was de-

livered at 1.8 Gy per fraction using a 15 MV photon from a linear

accelerator once a day for five days a week. A four-field box tech-

nique was used. The median dose to the entire pelvis was 50.4 Gy,

and the median treatment time was six weeks. 

2) Concurrent chemoradiation (CCRT): Radiation was deliv-

ered as a combination of external beam radiotherapy and high-

dose-rate (HDR) intracavitary brachytherapy. The radiation field

encompassed a volume that included the whole uterus, primary

mass, paracervical, parametrial, and uterosacral regions, and the

external iliac, hypogastric, and obturator nodes. Radiotherapy was

delivered at 1.8 Gy per fraction using a 15MV photon from a lin-

ear accelerator once a day, five days a week. A four-field box tech-

nique was used. The median dose to the entire pelvis was 50.4

Gy. A midline block was used after 41.4 Gy. A parametrial boost

of 60 Gy was delivered to the thickened parametrium. The metab-

dian treatment time was seven weeks. After receiving external

beam radiotherapy to the pelvis, the patients received intracavitary

brachytherapy two times per week using an 192Ir high dose

brachytherapy unit. The patients with Stage IIB cervical cancer

received 35 Gy in seven fractions to point A, and the patients with

Stage IIIA or greater received 30 Gy in six fractions.The patients

were concurrently given chemotherapy (cisplatin-based

chemotherapy, with weekly cisplatin or 5-FU + cisplatin).

The patients had follow-up examinations approximately every

three months for the first two years, every four months for the

next three years, and every year thereafter. The authors defined

the disease-free interval as the time from the initial treatment to re-

lapse as noted on images or the last follow-up visit.

Statistics
The clinical and pathological factors and outcome data were

analyzed for correlation with the SUVmax. The data were ana-

lyzed using Student’s t-test or the Wilcoxon rank-sum test to

compare the SUV values in the different subgroups. Disease-free

survival was calculated using the Kaplan–Meier method. A lo-

gistic regression model was used for the multivariate analyses.

Variables that were shown to be significant in the univariate

analysis were selected for the logistic regression model. A p-

value of < 0.05 was considered significant. The dBSTAT 5.0 soft-

ware was used for the statistical analysis.

Results

Patient characteristics
During the study period, 264 cervical cancer patients were

diagnosed in the present hospital or transferred to this institute

from other hospitals. Of these, 42 patients were transferred

after PET imaging was performed at other institutes. Among

the 222 patients recommended for PET/CT, 60 patients

(mostly Stage IA1 or IA2 disease) refused the PET/CT im-

aging; 138 patients requested a transfer to other institutes for

treatment or did not have CCRT during RT because of ad-

vanced age and/or medical problems. Six patients were ex-

cluded because of a short follow-up period. A total of 81

patients met the eligibility criteria for this study and were in-

cluded in the analysis. The patient characteristics are sum-

marized in Table 1. The mean age of the patients was 53.1 ±

14.4 years. The median follow-up was 31.4 months (range, 6

89 months). The median SUVmax was 9.7 (range, 3.0 - 20.6). 

1) Patients primarily treated with radical hysterectomy

and pelvic lymph node dissection (n=45). Table 2 shows the

characteristics and clinical and histological findings of the
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patients who were primarily treated with RH and PLND.

The mean age of the patients in this group was 50.1 ± 12.6

years. The median SUVmax was 8.9 (range, 3.0 - 19.9).

After primary treatment, adjuvant CCRT was performed in

15 of the patients (33.3%) with one or more of the high-risk

factors according to pathologic reports.

2) Patients primarily treated with concurrent chemoradia-

tion (n=36). Table 3 summarizes the characteristics of the

patients who were primarily treated with CCRT. The mean

age of patients was 58.9 ± 14.9 years. The median SUVmax

was 10.8 (range, 3.2 - 20.6). The mean age and median SU-

Vmax of the patients with cervical cancer treated with CCRT

were higher compared with the patients treated with radical

surgery. 

Correlation between SUVmax and the clinical and patho-
logical parameters

Table 4 shows the SUVmax relative to the pathological

parameters. The median SUVmax for all of the patients was

8.9 (range, 3.0 - 19.9). The mean preoperative SUVmax

was significantly higher in the patients with pathologically

confirmed pelvic lymph node involvement (p = 0.030),

deep cervical stromal invasion (≥ 1 cm, p = 0.004), clini-

cally estimated large tumors (> 4 cm, p = 0.019), and treat-

ment with primary CCRT (p = 0.049). However, no

difference was observed in the SUVmax values of the pa-

tients with pelvic lymph node involvement detected by

Table 1. — Patient characteristics.
Characteristics No. of patients %

Total number of patients 81

Age at diagnosis (years) 53.1 ± 14.4

FIGO Stage 

IB1/IB2 37/9 45.7/11.1

IIA1/IIA2 4/8 4.9/9.9

IIB 16 19.8

IIIA/IIIB 0/4 0/4.9

IVA/IVB 0/3 0/3.7

Histology

Squamous cell carcinoma 57 70.4

Adenocarcinoma 21 25.9

Adenosquamous carcinoma 1 1.2

Others 2 2.5

MedianSUVmax (excluding IA1/IA2) 9.7 (3.0-20.6)

Treatment

Radical hysterectomy 45 55.6

Concurrent chemoradiation 36 44.4

Median follow-up period, month 31.4 (6-89)

Recurrence 3 3.7

Persistence 4 4.9

Death related to cervical cancer 3 3.7

Table 2. — Patients primarily treated with radical hys-
terectomy and pelvic lymph node dissection (n=45).
Characteristics No. of patients SUVmax

(%) (mean)

Age at diagnosis (years) 50.1 ± 12.6 8.9 (3.0-19.9)

(median)

FIGO Stage

IB1 29 (64.4) 6.6 

IB2 7 (15.6) 12.6

IIA1 4 (8.9) 11.8

IIA2 5 (11.1) 15.2 

Histology

Squamous cell carcinoma 29 (64.4) 9.2

Adenocarcinoma 14 (31.1) 9.3

Adenosquamous carcinoma 1 (2.2) 10.1

Carcinoid 1 (2.2) 3.8

Mean largest tumor diameter 3.4 ±1.6

(PET/CT, MRI, CT), cm

Mean largest tumor diameter 4.4 ± 2.3

(pathology), cm

Pelvic lymph node involvement 15 (33.3) 11.3

Microscopic parametrial invasion 9 (20.0) 10.5

Depth of invasion (≥1cm) 26 (57.8) 10.2 

LVSI 18 (40.0) 9.9 

Vaginal resection margin 11 (24.4) 10.0 

Adjuvant treatment

None 20 (44.4)

Radiotherapy 10 (22.2)

Concurrent chemoradiation 15 (33.3)

Recurrence 2 (5.0) 11

Death related to cervical cancer 0

LVSI = lymph-vascular space invasion

Table 3. — Patients primarily treated with concurrent
chemoradiation (n=36).
Characteristics No. of patients SUVmax

(%) (mean)

Age at diagnosis (years) 58.9 ± 14.9 10.8

(3.2-20.6)

(median)

FIGO Stage

IB1 8 (22.2) 11.3

IB2 2 (5.6) 14.5

IIA1/IIA2 0/3 (8.3) -/10.3

IIB 16 (44.4) 10.9 

IIIA/IIIB 0/4 (11.1) -/12.1

IVA/IVB 0/3 (8.3) - /9.4

Histology

Squamous cell carcinoma 28 (77.8) 11.1

Adenocarcinoma 7 (19.4) 11.2

Adenosquamous carcinoma 0 -

Carcinosarcoma 1 (2.8) 15.3

Mean largest tumor diameter 4.1±1.4 

(PET/CT, MRI, CT), cm

Lymph node involvement (PET/CT) 8 (22.2) 10.6

Parametrial invasion 15 (41.7) 11.2

(PET/CT, MRI, CT)

Recurrence 1 (2.8) 9.4

Persistence 4 (11.1) 10.2

Death related to cervical cancer 3 (8.3) 9.1 



S.H. Cho, J.Y. Lim, S.N. Kim, S. Hong, H.W. Chung, Y. So, W.Y. Kim, S.J. Lee 33

PET/CT (p = 0.874). The parameters of pathologically con-

firmed parametrial invasion, LVSI, and a positive vaginal

resection margin were not associated with differences in

the SUVmax (p = 0.362, p = 0.355, and p = 0.256, respec-

tively). Age, FIGO Stage, and cell type were also not asso-

ciated with pretreatment SUVmax in this study.

FDG- PET/CT and prediction of recurrence
Three cases of recurrent disease and four cases of per-

sistent disease were recorded over the study period (Table

1). A receiver operating characteristic (ROC) curve analysis

was performed to determine the cut-off values of SUVmax

for predicting recurrence. Based on the ROC curve analysis,

the patients were divided into two groups according to the

SUVmax (< 7.0 and ≥ 7.0). This study demonstrated that

recurrent or persistent disease did not occur in the patients

with SUVmax values of < 7.0. The log-rank test showed

that the patients with high SUVmax values had significantly

lower disease-free survival rates compared with patients

with low SUVmax values (p = 0.038, Figure 1).

The authors analyzed the SUVmax and clinical and

pathological parameters using the logistic regression test

model and found that large tumor size (> 4 cm, OR 8.694,

95% CI,1.638-46.146, p = 0.011), deep cervical stromal in-

vasion (≥ 1 cm, OR 7.249, 95% CI, 1.141 - 46.039, p =
0.036), and pathologically confirmed pelvic lymph node

involvement (OR 14.586, 95% CI, 2.072 - 102.674, p =
0.007) were significantly associated with recurrence (Table

5). However, the pretreatment SUVmax was not a signifi-

cant independent predictor of disease recurrence (OR

1.058, 95% CI, 0.255-4.398, p = 0.938). 

Discussion

The purpose of this study was to determine whether meta-

bolic activity in the primary tumor, measured as the FDG

SUVmax, has prognostic significance in patients with uter-

ine cervical cancer. This study attempted to include all of

Table 4. — Differences in SUVmaxaccording to prognostic
parameters.
Variable p value

Age (years) < 54/ ≥ 54 0.093

FIGO Stage IB1, IB2, IIA1, IIA2/ 0.665

IIIA, IIB, IIIB/IVA, IVB

Cell type squamous cell carcinoma/ 0.954

adenocarcinoma/others

Pelvic LN involvement negative / positive 0.506

By pathologic report (RH) negative / positive 0.030

By PET/CT (CCRT) negative / positive 0.874

Depth of invasion (RH) < 1 cm / ≥ 1cm 0.004

Mean largest tumor diameter ≤ 4 cm / > 4 cm 0.019

Microscopic parametrial invasion (RH) negative / positive 0.362

LVSI (RH) negative / positive 0.355

Vaginal resection margin (RH) negative / positive 0.256

Treatment type RH/CCRT 0.049

RH = primary radical hysterectomy;

CCRT = primary concurrent chemoradiation therapy; LN = lymph node.

Table 5. — Logistic regression of high risk factors for
recurrence
Risk factors OR 95% confidence p value

interval

Tumor size > 4cm 8.694 1.638-46.146 0.011

Invasion depth ≥ 1cm (RH) 7.249 1.141-46.039 0.036

Pelvic LN involvement (RH) 14.586 2.072-102.674 0.007

SUVmax 1.058 0.255-4.398 0.938

SUVmax (RH) 0.752 0.140-4.041 0.740

Age 1.651 0.510-5.347 0.403

Treatment type 0.403 0.102-1.595 0.195 

        SUVmax < 7.0 

        SUVmax  7.0 
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Figure 1. — Kaplan-Meier curves

showing disease-free survival.

There is a significant difference in

the disease-free survival between

the patients with an SUVmax < 7.0

and an SUVmax ≥ 7.0 (p = 0.038,

log-rank test).
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the cervical cancer patients without selection based on rou-

tine diagnostic work-up and treatment at a single institution.

Several previous studies have shown that FDG uptake by

the primary tumor has a significant association with recur-

rence in patients with uterine cervical cancer. Most of these

studies included cervical cancer patients who underwent RT

[16, 23] or RH treatments [2, 12, 18, 24]. The present study

reports the value of pretreatment FDG-PET/CT independent

of treatment modality in predicting the risk of recurrence in

patients with Stage IB1 to IVB cervical cancer. 

The present authors defined the cut-off values for SU-

Vmax as < 7.0 and ≥ 7.0. A statistically significant differ-

ence in disease-free survival was observed between the

patients with SUVmax values of < 7.0 and with SUVmax

values of ≥ 7.0 (p = 0.0381). While the patients with SU-

Vmax values of < 7.0 did not experience recurrent or per-

sistent disease, the patients with SUVmax values of ≥ 7.0

presented with three instances of recurrent disease and four

instances of persistent disease (RH, n=2, and CCRT, n=5).

Definitive cut-off values for the SUV that could indicate

poor prognosis or a higher probability of recurrence have

not been established. Kidd et al. [25] demonstrated that a

SUVmax of < 5.2 is associated with an excellent five-year

overall survival rate. A cut-off value of 13.4 [18] has been

reported in another study. Although the SUVmax may be a

risk factor that indicates poor prognosis, the cut-off values

might not be applicable at different institutions and should

be established at a single institution according to specified

criteria. The present authors expected the pretreatment SU-

Vmax to be an independent risk factor of recurrence. How-

ever, logistic regression test models indicated that SUVmax

was not significant as a predictor of recurrence (p = 0.938,

Table 5). Although several studies have suggested that pre-

treatment FDG uptake in primary cervical cancer is a prog-

nostic factor that is related to recurrence, Crivellaro et al.
[26] have demonstrated that SUVmax, SUVmean, and

metabolic tumor volume of the cervical uptake are not pre-

dictors of recurrence. The results of the present study were

consistent with those of Crivellaro’s.

The principal finding of this study is that the clinically

estimated tumor size (by PET/CT, MRI, and CT) is signif-

icantly associated with primary tumor FDG uptake and re-

currence in patients with various stages of cervical cancer

(Table 5). Deep cervical stromal invasion (≥ 1 cm) by the

primary cervical tumor and pathologically confirmed pelvic

lymph node involvement after RH were also predictors of

recurrences with high primary tumor FDG uptake. Al-

though a previous study demonstrated that FDG-PET de-

tects abnormal lymph node regions more frequently than

CT and that the results obtained from PET can better pre-

dict survival than CT in cervical cancer patients [27], the

present study showed no differences in FDG uptake (Table

4). Signorelli et al. [28] demonstrated that PET/CT had a

low sensitivity in depicting nodal metastases and had a min-

imal clinical impact in the pretreatment planning of Stage

Ib1-IIa < four cm cervical cancer. Age, FIGO Stages, mi-

croscopic parametrial invasion, LVSI, and vaginal resec-

tion margin involvement were not associated with

significant differences in FDG uptake in the univariate

analysis, despite the fact that these factors are well-known

to be predictive of recurrence. In the present study, patients

treated with CCRT had greater FDG uptake in the primary

tumor compared with the patients treated with RH (p =
0.049, Table 4). However, treatment type was not a risk fac-

tor for recurrence based on the multivariate analysis (p =
0.195, Table 5). Although the lack of associations may be

attributed to the low number of patients analyzed and study

design, the present authors cannot exclude the possible lim-

itations of detecting the risk factors with PET/CT. There-

fore, their results suggest that a low SUVmax should not

necessarily be considered a good prognostic factor and low

SUVmax values should be correlated with other risk factors

to determine prognosis.

This study contained several limitations. First, the study

was retrospectively performed with a relatively small num-

ber of patients (n=81) at a single institution. Second, these

findings may represent only patients from the present in-

stitution and may not be applicable to other institutions.

Third, although the authors attempted to include all of the

patients during the study period for complete enumeration

analysis, many patients were excluded based on the exclu-

sion criteria; this exclusion may have created biases. 

Conclusion 

Pretreatment tumor FDG uptake was significantly asso-

ciated with several clinical and pathological prognostic fac-

tors for recurrence in patients with Stage IB1 to IVB

cervical cancer who were treated with RH or CCRT. Al-

though the multivariate analysis indicated that a high pre-

treatment SUVmax (≥ 7.0) was not predictive of recurrence,

this value could be an important factor to consider in the

follow-up of cervical cancer patients because of the associ-

ation with prognostic factors for recurrence. Moreover, a

lower pretreatment SUVmax should not be considered pre-

dictive of a good prognosis due to the possible limitations of

FDG-PET/CT in detecting risk factors. 
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