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Abstract

Objective The aim of the present study was to investigate

the prognostic significance of FDG uptake measured as

maximum standardized uptake value (SUVmax) in primary

tumor by positron emission tomography with fluorine-18-

fluorodeoxyglucose (FDG-PET/CT) and pretreatment

serum squamous cell carcinoma antigen (SCC-ag) in

patients with cervical cancer.

Methods 82 consecutive patients with biopsy-proven

cervical cancer who had PET/CT before any treatment

were enrolled in this study. The SUVmax of the primary

cervical tumor mass was obtained and compared with

pretreatment SCC-ag and pathological prognostic factors

after the initial treatment.

Results There was significant correlation between the

SUVmax of the primary tumor and tumor maximum size

(p = 0.0024). The serum SCC-ag had a statistically sig-

nificant association with lymph node metastasis

(p = 0.0373), although there was no correlation between

the SUVmax of the primary tumor and the serum SCC-ag

(r2 = -0.57). The higher SUVmax of primary tumor

(C11.2) plus pelvic lymph node (PLN) metastasis and

higher SUVmax plus higher serum SCC-ag (C6.4 ng/nl)

were two most significant variables that predicted worse

prognosis (p = 0.0099 and p = 0.0020, respectively).

Conclusions Higher pretreatment SUVmax of primary

tumor indicated worse prognosis, and the prognosis of

patients with higher pretreatment SUVmax plus PLN

metastasis was even worse both in patients of squamous

cell carcinoma (SCC) and non-SCC of cervix. As for

patients with SCC of cervix, higher pretreatment serum

SCC-ag not only predicted worse prognosis but also pre-

dicted disease recurrence in the posttreatment surveillance.

Keywords Cervical cancer � Squamous cell carcinoma �
Serum squamous cell carcinoma antigen � Positron

emission tomography/computed tomography � Prognosis

Introduction

Cervical cancer is the third most commonly diagnosed

cancer and the fourth leading cause of cancer death in

women worldwide, accounting for 9% (529800) of the total

new cancer cases and 8% (275100) of the total new cancer

deaths among women in 2008 (Jemal et al. 2010). In China,

cervical cancer is currently the leading gynecological

malignancy in women, with an estimated incidence of

more than 131,500 new cases in 2010. According to the

International Federation of Obstetrics and Gynecology

(FIGO) recommendations, cervical cancer has a 5-year

recurrence rate and a 5-year overall mortality rate of 28 and

27.8%, respectively (Benedet et al. 2001). It can be cured

by either radical surgery or definitive radiation in almost

80% of patients with early stage of cervical cancer (Chung

et al. 2010a, b). Optimal management includes precise

clinical staging and optimal treatment followed by delib-

erate posttherapy surveillance, early detection of recur-

rence and appropriate salvage therapy (Jao et al. 2010). In

the pretreatment setting, it is crucial to stage the tumor

accurately and assess the prognostic factor precisely in

order to determine the optimal treatment modality (Son
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et al. 2010). Although LN assessment is not part of the

FIGO clinical staging, it is generally performed during the

initial workup of patients with cervical cancer as an

important component of treatment planning, since the

survival rates for patients with nodal metastases are sig-

nificantly lower than those without nodal metastases

(Chung et al. 2010a; Ishikawa et al. 1999; Lai et al. 1999;

Sakuragi et al. 1999; Waggoner 2003; Haie-Meder et al.

2010; Kidd et al. 2010a). Other clinical and pathological

risk factors including age, histological tumor type, stage,

pelvic lymph node (PLN) metastasis, involvement of the

resection margin and the parametrium (PM), deep cervical

stromal invasion, bulky tumor size, and lymphovascular

space invasion (LVSI) have also been identified as pre-

dictive of treatment outcome (Chung et al. 2010b; Harry

2010; Kashimura et al. 1990; Werner-Wasik et al. 1995;

Perez et al. 1992, 1998).

Serum squamous cell carcinoma antigen (SCC-ag) lev-

els are elevated in 28–88% of patients with squamous cell

carcinoma (SCC) and correlate with most predictive factors

mentioned above (Nakamura et al. 2010; Sproston et al.

1995; Ngan et al. 1996; Hong et al. 1998; Takeda et al.

2002).

Some studies draw a conclusion that the efficacy of

FDG uptake measured as standardized uptake value

maximum (SUVmax) in the primary tumor by positron

emission tomography with fluorine-18-fluorodeoxyglucose

(FDG-PET/CT) was predictive of an inferior outcome

(Allal et al. 2002; Downey et al. 2004; Sasaki et al. 2005);

however, other studies did not agree (Hoang et al. 2008).

Several researches had been done to discuss the rela-

tionship between FDG uptake in primary cervical cancer

and patients’ outcome (Xue et al. 2006; Schwarz et al.

2007). Since the number of these articles was relatively

small, the predictive value of FDG uptake remained

uncertain.

In this study, we investigated the SUVmax of the pri-

mary cervical cancer and pretreatment serum SCC-ag of

the primary SCC of cervix in order to correlate them with

clinicopathological characteristics and survival rates in

patients with cervical cancer.

Methods

Patients

Informed consent was waived due to the retrospective

design of the study. All clinical, histological, and imaging

data of patients at our institution were collected and stored

in a computerized database. Eighty-two consecutive

patients with cervical cancer who underwent FDG-PET/CT

as part of their initial clinical evaluation at Shanghai Cancer

Hospital between November 2003 and March 2011 were

included in this analysis. All patients also underwent rou-

tine clinical staging including history and physical exami-

nation, serum chemistry, liver function panels, and

complete blood count. The primary tumor was staged

according to the FIGO stage system, and the local extent of

disease was diagrammed on a tumor staging form. All

patients had biopsy confirmation of their disease. Chest

radiography, contrast-enhanced computed tomography

(CECT) of the abdomen and pelvis, and FDG-PET/CT were

obtained in all patients. Patients were excluded from anal-

ysis if any of the following criteria was present :(1) previous

diagnosis of another malignant disease, (2) follow-up

duration less than 6 months, and (3) lost to follow-up.

Treatment

Patients were treated in the following manners: 29 patients

received a combination of external irradiation and intra-

cavitary brachytherapy with curative intent, 8 patients

underwent surgery only, 29 patients underwent surgery and

received postoperative irradiation, and 16 patients received

palliative treatment only. Radiation treatment for cervical

cancer was based on standard treatment practices for cer-

vical cancer at the majority of patients who received irra-

diation also received concurrent cisplatin chemotherapy

(40 mg/m2 weekly for 6 cycles).

Serum SCC-antigen assays

The assay for SCC-ag was carried out by radioimmuno-

assay prior to any treatment at our nuclear medicine lab-

oratory at Shanghai Cancer hospital. The upper limit of

normal according to the manufacturer was 1.6 ng/ml.

PET/CT technique

All patients were instructed to fast for at least 6 h before

the injection of 18F-FDG with a dosage range of

10–15 mCi (7.4 MBq/kg, 370–555 MBq). Blood glucose

was measured before injection of the tracer to ensure glu-

cose blood level was below 10 mmol/l. Before and after

injection, patients were kept lying comfortably in a quiet,

dimly lit room.

Scanning was initiated 1 h after administration of the

tracer. FDG-PET/CT scans were performed on a Siemens

biograph 16HR PET/CT scanner. Scan coverage was gen-

erally from the orbits to the proximal thighs.

The data acquisition procedures were as follows: CT

scanning without administration of oral or intravenous

contrast material was first performed, from the proximal

thighs to head, with 120 kV, 80–250 mA, pitch 3.6. The

CT images were used for attenuation correction of the PET
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scans. Immediately after CT scanning, a PET emission

scan that covered the identical transverse field of view was

obtained. PET studies were acquired in 3-dimensional

acquisition mode at 3 min per bed position. Images were

reconstructed using ordered subset expectation maximum

with a 128*128 matrix size. PET/CT images were reviewed

on an Advantage Workstation (Syngo Systems; Siemens).

PET, CT, and PET/CT fusion datasets were reviewed in

multiple imaging planes. All PET/CT scans were reviewed

by experienced nuclear radiologists at our institution.

PET imaging evaluation

All PET imaging studies were initially evaluated prospec-

tively by two experienced nuclear physicians informed of

the clinical data of the patient at the moment of the scan.

Based on knowledge of the normal biodistribution of FDG,

lesions were identified as foci with increased tracer accu-

mulation compared to that in comparable normal contra-

lateral structures and/or surrounding soft tissues. The

attenuation collection data by CT were measured using

SUVmax, a semiquantitative measure of radiotracer

uptake, which was normalized using the lean body mass.

For measurements of SUV, the region of interest (ROI) was

manually defined over the area of abnormal tracer uptake at

the site of primary cervical disease and local/regional

lymph node and other distant metastatic sites. The SUV

was calculated using the following formula:

SUV ¼ Radioactivity concentration in the ROI [Bq/ml]

=ðinjected dose of FDG [Bq]=patient body weight [g])

For the purposes of this analysis, the maximal SUV

(SUVmax) was used for correlation with overall survival

(OS).

Histological analysis and outcome evaluation

All surgical specimens were diagnosed by one experienced

pathologist, and the longest diameter reported by the

pathologist was used as the tumor size in this analysis.

Tumor-related parameters were collected including histo-

logical type, presence or absence of PLN, involvement of

the resection margin and the PM, tumor size, and depth of

cervical stromal invasion. Tumor recurrence was confirmed

by either tissue biopsy or the demonstration of progressive

disease by serial imaging methods. Clinical proofs of no

recurrent disease consisted of a negative physical and

gynecological examination, negative tissue biopsy, and

negative findings on serial follow-up imaging methods.

Progressive elevation of serum SCC-ag accompanied by an

increase in lesion size or appearance of new lesions was

considered to be evidence of disease recurrence. All

patients had follow-up examinations approximately every

2 months for the first 6 months, every 3 months for the

next 2 years, and every 6 months thereafter.

Statistical analysis

Student’s test for unpaired data was used to analyze the

differences between two groups. Univariate analysis was

performed by the following factors: the SUVmax, serum

SCC-ag, and clinic pathological variables (age, histological

tumor type, stage, PLN metastasis, involvement of the

resection margin and PM, deep cervical stromal invasion,

bulky tumor size, and LVSI). All tests were 2-tailed and

only p values of \0.05 were considered significant. Sur-

vival curves were estimated by the Kaplan–Meier method

and examined by the log-rank test. The OS time was

defined as the interval between the date of diagnosis and

the last date when the patient was reported to be alive

(censored) or date of death for any reason (uncensored).

Cox proportional hazards regression (Cos 1972) was then

used to examine the independent effects of each significant

variable. The statistical software (SAS 8.0) was used for all

analyses.

Table 1 Patient characteristics

Number of patients (n) 82

Age (year)

Median 47

Range 21–75

Clinical stage (n)

Ia 2

Ib1 12

Ib2 5

IIa 24

IIb 13

IIIa 2

IIIb 6

IVa 2

IVb 16

Histology (n)

Squamous cell 72

Adenocarcinoma 6

Adenosquamous cell 1

Small cell 2

Clear cell 1

Treatment (n)

A combination of external irradiation and intracavitary

brachytherapy

28

Surgery only 8

Surgery and postoperative irradiation 30

Palliative treatment 16
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Results

Patients’ characteristics

The patient characteristics including initial FIGO stage,

histology of disease, age, and treatment are summarized in

Table 1. The mean follow-up for all patients who were

alive at the time of last follow-up was 19 months (range,

1–57 months). There were 16 patients who had no serum

SCC-ag test before treatment (10 non-SCC patients and 6

SCC patients). The mean serum SCC-ag for the 66 patients

was 6.4 ng/ml, with a range of 0–94.3 ng/ml. The median

serum SCC-ag was 15.75 ng/ml.

Correlation among FDG uptake, FIGO stage,

and the presence or absence of lymph node involvement

The mean SUVmax for FDG uptake in the primary cervical

disease in all patients was 11.62 ± 5.15 (standard devia-

tion). The median SUVmax was 11.2. The mean values of

SUVmax grouped by FIGO stage and nodal status are

shown in Table 2. There was no correlation between the

SUVmax of the primary cervical cancer and either FIGO

stage or the presence or absence of LN involvement on

FDG-PET/CT (Table 2).

SUVmax as a predictor of survival

The median SUVmax and the median pretreatment SCC-ag

in the study cohort were used as the cutoff value to evaluate

the relationship between the OS and primary tumor FDG

uptake and/or pretreatment SCC-ag.

The mean survival time was significantly shorter in the

higher SUVmax group than in the lower SUVmax group

(mean survival time: 18.95 months vs. 19.43 months

p = 0.0179).

The univariate analysis showed that the SUVmax

(p = 0.0119, Fig. 1) was related to OS as well as other

predictive factors, serum SCC-ag (p = 0.0101), stage

(p \ 0.0001), PLN metastasis (p = 0.0041), and involve-

ment of the resection margin and PM (p = 0.0025)

(Table 3).

Figure 1 showed the OS curves of 66 patients who

underwent pretreatment of SCC-ag of cervix, according to

serum SCC-ag, serum SCC-ag plus SUVmax. It also showed

the OS curves of all 82 patients underwent the pretreatment

SUVmax of primary tumor and SUVmax of primary tumor

plus PLN metastasis. The SUVmax and SCC-ag cutoff value

of primary tumor as determined by the median value were

11.2 and 6.4 (ng/ml), respectively. The OS rates of patients

grouped by each of the four variables were statistically

Table 2 SUVmax of primary cervical tumor and serum SCC-ag stratified by FIGO stage, nodal disease, and tumor size

n SUVmax (n = 82) Serum SCC-ag before treatment (n = 66)

SUVmax

(Mean ± SE)

p SCC-ag

(Mean ± SE)

p

Age (years)

\50 51 11.90 ± 5.57 0.1776 13.80 ± 17.48 0.0707

C50 31 12.79 ± 4.42 19.45 ± 25.03

Tumor maximum size (cm)

\4 38 9.79 ± 4.15 0.0024 14.59 ± 17.92 0.2981

C4 44 13.21 ± 4.71 16.92 ± 19.20

FIGO stage

Early stage 44 10.70 ± 4.60 0.0739 13.52 ± 20.28 0.7696

Advanced stage 38 12.70 ± 3.63 21.86 ± 21.34

Stage I 19 8.79 ± 6.07 5.067 ± 12.17

Stage II 37 12.61 ± 4.74 17.58 ± 22.27

Stage III 8 13.46 ± 4.49 6.260 ± 4.746

Stage IV 18 11.77 ± 4.35 28.95 ± 22.29

Nodal status

Negative 41 11.22 ± 4.47 0.4790 8.892 ± 15.11 0.0373

Positive 41 12.03 ± 5.78 22.42 ± 23.18

Pelvic 39 11.42 ± 4.49 22.42 ± 23.18

Aortic 19 10.20 ± 4.67 29.85 ± 27.90

Supraclavicular 10 9.02 ± 5.08 35.36 ± 19.98
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different. Interestingly, the higher serum SCC-ag plus

SUVmax and SUVmax of primary tumor plus PLN metas-

tasis were found to be two most significant variables.

However, age, histological tumor type, deep cervical

stromal invasion, bulky tumor size, and LVSI did not show

significant relation to OS. With the patients of early stage

of cervical cancer, which all had operation later, we used a

Cox proportional hazards model to do a multivariate

analysis and found only involvement of the resection

margin and PM (hazard ratio, 5.810; p = 0.0496) was an

independent predictor of survival in early stage of cervical

cancer (Table 4).

Discussion

Positron emission tomography (PET) as a noninvasive

imaging technique is now widely used in oncology in

recent years. It provides both functional and metabolic

assessment of normal tissues or diseased conditions

(Weissleder 2006; Juweid and Cheson 2006; Maisey 2002).

The prognostic value of FDG uptake was first reported

by Fukunaga et al. (1998), revealing that patients with high

SUV had a worse prognosis than patients with low SUV.

Many studies had been conducted to evaluate PET scan-

ning in the assessment of prognosis, therapeutic response,

and the potential to alter management of oncologic patients

including patients with lung cancer and esophageal cancer.

In a meta-analysis (Pan et al. 2009), the authors discussed

the prognostic significance of SUVmax on PET/CT in

patients with esophageal cancer and found that higher SUV

was associated with a significantly poorer OS and DFS,

with the overall HR 1.70 (95%CI: 1.28–2.26) and 2.18

(95%CI: 1.59–2.99), respectively.

Historically, prognostic factors for cervical cancer had

included FIGO stage, tumor volume, lymph node status,

patient’s age, and treatment techniques (Kodaira et al.

2003; Yalman et al. 2003; Hong et al. 2005).

Fig. 1 Kaplan–Meier plots for the OS rates of patients with cervical

cancer before any treatment according to their SUVmax (n = 82) of

primary tumor or their serum SCC-ag (n = 66). a Serum SCC-ag and

OS, Upper line serum SCC-ag (\15.75 ng/nl) (n = 45), Lower line
serum SCC-ag (C15.75 ng/nl) (n = 21). b SUVmax ? SCC-ag and

OS, Upper line either SUVmax of primary tumor (\11.2) or serum

SCC-ag (\15.75 ng/nl) (n = 54), Lower line serum SUVmax of

primary tumor (C11.2) plus serum SCC-ag (C15.75 ng/nl) (n = 12).

c SUVmax and OS, Upper line SUVmax of primary tumor (\11.2)

(n = 43), Lower line serum SUVmax of primary tumor (C11.2)

(n = 39). d SUVmax ? PLN metastasis and OS, Upper line SUV-

max of primary tumor (\11.2) or SUVmax of primary tumor (C11.2)

plus negative LN metastasis (n = 43), Lower line serum SUVmax of

primary tumor (C11.2) plus positive LN metastasis (n = 39)
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A previous study conducted by Kidd et al. (2010b)

evaluated the prognostic significance of SUVmax for the

most FDG-avid pelvic lymph node (SUVPLN) in 83 patients

with FIGO stage IB1 to IIIB cervical cancer and demon-

strated that SUVPLN was more predictive of outcome than

FIGO stage. Another study also showed that SUVmax in

the primary tumor of diagnosis was a more significant

predictor of outcome in cervical cancer than FIGO stage,

tumor volume, histology, or LN involvement (Grigsby

et al. 2001). In cervical cancer, CT and/or MRI was usually

used in assessment for lymph node metastasis followed by

treatment primarily by RT. Several studies revealed the

range of sensitivity in detecting LN metastasis compared

with surgicopathological findings in cervical cancer of CT

and MRI was 24–65% and 24–71%, respectively (Kim

et al. 1993; Matsukuma et al. 1989; Yang et al. 2000).

Havrilesky et al. (2005) revealed that PET was more sen-

sitive than CT or MRI for the detection of PLN metastasis

of cervical cancer (79% vs. 47% vs. 72%, respectively).

These findings corresponded well with those reported by

earlier studies in other solid tumors such as colorectal

carcinomas and ovarian cancers (Heriot et al. 1999; Bipat

et al. 2004; Kantorová et al. 2003; Nam et al. 2010).

Pallardy et al. (2010) also found that PET findings with

B1 focus detected in women who were suspected of having

cervical cancer recurrence had better OS than those with

PET findings with 2 foci (p = 0.043) or with PET findings

with 3–5 foci (p = 0.007). Chung et al. (2010b) showed

that the preoperative SUVmax in the primary tumor on

PET/CT was the most powerful significant prognostic

factor to predict recurrence in stage IB to IIA cervical

cancer.

Serum SCC-ag has been shown to correlate with the

clinical FIGO stage, tumor volume, and risk of lymph node

metastasis (Sproston et al. 1995; Ngan et al. 1996; Hong

et al. 1998; Takeda et al. 2002). The most important clin-

ical correlation for pretreatment serum SCC-ag is its ability

to predict clinical outcome and its application in the

posttreatment surveillance of patients with cervical can-

cers. The reported lead time between elevation of SCC-ag

levels and detection of recurrence is approximately

6 months (Maiman 2002). Nakamura et al. (2010) found

serum SCC-ag was significantly greater in association with

increasing FIGO stage and tumor maximum size but not

associated with OS. It is concluded in Chan et al’s (2002)

study and in previous ones that measurement of SCC-ag

levels could assist in predicting disease recurrence but

would not alter clinical management, because most recur-

rent lesions were too advanced for curative treatment by

the time they were detected by imaging modalities. In our

analysis, serum SCC-ag was significantly greater in

patients with PLN metastasis though there was no corre-

lation between serum SCC-ag and the SUVmax of the

primary tumor in SCC of cervix (Fig. 2). Kidd et al.

(2010a) found that the SUVPLN was predictive of treatment

response, risk of pelvic disease recurrence, disease-specific

survival, and OS, but not strongly correlated with PLN size

or the SUVmax of the primary cervical tumor.

Table 3 Univariate analysis of prognostic factors for overall survival

Variable n p

Age (y)

\50 51 0.3844

C50 31

SCC-ag

\15.75 45 0.0101

C15.75 21

SUVmax

\11.2 43 0.0119

C11.2 39

Histological tumor type

Squamous cell 72 0.2857

Non-squamous cell 10

Stage

I–IIa 44 \0.0001

IIb–IV 38

Pelvic lymph node (LN) metastasis

Negative 43 0.0041

Positive 39

Involvement of the resection margin and the parametrium (PM)

Negative 30 0.0025

Positive 8

Deep cervical stromal invasion

\1/2 10 0.51

C1/2 28

Bulky tumor size

\4 cm 19 0.36

C4 cm 19

Lymphovascular space invasion (LVSI)

Negative 17 0.32

Positive 16

Table 4 Multivariate analysis of prognostic factors for overall

survival

Variable Hazard ratio (95%CI) p

Stage 1.385 (0.289–6.639) 0.6834

SCC-ag 1.032 (0.995–1.071) 0.0905

SUVmax 0.943 (0.787–1.131) 0.5276

Pelvic lymph node (LN) metastasis 1.147 (0.829–1.587) 0.4075

Involvement of the resection margin

and the parametrium (PM)

5.810 (1.003–33.638) 0.0496

95%CI: 95% confidence interval
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In the current study, whether the SUVmax of the primary

tumor was correlated with clinicopathological characteris-

tics in patients with cervical cancer was also examined. It is

found that the SUVmax of the primary tumor in patients

with pretreatment of cervical cancer showed a statistically

significant association with tumor maximum size (Table 2).

Lee et al. (2009) had reported that a high pretreatment

baseline SUVmax in primary cervical cancer was associ-

ated with a poor prognosis in patients with early cervical

cancer receiving surgery with/without adjuvant therapy.

Xue et al. (2006) also found the same phenomenon in

patients with advanced cervical cancer who were receiving

definitive radiotherapy or concurrent chemotherapy.

There are some limitations in this study: firstly, this study

was a retrospective research; secondly, the number of patients

was relatively small and this made subgroup analysis rather

difficult. Survival curves were so clear more than we

expected. Although the patients in this paper were consecu-

tive, they were carefully selected by the clinicians in advance

and this may partially cause the potential bias in enrolled

patients. But this study did shed some lights on the usefulness

of the FDG-PET/CT in prognosis of cervical cancers.

According to our paper and the previous studies and their

statements, we can draw some conclusions as follows. Higher

pretreatment SUVmax of primary tumor indicated worse

prognosis, and the prognosis of patients with higher pre-

treatment SUVmax plus PLN metastasis was even worse both

in patients of SCC and non-SCC of cervix. As for patients of

SCC of cervix, higher pretreatment serum SCC-ag not only

could predict worse prognosis but also could predict disease

recurrence, guide early treatment in the posttreatment sur-

veillance and help improving the overall survival.
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