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Abstract
Purpose The purpose of this study was to evaluate the
prognostic value of the metabolic tumor volume (MTV), in
FIGO stage IA–IIB cervical cancer patients, measured by
F-18 fluorodeoxyglucose positron emission tomography
(FDG-PET) imaging.
Methods Forty-five patients with invasive cervical cancer who
underwent FDG-PET imaging were recruited. Metabolically
active tumor regions were delineated on the pretreatment
FDG-PET scans by encompassing regions equal to or
greater than an standardized uptake value (SUV) of 40%
of the peak tumor intensity. The relationship of the
metabolic tumor volume (MTV) to the disease-free
survival was analyzed. The MTV of the cervical cancer
was compared with pathological and clinical prognostic
factors, including lymph node metastasis, parametrial

invasion, the depth of invasion, resection margins, tumor
differentiation and FIGO stages.
Results Cox proportional hazard regression analysis
showed that the MTV was a significant independent
predictor of recurrence of cervical cancer (p=0.027).
Patients with an MTV of >20 cm3 had a significantly
reduced disease-free survival compared with patients with
an MTV≤20 cm3 (p=0.029). The correlation of the MTV
with traditional prognostic factors showed significantly
higher values in patients that were lymph node (LN)
metastasis positive (p=0.028) and parametrial invasion
positive (p=0.022). The MTV significantly differed among
the groups according to tumor differentiation (p=0.0319)
and FIGO stage (p=0.001).
Conclusion The MTV measured by FDG-PET was an
independent prognostic factor for tumor recurrence in
patients with stage IA–IIB cervical cancer. These findings
must be confirmed by large population based prospective
studies.
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Introduction

Cervical cancer is one of the most common causes of
cancer-related death in women worldwide [1]. Accurate
prediction of prognosis is important as it influences survival
and patient management decisions. The traditional prognostic
factors, such as lymph node (LN) metastasis, parametrial
invasion, positive tumor margins, a large tumor size, deep
stromal invasion and lymphovascular invasion (LVI) are
currently considered important prognostic factors for survival
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and provide some useful clinical and pathological information
[1]. However, the accuracy of these traditional prognostic
factors continues to be debated, except for the presence of
LN metastasis in patients with cervical cancer [2]. Therefore,
substantial research efforts have focused on the identification
of novel prognostic factors to accurately predict the
prognosis of patients with cervical cancer.

Positron emission tomography (PET) with F-18 fluoro-
deoxyglucose (FDG) is used for the staging and follow-up
of a wide variety of cancers, including lymphomas, non-
small cell lung cancers (NSCLC), colorectal cancers,
malignant melanoma, breast cancer, and esophageal cancer
[3–5]. Previous research has shown that FDG-PET is
valuable for assessment of prognosis in patients with
cervical cancer [6–8]; it readily identifies the primary
tumor and accurately assesses spread to lymph nodes as
well as distant metastases [9, 10]. A widely accepted
functional parameter derived from FDG-PET is the stan-
dardized uptake value (SUV); however, a volumetric
parameter for the FDG-PET has been rarely established.

Recent clinical studies in patients with lung cancer and
head and neck cancer have indicated that a high tumor
volume measured by FDG-PET is associated with poor
survival and a poor patient outcome [11, 12]. However, the
metabolic tumor volume (MTV) of FDG PET/CT imaging,
as a prognostic factor, has rarely been studied in patients
with cervical cancer.

The goal of the present study was to determine whether
the MTV detected on FDG PET/CT imaging could be used
as a prognostic marker for the disease-free survival in
patients with International Federation of Gynecology and
Obstetrics (FIGO) stage IA to IIB cervical cancer that
underwent surgery, with or without adjuvant therapy.

Materials and Methods

Selection of Patients

In this retrospective study, 45 patients with FIGO stage
IA–IIB cervical cancer were evaluated. The patients were
recruited between October 2006 and June 2009. All patients
underwent a physical examination, intravenous pyelogra-
phy (IVP), cystoscopy, chest X-ray, magnetic resonance
imaging (MRI) of the pelvis, and FDG PET/computed
tomography (CT) as well as other routine laboratory tests
prior to surgery. Patients who were treated with neo-
adjuvant chemotherapy or conization as a diagnostic
method were excluded in this study group. All patients
were treated by radical hysterectomy with pelvic lymph
node dissection. The pathologists divided the pathological
risk factors into a high and an intermediate risk group. The
high-risk group included patients that had positive pelvic

lymph nodes, microscopic parametrial invasion, or positive
resection margins. The intermediate group included patients
with stromal invasion (≥1 cm), LVI, or a bulky tumor
(≥4 cm). Patients with one or more high risk factors, and in
all patients that were FIGO stage IIb, received treatment
with irradiation and concurrent 5-FU (1 g/m2 body-surface
area for days 1–4, by intravenous infusion) and cisplatin
(50 mg/m2 on day 1, intravenously), which was repeated
every 4 weeks up to four cycles. Patients that had one or
more intermediate risk factors received adjuvant radiation
therapy (RT) alone. The radiotherapy performed included:
10 MV X-rays using a four-field box technique, with
1.8 Gy daily, 5 days per week, up to a total dose of 50.4 Gy,
and if necessary, a booster dose of 5.4–9.0 Gy was
delivered to the lateral pelvic wall.

F-18 FDG PET/CT

All patients were examined using a dedicated PET/CT
scanner (Gemini, Philips, Milpitas, Calif., USA), consisting
of a dedicated germanium oxyorthosilicate full-ring PET
scanner and a dual-slice helical CT scanner. Standard
patient preparation included at least 8 h of fasting and a
serum glucose level of less than 120 mg/dl before F-18
FDG administration. F-18 FDG PET-CT imaging was
performed 60 min after injection of F-18 FDG (mean dose,
383.7±47.4 MBq; range, 314.5-488.4 MBq). At 60 min
after administration of F-18 FDG, low-dose CT (30 mA,
120 kV) covering the area from the base of the skull to
the proximal thighs was performed for the purpose of
attenuation correction and precise anatomical localiza-
tion. Thereafter, the emission scan was performed in the
three-dimensional (3D) mode. The emission scan time
per bed position was 3 min; nine bed positions were
acquired. PET data was obtained using a high-resolution
whole-body scanner with an axial field of view of 18 cm.
The average axial resolution varied between 4.2 mm full
width at half maximum (FWHM) in the center and
5.6 mm at 10 cm. The average total PET/CT examination
time was 30 min. After scatter and decay correction, the
PET data was reconstructed iteratively with attenuation
correction and reoriented in axial, sagittal, and coronal
slices. The row action maximum-likelihood algorithm
was used for 3D reconstruction.

Metabolic Tumor Volume Calculation

The tumor area was delineated on the FDG-PET image by
circle encompassing regions equal to or greater than an
SUV of 40% of the peak tumor intensity [13] (Fig. 1). The
MTV of each slice was determined by multiplying the area
within the threshold margin by the CT interval. The final
metabolic tumor volume was calculated by adding all
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metabolic tumor volumes of each slice. The SUVmax within
the MTV was calculated automatically:

MTV ¼
Xn

i¼1

Si » d

Si the area with abnormal metabolism of each slice
d the interval of CT scan
n the number of slices with abnormal metabolism

Follow-up

Clinical follow-up examinations were performed at 3-month
intervals after completion of treatment. The purpose of the
follow-up studies was to analyze the duration of the disease-
free survival. The disease-free interval was defined as the time
from the initial treatment to relapse noted on the images or the
last follow-up visit.

Statistical Analysis

The pathological and clinical factors as well as outcome
data were analyzed for their correlation with the FDG-PET
tumor volume. The independent t-test was used to compare
the mean MTV values in the different subgroups. The
difference in the MTV among the FIGO stages and tumor
differentiation was analyzed by the Kruskal-Wallis test. The
optimal MTV cut-off value was determined by receiver-
operator characteristic (ROC) curves. Linear regression was
employed for the correlation of the SUVmax with the MTV.
The disease-free survival was calculated using the Kaplan–
Meier method. The log-rank test was used for the univariate
analysis of prognostic factors. Variables shown to be
significant and borderline significant (p<0.1) were selected
for the multivariate analysis. The Cox proportional-hazards
model was used for the multivariate analyses. The statistical
analyses were performed using MedCalc for Windows
version 8.1 and statistical significance was defined as
p<0.05.

Results

Patients

The patient characteristics are summarized in Table 1.
The mean age was 52.6±9.4. The median follow-up was
21 months (range, 4–38 months). Five patients had
disease recurrence. None died of the cervical cancer
during the follow-up period. The median MTV was
5.4 cm3 (range, 0–112.9 cm3). There were 11 patients
(24.5%) with FIGO stage IA disease, 29 (64.5%) with IB,
one (2.2%) with IIA, and four (8.8%) with IIB. Thirty-
four tumors (75.5%) were classified as squamous cell
carcinomas and 11 (24.5%) as adenocarcinomas. Twenty-
eight carcinomas (62.2%) were graded as well differen-
tiated, 14 (31.1%) as moderately differentiated, and three
(6.7%) as poorly differentiated. Thirteen patients (28.8%)
had pelvic LN metastases, six (13.3%) had microscopic
parametrial invasion, and 16 (35.5%) had LVI. Twenty-
five patients (55.5%) had a 1-cm or greater depth of
invasion. Five (11.1%) patients had positive resection
margins.

Fig. 1 Axial FDG PET/CT images encompassing regions equal to or
greater than an SUV of 40% of the peak tumor intensity

38 Nucl Med Mol Imaging (2011) 45:36–42



Comparison of MTVAccording to Pathological
and Clinical Factors

The MTV among the FIGO stages (p=0.0012) and tumor
differentiation (p=0.0319) showed statistically significant
differences by the Kruskal-Wallis test. According to the
tumor stage, the mean MTV was 1.2±1.9 cm3 for stage IA,
17.3±21.1 cm3 for IB, 17.6±0.0 cm3 for IIA and 57.9±
46.8 cm3 for IIB. The MTV was significantly higher in
patients with pelvic lymph node metastasis (p=0.0286) and
parametrial invasion (p=0.0229) compared with the nega-
tive patients (Table 2). However, the difference in the MTV,
for patients with LVI, resection margins and stromal
invasion were not statistically significant.

Survival Analysis

The univariate analysis of tumor differentiation, resection
margins, depth of invasion, SUVmax and MTV were
significant parameters associated with the disease-free
survival (Table 3). To further elucidate the effects of the
MTV, the patients were divided into two groups with a cut-
off value of 20.0 cm3 determined by the ROC curves

(Fig. 2). Kaplan–Meier analysis, for the disease-free
survival, was divided into patients with relatively larger
(>20 cm3) compared with small tumor volumes (≤20 cm3).
When stratified by an MTVof 20 cm3, only one patient out
of 33 cases (3.03%) showed an event such as nodal
metastasis or distant metastasis in MTV≤20 cm2,. However,
four in 12 cases (33.3%) showed the events when
MTV >20 cm2. Event frequency is significantly high in
MTV >20 cm2 (χ2=4.726, p=0.029) (Fig. 3).

The two metabolic indices, the SUVmax and the MTV,
were predictive of disease recurrence and had a significant
correlation with each other by linear regression analysis.
The coefficient of determination, R2=0.406, and the best fit

Table 1 Patient characteristics

Parameters No. of patients Percentage

Total patients 45

Age (years) 52.61±9.42

FIGO stage

IA 11 24.5%

IB 29 64.5%

IIA 1 2.2%

IIB 4 8.8%

Histology

Squamous cell carcinoma 34 75.5%

Adenocarcinoma 11 25.5%

Median SUVmax 4.36 (0.00-23.11)

Median MTV 5.44 (0.00-112.97)

Differentiation

Well 28 62.2%

Moderate 14 31.1%

Poor 1 6.7%

Lymph node metastasis 13 28.9%

Microscopic parametrial invasion 6 13.3%

Depth of invasion (≥1 cm) 25 55.5%

LVI 16 35.5%

Resection margin positive 5 11.1%

Recurrence 5 11.1%

Death related to cervical cancer 0

LVI lymphovascular invasion

Table 2 Correlations between the MTV and pathological and clinical
prognostic factors

Variables MTV p value

Lymph node metastasis Positive 29.95±32.11 0.0286a

Negative 11.79±20.59

Parametrial invasion Positive 38.79±42.50 0.0229a

Negative 13.69±20.69

Resection margin Positive 34.13±47.77 0.1126a

Negative 14.90±21.36

Stromal invasion >1 cm 20.66±34.40 0.7400a

<1 cm 16.58±24.68

LVI Positive 21.25±30.62 0.4163a

Negative 14.71±22.41

FIGO stage IA 1.10±1.79 0.0012b

IB 17.38±21.14

IIA 17.64±0.00

IIB 57.94±46.81

Differentiation Well 11.70±19.67 0.0319b

Moderate 16.53±20.69

Poor 69.21±42.39

a Independent t-test
b Kruskall-Wallis test

Table 3 Univariate analysis for disease-free survival

Variables HR 95% CI p value

MTV 6.296 1.042-38.029 0.029

SUVmax 5.891 0.987-35.143 0.067

Differentiation 2.033 0.592-6.936 0.006

Resection margin 7.163 0.309-165.598 0.011

Depth of invasion 5.862 0.983-34.947 0.072

FIGO stage 1.372 0.522-3.608 0.866

Histology 1.718 0.243-12.119 0.544

Lymph node metastasis 1.709 0.243-12.030 0.551

PM invasion 1.826 0.123-27.012 0.583

LVI 3.658 0.53025.211 0.123

HR hazard ratio, PM parametrium
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line at the 95% confidence intervals (CIs) were determined
(p<0.001).

Prediction of Disease-Free Survival

The Cox proportional hazard regression analysis showed
that only the MTV was an independent prognostic factor
for the disease-free survival (p=0.027) (Table 4).

Discussion

F-18 FDG PET/CT is an increasingly popular modality that
incorporates both anatomical localization and functional

information that is potentially a useful tool for risk
stratification in patients with cervical cancer [14]. Several
studies have suggested that a higher SUV is associated with
a worse prognosis in patients with cervical cancer [9, 10].
According to Kidd et al. [9], the SUVmax of a tumor, at
diagnosis, was a sensitive biomarker for future treatment
response and prognosis in patients with cervical cancer.
Xue et al. [10] reported that a higher SUV was correlated
with a poor prognosis, including a poorer disease-free
survival. This study differs from these prior investigations.
The univariate statistical analysis showed that the SUVmax

had only borderline significance (p=0.06). In addition, the
multivariate analysis showed that the SUVmax was not
statistically significant. These findings suggest that the
SUVmax could not be used as a prognostic factor with the
other traditional pathological and clinical prognostic
factors. Further study is needed to determine the useful-
ness of the SUVmax as a prognostic factor in patients with
cervical cancer.

The degree of tumor uptake of FDG on PET as assessed
by the SUV was shown to be an independent prognostic
factor in various cancers [15, 16]. However, there have
been conflicting results in the use of SUV for predicting
prognosis [11]. Thus, more effective prognostic factors are
needed. It has been reported that the volume of tumor tissue
demonstrating increased FDG uptake on PET, or metabolic
tumor volume (MTV), is a novel potential prognostic
factor. The MTV represents the metabolic extent of the
tumor and the size of the viable tumor cells. For lung
cancer, head and neck cancer, and lymphomas, the MTV
has been shown to be highly prognostic for disease
progression and death, independent of other established
prognostic factors [11, 12, 17]. The results of this study
suggest that the MTV is an important independent
prognostic factor for the disease-free survival of patients
with FIGO stage IA–IIB cervical cancer. It appears to be of
greater importance for patient prognosis than other conven-
tional prognostic factors and the SUVmax in patients with
cervical cancer. Similar results were reported from a prior
study [13]. Miller and Grigsby [13] evaluated the value of
the tumor volume measurement using FDG-PET in patients

Fig. 2 The optimal MTV cut-off value was determined by ROC
curves: The optimal cut-off value for the MTV was 20.0 cm3. When
20.0 cm3 was used as the cut-off value, the sensitivity and specificity
were 80.0% (95% CI: 28.4-99.5) and 82.5% (95% CI: 67.2-92.7),
respectively. The area under the curve was 0.825 (95% CI: 0.683-
0.922) and the standard error was 0.100 (p=0.001)

Fig. 3 Disease-free survival stratified by MTV. Disease-free survival
for two MTV subgroups: MTV >20.0 cm3, MTV≤20.0 cm3, p=0.029

Table 4 Cox proportional-hazards multivariate analysis for disease-
free survival

Variable SE p value HR 95% CI

MTV 0.0130 0.0272 1.029 1.0034-1.0557

SUVmax 0.1414 0.2346 1.1830 0.8979-1.5585

Differentiation 1.0796 0.3400 0.3569 0.0435-2.9303

Resection margin 1.1211 0.1258 5.5635 0.6251-49.5164

Depth of invasion 0.7197 0.1922 2.5565 0.6282-10.4037

SE standard error
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with advanced cervical cancer and found that the tumor
volume was predictive of the progression-free survival.

Previous investigators showed that tumor size is an
important prognostic factor in patients with cervical
carcinoma [18, 19]. Tumor volume has been measured
with CT and MRI until recently. Plataniotis et al. [20] found
that tumor volume measured by MRI was the most
significant independent factor for overall survival in
patients with advanced head and neck cancer. Bradley et
al. [21] reported that the gross tumor volume determined by
CT scanning was the most significant factor associated with
the overall survival of patients with non-small cell lung
cancer.

This study differs from prior studies in that the tumor
volumes were derived from FDG-PET scans. The tumor
volume detected by FDG-PET has advantages compared
with tumor volumes determined by CT and MRI. First,
tumor volumes determined by FDG-PET have higher
tumor-to-background ratios. This feature facilitates tumor
detection and quantitative analysis. Second, the tumor
volume detected by FDG-PET represents the size of highly
viable tumor cells. Whereas, the tumors detected by CT or
MRI can include non-viable necrotic tissues in the
anatomical information. Thus, measurement of tumor
volume by FDG-PET provides more accurate information
than by either CT or MRI [22].

In contrast to prior studies, this study failed to show any
significance of the SUVmax for the disease-free survival by
the Cox multivariate survival analysis. However, the
SUVmax was one of the prognostic factors that was
statistically significant on the univariate analysis and
showed a significant correlation with the MTV in the
current study. The underlying causes of such a discrepancy
might be due to a small sample size and inconsistent ranges
of FIGO stages compared with previous studies. Moreover,
other conventional prognostic factors such as LVI, depth of
invasion, tumor resection margins, and tumor differentia-
tion were not significant by the Cox proportional-hazard
regression model. These traditional prognostic factors were
not significant for determining disease-free survival in
patients with cervical cancer in this study.

The limitations of this study included the following. One
of the limitations is PET-CT has a relatively low sensitivity
for the assessment of early stage cervical cancer evaluation,
especially for stage IA cervical cancer, due to limited
spatial resolution. In this study, only four out of 11 stage 1A
cervical cancer exhibited FDG uptake. Such lower sensi-
tivity detection of early cervical cancer might have diluted
the prognostic effect of SUVmax in the current study. The
other limitation of the study is relatively small sample size
and short follow up period. The median follow-up was
21 months, which was relatively short. A longer follow-up,
incorporating a broader subject base could potentially

produce a significant change in the results. Despite these
limitations, highly significant results were obtained, dem-
onstrating a correlation between a high MTV and the
disease-free survival of patients with cervical cancer. These
findings suggest that patients with a high MTV may be at
increased risk for disease recurrence and may benefit from
more aggressive treatment and follow-up.

In conclusion, the results of the present study suggest
that the MTV, a volumetric parameter of FDG-PET, is an
important independent prognostic marker for survival in
patients with stage IA–IIB cervical cancer, and that the
MTV is a better predictor of disease-free survival than
traditional prognostic factors in these patients. Patients with
cervical cancer and a high pretreatment MTV (>20.0 cm3)
should be considered for more careful follow-up and may
need more aggressive treatment. Additional prospective
studies with a larger number of patients are needed to
confirm the prognostic utility of this promising functional
parameter derived from the FDG-PET.
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