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Abstract
Background: This study was to evaluate the prognostic value of metabolic parameters on F-18-FDG PET/CT and
the status of human papillomavirus (HPV) infection and known prognostic variables for predicting tumor recurrence
and investigating a prognostic model in patients with locally advanced cervical cancer treated with concurrent
chemoradiotherapy (CCRT).
Methods: A total of 129 patients with cervical squamous cell carcinoma who underwent initial CCRT were eligible for
this study. Univariate and multivariate analyses were performed using traditional prognostic factors, metabolic parameters,
and HPV infection. Classification and regression decision tree (CART) was used to establish new classification.
Results: Among 129 patients, 29 patients (22.5%) had recurrence after a median follow-up of 60 months (range, 3–125
months). Tumor size, para-aortic lymph node metastasis, nodal SUVmax, and HPV infection status were identified as
independent prognostic factors by multivariate analysis. The CART analysis classified the patients into three groups. The
first node was nodal SUVmax, and HPV status was the second node for patients with nodal SUVmax ≤7.49; Group A
(nodal SUVmax ≤7.49 and HPV positive, HR 1.0), Group B (nodal SUVmax ≤7.49 and HPV negative, HR 3.56), and Group C
(nodal SUVmax > 7.49, HR 10.13). Disease-free survival was significantly different among the three groups (p < 0.001).
Conclusion: The nodal SUVmax on F-18 FDG PET/CT and HPV infection status before CCRT are powerful independent
prognostic factors for the prediction of disease-free survival in patients with cervical squamous cell carcinoma who
underwent initial CCRT. We also suggest a simple prognosis prediction model using pre-treatment FDG PET/CT and HPV
genotyping; however, it needs further validation in an independent dataset.
Keywords: Cervical cancer, FDG PET/CT, Lymph node, Human papilloma virus, Prognosis prediction, Classification and
regression tree, Concurrent chemoradiotherapy

Background
Cervical cancer is a commonly diagnosed cancer and the
fourth leading cause of cancer-related deaths in women
worldwide [1]. Surgery and cisplatin-based concurrent
chemoradiotherapy (CCRT) are the primary treatment
options for cervical cancer. However, about one third of
patients with cervical cancer experience recurrence, and
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recurrence mostly develops within 2 years of therapy
completion [2, 3]. Therefore, accurate prognosis prediction is important to improve the treatment decision and
survival of patients.
Advanced International Federation of Gynecology and
Obstetrics (FIGO) stage, age of patients, tumor histology, size of primary tumor, and the pelvic/para-aortic
lymph node status are the traditional prognostic factors
for patients with cervical cancer [3, 4]. However, these
factors are not enough for predicting recurrence, and
there is continuous dispute about these factors except
lymph node metastasis [3, 5]. Factors for the current
FIGO staging system do not include lymph node
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metastasis, but the status of lymph node metastasis is
well known as a powerful prognostic factor [4, 6].
Although there is much evidence supporting the role
of human papillomaviruses (HPVs) in the development
of cervical precursor lesions and invasive cervical cancer,
the prognostic value of HPV deoxyribonucleic acid
(DNA) is not well understood. Moreover, the existing results on the relationship between HPV genotype and
survival are heterogeneous. The etiology of squamous
cell carcinoma is firmly linked to infection with HPVs
[7] and to the prognosis of the patients [8, 9]. Some
studies reported poorer prognosis with specific genotypes of HPV, such as HPV18 or alpha-7 strain, and
multiple infections of different genotypes of HPV than
with single genotype involvement [10–13]. However,
other reports did not uphold the prognostic value of
HPV 18 and alpha-7 strain [8, 14], and mixed infection
of alpha-7 and alpha-9 strains showed modest prognosis
[9]. A recent meta-analysis demonstrated that HPVpositive DNA status before treatment was associated
with a favorable prognosis in patients with cervical cancer [15]. Moreover, our recent studies showed that HPV
negativity was associated with worse survival outcomes
[8, 9].
Metabolic parameters from F-18 fluorodeoxyglucose
(FDG) positron emission tomography/computed tomography (PET/CT) are widely studied and showed promising results for predicting recurrence [3, 6, 16]. Metabolic
parameters from F-18 FDG PET/CT can be obtained
without surgery or invasive procedures; thus, prognosis
assessment using F-18 FDG PET/CT is more suitable for
patients who are eligible for CCRT. Nevertheless, to our
knowledge, a risk stratification model using metabolic
variables on PET/CT combined with other known prognostic factors has not been proposed.
The purpose of this study was to evaluate the prognostic values of multiple parameters including traditional
factors, glucose metabolism from F-18 FDG PET/CT,
and HPV infection status for disease-free survival (DFS),
and to investigate a prognosis prediction model using
significant parameters in patients with cervical squamous cell carcinoma who underwent CCRT.

Methods
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Retrospective data collection and analysis were approved
by the Institutional Review Board. The requirement for
informed consent was waived due to the retrospective
design of the study. The patients were staged according
to the FIGO staging system. Patients who exhibited signs
of distant metastatic disease or had a history of undergoing surgery, radiotherapy, or chemotherapy were excluded from the study. The clinical and pathological
parameters were reviewed and retrieved, including age,
serum squamous cell carcinoma antigen, FIGO stage,
histology, primary tumor size, and the presence of pelvic
and para-aortic lymph node metastasis.
HPV genotyping

HPV genotyping was performed using cervico-vaginal
swab specimens with the PANArray HPV Genotyping
Chip (PANArray; PANAGENE, Daejeon, Korea) and the
Anyplex II HPV 28 assay kit (Seegene, Seoul, Korea).
For the PANArray HPV Genotyping Chip, DNA was
extracted using a heating method according to the manufacturer’s instructions. Briefly, 1 mL of a liquid-based
preparation from the cervical specimen was transferred
to phosphate-buffered saline. This mixture was centrifuged, and then 20 μL of DNA extraction buffer was
added. The sample was heated at 55 °C for 1 h and then
at 110 °C for 28 min. After centrifugation at 12,000 rpm
for 5 min, 90 μL of the supernatant was used as the
DNA template for polymerase chain reaction (PCR) analysis. With this assay, 32 HPV types could be simultaneously detected, including 20 high-risk and probable
high-risk types (HPV 16, 18, 26, 31, 33, 34, 35, 39, 45,
51, 52, 53, 56, 58, 59, 66, 68, 69, 70, and 73) and 12 lowrisk HPV types (HPV 6, 11, 32, 40, 42, 43, 44, 54, 55, 62,
81, and 83).
The Anyplex II HPV 28 assay was performed according to the manufacturer’s instructions. Briefly, 5 μL of
DNA was used in both 20-μL reactions, one with primer
set A and the other with B. The Anyplex II HPV 28
assay uses HPV-specific dual priming oligonucleotides
for multiplex (real-time) PCR. A total of 28 HPV types
could be simultaneously detected, including 18 high-risk
types (HPV 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 66, 68, 69, 73, and 82) and 8 low-risk types (HPV 6,
11, 40, 42, 44, 53, 54, and 70).

Patients

In this study, we enrolled cervical cancer patients with
biopsy-confirmed squamous cell carcinoma of the cervix
between August 2005 and June 2015, and we selected
patients who underwent CCRT as their initial treatment.
Among these patients, this study included the patients
who underwent initial staging F-18 FDG PET/CT and
HPV genotyping from cervico-vaginal swab before the
initiation of CCRT. Clinical and pathologic parameters
were obtained by retrospective chart review.

F-18 FDG pet/CT

Every patient underwent pre-treatment F-18 FDG PET/
CT for initial staging work-up. All patients fasted for at
least 6 h before undergoing the procedure, and their
blood glucose levels were determined before the administration of F-18 FDG. Patients with blood glucose levels
higher than 150 mg/dL were rescheduled for a later
examination, and treatment was administered to maintain a blood glucose concentration of < 150 mg/dL in all
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subjects. Patients received intravenous injections of approximately 4.7 MBq of FDG per kg of body weight and
were advised to rest for 1 h before F-18 FDG PET/CT
image acquisition. F-18 FDG PET/CT scans were performed using a Reveal RT-HiREZ 6-slice CT apparatus
(CTI Molecular Imaging, Knoxville, TN, USA) and a 16slice CT Discovery STE apparatus (GE Healthcare, Milwaukee, WI, USA).
Before the PET scan, for attenuation correction, a lowdose CT scan without contrast enhancement was obtained from the skull base to the thigh when the patient
was breathing quietly in supine position. PET scans with
a maximum spatial resolution of 6.5 mm (Reveal PET/
CT) and 5.5 mm (Discovery PET/CT) were also obtained
from the skull base to the thigh at 3 min per bed for
each patient; the maximum standardized uptake (SUVmax) was designated as the highest SUVmax of the primary tumor (pSUVmax) and lymph nodes (nodal
SUVmax) on Advantage Workstation 4.3 (GE Healthcare, Milwaukee, WI, USA).
Treatment and clinical follow-ups

All patients were treated with a combination of external
beam radiotherapy and high-dose-rate intracavitary
brachytherapy with curative intent. Radiotherapy comprised external beam radiotherapy (EBRT) and highdose-rate intracavitary brachytherapy. EBRT was administered to the whole pelvis five times a week using 10MV X-ray in 1.8 Gy daily fractions until a total dose of
45 Gy was reached. A four-field box technique was used.
The superior border was the L4–L5 vertebral level. The
inferior border was at the bottom of the obturator foramen or 2–3 cm below the lowest extent of the cervical
or vaginal disease. The lateral borders were placed 2 cm
laterally to the inner bony margins of the true pelvis. For
the lateral fields, the anterior border included the symphysis pubis and the posterior border was the S2–3
interspace. For patients with para-aortic lymph node involvement, the extended pelvic field including paraaortic lymph nodes was used. A parametrial external
beam boost of 10 Gy in five fractions was indicated in
patients with parametrial involvement. Intracavitary
brachytherapy was initiated after delivering an EBRT
dose of 39.6 Gy. Intracavitary brachytherapy was delivered twice a week in five fractions, with a fractional dose
of 6 Gy. Six cycles of weekly cisplatin were administered
during radiotherapy at a dose of 40 mg/m2. The first
course of cisplatin was administered on day 1 of
radiotherapy.
Clinical follow-ups of patients were performed every 3
months until 2 years, every 6 months after 2 years, and
annually thereafter. Tumor recurrence was defined as
pathologically proven presence or progression of the disease on serial imaging studies. To evaluate the
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prognostic value of the clinical and metabolic parameters, DFS was chosen as an endpoint. DFS was calculated
from the date of diagnosis of the disease to the date of
diagnosis of recurrence or the date of the last follow-up.
Statistical analysis

The data were analyzed using the R statistics (version
3.4.4), and p < 0.05 was considered to indicate statistical
significance. Pearson’s chi-square test was used to evaluate the association between the variables. T-test or Wilcoxon rank-sum test was used for comparing continuous
variables. The Cox-proportional hazard regression was
performed analyzing DFS. Multivariate analysis was also
performed using Cox-proportional hazard regression
with backward elimination. Hazard ratio (HR) with 95%
confidence intervals (CI) was provided for the model.
For further analysis of classification and regression tree
(CART), variables with p < 0.1 in univariate analysis were
considered as input variables: FIGO stage, size of primary tumor, pSUVmax, nodal SUVmax, HPV status, and
the status of para-aortic lymph node metastasis. These
factors were analyzed together using “ctree” of the
“party” package. The input data of the CART analysis
were the variables, time duration, and the status of DFS.
Then, the tree chart was generated. The survival differences among the CART nodes were further verified
using the log–rank test and Cox-proportional hazard regression, and survival graph was generated using the
Kaplan–Meier method.

Results
Clinical features and treatment outcomes

One hundred and twenty-nine patients were identified
in this study. The clinical characteristics of the study
participants are listed in Table 1. The mean age was
54.0 ± 12.6 years. The most common FIGO stage was II
(n = 76, 58.9%), followed by IV (n = 19, 14.7%), I (n = 17,
13.2%), and III (n = 17, 13.2%). The mean tumor size was
4.5 ± 1.5 cm, and mean serum squamous cell carcinoma
(SCC) antigen level was 14.8 ± 28.1 ng/mL. Sixty-three
patients (48.8%) had pelvic and/or para-aortic nodal metastases. Sixty-one patients (47.3%) showed pelvic lymph
node metastasis, and 18 patients (14.0%) showed paraaortic lymph node metastasis. After a median follow-up
of 60 months (range, 3–125 months), 29 patients (22.5%)
had recurrence. Fifteen patients (51.7%) showed recurrence within the radiation field, 11 patients (37.9%)
showed recurrence outside the radiation field, and three
patients (10.3%) showed recurrence both inside and
outside.
Prevalence of HPV DNA genotype

Among 129 patients, 111 patients (86.0%) had HPV infection. The three most common HPV types were 16
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Table 1 Patient characteristics
Variables

n = 129

Age

54.0 ± 12.6

FIGO stage, n, (%)
I

17

(13.2%)

II

76

(58.9%)

III

17

(13.2%)

IV

19

(14.7%)

Tumor size (cm)

4.5 ± 1.5

SCC antigen (ng/mL)

14.8 ± 28.1

Lymph node metastasis status, n, (%)

in tumor size (HR, 1.37; CI, 1.06–1.77; p = 0.015), paraaortic lymph node metastasis (HR, 3.75; CI, 1.39–10.15;
p = 0.0092), nodal SUVmax (HR, 1.05; CI, 1.01–1.09; p =
0.020), and HPV negativity (HR, 3.68; CI, 1.44–9.41; p =
0.007) were statistically significant. Results are summarized in Table 2.
As the CART analysis provided cut-off values of continuous variables, we performed additional univariate
and multivariate analyses. However, a cut-off value could
not be obtained for age, SCC, and pSUVmax due to
their statistically less significant predictive power for
DFS (Additional file 1: Table S1).

Pelvic lymph node

61

(47.3%)

Classification and regression tree

Para-aortic lymph node

18

(14.0%)

The CART analysis showed three risk groups based on
nodal SUVmax and HPV status (Fig. 1): Group A (nodal
SUVmax ≤7.49 and HPV positive), Group B (nodal SUVmax ≤7.49 and HPV negative), and Group C (nodal
SUVmax > 7.49). There were 101 patients (78.3%) in
Group A, 18 patients (14.0%) in Group B, and 10 patients (7.8%) in Group C (Fig. 1). Fourteen patients
(13.9%) of Group A, seven patients (38.9%) of Group B,
and eight patients (80.0%) of Group C showed recurrence during the follow-up period (Fig. 2). Cox proportional hazard model calculated HRs of Group B (HR,
3.56; CI, 1.44–8.85; p = 0.006) and Group C (HR, 10.13;
CI, 4.17–24.57; p < 0.001), compared to Group A (HR,
1.00). DFS was significantly different among the three
groups in the log-rank test (p < 0.001).

PET parameter
pSUVmax

13.0 ± 6.9

Nodal SUVmax

2.3 ± 5.0

HPV infection, n (%)

111

Median follow-up (months)

60

(86.0%)

FIGO International Federation of Gynecology and Obstetrics, SCC squamous
cell carcinoma, PET positron emitting tomography, SUVmax maximum
standardized uptake, pSUVmax SUVmax of primary tumor, nodal SUVmax
SUVmax of the lymph node with the highest FDG uptake, HPV human
papilloma virus

(n = 72, 55.8%), 18 (n = 9, 7.0%), and 33 (n = 8, 6.2%).
Multiple HPV infections were detected in 14 patients
(10.9%). Further, 96 patients (74.4%) had HPVs of alpha9 (HPV 16, 33, 58, 31, 35, and 52), and 10 patients
(7.7%) had HPVs of alpha-7 (HPV 18, 39, 45, and 68).
Three patients (2.3%) showed mixed infection of alpha-7
and alpha-9, and two patients (1.6%) showed other types
of infection.
PET parameters

The mean values of pSUVmax and nSUVmax were
13.0 ± 6.9 and 2.3 ± 5.0. Patients with recurrence showed
higher pSUVmax than patients without recurrence
(14.6 ± 4.9 vs. 12.6 ± 7.3, p = 0.005). The former also
showed higher nSUVmax than the latter (5.1 ± 2.7 vs.
1.5 ± 2.7, p = 0.003).
Univariate and multivariate analyses of DFS

In univariate analysis, the differences in FIGO stage
(HR, 2.02; CI, 1.36–3.00; p < 0.001), tumor size (HR,
1.43; CI, 1.14–1.08; p = 0.002), the status of para-aortic
lymph node metastasis (HR, 4.21; CI, 1.89–9.40; p <
0.001), nodal SUVmax (HR, 1.07; CI, 1.04–1.11; p <
0.001), and HPV negativity (HR, 2.37; CI, 1.01–5.55; p =
0.047) were statistically significant in DFS. However,
there were no significant differences in terms of age, the
status of pelvic lymph node metastasis, SCC antigen,
and pSUVmax. In multivariate analysis, the differences

Discussion
In this study, we investigated the prognostic variables,
including traditional factors, such as age, FIGO stage,
tumor size, lymph node metastasis status, and SCC antigen levels, as well as PET parameters and HPV status in
cervical squamous cell carcinoma patients who were
treated by CCRT. Tumor size, para-aortic lymph node
metastasis status, nodal SUVmax, and HPV infection
status were significant prognostic factors.
We established a risk stratification method, which can
be performed simply using nodal SUVmax and HPV status. We used the CART analysis to evaluate the factors
highly associated with DFS, which showed correlation in
univariate analysis. The CART analysis provides the results which can be easily understood and interpreted.
The CART analysis showed that nodal SUVmax is the
most powerful significant prognostic factor and that
HPV infection status is also a significant prognostic factor in patients with lower nodal SUVmax.
CART analysis is a simple yet powerful analytic tool
that helps determine the most important (based on explanatory power) variables in a dataset [17]. This process
is mathematically identical to certain familiar regression
techniques; however, it has many advantages over more
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Table 2 Univariate and multivariate analyses of disease-free survival
Variables

Univariate analysis

Agea

Multivariate analysis

HR

95% CI

p-value

0.98

0.95–1.01

0.140

FIGO stage

2.02

1.36–3.00

< 0.001

Tumor sizea

1.43

1.14–1.08

0.002

p-value

HR

95% CI

1.37

1.06–1.77

0.015

3.75

1.39–10.15

0.009

Pelvic lymph node

1.89

0.90–3.96

0.094

Para-aortic lymph node

4.21

1.89–9.40

< 0.001

SCC antigen

1.01

1.00–1.01

0.122

pSUVmaxa

1.04

0.99–1.08

0.086

Nodal SUVmax

1.07

1.04–1.11

< 0.001

1.05

1.01–1.09

0.020

HPV negative

2.37

1.01–5.55

0.047

3.68

1.44–9.41

0.007

a

a

a

Age, Tumor size, SCC antigen, pSUVmax, nodal SUVmax were analyzed as continuous variables. Hazard ratio represents the increase in hazard for each variable
HR hazard ratio, FIGO International Federation of Gynecology and Obstetrics, SCC squamous cell carcinoma, SUVmax maximum standardized uptake, pSUVmax
SUVmax of primary tumor, nodal SUVmax SUVmax of the lymph node with the highest FDG uptake, HPV human papilloma virus

traditional methods, such as multivariate regression analysis [18]. The CART algorithm generates a decision tree,
and it does not need to modify or classify the factors before analysis. Even continuous variables (such as, age
and SUVmax) can be simply applied, and the algorithm
generates the cut-off value to divide the patient population. The highest node separates the patient population
into two groups, and then, each group can be further divided to subgroups. In other words, the most powerful
prognostic factor is considered as highest node, and the
second highest node means the most powerful prognostic factor in the subgroup. In this study, nodal SUVmax
was the highest node in the CART analysis, and HPV

infection status was the second highest node in patients
with nodal SUVmax ≤7.49. However, patients with nodal
SUVmax > 7.49 did not show significant factors to separate the patients in the CART analysis, which may be associated with there being relatively fewer patients in
Group C.
In this study, nodal SUVmax showed powerful prognostic power in multivariate analysis, and it showed
highest-order risk factor of DFS on the CART analysis.
Previous studies also showed the prognostic significance
of nodal SUVmax [6, 16]. Metabolic parameters from
F-18 FDG PET/CT were widely studied to validate the
prognostic values. Chong et al. compared prognostic

Fig. 1 Classification and regression tree. Classification and regression decision tree (CART) analysis was performed to verify the prognostic factors.
Square boxes indicate subsets of patients defined by the sequential splitting process. Finally, the CART analysis identified three risk groups: Group
A (nodal SUVmax ≤7.49 and HPV positive), Group B (nodal SUVmax ≤7.49 and HPV negative), and Group C (nodal SUVmax > 7.49). Cox
proportional hazard model calculated hazard ratios (HRs) of Group B (HR, 3.56; p = 0.006) and Group C (HR, 10.13; p < 0.001), compared to Group
A (HR, 1.00)
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Fig. 2 A Kaplan–Meier curve of disease-free survival. Classification and regression decision tree (CART) analysis showed three risk groups; Group A
(nodal SUVmax ≤7.49 and HPV positive), Group B (nodal SUVmax ≤7.49 and HPV negative), and Group C (nodal SUVmax > 7.49). Log-rank test
showed statistical significance among these groups (p < 0.001)

values of pSUVmax, nodal SUVmax, metabolic tumor
volume (MTV), total lesion glycolysis (TLG), and other
clinical parameters. They showed that nodal SUVmax
was only prognostic factor among these metabolic parameters [6]. Heterogeneity factor from F-18 FDG PET/
CT also showed additive value for prognostic prediction,
combined with nodal SUVmax and whole-body MTV
[16]. In addition, nodal SUVmax and nodal MTV
showed predictive value for the recurrence of cervical
cancer in patients who reached metabolic complete response after CCRT [19].
However, some studies have reported opposite results.
Guler et al. demonstrated that MTV and TLG were not
independent prognostic markers; however, they did not
analyze nodal SUVmax [20]. Crivellaro et al. reported
that pSUVmax, MTV, and TLG of primary tumor did
not show statistical difference [21]. Previous studies consistently showed that pSUVmax did not have prognostic
predictive value on multivariate analysis, but the results
for MTV have been discordant. One major reason is different methods in the measurement of the cut-off value
to generate MTV in each study. Chong et al. and Son et
al. considered the cut-off value as the mean SUV plus
two standard deviations of the mediastinal blood pool

[6, 16, 19]; Guler et al. considered the cut-off value as a
fixed SUV value of 2.5 [20], and Crivellano et al. used
automatic segmentation software for measuring MTV.
There are controversial reports about the prognostic
values of SUVmax [6, 16, 22]. Primary tumor SUV represents not only tumor-associated inflammatory cells
but also cervicitis and other combined inflammations.
As F-18 FDG uptake of primary tumor is correlated with
various factors, including the density of viable carcinoma
cells, proliferation activity, angiogenesis, and tumor
microenvironment [23, 24], we cannot differentiate FDG
uptake from cancer and combined inflammation in
current F-18 FDG PET/CT imaging. Therefore, previous
data using metabolic parameters (pSUVmax, MTV, and
TLG) of primary tumor might have shown discordant
results [16]. However, nodal SUVmax represents tumor
aggressiveness and is less affected by inflammation related to exogenous pathogens, and thus, it can be considered a more powerful prognostic marker.
Even though this study only evaluated pretreatment
F-18 FDG PET/CT, recent studies have demonstrated
that the metabolic responses on post-treatment F-18
FDG PET/CT could predict treatment outcomes in
patients with cervical cancer [25, 26].
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HPV infection status is a second-order risk factor in
the CART analysis. HPV infection is a well-known etiology of cervical cancer, but some patients are HPVnegative. There are two possibilities of being HPVnegative in cervical cancer. One proposed mechanism of
HPV-negative cervical cancer is transient HPV infection
(a type of hit and run mechanism) [27]. As the virus is
not essential for the maintenance of cancer, HPV virus is
cleared by the host’s immunity after inducing cervical
cancer [27]. However, a recent study based on The Cancer Genome Atlas (TCGA) cervical cancer database
showed that HPV-negative cervical cancer shows difference in the molecular features (increased WNT/β-catenin signaling and somatic mutations in the TP53,
ARID, WNT, and PI3K pathways) [28]. Therefore, we
can assume that HPV-negative cervical cancer harbors a
different etiology of cancer, and we need to approach the
treatment of HPV-negative cervical cancer differently.
Patients with HPV-negative cervical cancer show poorer
prognosis compared to those with HPV-positive cervical
cancer [8, 9], and our results also showed poor prognosis
in HPV-negative patients. Interestingly, all Group C patients (nodal SUVmax > 7.49) were HPV-positive. Because of the relatively small number of the patients in
Group C, further studies are needed to elucidate the relationship between nodal SUVmax and HPV status.
Previous studies have shown conflicting results with
HPV infection subtypes [8, 14, 29–32], and prognostic
values of each HPV genotype have not been elucidated.
We analyzed prognostic values of HPV infection subtypes (Additional file 1: Table S2). Even though there
were marginal survival predictive values of HPV 16 and
alpha-9, there was no significant difference in this study.
These conflicting data may be affected by differences in
study designs, sample sizes, follow-up durations, and
assay methods. As HPV negativity has more potent predictive value than HPV genotype analysis, we performed
further analysis using HPV negativity.
Even though we performed the CART analysis including traditional risk factors, nodal SUVmax and HPV status were selected for classification. These two
parameters are more potent predictors of prognosis in
multivariate analysis and the CART analysis. FIGO staging system is widely used for the assessment of cervical
cancer, but there are several limitations which can affect
the optimal care of patients [33]. Previous reports
showed that FIGO staging can be erroneous by 16–65%
[33, 34], and FIGO stage does not reflect other risk factors, such as nodal status, HPV status, tumor volume,
and metabolic parameters [4, 6, 8, 16].
Cervical squamous cell carcinoma patients with high
nodal SUVmax or HPV negativity may need additional
treatment after CCRT, such as targeted therapy or
adjuvant chemotherapy. As patients with high nodal
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SUVmax showed poor prognosis to conventional CCRT,
we can consider additional treatment to increase the
survival of these patients. And additional targeted therapy may help the patients with HPV-negative cervical
squamous cell carcinoma, which harbors molecular features that might better respond to new targeted therapy.
The present study had several limitations. This study
was retrospective with a limited number of patients and
there could be potential selection bias. As relatively
old-generation PET/CT scanners were used in this study,
SUVmax of modern scanners using advanced reconstruction methods could be different, particularly for
small lesions. However, we tried to include a
homogenous population of cervical squamous cell carcinoma patients who underwent CCRT as the initial
treatment, and we performed daily and weekly quality
control to maintain the PET/CT scanner following the
guidelines of Korean Society of Nuclear Medicine. As
external validation of the simple risk model, which is the
result of this study, has not been conducted, future studies including larger population are needed for validating
this model.

Conclusion
The nodal SUVmax on pre-treatment F-18 FDG PET/
CT and HPV infection status before CCRT are powerful,
independent prognostic factors for the prediction of
disease-free survival in patients with cervical squamous
cell carcinoma who underwent initial CCRT. We also
suggest a simple prognosis prediction model using pretreatment FDG PET/CT and HPV genotyping, but it
needs further validation in an independent dataset.
Additional files
Additional file 1: Table S1. Univariate and multivariate analyses of
disease-free survival. Table S2. Prognostic value of HPV infection subtypes. (DOCX 18 kb)
Abbreviation
CART: Classification and regression decision tree; CCRT: Concurrent
chemoradiotherapy; CI: Confidence intervals; DFS: Disease-free survival;
DNA: Deoxyribonucleic acid; EBRT: External beam radiotherapy; FDG: F-18
fluorodeoxyglucose; FIGO: International Federation of Gynecology and
Obstetrics; HPV: Human papillomavirus; HR: Hazard ratio; MTV: Metabolic
tumor volume; nSUVmax: SUVmax of lymph nodes; PET/CT: Positron
emission tomography/computed tomography; pSUVmax: SUVmax of the
primary tumor; SUVmax: Maximum standardized uptake; TLG: Total lesion
glycolysis
Acknowledgements
Not applicable.
Authors’ contributions
Conceptualization, CMH, GOC, and SYJ; Methodology, CMH and SYJ;
Software, CMH; Validation, JL and B-CA; Formal Analysis, CMH; Investigation,
CMH, GOC, and YHL; Resources, S-HP, GOC, and YHL; Data Curation, S-HP,
GOC, and JHJ; Writing – Original Draft Preparation, CMH and SYJ; Writing –
Review & Editing, JL, B-CA, and GOC; Visualization, CMH, JHJ, and S-WL;

Hong et al. Cancer Imaging

(2019) 19:43

Page 8 of 9

Supervision, GOC and SYJ; Project Administration, SYJ; Funding Acquisition,
SWL and B-CA. All authors read and approved the final manuscript.

8.

Funding
This research was supported by a grant from the Korea Health Technology
R&D Project, Ministry of Health & Welfare, Republic of Korea [HI16C1501], a
grant of the Korea Health Technology R&D Project through the Korea Health
Industry Development Institute (KHIDI), by the National Research Foundation
of Korea (NRF) grant funded by the Korea government (2014R1A5A2009242),
and by Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education (NRF2016R1D1A1A02936968).

9.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

10.

11.

12.

Ethics approval and consent to participate
This study was approved by our institutional ethics committee.

13.

Consent for publication
Publication is approved by all authors and tacitly or explicitly by the
responsible authorities where the work was carried out.

14.

Competing interests
The authors declare that they have no competing interests.
15.
Author details
1
Department of Nuclear Medicine, School of Medicine, Kyungpook National
University, Daegu, Republic of Korea. 2Department of Obstetrics and
Gynecology, School of Medicine, Kyungpook National University, Daegu,
Republic of Korea. 3Department of Radiation Oncology, School of Medicine,
Kyungpook National University, Daegu, Republic of Korea. 4Department of
Nuclear Medicine, Kyungpook National University Hospital, 130 Dongdeok-ro,
Jung-gu, Daegu 41944, Republic of Korea. 5Department of Nuclear Medicine,
School of Medicine, Kyungpook National University Chilgok Hospital, 807,
Hoguk-ro, Buk-gu, Daegu 41404, Republic of Korea. 6Department of
Obstetrics and Gynecology, School of Medicine, Kyungpook National
University Chilgok Hospital, 807, Hoguk-ro, Buk-gu, Daegu 41404, Republic of
Korea. 7Department of Radiation Oncology, Kyungpook National University
Chilgok Hospital, 807 Hoguk-ro, Buk-gu, Daegu 41404, Republic of Korea.

16.

17.
18.

19.

Received: 12 March 2019 Accepted: 13 June 2019
20.
References
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer
statistics. CA Cancer J Clin. 2011;61(2):69–90.
2. Grigsby PW. The prognostic value of PET and PET/CT in cervical cancer.
Cancer Imaging. 2008;8:146–55.
3. Liang Y, Li X, Wan H, Fang Y, Zheng R, Zhang W, Liu Y, Chen C, Wu N.
Prognostic value of volume-based metabolic parameters obtained by 18FFDG-PET/CT in patients with locally advanced squamous cell cervical
carcinoma. J Comput Assist Tomogr. 2018;42(3):429–34.
4. Park SH, Cheon H, Chong GO, Jeong SY, Lee JE, Kang MK, Kim MY, Lee JW,
Park J, Kim JC. Prognostic significance of residual lymph node status after
definitive chemoradiotherapy in patients with node-positive cervical cancer.
Gynecol Oncol. 2018;148(3):449–55.
5. Lee YY, Choi CH, Kim CJ, Kang H, Kim TJ, Lee JW, Lee JH, Bae DS, Kim BG.
The prognostic significance of the SUVmax (maximum standardized uptake
value for F-18 fluorodeoxyglucose) of the cervical tumor in PET imaging for
early cervical cancer: preliminary results. Gynecol Oncol. 2009;115(1):65–8.
6. Chong GO, Jeong SY, Park SH, Lee YH, Lee SW, Hong DG, Kim JC, Lee YS,
Cho YL. Comparison of the prognostic value of F-18 pet metabolic
parameters of primary tumors and regional lymph nodes in patients with
locally advanced cervical Cancer who are treated with concurrent
Chemoradiotherapy. PLoS One. 2015;10(9):e0137743.
7. Pirog EC. Cervical adenocarcinoma: diagnosis of human papillomaviruspositive and human papillomavirus-negative tumors. Arch Pathol Lab Med.
2017;141(12):1653–67.

21.

22.

23.

24.

25.

Chong GO, Lee YH, Han HS, Lee HJ, Park JY, Hong DG, Lee YS, Cho YL.
Prognostic value of pre-treatment human papilloma virus DNA status in
cervical cancer. Gynecol Oncol. 2018;148(1):97–102.
Wang CC, Lai CH, Huang HJ, Chao A, Chang CJ, Chang TC, Chou HH, Hong
JH. Clinical effect of human papillomavirus genotypes in patients with
cervical cancer undergoing primary radiotherapy. Int J Radiat Oncol Biol
Phys. 2010;78(4):1111–20.
Burger RA, Monk BJ, Kurosaki T, Anton-Culver H, Vasilev SA, Berman ML,
Wilczynski SP. Human papillomavirus type 18: association with poor
prognosis in early stage cervical cancer. J Natl Cancer Inst. 1996;88(19):
1361–8.
Bachtiary B, Obermair A, Dreier B, Birner P, Breitenecker G, Knocke TH, Selzer
E, Potter R. Impact of multiple HPV infection on response to treatment and
survival in patients receiving radical radiotherapy for cervical cancer. Int J
Cancer. 2002;102(3):237–43.
Munagala R, Dona MG, Rai SN, Jenson AB, Bala N, Ghim SJ, Gupta RC.
Significance of multiple HPV infection in cervical cancer patients and its
impact on treatment response. Int J Oncol. 2009;34(1):263–71.
Kaliff M, Sorbe B, Mordhorst LB, Helenius G, Karlsson MG, Lillsunde-Larsson
G. Findings of multiple HPV genotypes in cervical carcinoma are associated
with poor cancer-specific survival in a Swedish cohort of cervical cancer
primarily treated with radiotherapy. Oncotarget. 2018;9(27):18786–96.
Pilch H, Gunzel S, Schaffer U, Tanner B, Brockerhoff P, Maeurer M, Hockel M,
Hommel G, Knapstein PG. The presence of HPV DNA in cervical cancer:
correlation with clinico-pathologic parameters and prognostic significance:
10 years experience at the Department of Obstetrics and Gynecology of the
Mainz University. Int J Gynecol Cancer. 2001;11(1):39–48.
Li P, Tan Y, Zhu LX, Zhou LN, Zeng P, Liu Q, Chen MB, Tian Y. Prognostic
value of HPV DNA status in cervical cancer before treatment: a systematic
review and meta-analysis. Oncotarget. 2017;8(39):66352–9.
Chong GO, Lee WK, Jeong SY, Park SH, Lee YH, Lee SW, Hong DG, Kim JC,
Lee YS. Prognostic value of intratumoral metabolic heterogeneity on F-18
fluorodeoxyglucose positron emission tomography/computed tomography
in locally advanced cervical cancer patients treated with concurrent
chemoradiotherapy. Oncotarget. 2017;8(52):90402–12.
Morgan J. Classication and regression tree analysis. In: Technical Report;
2014.
Barlin JN, Zhou Q, St Clair CM, Iasonos A, Soslow RA, Alektiar KM, Hensley
ML, Leitao MM Jr, Barakat RR, Abu-Rustum NR. Classification and regression
tree (CART) analysis of endometrial carcinoma: seeing the forest for the
trees. Gynecol Oncol. 2013;130(3):452–6.
Son SH, Jeong SY, Chong GO, Lee YH, Park SH, Lee CH, Hong CM, Jeong JH,
Lee SW, Ahn BC, 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(9):e296–303.
Guler OC, Torun N, Yildirim BA, Onal C. Pretreatment metabolic tumour
volume and total lesion glycolysis are not independent prognosticators for
locally advanced cervical cancer patients treated with chemoradiotherapy.
Br J Radiol. 2018:91(1084);20170552.
Crivellaro C, Signorelli M, Guerra L, De Ponti E, Buda A, Dolci C, Pirovano C,
Todde S, Fruscio R, Messa C. 18F-FDG PET/CT can predict nodal metastases
but not recurrence in early stage uterine cervical cancer. Gynecol Oncol.
2012;127(1):131–5.
Cima S, Perrone AM, 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(3):575–80.
Castle PE, Hillier SL, Rabe LK, Hildesheim A, Herrero R, Bratti MC, Sherman
ME, Burk RD, Rodriguez AC, Alfaro M, et al. An association of cervical
inflammation with high-grade cervical neoplasia in women infected with
oncogenic human papillomavirus (HPV). Cancer Epidemiol Biomark Prev.
2001;10(10):1021–7.
Groves AM, Shastry M, Rodriguez-Justo M, Malhotra A, Endozo R, Davidson
T, Kelleher T, Miles KA, Ell PJ, Keshtgar MR. (1)(8)F-FDG PET and biomarkers
for tumour angiogenesis in early breast cancer. Eur J Nucl Med Mol
Imaging. 2011;38(1):46–52.
Kunos C, Radivoyevitch T, Abdul-Karim FW, Faulhaber P. 18F-fluoro-2-deoxyD-glucose positron emission tomography standard uptake value ratio as an
indicator of cervical cancer chemoradiation therapeutic response. Int J
Gynecol Cancer. 2011;21(6):1117–23.

Hong et al. Cancer Imaging

(2019) 19:43

26. Schwarz JK, Siegel BA, Dehdashti F, Grigsby PW. Association of posttherapy
positron emission tomography with tumor response and survival in cervical
carcinoma. JAMA. 2007;298(19):2289–95.
27. Herrington CS. Do HPV-negative cervical carcinomas exist?--revisited. J
Pathol. 1999;189(1):1–3.
28. Banister CE, Liu C, Pirisi L, Creek KE, Buckhaults PJ. Identification and
characterization of HPV-independent cervical cancers. Oncotarget. 2017;8(8):
13375–86.
29. Fule T, Csapo Z, Mathe M, Tatrai P, Laszlo V, Papp Z, Kovalszky I. Prognostic
significance of high-risk HPV status in advanced cervical cancers and pelvic
lymph nodes. Gynecol Oncol. 2006;100(3):570–8.
30. Hang D, Jia M, Ma H, Zhou J, Feng X, Lyu Z, Yin J, Cui H, Yin Y, Jin G, et al.
Independent prognostic role of human papillomavirus genotype in cervical
cancer. BMC Infect Dis. 2017;17(1):391.
31. Ikenberg H, Sauerbrei W, Schottmuller U, Spitz C, Pfleiderer A. Human
papillomavirus DNA in cervical carcinoma--correlation with clinical data and
influence on prognosis. Int J Cancer. 1994;59(3):322–6.
32. Kang WD, Kim CH, Cho MK, Kim JW, Cho HY, Kim YH, Choi HS, Kim SM.
HPV-18 is a poor prognostic factor, unlike the HPV viral load, in patients
with stage IB-IIA cervical cancer undergoing radical hysterectomy. Gynecol
Oncol. 2011;121(3):546–50.
33. Bourgioti C, Chatoupis K, Moulopoulos LA. Current imaging strategies for
the evaluation of uterine cervical cancer. World J Radiol. 2016;8(4):342–54.
34. Bhosale P, Peungjesada S, Devine C, Balachandran A, Iyer R. Role of
magnetic resonance imaging as an adjunct to clinical staging in cervical
carcinoma. J Comput Assist Tomogr. 2010;34(6):855–64.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

