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Abstract

Objective: The objective is to investigate the factors that can predict early treatment response in patients receiving concurrent
chemoradiotherapy (CCRT) for cervical cancer.

Methods: We assessed clinical factors and treatment response in patients who underwent CCRT for cervical cancer at four
time points: initial, 2.5 weeks, 6 weeks after starting CCRT, and 3 months after completing CCRT. The final treatment response
was determined by positron emission tomography-computed tomography (PET-CT) 3 months after completion of CCRT.
Patients were divided into two groups according to the final treatment response: complete response (CR) group or non-CR
group. And the early CCRT response prediction model was developed using stepwise multivariate logistic regression analysis.

Results: Of the 62 patients who underwent CCRT for cervical cancer, 57 patients who completed all 4 time points ex-
aminations were included in the analyses and classified as CR (n = 32) and non-CR (n = 25) group. Tumor volume and serum
squamous cell carcinoma antigen (SCC Ag) of the initial, 2.5 weeks, and 6 weeks after CCRT were significantly associated with
the final treatment response. For the early treatment response prediction model, we selected patient age, tumor volume, and
SCC Ag measured at initial and 2.5 weeks of CCRT as variables, and the equation of the final model was yielded. Using a cutoff of
0.433, this model had a sensitivity of 72.0%, a specificity of 84.4%, and a probability of 0.8225 (P < .0001).

Conclusion: Short-term (at 2.5 weeks after starting CCRT) measurements of tumor volume and serum SCC Ag were
significant predictors of response to CCRT in patients with cervical cancer.
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Introduction

Concurrent chemoradiotherapy (CCRT) is regarded as the de-
finitive standard treatment for patients with locally advanced
cervical cancer.1,2 Overall response rates to cisplatin-based CCRT
are over 90%,3,4 and 3-year disease-free survival (DFS) rates have
been reported to range from 65% to 75%.5,6 However, 30% to
50% of cervical cancer patients who receive CCRT experience
treatment failure,7 with locoregional recurrence being the main
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cause of failure.7,8 Large tumor size and lymph node involvement
are factors contributing to recurrence.7

Salvage treatment options are generally ineffective in
patients who experience treatment failure after definitive
CCRT.9,10 Therefore, early prediction of treatment failure can
provide a window to escalate treatment, such as intensification
of radiation dose, addition of other chemotherapeutic agents,
or enrollment in clinical trials.9-11 Moreover, discontinuation
of ineffective treatment can reduce associated toxicity and
morbidity.12

Magnetic resonance imaging (MRI) was found to be op-
timal in the radiologic assessment of cervical cancer, playing
significant roles in initial staging, as well as guiding primary
treatment and evaluating treatment response.13 Moreover, the
serum concentration of squamous cell carcinoma antigen
(SCC Ag), a biomarker of cervical cancer, has been used to
predict outcomes and responses to therapy, as well as to detect
early recurrence during posttreatment surveillance.11,14

The present study was designed to identify potential
markers predicting the failure of CCRT in patients with
cervical cancer and to determine whether a combination of
MRI and SCC Ag measurement could predict early treatment
failure in cervical cancer patients treated with CCRT.

Materials and Methods

The study protocol was approved by the institutional review
board of the Catholic University of Korea St. Vincent’s
Hospital, which waived the requirement for informed consent
due to the retrospective nature of the study (VC17RESI0154).
The reporting of this study conforms to the reporting rec-
ommendations for tumor marker prognostic studies (RE-
MARK) guidelines.15

Patients and Tumor Characteristics

This retrospective study enrolled patients with histologically
confirmed squamous cell carcinoma of the uterine cervix who
were scheduled to receive definitive CCRT between July 2012
and December 2016 at our hospital. Clinical data were col-
lected from patients’ electronic medical records, with all
patient data anonymized to maintain patient confidentiality.
Each patient was staged according to the criteria of the In-
ternational Federation of Gynecology and Obstetrics
(FIGO).16 Patients were included if they were aged ≥21 years,
had FIGO stage IB2 to IVA tumors, and had no history of prior
chemotherapy or radiotherapy.

CCRT Treatment

All patients were treated with a combination of concurrent
radiotherapy and chemotherapy. Radiotherapy consisted of
computed tomography (CT)-guided external beam radio-
therapy (EBRT) and intracavitary high-dose-rate brachy-
therapy (ICR). The total dose of EBRT delivered to the whole

pelvis was 50 Gy, in doses of 2 Gy/day, five days per week for
5 weeks. Chemotherapy consisted of 50 mg/m2 cisplatin once
weekly for four or five weeks. At the end of EBRT, ICR was
initiated at a dose of 5 Gy delivered to point A, defined ac-
cording to the guidelines of the American Brachytherapy
Society,17 twice weekly for 3 weeks, for a total dose of 30 Gy.
Patients completed CCRT within 8 weeks.

Evaluation of Treatment Response

All patients underwent positron emission tomography-
computed tomography (PET-CT) at two time points: before
initiation of CCRT to evaluate nodal and/or extrapelvic tu-
mors, and 3 months after the completion of CCRT to evaluate
the final response to treatment. Patients underwent MRI, and
the concentrations of tumor markers (SCC Ag and CEA) were
measured, at four time points: before initiation of CCRT
(baseline), 2.5 weeks and 6 weeks after starting treatment, and
3 months after completing CCRT. Response to CCRT was
determined by assessing tumor volumes measured by MRI 3D
volumetry at these time points. All MRIs were performed
using a 3.0-T MRI scanner (Siemens Magnetom Verio,
Achieva 3.0 T, Philips Healthcare, The Netherlands), with a
16-channel torso phased-array body coil. Two radiologists
independently evaluated the longest tumor diameter based on
T2-weighted images at maximal and, after comparing their
results, reached consensus. Tumor volume was calculated by
multiplying the longest horizontal, vertical, and height di-
ameters, and π/6.18 Serum SCC Ag was measured by im-
munoradiometric assay using the ARCHITECT SCC Reagent
Kit (Abbott Diagnostics, Chicago, IL, USA). Clinical re-
sponses based on PET-CT scans performed 3 months after the
end of CCRTwere determined using the Response Evaluation
Criteria in Solid Tumors (RECIST) 1.1 criteria.19 Responses
were classified as complete response (CR), partial response
(PR), stable disease (SD) or progressive disease (PD). Patients
were divided into two groups, those who achieved CR and
those who did not, with the non-CR group including patients
with PR, PD, and SD.

Statistical Analysis

Continuous variables were expressed as mean and standard
deviation (SD) and compared using unpaired two-sample Stu-
dent’s t-tests, whereas categorical variables were expressed as
numbers and percentages and compared using chi-square tests.
Variables associated with CR were evaluated by logistic re-
gression analysis, with the resulting predictive model validated
by receiver operating characteristics (ROC) curve analysis.

Interobserver and intra-observer agreements were assessed
by calculating intra-class correlation coefficients (ICCs) with
95% confidence internals (CI). Statistical analyses were
performed using SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA.). A two-sided P-value < .05 was defined as sta-
tistically significant.
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Results

Patients and Tumor Characteristics

Of the 62 patients enrolled in this study, five were excluded
because follow-up clinical evaluations were incomplete. The
characteristics of the 57 included patients are summarized in
Table 1. PET-CT scans performed 3 months after the end of
CCRT showed that 32 (56.1%) patients achieved CR, whereas
25 (43.9%) did not; this non-CR group included 22 (38.6%)
patients who achieved PR and three (5.3%) with SD or PD.

Prior to treatment, the mean tumor volume was 32.8 cm3 in
the CR group and 73.1 cm3 in the non-CR group (P = .035).

The percentage of patients with more advanced FIGO stage
was significantly higher in the non-CR group (P = .024).
Histological grade (P > .999) and the incidence of lymphatic
metastasis (P = .183) did not differ significantly in these two
groups.

Early CCRT Response Prediction Model: The CCRT
Complete Response Index

The early CCRT response prediction model was developed
using stepwise multivariate logistic regression analysis. Only
clinical variables that are routinely measured and correlated

Table 1. Demographic and Clinical Characteristics of Patients in the CR and Non-CR Groups.

Factor Total (N = 57) CR Group (n = 32) Non-CR Group (n = 25) P

Age 59.1 (13.2) 56.5 (12.6) 62.4 (13.3) .091
BMI, kg/m2 24.2 (4.74) 25.3 (5.5) 22.9 (3.2) .066
Hypertension 16 (28.1%) 9 (28.1%) 7 (28.0%) >.999
Diabetes 6 (10.5%) 4 (12.5%) 2 (8.0%) .686
FIGO stage .024
IB2 6 (10.5%) 6 (18.8%) 0
II 38 (66.7%) 22 (68.8%) 16 (64.0%)
III 4 (7.0%) 2 (6.3%) 2 (8.0%)
IVA 9 (15.8%) 2 (6.3%) 7 (28.0%)

Differentiation >.999
Well 13 (22.8%) 7 (21.9%) 6 (24.0%)
Moderate 38 (66.7%) 21 (65.6%) 17 (68.0%)
Poor 1 (1.8%) 1 (3.1%) 0
Not available 5 (8.8%) 3 (9.4%) 2 (8.0%)

Lymph node metastasisa 30 (52.6%) 14 (43.8%) 16 (64.0%) .183
Tumor volume, cm3

Initial 50.5 (54.9) 32.8 (24.5) 73.1 (72.8) .035
CCRT 2.5 wksb 9.5 (16.2) 3.5 (5.2) 17.2 (21.6) <.001
CCRT 6 wksb 4.3 (11.0) 0.9 (2.2) 8.7 (15.5) <.001

SCC Ag, ug/ml
Initial 14.4 (19.2) 9.5 (14.9) 20.8 (22.4) .010
CCRT 2.5 wksb 8.7 (14.2) 4.9 (8.3) 13.5 (18.4) .003
CCRT 6 wksb 1.85 (2.0) 1.3 (0.9) 2.5 (2.6) .017

Initial laboratory findings
White blood cells,/μL 8197.6 (2117.6) 7693.0 (2232.3) 8803.2 (1835.1) .052
Hemoglobin, g/dL 12.0 (1.8) 12.4 (1.6) 11.5 (1.9) .066
Hematocrit, % 35.7 (4.9) 36.6 (4.2) 34.6 (5.5) .125
CEA, ng/mL 5.3 (6.2) 6.1 (7.5) 4.2 (3.9) .303

Clinical response 3 months after completion of CCRT
Complete response 32 (56.1%) 32 (100%) 0
Partial response 22 (38.6%) 0 22 (88.0%)
Stable disease or disease progression 3 (5.3%) 0 3 (12.0%)

Footnote: All values are expressed as the mean (SD) or number (%).
CR, complete response; BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; SCC Ag, squamous cell carcinoma antigen; CEA,
carcinoembryonic antigen; CCRT, concurrent chemoradiotherapy.
aPositive on radiologic workup at the time of initial diagnosis.
b2.5 wks and 6 wks indicate the time points from the initiation of CCRT.
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with CCRToutcomes were selected for the development of the
prediction model. The variables showing the highest corre-
lation with the outcome of CCRTand predictable at the earliest
time point were selected. These variables included tumor
volumes and SCC Ag concentrations at baseline (initial) and

2.5 weeks after starting CCRT (Table 2). Age was also entered
into the model as a demographic characteristic and as a fixed
variable, and all other variables were sequentially entered into
the model using the forward likelihood ratio method (Table 3).
The logit value derived from the final model for each subject
was calculated, and the probability for CR, which was cal-
culated from the logit value, was called the CCRT CR index
(CCRT CRI). Using this index, ROC curve analysis was
performed, and the area under the curve (AUC) was calculated
(Figure 1). Because the optimal cutoff point for CCRT CRI

Table 2. Univariate Analysis of the Clinical Variables.

Predictive Variable Beta Wald Value OR (95% CI) P

Initial tumor volume 0.019 5.319 1.019 (1.003–1.036) .021
Initial SCC Ag 0.035 4.143 1.036 (1.001–1.072) .042
Tumor volume at 2.5 wks of CCRTa 0.121 6.370 1.128 (1.027–1.239) .012
SCC Ag at 2.5 wks of CCRTa 0.068 3.429 1.070 (0.996–1.150) .064
Tumor volume at 6 wks of CCRTa 0.247 4.119 1.280 (1.008–1.624) .042
SCC Ag at 6 wks of CCRTa 0.532 4.393 1.702 (1.035–2.800) .036
FIGO stage (III-IVA vs IB2-II) 1.371 4.089 3.937 (1.043–14.863) .043

Footnote: OR, odds ratio; SCCAg, squamous cell carcinoma antigen; CCRT, concurrent chemoradiotherapy; FIGO, International Federation of Gynecology and
Obstetrics.
a2.5 wks and 6 wks indicate the time points from the initiation of CCRT.

Table 3. The AUC Values of ROC Curves for Prediction Models for Complete Response Determined 3 Months after Completing CCRT.

Predictive Model Crude Model Age Adjusted Model

Initial TV, initial SCC 0.695 (0.550-0.840) 0.785 (0.666-0.904)
2.5 wks TV, 2.5 wks SCCa 0.780 (0.660-0.900) 0.818 (0.705-0.930)
6 wks TV, 6 wks SCCa 0.785 (0.658-0.912) 0.814 (0.701-0.927)
Initial TV, initial SCC, 2.5 wks TV, 2.5 wks SCCa 0.778 (0.656-0.899) 0.823 (0.711-0.934)
Initial TV, initial SCC, 2.5 wks TV, 2.5 wks SCC, stagea 0.778 (0.656-0.899) 0.821 (0.710-0.932)
Initial TV, initial SCC, 6 wks TV, 6 wks SCCa 0.814 (0.700-0.928) 0.831 (0.725-0.938)
Initial TV, initial SCC, 6 wks TV, 6 wks SCC, stagea 0.804 (0.687-0.920) 0.828 (0.720-0.935)

Footnote: CCRT, concurrent chemoradiotherapy; TV, tumor volume; SCC, squamous cell carcinoma antigen. The AUC values were presentd with the 95% CI.
a2.5 wks and 6 wks indicate the time points from the initiation of CCRT.

Figure 1. Receiver operating characteristics (ROC) curve analysis
of CCRT complete response index (CCRT CRI).

Table 4. Sensitivity, Specificity, Positive Predictive Value, Negative
Predictive Value, and Accuracy at Various Cutoff Points for CCRT
CRI.

Cutoff Youden Sensitivity Specificity PPV NPV Accuracy

≥0.1 1.03 1.00 0.03 1.00 0.03 0.46
≥0.2 1.27 0.96 0.31 0.96 0.31 0.60
≥0.3 1.40 0.84 0.56 0.84 0.56 0.68
≥0.4 1.50 0.72 0.78 0.72 0.78 0.75
≥0.5 1.48 0.60 0.88 0.60 0.88 0.75
≥0.6 1.36 0.48 0.88 0.48 0.88 0.70
≥0.7 1.28 0.40 0.88 0.40 0.88 0.67
≥0.8 1.29 0.32 0.97 0.32 0.97 0.68
≥0.9 1.04 0.04 1.00 0.04 1.00 0.58

Footnote: CCRT CRI, concurrent chemoradiotherapy complete response
index; PPV, positive predictive valuel; NPV, negative predictive value.
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was dependent on the purpose and setting of its use, changes in
sensitivity, specificity, positive predictive value (PPV), neg-
ative predictive value (NPV), and accuracy were assessed as
the CCRT CRI increased from 0.1 to 0.9 in 0.1 unit steps,
rather than determining a single optimal cutoff value for
CCRT CRI (Table 4). External validation of the final model
yielded the equation: Logit_model = �4.5767 + 0.0515 (age) +
0.00572 (initial tumor volume) - 0.00043 (initial SCC Ag
concentration) + 0.0373 (tumor volume at 2.5 weeks) +
0.00297(SCC Ag at 2.5 weeks). Using a cutoff of 0.4339, this
model had a sensitivity of 72.0% and a specificity of 84.4%, with
ROC curve analysis confirming a probability of 0.8225 (P <
.0001).

Discussion

The standard treatment for locally advanced cervical cancer is
CCRT followed by brachytherapy. It has been recommended
that the entire treatment course be completed within 8 weeks to
avoid treatment failure.1,2 Response to treatment is evaluated
3 months after the end of CCRT20 or 19–20 weeks after the start
of treatment.2 During this time, however, patients who do not
respond well to CCRT may miss the opportunity to receive an
effective alternative treatment and may be exposed to toxicity
and morbidity from unnecessary treatment. Therefore, early
prediction of response to CCRT is important for optimizing
treatment of poor responders.9,10,21 Completion hysterectomy
after chemoradiation, although not widely performed, may
enhance survival in patients with residual disease after
CCRT.22-24 The OUTBACK trial (NCT01414608), an ongoing
international randomized phase III trial, is expected to deter-
mine the efficacy and toxicity of adjuvant chemotherapy fol-
lowing CCRT.

The present study evaluated the ability of a combination of
MRI 3D volumetry and serum SCC Ag concentration to
predict response to CCRT. Several studies have assessed the
optimal timing of MRI to measure tumor volume or tumor
regression rate during CCRT as a predictor of treatment
outcome. For example, tumor regression rate, as determined
by sequential MRI measurements of tumor volumetry 4–
5 weeks after the start of radiation treatment (40–50 Gy), was
shown to be a sensitive method of assessing response to ra-
diation therapy.21,25-27 Although earlier prediction can im-
prove the ability to choose an appropriate alternative
treatment, measuring the tumor regression rate at an earlier
time point, 2–2.5 weeks after the start of treatment (20–
24 Gy), showed inconsistent results. Tumor regression rate
measured at 2–2.5 weeks did not correlate with treatment
response or local recurrence rate, perhaps because morpho-
logic changes in tumors in response to CCRT occur later than
changes at the cellular/molecular level.25,27 In contrast, an-
other study found that both tumor volume and tumor re-
gression rate after 2–2.5 weeks of radiotherapy could predict
local control and disease specific survival rate, although

results after 4–5 weeks of treatment were better predictors of
these outcomes.21

Inclusion of serum SCC Ag concentration in the algorithm
improved the accuracy of predicting CR after 2–2.5 weeks of
radiotherapy. SCC Ag is an important biomarker of cervical
cancer,28 with elevated serum SCC Ag level being associated
with advanced tumor stage, larger tumor size, lymphovascular
and regional nodal involvement, and deep stromal involve-
ment.29 Pre- and posttreatment SCC Ag concentrations, as
well as its rate of reduction during CCRT, are useful predictors
of treatment failure or survival outcomes in patients with
cervical cancer.30-34 For example, normalization of serum
SCC levels at the end of RT or a >70% reduction in con-
centration at 4 weeks correlated significantly with CR in
patients with elevated pretreatment levels of serum SCC.35

Moreover, failure of serum SCC Ag to normalize to < 2.2 ng/
mL, after 4 weeks of CCRTwas shown to be an early indicator
of positive posttreatment FDG-PET.11 However, the ability of
SCC Ag after 2–2.5 weeks of CCRT to predict CR has not yet
been determined. The present study found that serum SCC Ag
concentrations measured before treatment and after 2.5 weeks
of CCRT correlated with CR rate 3 months after the end of
treatment. A review of 304 patients with cervical SCC treated
with CCRT found that the recurrence-free survival rates in
patients with pretreatment SCC Ag levels <4 ng/mL and
≥4 ng/mL were 80.2% and 56.6%, respectively (P <
.001).36 In addition, overall survival rates were lower and rates
of local, regional, and distant metastases were higher in pa-
tients with elevated SCC Ag levels.36 Higher pretreatment
SCC Ag levels were also found to be associated with para-
aortic lymph node relapse after CCRT.37 Pretreatment SCCAg
levels have also been used to stratify risk in patients with
cervical cancer.38,39 For example, an SCC Ag concentration
> 2 ng/mL was found to be an independent risk factor for
distant failure. Patients with SCC Ag concentration <2 ng/mL,
stage IB-IIB disease, and negative lymph nodes were found to
have a 5-year distant relapse-free survival rate of 83%,
whereas those with SCC Ag > 2 ng/mL, stage III disease, and
positive lymph nodes had a 5-year distant relapse-free survival
rate of 43%.39 Moreover, pretreatment SCC Ag level was
shown to be independently prognostic of distant recurrence
and was incorporated into a nomogram predicting the prob-
ability of distant recurrence within 5 years.38

The present study found that tumor volume and tumor
marker concentrations were factors associated with outcomes
after initiation of CCRT. Treatment response 3 months after
the end of CCRT correlated with tumor volume and serum
SCC Ag at initial and 2.5 weeks of CCRT. According to our
Logit model, a cutoff value of 0.4339 yielded a sensitivity of
72.0% and a specificity of 84.4%. ROC curve analysis con-
firmed an AUC of 0.8225. These results were very close to the
predicted value at the post-CCRT time point.

This Logit model may predict early treatment failure in
patients treated with CCRT for cervical cancer. The ability to
predict treatment response before the end of treatment has
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several advantages, as well as suggesting another potential
marker for prediction of CCRT failure in patients with locally
advanced cervical cancer.

This study had several limitations. First, the number of
included patients was relatively small, suggesting the need for
additional studies and target groups to improve the ability of
the model to predict CR. Second, this study included only
patients with the squamous cell type of cervical cancer,
suggesting the need for studies on patients with other types of
cervical cancer. Third, this predictive model was unable to
clearly delineate a treatment modality for patients resistant to
radiation therapy.
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