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Abstract
Objective To develop a risk stratification model based on the International Federation of Gynecology and Obstetrics (FIGO) 
staging combined with squamous cell carcinoma antigen (SCC-Ag) for the classification of patients with cervical squamous 
cell carcinoma (CSCC) into different risk groups.
Methods We retrospectively reviewed the data of 664 women with stage IIA–IVB CSCC according to the 2018 FIGO staging 
system who received definitive radiotherapy from March 2013 to December 2017 at the department of radiation oncology 
of Sun Yat-sen University Cancer Center. Cutoff values for continuous variables were estimated using receiver operating 
characteristic curve analysis. Using recursive partitioning analysis (RPA) modeling, overall survival was predicted based on 
the prognostic factors determined via Cox regression analysis. The predictive performance of the RPA model was assessed 
using the consistency index (C-index). Intergroup survival differences were determined and compared using Kaplan–Meier 
analysis and the log-rank test.
Results Multivariate Cox regression analysis identified post-treatment SCC-Ag (< 1.35 ng/mL and > 1.35 ng/mL; hazard 
ratio (HR), 4.000; 95% confidence interval (CI), 2.911–5.496; P < 0.0001) and FIGO stage (II, III, and IV; HR, 2.582, 95% 
CI, 1.947–3.426; P < 0.0001) as the independent outcome predictors for overall survival. The RPA model based on the 
above prognostic factors divided the patients into high-, intermediate-, and low-risk groups. Significant differences in overall 
survival were observed among the three groups (5-year overall survival: low vs. intermediate vs. high, 91.3% vs. 76.7% vs. 
29.5%, P < 0.0001). The predictive performance of the RPA model (C-index, 0.732; 95% CI, 0.701–0.763) was prominently 
superior to that of post-treatment SCC-Ag (C-index, 0.668; 95% CI, 0.635–0.702; P < 0.0001) and FIGO stage (C-index, 
0.663; 95% CI, 0.631–0.695; P < 0.0001).
Conclusions The RPA model based on FIGO staging and post-treatment SCC-Ag can predict the overall survival of patients 
with CSCC, thereby providing a guide for the formulation of risk-adaptive treatment and individualized follow-up strategies.

Keywords Cervical squamous cell carcinoma · Squamous cell carcinoma antigen · FIGO stage · Risk stratification · 
Recursive partitioning analysis

Introduction

Globally, cervical cancer was the fourth leading cause of 
death among women in 2018 (Bray et al. 2018). The most 
common factors responsible for cervical cancer are stage, 
tumor size, lymph node status, depth of tumor invasion, and 
lymphovascular space invasion (Peters et al. 2000). Owing 
to the differences in the coverage of screening and preven-
tive measures, there is a noticeable geographic variation in 
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the incidence of cervical cancer. Cervical cancer is the third 
leading cause of cancer-associated death among women in 
mid-to-low income countries, which was seldom the case 
among women in high-income countries. Similarly, owing 
to discrepancies in proper management and follow-up, there 
is also a geographical variation in the disease's mortality 
rate. According to surveys, since the mid-1970s, the sur-
vival rate of the cervical cancer has been static, which pri-
marily suggests the lack of significant treatment progress 
for patients with recurrent and metastatic diseases (Bray 
et al. 2018; Siegel et al. 2020; Torre et al. 2016). In a sense, 
early diagnosis of recurrence and timely salvage treatment 
may improve patients’ quality of life, prolong their life and 
improve the survival rate on a large scale. As a result, it is 
important to find an economical and sensitive way of moni-
toring this disease.

Approximately 75% of invasive cervical cancer cases are 
squamous cell carcinomas (Small et al. 2017). Emerging 
alongside the squamous formation of the uterine cervix, 
squamous cell carcinoma antigen (SCC-Ag) is elevated 
when the squamous epithelium of the cervix is neoplasti-
cally transformed (Maruo et al. 1998). In 28–88% of cervical 
squamous cell carcinoma (CSCC) cases, there is an increase 
in serum SCC-Ag levels, indicating that SCC-Ag could serve 
as an important biomarker for cervical cancer (Ohara et al. 
2002; Dasari et al. 2015). Previous studies have reported that 
as a crucial indicator, SCC-Ag can help physicians in out-
come prognosis, treatment decision-making, and recurrence 
detection (Liu and Shi 2019; Wang et al. 2019; Markovina 
et al. 2018).

Despite the extensive application of pre- and post-treat-
ment serum SCC-Ag measurements for cervical cancer in 
clinical settings, there is no validated and consistent tool 
to help physicians judge whose disease is cured and who 
potentially faces possible recurrence. The official guidelines 
do not mention the likely scenarios for conducting adjuvant 
therapy. Therefore, most physicians use FIGO staging, imag-
ing examination, SCC-Ag, tumor response rate, and cumula-
tive experience for decision-making.

The present study developed a risk model for patients 
with cervical cancer who received radiotherapy and chemo-
therapy or radiotherapy alone to identify groups that may 
benefit from adjuvant therapy and establish more appropriate 
follow-up strategies.

Materials and methods

In the present retrospective observational study, 664 women 
diagnosed with IIA–IVB CSCC who received definitive 
radiotherapy from March 2013 to December 2017 at the 
Department of Radiation Oncology of Sun Yat-sen Univer-
sity Cancer Center were enrolled.

The inclusion criteria were as follows: (a) histologically 
diagnosed with stage IIA–IVB CSCC of the FIGO 2018 
classification; (Bhatla et al. 2019) (b) thoracic and abdomi-
nal computed tomography (CT), pelvic magnetic resonance 
imaging (MRI), and positron emission tomography (PET)/
CT assessment of lymph node status and tumor extension; 
and (c) primary management by a combination of definitive 
radiotherapy (with or without chemotherapy) and brachy-
therapy. The exclusion criteria were as follows: (a) patients 
with adenosquamous carcinoma, adenocarcinoma, small cell 
carcinoma, and other histological types of cervical cancer; 
(b) those without key data, such as serum SCC-Ag levels 
acquired before or after treatment and tumor size; and (c) 
those with a Karnofsky performance status of < 70.

All patients underwent external beam radiotherapy 
alone or in combination with chemotherapy and subsequent 
brachytherapy once a week (28 Gy delivered in four frac-
tions or 30 Gy delivered in five fractions). The 5-week exter-
nal beam radiotherapy was conducted by intensity-modu-
lated radiation therapy (IMRT) or volumetric modulated arc 
therapy (VMAT), where the overall dosage was 45–60 Gy 
in 25 fractions. A radiation boost was delivered for those 
suspected of pelvic node involvement upon radioimaging, 
typically at a dose of10 Gy in five fractions.

A group of patients (407) received chemotherapy for dif-
ferent reasons and regimens. The neoadjuvant and adjuvant 
chemotherapy regimens included TP (docetaxel 75–100 mg/
m2 d1 plus cisplatin 80–100 mg/m2 d1-2, q3w, 1–3 cycles) 
and FP (5-fluorouracil 300–500 mg/m2, d1-5 plus cisplatin 
80–100 mg/m2 d1-2, q3w, 1–3 cycles). The concurrent 
chemotherapy regimens comprised cisplatin (50 mg/m2, d1, 
qw, 4–6 cycles or 80 mg/m2, d1-2, q3w, 2 cycles), nedaplatin 
(80 mg/m2, q3w, 2 cycles), TP (docetaxel 75 mg/m2 d1 plus 
cisplatin 80 mg/m2 d1-2, q3w, 2 cycles), and FP (5-fluoro-
uracil 300 mg/m2, d1-5 plus cisplatin 80 mg/m2 d1-2, q3w, 
2 cycles), with inconsistent doses and cycles.

Pre-treatment imaging examination (MRI, CT, or PET/
CT) or CT simulation images before delineating the radio-
therapy target volume revealed metastasis to the pelvic or 
para-aortic lymph node. Tumor size was defined as the long-
est diameter measured on MRI, CT, PET/CT, or physical 
examination before the initial treatment.

After completing the primary treatment, relapses in the 
vagina, cervix, uterus, and parametria were deemed as local 
recurrence; lesions in the lymph node (aortic or pelvic) 
were considered regional recurrence; and distant metastasis 
included recurrences in any distant organ or lymph node 
such as the lungs, brain, bone, and supraclavicular lymph 
nodes.

For every patient, pre-treatment levels of SCC-Ag 
were measured at diagnosis or before initial treatment. 
After finishing the curative treatment, post-treatment 
SCC-Ag was measured at approximately 4–8  weeks. 
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Electrochemiluminescence immunoassay was performed for 
measuring serum SCC-Ag levels using a commercial ECLIA 
kit (Roche Diagnostics, Mannheim, Germany), where the 
upper normal limit was set at 1.5 ng/mL.

Overall survival, the primary study endpoint, was meas-
ured from treatment commencement to the final follow-up 
or the date of death from any cause. Progression-free sur-
vival, the secondary study endpoint, referred to a period 
from the initial therapy date to the date of local recurrence 
or metastasis.

Overall survival and progression-free survival were deter-
mined using the Kaplan–Meier approach combined with the 
log-rank test. Cutoff values for pre- and post-treatment SCC-
Ag and tumor size were determined using the area under 
the ROC curve (AUC) analysis. Prognostic predictors were 
identified using Cox regression models by estimating hazard 
ratio (HR) and 95% confidence interval (CI). Age, FIGO 
overall stage, regional lymph node metastasis, tumor size, 
pre-treatment SCC-Ag, post-treatment SCC-Ag and treat-
ment modality are included in the univariate analysis. On 
the other hand, the FIGO stage, post-treatment SCC-Ag, 
and recursive partitioning analysis (RPA) risk groups were 
differentiated by comparing Harrell's index of concordance 
(C-index). Incorporating FIGO stage and post-treatment 
SCC-Ag into a risk stratification model, the low-, interme-
diate-, and high-risk patients were classified using RPA.

Data were analyzed using R 4.1.2 plus SPSS 26.0 (SPSS 
Inc., Chicago, USA). All P values were double-tailed, and 
differences were considered significant when P < 0.05.

Results

The detailed characteristics of the 664 patients with CSCC 
are presented in Table 1. The median duration of follow-
up was 53.7 (IQR 40.9–68.7 months). Patients with FIGO 
stage III accounted for 63.9% of the population. The 5-year 
overall survival rate and corresponding 95% CI was 70.2% 
(66.5–73.9%) and that of stage II, III, and IV was 88.5% 
(83.2–93.8%), 69.5% (64.8–74.2%), and 22.4% (9.5–35.3%), 
respectively. Overall, 184 (37.7%) patients died during 
the follow-up period owing to any causes. In 190 (28.6%) 
relapsed patients, 35 (5.3%) had local recurrence, 40 (6.0%) 
had regional relapse, and 115 (17.3%) had distant metastasis.

Before the treatment, the median tumor size was 4.8 (IQR 
3.9–5.6 cm). To differentiate the risks, the cutoff values for 
primary tumor size of 4.05 cm (sensibility, 79.3% and speci-
ficity, 38.5%) were derived using the ROC curve, in which 
the AUC was 0.619 (95% CI, 0.572–0.665; P < 0.0001) 
(Fig. 1c).

The median pre-treatment SCC-Ag level was 7.9 (IQR 
2.6–25.0  ng/mL), whereas the median post-treatment 
SCC-Ag level was 0.8 (IQR 0.5–1.2 ng/mL). A prominent 

increase in post-treatment SCC-Ag level was observed with 
FIGO stage progression (0.75 ng/mL at stage II, 0.9 ng/
mL at stage III, and 5.6 ng/mL at stage IV; P < 0.0001); 
however, the pre-treatment SCC-Ag level did not increase 
with the stages (31.7 ng/mL at stage II, 9.8 ng/mL at stage 
III, and 16.35 ng/mL at stage IV; P < 0.0001). Similarly, 

Table 1  Patients characteristics

FIGO, International Federation of Gynecology and Obstetrics; SCC-
Ag, squamous cell carcinoma antigen; RT, radiotherapy; NACT, neo-
adjuvant therapy; ACT, adjuvant therapy; CCRT, concurrent chemo-
radiotherapy.

Variables (n = 664)

Age (median [IQR]) 56[50, 63]
FIGO Stage (%)
 II 177 (26.7)
  IIA1 32(4.8)
  IIA2 14(2.2)
  IIB 131(19.7)

 III 424(63.9)
  IIIA 25(3.8)
  IIIB 80(12.0)
  IIIC1r 278(41.9)
  IIIC2r 41(6.2)

 IV 63(9.5)
  IVA 23(3.5)
  IVB 40(6.0)

Regional lymph node involvement (%)
 Negative 300 (45.2)
 Positive 364 (54.8)

Tumor size (cm)(median [IQR]) 4.8 [3.9, 5.6]
 < 4.05(%) 223(33.6)
 > 4.05(%) 441(66.4)

Pre-treatment SCC-Ag (ng/mL) (median [IQR]) 7.9 [2.6, 25.0]
 < 19.25(%) 468(70.5)
 > 19.25(%) 196(29.5)

Post-treatment SCC-Ag (ng/mL) (median [IQR]) 0.8 [0.5, 1.2]
 < 1.35(%) 528 (79.5)
 > 1.35(%) 136 (20.5)

Status (%)
 Alive 480 (72.3)
 Died for any cause 184 (27.7)

Follow-up time (months) (median [IQR]) 53.7 [40.9, 68.7]
Relapse (%) 190(28.6)
 Local 35(5.3)
 Regional 40(6.0)
 Distant 115(17.3)

Treatment modality (%)
 RT 257(38.7)
 RT + NACT/ACT 119(17.9)
 CCRT 145(21.8)
 CCRT + NACT/ACT 143(21.5)
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cutoff determination for pre- and post-treatment SCC-Ag 
was accomplished using the ROC curve for predicting sur-
vival so as to select the optimal SCC-Ag cutoff value for risk 
discrimination. The AUC was 0.626 (95% CI, 0.572–0.665; 
P < 0.0001) and 0.696 (95% CI, 0.648–0.744; P < 0.0001) 
for pre- and post-treatment SCC-Ag. Accordingly, the cut-off 
levels were 19.25 ng/mL (sensibility, 45.7% and specificity, 
76.7%) and 1.35 ng/mL (sensibility, 45.7% and specificity, 
89.2%), respectively (Fig. 1a and b).

In univariate Cox regression analysis, post-treatment 
SCC-Ag (HR, 5.185; 95% CI, 3.865–6.957; P < 0.0001) 
was the foremost prognostic predictor for overall survival 
among the CSCC population, followed by FIGO stage (HR, 
3.656; 95% CI, 2.805–4.765; P < 0.0001), pre-treatment 
SCC-Ag (HR, 2.294; 95% CI, 1.716–3.066; P < 0.0001), 
regional metastasis to the lymph nodes (HR, 2.162; 95% CI, 
1.577–2.965; P < 0.0001), and tumor size (HR, 2.122; 95% 
CI, 1.485–3.033; P < 0.0001) (Supplementary Table S1). 
In multivariate Cox regression analysis, FIGO stage (HR, 
2.582; 95% CI, 1.947–3.426; P < 0.0001) and post-treatment 
SCC-Ag (HR, 4.000; 95% CI, 2.911–5.496; P < 0.0001) 
(Supplementary Table S1), which were included in the RPA 
model, were the most significant predictors (Fig. 2).

The RPA model stratified the patients into three different 
groups: low-, intermediate-, and high-risk groups. In terms 
of survival rates, the 5-year overall survival rate of these 
three groups was 91.3% (95% CI, 86.0–96.6%), 76.7% (95% 
CI, 71.8–81.6%), and 29.5% (95% CI, 20.3–38.7%), respec-
tively. Further, the 5-year overall survival rate of post-treat-
ment SCC-Ag < 1.35 ng/mL and > 1.35 ng/mL was 78.7% 
(95% CI, 74.8–82.6%) and 37.7% (95% CI, 29.5–45.9%) 
and that of FIGO stage II, III, and IV was 88.5% (95% CI, 
83.2–93.8%), 88.5% (95% CI, 83.2–93.8%), and 22.4% (95% 
CI, 9.5–35.3%), respectively (Fig. 3 and Supplementary 
Table S2).

There was noticeable insulation of survival rates using 
the Kaplan–Meier approach in each prognostic group. The 
RPA groups had a more segregated hazard gap than either 
stage or post-treatment SCC-Ag alone (low-risk: reference; 
intermediate-risk: 3.107, 95% CI, 1.652–5.841; and high-
risk: 16.064, 95% CI, 8.585–30.057) (Fig. 3 and Supple-
mentary Table S2).

The C-index for overall survival was 0.732 (95% CI, 
0.701–0.763) in the RPA risk group, which was significantly 
increased from that for post-treatment SCC-Ag (0.668; 95% 
CI, 0.635–0.702; P < 0.0001) and FIGO stage (0.663; 95% 
CI, 0.631–0.695; P < 0.0001) alone (Table 2).

Among the 664 patients, 257 (38.7%) completed defini-
tive radiotherapy without concomitant chemotherapy, 
while the remaining 407 (61.3%) patients received differ-
ent chemotherapy regimens before, during, or after radio-
therapy. Among the patients who received chemotherapy, 
145 (21.8%) received concurrent chemoradiotherapy, 134 
(21.5%) received concurrent chemoradiotherapy and neo-
adjuvant chemotherapy/adjuvant chemotherapy, and 119 
(17.9%) received radiotherapy and neoadjuvant chemother-
apy/adjuvant chemotherapy (Table 1).

In the RPA risk groups, the low-risk group had a higher 
number of patients (76/150, 50.7%) who received only defin-
itive radiotherapy. In contrast, compared to the other two 
groups, a considerable number of patients in the high-risk 
group (37/142, 26.1%) received concurrent chemoradio-
therapy, which was almost similar to the number of patients 
receiving concurrent chemoradiotherapy and neoadjuvant 
chemotherapy/adjuvant chemotherapy (39/142, 27.5%) 
(Supplementary Table S3). In terms of the effect of thera-
peutic modality on overall survival, the risk groups had radi-
cally different performances. Insignificant differences were 
observed among the treatment modes for the low-risk group 
(Fig. 4a and d and Supplementary Figure S1a). However, 

Fig. 1  Receiver operating curves for post-treatment (a) and pre-treatment (b) SCC-Ag level and tumor size (c) in predicting overall survival in 
CSCC patients
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the patients in the intermediate-risk group receiving simul-
taneous chemoradiotherapy exhibited prominently superior 
overall survival compared with those receiving radiotherapy 
(P = 0.038) (Fig. 4b and e). In contrast, the prognosis of con-
current chemoradiotherapy followed by neoadjuvant chemo-
therapy preceded that of other chemotherapy regimens in 
the high-risk group and was particularly better than that of 
radiotherapy (P = 0.000) and concurrent chemoradiotherapy 
(P = 0.026) (Fig. 4c and f).

Fig. 2  Risk classification tree by RPA. RPA, recursive partitioning analysis; OS, overall survival; CI, confidence interval

Fig. 3  The Kaplan–Meier curves of overall survival by a FIGO stage, b post-SCC, c RPA group. FIGO, International Federation of Gynecology 
and Obstetrics; post-SCC, post-treatment squamous cell carcinoma antigen; RPA, recursive partitioning analysis

Table 2  Comparison of the c-index of the RPA groups, post-treat-
ment SCC-Ag, and FIGO stage

FIGO, International Federation of Gynecology and Obstetrics; RPA, 
recursive-partitioning analysis.

Risk group C-index (95% CI) P value

RPA risk group 0.732 (0.701–0.763) Ref
Post-treatment SCC-Ag 0.668 (0.635–0.702)  < 0.0001
FIGO stage 0.663 (0.631–0.695)  < 0.0001
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Discussion

Our study identified that post-treatment SCC-Ag has a poten-
tially more significant relationship with overall survival 
than pre-treatment SCC-Ag, whose high expression signi-
fied worse survival, particularly when the value was higher 
than 1.35 ng/mL. We performed multivariate Cox regression 
analysis to identify the most influential factors—FIGO 2018 
stage and post-treatment SCC-Ag, making further efforts to 
develop an RPA risk model by combining FIGO stage and 
post-treatment SCC-Ag to stratify patients into the high-, 
intermediate-, and low-risk groups. The model had prefer-
able prediction and discrimination efficiency for overall sur-
vival compared with either parameter.

Previous studies have verified the close relationship 
between SCC-Ag and the outcomes of patients with CSCC. 
A meta-analysis selected 17 articles and concluded that high 
SCC-Ag expression is linked to poor prognosis of patients 
with CSCC (Liu and Shi 2019). However, it did not discuss 
the SCC-Ag levels at different time points. Some studies 
have reported the close relationship between pre-treatment 
SCC-Ag and the risk of death and recurrence (Guo et al. 
2020; Choi et  al. 2018). However, in this study, prob-
ably because of differences in measuring timing points or 
restriction of sample size, pre-treatment SCC-Ag was not 
considered an outcome predictor via Cox regression analy-
sis. Some other studies have reported the prognostic role 
of post-treatment SCC-Ag (Wang et al. 2019; Benito et al. 
2021; Salvatici et al. 2016). Benito et al. (2021) detailed the 
prophetic role of post-treatment SCC-Ag. They analyzed 447 

patients with cervical cancer with IB2-IVA and identified 
that post-treatment SCC-Ag ≥ 1.2 ng/mL is an independent 
risk predictor for patients with cervical cancer with local 
advancement through multivariate Cox regression analysis 
(HR, 1.95; 95% CI, 1.11–3.44; P = 0.02); this indicates that 
those with post-treatment SCC-Ag of ≥ 1.2 ng/mL exhibit 
poor overall survival, similar to our findings.

According to the latest version (2022) of the National 
Comprehensive Cancer Network guidelines for cervical 
cancer (Abu-Rustum et al. 2022), the most recommended 
primary treatment for surgically inappropriate patients with 
cervical cancer with local advancement is individualized 
external beam radiotherapy and simultaneous Pt-contain-
ing chemotherapy with subsequent brachytherapy. However, 
the administration of pre-radiotherapy neoadjuvant chemo-
therapy or/and post-radiotherapy adjuvant chemotherapy 
remains controversial. For patients with distant metastasis, 
that is, FIGO stage IVB, most studies have reported that 
systemic treatment comprising Pt-containing chemotherapy, 
immunotherapy, and targeted therapy should be considered 
the mainstream treatment and that individualized radiother-
apy should be selected as a complementary treatment (Abu-
Rustum et al. 2022; Cohen et al. 2019; Dyer et al. 2019; 
Marquina et al. 2018). da Costa et al. (2019) conducted a 
phase II clinical trial and concluded that the survival benefit 
of concurrent chemoradiotherapy and neoadjuvant chemo-
therapy (gemcitabine and cisplatin) had worse efficacy 
than chemoradiotherapy alone for managing patients with 
cervical cancer with local advancement and that toxicities 
were more common. However, this study lacked subgroup 

Fig. 4  The Kaplan–Meier curves and the paired comparisons of over-
all survival by different treatment protocols in RPA low-risk (a, d), 
intermediate-risk (b, e), and high-risk (c, f) group. RPA, recursive 

partitioning analysis; RT, radiotherapy; NACT, Neoadjuvant therapy; 
CCRT, concurrent chemoradiotherapy
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analysis based on tumor size, lymph node diameter, or some 
other prognostic factors. Yavas et al. (2019) and Yuan et al. 
(2022) recommend adjuvant chemotherapy after simultane-
ous chemoradiotherapy for patients with locally advanced 
cervical cancer (LACC). The former claimed that adjuvant 
chemotherapy could improve both disease-free survival 
(DFS) and overall survival of patients with LACC and the 
latter showed that for patients with pelvic lymph node-posi-
tive CSCC, 3-year DFS can be increased without increasing 
side effects.

However, Kou et al. (2022) disagreed with this view 
because they found that adjuvant chemotherapy was 
not beneficial for the prognosis of patients and possibly 
led to a higher risk of side effects. A prospective study 
(NCT02036164) (Tangjitgamol et al. 2019; Tovanabutra 
et al. 2021) also indicated that adjuvant chemotherapy in 
combination with concurrent chemoradiotherapy could not 
improve the response rate or survival benefits of patients 
with LACC without para-aortic lymph node enlargement. 
The results of ongoing or forthcoming large-scale clinical 
trials are warranted (i.e., ACTRN12610000732088) to verify 
these views.

The present study explored the effect of each treatment 
regimen on each RPA group. We conclude that the patients 
in the low-risk group can choose any type of treatment if the 
adverse effects are not taken into consideration. Therefore, 
radiotherapy alone is enough for these patients, which could 
spare the toxicity of chemotherapy without worrying about 
its effects on prognosis and can help clinical physicians 
make treatment decisions. For the intermediate- and high-
risk groups, adjuvant chemotherapy did not have an effect 
on survival rates at a statistical level. However, because one 
of the prognostic factors is post-treatment SCC-Ag, this 
prediction model cannot provide suggestions for the tim-
ing of receiving neoadjuvant chemotherapy or concurrent 
chemotherapy.

Furthermore, a previous study has reported that enhance-
ment in the recurrence detection sensitivity (49.1% vs. 
88.7%, P < 0.001) was attained by introducing SCC-Ag 
determination into the guideline-recommended protocol 
of follow-up (Oh et al. 2016). Compared with conventional 
imaging examination, physical examination, and pathologi-
cal biopsy, SCC-Ag level was more accessible and afford-
able during the long-term follow-up period. For the patients 
in the low-risk group, the frequency of follow-up can suit-
ably reduce while it can increase for those in the high-risk 
group, which can rationally allocate and considerably save 
scarce imaging resources and relieve patients' burden, par-
ticularly in developing countries.

To the best of our knowledge, the present study is the 
first and largest of its kind that combines tumor markers 
and stages to develop a risk prediction and stratification 

tool for treatment and follow-up decisions for patients 
with CSCC. Nevertheless, it has some limitations. First, 
some parameters are inevitable, such as sample selection 
bias, variety of treatment modalities, and sorting of crucial 
data. Second, internal and external data validation was not 
conducted owing to the limited sample size and source. 
Lastly, the post-treatment SCC-Ag cutoff value remains 
to be affirmed in a future study.

The RPA model constructed in the present study sug-
gests that adjuvant chemotherapy is unnecessary for 
patients in the low-risk group. Although it could not assist 
physicians in developing treatment regimens for high- and 
intermediate-risk groups before therapy, it inspires us to 
conduct future investigations to identify more advanta-
geous treatment methods in the corresponding subgroup, 
which is beneficial for designing future clinical trials.

Furthermore, by relying on the stratification ability of 
the RPA model and the role of serum SCC-Ag in follow-
up, doctors can establish different surveillance strategies 
for diverse risk groups. For example, high-risk patients 
should be paid more attention to and monitored more 
frequently and strictly, whereas low-risk patients could 
decrease their frequency of reexamination, which would 
be a more rational and cost-effective approach.

In conclusion, post-treatment SCC-Ag and FIGO stage 
are the most meaningful predictive factors for survival. 
We built a simple and convenient model by integrating 
the post-treatment SCC-Ag and FIGO stage to efficiently 
stratify patients with CSCC. This model can assist phy-
sicians in preparing optimal treatment and surveillance 
schedules after primary treatment and will make it easier 
to promote and be widely used in clinical settings. In the 
future, we will conduct further studies aiming at the weak-
nesses of the present study.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00432- 022- 04558-1.

Author contributions XC and YO contributed to the study conception 
and design. LH and LH contributed to the material preparation. Data 
collection and analysis were performed by YL, JL and JK. The figures 
and tables making were performed by FC and XH. The first draft of 
the manuscript was written by LS and was revised by XC. All authors 
commented on previous versions of the manuscript. All authors read 
and approved the final manuscript.

Funding This study was supported by grants from the National Natural 
Science Foundation of China (81972430).

 Data availability The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

https://doi.org/10.1007/s00432-022-04558-1


6006 Journal of Cancer Research and Clinical Oncology (2023) 149:5999–6007

1 3

Ethics approval The present study was approved by the Ethical Com-
mittee of Sun Yat-sen University Cancer Center (Protocol No. B2022–
331–01). Clinical investigations were performed following the princi-
ples of the Declaration of Helsinki.

Consent to participate Informed consent for data analysis was waived.

Consent to publish None.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Abu-Rustum NR, Yashar CM, Bradley K (eds) et al (2022) National 
Comprehensive Cancer Networks (NCCN) clinical practice guide-
lines in oncology for cervical cancer (Version 1.2022): National 
Comprehensive Cancer Networks. https:// www. nccn. org

Benito V, Lubrano A, Perez-Regadera JF et al (2021) Postreatment 
squamous cell carcinoma antigen as a survival prognostic fac-
tor in patients with locally advanced cervical cancer. A Spanish 
multicenter study. The SEGO Spain-GOG group. Gynecol Oncol 
162(2):407–412. https:// doi. org/ 10. 1016/j. ygyno. 2021. 06. 005

Bhatla N, Berek JS, Cuello Fredes M et al (2019) Revised FIGO staging 
for carcinoma of the cervix uteri. Int J Gynaecol Obstet 145(1):129–
135. https:// doi. org/ 10. 1002/ ijgo. 12749

Bray F, Ferlay J, Soerjomataram I et al (2018) Global cancer statistics 
2018: GLOBOCAN estimates of incidence and mortality worldwide 
for 36 cancers in 185 countries. CA Cancer J Clin 68(6):394–424. 
https:// doi. org/ 10. 3322/ caac. 21492

Choi KH, Lee SW, Yu M et al (2019) Significance of elevated SCC-
Ag level on tumor recurrence and patient survival in patients with 
squamous-cell carcinoma of uterine cervix following definitive 
chemoradiotherapy: a multi-institutional analysis. J Gynecol Oncol 
30(1):e1. https:// doi. org/ 10. 3802/ jgo. 2019. 30. e1

Cohen PA, Jhingran A, Oaknin A et al (2019) Cervical cancer. The Lan-
cet 393(10167):169–182. https:// doi. org/ 10. 1016/ s0140- 6736(18) 
32470-x

da Costa SCS, Bonadio RC, Gabrielli FCG et al (2019) Neoadjuvant 
chemotherapy with cisplatin and gemcitabine followed by chemora-
diation versus chemoradiation for locally advanced cervical cancer: 
a randomized phase II trial. J Clin Oncol 37(33):3124–3131. https:// 
doi. org/ 10. 1200/ JCO. 19. 00674

Dasari S, Wudayagiri R, Valluru L (2015) Cervical cancer: biomarkers 
for diagnosis and treatment. Clin Chim Acta 445:7–11. https:// doi. 
org/ 10. 1016/j. cca. 2015. 03. 005

Dyer BA, Zamarin D, Eskandar RN et al (2019) Role of immunotherapy 
in the management of locally advanced and recurrent/metastatic cer-
vical cancer. J Natl Compr Canc Ne 17(1):91–97. https:// doi. org/ 10. 
6004/ jnccn. 2018. 7108

Guo Q, Zhu J, Wu Y et al (2020) Predictive value of preoperative 
serum squamous cell carcinoma antigen (SCC-Ag) level on tumor 
recurrence in cervical squamous cell carcinoma patients treated 

with radical surgery: a single-institution study. Eur J Surg Oncol 
46(1):131–138. https:// doi. org/ 10. 1016/j. ejso. 2019. 08. 021

Kou L, Zhang T, Yang X et al (2022) Role of adjuvant chemotherapy after 
concurrent chemoradiotherapy in patients with locally advanced 
cervical cancer. Future Oncol 18(16):1917–2015. https:// doi. org/ 
10. 2217/ fon- 2021- 0818

Liu Z, Shi H (2019) Prognostic role of squamous cell carcinoma antigen 
in cervical cancer: a meta-analysis. Dis Markers 2019:6710352. 
https:// doi. org/ 10. 1155/ 2019/ 67103 52

Markovina S, Wang S, Henke LE et al (2018) Serum squamous cell car-
cinoma antigen as an early indicator of response during therapy of 
cervical cancer. Br J Cancer 118(1):72–78. https:// doi. org/ 10. 1038/ 
bjc. 2017. 390

Marquina G, Manzano A, Casado A (2018) Targeted agents in cervical 
cancer: beyond bevacizumab. Curr Oncol Rep 20:5. https:// doi. org/ 
10. 1007/ s11912- 018- 0680-3

Maruo T, Yoshida S, Samoto T et al (1998) Factors regulating SCC anti-
gen expression in squamous cell carcinoma of the uterine cervix. 
Tumour Biol 19(6):494–504. https:// doi. org/ 10. 1159/ 00003 0043

Oh J, Lee HJ, Lee TS et al (2016) Clinical value of routine serum squa-
mous cell carcinoma antigen in follow-up of patients with locally 
advanced cervical cancer treated with radiation or chemoradiation. 
Obstet Gynecol Sci 59(4):269–278. https:// doi. org/ 10. 5468/ ogs. 
2016. 59.4. 269

Ohara K, Tanaka Y, Tsunoda H et al (2002) Assessment of cervical 
cancer radioresponse by serum squamous cell carcinoma antigen 
and magnetic resonance imaging. Obstet Gynecol 100(4):781–787. 
https:// doi. org/ 10. 1016/ s0029- 7844(02) 02204-4

Peters WA, Liu PY, Barrett RJ et al (2000) Concurrent chemotherapy 
and pelvic radiation therapy compared with pelvic radiation therapy 
alone as adjuvant therapy after radical surgery in high-risk early-
stage cancer of the cervix. J Clin Oncol 18(8):1606–1613. https:// 
doi. org/ 10. 1200/ Jco. 2000. 18.8. 1606

Salvatici M, Achilarre MT, Sandri MT et al (2016) Squamous cell car-
cinoma antigen (SCC-Ag) during follow-up of cervical cancer 
patients: role in the early diagnosis of recurrence. Gynecol Oncol 
142(1):115–119. https:// doi. org/ 10. 1016/j. ygyno. 2016. 04. 029

Siegel RL, Miller KD, Jemal A (2020) Cancer statistics, 2020. CA Cancer 
J Clin 70(1):7–30. https:// doi. org/ 10. 3322/ caac. 21590

Small W Jr, Bacon MA, Bajaj A et al (2017) Cervical cancer: A global 
health crisis. Cancer 123(13):2404–2412. https:// doi. org/ 10. 1002/ 
cncr. 30667

Tangjitgamol S, Tharavichitkul E, Tovanabutra C et al (2019) A rand-
omized controlled trial comparing concurrent chemoradiation ver-
sus concurrent chemoradiation followed by adjuvant chemotherapy 
in locally advanced cervical cancer patients: ACTLACC trial. J 
Gynecol Oncol 30(4):e82. https:// doi. org/ 10. 3802/ jgo. 2019. 30. e82

Torre LA, Siegel RL, Ward EM et al (2016) Global cancer incidence 
and mortality rates and trends—an update. Cancer Epidemiol Bio-
markers Prev 25(1):16–27. https:// doi. org/ 10. 1158/ 1055- 9965. 
EPI- 15- 0578

Tovanabutra C, Asakij T, Rongsriyam K et al (2021) Long-term out-
comes and sites of failure in locally advanced, cervical cancer 
patients treated by concurrent chemoradiation with or without 
adjuvant chemotherapy: ACTLACC trial. Asian Pac J Cancer Prev 
22(9):2977–2985. https:// doi. org/ 10. 31557/ APJCP. 2021. 22.9. 2977

Wang W, Liu X, Hou X et al (2019) Posttreatment squamous cell car-
cinoma antigen predicts treatment failure in patients with cervical 
squamous cell carcinoma treated with concurrent chemoradio-
therapy. Gynecol Oncol 155(2):224–228. https:// doi. org/ 10. 1016/j. 
ygyno. 2019. 09. 003

Yavas G, Yavas C, Sen E et al (2019) Adjuvant carboplatin and paclitaxel 
after concurrent cisplatin and radiotherapy in patients with locally 
advanced cervical cancer. Int J Gynecol Cancer 29(1):42–47. https:// 
doi. org/ 10. 1136/ ijgc- 2018- 000022

http://creativecommons.org/licenses/by/4.0/
https://www.nccn.org
https://doi.org/10.1016/j.ygyno.2021.06.005
https://doi.org/10.1002/ijgo.12749
https://doi.org/10.3322/caac.21492
https://doi.org/10.3802/jgo.2019.30.e1
https://doi.org/10.1016/s0140-6736(18)32470-x
https://doi.org/10.1016/s0140-6736(18)32470-x
https://doi.org/10.1200/JCO.19.00674
https://doi.org/10.1200/JCO.19.00674
https://doi.org/10.1016/j.cca.2015.03.005
https://doi.org/10.1016/j.cca.2015.03.005
https://doi.org/10.6004/jnccn.2018.7108
https://doi.org/10.6004/jnccn.2018.7108
https://doi.org/10.1016/j.ejso.2019.08.021
https://doi.org/10.2217/fon-2021-0818
https://doi.org/10.2217/fon-2021-0818
https://doi.org/10.1155/2019/6710352
https://doi.org/10.1038/bjc.2017.390
https://doi.org/10.1038/bjc.2017.390
https://doi.org/10.1007/s11912-018-0680-3
https://doi.org/10.1007/s11912-018-0680-3
https://doi.org/10.1159/000030043
https://doi.org/10.5468/ogs.2016.59.4.269
https://doi.org/10.5468/ogs.2016.59.4.269
https://doi.org/10.1016/s0029-7844(02)02204-4
https://doi.org/10.1200/Jco.2000.18.8.1606
https://doi.org/10.1200/Jco.2000.18.8.1606
https://doi.org/10.1016/j.ygyno.2016.04.029
https://doi.org/10.3322/caac.21590
https://doi.org/10.1002/cncr.30667
https://doi.org/10.1002/cncr.30667
https://doi.org/10.3802/jgo.2019.30.e82
https://doi.org/10.1158/1055-9965.EPI-15-0578
https://doi.org/10.1158/1055-9965.EPI-15-0578
https://doi.org/10.31557/APJCP.2021.22.9.2977
https://doi.org/10.1016/j.ygyno.2019.09.003
https://doi.org/10.1016/j.ygyno.2019.09.003
https://doi.org/10.1136/ijgc-2018-000022
https://doi.org/10.1136/ijgc-2018-000022


6007Journal of Cancer Research and Clinical Oncology (2023) 149:5999–6007 

1 3

Yuan Y, You J, Li X et al (2022) Adjuvant chemotherapy after radiother-
apy or concurrent chemoradiotherapy for pelvic lymph node-positive 
patients with locally advanced cervical cancer: a propensity score 
matching analysis. Int J Gynecol Cancer 32(1):21–27. https:// doi. 
org/ 10. 1136/ ijgc- 2020- 001230

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

https://doi.org/10.1136/ijgc-2020-001230
https://doi.org/10.1136/ijgc-2020-001230

	Establishment of a risk stratification model based on the combination of post-treatment serum squamous cell carcinoma antigen levels and FIGO stage of cervical cancer for treatment and surveillance decision-making
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Discussion
	Anchor 11
	References




