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Objective: The aim of this study was to explore whether adjuvant chemotherapy could 
improve prognosis for cervical cancer patients with elevated pretreatment serum squamous- 
cell carcinoma antigen (SCC-Ag).
Methods: Propensity-score matching and inverse probability of treatment weighting (IPTW) 
were used to ensure balanced groups for patients with (arm A) and without adjuvant 
chemotherapy (arm B). All patients were treated between January 2012 and 
December 2014 at a single center. Study outcomes were disease-free survival (DFS) and 
overall survival (OS).
Results: In total, 81 patients were included in this study. By propensity-score matching, 35 
patients were included in each group (arm A and arm B). Median follow-up was 60 months 
in arm A and 66 months in arm B. Overall, 85.7% of patients in arm A and 71.4% of those in 
arm B received adjuvant radiotherapy. DFS and OS curves were similar between arms A and 
B (P=0.971 and 0.633, respectively). With IPTW, arm A was not associated with prognosis in 
terms of DFS (HR 0.946, 95% CI 0.237–3.784; P=0.938) or OS (HR 1.020, 95%CI 0.357–
2.913; P=0.970).
Conclusion: For patients with elevated pretreatment SCC-Ag, adjuvant chemotherapy was 
not found to improve prognosis. Also, a considerable proportion of these patients had 
postoperative indications for adjuvant radiotherapy. For these cervical cancer patients with 
elevated pretreatment SCC-Ag, the choice of radical hysterectomy and adjuvant chemother
apy should be prudent.
Keywords: adjuvant chemotherapy, cervical cancer, oncologic outcomes, serum squamous- 
cell carcinoma antigen

Introduction
Histologically, the most common type of uterine cervical cancer is squamous-cell 
carcinoma, which accounts for approximately 80% of all uterine cervical cancers.1,2 

Serum SCCantigen (SCC-Ag) is a kind of tumor-associated antigens related 
to SCC.

The clinical significance and role of SCC-Ag prognosis in squamous cervical 
cancer have been explored and reported in many previous studies. Elevated pre
treatment and/or posttreatment SCC-Ag levels have been found to be associated 
with worse survival.2–6
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In 2018, a systematic review and meta-analysis was 
performed to pool the association effects of serum 
SCC-Ag on recurrence and mortality in patients with 
squamous-cell cervical cancer, and patients with elevated 
pretreatment serum SCC-Ag were at higher risk of mor
tality and recurrence of newly diagnosed cervical cancer.5 

Moreover, in 2019 Liu et al reviewed relevant studies 
published until June 2018, and found that elevated serum 
SCC-Ag was related to poor prognosis in terms of both 
disease-free survival (DFS) and overall survival (OS).4 

However, serum SCC-Ag is not documented in current 
guidelines or in routine clinical use for patients with cer
vical cancer.2

In some studies, adjuvant chemotherapy has been 
reported to improve prognosis for some patients with 
cervical cancer.7,8 However, it is unclear whether adjuvant 
chemotherapy can improve prognosis of these patients 
with elevated pretreatment SCC-Ag.2

The aim of this preliminary study was to explore 
whether adjuvant chemotherapy could improve the prog
nosis of these cervical cancer patients with elevated pre
treatment SCC-Ag.

Methods
Inclusion criteria were International Federation of 
Gynecology and Obstetrics (FIGO) 2009 stage IB-IIA, 
surgery performed between January 2012 and 
December 2014, radical hysterectomy with lymphadenect
omy, and histological confirmation of SCC with elevated 
pretreatment serum SCC-Ag. Patients with other histolo
gical types of cervical cancer and those with normal SCC- 
Ag were excluded.

Serum SCC-Ag levels were measured with 
a chemiluminescent microparticle using an Architect 
i2000SR (IMX; Abbott Diagnostics, Chicago, IL, USA). 
As recommended by the manufacturer, the cutoff level was 
established at 1.5 ng/mL. In our hospital, the measurable 
range of SCC-Ag is 0–70 ng/mL. The pretreatment SCC- 
Ag level was determined at the time of cervical cancer 
diagnosis.

Two experienced gynecological oncologists deter
mined the clinical stage of each case according to the 
FIGO 2009 stage system. Standard radical hysterectomy 
(Piver type III hysterectomy) involves resection of para
metrial tissue close to the pelvic wall and the upper third 
or half of the vagina to ensure negative margins and 
surgical thoroughness.9 Histological diagnosis was con
firmed by at least two pathologists. For patients with 

FIGO stage IB and IIA squamous cervical cancer who 
chose to undergo primary surgery, the standard treatment 
was radical hysterectomy plus bilateral pelvic lymph- 
node dissection with (or without) para-aortic lymph- 
node dissection and with (or without) 
adjuvant radiation. Adjuvant radiation was indicated if 
pathological risk factors were identified. Chemotherapy 
provided before/after surgery or after radiotherapy, was 
defined as adjuvant chemotherapy.

Information collected from medical records for analysis 
was age, clinical stage, serum SCC-Ag, pathological results, 
treatment modality, and oncological outcomes.

Statistical Analysis
Propensity-score matching was used to select patients, 
improving the quality of the results reported. Propensity- 
matched comparison attempts to estimate the effect of 
a treatment by accounting for possible factors that predict 
receipt of treatment, thus reducing possible selection 
biases. Factors used for matching in our study were SCC- 
Ag, lymph-node metastasis, parametrium invasion, and 
surgical margin status. Patients undergoing adjuvant che
motherapy were matched 1:1 with a cohort of women not 
receiving adjuvant chemotherapy using a caliper width 
≤0.03 SD of the logit odds of the estimated propensity 
score. Inverse probability of treatment weighting (IPTW) 
was also used10 to capture information from patients who 
otherwise would have been discarded by 1:1 matching.

Categorical variables are summarized in frequency 
tables and continuous variables presented as 
medians (range). Frequency distributions were compared 
using χ2 with Fisher’s exact test and median values using 
nonparametric tests.

DFS was calculated from the date of surgery to the date 
of first recurrence or last follow-up in patients, and OS as 
the date of death or last contact. All follow-up information 
was censored following March 1, 2019. Survival curves 
were calculated using the Kaplan–Meier method and com
pared using the log-rank test. Data were analyzed using 
SPSS 23 (IBM, Armonk, NY, USA), Prism 7 (GraphPad 
Software, San Diego, CA), and RStudio 1.1.463. P<0.05 
was considered statistically significant using the two-tailed 
hypothesis.

Results
The patient-selection flowchart is shown in Figure 1. After 
screening and matching, 35 patients were included in each 
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group: adjuvant therapy (arm A) and no adjuvant therapy 
(arm B).

The median ages of patients in arms A and B were 44 
and 46 years, respectively, with no significant difference 
between the two groups (P=0.061). The median pretreat
ment SCC-Ag level of patients was 3.8 ng/mL in arm 
A and 2.7 ng/mL in arm B, with no significant difference 
between two groups (P=0.117). The proportion of patients 
with FIGO stage IIA in arm A was significantly higher 
than in arm B (28.6% vs 2.9%, P=0.003). There was no 
significant difference between the groups in terms of the 
proportion of patients undergoing the different surgical 
procedures (transabdominal or laparoscopic radical hyster
ectomy (P=0.231).

Table 1 shows postoperative pathological high-risk and 
intermediate-risk factors information for the two groups. 
Patients with positive pelvic nodes, positive surgical mar
gin, and/or positive parametrium were considered high- 
risk.6 Owing to the application of a propensity-matching 
algorithm, baseline characteristics and high risks were 
similar between the groups. Sedlis criteria consider 

stromal invasion, lymphatic space involvement, and pri
mary tumor size intermediate risk factors.7 For tumor size, 
the proportion of patients with tumor diameter >4 cm in 
arm A was significantly higher than arm B (P=0.001). The 
proportion of patients with stromal invasion depth of 
≥50% in arm A was significantly higher than arm 
B (P=0.034). Regarding adjuvant radiotherapy, 85.7% 
and 71.4% of patients in arms A and B received adjuvant 
radiotherapy, respectively, and proportions in the two 
groups were not significantly different. Regarding adju
vant chemotherapy in arm A, 14 patients received neoad
juvant chemotherapy before surgery, 14 adjuvant 
chemotherapy after surgery, and seven chemotherapy 
both before and after surgery (Figure 2).

The median follow-up time of patients was 60 months 
in arm A and 66 months in arm B. Clinical characteristics 
of patients with relapse are shown in Table 2. DFS and OS 
curves (Figure 3), were not significantly different between 
the groups (P=0.971 and 0.633, respectively). DFS at 3 
years was 91% in both arms. OS at 3 years was 91% and 
94%, in arms A and B, respectively. Based on IPTW, arm 
A was not associated with prognosis in terms of DFS (HR 
0.946, CI 0.237–3.784; P=0.938) or OS (HR 1.020, HR 
0.357–2.913; P=0.970).

Discussion
Radical hysterectomy with bilateral pelvic lymph-node 
dissection is the preferred treatment approach for patients 
with FIGO stage IA2–IIA1 cervical cancers.11 Effective 
treatments for bulky FIGO IB2 lesions and FIGO stage 
IIA2, which are associated with poor prognosis, remain 
controversial, though in the US definitive chemoradiation 
is typically preferred over radical surgery for select 
patients with bulky FIGO IB2 lesions and the vast major
ity of patients with FIGO stage IIA2 or greater cervical 
cancers.11 Radiotherapy can be associated with severe 
complications, such as vesicovaginal fistula, and long- 
term complications, such as vaginal stricture, dyspareunia, 
and consequent detrimental effects on the patient’s quality 
of life.12 To reduce long-term complications due to radio
therapy, select FIGO IB2–IIB cases may be treated with 
radical hysterectomy or neoadjuvant chemotherapy fol
lowed by radical hysterectomy,11 especially for younger 
patients.

For patients with locally advanced cervical cancer, the 
role of adjuvant chemotherapy in improving prognosis 
remains controversial. Some studies have reported 
improved survival,7,13 whereas others have reported no 

Without adjuvant chemotherapy, N= 39
With adjuvant chemotherapy, N= 42

N=81

Inclusion criteria:
• January, 2012 to December, 2014
• FIGO (2009) IB-IIA
• Type III hysterectomy
• Surgery performed in our hospital
• Histology: squamous carcinoma
• Elevated pretreatment SCC-Ag

Exclusion criteria:
• Other histologic types
• With normal pretreatment SCC-Ag  

Exact matches, 2 pairs
Fuzzy matches, 33 pairs

(N=70, 35 pairs)

Propensity score matching
• SCC-Ag
• Lymph node metastasis
• Parametrium invasion
• Surgical margin status

Propensity score matching
• Matched 1:1
• Caliper width 0.03

Figure 1 Study flowchart. 
Abbreviations: FIGO, Federation of Gynecology and Obstetrics; SCC-Ag, squa
mous-cell carcinoma antigen.
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Table 1 Clinical and Pathological Characteristics of Patients by Propensity-Score Matching

With Adjuvant Chemotherapy, n=35 
(arm A)

Without Adjuvant Chemotherapy, n=35 
(arm B)

P-value

Age (years), median (range) 44 (28–58) 46 (33–63) 0.061

SCC-Ag (ng/mL), median 
(range)

3.8 (1.60–24.90) 2.7 (1.60–23.90) 0.117

<2.25 8 (22.9%) 11 (31.4%)

≥2.25 and <3.5 7 (20.0%) 13 (37.1%)
≥3.5 and <7.1 14 (40.0%) 4 (11.4%)

≥7.1 6 (17.1%) 7 (20.0%)

FIGO stage (2009)
IB 25 (71.4%) 34 (97.1%)
IIA 10 (28.6%) 1 (2.9%) 0.003

Surgical procedure
Open abdomen 16 (45.7%) 21 (60.0%)

Laparoscopy 19 (54.3%) 14 (40.0%) 0.231

Parametrial invasion
Negative 33 (94.3%) 33 (94.3%)

Positive 2 (5.7%) 2 (5.7%) >0.999

Vaginal margin invasion
Negative 35 (100%) 35 (100%)
Positive 0 0 >0.999

Lymph-node metastasis
Negative 27 (77.1%) 27 (77.1%)

Positive 8 (22.9%) 8 (22.9%) >0.999

Tumor diameter (cm)
≤4 19 (54.3%) 31 (88.6%)

>4 16 (45.7%) 4 (11.4%) 0.001

Depth of stromal invasion
<50% 6 (17.1%) 14 (40.0%)
≥50% 29 (82.9%) 21 (60.0%) 0.034

LVSI
Negative 22 (62.9%) 22 (62.9%)

Positive 13 (37.1%) 13 (37.1%) >0.999

Adjuvant radiotherapy
Negative 5 (14.3%) 10 (28.6%)

Positive 30 (85.7%) 25 (71.4%) 0.145

Recurrence 3 (8.6%) 3 (8.6%) >0.999

Pelvic 1 (33.3%) 2 (66.7%)
Extrapelvic 2 (66.7%) 1 (33.3%)

Death 3 (8.6%) 2 (5.7%) >0.999

Follow-up (median, range) 

(months)

60 (15–76) 66 (13–84) 0.093

Abbreviations: FIGO, Federation of Gynecology and Obstetrics; SCC-Ag, squamous-cell carcinoma antigen; LVSI, lymphovascular space invasion.
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survival benefit.14–17 However, all these studies assessed 
patients at advanced FIGO stages and not those with 
elevated pretreatment SCC-Ag levels.

Although the role of adjuvant chemotherapy in improv
ing prognosis is controversial, several studies7,18–20 and 
meta-analyses have reported that adjuvant chemotherapy 
can reduce the risk of distant recurrence.13,17,21 Moreover, 
elevated pretreatment SCC-Ag has been shown to be a risk 
factors of distant recurrence.20,22,23 Therefore, it may be 
prudent to explore whether adjuvant chemotherapy could 
improve prognosis for patients with elevated pretreatment 
SCC-Ag.

In this study, with propensity score-matching and 
IPTW, we explored the effect of adjuvant chemotherapy 
on oncological outcomes of patients with elevated pre
treatment SCC-Ag.It did not appear to improve prognosis 
in terms of distant recurrence, DFS, or OS. However, our 
findings need to be interpreted with caution, since in arm 
A there were more patients with more advanced cancer, 
larger tumors, and deeper stromal invasion, as shown in 
Table 1. Stromal invasion and primary tumor size were 
two intermediate risk factors of poor prognosis according 
to the Sedlis criteria.24 In other words, though after pro
pensity-score matching high-risk factors were equivalent 
in the two groups, more patients in arm A had intermediate 
risk factors. Moreover, after neoadjuvant chemotherapy, 
10.8%-45% of patients may have pathological complete 
response rate;14,25,26 therefore, the proportion of patients 
with high-risk factors in arm A may have been higher than 
arm B.

For patients with elevated pretreatment SCC-Ag, 
85.7% and 71.4% of patients in arms A and B received 
adjuvant radiotherapy, respectively. This is consistent with 
one of Reesink-Peters et al’s studies, in which 57%–74% 
of patients with elevated pretreatment SCC-Ag had post
operative indications for adjuvant radiotherapy.27 In other 
words, the majority of these patients also received adju
vant radiotherapy and/or chemotherapy, in addition to 
radical hysterectomy. Therefore, definitive radiotherapy, 
rather than surgery, should be considered for patients 
with preoperative elevated SCC-Ag.2

The main limitation of our study was that the number of 
patients assessed was relatively insufficient. Considering the 
learning curve required for surgery procedures28 and to ensure 
adequate follow-up, we selected patients who had undergone 
surgery after January 2012 and before December 2014. In 
order to make sure that all surgeries had been performed by 
experienced oncological gynecological surgeons, we focused 
our study on a single center. All these factors possibly con
tributed to the insufficient sample. Moreover, due to the 
nature of retrospective research, selection bias was inevitable. 
In this study, the combination of propensity-score matching 
and IPWT reduced bias as much as possible. To the best of 
our knowledge, this is the first study to explore whether 
adjuvant chemotherapy could improve prognosis for cervical 
cancer patients with elevated pretreatment SCC-Ag using the 
combination of propensity-score matching and IPTW.

In conclusion, for patients with elevated pretreatment 
SCC-Ag, adjuvant chemotherapy may not improve survi
val. Also a considerable proportion of these 

Type III hysterectomy
+/- EBRT+/-concurrent chemo

Neo-adjuvant
chemotherapy

Chemotherapy

 Chemotherapy

Neo-adjuvant 
chemotherapy

Type III hysterectomy
+/- EBRT+/-concurrent chemo

Type III hysterectomy
+/- EBRT+/-concurrent chemo

Type III hysterectomy
+/- EBRT+/-concurrent chemo

Arm A

Arm B

Figure 2 Arm A and arm B. 
Abbreviation: Chemo, chemotherapy
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patientshad postoperative indications for adjuvant radio
therapy. For these patients, the choice of radical hyster
ectomy and adjuvant chemotherapy should be prudent.

Data-Sharing Statement
The data that support the findings of this study are available 
from the corresponding authors upon reasonable request.
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Figure 3 Disease-free survival (DFSA) and overall survival (OSB) curves.
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Table 2 Clinical and Pathological Characteristics of Patients with Relapse

Case Age 

(years)

SCC- 

Ag (ng/ 

mL)

Tumor 

Size 

(cm)

FIGO 

(2009)

Histological 

Differentiation

Positive 

Parametrium

Pelvic  

Lymph 

Nodes 

Resected,  

n

Pelvic  

Lymph- 

Node 

Metastasis

Para- 

Aortic 

Lymph  

Nodes 

Resected, 

n

Para- 

Aortic  

Lymph 

Node 

Metastasis

Deep 

Stromal 

Invasion

LVSI Surgical 

Procedure

Neoadjuvant 

Chemotherapy 

(Regimen,  

Cycles)

Adjuvant 

Chemotherapy 

(Regimen,  

Cycles)

Adjuvant 

Radiation

Concurrent 

Chemotherapy 

(Regimen,  

Cycles)

Disease-Free 

Survival 

(Months)

Relapse Site Death Overall 

Survival 

(Months)

1 56 3.40 5 IB2 Poorly 

differentiated

No 19 Yes 8 Yes Yes Yes Laparoscopy No TC, 1 Yes DDP, 5 7 Right pleura and 

interlobar pleura

Yes 23

2 50 1.70 4 IB1 Moderately 

differentiated

No 35 Yes 3 No No No Laparoscopy No No Yes DDP, 6 13 Bladder wall, vaginal 

wall, and pelvic wall

Yes 31

3 58 10.5 3 IB1 Well differentiated No 20 Yes 0 No Yes No Laparoscopy No No Yes DDP, 1 21 Vaginal stump and 

posterior wall of 

bladder

Yes 32

4 40 6.7 6 IB2 Well differentiated No 46 No 0 No Yes Yes Open 

abdomen

No TC, 1 Yes Taxol, 1 35 Vaginal stump and 

right lung

Yes 46

5 49 1.7 1 IB1 Moderately 

differentiated

No 38 No 0 No No Yes Laparoscopy No No Yes No 17 Right lung No 30

6 54 24.9 3 IIA1 Poorly 

differentiated

No 17 Yes 11 Yes Yes Yes Open 

abdomen

TP, 2 TP, 3 Yes No 6 Vaginal wall Yes 15

Abbreviations: SCC-Ag, squamous-cell carcinoma antigen; FIGO, Federation of Gynecology and Obstetrics; LVSI, lymphovascular space invasion; TC, paclitaxel and  
carboplatin; TP, paclitaxel and cisplatin; DDP, cisplatin.
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Positive 
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Relapse Site Death Overall 

Survival 
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wall, and pelvic wall
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3 58 10.5 3 IB1 Well differentiated No 20 Yes 0 No Yes No Laparoscopy No No Yes DDP, 1 21 Vaginal stump and 
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4 40 6.7 6 IB2 Well differentiated No 46 No 0 No Yes Yes Open 
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No TC, 1 Yes Taxol, 1 35 Vaginal stump and 

right lung

Yes 46

5 49 1.7 1 IB1 Moderately 

differentiated

No 38 No 0 No No Yes Laparoscopy No No Yes No 17 Right lung No 30

6 54 24.9 3 IIA1 Poorly 

differentiated

No 17 Yes 11 Yes Yes Yes Open 

abdomen

TP, 2 TP, 3 Yes No 6 Vaginal wall Yes 15

Abbreviations: SCC-Ag, squamous-cell carcinoma antigen; FIGO, Federation of Gynecology and Obstetrics; LVSI, lymphovascular space invasion; TC, paclitaxel and  
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