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Squamous cell carcinoma antigen expression in
tumor cells is associated with the chemosensitivity
and survival of patients with cervical cancer receiving
docetaxel-carboplatin-based neoadjuvant chemotherapy
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Abstract. The present study examined the association
between squamous cell carcinoma antigen (SCCA) expres-
sion and the response of patients with cervical cancer to
docetaxel-carboplatin (DC) combination chemotherapy, in
order to determine the prognostic potential of SCCA expres-
sion. A total of 21 patients were enrolled with stage IB2 or
stage IIA2 SCC. Of these, 9 patients had chemotherapy-sensi-
tive cancer (2 cases with a complete response and 7 cases with
a partial response) and 12 patients had chemotherapy-resistant
cancer (12 cases of stable disease and no cases of progres-
sive disease). Patients were treated with two cycles of DC
chemotherapy (docetaxel 75 mg/m? plus cisplatin 25 mg/m?)
with 21-day intervals, followed by radical surgery. SCCA
expression levels prior to and following chemotherapy were
evaluated using immunohistochemistry. Following DC chemo-
therapy, the SCCA expression levels decreased in the patients
with chemotherapy-sensitive cancer, but not in those with
chemotherapy-resistant cancer (P=0.042). Significant survival
differences between the SCCA-positive and -negative patients
following chemotherapy (P=0.009) was observed. However, no
statistically significant difference in survival between patients
with chemotherapy-sensitive and chemotherapy-resistant
cancer, or between patients with SCCA-positive and -negative
expression prior to chemotherapy was observed. Overall, the
chemotherapy sensitivity of patients with cervical cancer was
associated with decreased SCCA expression levels following
DC chemotherapy. Therefore, SCCA expression levels
following DC chemotherapy may potentially be used in the
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clinical prognosis for cervical cancer patients who receive DC
chemotherapy and subsequent radical surgery.

Introduction

Neoadjuvant chemotherapy (NAC), which is currently the
standard approach for patients with locally advanced breast
cancer (1), is increasingly used to treat patients with large oper-
able and locally advanced cancer types, including gastric (2),
bladder (3), esophageal (4) and cervical (5,6) cancer. At
present, cervical cancer is the second most frequent malig-
nant neoplasm, with a poor prognosis among women (7-9).
Although various NAC strategies have been developed to
increase survival times, the efficacy of this treatment for
cervical cancer remains subject to debate, which may be
due to the poor response to chemotherapy (chemosensitivity)
observed in certain patients (10,11). Therefore, it is necessary
to investigate the factors associated with chemosensitivity and
survival of patients with cervical cancer.

NAC followed by radical surgery has emerged as an
alternative for locally advanced cervical carcinoma therapy
from the 1980s onwards (12). Platinum-based chemotherapies
have significantly improved the outcomes of cervical cancer
treatments (13,14), with cisplatin and carboplatin being the
most commonly used within this class of chemotherapeutic
agents. Lorusso er al (15) suggested that carboplatin plus pacli-
taxel-based chemotherapy is equally effective and less toxic
compared with cisplatin plus paclitaxel-based chemotherapy.
In addition, it was reported that docetaxel was four times
more potent than paclitaxel with regard to antiangiogenic
activity (16), and had a high efficacy in paclitaxel-resistant
cancer types (17,18). Furthermore, the docetaxel-carboplatin
(DC) combination chemotherapy was applied for the treatment
of advanced-stage cervical cancer and was demonstrated to
be well tolerated, with minimal toxic effects (19). Therefore,
DC chemotherapy was selected for the treatment of patients
with cervical cancer in the current study. A study investigating
the markers specifically relevant to the chemosensitivity and
survival in patients with cervical cancer receiving DC chemo-
therapy, at present, has not been performed. Therefore, these
potential markers were investigated in the present study.
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Squamous cell carcinoma antigen (SCCA) expression is
an established prognostic and predictive factor for cervical
cancer (20-22), and a sensitive and reliable indicator for the
response of this disease to paclitaxel and carboplatin-based
chemotherapy (23). Elevated SCCA expression levels prior
to cisplatin-based NAC are associated with a poor response
to this therapy (22). Therefore, it was hypothesized that the
SCCA protein levels may be associated with the chemosen-
sitivity of patients with cervical cancer to DC chemotherapy.
As the heterogeneity of patient chemosensitivity to NAC is
primarily determined by factors inherent to the individual
and is closely aligned with the clinical response to anticancer
drugs (24), the association between SCCA expression and
patient chemosensitivity to DC chemotherapy was assessed
in the present longitudinal study. Furthermore, the prognostic
potential of SCCA expression for predicting the survival of
patients with cervical cancer, who received DC chemotherapy
followed by radical surgery, was also evaluated.

Patients and methods

Patients. Between March 2009 and May 2013, 21 patients
diagnosed with squamous cervical cancer by biopsy histo-
pathology at the Department of Obstetrics and Gynecology,
Shengjing Hospital Affiliated with China Medical University
(Shenyang, China) were prospectively enrolled in the current
study. The inclusion criteria were as follows: Diagnosis of
SCC; stage IB2 or stage IIA2 cancer according to the criteria
of The International Federation of Gynecology and Obstetrics
(FIGO) stage (25); the patient satisfied the indications for NAC.
Patients with the following conditions were excluded: Those
unable to undergo surgery due to other diseases; the presence
of other types of cancer that may influence SCCA expression
levels; contraindications to chemotherapy or radical surgery;
the tumor was detected by differing imaging techniques prior
to and during treatment. All patients gave written informed
consent and the study protocol was approved by the Ethics
Committee of Shenjing Hospital.

Chemotherapy. Two cycles of DC chemotherapy (docetaxel
75 mg/m? by intravenous infusion for 1 h on day 1, and cisplatin
25 mg/m? by infusion for 1-3 h on day 1-3) were performed
at 21-day intervals prior to surgery (19). Further radiotherapy
or chemotherapy was dependent on the histological results
following radical surgery. The maximum diameter of the
lesions prior to and following chemotherapy was detected by
computed tomography (CT) and magnetic resonance (MR)
imaging methods. The sensitivity of the patients with cervical
cancer to DC chemotherapy was determined based on the
Response Evaluation Criteria in Solid Tumors (RECIST),
version 1.0 (26). A total of four response categories for
cervical cancer were defined as follows: Complete response
(CR; all lesions of cervical cancer disappeared completely and
a short axis of lymph nodes, <10 mm, following two cycles of
chemotherapy); partial response [PR; =30% decrease in the
sum of the longest diameters (SLD) of the lesions]; progressive
disease (PD; =20% increase in the SLD or an increase in the
absolute length of >5 mm); and stable disease (SD; neither CR
nor PD). Cervical cancer response categories were assigned by
two radiologists. Chemotherapy-sensitive cancer (CR or PR)
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and chemotherapy-resistant cancer (PD or SD) were deter-
mined based on the aforementioned cervical cancer response
categories.

Radical surgery (radical hysterectomy or pelvic lymph-
adenectomy) was performed following chemotherapy.
Post-surgery mortality and survival rates were recorded
during the follow-up period (until December 2014). The tumor
and lymph node tissues were collected 7-10 days prior to
chemotherapy and 22-25 days post-chemotherapy, and were
subsequently fixed in 10% neutral-buffered formalin for 24 h
at room temperature and embedded in paraffin.

Immunohistochemistry analysis. The paraffin-embedded
tissues were cut at a thickness of 5 ym using a microtome
(Leica Microsystems, K.K., Tokyo, Japan). Immunohistochem-
istry analyses were performed according to the manufacturer's
protocol (Wuhan Boster Biological Technology, Ltd., Wuhan,
China). Briefly, the tissue sections were deparaffinized and
rehydrated through a graded ethanol series. Following this,
antigen retrieval was conducted by soaking and heating
the sections in citric acid buffer (0.01 M) at 100°C for
5 min. Hydrogen peroxide solution (1%) was used to block
the activity of endogenous peroxidase for 30 min at room
temperature. The tissue sections were then blocked with 5%
normal goat serum (Sigma-Aldrich; Merck Millipore, Darm-
stadt, Germany) for 30 min at 37°C to eliminate non-specific
binding. Following this, the tissue sections were incubated
with a primary rabbit polyclonal antibody against SCCA
(no. sc-25499; dilution, 1:200; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA) at 4°C overnight. The tissue sections were
washed with phosphate-buffered saline and incubated with a
horseradish peroxidase (HRP)-conjugated secondary antibody
(goat anti-rabbit, Wuhan Boster Biological Technology, Ltd.)
at room temperature for 1 h, followed by staining using an
avidin-biotin-HRP kit (Wuhan Boster Biological Technology,
Ltd.) for 30 min at 37°C. The tissue sections were subject to a
double-blind evaluation by two pathologists.

The brown granules present in the cytoplasm of cells
were considered as having positive SCCA expression. Tissue
sections with 0, 0-10, 10-50 and >50% of cells identified as
positive for SCCA expression were scored as 0, 1, 2 and 3,
respectively (a). Staining intensity was scored as follows:
no staining, faint yellow, yellow and brownish-yellow were
scored as 0, 1, 2 and 3, respectively (b). Immunoreactions
were visualized using a light microscope (Axiovert 200M;
Zeiss GmbH, Jena, Germany) and Zeiss AxioVision 4.7 soft-
ware (Carl Zeiss AG, Oberkochen, Germany). The expression
intensity of SCCA was determined by multiplying (a) and (b)
values, with a total score of 0 defined as SCCA-negative (-)
expression and scores of 1-9 defined as SCCA-positive (+)
expression (20).

Statistical analysis. SPSS 19.0 software (IBM SPSS, Armonk,
NY, USA) was used for statistical analysis. Categorical data
were summarized as frequencies and percentages. Continuous
data are presented as the mean + standard deviation. A ¥* test or
Fisher's exact test was used for categorical data analysis, while
the Mann-Whitney test was used for continuous data. Overall
survival analysis was performed using the Kaplan-Meier
method and differences in the survival rates were assessed by
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Table I. Basic characteristics of patients with chemotherapy-sensitive (2 complete response and 7 partial response) and
chemotherapy-resistant (12 stable disease and O progressive disease) cervical cancer.

Chemotherapy- Chemotherapy-
Categories sensitive resistant P-value
Positive lymph node number FIGO stage, n (%) 0.8+1.1 1.4+2.2 0.670
1B2 4444 541.7) 1.000
I1A2 5(55.6) 7 (58.3)
Differentiation grades, n (%) 0.155
Gl 4444 2 (16.7)
G2 3(33.3) 9 (75.0)
G3 2(22.2) 1(8.3)
Infiltration depth, n (%) 0.397
<50% 4444 3(25.0)
=50% 5(55.6) 9 (75.0)
Maximum diameter of lesion pre-chemotherapy, mm 6.0+1.0 49+1.7 0.088
Percentage reduction in diameter of lesion post-chemotherapy, % 51.2+22.5 53+224 <0.001*

*P<0.05. FIGO, International Federation of Gynecology and Obstetrics.

Table I1. Expression of SCCA protein pre- and post-docetaxel-carboplatin chemotherapy in chemotherapy-sensitive (2 complete
response and 7 partial response) and chemotherapy-resistant (12 stable disease and 0 progressive disease) cervical cancer patients.

Categories Chemotherapy-sensitive Chemotherapy-resistant P-value

Positive expression rate of SCCA protein
Pre-chemotherapy 7/9 (77.8%) 10/12 (83.3%) 1.000
Post-chemotherapy 3/9 (33.3%) 8/12 (66.7%) 0.198
P-value 0.153 0.640

Score for expression intensity of SCCA
Pre-chemotherapy 477+34 4.8+2.7 0.970
Post-chemotherapy 1.0+1.6 2.8+2.4 0.086
P-value 0.042 0.054

SCCA, squamous cell carcinoma antigen.

the log-rank test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Clinical characteristics of the study subjects. A total of
21 patients with cervical cancer were included in the present
study. Patient ages ranged from 26-63 years, with a mean
age of 49 years. Based on the RECIST 1.0 criteria, 9 cases
were chemotherapy-sensitive (2 cases of CR; 7 cases of
PR) and 12 cases were chemotherapy-resistant (0 cases
of PD; 12 cases of SD). The positive lymph node number,
FIGO stage, differentiation grade, infiltration depth and the
maximum lesion diameter prior to AC of patients with chemo-
therapy-sensitive and chemotherapy-resistant cancer were
similar (all P>0.05). As expected, the percentage reduction
in the diameter of the lesions of the chemotherapy-sensitive
patients was significantly higher following NAC compared

with that of patients with chemotherapy-resistant cancer
(P<0.0001; Table I).

SCCA expression in cervical cancer. Following treat-
ment with DC chemotherapy, the proportion of cases with
SCCA-positive expression had not significantly decreased, but
the score for the SCCA expression intensity was significantly
reduced post-DC chemotherapy in patients with chemo-
therapy-sensitive cancer compared with the intensity pre-DC
chemotherapy (P=0.042; Table IT). However, no significant
decrease in SCCA expression intensity was observed post-DC
chemotherapy in chemotherapy-resistant cancer compared
with the intensity pre-DC chemotherapy (P=0.054; Table II).
In addition, no significant difference in SCCA expression
levels between patients with chemotherapy-sensitive and
chemotherapy-resistant cancer was observed (P>0.05). The
positive and negative immunohistochemical staining images
for SCCA are presented in Fig. 1.



1238

CHEN et al: SCCA AND CHEMOTHERAPY IN CERVICAL CANCER

Table II1. Overall survival rate of chemotherapy-sensitive (2 complete response and 7 partial response) and chemotherapy-resistant
(12 stable disease and O progressive disease) patients with cervical cancer following surgery.

Chemotherapy-sensitive,
n/total n (%)

Factor

Total mortality,
n/total n (%)

Chemotherapy-resistant,
n/total n (%)

Mortality based on SCCA level pre-chemotherapy
+

Mortality based on SCCA level post-chemotherapy
+

Total mortality

2/7 (28.6) 4/10 (40.0) 6/17 (35.3)
0/2 (0.0) 0/2 (0.0) 0/4 (0.0)
2/3 (66.7) 4/8 (50.0) 6/11 (54.5)
0/6 (0.0) 0/4 (0.0) 0/10 (0.0)
2/9 (22.2) 4/12 (33.3) 6/21 (28.6)

SCCA, squamous cell carcinoma antigen; CR, complete response; PR, partial response; PD, progressive disease; SD, stable disease; +,

SCCA-positive expression; -, SCCA-negative expression.
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Figure 1. Representative images of immunohistochemical staining results for SCCA protein (magnification, x100). (A) SCCA-negative expression tissue with
no staining. (B) SCCA-positive expression tissue exhibited brownish-yellow staining. SCCA, squamous cell carcinoma antigen.

Survival analysis. No patients were lost to follow-up. The
mean follow-up duration was 37.9+12.6 months. During the
follow-up, 5 patients succumbed to disease recurrence and
1 patient succumbed due to other causes. Furthermore, no
recurrence was observed in the remaining patients at the time
of the final follow-up (December 2014). In addition, there were
no cases of mortality among the enrolled patients with nega-
tive SCCA expression, prior to or following DC chemotherapy.
By contrast, a mortality rate of 35.3% (6/17) and 54.5% (6/11)
was observed in patients with positive SCCA expression prior
to and following DC chemotherapy, respectively (Table III).
Furthermore, the mortality rate of the chemotherapy-sensitive
group (22.2%; 2/9) and chemotherapy-resistant (33.3%; 4/12)
cancer were similar (Table III). No significant difference in
the cumulative survival rate between patients with positive and
negative SCCA expression prior to chemotherapy (P=0.211;
log-rank test; Fig. 2A) was identified; however, the survival
curve based on chemotherapy sensitivity and SCCA expres-
sion levels following chemotherapy revealed significant
differences between patients with positive expression and
negative expression of SCCA (P=0.009, log-rank test; Fig. 2B).
Furthermore, the cumulative survival rate between patients

with chemotherapy-sensitive and chemotherapy-resistant
cancer was similar (P=0.698, log-rank test; Fig. 2C).

Discussion

The present study demonstrated that DC chemotherapy may
decrease the expression levels of the SCCA protein, which is
concordant with the results of previous studies (21-23). The
present results demonstrated that SCCA expression levels
were significantly reduced by DC chemotherapy in patients
with chemotherapy-sensitive cancer, but no significant
difference was observed in the expression levels of SCCA
prior to and following DC chemotherapy in patients with
chemotherapy-resistant cancer. Furthermore, no statistically
significant difference between chemotherapy-sensitive and
chemotherapy-resistant cancer in the proportion of cases
that exhibited positive SCCA expression levels following
chemotherapy was observed; however, the visually higher
proportion of patients with positive expression of SCCA
post-chemotherapy in chemotherapy-resistant cancer cases
demonstrated the association between SCCA expression levels
and sensitivity to chemotherapy.
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Figure 2. Survival curve based on the expression of SCCA (A) prior to and (B) following chemotherapy, and (C) chemotherapy sensitivity. No significant
differences were observed in the cumulative survival rate between patients with positive and negative SCCA expression prior to chemotherapy (A; P=0.211).
However, significant differences between these groups were identified following chemotherapy (B; P=0.009). No significant difference was observed in

the cumulative survival rate between patients with chemotherapy-sensitive and chemotherapy-resistant cancer (P=0.698; Fig. 2C). SCCA, squamous cell
carcinoma antigen.
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A previous study identified SCCA as a serine protease
inhibitor (27). In addition, the serine protease high tempera-
ture requirement factor A1 (HtrA1l) was observed to mediate
paclitaxel- and cisplatin-based chemotherapy resistance in
ovarian and gastric cancer (28), whereas HtrA3 was proposed
to be associated with the chemotherapy sensitivity of patients
with lung cancer (29,30). Therefore, the serine protease
inhibitor activity of SCCA may be the primary mechanism
underlying the association between SCCA expression levels
and platinum-based chemotherapy sensitivity. SCCA is also
a potent inhibitor of the cysteine proteinase cathepsin L (31).
The chemotherapy efficacy in a mouse model of multistage
cancer was able to be be enhanced when the cysteine cathepsin
protease activity was inhibited (32). Therefore, the association
between SCCA expression and chemotherapy sensitivity may
also be due to the activity of SCCA as a cysteine proteinase
inhibitor. The evidence for the role of SCCA in chemotherapy
resistance is limited, and further studies will be required to
investigate the underlying molecular mechanisms by which
SCCA affects chemosensitivity in cervical cancer.

In the present study, no significant difference in SCCA
expression was observed prior to chemotherapy between
patients with chemotherapy-sensitive and chemotherapy-resis-
tant cancer. This result was contrary to the findings of a
previous study by Li et al (22), in which it was reported that
elevated expression levels of SCCA were associated with the
poor response of squamous cervical cancer to cisplatin-based
NAC. The discrepancy in the data may be due to variations
between cisplatin- and carboplatin-based NAC, as carboplatin
has been observed to produce a higher overall response rate
compared with cisplatin (33). Furthermore, there are differ-
ences in the mechanisms underlying the resistance to cisplatin
and carboplatin (34). The small sample size used in the present
study may be another reason for this discrepancy. Therefore,
additional studies will be required to investigate the variations
between cisplatin and carboplatin in association with SCCA
expression levels.

In the present study, the results also revealed significant
differences in survival between patients with SCCA-positive
and -negative expression following chemotherapy. This result
indicates the prognostic potential of SCCA for predicting
the survival of patients with cervical patients who receive
DC chemotherapy followed by radical surgery. However, no
statistically significant difference between the survival of
patients with positive and negative SCCA expression prior to
chemotherapy was observed. A significant change in SCCA
expression following chemotherapy was observed in patients
with chemotherapy-sensitive cancer, but not in patients with
chemotherapy-resistant cancer. Therefore, it may be hypoth-
esized that the prognostic value of SCCA expression levels
pre-DC chemotherapy are affected by the variable changes
in SCCA expression post-DC chemotherapy, between patients
with chemotherapy-sensitive and chemotherapy-resistant
cancer. In addition, serum SCCA levels may also be affected by
clinical stage, differentiation and lymph node metastasis (35).
Further studies will be required to determine the association
between chemotherapy sensitivity and SCCA expression
levels, and to examine the effect of chemotherapy sensitivity
on the prognostic role of SCCA in predicting the survival of
patients with cervical cancer.
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The primary limitation of the current study was the
small sample size, which decreased the statistical power and
affected the stability and reliability of the results. Another
limitation was that docetaxel is not a drug frequently used
in NAC, which may limit the wider clinical applications of
the results. Further studies must be performed in order to
elucidate the association between SCCA expression levels
and the response to paclitaxel-based chemotherapy in
cervical cancer, as this treatment was commonly used in
the majority of previous studies that evaluated the use of a
platinum-based regime. In addition, the absence of a corre-
lation between antigen modification during chemotherapy
and the modulation of the serum biomarker SCCA was
important, as it may be one of the reasons for the change
in SCCA expression levels following DC chemotherapy,
and may have affected the results of the present study.
Nonetheless, there are certain advantages of the results of
the present study. Firstly, this study specifically considered
DC chemotherapy and provided data demonstrating an asso-
ciation between SCCA expression levels and chemotherapy
sensitivity. Secondly, it was observed that the association
between SCCA expression levels and chemotherapy response
may affect the prognostic value of pre-chemotherapy SCCA
expression levels for cervical cancer survival. This suggests
a novel target for further studies that may provide a broader
basis for the clinical application of SCCA expression levels
as an indicator of chemotherapy sensitivity, or as a prognostic
factor for cervical cancer.

In conclusion, decreased SCCA expression levels following
DC chemotherapy are associated with chemotherapy
sensitivity. Therefore, SCCA expression levels post-DC
chemotherapy have the potential to be used to evaluate the
clinical prognosis following radical surgery for patients with
cervical cancer; however, further studies with longer follow-up
periods are required.
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