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Abstract. Thymic carcinoma is a rare mediastinum malignant
tumor derived from thymic epithelial cells. With the excep-
tion of complete resection, an effective therapy has not been
established to date for advanced or relapsed thymic carci-
noma. The present study examined the protein expression
of excision repair cross-complementation group 1 (ERCC1)
and class IIT B-tubulin (TUBB3), which are consider to be
indicators of the anticancer activity of platinum-based and
taxane-based chemotherapy, respectively. The expression of
ERCCI and TUBB3 proteins was examined in 40 thymic
carcinoma patients who underwent either surgical resection or
core-needle biopsy. The present study investigated whether the
expression of ERCC1 and TUBB3 proteins was associated with
the overall survival and clinicopathological factors of thymic
carcinoma patients. The expression of ERCC1 and TUBB3
proteins was also evaluated in 50 patients who underwent
curative resection for non-small cell lung cancer (NSCLC).
The expression of ERCC1 and TUBB3 proteins was positive in
8 cases (20%) among the thymic carcinoma patients. ERCCI
was expressed in 21 cases (42%), while TUBB3 was expressed
in 27 cases (54%), among the 50 NSCLC patients evaluated
in the present study. Only complete resection was observed to
be associated with a better prognosis than incomplete resec-
tion (P=0.0341). Other clinicopathological factors, including
expression of ERCCI1 and TUBB3 proteins, exhibited no effect
on overall survival. The expression of ERCC1 and TUBB3
proteins in the thymic carcinoma cases was lower than that in
the NSCLC cases. The present results suggest a possibility for
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better antitumor effects of platinum-based and taxane-based
chemotherapy on thymic carcinoma patients.

Introduction

Thymic carcinoma is a rare and invasive mediastinum
neoplasm. The frequency of thymic carcinoma is higher in
Asian than in Caucasian populations (1). It is difficult to detect
these type of tumors in the early stage, since the symptoms
of the disease are not remarkable until it invades or compro-
mises other organs, including the heart, nerves, bronchus and
blood vessels (2,3). The most favorable treatment is complete
surgical resection (2,3); however, the majority of thymic carci-
nomas already invade into other organs and are metastasized
when they are detected (4-6). For advanced and relapsed
thymic carcinoma cases, no optimal chemotherapeutic drug or
regimen exists. Previous studies on chemotherapy for advanced
thymic carcinoma, which were based on the regimens used
for advanced thymoma, lung cancer and germ cell tumors,
employed cisplatin-based chemotherapy (7-10). Furthermore,
second-line chemotherapy regimen has not been established.
To establish the effective regimens for thymic carcinoma, only
small-scale clinical trials have been conducted to date based
on a single case report (11-14). Therefore, an effective and safe
drug regimen for advanced and relapsed thymic carcinoma
must be identified.

Clinical trials for thymic carcinoma are difficult due to
its rareness. To solve this problem, the present study aimed
to evaluate thymic cancer patients retrospectively. In order
to examine the predictive factors of the chemotherapeutic
agent, the expression of excision repair cross-complemen-
tation group 1 (ERCCI1) and class III B-tubulin (TUBB3)
proteins was investigated by immunohistochemistry (IHC)
in thymic carcinoma specimens. Previous studies reported
that ERCCI disturbs platinum-based chemotherapy (15-17),
while TUBB3 disturbs taxane-based chemotherapy (18-20).
Our group previously demonstrated that completely resected
non-small cell lung cancer (NSCLC) patients, whose tumors
were negative for ERCC1 and TUBB3 expression by THC,
exhibited better prognosis upon receiving platinum-based
plus paclitaxel chemotherapy than patients whose tumors
were positive for ERCC1 and TUBB3 expression according
to THC (21). The present study is a retrospective follow-up
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study that evaluates the protein expression and effectiveness
of carboplatin plus paclitaxel (CP) chemotherapy for thymic
carcinoma patients.

Patients and methods

Patients. The present study examined the expression of
ERCCI and TUBBS3 proteins in 40 thymic carcinoma patients
who underwent either surgical resection or core-needle biopsy
from June 1986 to November 2012 at Nagoya City University
Hospital (Nagoya, Japan). The expression of ERCC1 and
TUBBS3 proteins was also evaluated in 50 patients who under-
went curative resection for NSCLC. The present study was
approved by the Institutional Review Board of Nagoya City
University Hospital, and all the patients consented to the use
of their tissues for the present analysis.

Among these patients, 1 was in Masaoka stage I (2.5%),
8 in stage II (20.0%), 9 in stage III (22.5%), 7 in stage IVA
(17.5%) and 15 in stage IVB (37.5%) of the disease (22). The
clinical and pathological characteristics of these 40 thymic
carcinoma patients are as follows: 24 (60.0%) patients were
male and 16 (40.0%) were female. In total, 31 patients (77.5%)
were diagnosed as squamous cell carcinoma, 5 (12.5%) as
neuroendocrine carcinoma (NET), 3 (7.5%) as adenocarci-
noma and 1 (2.5%) as mucoepidermoid carcinoma. A total
of 15 patients were treated with complete surgical resection,
9 with incomplete surgical resection and 16 with biopsy. For
all patients, the median overall survival was 73 months. The
present study investigated whether the expression of ERCC1
and TUBB3 proteins was associated with the overall survival
and clinicopathological factors of thymic carcinoma patients.

IHC staining. The same IHC method and evaluation for
ERCCI and TUBB3 as that reported in our previous study on
lung cancer patients was used in the present study (21). The
antibody against ERCC1 was an anti-ERCCI1 mouse mono-
clonal antibody (clone 8F1; Abcam, Cambridge, UK). The
proportion score of tumor nuclear staining intensity (0-3) was
multiplied by the staining intensity of nuclei (0 if 0%; 0.1 if
1-9%; 0.5 if 10-49%; and 1.0 if =50%) in order to obtain a final
semiquantitative H-score. An ERCC1 THC score of =1.0 was
considered as positive (Fig. 1A).

The antibody against TUBB3 was an anti-class III B-tubulin
monoclonal antibody (clone TUJ1; Covance, Inc., Princeton,
NIJ, USA). Over 50% of positive cells with a staining intensity
of 2 was considered as TUBB3 positive (Fig. 1B).

Statistical analysis. Survival curves were generated using
the Kaplan-Meier method, and the log-rank test was used to
assess the statistical significance of the differences between
groups. The Cox proportional hazards model was used to
estimate the hazard ratios and 95% confidence intervals
(CIs). Prognostic variables identified by univariate analysis
were further analyzed in a multivariate Cox model. Of note,
the analysis of the present study had limitations in terms of
interpretation due to the small number of patients. Two-sided
P<0.05 was considered to indicate a statistically significant
difference. All data were analyzed with EZR software
version 1.33 (http:/www.jichi.ac.jp/saitama-sct/SaitamaHP.
files/statmedEN.html) (23).

Figure 1. Immunohistochemistry of thymic carcinoma patients. (A) Excision
repair cross-complementation group l-positive case. (B) Class III
B-tubulin-positive case. Magnification, x400.

Results

ERCCI expression in 40 thymic carcinoma and 50 NSCLC
patients. ERCCI THC staining was negative in 32/40 cases
(80%) of thymic carcinoma. Only 8/40 cases (20%) were
positive for ERCCI1 THC staining. No association between
the expression of ERCCI and clinicopathological factors was
identified (Table I). The expression of ERCC1 was examined
by IHC in 50 NSCLC patients who underwent curative resec-
tion in order to compare the expression of the ERCCI1 protein
between thymic carcinoma and NSCLC patients. The results
revealed that 29 cases (58%) were negative and 21 cases (42%)
were positive for ERCCI1 THC staining.

TUBB3 expression in 40 thymic carcinoma and 50 NSCLC
patients. TUBB3 THC staining was negative in 32/40 cases
(80%) of thymic carcinoma. Only 8/40 cases (20%) were posi-
tive for TUBB3 THC staining. No association was observed
between the expression of TUBB3 and clinicopathological
factors, including ERCC1 THC staining (Table II). In order to
compare the expression of the TUBB3 protein between thymic
carcinoma and NSCLC patients, TUBB3 protein expression
was examined by IHC in 50 NSCLC patients who underwent
curative resection. The results revealed that 23 cases (46%)
were negative and 27 (54%) positive for TUBB3 THC staining.

Factors associated with the overall survival of 40 thymic
carcinoma patients. In all 40 cases, the 3-year overall survival
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Table I. Patients' characteristics according to ERCC1 expres-
sion.
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Table III. Factors associated with overall survival of 40 thymic
carcinoma patients.

ERCCI1 expression

Negative Positive
Characteristic No. (n=32) (n=8) P-value
Age (years) 0.3821
>60 22 16 6
<60 18 16 2
Sex 0.8087
Male 24 19 5
Female 16 13 3
Histology 0.7764
SCC 31 25 6
Others 9 7 2
Masaoka stage 0.4745
IVA,IVB 22 19 3
I-11T 18 13 5

ERCC1, excision repair cross-complementation group 1; SCC, squa-
mous cell carcinoma.

Table II. Patients' characteristics according to TUBB3 expres-
sion.

TUBB3 expression

Negative Positive
Characteristic No. (n=32) (n=8) P-value
Age (years) 0.9367
>60 22 17 5
<60 18 15 3
Sex 0.2942
Male 24 21 3
Female 16 11 5
Histology 0.1076
SCC 31 27 4
Others 9 5 4
Masaoka stage 0.9367
IVA,IVB 22 18 4
I-1IT 18 14 4
ERCCl1 0.3738
expression
Positive 8 6 2
Negative 32 26 6

ERCCI1, excision repair cross-complementation group 1; TUBB3,
class III B-tubulin; SCC, squamous cell carcinoma.

rate was 67.3% (Fig. 2A). Only complete resection was
associated with a better prognosis ) than incomplete resec-
tion (P=0.0341; Fig. 2B). Other clinicopathological factors,

3-year survival

Characteristic No. % P-value®
Age (years) 0.106
>60 22 772
<60 18 569
Sex 0.707
Male 24 67.8
Female 16 68.2
Histology 0.362
SCC 31 65.7
Others 9 729
Masaoka stage 0.767
IVA,IVB 22 732
I-11T 18 60.0
Complete resection 0.0341
RO 15 91.7
RI,R2 25 584
ERCCI1 expression 0.823
Positive 8 60.0
Negative 32 68.0
Class III p-tubulin 0.125
expression
Positive 8 45.0
Negative 32 733

“Univariate analysis using the log-rank test. ERCC1, excision repair
cross-complementation group 1; SCC, squamous cell carcinoma.

including the expression of ERCCI1 and TUBB3 proteins,
had no effect on overall survival (Table III). The expression
of ERCCI or TUBB3 proteins did not affect overall survival
(Fig. 2C and D).

Clinicopathological features of 19 patients with thymic
carcinoma who received platinum-based chemotherapy
(first treatment). The response rate of platinum-based chemo-
therapy was 52.6% (10 out of 19 cases). Among 16 cases
who received platinum-based plus paclitaxel chemotherapy,
the response rate was 56.3% (9 out of 16 cases). Among the
11 patients who were negative for both ERCC1 and TUBB3
expression, the response rate was 63.6% (7 out of 11 cases)
(Table IV).

Clinicopathological features of 13 patients with ERCCI and/
or TUBB3 IHC-positive expression. In the ERCCI1-positive
cases, there was neither partial response (PR) nor complete
response for platinum-based chemotherapy. Tissues of
NET were positive for TUBB3 (all 4 cases). However, in
the squamous cell carcinoma cases of TUBB3-positive and
ERCCl-negative expression, CP chemotherapy was effective
in 2 out of 3 patients, thereby achieving PR.
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Figure 2. Kaplan-Meier estimate of overall survival. (A) Overall survival of 40 thymic carcinoma patients. (B) Overall survival according to resectability.
(C) Overall survival according to the expression of excision repair cross-complementation group 1 protein. (D) Overall survival according to the expression

of class III B-tubulin protein.

Expression of ERCC1 and TUBB3 proteins among 50 NSCLC
patients. ERCC1 expression was observed to be positive
in 21 cases (42%), and TUBB3 expression was positive in
27 cases (54%).

Discussion

Thymic carcinoma is a rare and invasive mediastinum malig-
nant tumor. It is urgent to identify an improved treatment
for advanced and relapsed thymic carcinoma patients, since
no optimal treatment has been established so far. Recently,
platinum-based plus taxane-based chemotherapies are
considered the standard regimens for the treatment of lung
cancer patients (24,25). CP chemotherapy is another regimen
for thymic malignant tumors, thymic carcinomas and
thymomas. To a certain degree, case reports and small-size
clinical trials reported the effectiveness of CP regimens
for thymic malignant tumors (26-29). However, one of the
remarkable problems in those previous studies was that
they examined thymic epithelial malignant tumors without
separating them from thymic carcinoma and thymoma.
Thymic carcinoma and thymoma should be distinguished,
as they exhibit different biological symptoms (30). The reac-
tion towards chemotherapy, prognosis and metastatic form
are different in each tumor type. In the present study, the
expression of ERCCI1 and TUBB3 proteins was examined in
40 thymic carcinoma patients in order to clarify whether the
expression of these proteins was associated with prognosis
and clinicopathological factors.

Among the NSCLC patients who received platinum-based
plus taxane-based chemotherapies (mainly CP), the chemo-
therapy was effective for all patients, with the exception of those
who exhibited overexpression of ERCC1 and TUBB3 proteins.
According to a previous large-scale study on lung cancer
patients, the overexpression of ERCC1 and TUBB3 proteins
appeared to be associated with resistance to platinum-based
and taxane-based chemotherapies (15-21). The present study
aimed to study the expression of ERCC1 and TUBB3 proteins
in thymic carcinoma patients. Collecting a large number of
patients' tissues (including those who received platinum-based
and taxane-based chemotherapies in order to examine the effect
of therapy) was difficult, as well as interpreting the results of
IHC, due to the limited number of thymic carcinoma cases,
since this tumor is rare. The present study also examined the
expression of ERCCI1 and TUBB3 proteins among 50 NSCLC
patients in order to compare the protein expression ratio.
The expression of ERCC1 and TUBB3 proteins determined
by THC was compared between thymic carcinoma and lung
cancer patients by using the absolute scoring assessment and
the same immunostaining method as previously reported (21).
The expression of ERCC1 and TUBB3 proteins in the thymic
carcinoma cases were lower than those in the NSCLC cases.
In addition, CP chemotherapy was also observed to be effec-
tive for thymic carcinoma. The IHC results for ERCCI and
TUBB3 may help to select the best chemotherapy regimen for
thymic carcinoma patients.

In the current study, the expression of ERCC1 and TUBB3
proteins in the thymic carcinoma cases were lower than those
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in the NSCLC cases. As a result of examining NSCLC patients
who received cisplatin-based chemotherapy (mainly CP), it
was observed that chemotherapy was effective for all patients,
with the exception of those overexpressing ERCC1 and
TUBB3. The overexpression of ERCC1 and TUBB3 appeared
to be associated with resistance to platinum- and taxane-based
chemotherapies. These results indicated that platinum-based
plus taxane-based regimens, which are two of the standard
treatments for NSCLC, may be effective for the treatment of
thymic carcinoma patients. Therefore, platinum-based plus
taxane-based regimens should be considered as standard regi-
mens for thymic cancer patients.

The present study also investigated the effect of
platinum-based chemotherapy and the CP regimen in
19 thymic carcinoma patients (including those receiving
advanced and neo-adjuvant chemotherapy). The response rate
to the platinum-based chemotherapy was 52.6%. Limited to
the patients who were negative for both ERCC1 and TUBB3
and received the CP regimen, the response rate was 63.6%.
For the ERCCl-positive cases, more effective regimens were
identified without using the platinum-based drug. Since the
TUBB3-positive cases, including NET cases, exhibited resis-
tance to taxane-based chemotherapy, chemotherapy regimens
used in small cell lung cancer may be effective for those cases.

Kaira er al (31) reported the analysis of ERCC1 and TUBB3
expression in thymic epithelial tumors, including 39 thymomas
and 17 thymic carcinomas. The authors concluded that ERCC1
and TUBB3 expression may be associated with resistance to
CP regimen, in agreement with the present findings.

Due to its rare frequency, it is difficult to plan clinical trials
for thymic carcinoma patients. Yet, a prospective, worldwide,
randomized, controlled trial of chemotherapy for advanced
and relapsed thymic carcinoma is required.

The present study examined the expression levels of
ERCCI and TUBBS3 proteins, and identified that CP chemo-
therapy is effective for thymic carcinoma patients. The results
of the present study also indicated that ERCC1 and TUBB3
expression could serve as biomarkers that may help to identify
the subgroup of thymic carcinoma patients likely to benefit
from platinum-based and taxane-based chemotherapies.
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