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Abstract: The aim of this study was to evaluate the long-term survival

outcomes in patients with advanced thymic carcinoma and identify

prognostic factors influencing the survival.

We retrospectively analyzed 90 consecutive patients with patho-

logically confirmed advanced thymic carcinoma (Masaoka III and IV) in

our institute, from December 2000 to 2012. Age, sex, clinical charac-

teristics, laboratory findings, Masaoka and tumor node metastasis

staging, pathologic grade, and treatment modalities were analyzed to

identify prognostic factors associated with the progress-free survival

(PFS) and the overall survival (OS) rates. Statistical analysis was

conducted using SPSS, version 19.0 (SPSS, Inc, Chicago, IL).

A total of 73 (81.1%) male and 17 (18.9%) female patients partici-

pated in the study. The median follow-up time was 75 months (range,

20–158 months). The 5-year PFS and OS rates were 23.6% (95%

confidence interval [CI], 14.6%–33.8%) and 35.7% (95% CI, 25.1%–

46.4%), respectively. The multivariate Cox regression model analysis

showed that factors improving the PFS were the normal lactate dehydro-

genase (LDH) level (P< 0.001), Masaoka III stage (P¼ 0.028), and

radiotherapy (RT) (P< 0.001). The LDH (P< 0.001), T stage

(P< 0.001), and the pathologic grade (P¼ 0.047) were independently

prognostic of OS.

Long-term follow-up of the advanced thymic carcinoma showed

poor outcomes of PFS and OS. LDH, Masaoka stage, and RT affected

the PFS, and LDH, T stage, and pathologic grade seemed to affect the

OS. Establishing a better staging system for predicting outcomes would

be warranted.

(Medicine 93(28):e324)
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chemoradiotherapy, CT = chemotherapy, LDH = lactate

dehydrogenase, OS = overall survival, PFS = progress-free

survival, RT = radiotherapy, TEN = thymic epithelial neoplasm.

INTRODUCTION

T hymic epithelial neoplasm (TEN) is a relatively rare cancer
with an annual incidence of 0.15 per 100,000 person-years.1

In addition, thymic carcinoma accounts for <1%–4% of cases
of TEN.2 Thymic carcinoma are quite different from thymoma in
clinical behavior. It often presents as advanced disease, which
results in poor survival outcome.3 Nowadays, thymic carcinoma
staging is often done paralleling with the Masaoka–Koga clinical
staging system and tumor node metastasis (TNM) staging.4,5

Owing to the rarity, most of the publications in the medical
literature are small sample retrospective analyses from single
institutions.2,6 Several studies suggested that tumors of low
grade had a relatively favorable clinical outcome and a low
incidence of local recurrence and metastasis.6–8 The ideal
treatment modality for thymic carcinoma is unknown. The
complete resection remains the cornerstone of successful treat-
ment. Nevertheless, the diagnosis of advanced disease in the
beginning precludes complete resection. The multidisciplinary
therapy including resection, radiotherapy (RT), and chemother-
apy (CT) would be recommended to the advanced thymic
carcinoma for better control; however, the impact of these
modalities on clinical outcome is unclear. RT seems to improve
the local control, but the survival benefit remains uncertain.3,6

Ogawa et al6 reported that the patients received complete
resection and adjuvant radiation of 50 Gy had no local recur-
rence,6 whereas Kondo and Monden3 reported no survival
benefit from adjuvant RT within a retrospective study with
small subgroup sizes. With the development of accurate radio-
therapy (A-RT), RT might become more important in thymic
carcinoma treatment. The CT is also based on a low-level
evidence, with a few small studies of adjuvant cisplatin-based
CT that achieved some beneficial effects.9,10 Overall, the
survival prognosis and prognostic factors affecting survival
have not been well investigated in advanced thymic carcinoma.

Here we retrospectively evaluated the clinical character-
istics, long-term outcomes, and prognostic factors affecting
survival in patients with advanced thymic carcinoma in our
institution.

METHODS AND MATERIALS

Patients
We retrospectively analyzed a total of 90 consecutively

treated patients with advanced thymic carcinoma in our insti-

000 to 2012. This trial was approved by
of Fujian Provincial Cancer Hospital,
ordance with the Helsinki Declaration.
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The median follow-up time was 75 months (range, 20–
158 months). The median survival time was 33 months
(range, 2–158 months). The median progression time was

TABLE 1. Patient Characteristics

Characteristics n (%)

Age, y �60 28 (31.1)
<60 62 (68.9)

Sex Female 17 (18.9)
Male 73 (81.1)

Carcino-embryonic
antigen, ng/mL

�5 15 (16.7)

<5 45 (50.0)
Unknown 30 (33.3)

Serum albumin, g/L �35 56 (62.2)
<35 34 (37.8)

Lactate dehydrogenase,
IU/L

�190 49 (54.4)

<190 41 (45.6)
Masaoka stage IIIA 15 (16.7)

IIIB 11 (12.2)
IVA 1 (1.1)
IVB 63 (70.0)

TNM stage III 26 (28.9)
IV 64 (71.1)

Pathological grade Low 45 (50.0)
High 32 (35.6)
Unknown 13 (14.4)

Surgery Yes 40 (44.4)
No 50 (56.6)

Chemotherapy Yes 77 (85.6)
No 13 (14.4)

Radiotherapy Yes 59 (65.6)
No 31 (34.4)

Treatment method Postoperative
chemoradiotherapy

32 (35.6)
All patients had given informed consents before treatment. All
patients had pathologically confirmed thymic carcinoma,
advanced disease (Masaoka III and IV), and no previous or
concurrent malignancy. Pretreatment evaluation included a com-
plete history, physical examination, complete laboratory tests,
and staging.

We used the revised histologic classification proposed by
Suster and Rosai who divided thymic carcinomas into high or
low-grade lesions.11 The low-grade histology included well-
differentiated squamous cell carcinoma, well-differentiated
mucoepidermoid carcinoma, and basaloid carcinoma, and the
high-grade histology included lymphoepithelioma-like carci-
noma, small cell carcinoma, undifferentiated carcinoma, sarco-
matoid carcinoma, and clear cell carcinoma.11,12 Staging of the
cases was performed according to the Masaoka and TNM staging
system, respectively.4,5,13 For patients who accepted surgical
excision, the staging was determined by operative and patho-
logical findings, and the person without surgery, the tumor, lymph
node, and distant metastasis mainly relied on systemic physical
examination, chest computed tomography scan, abdominal and
pelvic ultrasound, brain magnetic resonance imaging and whole
body bone emission computed tomography, and/or position
emission tomography-computed tomography before any treat-
ment.

Statistical Analysis
The primary end point of this study was progress-

free survival (PFS) and overall survival (OS). Age (�60 vs
<60 years), gender, pretreatment symptom (yes vs no), carci-
noembryonic antigen (�5 vs <5 ng/mL), lactate dehydrogenase
(LDH) (�190 vs<190 IU/L), alkaline phosphatase (ALP) (�104
vs <104 IU/L), pretreatment anemia (yes vs no), pretreatment
hypoproteinemia (yes vs no), ABO blood type (A type vs B/O
type), pathologic grade (low vs high), T stage (T2 þ 3 vs T4), N
stage (N0 vs N1–3), M stage (M0 vs M1), Masaoka stage (IIIAþ
IIIB vs IVA þ IVB), TNM stage (III vs IV), Masaoka IVB
subgroup stage (the blood metastasis group, IVB-B vs the lymph
node metastasis group, IVB-N vs non-IVB), surgery (yes vs no),
surgical procedure (complete resection vs incomplete resection
vs nonsurgery), RT (yes vs no), RT technique (conventional
radiotherapy [C-RT] vs A-RT), RT dose (�60 vs <60 Gy), CT
(yes vs no), CT cycle (�4 vs <4 cycles), and primary treat-
ment method (postoperative chemoradiotherapy [post-CRT] vs
chemoradiotherapy [CRT] vs CT alone) were analyzed to identify
prognostic factors associated with PFS and OS, which were based
on the response evaluation criteria in solid tumors 1.1 criteria.14

The PFS was defined as the interval from the date of primary
treatment time to the date of disease progression, relapse, or
death, and the OS was defined as the time between the date of
diagnosis and death from any cause. Groups were compared using
x2 test. Survival curves were constructed using the Kaplan–
Meier method and compared using log-rank tests. All tests of
significance were 2 sided: differences at P values of<0.05 were
considered to be significant. The Cox regression model was used
to examine prognostic factors for PFS and OS. Statistical analyses
were performed with SPSS statistical software package version
19.0 (SPSS, Inc, Chicago, IL).

RESULTS

Wu et al
Patient Characteristics
A total of 90 patients were included for the analysis in

the present study. The patient’s characteristics are shown in

2 | www.md-journal.com
Table 1. The median age was 52 years (range, 11–80 years).
There were 73 (81.1%) males and 17 (18.9%) females. There
were 54.4% of the patients (49/90) who had a high pretreat-
ment LDH level (�190 IU/L) and 45.6% (41/90) who had
normal level (<190 IU/L). Of all patients, 26 (28.9%) patients
had stage III and the other 64 (71.1%) patients had stage IV
disease. There were 45 (50%) patients identified as low-grade
and 32 (35.6%) with high-grade, the other 13 (14.4%) patients
could not be classified. Among the 48 patients who had ABO
blood types test, 29.2% (14/48) were A type, 22.9% (11/48)
were B type, 47.9% (23/48) were O type, and 0% (0/48) were
AB type, respectively. Forty patients (44.4%) received
surgery, in which only 9 (10.0%) patients received complete
resection. There were 59 (65.6%) patients who received RT
(31 C-RT, 28 A-RT). The rate of symptomatic radiation
pneumonitis in C-RT and A-RT group was 12.9% (4/31)
and 0.0% (0/28), respectively. There were 77 (85.6%) patients
accepted for CT. The CT regimens were all based on
platinum, with median cycles of 3 (range, 1–16 cycles).
There were 64.4% (58/90) patients accepted for comprehen-
sive treatment, including 35.6% (32/90) who received post-
CRT, and 28.9% (26/90) who received CRT. Nineteen of the
90 patients received CT alone.

Survival Outcomes and Local Control

Medicine � Volume 93, Number 28, December 2014
Chemoradiotherapy 26 (28.9)
Chemotherapy 19 (21.1)
Others 13 (14.4)
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3-year survival rate 47.9% (95% CI, 36.8–58.2%)
5-year survival rate 35.7% (95% CI, 25.1–46.4%)

Median survival time 33 months (range, 0–124 months)
1-yearPFS 50.0% (95% CI, 39.2–59.8%)
3-year PFS 31.7% (95% CI, 22.2–41.7%)
5-year PFS 23.6% (95% CI, 14.6–33.8%)
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FIGURE 1. Kaplan–Meier analysis of (A) overall survival (OS) rates and (B) progress-free survival (PFS) rates in 90 patients with advanced
thymic carcinoma. CI ¼ confidence interval.

TABLE 2. Univariate and Multivariate Analysis of Overall Survival

Univariate
(Log Rank) Multivariate (Cox Regression)

Variables n x2 P HR
�

95% CI
�

P

Age �60/<60 28/62 0.015 0.903
Sex Female/Male 17/73 0.525 0.469
Symptom Yes/No 71/19 0.925 0.336
CEA, ng/mL

� �5/<5 15/45 0.161 0.688
Anemia

�
Yes/No 23/67 0.130 0.718

Serum albumin, g/L �35/<35 56/34 0.008 0.930
LDH, IU/L

� �190/<190 49/41 13.058 <0.001 2.787 1.374–5.652 0.004
ALP, IU/L

� �104/<104 31/59 4.489 0.034 0.755
Blood type A type/Others 14/34 3.412 0.065
T stage T2 þ 3/T4 62/28 13.415 <0.001 3.134 1.641–5.985 0.001
N stage N0/N1–3 36/54 2.580 0.108
M stage M0/M1 56/34 5.778 0.016 0.883
Masaoka stage IIIA þ IIIB/IVA þ IVB 26/64 2.519 0.112

IIIA þ IVA/IIIB þ IVB 16/74 2.881 0.090
TNM stage III/IV 26/64 2.519 0.112
IVB subgroup

�
IVB-B/IVB-N/Non-IVB 32/31/27 7.785 0.020 0.114
IVB-B/IVB-N 32/31 4.656 0.031 0.138
IVB-B/non-IVB 32/25 5.660 0.017 0.043
IVB-N/Non-IVB 32/25 0.378 0.539

Pathological grade Low/High 45/32 13.466 <0.001 1.964 1.008–3.827 0.047
Surgery Yes/No 40/50 5.834 0.016 0.899

Incomplete/No 31/50 3.356 0.067
Surgery methods Incomplete/Complete 31/9 1.371 0.242
Chemotherapy Yes/No 77/13 0.022 0.881
Chemocycle �4/<4 46/31 0.015 0.902
Radiotherapy Yes/No 59/31 9.945 0.002 0.485
Radiation method A-RT

�
/C-RT

�
28/31 0.091 0.763

Radiation dose, Gy �60/<60 32/27 2.719 0.099
Treatment methods

�
Post-CRT/CRT/CT 32/26/193 8.333 0.016 0.677
Post-CRT/CRT 2/26 0.963 0.326 0.424
Post-CRT/CT 32/19 7.787 0.005 0.485
CRT/CT 26/19 3.528 0.060
I-post-CRT/CRT/CT 26/26/19 7.895 0.019
I-post-CRT/CRT 26/26 1.071 0.301
I-post-CRT/CT 26/19 7.159 0.007

�
CEA ¼ carcinoembryonic antigen, anemia: female HGB < 110 g/L, male HGB < 120 g/L, LDH ¼ lactate dehydrogenase, ALP ¼ alkaline phosphatase,

Masaoka IVB subgroup include IVB-B group with blood metastasis and IVB-N group with lymph node metastasis; non-IVB include Masaoka stages III
and IVA. Surgery methods include complete resection and incomplete resection, incomplete includes subtotal resection and debulking surgery; A-RT ¼
accurate radiotherapy include 3-D conformal radiotherapy and intensity-modulated radiotherapy; C-RT ¼ conventional radiotherapy. Treatment
methods include postoperative chemoradiotherapy (post-CRT), chemoradiotherapy (CRT), chemotherapy (CT), and incomplete resection followed by
chemoradiotherapy (I-post-CRT).CI ¼ confidence interval, HGB ¼ hemoglobin, HR ¼ hazard ratio.

Medicine � Volume 93, Number 28, December 2014 Prognostic Factors for Advanced Thymic Carcinoma
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12 months (range, 0–124 months). Sixty-nine (76.7%, 69/90)
patients experienced progression, including 11 (12.2%, 11/
90) with local recurrence, 41 (45.6%, 41/90) with distant
metastases, and 17 (18.9%, 17/90) resistant to treatment
without control. The locoregional recurrence included 4
(15.4%, 4/26) in CRT group and 6 (18.7%, 6/32) in post-
CRT group. The common distant metastases sites included
lung (18.9%, 17/90), liver (11.1%, 10/90), bone (11.1%,
10/90), and lymph node (14.4%, 13/90). The 1, 3, and
5-year OS for the whole group were 74.2% (95% CI,
63.9%–82.0%), 47.9% (95% CI, 36.8%–58.2%), and
35.7% (95% CI, 25.1%–46.4%), respectively (Figure 1A).
The 1, 3, and 5-year PFS were 50.0% (95% CI, 39.2%–
59.8%), 31.7% (95% CI, 22.2%–41.7%), and 23.6% (95%
CI, 14.6%–33.8%), respectively (Figure 1B).

Wu et al
Prognostic Factors Affecting Survival
The univariate and multivariate analysis of factors

influencing OS are summarized in Table 2. The univariate

TABLE 3. Univariateand Multivariate Analysis of Progress-Free Su

Variables n

Age �60/<60 28/62
Sex Female/Male 17/73
Symptom Yes/No 71/19
CEA, ng/mL

� �5/<5 15/45
Anemia

�
Yes/No 23/67

Serum albumin, g/L �35/<35 56/34
LDH, U/L

� �190/<190 49/41
ALP, U/L

� �104/<104 31/59
Blood type A type/Others 14/34
T stage T2 þ 3/T4 62/28
N stage N0/N1–3 35/55
M stage M0/M1 56/34
Masaoka stage IIIA þ IIIB/IVA þ IVB 26/64
IVB subgroup

�
IVB-B/IVB-N/Non-IVB 32/31/27
IVB-B/IVB-N 32/31
IVB-B/Non-IVB 32/27
IVB-N/Non-IVB 31/27

Pathological grade Low/High 45/32
Surgery

�
Yes/No 40/50

Chemotherapy Yes/No 77/13
Chemocycle �4/<4 46/31
Radiotherapy Yes/No 59/31
Radiation method A-RT

�
/C-RT

�
28/31

Radiation dose, Gy �60/<60 32/27
Treatment methods

�
Post-CRT/CRT/CT 32/26/19
Post-CRT/CRT 32/26
Post-CRT/CT 32/18
CRT/CT 26/19
I-post-CRT/CRT/CT 26/26/19
I-post-CRT/CRT 26/26
I-post-CRT/CT 26/19
CRT/CT 26/19

�
CEA ¼ carcinoembryonic antigen; anemia: female HGB < 110 g/L, male HG

Masaoka IVB subgroup include IVB-B group with blood metastasis and IVB-N
IVA. Surgery methods include complete resection and incomplete resection, inco
radiotherapy include 3-D conformal radiotherapy and intensity-modulated radi
postoperative chemoradiotherapy (post-CRT), chemoradiotherapy (CRT), chem
(I-post-CRT).CI ¼ confidence interval, HGB ¼ hemoglobin, HR ¼ hazard rati

4 | www.md-journal.com
analysis showed that LDH, ALP, pathologic grade, T stage, M
stage, Masaoka-IVB subgroup, surgery, and RT were signifi-
cantly associated with OS (P< 0.05, respectively). The multi-
variate analysis showed that LDH (P¼ 0.004, hazard ratio
[HR]¼ 2.787, 95% CI, 1.374%–5.652%), T stage (P¼ 0.001,
HR¼ 3.134, 95% CI, 1.641%–5.985%), and pathologic grade
(P¼ 0.047, HR¼ 1.964, 95% CI, 1.008%–3.827%) were
independently prognostic of OS. Table 3 showed univariate
and multivariate analysis of factors influencing PFS. The
univariate analyses showed that LDH, T stage, M stage,
Masaoka-IVB subgroup, Masaoka stage (III/IV), pathological
grade, surgery, and RT were significantly associated with
PFS (P< 0.05, respectively). Of these variables, LDH
(P< 0.001, HR¼ 4.633, 95% CI, 2.319%–9.257%), Masaoka
stage (P¼ 0.028, HR¼ 0.444, 95% CI, 0.216%–0.914%),
and RT (P< 0.001, HR¼ 0.120, 95% CI, 0.050%–0.289%)

Medicine � Volume 93, Number 28, December 2014
were independently associated with PFS. Kaplan–Meier
curves examining OS and PFS are presented in Figures 2
and 3.

rvival

Univariate
(Log Rank) Multivariate (Cox Regression)

x2 P HR
�

95% CI
�

P

0.005 0.945
0.452 0.501
1.513 0.219
0.044 0.833
1.307 0.253
0.491 0.483

12.858 <0.001 4.633 2.319–9.257 0.000
1.894 0.169
0.430 0.512

12.693 <0.001 0.064
2.650 0.104

12.885 <0.001 0.243
4.015 0.045 0.444 0.216–0.914 0.028

13.237 0.001 0.329
7.594 0.006 0.155

10.048 <0.001 0.738
0.362 0.547
6.236 0.013 0.706

12.660 <0.001 0.490
1.751 0.186
0.352 0.553

10.756 0.001 0.120 0.050–0.289 <0.001
0.347 0.556
1.843 0.175

17.736 <0.001 0.316
3.290 0.070

14.297 <0.001
6.076 0.014

15.704 <0.001
2.681 0.102

12.121 <0.001
6.076 0.014

B < 120 g/L; LDH ¼ lactate dehydrogenase, ALP ¼ alkaline phosphatase;
group with lymph node metastasis, non-IVB include Masaoka stages III and
mplete includes subtotal resection and debulking surgery. A-RT ¼ accurate
otherapy; C-RT ¼ conventional radiotherapy. Treatment methods include
otherapy (CT), and incomplete resection followed by chemoradiotherapy

o.
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FIGURE 2. Kaplan–Meier analysis of overall survival rates in 90 patients with advanced thymic carcinoma according to (A) pretreatment
lue
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DISCUSSION
As one of the largest series of patients with advanced

thymic carcinoma, the long-term follow-up revealed 5-year OS
rate of 35.7% (95% CI, 25.1%–46.4%) and 5-year PFS rate of
23.6% (95% CI, 14.6%–33.8%). Only a few studies reported
the 5-year PFS rate for thymic carcinoma because of its
rarity.15,16 The 5-year OS of 30% was recently reported from
another retrospective study.17 Our outcomes are quite similar to
those previous studies. In addition, we also found that it seem to
be a slight male preponderance (81.1%) that matched other
series.17,18 The multivariate analysis showed that LDH, T stage,
and pathologic grade were associated with OS, and LDH,
Masaoka stage, and RT affected PFS. In addition, A blood type
seems to have a better survival trend than B/O type.

The Masaoka stage has been reported to be a prognostic
factor for the thymoma.19 However, whether the Masaoka stage
could also be an independent prognostic factor for the thymic
carcinoma is still controversial. The correlation between them
has not been clearly clarified, especially for the advanced
thymic carcinoma. Some authors agreed the prognostic value
of the Masaoka stage,17,20,21 while other authors disagree.6,12,22

In addition, Tseng et al22 reported that prognosis of thymic

LDH level (<190 IU/L: blue/�190 IU/L: green); (B) Tstage (T2þ 3: b
¼ lactate dehydrogenase.
carcinoma seemed to mainly rely on tumor invasion of the great
vessels, but Masaoka stage. In our study of advanced thymic
carcinoma, there is no statistical significant difference on

# 2014 Lippincott Williams & Wilkins
5-year OS between Masaoka stages III (43.0%, 95% CI,
22.1%–62.5%) and IV (32.9%, 95% CI, 20.9–45.4%)
(P¼ 0.112), while further analysis showed that Masaoka
stage might be the prognostic factor for PFS (stage III
33.9%, 95% CI, 14.2%–54.8% vs stage IV 17.3%, 95%
CI, 8.3%–29.0%, P¼ 0.028).

Since previous reports had shown that there was <2%
lymph node metastasis for the thymoma,23 the Masaoka–Koga
staging system might not be fit to the highly metastatic thymic
carcinoma.24 Yamakawa et al5 proposed a TNM system based
on 207 patients,5 which was not widely used in thymoma
because of the low lymph node metastasis,25 might be suitable
to the aggressive thymic carcinoma. Some studies showed that
the positive lymph node is a negative prognostic factor,12,23,26

while our study showed no difference on survival between N0
and N1–3 subgroup (P¼ 0.108). The advanced tumor staging
and different diagnostic techniques might contribute to the
different results. In our study, there was 61.1% (55/90) of
patients diagnosed as positive lymph nodes, which was much
higher than previous studies (16.2%–40%).12,26 Moreover, the
Masaoka staging system focuses on the tumor itself, and
classifies lymph node metastasis as stage IVB together with

/T4: green); and (C) pathologic grade (low: blue/high: green). LDH
systemic metastasis.27 Here, we tried to divide Masaoka stage
IVB into blood metastasis group (IVB-B) and lymph node
metastasis group (IVB-N). We found that there was significant

www.md-journal.com | 5



MD-D-14-00983; Total nos of Pages: 8;

MD-D-14-00983

Patients at risk 
41 28 20 17 15 8 4 3 3 2 1 0 0 0
49 17 9 6 4 3 3 3 3 0 0 0 0 0

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

log-rank p = 0.000

log-rank p = 0.001

LDH<190IU/L

P
ro

ba
bi

lit
y 

of
 p

ro
gr

es
si

on
-f

re
e 

su
rv

iv
al

LDH<190 
LDH≥190 

LDH≥190 IU/L

Radiotherapy

Non-radiotherapy

Radio
Non-radio

Patients at risk 

26 16 10 8 8 4 3 3 3 0 0 0 0 0
64 29 20 16 11 7 4 3 3 2 1 0 0 0

Masaoka IVA+IVB

Masaoka IIIA+IIIB

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168

Patients at risk 

59 37 23 19 14 8 5 4 4 2 1 0 0 0
31 8 7 5 5 3 2 2 2 0 0 0 0 0

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

P
ro

ba
bi

lit
y 

of
 p

ro
gr

es
si

on
-f

re
e 

su
rv

iv
al

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

log-rank p = 0.045

P
ro

ba
bi

lit
y 

of
 p

ro
gr

es
si

on
-f

re
e 

su
rv

iv
al

Mas-III 
Mas-IV

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168

Time (months)Time (months)

Time (months)

BA

C

FIGURE 3. Kaplan–Meier analysis of progress-free survival rates in 90 advanced thymic carcinoma patients according to (A) Masaoka
vel
y.

Wu et al Medicine � Volume 93, Number 28, December 2014
difference between IVB-N (39.8%, 95% CI, 20.1%–58.7%)
and IVB-B (20.9%, 95% CI, 8.5%–37.0%) (P¼ 0.031) for the
5-year OS. In addition, there was no significant difference
between non-IVB and IVB-N (P¼ 0.539). The IVB-N group
seemed to have better survival than IVB-B group and similar
survival with non-IVB group. According to the results above,
lymph node metastasis might play a more important role in
staging.

Similar to thymoma, it is confirmed by many studies that
patients of thymic carcinoma receiving complete resection have
better survival than those with either incomplete resection
or without surgery.3,17,18 Kondo and Monden3 reported that
the 5-year OS of total resection, subtotal resection, and inop-
erable groups were 67%, 30%, and 24%, respectively. As our
study focused on the advanced thymic carcinoma, only
9 patients received complete resection. Of this group, 6 patients
were still alive without any progression, and the other 3 patients
died with progression (1 with local recurrence and 2 with distant
metastases). The results would also suggest that the complete
surgical resection might be one of the most important prognostic
factors for advanced thymic carcinoma. On the contrary,
whether advanced thymic carcinoma patients could benefit

stage (IIIA þ IIIB: blue/IVA þ IVB: green); (B) pretreatment LDH le
green/no: blue). LDH ¼ lactate dehydrogenase, RT ¼ radiotherap
from incomplete resection (subtotal and debulking) remains
controversial.23,28 The 5-year OS for the incomplete resection
and nonsurgery in our study were similar to the studies above

6 | www.md-journal.com
(39.1% vs 30% and 26.2% vs 24%). In addition, there was no 5-
year OS benefit from incomplete resection in our study when
comparing the incomplete post-CRT group (47.2%, 95% CI,
24.8%–66.8%) with CRT group (34.8%, 95% CI, 15.1%–
55.4%) (P¼ 0.301).

Previous studies showed that the patients with advanced
thymic carcinoma might benefit from RT.29,30 Ogawa et al6

reported the treatment results of 40 completely resected thymic
carcinoma receiving a dose of 50 Gy as the postoperative RT,
and found no local recurrence case. Another study reviewed 26
cases who underwent total or subtotal resection followed by
postoperative RT alone, and found that the postoperative RT
could achieve 5-year local control rate of 91%.31 Fan et al32 also
analyzed 45 patients with advanced thymic carcinoma, and the
study showed that the patients receiving RT appeared to have
much better outcomes than those without. Our study showed
that patients with advanced thymic carcinoma might have
survival benefit from RT. The median survival time for patients
in RT and non-RT groups were 51 months (range, 2–158
months) and 10 months (range, 2–108 months), respectively.
The 5-year OS for the RT and non-RT groups were 42.5% (95%
CI, 28.1%–56.2%) and 18.6% (95% CI, 7.0%–34.5%)

(<190 IU/L: blue/�190 IU/L: green); and (C) radiotherapy (yes:
(P¼ 0.002), respectively. In addition, the multivariate analysis
showed that RT was the independent prognostic factor for PFS
(P< 0.001). Moreover, there was no statistical difference in the
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survival rate between the C-RT and A-RT groups, while the rate
of symptomatic radiation pneumonitis in the C-RT group
(12.9%, 4/31) was higher than the A-RT group (0.0%, 0/28).
Therefore, we would suggest A-RT to the advanced thymic
carcinoma to minimize toxicities.

Most advanced patients (77, 85.6%) in our study received
palliative CT. Unfortunately, thymic carcinoma responds
poorly to CT, whether the CT can bring benefit for the thymic
carcinoma and the gold CT regimens are still controversial
because of the rare prospective trails.2,23 In our study, the CT
did not show survival benefit. CT alone only achieved 5-year
OS of 10% and PFS of 0%. However, the result may be limited
by the small amount of data and the uneven sample proportion
(only 13 patients did not accept the CT).

Similar with previous study, the pathologic grade was also
found to be one of the most significant indicators of prognosis in
this study.23 In addition, we also tried to find some biomarkers
to predict prognosis. The Cox regression analysis of our study
showed that the LDH level affect the advanced thymic carci-
noma in both OS (P¼ 0.004) and PFS (P< 0.001). Therefore,
we would suggest that the LDH level might also become a
prognostic factor. Moreover, we also analyze the association
between ABO blood types and outcomes of thymic carcinoma.
The results showed that A type group seem to have a better
survival outcome than B/O type group. The median survival
time for A type group and B/O type group were 72 months
(range, 2–158 months) and 25 months (range, 2–110 months),
respectively. However, because of the limitation of the small
sample, the survival and prognostic value of these findings must
be further studied.

As a retrospective single-institution study, some
limitations should be noted. Because of the rarity of this
aggressive disease, the sample size remained small. In
addition, only a few biomarkers were analyzed. Lacking
details of immunohistochemistry would also prevent to
find new genetic factors.

In summary, we have evaluated long-term survival out-
comes and clinical prognostic factors affecting survival in
patients with advanced thymic carcinoma. Although the survi-
val outcomes remained poor, the prognostic factors would be
helpful for the future study.
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