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Background: Thymic carcinoma is a type of rare and highly malignant tumor. Limited information was
available on prognostic factors of late-stage thymic carcinoma. The aim of this study was to identify factors
that impact prognosis and to define the relationship between survival and surgical intervention in patients
with Masaoka stage IV thymic carcinoma.

Methods: From 1973 to 2015, a total of 311 consecutive patients were enrolled in this study with
pathologic confirmed Masaoka stage IV thymic carcinoma from the Surveillance, Epidemiology, and End
Results database. Kaplan-Meier analyses, Cox-regression analyses and propensity score matching (PSM)
were performed to evaluate prognosis.

Results: In the multivariate analysis, larger tumor size, distant metastasis and positive lymph node status
were associated with poorer outcome. After PSM, no receipt of surgery was the prognostic factor indicating
poorer survival [hazard ratio (HR) 1.985, 95% confidence interval (CI) 1.007-3.913, P=0.048 for overall
survival (OS); HR 1.649, 95% CI: 1.009-2.697, P=0.046 for disease-specific survival (DSS)]. Subgroup
analysis indicated that significantly improved survival with surgery was observed in patients who were
<60 years (HR 0.48, 95% CI: 0.32-0.72), female (HR 0.37, 95% CI: 0.23-0.60), Caucasian (HR 0.56, 95%
CI: 0.40-0.77), with larger tumor size (>7.0 cm, HR 0.42, 95% CI: 0.25-0.69), with (HR 0.60, 95% CI:
0.39-0.90) or without distant metastasis (HHR 0.46, 95% CI: 0.26-0.83), and node-positive (HR 0.56, 95%
CI: 0.38-0.82).

Conclusions: Surgical treatment could be beneficial in patients with Masaoka stage IV thymic carcinoma.
This SEER based analysis revealed the role of surgical resection and the favorable effect of surgery in specific

thymic carcinoma subgroups.
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Introduction metastasis and aggressive tumor invasiveness) (1). The
World Health Organization (WHO) histologic classification
classified thymic carcinoma as a separate entity (2), defining
tumor originating from the thymic epithelium, associated it different from thymic neuroendocrine tumors and

with malignant cytological features (high potential for thymomas (3). Most patients with thymic carcinoma have

Thymic carcinoma is a type of rare and highly malignant
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various clinical symptoms at the time of diagnosis. Primary
tumors extended to the adjacent mediastinum and with
positive lymph node (LN) status accounted for nearly 80%
and 40% of thymic carcinoma patients, respectively (4,5).
The 5-year survival rate of thymic carcinoma was reported
from 28% to 67% in literatures (6,7). Thymoma is of
an extremely rare prevalence (0.17/100,000), yet thymic
carcinoma is even less common than thymoma, accounting
for approximately 15-20% of all thymic epithelial tumors
(7,8). Administration of surgery is recommended as the
gold standard treatment for resectable thymic carcinoma,
with adjuvant therapies such as chemotherapy and
radiation therapy (9). However, for advanced stage thymic
carcinomas, most of which are unresectable, the prognostic
impact of surgical intervention remains unknown. Because
of its rarity, most existing literatures on thymic carcinoma
are small-sample, single-center and retrospective studies,
and researches focusing on late-stage thymic carcinoma are
even less. Multidisciplinary cooperation, combining with
preoperative chemotherapy can be considered as an option
in unresectable diseases (10), while it has not been reached
as a consensus owing to the low incidence of thymic
carcinomas (11).

To address this knowledge gap, we quired the
Surveillance, Epidemiology and End Results (SEER)
database to establish a retrospective study, in order
to identify factors that exert impact on the prognosis
of patients with Masaoka stage IV thymic carcinoma,
furthermore, to better interpret the relationship between
surgery intervention and survival outcome in patients
with late-stage thymic carcinoma. In general, the present
research can shed light on the prognostic implications of
surgical resection in the contemporary era.

Methods
Data collection

The publicly available SEER database covered
approximately 30% of the American population (12).
SEER*Stat software (version 8.3.5; National Institutes of
Health, Bethesda, MD) was used to extract clinicopathologic
and survival information from 1973 to 2015. The primary
site variable was defined as tumors of thymus, and histology
type of thymic carcinoma was identified in accordance with
the International Classification of Diseases (ICD) codes:
8020, 8023, 8033, 8070, 8082, 8123, 8140, 8260, 8310,
8430, 8480, 8560, 8576, and 8586, all accompanied with the
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malignant behavior code (/3) (13). The available inclusion
criteria included: (I) age >18 years; and (II) Masaoka
stage IV thymic carcinoma. Patients were excluded if: (I)
unavailable information of surgery or extent of surgery;
(II) not the first primary tumor or with other malignancies;
and (III) survival time less than one month (to rule out
immediate post-operative mortality). Surgery modalities
were classified into total/radical resection and non-total
resection (including local tumor excision, partial removal,
and debulking surgery). Pertinent information of primary
tumor extension, LN status, and metastasis status were
extracted from the SEER registry for staging. Masaoka stage
I-1IA, 1IB, III, and IV were identified as localized or organ-
confined, extending to adjacent connective tissue, extending
to adjacent organs or structures in the mediastinum, and
further contiguous extension, respectively. Patients with
positive LN status or with distant metastasis were classified
as Masaoka stage IV (14). The present study is based on
a publicly available database, thus, it was exempted from
institutional review board approval.

Propensity score matching (PSM)

Selection bias is always a concern especially in a
retrospective study. A propensity score is the conditional
probability of assignment to a specific intervention given
a vector of baseline covariates (15), which is often applied
to reduce selection bias and balance the distributions
of confounding factors (16). In the present study, we
conducted a non-parsimonious logistic regression model to
calculate the propensity score regarding clinicopathologic
characteristics across the surgery group and the non-
surgery group. Parameters significant in the univariate
logistic regression models were entered into a multivariate
logistic regression model. PSM was performed using 1:1
nearest neighbor matching with a caliper of 0.02 to accept
a matched pair (17). The variables were verified as balanced
in the matched population for further investigation.

Statistical analysis

Kaplan-Meier analysis was conducted to calculate the
survival rate and Cox proportional hazards model was
conducted to adjust variables with P<0.1 in the univariate
analyses. Statistically significant result was obtained if two-
sided P<0.05. All analyses were performed with SPSS
Statistics 25.0 (IBM, Armonk, NY, USA). The primary
endpoint of the current research was overall survival (OS)
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Figure 1 Overall survival analysis of patients with thymic

carcinoma in different Masaoka stages.

and disease-specific survival (DSS), defined as the interval
between the diagnosis and death from any cause and the
time from the diagnosis of cancer to death of thymic
carcinoma respectively.

Results

From 1973 to 2015, a total of 660 thymic carcinoma cases
were included according to the eligibility criteria. The
number of patients classified into stage I-1IA, IIB, III, and
IV were 86, 31, 129, and 311, with the 5-year OS of 63.4%,
63.9%, 58.2% and 21.2%, respectively. Survival analysis
revealed that stage I-IIA, IIB and III patients resembled
in OS, but the stage IV patients had a significantly poorer
survival than the other three stages (Figure I). Thus, stage
IV patients had predominance in population as well as the
WOrst prognosis.

Baseline characteristics

A total of 311 records with thymic carcinoma of Masaoka
stage IV were identified. Clinicopathological characteristics
including age, gender, ethnicity, grade, LN status, tumor
size, distant metastasis, type of surgery, and multimodality
treatment were collected in Table 1. Male (61.1%) and the
Caucasian (71.1%) were predominant in the population
with the median age of 60 years (range, 20-92 years).
The median size for thymic carcinoma was 7.0 cm (range,
1.1-17.0 c¢m). Positive LN status was found in 55.3%
patients and distant metastasis was found in 58.5% patients.
The top four metastasis sites are lung, bone, liver and
brain, sorted by incidence from high to low. Approximately
40% patients underwent surgery, while radiation therapy
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was prescribed in 31.2% patients. About 75.9% patients
undertook chemotherapy, whereas the SEER database didn’t
give any information about the order between surgery and
chemotherapy and didn’t distinguish between no receipt of
chemotherapy and unknown information of chemotherapy.

Prognostic factors

Univariate Kaplan-Meier analysis of Masaoka stage IV
patients was recorded in Table 2. Significantly degradations
of survival was observed in patients with no receipt of
radiation treatment (P<0.001 for both OS and DSS), no
receipt of surgery (P<0.001 for both OS and DSS), larger
tumor size (=7.0 cm, P=0.004 for OS and P=0.003 for
DSS), positive nodal status (P=0.044 for OS and P=0.070
for DSS) and distant metastasis (P<0.001 for both OS and
DSS, especially metastasis at brain or liver). When further
exploring in surgery modalities, total/radical resection
showed superior DSS rates [non-total resection vs. total/
radical resection: hazard ratio (HR) 1.821, 95% confidence
interval (CI): 1.094-3.033, P<0.001; no surgery vs. total/
radical resection: HR 2.483, 95% CI: 1.607-3.836, P<0.001;
non-total resection vs. no surgery: HR 0.733, 95% CI:
0.507-1.062, P=0.101]. Total/radical resection resulted
in superior OS rates than did no surgery (no surgery vs.
total/radical resection: HR 2.098, 95% CI: 1.449-3.036,
P<0.001), while there was no significant difference between
total/radical resection and non-total resection (P=0.053)
nor between no receipt of surgery and non-total resection
(P=0.084) in OS.

Table 3 demonstrated the result of multivariate analysis.
Larger tumor size had an intimate relationship with poorer
OS (HR 1.813, 95% CI: 1.193-2.754; P=0.005) and DSS
(HR 1.968, 95% CI: 1.243-3.115; P=0.004), while negative
LN status and no distant metastasis was associated with
better OS (HR 0.570, 95% CI: 0.349-0.931; P=0.025 and
HR 0.563, 95% CI: 0.333-0.958; P=0.034, respectively).
However, no significant difference was found in both OS
and DSS in patients receiving radiation therapy or different
surgical modalities.

A stratified exploratory analysis was performed to assess
the appropriate treatment for patients with Masaoka stage
IV thymic carcinoma (Table 4 and Figure ST). Significant
reductions in OS and DSS were observed in patients
receiving non-total resection without radiotherapy, while no
significant difference was discovered for other subgroups.
However, Patients receiving total/radical resection with
radiotherapy tended to yield superior survival rate with the
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Table 1 Baseline characteristics of thymic carcinoma at Masaoka stage IV (n=311)

Characteristics Number %
Age (years)

Median [range] 60 [20-92]

<60 155 49.8

>60 156 50.2
Sex

Male 190 61.1

Female 121 38.9
Ethnicity

Caucasian 221 711

Non-Caucasian 88 28.3

Unknown 2 0.6
Grade

Well differentiated; Grade | 9 2.9

Moderately differentiated; Grade Il 14 4.5

Poorly differentiated; Grade Il 100 32.2

Undifferentiated; anaplastic; Grade IV 28 9.0

Unknown 160 51.4
LN status

Positive 172 55.3

Negative 85 27.3

Unknown 54 17.4
Tumor size (cm)

Median (range) 7(1.1-17.0)

<7.0 91 29.3

>7.0 106 34.1

Unknown 114 36.7
Distant met

Yes 182 58.5

No 90 28.9

Unknown 39 12.5
Met at bone

Yes 26 8.4

No 141 45.3

Unknown 144 46.3

Table 1 (continued)
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Characteristics Number %
Met at brain

Yes 7 2.3

No 159 51.1

Unknown 145 46.6
Met at liver

Yes 26 8.4

No 141 45.3

Unknown 144 46.3
Met at lung

Yes 55 17.7

No 111 35.7

Unknown 145 46.6
Surgery

Yes 124 39.9

No 187 60.1
Extent of surgery

Total/radical resection 64 20.6

Non-total resection 60 19.3

No surgery 187 60.1
Radiation treatment

Yes 97 31.2

No 214 68.8
Chemotherapy

Yes 236 75.9

No/unknown 75 241

LN, lymph node; met, metastasis.

S-year OS rates of 37.6% and 5-year DSS rates of 42.3%.
Due to the limitation of sample size, these differences are
not statistically significant.

Survival analysis and prognostic factors after PSM

To minimize selection bias, a PSM analysis of the
administration of surgery was performed and the Kaplan-
Meier survival curves of matched and unmatched dataset
were illustrated in Figure 2. The 5-year OS and DSS of
surgery group vs. non-surgery groups were 28.4% uvs.

© Journal of Thoracic Disease. All rights reserved.

16.0% and 31.1% vs. 15.4% (P<0.001) respectively in
the unmatched population. 7azble 5 listed the balances of
each factor in the unmatched and matched population. In
the matched population, there were no significant factors
associated with the receipt of surgery. The categorized
variables, such as age (260 and <60 years), sex (male and
female), race (Caucasian and non-Caucasian), radiation
treatment (yes and no), tumor size (>7.0 and <7.0 cm),
distant metastasis (yes and no) and LN metastasis (yes and
no) showed the well-balanced result. In the matched dataset
(n=124), the 5-year OS and DSS rate of the surgery group
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Table 2 Univariate Kaplan-Meier analysis of OS and DSS

0S DSS
Characteristics
3-year rates (%)  5-year rates (%) P value 3-year rates (%) 5-year rates (%) P value
Age (years)
<60 39.7 18.6 0.606 39.7 20.6 0.643
>60 41.0 24.3 411 23.0
Sex 0.552 0.574
Male 38.7 17.4 38.8 17.6
Female 42.5 26.6 42.3 27.6
Ethnicity 0.112 0.187
Caucasian 45.7 23.6 45.4 23.3
Non-Caucasian 28.0 15.5 27.5 18.0
Radiation treatment <0.001 <0.001
Yes 54.8 29.0 54.5 31.7
No 33.5 17.5 33.5 16.7
Surgery <0.001 <0.001
Yes 51.7 28.4 52.9 31.1
No 32.2 16.0 32.2 15.4
Extent of surgery <0.001 <0.001
Total/radical resection 63.7 35.3 70.0 411
Non-total resection 39.9 21.6 38.3 22.3
No surgery 32.2 16.0 32.2 15.4
Tumor size (cm) 0.004 0.003
<7.0 58.1 31.8 60.3 36.5
>7.0 38.3 19.3 39.3 19.9
Distant met 0.001 <0.001
Yes 35.3 15.8 33.7 16.4
No 54.2 39.2 57.4 41.0
LN status 0.044 0.070
Positive 36.5 20.0 38.1 20.4
Negative 52.2 31.1 49.7 33.5
Met at bone 0.194 0.168
Yes 42.8 21.4 421 421
No 411 23.6 43.7 26.4
Met at brain 0.001 0.001
Yes 0.0 0.0 0 0.0
No 41.5 23.9 43.2 27.2
Met at liver 0.001 0.001
Yes 9.1 0.0 11.2 0.0
No 43.1 26.7 44.7 30.3
Met at lung 0.339 0.234
Yes 42.9 8.6 40.3 13.4
No 39.8 28.3 43.9 31.2

LN, lymph node; OS, overall survival; DSS, disease-specific survival; met, metastasis.
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Table 3 Cox-regression analysis for prognostic factors
0os DSS
Variables
Hazard ratio (95% Cl) P value Hazard ratio (95% Cl) P value

LN status 0.025 0.066

Yes 1 1

No 0.570 (0.349-0.931) 0.602 (0.351-1.033)
Tumor size (cm) 0.005 0.004

<7.0 1 1

>7.0 1.813 (1.193-2.754) 1.968 (1.243-3.115)
Distant metastasis 0.034 0.059

Yes 1 1

No 0.563 (0.333-0.958) 0.573 (0.322-1.021)
Surgery 0.27 0.28

Total/radical resection 1 1

Non-total resection 1.245 (0.680-2.280) 0.478 1.561 (0.788-3.093) 0.202

No surgery 1.662 (0.885-3.120) 0.114 1.784 (0.855-3.722) 0.123
Radiation treatment 0.4 0.333

Yes 1 1

No 1.256 (0.739-2.133) 1.356 (0.732-2.511)
Cl, confidence interval; LN, lymph node; OS, overall survival; DSS, disease-specific survival; met, metastasis.
Table 4 Subgroup analysis of OS and DSS according to surgery procedure and radiotherapy

0os DSS

Subgroup 3-ye(a;) ;ates 5-ye(ac1’;) ;ates HR (95% CI) P value 3-ye;;] ;ates 5-ye(a‘1);J ;ates HR (95% Cl) P value
Total/radical resection 70.1 37.6 1.000 (reference) 0.131 71 42.3 1.000 (reference) 0.086
with radiotherapy
(n=47)
Total/radical resection 47.8 29.9 1.489 (0.731-3.033) 0.273 68 36.4 0.995 (0.371-2.665)  0.992
without radiotherapy
(n=17)
Non-total resection with 42.7 21.6 1.532 (0.865-2.715) 0.144 42 23.6 1.614 (0.865-3.012) 0.132
radiotherapy (n=34)
Non-total resection 23.1 1.997 (1.115-3.576) 0.020 34 22.9 2.221 (1.149-4.291)  0.018

without radiotherapy
(n=26)

Cl, confidence interval; OS, overall survival; DSS, disease-specific survival; HR, hazard ratio.

were both higher in that of the non-surgery group (32.7%
vs. 14.9%, P=0.027 for OS; 38.4% vs. 13.1%, P=0.010

for DSS).

The results of univariate Kaplan-Meier analysis after

© Journal of Thoracic Disease. All rights reserved.

PSM are shown in Table 6. Significantly degradations of
survival were observed in patients with male sex (P=0.009

for OS and P=0.008 for DSS), no receipt of radiation

therapy (P=0.029 for OS and P=0.028 for DSS) or without

7 Thorac Dis 2020;12(3):659-671 | http://dx.doi.org/10.21037/jtd.2019.12.111



666

A
1.0 k( Non-surgery
T4 _rSurgery
0.8 T ~+~Non-surgery-cencored
_ i 1 1\\ ﬁ’Surgew-cencored
© ] N
2 | Yy
2 06 e
: 0
K N
o 0.4 e i
3 ™ T P<0.001
0.2 P *‘*L_,T
—h L
0.0
0 25 50 75 100 125
Time from diagnosis (months)
C
T 1.0 1';‘ Non-surgery
= b ‘L _mSurgery
b 0.8 3 % Non-surgery-cencored
3 oy —+Surgery-cencored
) (N |
g 0.6 1k
3 1“1 P<0.001
004 e
2} 1,
g o [ S
2 0.2 [
[a) L
0.0

0 25 50 75 100 125
Time from diagnosis (months)

Ye et al. Surgery for late-stage thymic carcinoma

B

1.0 L Non-surgery

k "al —Surgery
N 1 +Non-surgery-cencored
= 0.8 i ~-Surgery-cencored
g “It]
206 T i
s H,
g 0.4 T ‘Lj*\jl
o) 1 P=0.027
T
0.2 —
0.0
0 25 50 75 100 125
Time from diagnosis (months)

D

1.0
s | k. oz
=2 ul - -
zo0s8 HII T SorgaySoncored
n ;
£0.6 e
9 ‘ A
9] P=0.010
Q

0.4
. i
g |
©0.2
(7}
2 L;

0.0

0 25 50 75 100 125
Time from diagnosis (months)

Figure 2 Overall survival of patients with and without surgery, before (A) and after (B) propensity score matching (PSM). Disease-specific

survival of patients with and without surgery, before (C) and after (D) PSM.

surgery (P=0.027 for OS and P=0.010 for DSS). Table 7
shows the result of Cox-regression analysis. Among the
variables, no receipt of surgery was the only prognostic
factor indicating poorer survival in OS and DSS (HR 1.985,
95% CI: 1.007-3.913, P=0.048 for OS and HR 1.649, 95%
CI: 1.009-2.697, P=0.046 for DSS).

Subgroup analysis

To determine the patients who had the benefit from surgery
intervention, we conducted an exploratory subgroup
analysis (Figure 3). Significantly superior survival of surgery
was observed in patients with age of diagnosis <60 years
(HR: 0.48, 95% CI: 0.32-0.72), female sex (HR: 0.37, 95%
CI: 0.23-0.60), Caucasian ethnicity (HR: 0.56, 95% CI:
0.40-0.77), larger tumor size (>7.0 cm, HR: 0.42, 95% CI:
0.25-0.69), positive LN statues (HR: 0.56, 95% CI: 0.38-
0.82), and with (HR: 0.60, 95% CI: 0.39-0.90) or without
distant metastasis (HR: 0.46, 95% CI: 0.26-0.83).

Discussion

Thymic carcinoma is a type of rare disease with aggressive

© Journal of Thoracic Disease. All rights reserved.

nature, leading to high morbidity and mortality. Survival
rates varied according to stage (stages I-II: 91%; stages
III-IV: 31%) and resectability (including completeness of
resection) (18). The Masaoka staging system is widely used
for thymic carcinomas and advanced Masaoka stage was
associated with poor survival (19-21). Similar results were
also observed in the present study, patients with Masaoka
stage IV thymic carcinoma accounted for nearly half of the
population with the 3-, 5- and 10-year OS of 40.3%, 21.2%,
and 6.3%, respectively, reaching the worst survival among
other stages from the same SEER database (P<0.001). It
is reported that administration of surgery is the preferred
modality of treatment for thymic carcinoma (9), however,
the role of surgery approach has been undefined in stage
IV thymic carcinoma. Thus, we specifically analyzed
the survival of patients with Masaoka stage IV thymic
carcinoma to evaluate the role of surgery in outcome.
Surgery treatment had an intimate relationship with
superior prognosis both before and after PSM. Advanced
and metastatic disease of stage IV were often considered
as unresectable, while the present study suggested that the
predominant choice of treatment for thymic carcinoma
should be surgical resection if feasible, even in patients with

7 Thorac Dis 2020;12(3):659-671 | http://dx.doi.org/10.21037/jtd.2019.12.111
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Table 5 Masaoka stage IV thymic carcinoma patient characteristics before and after propensity score matching
Entire population Propensity-matched population
Characteristics
Surgery n=124 (%) Non-surgery n=187 (%) P value Surgery n=62 (%)  Non-surgery n=62 (%) P value
Age(years) 0.298 0.362
<60 57 (46.0) 98 (52.4) 23 (37.1) 28 (45.2)
>60 67 (54.0) 89 (47.6) 39 (62.9) 34 (54.8)
Sex 0.477 0.358
Male 79 (63.7) 111 (59.4) 35 (56.5) 40 (64.5)
Female 45 (36.3) 76 (40.6) 27 (43.5) 22 (35.5)
Race 0.201 0.065
Caucasian 94 (75.8) 127 (67.9) 51 (82.3) 40 (64.5)
Non-Caucasian 30 (24.2) 58 (31.0) 11 (17.7) 21 (33.9)
Radiotherapy <0.001 1
Yes 81 (65.3) 19 (10.2) 19 (30.6) 19 (30.6)
No 43 (34.7) 168 (89.8) 43 (69.4) 43 (69.4)
Tumor size (cm) 0.143 0.362
<7.0 49 (39.5) 42 (22.5) 24 (38.7) 12 (19.4)
>7.0 46 (37.1) 60 (32.1) 22 (35.5) 17 (27.4)
Unknown 29 (23.4) 85 (45.4) 16 (25.8) 33 (53.2)
Distant metastasis <0.001 0.055
Yes 46 (37.1) 136 (72.7) 30 (48.4) 44 (71.0)
No 56 (45.2) 34 (18.2) 20 (32.3) 13 (21.0)
Unknown 22 (17.7) 17 (9.1) 12 (19.3) 5(8.0)
LN metastasis 0.109 0.191
Yes 68 (54.8) 104 (55.6) 28 (45.2) 34 (54.8)
No 43 (34.7) 42 (22.5) 25 (40.3) 18 (29.0)
Unknown 13 (10.5) 41 (21.9) 9 (14.5) 10 (16.2)

LN, lymph node.

Masaoka stage IV. As regarding to the specific treatment,
significant reductions in OS and DSS were observed in
patients receiving non-total resection without radiotherapy,
however, due to the limitation of sample size, we couldn’t
find significant difference in other treatment subgroups
(total/radical resection with radiotherapy, total/radical
resection without radiotherapy, and non-total resection
with radiotherapy). Patients receiving total/radical resection
with radiotherapy tended to yield superior survival rate,
and we are looking forward to more evidence from large
prospective randomized controlled trials.

© Journal of Thoracic Disease. All rights reserved.

An exploratory subgroup analysis was performed to
identify the patients who have the best responses to surgery.
Better outcome was observed in patients with younger
diagnosing age, gender of female, Caucasian ethnicity,
larger tumor size, with or without distant metastasis, or LN
metastasis. It’s the first time for a SEER study with PSM
analysis to demonstrate that surgery treatment can improve
survival and to determine the subgroups which benefit from
the surgery intervention.

In the multivariate analysis, we found that tumor size,
LN status, and distant metastasis status were prognostic

7 Thorac Dis 2020;12(3):659-671 | http://dx.doi.org/10.21037/jtd.2019.12.111
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Table 6 Univariate Kaplan-Meier analysis of OS and DSS in the matched population

(O] DSS
Characteristics
3-year rates (%) 5-year rates (%) P value 3-year rates (%) 5-year rates (%) P value
Age (years)
<60 43 22.4 0.727 423 25.2 0.989
>60 49.3 26.3 53.1 25.5
Sex 0.009 0.008
Male 40.2 1.7 40.6 11.4
Female 55.2 41.7 59.1 45.8
Ethnicity 0.26 0.204
Caucasian 50.5 27.5 53.5 28.3
Non-Caucasian 33.8 14.5 32.1 17.8
Radiation treatment 0.029 0.028
Yes 58.3 36.1 59.5 42.5
No 40.7 18.7 421 16.3
Surgery 0.027 0.010
Yes 51.9 32.7 55.8 38.4
No 40.4 14.9 40.6 131
Tumor size (cm) 0.089 0.164
<7.0 67 37.1 69.4 39.3
>7.0 47.4 26.1 50.8 28.6
Distant met 0.096 0.112
Yes 47.3 20 47.6 191
No 57.2 48.9 59.8 50.5
LN status 0.559 0.563
Positive 39.3 27 43 28.7
Negative 58.1 29 59.6 32.4

LN, lymph node; OS, overall survival; DSS, disease-specific survival; met, metastasis.

factors on survival. These three prognostic factors were
basal characteristics of patients, which represented the
severity of disease, while interventional modalities such
as surgery or adjuvant radiation failed to have significant
impact on survival. The extent of primary tumor described
as “further contiguous extension”, positive LN status or
with distant metastasis were classified into Masaoka stage
IV, thus, Masaoka stage IV patients included a wide range of
individuals with different severity, from those who still had
an opportunity for surgical intervention to those had lost
surgery opportunity. In order to further discuss the impact

© Journal of Thoracic Disease. All rights reserved.

of surgical intervention on treatable patients at Masaoka
stage IV, a PSM analysis was performed to minimize the
bias and make it comparable between the surgical and non-
surgical group, which revealed that surgical intervention
was the only prognostic factor and independently associated
with superior survival. Therefore, we demonstrated that
aggressive treatment of surgery needs to be considered even
in late-stage thymic carcinoma.

There have been two SEER-based studies and a
nationwide database research of surgical therapy in
thymic carcinoma until recently (21-23). The first
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Table 7 Cox-regression analysis for prognostic factors in the matched population

669

Variables

oS

DSS

Hazard ratio (95% Cl)

P value

Hazard ratio (95% Cl)

P value

Radiation treatment

Yes
No
Surgery
Yes
No
Sex
Female
Male
Distant metastasis
Yes
No
Tumor size (cm)
<7.0
>7.0

]
2.051 (0.924-4.554)

1
1.985 (1.007-3.913)

;
2.040 (0.920-4.524)

]
1.290 (0.586-2.839)

1
1.772 (0.921-3.406)

0.079

0.048

0.079

0.527

0.086

1 0.256
1.425 (0.773-2.624)

1 0.046
1.649 (1.009-2.697)

1 0.122
1.569 (0.886-2.778)

Cl, confidence interval; OS, overall survival; DSS, disease-specific survival; met, metastasis.

Hazard Ratio Hazard Ratio
Study or Subgroup IV, Fixed. 95% CI IV, Fixed. 95% CI
=60 years 0.72[0.49,1.07) —t
<60 years 0.48[0.32,0.72) S —
Male 0.80[0.56,1.13] —t
Female 0.37[0.23, 0.60] B E—
Caucasian 0.56[0.40,0.77] —
Non-Caucasian 0.7910.45.1.361 ——T
Radiation 0.56 [0.30, 1.04] t
Non-radiation 0.78[0.53,1.16] —i—T
<7.0cm 0.59[0.34,1.03] B E—
=7.0cm 0.4210.25. 0.691 E E—
bistant met 0.60[0.39, 0.90] I —
Non distant met 0.46 [0.26, 0.83] —_—
Node postive 0.56 [0.38, 0.82] —t
Node negative 0.58[0.32,1.03] —

0.2 0.5 1 2 5

Favours [surgery]

Favours [non-surgery]

Figure 3 Result of subgroup analysis. Forest plots indicating the hazard ratio and 95% confidence interval of each subgroup.
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SEER investigation by Weksler et a/. analyzed the entire
thymic carcinoma population and found that type of
surgical therapy was important determinants of survival
[1973-2008] (22). The other study indicated that patients
with debulking surgery, advanced Masaoka stage and
LN metastasis had poor survival outcome (23). The
nationwide database study collected from 32 Japanese
institutions, evaluated the prognostic factors including
clinicopathological variables and perioperative therapy
for surgically treated thymic carcinoma (21). A total of
306 patients with thymic carcinoma were enrolled in this
retrospective study and revealed that prognostic factors for
OS were Masaoka stage and resection status, which was
consistent with our result that higher pathological Masaoka
stage was closely related to poor prognosis, thus we mainly
focused on Masaoka stage IV tumors. However, these results
of prognostic significance of surgery above were explored
in the whole thymic carcinoma population, which may have
bias caused by different Masaoka stages. The prognostic
value of surgery therapy in late-stage thymic carcinoma
should be illustrated without confounders of other stages.
Therefore, we provide an initial data on the advantage of
surgery treatment for late-stage thymic carcinomas based
on the SEER registry.

The present analysis is different from the above
previous researches in the followings: (I) the PSM analysis
was performed to minimize the selection bias; (II) only
thymic carcinoma of Masaoka stage IV was included; and
(IIT) more patients were included in correspondence to
the revised histology criteria. However, there are some
limitations since that the SEER database didn’t record
the detailed surgery procedures, such as microscopical
or macroscopical resection, and the clinical benefit of
surgery and relapse rate are also unavailable, thus we
briefly compared the surgery modality of total (total/
radical resection), non-total resection (including local
tumor excision, partial removal, and debulking surgery)
and no receipt of surgery, which could not fully reflect the
details of surgical procedures. The Japanese nationwide
study demonstrated that maximal debulking surgery might
be beneficial for advanced disease deemed difficult for RO
resection, though perioperative therapy did not affect OS,
it was associated with improved recurrence-free survival
after RO resection (21). Regarding to this, clinical and
survival benefit of surgery and relapse rate would be worth
investigating in future prospective studies.

The SEER registry used in our study is an authorized
and open-assess cancer database for research purposes in

© Journal of Thoracic Disease. All rights reserved.
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the US, with a standardized reporting protocol and updated
yearly. Pertinent data on demographic characteristics,
tumor features, treatment modalities and follow-up data
are recorded. However, some limitations still exist in this
study. First is the retrospective nature of the study subjected
to selection bias. Whereas the selection bias was reduced
using the PSM method, we still cannot rule out some
potential or unpredictable confounding factors. Further
randomized controlled trials were expected to provide
the prospective evidence to verify our results. Second, the
information available was not comprehensive. Treatment
selection criteria, patient medical history or comorbidities
and recurrence status were not available in the SEER
database. As a final comment, data of postoperative adjuvant
therapies, such as chemotherapy and target therapy were
also not provided. However, thymic carcinomas respond
poorly to chemotherapy and hardly underwent target
therapy, thus, this limitation could have little impact.
Nonetheless, the results are striking and could affect future
treatment planning.

In conclusion, our present study based on the SEER
population demonstrated that administration of surgery
could improve the survival outcome for patients with thymic
carcinoma even at Masaoka stage IV. The selection bias of
the retrospective design was reduced by PSM analysis to
outline the superior therapeutic role of surgery intervention
in advanced thymic carcinoma, though some potential and
unpredictable confounding factors still exist due to the nature
of retrospective study. Poor prognostic impact of no receipt
of surgery was suggested and subgroup analysis revealed that
benefit of surgery treatment was observed in patients with
younger age, female sex, Caucasian ethnicity, larger tumor size,
and positive LN metastasis. Further prospective explorations
are highly anticipated to establish the therapeutic gain and
indications of surgery in this rare malignancy.
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Figure S1 Survival analysis of patients with Masaoka stage IV thymic carcinoma in different treatments. (A) Overall survival analysis of

patients with Masaoka stage IV thymic carcinoma in different treatments; (B) disease-specific survival analysis of patients with Masaoka stage
IV thymic carcinoma in different treatments.



