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Introduction

Thymic epithelial tumors (TETs) are rare tumors. How-
ever, the most common mediastinal tumors in adults arise
from epithelial thymic cells and represent approximately
0.2% to 1.5% of all malignancies. TETs comprise a hetero-
geneous group with a wide spectrum, with thymoma and

Background: Thymic epithelial tumors (TETs) are rare, and information regarding their
surgical outcomes and prognostic factors has rapidly changed in the past few decades.
We analyzed surgical treatment practices for TETs and outcomes in terms of overall survival
(0S) and freedom from recurrence (FFR) during a 13-year period in Korea.

Methods: In total, 1,298 patients with surgically resected TETs between 2000 and 2013
were enrolled retrospectively. OS and FFR were calculated using the Kaplan-Meier method
and evaluated with the log-rank test. Prognostic factors for OS and FFR were analyzed with
multivariable Cox regression.

Results: A total of 1,098 patients were diagnosed with thymoma, and 200 patients were
diagnosed with thymic carcinoma. Over the study period, the total number of patients
with surgically treated TETs and the proportion of patients who underwent minimally in-
vasive thymic surgery (MITS) increased annually. The 5-year and 10-year survival rates of
surgically treated TETs were 91.0% and 82.1%, respectively. The 5-year and 10-year recur-
rence rates were 86.3% and 80.0%, respectively. The outcomes of surgically treated TETs
improved over time. Multivariable Cox hazards analysis for OS, age, tumor size, and Masao-
ka-Koga stage were independent predictors of prognosis. The World Health Organization
classification and tumor-node-metastasis (TNM) staging were also related to the prognosis
of TETs.

Conclusion: Surgical treatment of TETs achieved a good prognosis with a recent increase
in MITS. The M-K stage was the most important prognostic factor for OS and FFR. The new
TNM stage could also be an effective predictor of the outcomes of TETs.
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thymic carcinoma being the most frequent histologic sub-
types.

Many previous studies have suggested a better prognosis
in TETs with an early Masaoka-Koga (M-K) stage, com-
plete resection status, and a World Health Organization
(WHO) classification of medullary thymoma. Surgical re-
section, such as total thymectomy and complete excision of
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the tumor, is the standard therapeutic approach for TETs.
Patients with surgically unresectable TETs have alterna-
tively been administered radiotherapy and chemotherapy
in the setting of neoadjuvant, adjuvant, and palliative treat-
ment, but the efficacy and results of non-surgical treatment
remain unclear. Over the past few decades, clinical infor-
mation regarding patients with surgically treated TETs has
substantially changed. The new tumor-node-metastasis
(TNM) staging system of TETs was established in 2014,
and all TETs are now regarded as potentially malignant tu-
mors. With recent developments in video- and robot-as-
sisted thoracoscopic surgical instruments and practices,
minimally invasive thymic surgery (MITS) has been in-
creasingly indicated for thymoma.

The Korean Association for Research on the Thymus
(KART) developed a retrospective database to define TETS’
pathophysiologic and clinical profile with the participation
of 4 medical institutions in Korea. We compiled data from
1,298 patients with thymoma and thymic carcinomas sur-
gically treated between 2000 and 2013.

The aim of this study was to report recent changes in the
surgical treatment of TETs and investigate a population-
based series of TETs in Korea, with an analysis of the clini-
copathologic and surgical outcomes.

Methods
Patients

The study was reviewed by the Institutional Review Board
of Asan Medical Center (no., 2018-12963) and approved as
a minimal-risk retrospective study that did not require in-
dividual consent according to the institutional guidelines
for consent waivers. The KART established a multi-institu-
tional database of patients who were surgically treated for
TETs at 4 medical institutions in Korea. From January 2000
to December 2013, we compiled data on 1,325 patients with
thymoma and thymic carcinoma. Among these, we exclud-
ed patients with other histologic types of mediastinal tu-
mors, such as sarcoma, and patients who were surgically
treated for recurrence of TETs. In total, 1,298 patients were
included in this study, and their medical records were re-
viewed retrospectively.

Statistical analysis

The cumulative probability rate of achieving overall sur-
vival (OS) and freedom from recurrence (FFR) was esti-
mated with the Kaplan-Meier method. The univariable

analysis to potentially predict OS and FFR was conducted
using a Cox proportional hazard model. Variables with
p-values <0.20 were entered into the multivariable analysis.
The proportional hazards assumption in the Cox model
was assessed using Schoenfeld residuals. Continuous vari-
ables were compared using the Student t-test and 1-way anal-
ysis of variance. All results were expressed as the mean+
standard deviation (SD) or as proportions. Statistical sig-
nificance was considered with p-values <0.05. All statistical
analyses were performed without correction for multiple
testing. All statistical analyses were performed using the R
software package ver. 4.1.0 (The R Foundation for Statisti-
cal Computing, Vienna, Austria; http://www.R-project.

org).

Results
Patient characteristics

Preoperative patients’ characteristics and demographics
are summarized in Table 1. The median follow-up period
was 52.3 months, during which 139 patients died. Patients’
age ranged from 15 to 81 years, with a mean age of 51.0+
13.00 years. Forty-eight percent of patients were women.
The thymic carcinoma group was older and had a higher
smoking rate (p<0.001). Fifty-five percent of patients were
asymptomatic. In both the thymoma and thymic carcino-
ma groups, an incidental finding (asymptomatic) of TETs
was the most common presentation. A comparison of clin-
ical symptoms between thymoma and thymic carcinoma is
shown in Fig. 1. Myasthenia gravis (MG), which represents
a paraneoplastic syndrome, was observed more frequently
in the thymoma group than in the thymic carcinoma group
(25% versus 2%, p<0.001). The only other paraneoplastic
phenomenon found in the study group was red cell aplasia,
which was observed in 1 patient. The preoperative clinical
MG profiles are shown in Appendix 1. The most common
clinical symptom of MG patients was ptosis (274 patients,
86.2%). However, most of the patients had symptoms less
than Myasthenia Gravis Foundation of America clinical
classification III (274 patients, 86.2%). In total, 87.4% of pa-
tients received pyridostigmine (Mestinon) treatment and
7% of patients received steroid treatment preoperatively.

Operative details of the study population
The operative details of the overall study population are

shown in Table 2. Standard median sternotomy was per-
formed in more than half of the cases (748 patients, 57.6%).
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Table 1. Baseline characteristics of the overall study population

Characteristic Total Thymoma Thymic carcinoma e
(N=1,298) (N=1,098) (N=200)
Age (yr) 51.0+13.0 50.0£12.9 57.0£11.9 <0.001
Sex <0.001
Male 681 (52.5) 540 (49.2) 141 (70.5)
Female 671 (47.5) 558 (50.8) 59 (29.5)
Symptomatic event 579 (44.6) 494 (45.0) 85 (42.5) 0.566
Previous malignancy 104 (8.0) 84 (7.7) 20 (10.0) 0.325
Underlying disease
Diabetes mellitus 105 (8.1) 84 (7.7) 21 (10.5) 0.223
Hypertension 284 (21.9) 220 (20.0) 64 (32.0) <0.001
Coronary artery occlusive disease 23 (1.8) 16 (1.5) 7 (3.5) 0.085
Tuberculosis 93 (7.2) 75 (6.8) 18 (9.0) 0.345
Hepatitis 51 (3.9) 43 (3.9) 8 (4.0) 1.000
Renal disease 13 (1.0) 11 (1.0) 2 (1.0) 1.000
Chronic obstructive pulmonary disease 13 (1.0) 6 (0.5) 7 (3.5) 0.001
Cerebro-vascular accident 24 (1.8) 18 (1.6) 6 (3.0) 0.304
Thyroid disease 32 (2.5) 26 (2.4) 6 (3.0) 0.778
Paraneoplastic syndrome <0.001
Myasthenia gravis 316 (24.3) 310 (28.2) 6 (3.0)
Red cell aplasia 1(0.1) 1(0.1) 0
Smoking <0.001
Never smoker 857 (66.0) 763 (69.5) 94 (47.0)
Ex-smoker 228(17.6) 170 (15.5) 58 (29.0)
Current smoker 213 (16.4) 165 (15.0) 48 (24.0)

Values are presented as meanzstandard deviation or number (%), unless otherwise stated.
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MITS was preferred more in the thymoma group com-
pared to the thymic carcinoma group (p<0.001). Although
complete resection was one of the primary goals of surgery,
4.7% of the patients had incomplete resections. In both
thymoma and thymic carcinoma cases, complete thymec-
tomy was the most frequently performed treatment, fol-
lowed by thymothymectomy. A concurrent procedure was
performed more frequently in thymic carcinoma (28.4%
versus 71.0%, p<0.001). In both groups, concurrent lung
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Fig. 1. Clinical symptoms compared
between thymoma and thymic car-
cinoma. SVC, superior vena cava.

resection was most common, followed by pericardium re-
section. The mean size of the tumor was 5.5+2.7 cm. There
was no statistically significant difference in tumor laterali-
ty. During the observation period, lymph node dissection
was performed in only 22.3% of all patients. Even in the
thymic carcinoma group, lymph node dissection was only
performed in 34% of cases.
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Table 2. Operative details of the overall study population

Variable Total Thymoma Thymic carcinoma e
(N=1,298) (N=1,098) (N=200)
Approach <0.001
Open 824 (63.5) 667 (60.7) 157 (78.5)
Sternotomy 748 (57.6) 610 (55.6) 138 (69.0)
Thoracotomy 513.9) 38 (3.5) 13 (6.5)
Clamshell 10 (0.8) 8(0.7) 2 (1.0)
Others 15 (1.2) 11 (1.0) 4 (2.0)
MITS 474 (36.5) 431 (39.3) 43 (21.5)
VATS 427 (32.9) 388 (35.3) 39 (19.5)
RATS 47 (3.6) 43 (3.9) 4(2.0)
Clinical resection status <0.001
Complete 1,237 (95.3) 1,060 (96.5) 177 (8.5)
Incomplete 61 (4.7) 38 (3.5) 23 (11.5)
Operation 0.287
Thymomectomy 278 (21.4) 234 (21.3) 44 (22.0)
Partial thymectomy 113 (8.7) 94 (8.6) 19 (9.5)
Complete thymectomy 869 (66.9) 740 (67.4) 129 (64.5)
Extended thymectomy 4(1.8) 21 (1.9 3(1.5)
Concurrent procedure 454 (35.0) 312 (28.4) 142 (71.0) <0.001
Lung resection 323 (24.8) 214 (19.6) 109 (54.5)
Wedge resection 291 (22. ) 195 (1 7.8) 96 (48.0) <0.001
Segmentectomy 3(0.2 1(0.1) 2 (1.0) 0.097
Lobectomy 4(1.8 16 (1.5) 8 (4.0) 0.030
Pneumonectomy 5 (0. 4) 2(0.2) 3(1.5) 0.032
Pericardium 242 (18.6) 156 (14.2) 86 (43.0) <0.001
Phrenic nerve 125 (9.6) 79 (7.2) 46 (23.0) <0.001
Innominate vein 7 (6.7) 45 (4.1) 42 (21.0) <0.001
Diaphragm 1(1.6) 17 (1.5) 4(2.0) 0.873
Pleural seeding 7 (2.9) 26 (2.4) 11 (5.5) 0.027
Other vessel 1(3.9) 23 (2.1) 28 (14.0) <0.001
Extrapleural pneumonectomy 8 (0.6) 6 (0.5) 2 (1.0 0.793
Others 37 (2.9) 20 (1.8) 17 (8.5) <0.001
Clinical tumor size (cm) 5.5+2.7 5.4+2.7 6.0+2.8 0.002
Tumor location 0.141
Median 388 (31.5) 319 (30.6) 69 (36.5)
Right 450 (36.6) 392 (37.6) 58 (30.7)
Left 393 (31.9) 331 (31.8) 62 (32.8)
Concurrent LN dissection 289 (22.3) 221 (20.1) 68 (34.0) <0.001
Enlarged LN 69 (5.3) 9 (4.5) 20 (10.0) 0.002

Values are presented as number (%) or meanzstandard deviation, unless otherwise stated.
MITS, minimally invasive thymic surgery; VATS, video-assisted thoracoscopic surgery; RATS, robotic-assisted thoracoscopic surgery; LN, lymph node.

Pathologic profiles and distribution of thymoma
classifications

The 5-year and 10-year OS rates were 91.1% (95% confi-
dence interval [CI], 89.0%-92.7%) and 81.3% (95% CI,
77.4%-84.6%), respectively. The 5-year and 10-year FFR
rates were 86.0% (95% CI, 83.4%-88.2%) and 80.1% (95%
CI, 76.0%-83.6%), respectively. The distribution of thymo-
ma classification is shown in Table 3. In the thymoma
group, the WHO classification type A occupied the small-

est proportion (5.6%) and other types (AB, Bl, B2, B3) ac-
counted for about 20%. The WHO classification was asso-
ciated with the M-K stage (p<0.01) (Appendix 2).

Annual trends of surgically treated thymic
epithelial tumors

Over the study period, the total number of patients with

surgically treated TETs tended to gradually increase annu-
ally, and the proportion of patients who underwent MITS
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Table 3. Postoperative outcomes of OS and FFR, pathologic profiles, and distribution of classifications

Variable Total Thymoma Thymic carcinoma o
(N=1,298) (N=1,098) (N=200)

5-year OS (%) 91.1 (89.0-92.7) 93.3 (91.2-94.9) 79.2 (72.0-84.7) <0.001
10-year OS (%) 81.3 (77.4-84.6) 85.3 (81.3-88.5) 58.5 (45.8-69.1) <0.001
5-year FFR (%) 86.0 (83.4-88.2) 91.3 (88.9-93.2) 59 0 (50.2-66.8) <0.001
10-year FFR (%) 80.1 (76.0-83.6) 85.2 (80.7-88.7) 5(45.1-63.9) <0.001
Final WHO type <0.001

A 1(4.7) 1(5.6) =

AB 269 (20.7) 269 (24.5) -

B1 250 (19.3) 250 (22.8) -

B2 296 (22.8) 296 (27.0) -

B3 222 (17.1) 222 (20.2) -

C 200 (15.4) - 200 (100.0)
Pathologic Masaoka-Koga stage <0.001

| 480 (37.2) 466 (42.5) 14 (7.1)

lla 294 (22.8) 264 (24.1) 30 (15.3)

Ib 248 (19.2) 215 (19.6) 33 (16.8)

I} 166 (12.8) 97 (8.9) 69 (35.2)

IVa 8 (5.3) 45 (4.1) 23 (11.7)

IVb 6 (2.8) 9 (0.8) 27 (13.8)
Pathologic TNM stage <0.001

| 320 (69.3) 289 (79.6) 31 (31.3)

1l 10 (2.2) 5(1.4) 5(5.1)

llla 67 (14.5) 41 (11.3) 26 (26.3)

b 1(0.2) 0 1(1.0)

IVa 45 (9.7) 27 (7.4) 18 (18.2)

IVb 19 (4.1) 1(0.3) 18 (18.2)
Final resection status <0.001

RO resection 1,183 (91.8) 1,022 (93.5) 161 (82.6)

R1 resection 84 (6.5) 57 (5.2) 27 (13.8)

R2 resection 21 (1.6) 14 (1.3) 7 (3.6)

Values are presented as number (%) and OS and FFR are presented as rate (95% confidence interval).
OS, overall survival; FFR, freedom from recurrence; WHO, World Health Organization; TNM, tumor-node-metastasis.

(video-assisted thymic surgery and robot-assisted thymic
surgery) increased from 0 case in 2000 to 100 cases (69.0%)
in 2012 (Fig. 2).

As shown in Fig. 2, there was an upward trend of the
5-year OS from 66% in 2000 to 90% in 2010. When OS was
analyzed using the Kaplan-Meier method depending on
the year, 2007 was a significant cut-off point. After 2007,
the annual OS dramatically increased (p=0.0014).

Extent of resection

In the total group, pathologic reports showed that 1,183
(91.8%) of patients underwent complete resection and 105
(8.1%) of patients underwent incomplete resection (R1 or
R2 resection). The 5-year OS rates were 93.0% (95% CI,
91.1%-94.6%) in the complete resection group and 75.9%
(95% CI, 65.5%-83.6%) in the incomplete resection group.

130 http://www.jchestsurg.org

As shown in Fig. 3, patients who underwent complete re-
section showed a significantly higher survival rate than
who received incomplete resection (p<0.001). The 5-year
and 10-year FFR rates of the complete resection group were
89.0% (95% CI, 86.5%-91.0%) and 82.1% (95% CI, 77.6%—
85.8%), respectively.

Overall survival and freedom from recurrence by
the World Health Organization histologic
classification

Sixty-one patients (4.7%) were classified as WHO type A,
269 patients (20.7%) as WHO type AB, 250 patients (19.3%)
as WHO type Bl, 296 patients (22.8%) as WHO type B2,
222 patients (17.1%) as WHO type B3, and 200 patients
(15.4%) as diagnosed with thymic carcinoma (WHO type
C). Eighty-five percent of the patients were categorized as
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Fig. 3. Overall survival (OS) and freedom from recurrence (FFR) with complete resection and incomplete resection. (A) OS according to
resection completeness. (B) FFR according to resection completeness.

having thymoma, and the subtypes (reflecting the nature
of the malignancy) were categorized as the A&AB&BI
group, B1&B2 group, and C group.

OS and FFR according to M-K stage are shown in Fig.
4A and B. OS was significantly different among patients
with thymoma compared to thymic carcinoma (p<0.001).
The 5-year and 10-year OS rates in patients with thymoma
were 93.3% (95% CI, 91.2%-94.9%) and 85.2% (95% CI,
81.2%-88.4%), respectively, compared to 79.1% (95% CI,
71.9%-84.6%) and 58.3% (95% CI, 45.6%-69.0%), respec-
tively, in patients with thymic carcinoma. The OS among
WHO subtype groups in thymoma was not significantly

different (p=0.85). The 5-year and 10-year OS rates of the
A&AB&BI group were 94.5% (95% CI, 91.5%-96.4%) and
88.3% (95% CI, 82.9%-92.1%), respectively. The 5-year and
10-year OS rates of the B2&B3 group were 92.1% (95% CI,
88.9%-94.4%) and 82.2% (95% CI, 75.9%-87.0%), respec-
tively. FFR was significantly different among the 3 WHO
subtypes (p<0.001). The 5-year FFR of the A&AB&BI
group was 97.3% (95% CI, 95.0%-98.6%), that of the B2&B3
group was 86.4% (95% CI, 82.3%-89.6%), and that of the
thymic carcinoma group was 58.8% (95% CI, 49.9%-
66.6%).
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Fig. 4. Overall survival (OS) and freedom from recurrence (FFR) according to the thymic epithelial tumor (TET) classification. (A) OS with
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(D) FFR with M-K staging. (E) OS with tumor-node-metastasis (TNM) staging. (F) FFR with TNM staging.

Overall survival and freedom from recurrence by
Masaoka-Koga staging

A total of 480 patients (37.2%) were classified as stage I,
294 patients (22.8%) as stage Ila, 248 patients (19.2%) as stage
IIb, 166 patients (12.8%) as stage III, 68 patients (5.3%) as stage
I'Va, and 19 patients (4.1%) as stage IVb.

OS and FFR according to the M-K stage are shown in
Fig. 4C and D. There was no significant survival difference
between the M-K stage I and II groups (p=0.094). Stages III
and IV each showed significantly lower OS rates than stage
I. The 5-year and 10-year OS rates were as follows: M-K
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stage I, 96.4% (95% CI, 93.5%-98.19%) and 91.2% (95% CI,
85.6%-94.7%), respectively; M-K stage II, 94.6% (95% CI,
91.8%-96.5%) and 89.1% (95% CI, 83.7%-92.8%), respec-
tively; M-K stage III, 79.7% (95% CI, 71.8%-85.6%) and
66.1% (95% CI, 54.2%-75.5%), respectively; M-K stage IV,
73.7% (95% CI, 63.2%-81.7%) and 41.3% (95% CI, 25.3%-—
56.7%), respectively. FFR showed a statistically similar pat-
tern to that of OS. The FFR rates of M-K stages I and II
were not significantly different (p=0.0122). However, M-K
stages III and IV each showed higher rates FFR than that
of stage I. The 5-year rates of FFR in patients were as fol-
lows: M-K stage I, 95.9% (95% CI, 91.9%-97.9%); M-K stage
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11, 93.1% (95% CI, 89.9%-95.3%); M-K stage III, 66.8% (95%
CI, 57.4%-74.7%); and M-K stage IV, 39.7% (95% CI,
28.5%-50.7%).

Overall survival and freedom from recurrence by
TNM stage

From the entire study group, the TNM stage was esti-
mated in only 461 patients owing to a lack of information
on lymph nodes. A total of 319 patients (69.1%) were classi-
fied as stage I, 10 patients (2.1%) as stage II, 68 patients
(14.7%) as stage 111, and 64 patients (13.8%) as stage I'V.

OS and FFR according to the TNM stage are shown in
Fig. 4E and F. The 5-year and 10-year OS rates of the pa-
tients were as follows: stage I, 95.0% (95% CI, 91.2%-97.2%)
and 88.4% (95% CI, 0.5%-93.2%), respectively; stage I, 81.7%
(95% CI, 57.6%-92.8%) and 70.0% (95% CI, 37.2%-87.9%),
respectively; stage III, 70.7% (95% CI, 56.5%-81.1%) and
48.5% (95% CI, 29.8%-64.9%), respectively; stage IV, 76.0%
(95% CI, 62.7%-83.2%) and 44.0% (95% CI, 24.9%-61.6%),
respectively. Stages III and IV each showed statistically sig-
nificant differences in OS compared to stage I (p<0.001).
The 5-year rate of FFR of patients were as follows: stage I,
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93.8% (95% CI, 89.7%-96.3%); stage III, 62.4% (95% CI,
46.7%-74.7%), and stage IV, 47.6% (95% CI, 33.4%-60.5%).
Statistically significant differences in FFR were found for
stage I versus III, stage I versus IV, and stage III versus IV
(p<0.05 each).

Perioperative therapy

Perioperative therapy according to the pathological M-K
stage is shown in Appendix 3. Neoadjuvant treatment was
administered in potentially resectable advanced TETS in 59
patients (4.6% in total, 2.6% in thymoma, and 15.5% in
thymic carcinoma). Chemotherapy was administered espe-
cially frequently in M-K stages II, III, and IV. The OS of
the neoadjuvant treatment group is shown in Fig. 5A. The
5-year OS of the neoadjuvant treatment group was 74%
(95% CI, 59.7%-83.8%).

Approximately half of the entire study group and 74% of
the thymic carcinoma group received adjuvant treatment
after initial surgery. Radiation therapy was mainly admin-
istered in the adjuvant treatment group. In this study group,
42.4% of RO resection patients, 77.4% of R1 resection pa-
tients, and 61.9% of R2 resection patients received adjuvant
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Fig. 5. Overall survival (OS) according to perioperative treatment. (A) OS compared between the initially inoperable group (neoadjuvant
group) and the initially operable group. (B) OS in the entire adjuvant treatment group. (C) OS in the adjuvant treatment group according
to the Masaoka-Koga (M-K) stage. (D) OS in the adjuvant treatment group according to the World Health Organization classification.
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treatment (Appendix 4). The OS rates according to the M-
K stage and WHO classification of adjuvant treatment
group are shown in Fig. 5B-D. The 5-year and 10-year OS
rates of the adjuvant treatment group were 89.7% (95% CI,
86.6%-92.2%) and 76.6% (95% CI, 70.6%-81.6%), respec-
tively. The 5-year OS rates of each adjuvant treatment group
according to M-K stage were as follows: stage I, 93.5% (95%
CIL, 76.5%-98.3%); stage II, 95.7% (95% CI, 92.2%-97.6%);
state III, 83.5% (95% CI, 75.2%-89.2%); and stage IV, 76.9%
(95% CI, 64.3%-85.5%). The 5-year OS rates of each adju-
vant treatment group according to WHO classification
were as follows: A&AB&BI group, 91.6% (95% CI, 83.7%-
95.8%); B2&B3 group, 93.0% (95% CI, 88.9%-95.6%); and C
group, 80.9% (95% CI, 72.5%-86.9%).

Prognostic factors for overall survival and
freedom from recurrence

The stepwise multiple Cox regression analysis of various
potential prognostic factors for OS and FFR is shown in
Table 4 and Table 5. Cox regression analysis for OS demon-
strated age 260 (hazard ratio [HR], 2.489; 95% CI, 1.708-
3.627; p<0.01), tumor size 26.5 cm (HR, 2.236; 95% CI, 1.508-
3.315; p<0.01), M-K stage III (HR, 3.42; 95% CI, 1.757-
6.654; p<0.01), and M-K stage IV (HR, 7.244; 95% CI,
3.548-14.789; p<0.01) as prognostic factors. Interestingly,
the histological type, perioperative treatment, and resec-
tion status were not significantly associated with OS.

In the Cox regression analysis for FFR in RO resection
patients, WHO histologic type B2 or B3 (HR, 2.382; 95% CI,
1.192-4.762; p=0.014), type C (HR, 4.464; 95% CI, 2.108-

Table 4. Univariable and multivariable analyses of prognostic factors influencing overall survival

Univariable Multivariable
Variable Category
HR (95% ClI) p-value HR (95% ClI) p-value

Operation year 2000-2004 Reference

2005-2009 0.941 (0.635-1.396) 0.7638 0.688 (0.436-1.087) 0.109

2010-2013 0.472 (0.263-0.847) 0.0119 0.487 (0.26-0.912) 0.0245
Age (yr) <60 Reference

>60 2.551 (1.826-3.565) <0.0001 2.489 (1.708-3.627) <0.0001
Sex Male Reference

Female 0.527 (0.369-0.752) 0.0004
Smoking Never smoker Reference

Smoker 1.74 (1.241-2.441) 0.0013 1.354 (0.927-1.977) 0.1167
Symptom Asymptomatic Reference

Symptomatic 1.303 (0.931-1.824) 0.1223 1.785 (1.19-2.676) 0.0051
Myasthenia gravis No Reference

Yes 0.474 (0.307-0.734) 0.0008 0.638 (0.364-1.117) 0.1157
Tumor size (cm) <6.5 Reference

>6.5 2.918 (2.049-4.156) <0.0001 2.236 (1.508-3.315) <0.0001
Neoadjuvant No Reference

Yes 4.36 (2.666-7.132) <0.0001
Approach Open Reference

MITS 0.428 (0.259-0.708) 0.001
WHO A, AB, B1 Reference

B2, B3 1.351 (0.886-2.06) 0.1627 0.683 (0.402-1.158) 0.1567

C 4.523 (2.949-6.937) <0.0001 1.363 (0.751-2.473) 0.3087
Masaoka-Koga stage I Reference

I 1.597 (0.924-2.759) 0.0935 1.395 (0.765-2.545) 0.2778

11 5.545 (3.241-9.488) <0.0001 3.42 (1.757-6.654) 0.0003

\% 9.396 (5.473-16.133) <0.0001 7.244 (3.548-14.789)  <0.0001
Adjuvant No Reference

Yes 1.567 (1.115-2.203) 0.0098
Resection status Complete Reference

Incomplete 3.235(2.198-4.76) <0.0001

HR, hazard ratio; CI, confidence interval; MITS, minimally invasive thymic surgery; WHO, World Health Organization.
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Table 5. Univariable and multivariable analyses of prognostic factors influencing freedom from recurrence after RO resection

Univariable Multivariable
Variable Category
HR (95% Cl) p-value HR (95% Cl) p-value
Operation year 2000-2004 Reference Reference
2005-2009 0.737 (0.447-1.215) 0.2317 0.583 (0.348-0.975) 0.0398
2010-2013 1.594 (0.938-2.709) 0.0845 1.279(0.738-2.217) 0.3802
Age (yr) <60 Reference
>60 0.789 (0.497-1.252) 0.314
Sex Male Reference
Female 0.708 (0.479-1.047) 0.0834
Smoking Never smoker Reference
Smoker 1.596 (1.085-2.348) 0.0175
Symptom Asymptomatic Reference
Symptomatic 1.08 (0.737-1.584) 0.6923
Myasthenia gravis No Reference
Yes 0.65 (0.402-1.050) 0.0782
Tumor size (cm) <6.5 Reference
>6.5 1.813 (1.195-2.752) 0.0051
Neoadjuvant No Reference Reference
Yes 10.163 (6.137-16.83) <0.0001 2.746 (1.538-4.9) 0.0006
Approach Open Reference
MITS 0.512 (0.324-0.81) 0.019
WHO A, AB, B1 Reference Reference
B2, B3 4.434 (2.347-8.374) <0.0001 2.382 (1.192-4.762) 0.014
C 15.547 (8.249-29.303) <0.0001 4.464 (2.108-9.452) <0.0001
Masaoka-Koga stage I Reference Reference
Il 2.043 (1.058-3.945) 0.0333 1.212 (0.594-2.476) 0.5972
1 11.425 (6.091-21.429) <0.0001 4.013 (1.889-8.527) 0.0003
Y 21.633 (11.102-42.152) <0.0001 6.077 (2.703-13.665) <0.0001
Adjuvant No Reference Reference
Yes 3.551(2.293-5.499) <0.0001 1.404 (0.848-2.324) 0.1876

HR, hazard ratio; Cl, confidence interval; MITS, minimally invasive thymic surgery; WHO, World Health Organization.

9.452; p<0.01), M-K stage III (HR, 4.013; 95% CI, 1.889-
8.527; p<0.01), M-K stage IV (HR, 6.077; 95% CI, 2.703-
13.665; p<0.01), and neoadjuvant treatment (HR, 2.746;
95% CI, 4.538-4.9; p<0.01) affected FFR.

Conventional open surgery and the recent trend
of minimally invasive thymic surgery

As shown in Fig. 2, with recent developments in video-
and robot-assisted thoracoscopic surgical instruments and
practices, the rate of MITS has increased. However, MITS
tends to be considered for early-stage TETS instead of con-
ventional open thymic surgery. Propensity score matching
was performed to compare operative outcomes (Appendix
5).

A comparison of OS and FFR between the open group
and MITS group is shown in Appendix 6. There was no
statistically significant difference in OS and FFR between

the approaches (p=0.66 for OS and p=0.29 for FFR). In ad-
dition, MITS showed better results than open surgery in
terms of postoperative outcomes and the hospital course
(Appendix 7).

Discussion

This study is one of the largest unselected population-
based reports of TETs in Korea. The clinical information
and surgical treatment strategy for TETs are rapidly chang-
ing, and this topic warrants ongoing research in the future.
The objective of this study was to present an integrated re-
view of patients’ clinicopathologic features, trends in surgi-
cal methods, and prognostic factors for survival and recur-
rence of this rare disease in Korea with a large volume of
multi-institutional data.

The findings from the analysis of our database in this
study are as follows: (1) The results of surgical treatment,
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which were represented by OS, have improved in recent
years, and the total number of thymic operations and the
proportion of MITS also increased. (2) The M-K stage is an
important prognostic factor for both OS and FFR. (3) The
WHO classification is related to FFR. (4) Large tumor size
is associated with a poor prognosis. (5) The TNM staging
system could be an effective prognostic factor.

Patients with thymoma showed a favorable prognosis,
with 5-year OS and FER rates over 90%. However, unfortu-
nately, patients with thymic carcinoma had poor outcomes,
with a 5-year OS rate of less than 80% and an FFR rate of
less than 60% despite aggressive treatment. A revolutionary
new multimodal treatment strategy is needed for these pa-
tients.

In our data, the 5-year FFR rate was 86% in the entire
group. The National Comprehensive Cancer Network (NCCN)
guidelines (version 1.2021) recommend surveillance for re-
currence with imaging studies every 6 months for 2 years,
then annually for 5 years for thymic carcinoma and 10
years for thymoma. Because recurrences that are diagnosed
early are usually local and treatable, it is important to in-
crease patient compliance and educate patients regarding
the importance of surveillance. Further study regarding
the prognosis of recurrent TETs, which were excluded from
this study population, is necessary.

TETs are associated with several paraneoplastic syndromes.
Although there were only 2 types of paraneoplastic syn-
drome, MG and red cell aplasia, hypo-gamma-globulin-
emia is also one of the most frequent conditions that ac-
company TETs [1]. Patients with thymomatous MG usually
underwent multimodal treatment, and thymectomy for
thymomatous MG could lead to favorable neurological re-
mission [2]. Whether the association of MG with TETs has
an unfavorable effect on the prognosis remains unclear, but
recent studies and our study have shown that the presence
of MG is not an adverse factor in patients with TETs. Pa-
tients with MG are perhaps more likely to receive regular
follow-up for medical therapy of MG, leading to earlier di-
agnoses of advanced thymoma.

In this study, tumor size was categorized using a cut-off
26.5 cm in the entire study population, and large tumors
were associated with a poor prognosis in multivariable Cox
analysis. In the current TNM staging system, tumor size is
not considered as a factor in the T category, which was based
on the International Association for the Study of Lung
Cancer/International Thymic Malignancy Interest Group
(ITMIG) project [3]. However, a previous study based on
the KART database and recently published papers suggest
that tumor size is an independent prognostic factor in thy-
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moma [4,5]. From these recent studies, it appears that tu-
mor size could be a factor of the T category in the future.

Traditionally, TETs are staged using the M-K staging
system; this system, which has been established as an im-
portant prognostic factor in previous studies, was first pro-
posed in 1981 and modified in 1994 [6,7]. Numerous re-
ports have stated that the M-K stage is a suitable prognostic
factor. Our study analysis reestablished that the M-K stage
is a strong predictor of OS and FFR rate.

The WHO classification of TETs, which was published
in 1999 and revised in 2004, categorized TETs into 6 histo-
logic subtypes. Initially, the WHO classification was con-
sidered a powerful prognostic factor [8,9]. However, of late,
disagreement has emerged regarding whether this histo-
logical characteristic is a reliable factor for predicting OS
and reflects oncological features. In our study, the WHO
classification was not a predictor for OS, but was related to
FFR.

The Cancer Staging Prognostic Factors Committee and
the ITMIG recently proposed the eighth edition of TNM-
based staging system for TETs [3]. Unfortunately, our data
were based on patients who underwent thymic surgery
from 2000 to 2013, before the TNM classification system
was proposed. In this period, surgeons overlooked the im-
portance of lymph node dissection in thymic surgery. Ow-
ing to a lack of pathologic information on lymph nodes,
only 462 of our 1,298 patients could be classified using the
TNM staging system. In this study analysis, the number of
stage II patients was too small to be statistically analyzed
and the TNM stage was not observed to be a strong prog-
nostic factor in multivariable Cox analysis. However, an-
other study based on the KART database showed that the
TNM staging system was superior to the M-K staging sys-
tem in terms of FFR [10]. There were statistically signifi-
cant differences in OS between stage I and stage III and
between stage I and stage IV (p<0.001). Furthermore, there
were statistically significant differences in FFR between
stage I and stage III, between stage III and stage IV, and
between stage I and stage IV (p<0.05). Our study showed
that the TNM staging system could be a reasonable predic-
tor of the outcomes of TETs in a limited group. In line with
the current trend in which every thymoma is considered to
have malignant potential, proactively performing lymph
node dissection appears to be necessary in all thymic sur-
gery procedures.

There is general acceptance that the treatment of choice
for TETs is complete surgical resection. A previous study
by Regnard et al. [11] reported that completeness of resec-
tion was the only significant prognostic factor. In our
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study, completeness of resection was not a significant fac-
tor in the multivariable analysis. However, patients who
underwent complete resection showed statistically signifi-
cantly better OS and FFR than the incomplete resection
group in the univariable analysis. From an oncological
point of view, complete resection should always be consid-
ered in resectable thymoma surgery. However, in cases of
advanced-stage of invasive thymoma or thymic carcinoma,
when primary complete surgical resection would be diffi-
cult or impossible, neoadjuvant treatment could be applied.
In this study, neoadjuvant treatment was demonstrated as
a risk factor for FFR, which could be explained by the fact
that the neoadjuvant group was in a more advanced state
from the beginning. Many previous studies have investi-
gated the use of neoadjuvant chemotherapy to increase the
possibility of surgical resection [12]. However, the oncolog-
ical advantage of neoadjuvant treatment compared with
upfront surgical resection remains unclear [13]. Therefore,
further studies, such as randomized controlled trials, are
needed.

The NCCN guidelines (version 1.2021) recommend post-
operative radiation therapy for RO resected thymic carcino-
ma or stage II-IV thymoma and incompletely resected
TETs of all types [14]. In our study, a simple comparison
between the adjuvant treatment (advanced stage) and non-
adjuvant treatment (early stage) groups showed 5-year and
10-year OS rates of 89.8% (86.6%-92.2%) and 73.7%
(70.7%-80.1%), respectively, in the adjuvant treatment
group compared to 92.3% (89.5%-94.4%) and 86.1%
(81.0%-89.9%), respectively, in the non-adjuvant treatment
group (p=0.009). The adjuvant treatment group consisted
of patients with more advanced stages of TETs than the
non-adjuvant treatment group. This could explain the re-
sult of multivariable Cox regression analysis that adjuvant
treatment could be considered as a risk factor for a poor
prognosis. A previous comparative study of postoperative
therapy in stage II and III thymoma based on the KART
database and other studies revealed that postoperative ra-
diation therapy could significantly improve OS and FFR in
patients with advanced-stage thymoma or with a positive
resection margin [15].

The comparison of OS and FFR between open thymic
surgery and MITS did not show a statistically significant
difference. MITS could ensure not only the appropriate
oncological outcome but also a better postoperative recov-
ery course for patients. Recent developments in video-as-
sisted thoracoscopic or robotic devices and improvements
in surgical techniques, have made it possible for MITS to
achieve total or extended thymectomy under the thoraco-

scopic view. In our data, when MITS was initially per-
formed, the proportion of thymothymectomy was high;
however, more recently, the proportion of total thymecto-
my has gradually increased. During the study period, the
proportion of total or extended thymectomy was about
50% with MITS.

MITS can reduce perioperative trauma and shorten the
recovery period, enabling patients to return to normal life
more quickly [16,17]. However, the most important princi-
ple in thymic surgery is to confirm its oncological effec-
tiveness. As we can see from our matched data and other
previous reports, MITS might be ready to be considered as
standard thymic surgery, but the long-term oncological
outcome remains to be verified [13,18,19].

Limitations

There are several limitations to this study. Our study was
limited by the retrospective nature of our database, which
was not a randomized controlled trial. Although we used
multivariate analysis to adjust for the covariates, there are
still potential biases, such as limited setting of standard-
ized regimens for multimodal treatment, the experience of
surgeons and institutions, and the condition of individual
patients. Additionally, since this study analyzed a multi-
center database, it is possible that patients were treated
with different diagnostic and therapeutic strategies, which
were not incorporated into our analysis. Finally, informa-
tion on lymph nodes was missing in a fairly substantial
proportion of cases, and the analysis of the TNM stage as a
prognostic factor was insufficient. This report is a compre-
hensive study of a rare disease, including broad clinical in-
formation still under investigation. Therefore, there were
limitations in conducting in-depth research on each sub-
topic and follow-up studies are needed.

Conclusion

This study presents the characteristics of patients with
TET, progress in surgical outcomes accompanying devel-
opments in surgical techniques, and possible prognostic
factors of OS and FFR in Korea from 2000 to 2013. The to-
tal number of surgically treated TETs and the proportion
of patients with MITS have significantly increased. There
was a significant improvement in the 5-year OS rate during
the study period. The M-K clinical staging system and tu-
mor size are the most important prognostic factors for OS.
The TNM stage could be an effective predictor for TETs.
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Appendix 1. Preoperative clinical profiles of patients with MG

Variable MG (+) (N=318)
MG symptoms
Ptosis 274 (86.2)
Fatigue 8 (24.5)
Muscle weakness 147 (46.2)
Swallowing difficulty 104 (32.7)
Others 158 (49.7)
Acetylcholine receptor antibody (nmol/L) 9.5+4.0
Preoperative MFGA clinical classification
| 91 (28.6)
lla 87 (27.4)
Ib 96 (30.2)
llla 8(2.5)
11]5) 25(7.9)
IVa 1(0.3)
IVb 3 0.9
V 6 (1.9)
Preoperative MG treatment
Pyridostigmine 278 (87.4)
Steroid 21 (6.6)
Plasmapheresis 7(2.2)
IVIG 2 (0.6)
Pyridostigmine+steroid+IVIG 2 (0.6)
Pyridostigmine+plasmapheresis 2 (0.6)
Other 1(0.3)
None 17 (5.3)
ECOG performance status
0 243 (76.4)
1 57 (17.9)
2 12 (3.8)
3 1(0.3)
4 5(1.6)

Values are presented as number (%) or meanzstandard deviation, unless

otherwise stated.

MG, myasthenia gravis; MFGA, Myasthenia Gravis Foundation of America;
IVIG, intravenous immunoglobulin; ECOG, European Cooperative On-

cology Group.

Appendix 2. The relationship between the M-K stage and WHO classification

) M-K stage
Variable Total p-value
| lla Ilb 1l IVa IVb
WHO type <0.001
A 8(7.9 13 (4.4) 7 (2.8) 3(1.8) 0 0 61
AB 157 (32.7) 78 (26.5) 31(12.5) 3(1.8) 0 0 269
B1 141 (29.4) 64 (21.8) 28 (11.3) 12 (7.2) 3 (4.4 1(2.8) 249
B2 102 (21.2) 62 (21.1) 77 (31.0) 31(18.7 23 (33.8) 1(2.8) 296
B3 28 (5.8) 47 (16.0) 72 (29.0) 48 (28.9) 19 (27.9) 7 (19.4) 221
C 14 (2.9) 30(10.2) 33 (13.3) 69 (41.6) 23 (33.8) 27 (75.0) 196
Total 480 294 248 166 68 36

Values are presented as number (%).

M-K, Masaoka-Koga; WHO, World Health Organization.
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Appendix 3. Perioperative therapy according to the pathological M-K stage

: Total M-K stage
Variable p-value
(N=1,292) I (N=480) II (N=542) Il (N=166) IV (N=104)
Preoperative therapy 0.014
CTx 50 (84.7) 2 (50.0) 4 (80.0) 21(91.3) 23 (85.2)
RTx 4(6.8) 2 (50.0) 1(20.0) 0 1(3.7)
CRTx 5(8.5) 0 0 2(8.7) 3(11.1)
Postoperative therapy <0.001
CTx 44 (3.4) 3 (0.6) 7 (1.3) 11 (6.6) 23 (22.1)
RTx 455 (35.2) 48 (10.0) 287 (53.0) 95 (57.2) 25 (24.0)
CRTx 80 (6.2) 1(0.2) 24 (4.4) 29 (17.5) 26 (25.0)

Values are presented as number (%).
M-K, Masaoka-Koga; CTx, chemotherapy; RTx, radiation therapy; CRTx, chemoradiation therapy.

Appendix 4. Details of adjuvant treatment by pathologic resection status

Total Resection status
Resection status p-value
(N=1,288) RO (N=1,183) R1 (N=84) R2 (N=21)
Adjuvant treatment 580 (45.0) 502 (42.4) 5(77.4) 13 (61.9) <0.001
RTx 455 (35.3) 412 (34.8) 39 (46.4) 4(19.0)
CRTx 80 (6.2) 8 (4.9) 6 (19.0) 6 (28.6)
CTx 45 (3.5) 2(2.7) 0(11.9) 3(14.3)
Values are presented as number (%).
RTx, radiation therapy; CRTx, chemoradiation therapy; CTx, chemotherapy.
Appendix 5. Propensity score matching profiles between open thymic surgery and MITS
o Before propensity score matching After propensity score matching
ovariates Open (N=824) MITS (N=474) p-value SD Open (N=424) MITS (N=424) p-value SD
Age 260 yr 237 (28.8) 120 (25.3) 0.203 0.079 110 (25.9) 120 (28.3) 0.487 -0.054
Sex (female) 366 (44.4) 251 (53.0) 0.004 -0.079 220 (51.9) 233 (55.0) 0.409 0.054
WHO <0.001 0.975
A&AB&BT 316 (38.3) 264 (55.7) 0.171 213 (50.2) 214 (50.5) 0.061
B2&B3 351 (42.6) 167 (35.2) -0.416 166 (39.2) 167 (39.4) -0.011
C 157 (19.1) 43 (9.1) 0.096 45 (10.6) 43 (10.1) -0.083
Charlson comorbidity index 0.237 0.465
0-1 485 (58.9) 301 (63.5) -0.094 271 (63.9) 254 (59.9) 0.058
2-3 268 (32.5) 134 (28.3) -0.014 120 (28.3) 131 (30.9) 0.051
>4 71 (8.6) 39 (8.2) -0.064 3(7.8) 39(9.2) -0.066
Smoker 289 (35.1) 152 (32.1) 0.298 -0.108 133 (31.4) 120 (28.3) 0.368 -0.121
MG symptoms 214 (26.0) 102 (21.5) 0.083 -0.19 122 (28.8) 101 (23.8) 0.119 -0.041
FEV1 0.002 0.856
<80 122 (14.8) 44 (9.3) -0.004 9 (11.6) 44 (10.4) 0.025
>80 558 (67.7) 320 (67.5) 0.136 289 (68.2) 294 (69.3) 0
Unknown 144 (17.5) 110 (23.2) -0.55 6(20.3) 86 (20.3) -0.023
Neoadjuvant treatment: none 769 (93.3) 469 (98.9) <0.001 0.55 41 8 (98.6) 419 (98.8) 1 0.023
Tumor size on CT (cm) <0.001 0.844
<6.5 533 (64.7) 415 (87.6) 0.693 366 (86.3) 365 (86.1) -0.007
>6.5 252 (30.6) 42 (8.9) -0.764 44 (10.4) 42 (9.9) -0.017
Unknown 39 (4.7) 17 (3.6) -0.062 14 (3.3) 17 (4.0) 0.038

(Continued on next page)
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Appendix 5. Continued

Gt Before propensity score matching After propensity score matching
ovariates
Open (N=824) MITS (N=474) p-value SD Open (N=424) MITS (N=424) p-value SD
M-K stage <0.001 1
| 436 (52.9) 378 (79.7) 0.668 329 (77.6) 329 (77.6) 0
Il 125 (15.2) 49 (10.3) -0.159 48 (11.3) 48 (11.3) 0
&IV 260 (31.6) 46 (9.7) -0.738 46 (10.8) 46 (10.8) 0
Unknown 3(0.4) 1(0.2) -0.033 1(0.2) 1(0.2) 0

Values are presented as number (%).

MITS, minimally invasive thymic surgery; SD, standard deviation; WHO, World Health Organization; MG, myasthenia gravis; FEV1, forced
expiratory volume in 1 second; CT, computed tomography; M-K, Masaoka-Koga.
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5 p=0.66 MITS 5 p=0.29 MITS

(’) T T T T T T T T T T T 1 (’) T T T T T T T T T T T 1
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120

No. at risk Time (mo) No. at risk Time (mo)

423 386 353 314 279 227 187 153 127 98 75 423 368 323 281 248 198 154 125 98 77 54
424 378 307 219 152 105 65 48 29 24 13 424 273 192 127 90 62 46 34 24 16 10

Appendix 6. Propensity matched overall survival and freedom from recurrence by surgical approach (open vs. minimally invasive thymic
surgery [MITS]). (A) Overall survival with surgical approach. (B) Freedom from recurrence with surgical approach.

Appendix 7. Operative profiles and hospital course between
propensity-matched patients who underwent open thymic surgery

or MITS
Variable (NO:T;@ (NI\QL‘T;) p-value
Operation <0.001

Partial thymectomy 3(5.4) 0(14.2)

Thymomectomy 9(9.2) 157 (37.0)

Total thymectomy 349 (82.3) 193 (45.5)

Extended thymectomy 331 5(1.2)
Concurrent procedure 107 (25.2) 3(14.9) <0.001
Lymph node dissection 114 (26.9) 37 (8.7)  <0.001
Operation time (min) 158.1+54.4 118.3+67.9 <0.001
Events during operation 2(0.5) 5(1.2) 0.450
Transfusion 13 (3.1) 2 (0.5) 0.009
Chest tube duration (day) 4.3+2.0 2.9+2.1 <0.001
Operating room extubation 330 (78.4) 400 (94.3) <0.001
Intensive care admission 221 (52.4) 57 (13.4) <0.001
Hospital stay (day) 9.1£10.9 5.8+#8.5 <0.001
Postoperative mortality 1(0.2) 0 0.999
Postoperative complications 44 (10.4) 14 (3.3)  <0.001

Values are presented as number (%) or meanzstandard deviation, unless

otherwise stated.
MITS, minimally invasive thymic surgery.
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