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Background: Video-assisted thoracoscopic surgery (VATS) theoretically offers advantages over open
thymectomy for clinically early-stage (Masaoka-Koga stage I and II) thymic malignancies. However, long-
term outcomes have not been well studied. We compared the postoperative outcomes and survival from a
cohort study based on the database of the Chinese Alliance for Research in Thymomas (ChART).
Methods: Between 1994 and 2012, data of 1,117 patients having surgery for clinically early-stage
(Masaoka-Koga stage I and II) tumors were enrolled for the study. Among them, 241 cases underwent VAT'S
thymectomy (VATS group), while 876 cases underwent open thymectomy (Open group). Univariate analyses
were used to compare the clinical character and perioperative outcomes between the two groups. And
multivariate analysis was performed to determine the independent predictive factors for long-term survival.
Results: Compared with the Open group, the VATS group had higher percentage of total thymectomy
(80.5% vs. 73.9%, P=0.028), resection rate (98.8% vs. 88.7%, P=0.000) and less recurrence (2.9% uvs.
16.0%, P=0.000). Five-year overall survival was 92% after VATS and 92% after open thymectomy, with no
significant difference between the two groups (P=0.15). However, 5-year disease free survival were 92%
in VAT group and 83% in Open group (P=0.011). Cox proportional hazards model revealed that WHO

classification, Masaoka-Koga stage and adjuvant therapy were independent predictive factors for overall
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survival, while surgical approach had no significant impact on long-term outcome.

Conclusions: This study suggests that VATS thymectomy is an effective approach for clinically early-stage

thymic malignancies. And it may offer better perioperative outcomes, as well as equal oncological survival.
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Introduction

Minimally invasive surgery has gained increasing interest in
the management of thymic tumors. Recently, several studies
have reported that video-assisted thoracoscopic surgery
(VATS) could yield better short-term clinical outcomes than
open thymectomy (1-4). However, the sample size in these
studies were not powered enough to reach any definite
conclusion, mainly due to the low incidence of the disease.
In the meantime, impact of different surgical approaches
on long-term survival has not yet been well studied, as
most reported series did not have long-term follow-up.
Therefore, current available evidence regarding the pros
and cons of VATS for the treatment of thymic malignancies
remains insufficient (5). We thus compared both the
peri-operative outcomes and survival from a large patient
cohort based on the Chinese Alliance for Research in
Thymomas (ChART) retrospective database, trying to shed
some new light into the problem.

Materials and methods

The ChART retrospectively database collected 2,370
patients treated at 18 tertiary referral centers in China
between years 1994 to 2012. Because only de-identified data
were used for the study, informed consent was waived by IRB.
Inclusion criteria for the current study were clinically early-
stage (Masaoka-Koga stage I and II) thymic malignancies
surgically resected without any pretreatment. Exclusion
criteria were cases receiving neoadjuvant therapy or none-
surgical treatment. Also cases lacking detailed information
on histology, staging, or surgical approach were removed
from the study. The study was conducted in accordance
with the principles of the Declaration of Helsinki. And
the ethics committee of all hospitals approved the study
protocol. All patients provided written informed consent for
surgery.

In this multi-center retrospective study, there was no
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uniformed standard for the selection of surgical approach;
the surgeons chose the approach according to the tumor
characteristics and their own preference. These included
video-assisted thoracoscopic surgery (the VATS group),
median sternotomy, clam-shell incision, and lateral
thoracotomy (the Open group).

Statistical analysis was undertaken using the SPSS 22.0
software. Continuous variables were compared using Student
t test, and categorical data using Chi-square test or Fisher
exact test when appropriate. Survival curves were estimated
using the Kaplan-Meier method, and the significance of
differences was assessed with Log-rank test. Cox proportional
hazard model was applied for multivariate analysis to explore
the independent predictive factors for long-term survival.
A 2-sided P value less than 0.05 was considered to be
statistically significant.

Results

A total of 1,117 eligible cases were finally entered into
the study. Among them, 241 cases underwent VATS
thymectomy and 876 underwent open thymectomy. VATS
thymectomy was first used in 2004, as shown in Figure 1.
A sharp increase could be seen in the later three years to
over 40% by the end of the study cohort (Figure 2).

Demographic characteristics of the VATS and the Open
groups were listed in Table 1. Compared with the Open
group, there were more female but less myasthenia patients
in the VATS group. The Open group had significantly
larger and more cStage II tumors than the VATS group.
Upon histological examination, there were significantly
more high-grade tumors (thymic carcinoma vs. thymomas)
and advanced-stage lesions. Otherwise, the two groups were
comparable in patient age.

Opverall, both the percentage of total thymectomy (80.5%
vs. 73.9%, P=0.028) and complete resection rate (98.8%
vs. 88.7%, P=0.000) was significantly higher in the VATS
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Figure 1 Annual numbers of patients undergoing thymectomy via
open or VATS approach from 1994 to 2012. VATS, video-assisted

thoracoscopic surgery.
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Figure 2 Annual percentages of VATS thymectomy from 2004 to
2012. VATS, video-assisted thoracoscopic surgery.

group than the Open group. Three patients died after
open surgery within 30 days, while there was no mortality
in the VATS group. But the difference was not statistically
significant (Table 2).

At a median following up of 33.5 months, the 5-year
overall survival rates were 92% in VATS group and 92% in
Open group (P=0.15). However, less recurrence (2.9% uvs.
16.0%, P=0.000) was observed in the VAT'S group than in the
Open group. Accordingly, 5-year disease free survival of the
VATS group was significantly higher than the Open group
(92% wvs. 83%, P=0.011) (Figures 3,4). Upon multivariate
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Table 1 Patient demographics
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Variable VATS group Open group P
(N=241) (N=876)
Gender 0.027
Male 108 (44.8%) 463 (52.9%)
Female 133 (565.2%) 413 (47.1%)
Age (y) 51.79 50.62 0.201
Myasthenia gravis 0.000
Yes 82 (34.3%) 191 (21.9%)
No 157 (65.7%) 682 (78.1%)
Clinical stage 0.008
1 183 (75.9%) 587 (67.0%)
2 58 (24.1%) 289 (33.0%)
WHO classification 0.000
A+ AB 100 (41.5%) 282 (32.2%)
B1+ B2 + B3 127 (52.7%) 406 (46.3%)
C 14 (5.8%) 188 (21.5%)
Tumor size (cm) 4.65 717 0.000
Pathological stage 0.000
1 168 (71.5%) 386 (44.2%)
2 61 (26.0%) 224 (25.6%)
3 3 (1.3%) 213 (24.4%)
4 3(1.3%) 51 (5.8%)

VATS, video-assisted thoracoscopic surgery.

Table 2 Perioperative outcomes

Variable VATS group ~ Open group P
(N=241) (%)  (N=876) (%)

Extent of resection 0.028
Partial thymectomy 46 (19.1) 229 (26.1)
Total thymectomy 195 (80.5) 647 (73.9)

Resection status 0.000
RO 238 (98.8) 776 (88.7)
R1 3(1.2) 32 (3.7)
R2 0 (0.0) 67 (7.7)

30-day mortality 0 (0.0) 3(0.34) 1.000

VATS, video-assisted thoracoscopic surgery.

analysis for overall survival, only WHO classification
(type C over type B, and type B over types A/AB),
Masaoka-Koga stage (stage IV over stage III, and stage
IIT over stage II), and adjuvant therapy were revealed as
independent predictive factors for worse prognosis (Table 3).
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Figure 3 Overall survivals of the VATS and the Open groups.
VATS, video-assisted thoracoscopic surgery.
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Figure 4 Disease-free survivals of the VATS and the Open groups.
VATS, video-assisted thoracoscopic surgery.

And surgical approach had no significant impact on long-term
overall survival.

As the two groups were quite heterogeneous in clinico-
pathological features, we further select only those patients
who turned out to have pathologically early-stage tumors
and compared their long-term outcomes. Two hundred
and twenty nine patients from the VATS group and 610
patients from the Open group were confirmed of having
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Table 3 Multivariate analyses for survival (Cox proportional
hazards model)

Factor P HR
Myasthenia gravis (no vs. yes) 0.307 0.617
WHO classification 0.001
B1+B2+B3vs. A+AB 0.006 17.064
Cvs. B1+B2+B3 0.001 31.283
Masaoka stage 0.005
llvs. | 0.082 2.165
Mvs. 1l 0.002 3.421
IVvs. Il 0.001 5.886
Adjuvant therapy (yes vs. no) 0.010 2.984
Surgical approach (VATS/Open) 0.374 1.956
Tumor size (<5 vs. >5 cm) 0.721 1.124
Resection status (R1 + R2 vs. R0) 0.397 0.767

VATS, video-assisted thoracoscopic surgery; HR, hazard ratio.
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Figure 5 Five-year overall survivals of the VATS and the Open

groups (89.4% vs. 96.7%, P=0.582) in Masaoka-Koga pStage I-II

tumors. VATS, video-assisted thoracoscopic surgery.

Masaoka-Koga pStage I-II tumors. For these patients, both
the 5-year overall survival (89.4% vs. 96.7%, P=0.582) and
the recurrence rate (3.3% vs. 4.7%, P=0.579) were similar

between the two groups (Figures 5,6).

Discussion

Median sternotomy has traditionally been regarded as
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Figure 6 Cumulative incidence of recurrence of the VAT'S and the
Open groups (3.3% wvs. 4.7%, P=0.579) in Masaoka-Koga pStage
I-II tumors. VATS, video-assisted thoracoscopic surgery.

the standard approach for surgical treatment of thymic
malignancies, while open lateral thoracotomy is sometimes
used as an alternative for special cases such as large tumors
that deviates into the pleural cavity (6,7). Minimally invasive
approaches, typically VATS thymectomy, were introduced
only recently but have been gaining popularity very rapidly
(8-10). Similarly in China, a continuously increased
proportion of patients with early-stage thymic tumors have
been treated with VATS thymectomy. As could be seen in
the current study from 18 high-volume tertiary centers,
there was a sharp boost of interest in VATS thymectomy in
recent years.

Comparing with open procedures, VATS thymectomy
has the potential advantage of providing an excellent view of
the anterior mediastinum, allowing the surgeon to explore
the ipsilateral pleural cavity and perform total thymectomy
with resection of the tumor along with surrounding
mediastinal fat. This means that thymectomy could be safely
performed under VATS as well as via open approaches,
as suggested in previous reports (11,12). In the current
study, percentage of total thymectomy was even higher in
the VATS group than the Open group (80.5% vs. 73.9%,
P=0.028). What is more, we once reported that comparing
with median sternotomy, there was decreased operative time,
blood loss during operation, and length of hospital stay after
VATS thymectomy. The results were in accordance with
existing publications (13). The ChART database was a joint
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effort with the International Thymic Malignancy Interest
Group (ITMIG) worldwide retrospective data collection.
Unfortunately peri-operative results were not collected
in detail, except 30-day mortality. Although there was no
statistically significant difference between the two groups, all
three patients died in peri-operative period were in the Open
group. And there was no mortality in the VATS group.

It is yet to be proved whether long-term outcomes after
VATS thymectomy are comparable to open resections for
thymic malignancies. There have been sporadic reports
documenting tumor spread to the pleural cavity after
VATS thymectomy (14,15). However, a comparative study
of 40 patients by Pennathur and colleagues suggested no
significant differences in disease recurrence or overall
survival after VAT'S or open surgery with a mean follow-up
of 36 months (16). In the current study, less recurrence
was observed in the VATS group than in Open group.
However, long-term survival could still be expected
even after recurrence, owing to the relatively indolent
nature of thymic tumors (17). This may explain for the
statistically significant difference in disease-free survival
between VATS and Open groups (92% vs. 83%, P=0.011),
but no significant difference in overall survival (92%
vs. 92%, P=0.15). To rule out potential selection bias in
our study, we further compared long-term outcomes in
pathologically proven early-stage patients. It turned out
there was no longer any difference either in incidence of
recurrence (89.4% vs. 96.7%, P=0.582) or overall survival
(3.3% wvs. 4.7%, P=0.579). This again indicates that VATS
thymectomy could offer comparable oncological results to
patients who truly have early-stage thymic tumors.

In keeping with previous studies (18-21), Masaoka-Koga
stage and WHO histological classification were again
revealed as independent prognostic factors for long-term
prognosis in thymic malignancy. In the current study,
Masaoka-Koga stage III and IV tumors showed increased
risk of worse prognosis as compared to early-stage lesions.
But there was no significant difference between stage I and
II tumors. In fact both Masaoka-Koga stage I and II tumors
could be readily resected completely either by VATS or
via open approaches. Upon multivariate analysis, surgical
approach did not show up as a risk factor for prognosis. This
again indicates the feasibility of minimally invasive approach
in surgical management of early-stage thymic tumors. Apart
from that, a decreased survival was observed with the use of
adjuvant therapies in the current study. The role of adjuvant
therapy after completely resected early stage thymic tumors
remains controversial (22). The worse prognosis associated
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with adjuvant therapies deserves further analysis. But it is
beyond the scope of the current study.

The current study was based on the largest number of
cases ever published. However, it still has certain limitations.
The surgical procedures were not randomized, resulting in
unavoidable selection bias. Although no difference in survival
or recurrence when pathologically proven early stage patients
were selected for further comparison, the retrospective nature
of the study makes it impossible to rule out inherent biases.
A case-matched study or a prospective score matched study
may be necessary to solve this problem. Besides, the follow-
up period was not long enough. Thymic malignancies are
relatively indolent tumors and requires longer than usual
follow-up to reveal the true outcome. Ten-year survival would
be necessary for full evaluation of results in future studies.

Conclusions

The results of this study suggest that VATS thymectomy
is a safe and effective approach for early stage thymic
malignancies. Comparing to open thymectomy, minimally
invasive procedures may offer better peri-operative
outcomes, as well as equivalent oncological results.
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