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Summary
Background Complete resection is the standard of
care for thymic malignancies. There is still a debate
about the optimal surgical approach for thymic tu-
mors, particularly regarding long-term oncological
outcome. This study aimed to compare videothora-
coscopic surgery (VTS) with open surgery for thymic
malignancies, regarding perioperative and long-term
oncological outcomes.
Methods A prospective study ran from 2010 to 2019.
Patients with thymoma or thymic carcinoma under-
went complete thymectomy via VTS or open surgery
and were followed up. The long-term oncological out-
come was disease recurrence.
Results There were 29 patients in the VTS group
and 35 patients in the open group with an aver-
age follow-up period of 80 months. The VTS ap-
proach significantly shortened operative duration
(89.7 versus 116.9min), caused less blood loss (56.9
versus 176.3ml), reduced pain score (4.8 versus 6.7),
and shortened chest drainage duration (2.1 versus
3.1 days) as well as hospital stay (5.1 versus 7.7 days).
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The two groups were comparable in long-term onco-
logical outcome (two recurrences in the VTS group
and one in the open group).
Conclusions Compared to open surgery, VTS leads
to superior perioperative outcomes and a compara-
ble long-term oncological outcome. The authors ad-
vocate the VTS approach as a routine option for the
surgery of thymic malignancies.
Main novel aspects Videothoracoscopic surgery is less
traumatic and has faster recovery times than open
surgery, with a comparable long-term oncological out-
come.

Keywords Video-assisted thoracoscopic surgery ·
Thoracotomy · Sternotomy · Thymoma · Thymic
malignancy

Introduction

Thymic tumors account for 0.2–1.5% of all malignan-
cies with a reported incidence from 0.13 to 0.17 per
100,000 person-years [1–3]. Although rare, they are
still the most common type of mediastinal tumors re-
ported in adults [4]. Thymomas and thymic carci-
nomas account for the majority of thymic malignan-
cies. Surgical treatment with complete resection has
been found an important factor for overall survival
of patients. Therefore, this procedure is the stan-
dard of care in the management of thymic malig-
nancies [5, 6]. Traditionally, this has been achieved
with open procedures via median sternotomy or tho-
racotomy. The open procedures have been proved
to be successful in obtaining optimal outcomes in
patients with thymic tumors [5, 7]. Recently, with
the widespread use of minimally invasive techniques
in thoracic surgery, videothoracoscopic surgery (VTS)
has been widely used in the treatment of thymic ma-
lignancies. A number of studies in the last decade
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were carried out to compare the open procedures with
the VTS in clinical outcomes of patients with thymic
tumors. Unfortunately, there was no randomized con-
trolled trial in this area due to the infrequence of this
disease, and there is still a debate about which tech-
nique is optimal for the treatment of thymic malig-
nancies, particularly regarding long-term oncological
outcome [8–15]. Therefore, the aim of the study was to
investigate whether the VTS approach was better than
open procedures in the treatment of thymicmalignan-
cies, regarding perioperative outcomes and long-term
oncological outcomes in the authors’ institution.

Methods

Patients and study design

This was a subgroup follow-up of a prospective single-
center study comparing clinical outcomes between
patients with mediastinal tumors that underwent VTS
resection (group 1) versus patients that underwent
open resection (group 2) via thoracotomy or median
sternotomy. Patients were recruited between 2010
and 2013 in a tertiary referral center in Ho Chi Minh
City, Vietnam. The study protocol was approved by
the local institutional ethics committee. Briefly, pa-
tients with radiological evidence of mediastinal tu-
mor or cyst on computed tomography (CT), either in
the anterior, middle, or posterior mediastinum were
consecutively enrolled to the study at the time the
radiological diagnosis of primary mediastinal tumor
became available. Eligible patients were excluded if:
(1) there was any evidence of invasion to the heart,
lungs, large blood vessels, trachea, and esophagus on
CT images; (2) patients had comorbidity of myasthe-
nia gravis; and (3) postoperative pathologies were tu-
mors of the esophagus or trachea, secondary tumors,
lymph nodes due to the metastasis of other cancers,
or pulmonary tuberculosis. Written informed consent
was obtained from all patients and relatives before en-
rollment. Enrolled patients were divided into the two
treatment arms (VTS and open surgery) based on the
consultation of surgeons, radiologists, and patients.
All enrolled patients were operated and managed by
the same surgical team. At the authors’ center, before
performing this study, VTS services had been started
in 1998 and performed in cases of lung tumors, recur-
rent pneumothorax due to subpleural blebs or bullae,
pleural effusion, and mediastinal tumors. All patients
with the postoperative pathological finding of thymic
malignancies (thymoma or thymic carcinoma) were
then included in this study and followed-up until 2019
to compare the long-term oncological outcome of the
two treatment arms.

Operative techniques

Complete thymectomy was performed in all cases in
both groups. In the VTS group, the procedure was

conducted with patients in the lateral position. Gen-
eral anesthesia was established in all patients with
single lung ventilation via double-lumen endotracheal
intubation. Three ports were inserted using the trian-
gle method: one port for a 10-mm 30° thoracoscope
located at the mid-axillary line in the forth to eighth
intercostal spaces, and two 10-mm ports for instru-
ment manipulation. The procedures were carefully
performed to avoid injury to the phrenic nerve and
other major organs. The thymic vein and other large
vessels were clamped with endoclippers or sealed with
ultrasonic scalpel. An endobag was used to place all
resected specimens before retrieving them. If a mass
was too large to be removed with a retrieval bag, it was
cut into pieces and removed in a double-layered bag.
In the case of difficulty in the dissection or removal
of the tumor via the VTS procedure, one of the three
ports was converted to a 4-cm transaxillary incision
to facilitate the procedure. One 32-F chest tube was
routinely retained after the procedure. Figure 1 out-
lines the most important steps in performing VTS in
a case of thymoma. In the open surgery group, thymic
tumors were removed through a conventional thora-
cotomy or median sternotomy, depending on the lo-
cation of the tumor. Postoperative treatment was ac-
cording to the routine approach for thoracotomy or
sternotomy. All patients with postoperative patholog-
ical findings of thymic carcinoma or Masaoka-Koga
stage III–IV thymoma then received a medical oncol-
ogy consultation to receive adjuvant chemotherapy or
radiotherapy.

Study outcomes

Perioperative outcomes included the duration of
surgery, the amount of blood loss during the op-
eration, the period of time required for chest tube
drainage, the duration of postoperative hospitaliza-
tion, postoperative pain score measured by the visual
analog scale (VAS), and postoperative complications.
The criteria for chest tube removal included: (1) no
blood or chyle in the output; (2) no air leakage;
(3) less than 200ml of output within 24h; and (4) fully
expanded lungs on chest X-ray. The criteria for dis-
charge from hospital included: (1) chest tube removal,
(2) oral intake, and (3) no complications.

Clinical and chest X-ray examinations were per-
formed for all patients after discharge 1 week, 1, 3,
6, and 12 months, as well as every year thereafter.
During the follow-up period, if patients had signs or
symptoms suggestive of recurrence of mediastinal tu-
mor, they were evaluated by chest CT scan. The long-
term oncological outcome was the evidence of recur-
rence of thymic tumor.

Statistical analysis

All baseline characteristics and perioperative out-
comes were compared between the two groups using
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Fig. 1 Major steps in videothoracoscopic surgery for thymic
tumor. a Preoperative computed tomographic image. b Iden-
tification of the thymic tumor and major organs. c, d, e Dis-
section of the thymic tumor. f The thymic vein was dissected
and clamped with endoclippers. g Removal of the thymic tu-

mor without any injury to the phrenic nerve and other major
organs. h Histopathology image of thymoma. Asterisk thymic
tumor; hashtag superior vena cava; arrow phrenic nerve; cir-
cle heart; square lung; triangle innominate vein

two-sided Fisher’s exact test for categorical variables,
and Mann-Whitney-U test for numeric variables,
when appropriate. Regarding the long-term out-
come, the cumulative probability of recurrence-free
survival was calculated by a Kaplan-Meier estimate
and illustrated by the Kaplan-Meier curves with the
number of patients at risk indicated below the plot
at specific time points. The two-sided log-rank test
was used to compare the recurrence rate between
the two treatment arms. In addition, the recurrence
rate was estimated in each subgroup of age, gen-
der, tumor size, tumor location, invasive property on
imaging, pathological finding, pathological Masaoka-
Koga stage, surgical technique, and adjuvant therapy
to find potential factors related to the long-term out-
come. The differences in the recurrence rate between
these subgroups were tested using the two-sided log-
rank test. Statistical significance was defined when
the P-value was less than 0.05. Statistical analyses
were performed with R statistical software version
3.4.4 (Austria) [16].

Results

Patient enrollment

During the study recruitment period from 2010 to
2013, 246 patients were screened for eligibility at the
authors’ institution, of which 182 patients were ex-
cluded and 64 patients with the postoperative patho-
logical diagnosis of thymic malignancies were fol-
lowed-up (29 cases in the VTS group, and 35 cases in
the open group) (Fig. 2). In the VTS group, five cases
required a 4-cm transaxillary incision to facilitate the
procedure. In the open group, thoracotomy was per-
formed in 30 cases, the other five cases underwent
sternotomy. There were six patients lost to follow-up
after an outpatient visit at 3 months; among these,
two patients were in the VTS group, and four patients
were in the open group.

Baseline characteristics

Baseline characteristics of included patients in each
group are shown in Table 1. The two groups did not
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Fig. 2 Study flowchart of patients’ enrollment and follow-up

significantly differ in terms of age, gender, American
Society of Anesthesia (ASA) physical status classifica-
tion, and comorbidities. The tumor size was slightly
lower in the VTS group compared to the open group
(7.5± 2.3 vs. 8.2± 2.4cm). The majority of thymic tu-
mors were located in the anterior mediastinum (93.1%
in the VTS group, and 94.3% in the open group). The
proportion of tumor invasion to the capsule or sur-
rounding tissues was lower in the VTS group com-
pared to the open group (20.7% vs. 31.5%), but the
difference was not significant. There were 55 cases
with thymoma, which were equally divided into the
two groups (26 cases in the VTS group and 27 cases
in the open group). The number of cases with thymic
carcinoma was 11 (three cases in the VTS group and
eight cases in the open group). There were more
patients in the early stage (stage I) according to the
pathological Masaoka-Koga classification in the VTS
group compared to the open group (79.3% vs. 57.1%).
Due to higher proportions of thymic carcinoma and
the later Masaoka-Koga stages, the open group had
a significantly higher proportion of adjuvant therapy
(31.5% vs. 6.9%). The average follow-up duration was
approximately 80 months in both groups.

Perioperative outcomes

In the VTS group, no case required conversion to
an open procedure. The VTS group was signifi-
cantly better than the open group regarding most
of the perioperative outcomes, which are shown in
Table 2. Compared to the open group, the VTS group

required shorter duration of surgery (89.7± 43.8 vs.
116.9± 45.2min), caused less intraoperative blood
loss (56.9± 59.2 vs. 176.3± 203.1ml), and had lower
postoperative pain scores (4.8± 1.5 vs. 6.7± 1.4).
The postoperative chest tube drainage and hospi-
talization durations were also significantly shorter in
the VTS group (chest drainage duration: 2.1± 0.3 vs.
3.1± 0.7 days; postoperative hospital length of stay:
5.1± 1.4 vs. 7.7± 1.9 days). Regarding perioperative
complications, two patients had bleeding and one pa-
tient had postoperative atelectasis in the open group,
while no complications were observed in the VTS
group.

Long-term oncological outcome

No mortality was observed within the two groups
during the follow-up period. There were three cases
(4.7%) with recurrence of thymic malignancies (two
cases in the VTS group and one case in the open
group). In the VTS group, one recurrence was de-
tected in a thymoma case with Masaoka-Koga stage II
at 6 months of follow-up. The other recurrence was
detected at 12 months of follow-up in a thymic carci-
noma case with Masaoka-Koga stage III. In the open
group, the recurrence occurred in a thymic carcinoma
case with Masaoka-Koga stage III at 12 months of
follow-up. None of the recurrence cases received ad-
juvant therapy after their first operations due to their
decisions. The thymoma case received open surgery
and chemotherapy at the time of recurrence. The two
thymic carcinoma cases received only chemotherapy
for their recurrence treatment. These cases did not
have any later recurrence during the follow-up period.

Figure 3 shows the Kaplan-Meier estimates for the
probability of recurrence-free survival across treat-
ment groups. There was no significant difference
between the two groups regarding the long-term
oncological outcome. The recurrence rate for each
category of pre- and postoperative characteristics is
shown in Table 3. The authors found that four factors
significantly increased the recurrence rate: tumor size
of larger than 9cm; tumor with capsular invasion or
invasion in surrounding tissues on imaging; thymic
carcinoma (compared to thymoma); and tumor with
more advanced Masaoka-Koga stage.

Discussion

Results from this study suggest that VTS is feasible
and safe in the treatment of thymic malignancies.
Compared to open surgical approaches, VTS required
significantly shorter duration of surgery, postopera-
tive chest tube drainage, and postoperative hospital
stay, and reduced postoperative pain in patients with
thymic malignancies. Regarding long-term oncolog-
ical outcome, no mortality and a low probability of
recurrence (3/64 cases, 4.7%) were observed over an
average follow-up period of 80 months. Recurrence
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Table 1 Baseline charac-
teristics of patients across
treatment groups

Characteristics VTS (n= 29) Open (n= 35) P

Age (years), mean± sd 48.5± 13.5 48.6± 14.1 0.914

Male, n (%) 12 (41.4) 16 (45.7) 0.803

ASA physical status classification, n (%) 0.378

I 6 (20.7) 3 (8.6)

II 22 (75.9) 28 (80.0)

III 1 (3.4) 3 (8.6)

IV 0 (0.0) 1 (2.9)

Comorbidities, n (%)

Cardiovascular disease 4 (13.8) 2 (6.1) 0.405

Respiratory disease 0 (0.0) 3 (8.6) 0.245

Diabetes 2 (6.9) 0 (0.0) 0.201

Tumor size (cm), mean± sd 7.5± 2.3 8.2± 2.4 0.287

Tumor location, n (%) 0.776

Anterior mediastinum 27 (93.1) 33 (94.3)

Middle mediastinum 1 (3.4) 2 (5.7)

Posterior mediastinum 1 (3.4) 0 (0.0)

Invasive property on imaging, n (%) 0.378

No capsular invasion 23 (79.3) 24 (68.6)

Capsular invasion 4 (13.8) 10 (28.6)

Invasion in surrounding tissues 2 (6.9) 1 (2.9)

Pathological findings, n (%) 0.319

Thymoma 26 (89.7) 27 (77.1)

Thymic carcinoma 3 (10.3) 8 (22.9)

Pathological Masaoka-Koga stage, n (%) 0.243

Stage I 23 (79.3) 20 (57.1)

Stage II 3 (10.3) 8 (22.9)

Stage III 3 (10.3) 6 (17.1)

Stage IV 0 (0.0) 1 (2.9)

Adjuvant therapy, n (%) 0.027

None 27 (93.1) 24 (68.6)

Chemotherapy 0 (0.0) 1 (2.9)

Radiotherapy 2 (6.9) 10 (28.6)

Follow-up duration (month), mean± sd 81.3± 24.1 79.6± 29.9 0.706

ASA American Society of Anesthesia, sd standard deviation, VTS videothoracoscopic surgery

Table 2 Perioperative
results across treatment
groups

Characteristics VTS (n= 29) Open (n= 35) P

Operative duration (min) 89.7± 43.8
75 [25; 180]

116.9± 45.2
110 [40; 250]

0.009

Intraoperative blood loss (ml) 56.9± 59.2
50 [2; 200]

176.3± 203.1
150 [2; 1200]

<0.001

Postoperative pain score 4.8± 1.5
5 [2; 7]

6.7± 1.4
7 [4; 9]

<0.001

Chest tube drainage duration (day) 2.1± 0.3
2 [2; 3]

3.1± 0.7
3 [2; 6]

<0.001

Postoperative hospitalization duration (day) 5.1± 1.4
5 [3; 8]

7.7± 1.9
7 [5; 16]

<0.001

Complication (yes), n (%) 0 (0.0) 3 (8.3) 0.245

Bleeding 0 2 –

Postoperative atelectasis 0 1 –

Summary statistic is absolute count (%) for categorical variables and mean± sd and median (range) for continuous data
sd Standard deviation, VTS videothoracoscopic surgery
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Fig. 3 Kaplan-Meier anal-
ysis of recurrence-free
survival across treatment
groups. VTS Videothoraco-
scopic surgery

was not associated with the surgical techniques, but
other factors were found that related to the recur-
rence outcome, including tumor size, tumor invasion
on imaging, histology of thymic malignancy, and
Masaoka-Koga stage.

With the advantages of minimal invasiveness, min-
imally invasive surgery has been gaining popularity
in recent years for thymectomy worldwide. Several
large cohort retrospective studies showed a notice-
able increase in the VTS approach in the treatment
of thymic malignancies, particularly in Asian coun-
tries [10–13]. Previous studies have shown superior
perioperative results of VTS in terms of reduced blood
loss, less trauma to the chest wall, shortened opera-
tive time, fast healing, shortened postoperative hos-
pital stay, and early return to normal activities. Due
to reduced tissue damage, VTS also decreases post-
operative complications and pain compared to open
approaches [17, 18]. These advantages of VTS were
confirmed in the present study. With well-trained sur-
geons, VTS obviously shortened operative duration,
reduced the amount of perioperative blood loss, post-
operative pain, the duration of chest tube drainage,
and postoperative hospital stay. There was no major
complication and no mortality in the VTS group. An-
other consequence of the rapid healing time in VTS
is that this permitted earlier administration of adju-
vant therapy in cases with advanced Masaoka-Koga
stage. However, VTS has some technical difficulties
due to large tumor size or adhesion with other organs,
e.g., the esophagus, aorta, vena cava, heart, or phrenic
nerve. The injury to these organs should be strictly
avoided when performing the procedure. In addi-
tion, some authors stated that VTS was contraindi-
cated for large thymic tumors, especially for tumors

larger than 10cm [19, 20]. In this study, the average
tumor size was 7.5± 2.3cm in the VTS group. There
were two cases with tumors larger than 10cm and one
case required a transaxillary incision to facilitate the
procedure. No case in the VTS group required conver-
sion to an open procedure. Therefore, VTS is feasible
and safe in the surgery of thymic malignancies, given
well-trained surgeons and careful evaluation before
surgery.

Currently, minimally invasive procedures have not
been routinely recommended by the guidelines for the
treatment of thymic malignancies due to lack of evi-
dence for oncological efficacy. Several non-random-
ized retrospective studies reported similar overall sur-
vivals, disease-free survivals, and recurrence rates be-
tween VTS and open surgery [10–13, 20–22]. The re-
sults of this study consolidated this finding. With an
approximately 9-year follow-up period, no mortality
was observed, and recurrence occurred in less than
5% of the study population and did not differ between
the VTS and open groups. This might be due to the
fact that complete thymectomy was performed in all
cases. Complete tumor resection has been shown to
be an important indicator for long-term oncological
outcomes in the treatment of thymic malignancies
[5, 6, 23]. Therefore, whichever minimally invasive
technique or open technique is performed, complete
thymectomy should be achieved to gain better long-
term survival and recurrence-free outcomes. Several
studies in early-stage thymic tumors found that VTS
and open surgery were comparable in terms of the R0
resection rate [8, 13, 24]. Thus, it is reasonable to as-
sume that thymic malignancies in stage I–II could be
managed via VTS due to its feasibility to completely
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Table 3 Prognostic fac-
tors for recurrence outcome

Factor n Number of
events

Total
time of
follow-up
(year)

Recurrence
rate (per
100 per-
son-years)

P

Age group 0.112

<50 Years 29 0 191.3 0

≥50 Years 35 3 237.1 1.3

Gender 0.125

Male 28 0 184.9 0

Female 36 3 243.5 1.2

Tumor size 0.008

<9cm 45 0 295.0 0

≥9cm 19 3 133.4 2.2

Tumor location 0.633

Anterior mediastinum 60 3 397.7 0.8

Middle/posterior mediastinum 4 0 30.7 0

Invasive property on imaging 0.004

No invasion 47 0 314.6 0

Capsular invasion or invasion in surrounding tissues 17 3 113.8 2.6

Pathological finding 0.036

Thymoma 53 1 349.3 0.3

Thymic carcinoma 11 2 79.1 2.5

Pathological Masaoka-Koga stage 0.022

Stage I 43 0 290.2 0

Stage II 11 1 73.9 1.4

Stage III–IV 10 2 64.3 3.1

Surgical treatment 0.468

VTS 29 2 196.4 1.0

Open 35 1 232.0 0.4

Adjuvant therapy 0.370

None 51 3 343.0 0.9

Chemotherapy/radiotherapy 13 0 85.4 0

P-value is based on log-rank test. Significance is shown with boldface

remove the tumor and to achieve satisfactory long-
term oncological outcomes.

Several prognostic factors for the treatment of
thymic malignancies have been found, whereby tu-
mor stage, histology, and resection status have been
considered the three most important factors [12, 13,
25–27]. It was not possible to make a robust finding
for prognostic factors in this study due to limited sam-
ple size and the small number of recurrence events.
However, the univariable analysis showed similar
results to the literature, in which tumor stage and
histology were significantly associated with the long-
term recurrence outcome. In fact, early-stage thymic
tumors could be completely resected by either VTS
or open procedure. Given the feasibility of VTS in the
resection of thymic tumors, the long-term prognosis
of patients would depend on the nature of the dis-
ease, including tumor histology and stage of disease.
It would be unusual for the surgical approach to be
an important prognostic factor as long as the tumor
could be completely removed by either minimally
invasive or traditional open techniques.

A major limitation of our study is the limited sam-
ple size due to the rarity of the disease in a single cen-
ter. There should be a multi-center database in our
country, as in Europe or China, so that more robust
results could be reported. Another limitation is the
lack of randomization, which might lead to the none-
equivalence between the two groups. This is similar
to many studies in this area, as a powerful random-
ized controlled trial could not be feasible due to the
infrequence of this disease. However, with the main
strength of a prospective design and long-term fol-
low-up period with a low percentage lost to follow-
up, the results support VTS in the treatment of thymic
malignancies.

Conclusion

VTS for resection of thymic malignancies is feasible,
effective, and safe. Compared to traditional open
surgery, VTS is superior regarding perioperative re-
sults by reducing intraoperative blood loss, postop-
erative pain, and shortening the duration of surgery,
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postoperative chest drainage, and hospital stay. Given
the comparable long-term oncological and survival
outcomes with open surgery, VTS could be considered
as a routine approach for the surgical management of
thymic malignancies.
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