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ABSTRACT

Background: Thymic masses are the most common anterior mediastinal neoplasms. In this study, we
analyzed the histopathologic subgroups and stages of thymic tumors, evaluated mortality and morbidity,

and identified the factors affecting survival in patients who underwent thymectomy due to thymic tumors.

Materials and Methods: 159 patients who underwent surgery in our center for anterior mediastinal
mass between January 2005 and December 2016 were analyzed retrospectively. Of the patients who had

thymectomy procedures, 76 with thymoma or thymic carcinoma were included in the study.

Results: The mean age of the patients was 51 + 14.3 (18-77) years. Forty-seven patients (61.8%) were
male, and 29 (38.2%) were female. Fourteen of the patients (18.4%) were aged 65 years or older. Sixteen
patients (21.1%) also had myasthenia gravis. The diagnosis was thymoma in 67 patients (85.2%) and
thymic carcinoma in 9 patients (11.8%). There were no statistically significant differences in survival
outcomes based on Masaoka or World Health Organization (WHO) thymoma stage. In terms of the extent
of resection, survival time was 83.4 + 10.5 months for patients who had simple thymectomy and 124 + 5.4

months among patients who underwent extended or maximal thymectomy (p = 0.043).

Conclusions: Our findings suggest that thymoma stage and histopathologic subgroup were not prognostic

factors, while extended resection was the most significant factor in survival.
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Introduction

Thymic tumors are rare tumors originating from thymic
epithelial cells and are the most common neoplasm of
the anterior mediastinal compartment. The incidence
of thymoma was reported as 0.13 per 100,000 person-
years in the United States [1]. Thymic tumors may be
asymptomatic and detected incidentally or can cause
symptoms related to mass effect or invasion of adjacent
structures upon reaching a sufficient size. They may
also present with symptoms associated with concomi-
tant myasthenia gravis or other paraneoplastic condi-
tions. Approximately 40% of patients with thymoma

develop systemic paraneoplastic conditions [2].

Complete surgical resection is recommended for all
thymic tumors due to their malignant potential. Thy-
mic cells can also be detected microscopically in tis-
sues adjacent to the thymus. The primary treatment for
thymoma is surgical resection. Complete resection is a
major prognostic factor affecting survival [3]. There is
no clear consensus on surgical technique. Methods such
as sternotomy, video-assisted thoracoscopic surgery
(VATS), thoracotomy, and robotic surgery are used.
Although there have been recent publications reporting
the results of minimally invasive procedures in early-
stage thymomas, the long-term outcomes have not been
determined [2,3].

In the present study, we evaluated early and long-
term morbidity and prognostic factors associated with
survival in patients who underwent surgery for thymo-

ma.
Materials and Methods

The records of 159 patients who underwent surgery for
an anterior mediastinal mass in Yedikule Chest Diseas-
es Hospital between January 2005 and December 2016
were analyzed retrospectively. A total of 76 patients
were included in the study. The study was approved by
the institutional review board and was conducted in ac-
cordance with the principles of the Declaration of Hel-
sinki (version no: 1118, 09/11/2017). The flowchart of
patient inclusion and exclusion is shown in Figure 1.
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Anterior Mediastinal
Anterior Mediastinal Cyst (n:12)

Tumor Ectopic Thyroid (n:9)

(n:76) Teratoma (n:7)
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/ 1 N\

Maximal Thymectomy Extended Thymectomy
(n:15) (n:37)
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Simple Thymectomy
(n:24)

NSGCT: Nonseminomatous Germ Cell Tumor

Figure 1. Flowchart of patient inclusion.
Preoperative Evaluation

All patients were evaluated for pulmonary function and
cardiac pathology before surgery. Radiological evalua-
tion was performed with chest x-ray and thoracic com-
puted tomography (CT), and magnetic resonance im-
aging (MRI) and positron emission tomography—CT
(PET/CT) was added to the preoperative examination
when deemed necessary. All patients underwent rou-
tine preoperative biochemical analysis and electrocar-
diogram (ECG); echocardiogram (ECHO) was ordered
when needed. All patients with suspected anterior me-
diastinal mass were evaluated for myasthenia gravis by
a neurologist. Patients who were newly diagnosed with
myasthenia gravis received medical therapy and under-

went surgery after stabilization.

Comorbidities were categorized in four groups as re-
spiratory (chronic obstructive pulmonary disease, asth-
ma), cardiac (past myocardial infarction, arrhythmia,
and history of the stent); endocrine (diabetes mellitus,

goiter), and neurologic (myasthenia gravis).

Patients with no distant metastasis in the clinical and
radiological evaluation and whose tumors were con-
sidered resectable underwent surgical resection. VATS,
thoracotomy, or sternotomy was performed based on
the radiologic location and size of the tumor and suspi-

cion of invasion of adjacent tissues.
Surgical Approach

Simple thymectomy was defined as complete removal
of only the mass and thymus by VATS, thoracotomy, or

sternotomy.
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Extended thymectomy was defined as resection of
the thymus together with the surrounding pericardial/
diaphragmatic adipose tissues to the bilateral phrenic
nerve in the horizontal axis and the area from the thy-
roid to the diaphragm in the axial axis by VATS, thora-

cotomy, or sternotomy (Figure 2).

Figure 2. Material resected in extended thymectomy.

Maximal thymectomy was defined as extended thy-
mectomy via sternotomy with the additional dissection
of the cervical, paratracheal, subcarinal, and aorticopul-

monary lymph nodes.

Any detected invasion of the pericardium, paren-
chyma, pleura, or vasculature was included completely

within the surgical margins.
Postoperative Follow-up

Based on the histopathological diagnosis, the patients
were separated into two main groups, thymoma, and
thymic carcinoma. Thymoma staging was done accord-
ing to the World Health Organization (WHO) [4] and
Masaoka [5] staging systems. Of the recorded complica-
tions, we evaluated morbidities that occurred in-hospi-
tal or within the first postoperative month. Atelectasis,
hemorrhage, pneumonia, atrial fibrillation managed with
medical treatment, surgical site infections requiring revi-

sion, and hoarseness were accepted as morbidities.

The groups were further classified by histopatholog-
ic subgroup and stage. Mortality, morbidity, and factors

believed to be associated with survival were analyzed.
Statistical Analysis
The SPSS version 22.0 (SPSS Inc., Chicago, IL, USA)

software package was used for statistical analyses.
As descriptive statistics, the Chi-square (}2) test was
used to calculate frequency values. A t-test was used to
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compare means of independent groups and the Mann-
Whitney U test was used to compare medians. Survival
analysis was conducted using the Kaplan-Meier method
and curves were compared using the log-rank test. Prog-
nostic factors were analyzed with multivariate analysis
using Cox’s proportional hazard model to adjust for po-
tential confounding factors. The statistical significance
level was accepted as p = 0.05 for all analyses.

Results

Of the 76 patients included in the study, 47 (61.8%) were
male, and 29 (38.2%) were female. The mean age was
50 +13.8 (18-81) years. Fourteen of the patients (18.4%)
were aged 65 years or older. Sixteen patients (21.1%)
were also diagnosed with myasthenia gravis. There were
45 smokers in the patient group (59.2%). Thirty-four
(44.7%) of the 76 patients included in the study had co-
morbid diseases, the most common of which were my-
asthenia gravis and cardiac comorbidities. The patients’

demographic data are summarized in Table 1.

Table 1. Demographic characteristic of patients with
thymic tumors.

Variables (n) %

Male 47 61.8
Gender

Female 29 38.2
Age (year) 50.9+13.8

<65 42 81.6
Age

>65 14 184
Smoke (package/year) 12.40+16.3

Yes 45 59.2
Smoke

No 31 40.8

Myasthenia 16 21.1

Cardiac 16 21.1
C bidit ino-

omorbidity Encllocrmo 14 18.4

logical

Pulmonary 3 39
Myasthenia Yes 16 21.1
Gravis No 60 789

Six patients (7.9%) with a suspected invasion of ma-
jor vascular structures were given neoadjuvant radio-
therapy. All 6 of these patients underwent sternotomy
after neoadjuvant therapy, and complete resection was
achieved. Fifty-eight patients (76.3%) underwent ster-
notomy, 8 (10.5%) underwent VATS, and 10 (13.2%)
underwent thoracotomy. Comparison of tumor size ac-

cording to surgical approach showed that mean tumor
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diameter was 28.8 + 3.9 (10-48) mm in patients selected
for VATS, 69.2 + 15.9 (0.1-150) mm in those selected
for sternotomy, and 66.8 + 4.1 (10-175) mm among
those selected for thoracotomy (p = 0.003).

Twenty-four (31.6%) of the patients underwent sim-
ple thymectomy, 37 (48.7%) underwent extended thy-
mectomy, and the remaining 15 patients (19.7%) under-
went maximal thymectomy. In addition to thymectomy,
lung parenchymal wedge resection was performed in 7
patients, left upper lobectomy in 1 patient, left innomi-
nate vein graft in 1 patient, and superior vena cava re-
section in 1 patient. The mean length of hospital stay
was 6.4 £ 6.4 (2-45) days. The surgical approach was
not associated with length of hospital stay (p = 0.057).

Postoperatively, 33 complications occurred in 25
(32.9%) of the 76 patients. No significant difference in
complication rates was observed according to age, sex,
surgical approach (VATS, thoracotomy, sternotomy) or
extent of resection (simple, extended, maximal) (p >
0.05). Atelectasis occurred in nine patients, hemorrhage
requiring revision in 1 patient, pneumonia in 4 patients,
medically managed atrial fibrillation in 7 patients, deep
surgical site infection in 7 patients, persistent hoarse-
ness in 1 patient, and diaphragmatic eventration due to
phrenic nerve injury in 4 patients.

A statistically significant difference in complication
rate was detected between patients with and without co-
morbidities (17 patients vs. eight patients, respectively;
p = 0.05). When the relationship between myasthenia
gravis and postoperative complications was examined,
it was seen that 8 (50%) of 16 patients with myasthe-
nia gravis developed complications (p = 0.099). Of the
14 patients with endocrine comorbidities (diabetes, hy-
pothyroidism), eight (57.1%) developed postoperative
complications (p = 0.04). Length of hospital stay was
significantly longer in patients who developed compli-
cations (p <0.001) (Table 2).
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Morbidity  Morbidity
Variables (None) (Yes) P
n (%) n (%)
<65 46 (74.2) 16 (25.8)
Age 0.010
>65 5(35.7) 9 (64.3)

No 21 (41.2)
Yes 30 (58.8)

10 (40)
15 (60)

Smoke 0.562

VATS 4(7.8) 4 (16)
Surgical  Sternotomy 38 (74.5) 20 (80) 0.174
approch  Thora- '
- 9 (17.6) 14

Abbrev.:VATS: Video-Assisted Thoracoscopic Surgery

When divided based on histopathology, 67 (85.2%
of the patients had a thymoma, and 9 (11.8%) had thy-
mic carcinoma. All subgroups based on thymic tumor

~

stage are shown in Table 3.

Masaoka staging

2a 14 18.4

3 10 13.2

A 13 17.1

B1 10 13.2

B3 9 11.8

B2+B3 4 53

There was no intraoperative mortality in this series.
The 30-day mortality rate was 1.3% (n = 1) and the
3-month mortality rate was 2.6% (n = 2). All three of
the deceased patients underwent sternotomy; one was
lost in the first postoperative month due to a myasthenic
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crisis. Another patient died due to respiratory failure af-
ter pneumonia, and the other was diagnosed with myas-

thenia gravis and died due to other problems.

11 (45.8%) of the patients who underwent simple
thymectomy according to Masaoka stages were stage 1,
10 (41.7%) were stage 2, and 3 (12.5%) were stage 3.
Masoka stages of the patients who underwent extend-
ed or maximal thymectomy were 23 patients (44.2%)
stage 1,22 patients (42.3%) were stage 2, seven patients
(13.2%) were stage 3. There was no statistically signifi-
cant difference between these groups (p = 0.989).

The mean follow-up time was 62.6 + 34.1 months.
Mean overall survival was 118 + 5.5 months. The 5-year
survival rate was 83.3%,and 10-year survival was 79.4%.
Advanced age and extent of resection were identified as
prognostic factors affecting survival (Table 4) (Figure 3).
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Figure 3. Kaplan—Meier survival curve according to Over-
all Survival (a), Kaplan—-Meier survival curve according to
Masaoka (b) staging, Kaplan—Meier survival curve according
to the histopathological staging (c¢), Kaplan—-Meier survival
curve according to the gender (d).

Variables Mean

%95 CI

5 Year OS% 10 YearOS % P

114-134
37-75

<65
>65

124+5.0
56+9.7

89.0 84.7

539 i 0.002

121+5.7

MG 93+12.2

Yes

110-132
70-117

89.0
81.3

83.7

0.9 0.263

119+5.7
92+13.6

Thymoma
Histopathol.
1stopatholosy Thymic carcinoma

107-130 80 80
65-118 74 74

0.587

Abbrev.:0S: Overall Survival, MG: Myasthenia Gravis, CI: Confidence Interval

Recurrence occurred in three patients (3.9%), of
whom 2 had thymic carcinoma, and 1 had type B3 thy-
moma. There was a significant association between his-
topathologic stage and recurrence (p = 0.03). Survival
analysis, according to the extent of resection, showed
that mean survival time was 83.4 + 10.5 months in the
simple thymectomy group and 124 + 5.4 months in the
other groups (extended and maximal thymectomy) (p =
0.043).

(9,1

Discussion

Determining the actual incidence of anterior mediasti-
nal masses from the medical literature can be difficult
for several reasons. One of these is the varying clinical
and radiological classifications used to define the medi-
astinal compartments. Another reason is that non-neo-
plastic lesions such as thymic cyst and pericardial cyst
are included in these numbers. Despite the difficulty of
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determining their exact incidence, approximately 35%
of anterior mediastinal lesions are thymic malignancies
[6-8]. Among the total patient population screened for
inclusion in this study, the incidence of thymic epithe-
lial malignancy was 76 in 159 patients (47.7%).

Thymoma is reported to affect both sexes equally
and usually appears in the fourth or fifth decades [9].
In our patient group, 61.9% were men, and the mean
age was 50 + 13.8 (18-81) years, consistent with the

literature.

Surgery is the cornerstone of thymoma treatment,
being the only curative method. The goal is to achieve
complete surgical resection, which requires resection of
possible tumor spread outside the thymus. Partial or full
sternotomy for complete thymectomy is the main surgi-
cal approach in thymus surgery. For advanced tumors,
additional incisions should be used when necessary to
achieve complete resection, especially in the presence
of lung or pleural space invasion. Some investigators
reported no local recurrence in patients without micro-
scopic invasion of the capsule and surrounding tissues,
while others have reported local recurrence at rates of
2-10%. Thymomas can be invasive and metastatic.
Therefore, surgical procedures should be planned, tak-
ing into account the malignant potential of all thymo-
mas [10]. In our study, the rate of local recurrence was
3.9%. Two of the local recurrences were thymic carci-

noma, and one was type B3 thymoma.

Procedures and standards of minimally invasive
methods were defined by the International Thymic Ma-
lignancy Interest Group (ITMIG) in 2011 to facilitate
systematic data collection [11]. Minimally invasive
thymus resections were already being performed in our
center and were adapted to conform to this new frame-
work of standards following the ITMIG workshops. In
our clinic, we perform extended thymectomy by VATS
in patients with tumors that are 3 cm in size, stage 1-2,
and assessed as resectable using VATS. The feasibility
of extended thymectomy via VATS has been debated,
and the concept of videothoracoscopic extended thy-
mectomy has been described. We believe that inexpe-
rienced centers, VATS thymectomy is appropriate for
thymomas up to 3 cm in size provided that complete

resection is achieved.
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The coexistence of specific autoimmune diseases
with thymoma, especially myasthenia gravis, must be
evaluated before surgery. The incidence of thymoma in
patients with myasthenia gravis is known to be 10—15%,
while approximately 30% of patients with thymoma are
reported to have myasthenia gravis [12]. Some publi-
cations report that myasthenia gravis in patients with
thymoma is associated with a poorer prognosis, while
others have reported that prognosis is not adversely af-
fected. In a multicenter study of 1089 patients, Kondo
and Monden reported that thymomas associated with
myasthenia gravis were diagnosed earlier and had a
lower rate of recurrence due to their less aggressive na-
ture; therefore, they claimed that the presence of my-
asthenia gravis could be considered a favorable prog-
nostic factor for thymoma [13-15]. Of all the thymoma
patients in our series, 16 (21.1%) were diagnosed with
myasthenia gravis. The 5- and 10-year survival rates of
patients with myasthenia gravis were 81.3% and 60.9%
(p=0.263).

The most significant prognostic factor in thymoma is
complete resection. Another prognostic factor accepted
by many researchers is the quality of the surgery [15].
In a study by Cowen et al. [16], the metastatic spread
was significantly more common among patients who
did not undergo complete surgical treatment (had an
only biopsy or subtotal resection) when compared with
patients who underwent complete resection. A com-
plete resection rate of 100% was reported in patients
with stage I thymoma, and this success rate was found
to decrease as stage increased [17]. According to Det-
terbeck et al. [18], complete resection results in signifi-
cant improvement in survival for patients with stage II1
tumors in particular. In the present study, we observed
no significant difference in survival based on Masaoka
staging (p = 0.291). However, there was a trend toward
poorer survival outcomes as the stage increased. We at-
tribute the discrepancy between our findings and those
reported in the literature to our small patient number.
Advanced age and extent of resection were identified as

factors associated with survival in our study.

In addition to thymoma staging, histopathology can
also be useful in determining tumor resectability. Nearly
all WHO type A thymomas are noninvasive tumors and
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should be treated with complete resection. Type B thy-
momas are often invasive, and the timing of the presen-
tation is very important. Effort should be made to resect
as completely as possible. Although complete resection
is achieved in 92% of these tumors, recurrence has been
reported at a rate of 29% [19]. In the present study, recur-
rence was observed in a total of 3 patients (3.9%), 2 with
thymic carcinoma, and 1 with type B3 thymoma (p =0.03).
All three of these patients had stage III disease. We de-
tected a close association between histopathological stage
and the likelihood of recurrence. As with Masaoka stage,
there was no significant difference in survival between the
histological subgroups of thymomas compared to thymic
carcinomas according to WHO stage (p = 0.587).

There were no statistically significant differences in
survival outcomes based on Masaoka or WHO thymo-
ma stage. In terms of the extent of resection, survival
time was 83.4 + 10.5 months in the simple thymectomy
group versus 124 + 5.4 months in the combined extend-
ed and maximal thymectomy group (p = 0.043). Based
on this finding, we believe that regardless of stage or
histopathologic subtype, complete resection of thymo-
mas with at least extended resection is a key factor in

survival.

The main limitations of our study were that it in-
cluded a small number of patients, multiple surgeons
performed the procedures, and the general status of the
patients was not assessed preoperatively. In addition, we
were not able to demonstrate a statistically significant
effect of thymic carcinoma histopathologic subgroup
and survival. A large number of subgroups resulted in

insufficient patient numbers in each group.

As a conclusion, although not significant, the tumor
stage was found to be a poor prognostic factor, while
complete resection and advanced age were the most sig-
nificant prognostic factors identified in our study. All of
the patients in our study underwent complete resection,
and survival outcomes were acceptable, independent of
stage and histopathological features. However, patients
who underwent simple thymectomy had significantly
lower survival rates despite a complete resection. This
suggests that regardless of stage or histopathologic sub-

type, complete resection of thymomas with at least ex-
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tended resection is a key factor in survival.
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