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Purpose

Retrospective analyses of patients with stage I-1l thymic epithelial tumors (TET) who were treated
with either surgery alone (S) or surgery plus postoperative radiation therapy (SRT) were conducted
to evaluate the role of adjuvant radiation therapy (RT).

Materials and Methods

A total of 110 stage |-l TET patients following complete resection were included in this study.
Postoperative radiation therapy was recommended for those with aggressive histologic type
and/or invasive features according to the surgeons’ judgment during the operation. A median
dose of 54.0 Gy (range, 44 to 60 Gy) focused on the primary tumor bed was administered to 57
patients (51.8%).

Results

In all patients, the rates of overall survival, disease-specific survival, and disease-free survival at
10years were 91.7%, 97.1%, and 95.8%, respectively. No significant differences in disease-specific
survival (100% in the S group and 93.5% in the SRT group at 10 years, p=0.12) and disease-free
survival (98.1% in the S group and 94.5% in the SRT group at 10 years, p=0.41) were observed
between the treatment groups, although a significantly larger number of World Health Organization
(WHO)-type B2-C (p<0.001) and Masaoka stage Il (p=0.03) tumors were observed in the SRT
group than in the S group. No local recurrence was observed in the SRT group. No grade 2 or
greater RT-related toxicities were observed in the SRT group.

Conclusion

Excellent outcomes were achieved in patients with stage I-1l TET who underwent complete
resection. Considering excellent local control and low morbidity, adjuvant RT may be considered
in high risk patients with WHO-type B2-C histology and Masaoka stage II.
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Introduction

carcinoma, type C. When compared to WHO-type A-B1 tumors, WHO-
type B2-C tumors are more likely to have an aggressive clinical course
[3-6]. The widely used staging system, which was developed by Masaoka

Thymic epithelial tumor (TET) is an indolent tumor originating from
epithelial cells within the thymic gland. It is often associated with autoim-
mune disorders, such as myasthenia gravis and red cell aplasia [1]. In
1999, the World Health Organization (WHO) adopted a pathologic
classification system based on the morphology of epithelial cells as well
as the lymphocyte-to-epithelial cell ratio [2]. They classified TET into
type A, AB, B1, B2, and B3, and the more heterogeneous group of thymic

1 66 Copyright © 2012 by the Korean Cancer Association

€9 This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/

etal. in 1981 [7], and modified in 1994 [8,9], describes TET in terms of
the local extension of the tumor and classified it according to four stages:
completely encapsulated tumor, stage I; transcapsular invasion or
surrounding fatty tissue invasion, stage II; neighboring organ invasion,
stage I11; and metastasis to pleura, pericardium, lymph node, or distant
site, stage IV.

Complete surgical resection is the mainstay treatment for patients with
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TET. Adjuvant radiation therapy (RT) is usually advocated for patients
with incompletely resected tumors or Masaoka stage I1I. Conversely, the
issue of adjuvant RT in completely resected early stage TET has been
controversial, especially in stage II [10-14]. At the author’s institute,
adjuvant RT has been recommended for patients with early stage TET
with aggressive WHO histology and/or invasiveness according to the
surgeon’s judgment during the operation; retrospective analyses were
performed in order to evaluate the role of adjuvant RT.

Materials and Methods

1. Patients

Between January 1995 and December 2004, 201 patients were regis-
tered as having TET and underwent surgical resection at the authors’
institute. All of the records of these patients were reviewed and the stages
were classified according to the Masaoka staging system. A total of 117
patients were Masaoka stage /11, and, after excluding seven ineligible
patients, retrospective analyses were performed on 110 patients. Reasons
for exclusion from the current analyses included microscopic residual
tumor in four patients with Masaoka stage II, unavailable follow-up
information in two, and synchronous double primary cancer in one,
respectively.

2. Pathologic review

Review of all specimens and classification of histologic subtypes were
performed by the pathologist in our institution (JHH). All cases before
1999, which were initially categorized according to Muller-Hermelink
classification, were reclassified according to the WHO classification. To
distinguish TET from other mediastinal tumors, immunohistochemical
staining was performed using 1 : 50 CD5, 1 : 100 cytokeratin, 1 : 50
MIC-2 (CD99), 1 : 100 leucocyte common antigen, and 1 : 40 placental
leucocyte alkaline phosphatase.

3. Treatment

Total thymectomy was performed via median sternotomy in 80 patients
(72.7%), by video-assisted thoracoscopy in 25 patients (22.7%), by
thoracotomy in four patients (3.6%), and by trans-cervical incision in one
patient (0.9%), respectively. All patients underwent complete resection,
defined as no macroscopic or microscopic residual tumor. Adjuvant RT
was recommended for patients with either a WHO-type B2-C tumor
(including non-medullary type according to Muller-Hermelink classifi-
cation before 1999) or Masaoka stage II. In addition, the surgeon’s
judgment regarding tumor invasiveness or adhesion observed during the
operation was also considered.

Adjuvant RT was started at four to six weeks after surgery. The radiation
target volume was delineated on the computed tomography (CT) scan
taken for simulation, which included the tumor bed. All relevant clinical
information, including preoperative images, record of surgery, pathologic
report, and surgical clips seen on simulation CT were referenced in the

Fig. 1. The typical beam arrangement of three-dimensional conformal radiation therapy (anterior/right anterior oblique/left anterior oblique).
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target delineation. The typical beam arrangement was an anterior 3-field
wedge technique (anterior/right anterior oblique/left anterior oblique)
(Fig. 1). Using 6-10 MV X-ray, a total median dose of 54 Gy (range, 44
to 60 Gy) was delivered over a period of five to six weeks by daily 1.8
Gy or 2.0 Gy. In the current study, none of the patients received adjuvant
chemotherapy.

4. Statistical analysis

The Kaplan-Meier method was used for determination of survival rate.
Survival duration was calculated from the dates of surgery to the dates of
the last follow-up or any events such as death or recurrence. The log-rank
test was used for comparison of differences between the groups, and the
Cox proportional hazards regression model was used for multivariate
analysis. The Chi-square test was used for analysis of the distribution of
categorical variables, and the t-test was used for analysis of the distribution
of continuous variables. A p-value less than 0.05 was considered statisti-
cally significant and the software SPSS ver. 19.0 (SPSS Inc., Chicago,
IL) was used for analysis.

Table 1. Clinical characteristics of 110 patients with early stage thymoma

Results

1. Patients’ characteristics

All patients underwent complete resection of tumor. Among 110
patients, 53 patients (48.2%) underwent surgery alone group (S group),
while 57 (51.8%) received surgery plus postoperative RT group (SRT
group). Eighty patients (72.7%) had Masaoka stage I and 30 patients
(27.3%) had Masaoka stage II. The clinical characteristics of all patients
are shown in Table 1. SRT group had a significantly large number of
patients with Masaoka stage IT compared to S group (p=0.03). The WHO
types were as follows: type A in six (5.5%); type AB in 35 (31.8%); type
B1 in 19 (17.3%); type B2 in 30 (27.3%); type B3 in 15 (13.6%); and
type C in five (4.5%). The proportion of WHO-type B2-C tumors was
much higher in the SRT group than in the S group (18.9% and 70.2%,
p<0.001). A summary of the distribution of WHO types according to
Masaoka stage and treatment group is shown in Table 2. The median
follow-up duration for all patients was 110 months (range, 4 to 197
months) and 114 months (range, 60 to 197 months) for living patients.

Characteristics Surgery alone (n=53)
Mean age (SD, yr) 48.56 (13.96)
Gender

Male 28

Female 25
Mysathenic symptom

Yes 12

No 41
Mean tumor size (SD, cm) 5.66 (2.69)
Masaoka stage

I 44

I 9
WHO-type

A 5

AB 25

Bl 13

B2 9

B3 1

C 0
WHO-type group

A-Bl 43

B2-C 10
Operative procedure

Median sternotomy 34

Thoracotomy 3

Transcervical approach

Video-assisted thoracoscopy 15

Surgery plus radiotherapy (n=57) p-value
49.61 (11.29) 0.66
1.00
30
27
1.00
12
46
6.85(3.17) 0.04
0.03
36
21
<0.001
1
10
6
21
14
5
<0.001
17
40
0.20
46
1
0
10

SD, standare deviation; WHO, World Health Organization.
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Table 2. Distribution of WHO histologic type according to Masaoka stage and treatment group

Masaoka stage I Masaoka stage 11

Surgery alone

Surgery plus radiotherapy Surgery alone Surgery plus radiotherapy

A-B1 36 99 7 8
B2-C 8 27 2 13
Total 44 36 9 21

WHO, World Health Organization; RT, radiation therapy. “RT was administered because of a very large-sized tumor with adhesion (n=2),
non-medullary type according to Muller-Hermelink classification before 1999 (n=5), surgeon’s judgment for local invasiveness during the operation
(n=2), YRT was not administered due to patients’ refusal (n=2), surgeon’s judgment for local invasiveness during the operation (n=6).

Table 3. Characteristics of four patients who experienced recurrence during the follow-up period

Final status
(time after salvage therapy or
after recurrence, mo)

Failure site
(time to
recurrence, mo)

Gender/Age
(\29) stage

Masaoka Initial operation  Adjuvant

procedure RT

Salvage
therapy

WHO-type

1 M/29 1 B2 Median sternotomy No Local (24) RT Alive with NED (113)
5 M/53 1 B2 Video-assisted Yes  Pleural seeding (43) Surgery+RT  Alive with NED (43)
thoracoscopy
3 M/53 1 B2 Video-assisted Yes Pleural seeding (55) Surge Dead of disease (27)
thoracoscopy & gery
4 M/58 2 C Median sternotomy ~ Yes Liver, bone (18) Palliative Dead of disease (90)
chemotherapy
WHO, World Health Organization; RT, radiation therapy; M, male; NED, no evidence of diesease.
Table 4. Intercurrent deaths by stages and treatment groups
Stage I Stage 11 Total
Surgery 1 (hepatocellular carcinoma) 1 (aplastic anemia) 2
Surgery plus RT 4 (old age, pneumonia, myasthenia) 1 (unknown ) 5
Total 5 2 7

RT, radiation therapy.

2. Failure patterns and causes of deaths result of disease progression.

In addition to two patients who died of TET recurrence and progression,

Four patients had recurrence during the follow-up period: local
recurrence in one patient; pleural seeding in two; and distant metastases
(liver and bone) in one (Table 3). Of these four with recurrence, two
patients have remained alive until the current analyses. One patient with
WHO-type B2 and Masasoka stage I, who initially underwent surgery
alone, developed local recurrence at the anterior mediastinum at 24
months after surgery. Treatment with high dose RT (50 Gy) resulted in
successful salvage of this patient, who has remained disease-free for 113
months following the salvage treatment. The other patient with WHO-
type B2 and Masaoka stage I, who initially underwent surgery and
received adjuvant RT, developed pleural seeding at 43 months after
surgery. Excision of the pleural mass and administration of adjuvant RT
to the tumor bed were performed; he has also remained disease-free for
43 months following salvage treatment. The other two patients, one with
pleural seeding and the other with distant metastasis, ultimately died as a

seven patients died of intercurrent diseases other than TET (Table 4). In
the S group, one patient with stage I died of hepatocellular carcinoma,
and another patient with stage II died of aplastic anemia. In the SRT group,
four patients with stage I and one with stage I died of intercurrent diseases:
two due to old age; one pneumonia; one myasthenia; and one unknown.

3. Clinical outcomes

In all patients, the rates of overall survival (OS), disease-specific
survival (DSS), and disease-free survival (DFS) at 10 years were 91.7%,
97.1%, and 95.8%, respectively. No differences in OS (93.3% and 86.2%,
p=0.60), DSS (98.4% and 92.3%, p=0.40), and DF'S (96.2% and 96.7%,
p=0.94) were observed between Masaoka stages. Survival figures for the
S group were better than those for the SRT group, without statistical

VOLUME 44 NUMBER 3 SEPTEMBER 2012 169



Cancer Res Treat. 2012;44(3):166-172

Disease-specific survival

100-»0—“—0&0”“'.0-—“-.-“——0
i & 90 - G000 - - - -~ - - TS
90 A!M:‘A-—-A-‘AA— ----- -A-AA
°\E 80 - Stage| —®— S (n=44) p=0.20
2 -+~ SRT (n=36)
[3+] ;/
< 40+ Stage Il ~-m- S (n=9) p=051
= 4 - A= SRT (n=21)
S 30+
wn ]
201
101
0 v T v T v T T v T v T T T T T
0 24 48 72 96 120 144 168 192
Time (mo)

Disease-free survival

100 : , gl g
It BA5 U AAE Ma A s A
904
S Stage| —e— S _(1=t4) p=042
@ § -4~ SRT (n=36)
© 2
= 40+ Stage Il ~m- S (n=9) p=051
; ] -A = SRT(n=21)
5 30-
2 ]
204
10-
0 r T r T r T T r T r T r T r T
0 24 48 72 9% 120 144 168 192
Time (mo)

Fig. 2. Comparison of survival rates according to adjuvant radiation therapy (RT) in stage I and stage II thymic epithelial tumor. S, surgery alone;

SRT, surgery plus RT.

ignificance: 98.1% and 85.2% in OS (p=0.06); 100% and 93.5% in DSS
(p=0.12); and 98.1% and 94.5% in DFS (p=0.41). Patients with WHO-
type A-B1 tumors had favorable outcomes at 10 years, compared to those
with WHO-type B2-C: 98.3% and 83.5% in OS (p=0.02); 100% and
93.0% in DSS (p=0.09); and 100% and 91.5% in DFS (p=0.02). Multi-
variate analyses were performed for OS, DSS, and DFS, including the
variables of WHO-type, Masaoka stage, presence of myasthenia gravis
symptoms, administration of RT, and tumor size; no significant factor was
found.

4. Subgroup analysis according to Masaoka stage

1) Stage I

Patients in the SRT group had worse 10-year OS than those in the S
group (100% and 84.5%, p=0.02), however, no significant differences
were observed in DSS (100% and 95.7%, p=0.20) and DFS (97.7% and
94.1%, p=0.42) at 10 years, respectively (Fig. 2). Compared to patients
with WHO-type B2-C, those with WHO-type A-B1 had significantly
better DFS (p=0.04), but not OS (p=0.12) or DSS (p=0.20).

2) Stage IT

No significant differences in 10-year OS (88.9% and 84.7%, p=0.90),
DSS (100% and 88.9%, p=0.51), and DFS (100% and 95.2%, p=0.51)
were observed between the treatment groups (Fig. 2). Patients with WHO-
type A-B1 showed a tendency for a better prognosis in OS (p=0.07), but
not in DSS (p=0.28) and DFS (p=0.32).

3) Toxicity
There was no postoperative mortality. Acute and late toxicity profiles
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following postoperative RT were evaluable in 51 patients in 57 in the SRT
group (89.5%). Grade I pneumonitis and esophagitis by Radiotherapy
Oncology Group (RTOG) grading was observed in three (5.9%) and four
patients (7.8%), respectively. No late cardiac and pulmonary toxicities
were observed in the current study.

Discussion

Incidence of early stage TET is not high, and it usually shows a rather
indolent clinical course. In general, follow-up for a long duration is needed
in this setting in order to understand the clinical course and the effect of
additional treatment modality to surgery. Overall, approximately 50% of
deaths were attributable to TET and its treatment [11]. However, in the
current study, among nine deaths, only two deaths were attributable to
progression of TET after recurrence (22.2%), while seven were intercur-
rent deaths unrelated to TET (77.8%). Thus, DFS or DSS, rather than OS,
were better indicators for evaluation of the effect of treatment. In the
current study, both DFS and DSS did not differ between the treatment
groups, although the SRT group had significantly more WHO-type
B2-C (p<0.001) and Masaoka stage II (p=0.03) than the S group.
Recurrence rates after resection in Masaoka stage I are usually higher
than those in stage 1 [11,15] and WHO histology has been known as a
prognosticator in TET [3,4].

Most authors have reported that complete surgical resection alone is
sufficient for achievement of an excellent outcome in treatment of stage
I TET. The five-year OS rates ranged from 89% to 100%, and local control
rate approached 100% [16]. In addition, results of one randomized trial
demonstrated that the addition of RT following complete resection in stage
ITET had no benefit [17]. Based on these data, adjuvant RT has not been
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usually recommended. However, some authors have advocated the use
of adjuvant RT in selected patients with stage I TET. Regnard et al. [18]
reported that the recurrence rate was significantly higher among patients
with peritumoral adherence (five of 26 patients) when compared with
those with no peritumoral adherence (0 of 109 patients) in stage I
(p=0.001). Ogawa et al. [19] also advocated the use of adjuvant RT in
stage I patients if there had been peritumoral adherence, based on their
observation of no failure among 10 patients with peritumoral adherence
following postoperative RT. Among 80 patients with Masaoka stage 1,
the authors observed a total of three recurrences: one among subjects in
the S group; and two among subjects in the SRT group. While two patients
in the SRT group experienced pleural seeding, one patient in the S group
experienced local recurrence, which could be prevented by adjuvant RT.
Furthermore, the patient had WHO-type B2 histology. Of eight Masaoka
stage I patients with WHO-type B2-C histology, one patient (12.5%)
experienced local recurrence. Although our results did not demonstrate
definite evidence for the benefit of adjuvant RT in patients with Masaoka
stage I, it implies that adjuvant RT, more or less, would be helpful with
respect to local control, especially with WHO-type B2-C histology, but
not to pleural or distant dissemination, as shown in other studies [10,19,
20], when considering that there was no local recurrence in the SRT group.

The use of adjuvant RT for stage Il TET has remained controversial.
The rationale of adjuvant RT in stage Il TET was that it resulted in lowered
recurrence rate, when compared to surgery alone. Curran et al. [21]
reported on the recurrence rate after complete resection in patients with
stage Il TET. The local recurrence rate at five years was 47% in patients
who did not receive adjuvant RT, and 0% in those who received RT.
Monden et al. [22] also reported that, in stage II TET patients, the recur-
rence rate was 29% after complete resection alone, and 8% after postop-
erative RT. However, those reports could be criticized for being old data,
with small sample sizes, and suboptimal outcomes following surgery
alone. Patients treated with surgery plus RT showed generally excellent
outcomes, with local control rates ranging from 90% to 100% [18,23,24].
However, several authors have recently reported that no additional benefit
was achieved by addition of RT after complete resection in patients with

stage [ TET. Rena et al. [12], in a study of 58 patients with stage Il TET,
reported that no difference in DFS (p=0.432) was observed regardless of
adjuvant RT following complete resection. Korst et al. [25], through meta-
analysis of 592 patients with stage II/IIl TET, reported no significant
reduction in recurrence rate after adjuvant RT in stage II patients. Utsumi
et al. [14] reviewed 324 patients who underwent complete resection of
TET. In subgroup analysis, DSS of patients with stage I TET was > 90%
regardless of the addition of adjuvant RT. Chen et al. [ 10], who conducted
an analysis of 107 patients with stage Il TET who underwent complete
resection, reported no differences in 10-year DFS (93.1% and 82.6%,
p=0.27) and 10-year DSS (97.5% and 89.3%, p=0.97) by addition of RT.
Results of the current study also showed no differences in DFS and DSS
between the treatment groups. However, based on these findings, the role
of RT could hardly be speculated.

It should be noted that, in the current study, significantly different
distribution in WHO histologic subtypes was observed between treatment
groups: only two of nine patients (22.2%) in the S group had WHO-type
B2-C; whereas 13 of 21 (61.9%) patients in the SRT group had WHO-
type B2-C (Table 2). Histologic subtype of WHO-type B2-C has been
well known as a poor prognosticator [3,4]. In addition, surgeons in the
current study requested postoperative RT more frequently if they observed
and perceived local invasiveness during surgery. In the current study,
despite these obvious selection biases, no differences were observed in
DFS and DSS.

In stage I TET, the recurrence rates after resection were usually
reported as 11-14%, which was usually higher than those of stage I
[11,15]. Recent studies have reported the recurrence rate and the pattern
of failures based on the histologic subtypes (Table 5). In WHO-type
B2-C, more recurrences were usually encountered in patients who
received surgery plus RT, despite adjuvant RT, while no difference was
observed in WHO-type A-B1. This might be due to selection bias, where
patients with more aggressive features were treated with surgery plus RT,
as in the current study. Thus, based on these data, the role of adjuvant RT
in stage II patients with WHO-type B2-C remains inconclusive.
Considering an excellent local control rate (100% in the current study)

Table 5. Reported recurrence rates in patients with completely resected stage Il thymoma according to WHO histology

No. of recurrence/Total patients (%)

WHO histology

Singhal et al. [13] A-B1
2003

B2-C

Renaetal. [12] 2007 i;BCl

Chenetal. [10] A-B1

2010 BO.C

Current study 2011 A-Bl

B2-C

Total A-Bl

B2-C

Surgery Surgery+RT
0/12 (0.0) 0/12 (0.0)
0/8 (0.0) 1/8 (12.5)
2/26 (7.7) 2/19 (10.5)
0/7 (0.0) 1/6 (16.6)
1/32 (3.0) 2/46 (4.3)
1/7(14.3) 3/16 (18.7)
0/7 (0.0) 0/8 (0.0)
0/2 (0.0) 1/13 (7.7)
3/77(3.9) 4/85 (4.7)
1/24 (4.1) 6/43 (13.9)

WHO, World Health Organization; RT, radiation therapy.
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and low morbidity (no grade 2 or greater toxicity in the current study) in
modern 3-dimensional RT, adjuvant RT for patients with WHO-type
B2-C may be considered in the lack of the prospective randomized trial.
The current study has a few limitations: retrospective nature; selection
bias between treatment groups; and too few events to evaluate the role of
adjuvant RT. Considering the rarity and the rather indolent clinical course
of TET, multi-institutional prospective clinical study would be desired.

Conclusion

Excellent outcomes were achieved in patients with stage I-Il TET who
underwent complete resection. Considering excellent local control and
low morbidity, adjuvant RT may be considered in high risk patients with
WHO-type B2-C histology and Masaoka stage II.
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