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Background: Thymic tumors are the most frequent anterior mediastinal tumors. However, no randomized
clinical trials provide definitive treatment guidance for the management of Masaoka stage IV patients. The
aim of this study is to determine the values of multimodal therapy in Masaoka stage IV thymic tumors.
Methods: We retrospectively studied 26 patients with Masaoka stage IV thymic tumors that were
diagnosed between 2006 and 2014. Twenty-two patients were treated with surgical resection, postoperative
irradiation, and adjuvant cisplatin-based chemotherapy. The remaining four patients with inoperable diseases
were given radiotherapy and/or chemotherapy. Thymic carcinomas were found in 17 patients. Stage IVa
disease occurred in 9 patients (pleural dissemination: 6, pericardial dissemination: 3); while the remaining 17
were stage IVb disease. Radiation dose was escalated to 60-66 Gy if the gross disease had been noted. Total
radiation doses ranged from 50 to 66 Gy.

Results: For all patients, the survival rates were 69.2% for 5-year overall survival, 38.5% for progression-free
survival, and 57.7% for locoregional recurrence-free survival. The median survival was 49.98 months (range,
5.93-138.57 months) and the median progression-free survival was 28.83 months (range, 2.33-121.33 months).
For 17 patients with thymic carcinomas, the survival rates were 58.8% for 5-year overall survival, 41.2%
for progression-free survival, and 58.8% for locoregional recurrence-free survival. Their median survival
was 45.07 months (range, 3.53-121.33 months) and the median progression-free survival was 16.73 months
(range, 2.33-121.33 months). The predictor of progression-free and locoregional recurrence-free survival
was the surgical intervention (surgery vs. biopsy only, P<0.001).

Conclusions: Multimodal therapy improved the survival outcome of patients with stage IV thymic tumors.
Surgical resection (including debulking surgery) was the key contributor of progression-free survival and

locoregional control.
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Introduction locoregional invasion, highly-disseminated distant metastasis,

. . . . and aggressive clinical course. Masaoka staging system 1is
The thymic tumor is the most frequent anterior mediastinal 88 §NE sy

tumor and constitutes 15-30% of all mediastinal tumors. the one most widely used to classify stages of thymic

The histologic types are classified under thymoma, thymic neoplasms (1). According to this staging system, stage IV
carcinoma, and thymic carcinoid. Thymic carcinoma has diseases are further divided into two finer categories: IVa and
the worse prognosis among thymomas due to its extensive IVb. The IVa disease has pleural or pericardial dissemination,
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and the IVb disease has lymphogenous or hematogenous
metastasis. For Masaoka stage IV thymic malignancy
regardless of histologic types, the 5-year overall survival
(OS) rate falls between 47% and 80% (1-3). Kondo ez al. (4)
reported for the Japanese patients with thymic carcinomas,
the 5-year survival rates as follows: stage I/II: 88.2%, stage
II: 51.7%, and stage IV: 37.6%. Due to the rarity of these
tumors, the prognostic factors and efficacy of treatment
modalities remain largely unclear. Apart from the descriptive
classification based on histology, the prognostic correlation
was also investigated. For example, low-grade diseases have
been reported to lead a more favorable clinical course (median
survival of 25.4 months to >6.6 years) compared with those
of high-grade (median survival of 11.3 to 15.0 months) (5).
Complete resection was reported in several studies to be the
critical factor of survival outcome. Nevertheless, it is unclear
if the debulking surgery is also effective in extending survival
or to improve the disease control in advanced or high-
grade malignancies (4,6). The optimal strategy of adjuvant
therapy therefore remains controversial. Radiotherapy may
be beneficial in local control and survival in selected groups
of patients, such as those with macroscopic adherence to the
pleura (7). Chemotherapy has been used in the induction
therapy (8), concurrently with radiotherapy for locally
advanced tumors (9), or adjuvant regimen for the advanced
disease (10). The purpose of this study is to retrospectively
determine the role of multimodal therapy for Masaoka
stage IV thymic tumors in terms of survival outcomes and
prognostic variables.

Methods
Patients

We enrolled 26 patients with histologically proven
Masaoka stage IV thymic malignancies between Aug 2006
and December 2014. In 22 operable cases, treatment was
surgical resection and postoperative irradiation, followed
by adjuvant cisplatin-based chemotherapy. The remaining
four cases were inoperable, and the patients received
treatment that was of individualized strategy. Specifically,
one patient received radiotherapy alone; one received
neoadjuvant chemotherapy alone (and lost follow-up
after completion of chemotherapy); one received definite
concurrent chemoradiotherapy (CCRT); and one received
neoadjuvant chemotherapy followed by CCRT, thereafter
adjuvant-treatment with 5-fluorouracil. All patients received
complete cancer staging surveys which included history
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taking, physical examinations, laboratory tests, thoracic
imaging [computed tomography (CT) and/or magnetic
resonance imaging (MRI)], ultrasound scanning of the
abdomen, and a whole-body bone scan. All patients signed
the informed consent of treatment (surgery, chemotherapy,
and radiotherapy) before initiation of multimodal therapy. A
retrospective analysis was conducted by reviewing medical
records, pathology database, and electronic imaging results.

Surgery

For the 22 operable patients, the initial management
was surgical resection, which definitively established the
diagnosis and accurately evaluated the locoregional extent
of the disease. Under general anesthesia with double-lumen
endotracheal tube, the patient was put in supine position.
The operation field was sterilized and draped as usual
aseptic procedure. Midline incision over anterior chest was
done and median sternotomy was thereafter performed
from sternal notch to xiphoid process. Mediastinum was
explored up to the cervical thymic extensions and laterally
down to the phrenic nerves. Extended resection of thymic
tumor and perithymic fat was performed with the intention
to achieve macroscopically complete resections. If the
gross disease involved pericardium, pleura, great vessels,
chest wall, diaphragm, neck lymphadenopathies, and
lung parenchyma, debulking surgery was then performed
whenever feasible. If cardiopulmonary bypass support
was required, the ascending aorta and the femoral vein
were cannulated. If necessary, the pericardium defect
was repaired with artificial pericardium patch. Dissection
of mediastinal and hilar lymph nodes was performed if
grossly hard, the enlarged nodal disease had been noted. If
needed, an otorhinolaryngologist was consulted for neck
lymphadenopathies.

Pathological analyses

Pathological examinations included histologic typing, tumor
extension, distribution of metastatic lymphadenopathies,
and resection margins. Histologic classification was listed
in Table 1. We found nine patients with stage IVa disease
(pleural dissemination in 6, pericardial dissemination in 3);
12 patients with stage IVb disease (seven patients had
lymphogenous metastasis, three patients had hematogenous
metastasis, two patients had both lymphogenous and
hematogenous metastasis); and five patients with stage IVa +
IVb disease.
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Table 1 Histologic classification

Histologic classification Number
Thymic carcinoma: 17 patients
Undifferentiated carcinoma 4
Neuroendocrine carcinoma 3
Lymphoepithelioma-like, high grade 1
Squamous cell carcinoma, poorly differentiated 1
Thymic carcinoma, NOS 7
Malignant solitary fibrous tumor 1
Thymoma: 9 patients
WHO type B1 thymoma 2
WHO type B2 thymoma 3
WHO type B3 thymoma 3
WHO type B thymoma, NOS 1

NOS, not otherwise specified.

Radiotherapy

The radiation therapy was planned by intensity-modulated
radiotherapy (IMRT) treatment planning. All patients
underwent CT simulation in a supine position with arms
placed above the head. A customized vacuum bag was
used for immobilization. CT images were taken at 5-mm
intervals covering the region of neck and thorax. On the
CT images, the followings were outlined: gross tumor
volume (GTV), clinical target volume (CTV), planning
target volume (PTV) and organs at risk (OARs). GTV
was defined as grossly identified regions of disease. In
accordance with the pre-operative thoracic imaging, CTV
was delineated from the GTV and postoperative tumor bed
plus 5-mm margin, with the involved station of mediastinal
lymphadenopathies. PTV was defined as CTV plus 5-mm
margin to account for daily setup error and internal organ
motion. The IMRT based on the multiple field technique
was delivered through a linear accelerator (Varian 2100EX
with a 120-leaf Millennium multileaf collimator, Varian
Oncology Systems, Palo Alto, CA, USA) using 6 MV
photons. Doses were calculated through the Varian Eclipse
planning system (versions 6.5 to 7.2.24) (Varian Medical
Systems Inc., Worldwide Headquarters 3100 Hansen
Way, Palo Alto, CA94304, USA) based on the pencil beam
model. The radiation dose was delivered to PTV at 1.8 to
2 Gy per fraction per day and 5 days per week. Radiation
dose was escalated to 60 to 66 Gy if the gross disease had
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been noted. Total radiation doses of patients ranged from
50 to 66 Gy. Radiation dose was prescribed such that its
95% of the PTV would receive 100% of the prescribed
dose. The dose constraints for OARs were <18 Gy for mean
lung dose, <20% lung volume received >20 Gy (V20), and
<67% heart volume received >45 Gy (V45), and <50 Gy for
the entire spinal cord.

Chemotherapy

Chemotherapy regimens were mostly cisplatin-based. In
the operable patients, adjuvant chemotherapy was given
with CAP regimen from 2006 to 2010, and PE regimen
since 2010. CAP regimen was given triweekly for 6 courses
with cisplatin 50 mg/m’ on day 1, doxorubicin 50 mg/m’
on day 1, cyclophosphamide 500 mg/m’ on day 1. PE
regimen was given triweekly for 6 courses with cisplatin
60 mg/m’ on day 1, etoposide 100 mg/m’ on day 1 to 3.
Patients who were not suitable for the operation were
shifted to definite CCRT with or without neoadjuvant and/
or adjuvant chemotherapy. During the course of radiation,
chemotherapy was given concomitantly with mitomycin
5 mg/m’ on day 1, followed by weekly cisplatin 30 mg/m’
on day 8, 15, 22, 29. Pre-chemotherapy evaluations were
performed every time before chemotherapy, including
history taking, vital sign, white blood count, hemoglobin,
platelet, liver function, renal functions, chest X-ray, and
urine analysis. Chemotherapy was administered only when
the patient had displayed no signs of infection, and with
absolute neutrophil count (ANC) >1,500/pL, Hb >10 g/dL,
platelet >100,000/pL, as well as normal liver and renal
functions.

Follow-up and survival

During the first three post-treatment years, at intervals of
3-4 months, patients underwent follow-up surveys that
included chest CT scan, bone scan, liver sonography. In the
following years, restaging was performed every 6 months up to
end of 5 years post-treatment. At each hospital visit, the patient
was evaluated to assess late toxicities and disease recurrence.
Mortality cases were documented. The severity of toxicity
was graded using the National Cancer Institute Common
"Terminology Criteria for Adverse Events, version 4.0.3.

Statistical analyses

The Kaplan-Meier method was used to analyze survival,
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Table 2 Patient characteristics
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Characteristic Thymic carcinoma (n=17) Thymoma (n=9) Total (n=26)
Age, median [range], years 50 [18-77] 43 [32-51] 48 [18-77]
Male/female, n 12/5 3/6 15/11
Stage, n [%]
IVa 5[29] 4 [44] 9 [35]
IVb 12 [71] 5 [56] 17 [65]
Treatment modality, n [%]
Surgery 13 [76] 9[100] 22 [85]
Radiotherapy 16 [94] 9[100] 25 [96]
Chemotherapy 12 [71] 6 [67] 18 [69]

and comparisons were done with the log-rank test.
The Cox proportional hazards regression model was
used to estimate the 95% confidence intervals. P values
<0.05 were considered statistically significant. Statistical
analyses were performed with the SPSS software, version

19.0 (SPSS).

Results
Patient characteristics

Patient characteristics are listed in Table 2. The median
follow-up time of survivors was 63.32 months. Seventeen
patients had thymic carcinomas, and 9 had WHO type B
thymomas. Between the groups with thymic carcinoma
and with thymoma, we found no statistically significant
differences in age, sex, or disease stage.

Survival outcomes

In all patients (n=26), the survival rates were: 69.2% for
S-year OS, 38.5% for progression-free survival, 57.7%
for locoregional recurrence-free survival, and 42.3% for
distant progression-free survival. The median survival
was 49.98 months (range, 5.93-138.57 months) and the
median progression-free survival was 28.83 months (range,
2.33-121.33 months). In those with thymic carcinomas
(n=17 patients), the survival rates were 58.8% for 5-year
OS, 41.2% for progression-free survival, 58.8% for
locoregional recurrence-free survival, and 47.1% for
distant progression-free survival. Their median survival was
45.07 months (range, 3.53-121.33 months) and the
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median progression-free survival was 16.73 months (range,
2.33-121.33 months).

Prognostic factors

Survival analyses of prognostic factors are listed in
Figures 1-4. Using the univariate analysis, we evaluated
the following prognostic factors: the extent of resection
(surgery vs. biopsy only), Masaoka staging (IVa vs. IVb), and
pathology (thymic carcinoma vs. thymoma). For survivals
of progression-free and locoregional recurrence-free
conditions, the statistically significant predictor was surgical
intervention (surgery vs. biopsy only, P<0.001 for the above
two conditions). The 5-year progression-free survival
rates for patients undergoing surgery was 41%, and biopsy
alone 25% (P<0.001). Biopsy alone and thymic carcinoma
had trends toward poorer OS, although these were not
statistically significant.

Discussion

In the present study, 5-year OS rates were 69.2% in
26 patients with stage IV thymic tumors, and 58.8% in
17 patients with stage IV thymic carcinomas. Our results
appeared better than those reported by Kondo et al. (4)
in the Japanese population (i.e., 37.6% for 5-year OS in
patients with stage IV thymic carcinomas).

Since surgery is the mainstay of the multimodal therapy,
complete resection should always be considered. However,
some patients in stage IV diseases are inoperable. In stage
III-IV diseases, Hishida et /. (11) showed that R1 and R2
sub-total resection groups with similar OS curves (P=0.955).
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Overall survival: thymic carcinoma vs. thymoma
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Figure 1 Overall survival: thymic carcinoma vs. thymoma
(P=0.110).

Overall survival: surgery vs. biopsy only
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Figure 2 Overall survival: surgery vs. biopsy only (P=0.096).

Results were superior to that of R2 non-resection group.
For Masaoka stage IVa disease with dissemination, the
5-year OS rates after R1 and R2 sub-total resection
were 50% and 45%, better than after R2 non-resection
(6 patients, OS: 0%). Besides, complete resection in stage
IV diseases still achieved relatively favorable recurrence-free
survival and OS, which were similar to stage III diseases. In
the present study, surgical resection (including debulking
surgery) is the key factor for better progression-free
survival and locoregional control. In summary, the maximal
debulking surgery might be beneficial for advanced diseases.

In the present study, radiation planning adopted the

© Therapeutic Radiology and Oncology. All rights reserved.

Page 5 of 7

Progression-free survival: sugery vs. biopsy only

100 -z
g --"™ Biopsy only

7 Surgery

—+ Biopsy only-censored

—+= Surgery-censored

©
o
1

o]
o
1

701

60

50

40 A

30

Progression-free survival rate (%)

20

101

0

T T T T T T T T T T T

T
0 12 24 36 48 60 72 84 96 108 120 132 14

Progression-free survival (months)

Figure 3 Progression-free survival: surgery vs. biopsy only
(P<0.001).

Locoregional recurrence-free survival: sugery vs. biopsy only
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Figure 4 Locoregional recurrence-free survival: surgery vs. biopsy
only (P<0.001).

involved-field technique. Kondo et 4/. (4) reported that
prophylactic mediastinal radiotherapy does not effectively
prevent local recurrences in patients with totally resected
stage II and III thymomas. Exact indications for radiation
are unclear. Adjuvant radiotherapy with precise focusing on
high-risk region should be considered if complete resection
is not feasible. In 25 patients received radiotherapy
as part of multimodal therapy, most of them fulfilled
V20 Gy <20% (5-10%: 3 patients; 10-15%: 1 patient;
15-20%: 19 patients; 35-40%: 2 patients). Only 8%
(2 of 25 patients) violated the ideal constraint. One patient
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received induction chemotherapy with the persistently
bulky disease, followed by definite CCRT. The other
patient received neoadjuvant chemotherapy and debulking
surgery with R2 resection (residual disseminated tumors
over lower part pleura, diaphragm, and left lower lung
surface), followed by postoperative left hemithoracic
radiation. Due to relatively smaller RT field (postoperative
tumor bed without prophylactic mediastinal radiation, and
PTV margin only 5 mm) and IMRT technique, 92% of
25 patients fulfilled V20Gy <20%. There would be a
balance between locoregional control and toxicities. In
this study, the majority of the first failure was the distant
metastasis. [t seemed that locoregional control not to be
compromised with the relatively smaller RT filed. To reduce
radiation-related toxicities, the use of gating techniques
in minimizing respiratory variations may contribute to
highly-conformal dose distribution in silico. For clinical
practice in the real world, given the poor performance
status in stage IV diseases, the prolonged treatment in
time should be another factor to consider in planning the
strategy. Volumetric-modulated arc therapy (VMAT) may
be a good alternative technique in terms of a comparable
dose distribution with a shorter treatment time. Since the
development of RT techniques over the last few decades, the
escalation of radiation doses (to gross disease to 60-66 Gy)
as in this study, was safely delivered by the VMAT technique
without violating RT dose constraints for OARs.

For advanced thymic malignancies, chemotherapy can be
used in the induction therapy (8), concurrent setting with
radiotherapy for locally advanced tumors (9), or adjuvant
regimen for advanced disease (10). Some studies have
revealed that one of the benefits of induction chemotherapy
is to convert unresectable diseases to resectable (12). In this
study, one of the inoperable patients received neoadjuvant
chemotherapy with cisplatin and etoposide. Due to the
significant relief in symptoms after chemotherapy, this
patient was hesitated to receive further local therapy
and even dropped out from our follow-up. Therefore,
upfront debulking surgery was favored in our institution to
maximally eradicated local diseases, even though complete
resection of locoregional disease could not achieve in
some patients [R1 resection: 36% (8/22); R2 resection:
5% (1/22)]. In addition, upfront debulking surgery may
provide additional information for pathological staging
and clinical targets of postoperative radiation therapy such
as close/positive margin(s), capsular invasion, and residual
pleural or pericardial nodule(s). For physicians, it is essential
to thoroughly inform patients about the treatment planning,
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especially those who may be prescribed with neoadjuvant
therapy.

Conclusions

Multimodality therapy improved survival outcomes for
stage IV thymic malignancies. Surgical resection, including
debulking surgery prior to other adjuvant treatments, is
the key factor for improving progression-free survival and
local control for patients even including those with stage IV
diseases.
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