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Background: There is a paucity of data regarding adjuvant chemotherapy for resected early stage thymoma.
This systematic review was designed to investigate the effect of adjuvant chemotherapy on outcomes in
patients with early stage thymomas.

Methods: PubMed database was queried for studies containing information on adjuvant chemotherapy
following surgery in patients with Masaoka stage I or IT thymoma.

Results: Eight retrospective observational studies were reviewed. The number of patients with stage I or
II thymoma was not clearly reported in several studies. Five studies reported on 890 patients with stage
I or II patients, including 140 patients (15.7%) who received adjuvant chemotherapy with or without
radiotherapy. No study reported short-term mortality in patients undergoing adjuvant chemotherapy
following thymectomy.

Conclusions: Adjuvant chemotherapy following resection of early thymomas appears to be a safe approach
with favorable short-term outcomes. However, long-term outcomes remain unclear. There is no strong

evidence to support adjuvant chemotherapy following resection of early-stage thymoma.
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Introduction

Thymoma is the most common thymic epithelial tumor
(TET). Completeness of resection has consistently been
shown to be a critical factor for determining recurrence and
overall survival in early stage thymoma (1-4).

Adjuvant chemotherapy appears to be less frequently
administered than adjuvant radiotherapy and is mostly
reserved for advanced stage TETSs (5,6). There is a paucity
of published data regarding adjuvant chemotherapy
following resection of early stage thymomas and there
remains no standard guideline for its management. Given
the absence of high quality evidence and the small sizes
of relevant published cohorts, a systematic review was
performed to characterize outcomes in patients undergoing
adjuvant chemotherapy following surgical resection of early
stage thymoma.
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Materials and methods

PubMed (United States National Library of Medicine)
database was searched from its date of inception to the 26"
June 2015 for English-language studies, using the terms
“thymoma” AND “adjuvant” AND chemotherapy “AND
“surgery”. The study selection process is summarized in
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow chart (Figure 1). Final
eligibility criteria were original studies reporting outcomes
of patients undergoing adjuvant chemotherapy following
thymectomy for early-stage (Masaoka stage I or II)
thymoma.

Extracted data from eligible studies included details of
study design, eligibility criteria, patient characteristics,
Masaoka stages, World Health Organization (WHO)
histology, chemotherapy regimens, adjuvant radiotherapy,
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Figure 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow chart for literature search and study selection.

and survival outcomes.

Results

The database search yielded 188 records, of which 180
abstracts were accessible. After screening based on title
and abstract content, 26 records were selected for full-
text review. Finally, eight original studies reporting on
Masaoka stage I or II thymoma patients undergoing
adjuvant chemotherapy were eligible for inclusion (7-14).
Each study met the majority of criteria according to the
STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) statement. A summary of study
characteristics is shown in Table 1. Three studies did not
provide the number of patients with stage I or II thymoma
(9-11). In the remaining five studies, there were a total of
890 patients with stage I or II thymomas, of which 140
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(15.7%) underwent adjuvant chemotherapy with or without
radiotherapy (7,8,12-14).

Kondo er al. analyzed a Japanese multi-institutional
database of 1,320 patients with TETs (8). All 522
Masaoka stage I thymomas were completely resected
and, of note, 14.3% of the 522 patients underwent
adjuvant chemotherapy and 3.6% underwent adjuvant
chemoradiotherapy. All 247 Masaoka stage II thymomas
were also completely resected and 6.5% of the 247 patients
underwent adjuvant chemotherapy and 5.6% underwent
adjuvant chemoradiotherapy. Information on short-term
outcomes such as toxicity or long-term survival outcomes
was not available for stage I or II patients undergoing
adjuvant chemotherapy or chemoradiotherapy following
surgery.

Kim ez al. from South Korea, published their institutional
experience over 10 years (10). In total, 100 patients were
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First author  Year )
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Country

Kumar 2013 India 36

Stage I: 4, stage II: 9

n (stage /Il undergoing

Chemotherapy regimen

adjuvant chemotherapy)

NR CAP or PE, 6 cycles

Zhu 2004  China 175

Stage I: 47, stage II: NI

Stage I: 0, stage II: NI CAP, NI on cycles

Kondo 2003 Japan

1,320 Stage |: 522, stage Il: 247 Stage I: 75 (CT) and 19 (CRT) NR

stage Il: 16 (CT) and 14 (CRT)

Venuta 1997  lItaly 83

analyzed, with 58 patients staged as Masaoka stage II (and
no patient as stage I). Of the stage II patients, 35 patients
underwent adjuvant radiotherapy only and 23 patients
underwent adjuvant chemoradiotherapy. The WHO
histology ranged from type A to type C in stage II patients.
The chemotherapy regimen was limited to six cycles of
doxorubicin, cisplatin, vincristine, and cyclophosphamide
(ADOC). In adjuvant chemoradiotherapy, three cycles
of chemotherapy were administered first, followed
by radiotherapy, and an additional three cycles of
chemotherapy. No short-term mortality was noted, but
long-term survival outcomes were not reported.

Froudarakis and colleagues reported on their clinical
experience of 23 patients with invasive thymoma (Masaoka
stage II or higher). They reported patient demographics,
tumor characteristics, and treatment outcomes for all
patients. Of the 23 patients, there were three stage II
patients (and no stage I). Two patients underwent adjuvant
chemoradiotherapy following complete resection of
epithelial and mixed thymoma, respectively. Both patients
were alive at latest follow-up of 155 months and 65 months,
respectively. The other stage II patient underwent adjuvant
radiotherapy following radiotherapy and was alive at latest
follow-up of 160 months.

Ansari and colleagues reported prognostic factors
for survival in 45 patients in Iran with TETs (7). Twelve
patients underwent complete resection only for Masaoka

stage I, with WHO histology ranging from type A to
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Stage I|: 4 (CRT), stage Il: 18 Cisplatin, epirubicin, and
(CRT) etoposide, 2-3 cycles

type C. Of eight stage II patients, seven patients underwent
RO or RI resection, followed by adjuvant radiotherapy and
one patient received adjuvant chemoradiotherapy following
resection (whether it was RO or R1 was not indicated in the
study). The chemotherapy regimen in this study consisted of
two to six cycles (median: four) of CAP (cyclophosphamide,
doxorubicin, and cisplatin) with or without prednisolone.
Further information on adjuvant chemotherapy was not
available.

Kumar reviewed 36 patients with thymoma (9). Five
patients received adjuvant chemotherapy. The Masaoka
stage or resection status was unknown in the five patients.
The adjuvant chemotherapy regime consisted of a median
of six cycles of either cyclophosphamide, adriamycin,
and cisplatin (CAP) or cisplatin and etoposide (PE). The
toxicities of chemotherapy were limited to grade 1-2
hematological toxicity. Further information on adjuvant
chemotherapy was not available.

Zhu and colleagues analyzed 175 patients in an
attempt to investigate strategies for optimizing adjuvant
radiotherapy following surgery for thymoma (12). There
were a total of 175 patients, including 47 patients with non-
invasive (Masaoka stage I) thymoma and 128 patients with
invasive (Masaoka stage II-IV) thymoma. The indication for
adjuvant chemotherapy was unresectable or incompletely
resected thymoma. The chemotherapy regimen consisted
of cisplatin, adriamycin, and cyclophosphamide. No
patient with stage I thymoma underwent adjuvant
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chemotherapy, while 25 patients (19.5%) with invasive (stage
II-IV) thymoma underwent adjuvant chemotherapy with
radiotherapy. Survival data was not reported according to
adjuvant therapy.

Strobel and colleagues aimed to investigate the impact
of WHO histological stage on survival outcomes (11).
The heterogeneity of adjuvant chemotherapy regimens
precluded comparative analyses, and no apparent influence
was found on survival outcomes of patients with RO resected
WHO B2 or B3 stage II thymomas. Details regarding
adjuvant therapy were reported according to WHO
histological stage rather than Masaoka stage. Adjuvant
chemotherapy following surgery was administered in 1/20
(5%) of WHO type A, 1/49 (2.0%) of type AB, 0% of type
B1, 1/40 (2.5%) of type B2, and 4/22 (18.2%) of type B3
thymomas. Adjuvant chemoradiotherapy following surgery
was performed in 1/20 (5%) of type A, 0% of type AB or
B1, 4/40 (10%) of type B2, and 4/22 (18.2%) of type B3
thymomas. There was no information available on WHO
histologies of patients with early stage thymoma.

Venuta and colleagues performed a prospective
observational study on multimodality treatments for
thymoma (14). They grouped their patients on the basis
of histology combined with Masaoka histology: medullary
stage II and medullary or mixed-type stage I (group I),
cortical stage I and II or mixed-type stage III (group II), and
cortical stage III and IV or mixed-type stage III (group III).
No adjuvant therapy was given to group I patients, adjuvant
chemoradiotherapy was given to group II patients, and
neoadjuvant chemotherapy and adjuvant chemoradiotherapy
were given to group III patients. Group II patients included
11 stage I and 1 stage II patients. No stage I or II patient
was included in group III. Overall survival of group II
patients showed an improved (but not significant) trend,
compared to a historical control.

Discussion

The goal of surgery for early stage thymoma is complete
resection (1), which is a significant favorable prognostic
factor for overall survival (2-4). Late recurrence following
resection is not uncommon (15) and adjuvant therapy
following initial resection may reduce the rate of recurrence.

Ruffini and colleagues analyzed the largest cohort (the
European Society of Thoracic Surgeons database) of
patients with TET (including thymoma, thymic carcinoma,
and thymic carcinoid) and concluded that adjuvant therapy
(including radiotherapy and chemotherapy) following
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complete resection is associated with improved overall
survival. However, the analyses were not specific to
adjuvant chemotherapy for RO resected thymomas (16). In
a subsequent report, Ruffini ez 4/. provided further details
on adjuvant therapy following complete resection for
thymoma patients. Amongst 1,519 patients undergoing
complete resection of thymoma, 28 patients (1.8%)
received adjuvant chemotherapy only, 118 (7.8%) received
adjuvant chemoradiotherapy, and 436 (28.7%) received
adjuvant radiotherapy only. Results indicated that adjuvant
chemotherapy alone following complete resection did not
result in a significant advantage, while adjuvant radiotherapy
or chemoradiotherapy did (17). Analyses according to
Masaoka stage were beyond the scope of the study and
discussions.

According to NCCN guidelines, adjuvant radiotherapy
is recommended for completely resected Masaoka stage
IT thymoma and an incompletely resected thymoma at
any stage. Limited to stage I and stage II thymomas,
which presumably were completely resected, adjuvant
radiotherapy might not be associated with improved overall
survival (18,19).

There is a paucity of literature regarding adjuvant
chemotherapy. This systematic review included eight studies
published from 1997 to 2014. All included studies were
retrospective reports. In total, this review included more
than 140 patients who underwent adjuvant chemotherapy
with or without radiotherapy following surgical resection
early stage thymoma (stage I-1I) in France, Italy, Germany,
South Korea, China, India, Japan, and Iran (7-14).

The main information obtained from this review was the
regimen, number of cycles and proportion of patients who
underwent adjuvant chemotherapy or chemoradiotherapy
for early-stage thymoma. First-line chemotherapy regimens
recommended by NCCN guidelines were CAP (cisplatin,
doxorubicin, and cyclophosphamide) with or without
prednisone, ADOC (cisplatin, doxorubicin, vincristine,
cyclophosphamide), PE (cisplatin and etoposide) and VIP
(etoposide, ifosphamide, and cisplatin).

Except for the study of Kondo and colleagues (8),
adjuvant chemotherapy was administered along with
adjuvant radiotherapy (7,9-14). Adjuvant chemotherapy
appeared to be ancillary to radiotherapy and was rarely
administered without radiotherapy. Information on the
indications for each approach was not available in any study.

Ansari, Kim, and Strobel described WHO histologies
in their studies (7,10,11). Specific information on WHO
histologies of patients with early stage thymoma undergoing
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adjuvant chemotherapy or chemoradiotherapy was not
available, but WHO histologies could be a potential
indication for adjuvant therapy after complete resection
since WHO histology may be a significant prognostic factor
for survival after resection of thymoma (20,21).

In summary, this systematic review suggested that
adjuvant chemotherapy is not routinely administered
in early stage thymomas with RO resection but is in
conjunction with radiotherapy. The evidence for superiority
over no adjuvant chemotherapy is not available. This
review was limited by a single database search, the small
sample sizes of the included studies, and the completeness
of reporting in included studies. No randomized controlled
studies or matched cohort studies were available. None
of the included studies provided statistical comparison
with a concurrent control group. Given insufficient data
on long-term survival outcomes, there is no evidence to
recommend adjuvant chemotherapy following resection of
early-stage thymomas. The developing databases of TET's
such as International Thymic Malignancy Interest Group,
the European Society of Thoracic Surgeons database, or
Japanese Association for Research on the Thymus database,
may be expected to provide rigorous survival data on this
specific question.
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