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Background: Thymomas can benefit of cytoreductive surgery even if a complete resection is not feasible.
The pleural cavity is the most common site of progression and the resection of pleural metastases can be
performed in selected patients. We evaluated the results of stereotactic body radiation therapy for the
treatment of pleural metastases in patients not eligible for surgery.

Methods: We retrospectively selected 22 patients treated with stereotactic body radiation therapy for
pleural metastases between 2013 and 2019. According to RECIST criteria 1.1 modified for thymic epithelial
tumors, time to local failure and progression free survival were calculated using Kaplan-Meier method.
Results: The median age was 40 years (range, 29-73 years). There were 1 A, 3 AB, 3 B1, 3 B2, 3 B2/B3
and 9 B3 thymomas. Pleural metastases and primary tumor were synchronous in 8 patients. Five patients had
a single pleural metastatic site and 17 presented multiple localizations. Sixteen patients received stereotactic
body radiation therapy on multiple sites of pleural metastases. The median dose of radiation was 30 Gy (range,
24-40 Gy). With a median follow-up of 33.2 months (95% CI: 13.1-53.3 months), ten patients experienced
disease progression with a median progression free survival was 20.4 months (95% CI: 10.7-30.0 months).
The disease control rate was 79% and 41% after 1 and 2 years, respectively. Local disease control rate was
92% and 78% after 1 and 2 years, respectively. There were not significant differences in progression free
survival between patients diagnosed with synchronous and metachronous metastases (P=0.477), across those
treated or not with chemotherapy (P=0.189) and between those who received or not a previous surgical
resection of the pleural metastases (P=0.871). There were not grade 3—4 toxicities related to the treatment.
Conclusions: Stereotactic body radiation therapy of pleural metastases is feasible and offers a promising
local control of diseases. The impact of this treatment on patients’ survival is hardly predictable because of

the heterogeneous clinical behavior of thymomas.
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Introduction

Thymic epithelial tumors are rare neoplasms with an
incidence of 0.32-case every 100,000 persons/year (1).
According to the 2015 WHO schema, thymic epithelial
tumors are divided in thymic carcinoma and thymoma
which are further classified in A, AB, B1, B2 and B3
histotypes (2). All thymic epithelial tumors are malignant
but thymic carcinomas have a more aggressive behavior
with about 50% of the patients alive after 10 years from
the diagnosis (3). Thymomas have variable prognosis being
some tumors indolent and others frankly aggressive. Stage
at the diagnosis, WHO histotype, completeness of surgical
resection and the presence of GTF2I somatic mutation are
the major prognostic factors in thymomas (3,4).

Surgery is the mainstay of treatment for localized disease.
In locally advanced neoplasms, preoperative chemotherapy
with or without radiotherapy plays a role in downsizing
the primary tumor and enhances the chance of complete
resections (3). Whereas distant metastases are frequent
in thymic carcinomas, thymomas more often progress
through the infiltration of mediastinal structure and directly
disseminate into the pleural cavity (5). The use of surgical
debulking even in not completely resectable thymoma is
still debated but can be considered for selected patients
according to some authors (6,7). Indeed, a meta-analysis
suggests that debulking surgery for unresectable thymoma
may be associated with improved overall survival (7).
The resection of pleural metastases can be considered in
selected patients with oligometastatic disease and offers a
sufficient local control, postponing the use of chemotherapy
(8,9). Cytoreductive surgery of the primary tumor or its
pleural metastases can be considered for the treatment
of thymomas (6). Surgical resection of pleural metastases
is usually not curative and pleural nodules relapse after
a variable time interval. For these patients and those not
operable for clinical conditions, stereotactic body radiation
therapy (SBRT) could be an option for the treatment of
pleural metastases.

SBRT is a technique that delivers high doses of
radiations in a single treatment or in a small number of
fractions with high precision minimizing radiation doses
to adjacent normal tissue (10). This technique has been
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extensively applied in a variety of solid tumors including
thoracic malignancies showing a promising local control
and relatively few toxicities (11). Currently, there are limited
data available regarding the toxicity and the efficacy of
SBRT for the treatment of pleural metastases in thymomas.
Recently, a cohort study suggests that SBRT is feasible and
yields an encouraging local control for the treatment of
thymic epithelial tumors including pleural metastases (12).
Therefore, we retrospectively review the outcome of
patients that received SBRT for the treatment of pleural
metastases of thymoma at our institutions.

Methods

We retrospectively identified 22 thymoma patients treated
with SBRT for pleural metastases between 2013 and 2018.
All the patients had a histological diagnosis of thymoma and
tumors have been classified according to the 2015 WHO
classification system (2). Pleural metastases were diagnosed
using computer tomography (CT) scans without histological
confirmation. The metastatic spread in the pleural cavity
was histologically confirmed in 14 patients that underwent
surgical resection. We included in this analysis pleural
metastases with a thickness measured from the chest wall
of at least 10 mm patients with thymic carcinoma were
excluded from the analysis. Stage at the diagnosis was
defined according to the Masaoka and Koga system (13).
Patient’s performance status was defined according to the
Eastern Cooperative Group (ECOG) criteria before the
beginning of SBRT administration. Objective response and
tumor progression was defined according to RECIST 1.1
criteria modified for thymic epithelial tumors (14). Toxicity
was graded according to NIH-CTCAE v5. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved from our
institution ethics committee CEAVNO with number ID
15960 and individual consent for this retrospective analysis
was waived.

Radiation treatment planning and delivery

Planning CT scans were acquired with a multislice-CT
with intravenous contrast. Patients were placed in the
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Figure 1 Treatment plan and radiation dose distribution for the treatment of a thymoma pleural metastasis, CT reconstruction in transversal

plan (A), dose volume histograms (B), CT reconstruction in coronal plan (C), and in sagittal plan (D).

supine position and immobilized with knee-feet device.
The planning CT was scanned with 3 mm slice for tumors
that have a diameter more than 3 cm, and with 2 mm slice
for smaller target. A pre-treatment CT was performed and
the information was used for gross tumor volume (GTV)
definition. Breath-hold technique with the Active Breathing
Coordinator system (ABC, Elekta, Cralwley, UK) was used.
GTV was delineated in the lung and soft tissue window
on CT image. Isotropic expansions of 2 mm were used for
the planning target volume (PTV) delineation. Montecarlo
algorithm, including radiobiological models, was employed
for volumetric arc therapy treatment plans (Elekta Monaco
treatment planning system version 5.11), using coplanar and
noncoplanar arcs. SBRT was delivered using 6MV photons
on an Elekta SynergyS linear accelerator equipped with a
beam modulator multileaf collimator. Set-up and isocenter
position were controlled using daily cone-beam CT image
guidance. The most common schemes of dose prescription
were 24-30 Gy in 3 fractions to 80% isodose. Dose
constraints for organs at risk were: spinal cord maximum
dose (Dmax) <18 Gy, heart Dmax <30 Gy, kidneys V15 Gy
at <35%, trachea and main bronchi Dmax <30 Gy and
esophagus Dmax <27 Gy (Figure I).
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Statistical analysis

Time to local failure was calculated from the date of first
radiotherapy to the date of disease progression of each
treated metastasis. The progression of a treated metastasis,
within the high dose region of radiotherapy, was defined
radiographically according to RECIST criteria modified
for thymic epithelial tumors (14). Patient without evidence
of disease progression in a treated target were censored.
Progression free survival (PFS) was calculated from the
date of the first radiation treatment to the date of relapse
or death for any cause. Patients without evidence of
tumor progression were censored if still alive at the time
of data analysis. Kaplan-Meier curves were generated and
differences analyzed using the Log-Rank test. All tests were
considered statistically significant for P<0.05 and performed
using SPSS version 21 (SPSS Inc., Chicago, IL, USA).

Results

From January 2013 to December 2018, 22 patients with
thymoma received SBRT for the treatment of their pleural
metastases at our institutions. Patients’ characteristics
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Table 1 Patient characteristics
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Table 2 Tumor characteristics and treatments

Characteristics N=22

Terapeutic procedure Value

Age (years), median (range) 40 (29 to 73)

Sex
Male 12
Female 10
ECOG PS
0 10
1 12

WHO histology
A 1
AB
B1
B2
B2/B3

© W W W w

B3

Stage at the diagnosis

A 2
1B 7
1l 5
IVA 7
IVB 1

WHO histology: classification of thymoma according to 2015
World Health Organization classification schema; stage at the
diagnosis: according to Masaoka and Koga staging system.
ECOG PS, Eastern Cooperative Oncology Group Performance
Status.

are summarized in Table 1. Median follow-up was
33.2 months (95% CI: 13.1-53.3 months). At the time of
the diagnosis, 7 patients had already pleural metastases (stage
IVA) and 1 patient had pleural and pulmonary metastases
(stage IVB). Seven patients received chemotherapy before
the resection. All patients, but one, underwent thymectomy
for the resection of their primary tumor (7able 2). The
patient with pulmonary and pleural metastases had a B3
thymoma and underwent resection after preoperative
chemotherapy. A patient with a stage IVA B3 thymoma did
not receive cytoreductive surgery but only chemotherapy.
After 2 years this patient experienced progression of a
singular pleural metastasis that was treated with SBRT.
After resection of the primary tumor, 12 patients received
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Preoperative chemotherapy

Yes 7

No 15
Thymectomy

Yes 21

No 1

Postoperative radiotherapy to the anterior mediastinum
Yes 12
No 10

Resection of pleural metastases
Yes 14
No 8

Pleural metastases at the time of radiotherapy
Single 5
Multiple 17

Extra pleural metastases before radiotherapy

Yes 3

No 19
Number of treated metastases with SBRT ineach 3 (1 to 10)
patient, median (range)
Radiation dose

30 Gy in 3 fractions 41

24 Gy in 3 fractions 19

40 Gy in 5 fractions 8

Postoperative radiotherapy was given to the anterior
mediastinum after resection of the primary tumor. Resection
of pleural metastases indicates the number of patients who
previously underwent a surgical resection of pleural metastases;
after a subsequent progression of pleural metastases, they
received radiotherapy. SBRT, stereotactic body radiation
therapy.

postoperative radiotherapy with 50 Gy in 25 fractions on the
anterior mediastinum. Fourteen patients underwent surgery
for pleural metastases before SBRT. Seven patients received
a wide local excision, 3 patients a wide local excision with
hyperthermic intrathoracic chemotherapy (HITHOC),
1 patient palliative pleurectomy with HITHOC and
3 patients pleurectomy/decortication with HITHOC. Eight
patients received a second surgery after pleural progression
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Figure 2 Thymoma metastasis in the left mediastinal pleura (arrow) before (A) and (B) after radiotherapy. Kaplan Maier curves of time to

local failure (C) and progression free survival (D).

before SBRT: 4 wide local excisions, 2 wide local excisions
with HITHOC and 1 pleurectomy/decortication with
HITHOC. Unfortunately, this kind of surgery is a palliative
treatment and patients experienced further evidences of
pleural progression for which radiosurgery become an
option. In the remaining 8 patients, SBRT was preferred
to surgery because of patients’ clinical condition or refusal
of an invasive approach. Five patients had a single pleural
metastasis and 17 had multiple localizations (from 2 to 10
pleural sites). Sixteen patients received SBRT on multiple
sites of pleural metastases with a median of 3 and a range
from 2 to 10. At the time of the analysis a patient received
SBRT exclusively on 1 of its 3 pleural metastases. A total
of 68 pleural metastases have been treated using SBRT.
The objective response rate was 54.5% with 4 complete
and 8 partial responses (Figure 24,2B). Fifteen treated
metastases underwent progression in 10 patients. The
median time to local failure was not reached, with a local
disease control rate of 92%, 78% and 71% after 1, 2 and
3 years, respectively (Figure 2C). At the time of data analysis,
16 patients experienced disease progression, with a median
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PFS of 20.4 months (95% CI: 10.7-30.0 months; Figure 2D).
Disease control rate was 79%, 41% and 14% after 1, 2 and
3 years, respectively. There were not significant differences
in PFS between patients diagnosed with synchronous
and metachronous metastases (median PFS 23.0 and
20.0 months, respectively; log-rank P=0.477), between
those treated or not with chemotherapy for metastatic
disease (median PFS 25.5 and 20.0 months, respectively;
log-rank P=0.189) and between those who received or not
a surgical resection of the pleural metastases before SBRT
(median PFS 20.4 and 20.0 months, respectively, log-rank
P=0.871). There were not significant differences in PFS
(P=0.516) between A-AB-B1 and B2-B3 histotypes. Follow-
up was not mature for overall survival estimation at the time
of data analysis. We did not observe grade (G)3—4 toxicity
related to the treatment. After SBRT, 4 patients had G1
cough, one patient had G1 hiccups, 2 patients had G2
voice change, 4 patients had transient G1 pleuritic pain,
and 5 patients had G1 actinic pneumonitis in proximity of
the treated area. One patient had rib fractures related to
the treatment. A patient developed aplastic anemia after
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2 months from the treatment and required blood
transfusions and immunosuppressive treatment. Nineteen
patients with myasthenia gravis and 3 with neuromyotonia
were receiving corticosteroids at the time of SBRT. None
of them showed a worsening of neuromuscular symptoms
within 6 months from SBRT.

Discussion

In our series of thymoma patients, the treatment of pleural
metastases with SBRT is feasible without relevant toxicity
and can yield a satisfactory local control of the disease.
Thymomas are reputed chemotherapy sensitive tumors.
In chemotherapy naive patients, objective response rate
ranges between 50% and 92% for schedule containing
cisplatin and doxorubicin with a median PFS between
9.5 and 18.4 months (15,16). After progression, second
line chemotherapy is less effective with response rates
ranging between 10% and 40% and a median PFS between
7.6 and 11.3 months (17-19). Targeted drugs, including
sunitinib and pembrolizumab, obtained promising
results in thymic carcinomas but appear less effective in
thymomas. Immunotherapy significantly increases the risk
of immune-related paraneoplastic syndromes in thymomas.
In this scenario, local treatment of oligometastatic or
oligoprogressive patients becomes an appealing option.
The pleural cavity is the most common site of metastatic
diffusion in thymomas (20). Surgery is the mainstay of
treatment for localized tumors. After resection, 10-year
disease-free survival is 94%, 88%, 56% and 33% for stage
I, II, IIT and IVa thymoma, respectively (21). The chance
to carry out a complete resection is the most important
prognostic factor. WHO histotype is an independent
prognostic factor in some series (21). The most common
site of relapse is the pleura: 54.1% to 58.1% (20). In these
patients, the resection of pleural metastases can be taken
into account depending on their characteristics: homolateral,
the number of lesions, their dimension and the infiltration
of surrounding structures. Pleural and pericardial metastases
can be present already at the time of the diagnosis in
5-10% of thymic epithelial tumors and define the stage IVA
according to the Masaoka and Koga staging system (22). B2
and B3 thymomas present a higher chance to have pleural
metastases at the time of diagnosis respect to A, AB and Bl
histotypes (22). Depending on the number and dimensions
of pleural metastases, different surgical approaches can
be considered, including: extrapleural pneumonectomy,
total pleurectomy, pleurectomy/decortication and local
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pleurectomy (23). During surgery, the use of intrapleural
chemotherapy and hyperthermia remains controversial
for the absence of randomized clinical trials. Despite
the absence of conclusive evidences, several authors
adopt intrapleural chemotherapy and hyperthermia (20).
Surgical resection of pleural metastases can control
locally the diseases and can obtain long intervals without
progression in selected patients (24). The thymic working
group of the European society of thoracic surgery (ESTS)
has described results of 152 patients, who received resection
of pleural metastases. The median time to recurrence after
the first pleural surgery was 46 months with 87.2% of
patients alive after 5 years from the resection. Interestingly,
about 50% of patients who progressed had a relapse in
the pleural cavity. In these patients a redo strategy can be
performed in selected cases but repeatability of surgery is
limited. Indeed, surgery is invasive and is not feasible in all
patients because of comorbidities and technical challenges.
Outcome of surgical series suggests that tumor progression
remains limited to the pleural cavity in many thymomas,
therefore, these cases could benefit of local treatments
in addiction to systemic drugs. Advances in radiotherapy
technologies allow the treatment of tumor lesions with
radical doses and limited toxicity to surrounding organs.
Despite the sensitivity of thymoma to radiation, the
use of radiotherapy in pleural metastasis remains barely
investigated to date. Appling SBRT to pleural metastases,
we obtained a promising objective response rate and
only 15 treated metastases progressed with a local disease
control rate of 92%, 78% and 71% after 1, 2 and 3 years,
respectively. In stage I non-small cell lung cancer (NSCLC)
patients, SBRT is the treatment of choice for not operable
patients. In stage I NSCLC, the 3-year local control rate
ranges between 79.6 and 97.6% (25-27). Compared to stage
I NSCLC, we observed a lower 3-year disease control rate
(71%). Moreover, SBRT has been used for the treatment
of oligometastatic NSCLC, frequently in combination with
chemotherapy and surgery. In oligometastatic NSCLC,
SBRT achieved a disease control rate of 77-92% (28-31).
Our data are more similar to these results. Indeed, patients
included in our analysis are metastatic and 17 of them have
multiple pleural localizations. The anatomy of pleural cavity
could favor the progression of treated metastases reseeding
of cancer cells through the pleural fluid. Indeed, in stage
I NSCLC patients treated with SBRT, the contact of the
tumor with the pleura reduces the chance of survival (32).
The comparison of local disease control in thymoma and

NSCLC should be carefully considered because thymoma
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patients have an extended life expectancy, compared to
NSCLC. In our series only three patients have died at
the time of data analysis. On the contrary, a significant
proportion of NSCLC patients died within few months
from the treatment, limiting the chance to develop a
progression of treated lesions.

The median PFS was 20.4 months with 16 patients
experiencing a disease progression at the time of data
analysis. The comparison of the observed PFS with
those of other reports could be misleading because of the
retrospective nature of our report with several possible
selection bias including thymoma histotype. We did not
observe any G3-4 toxicities with SBRT with only one
patient with costal bone fracture and none symptomatic
pneumonitis or pleural effusion. Toxicity was mainly related
to local inflammation nearby the radiotherapy filed. The
development of aplastic anemia could be related to the
treatment since it occurred within 2 months from the SBRT
but a link with the progression of thymoma can not be
excluded. Therefore, we believe this treatment is feasible in
thymoma patients with pleural metastases and a prospective
trail could be useful to confirm our hypothesis.

Surgery remains the first option for the treatment of
pleural metastases of thymoma. Our data suggest that SBRT
could be an additional option for the treatment of patients
not eligible for surgical resection, for patients who refuse
surgery and for those not technically resectable anymore
after one or multiple surgical resections. Patients with an
extensive tumor load or with a fast cancer growth remain
candidate for chemotherapy.
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