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Abstract: Thymic epithelial tumors (TETS) are rare thymic neoplasms. There are approximately 1.5 cases
per million TETS per year. They are the most common anterior mediastinal tumors in adults. Due to limited
activity of available treatment options novel strategies and treatment options are needed and treatment with
immune checkpoint inhibitors is an attractive option. Thymic epithelial tumors have one of the lowest tumor
mutational burden among all cancer in adults, but high expression of PD-L1 on tumor cells and abundant
CDS8+ lymphocytes provide a strong rational for implementing immune checkpoint inhibitors (ICIs) which
target PD-1/PD-L1 pathway in the treatment of TETs. Few small early stage clinical trials were published so
far evaluating efficacy of pembrolizumab and avelumab in thymoma and thymic carcinoma patients. Al trials
showed reasonable response rates and progression-free survival. Higher PD-L1 expression was predictor
of response in all trials. However, increased incidence of immune-related adverse events was seen in TET
patients treated with immune checkpoint inhibitors compared to patients with other cancers. At the moment,
ICIs are not standard of care for patients with TET and larger trials are needed to establish the right role of
ICIs regarding efficacy and safety of these agents.
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Introduction chemoradiotherapy is an option (3). Different chemotherapy

regimens were studied and recommendations for the first

Thymic epithelial tamors (TET5) are rare thymic neoplasms. line therapy are doxorubicin/cyclophosphamide/cisplatin

There are approximately 1.5 cases per million TETs per (CAP) with or without prednisolone, cisplatin/doxorubicin/

year. They are the most common anterior mediastinal

vincristine/cyclophosphamide (ADOC) or cisplatin/
tumors in adults (1). According to the World Health

etoposide for thymoma and carboplatin/paclitaxel for

Organization TETs are classified according to histology
into types A, AB, B1, B2, B3 and thymic carcinoma (TC)
with TC being the most aggressive subtype with the worst
prognosis (2). Surgery is treatment of choice in patients
with localized disease and in some cases is followed by
radiotherapy and/or chemotherapy (3). In patients with
unresectable disease treatment with chemotherapy or
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TC (4). All of the before mentioned chemotherapy regimens
were studied in small phase II trials or retrospectively and the
results showed limited activity of chemotherapy, especially
in refractory disease. Efficacy of different targeted agents
was analyzed in refractory TETS such as epidermal growth
factor receptor inhibitors, inhibitor of angiogenesis, histone
deacetylase inhibitors, c-KIT inhibitors, octreotide and
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Src inhibitors. There was no significant benefit in relapsed
TETs (5-7).

Due to limited activity of available treatment options
novel strategies and treatment options are needed.

Thymus

The thymus has an important role in immune system
development during childhood. Major histocompatibility
complex (MHC) class II and autoimmune regulator genes
(AIRE) are expressed on thymic cells surfaces, among other
antigens (8). Migration of T cells through the thymic cortex
and corticomedullary junction is required for maturation
of T cells and a normally operating T cell receptor. During
formation of T cells, autoreactive T cells which react against
tissue-specific self-antigens (T'SAs) undergo apoptosis, a
process crucial for avoiding auto-immune intolerance (9).
In TETs, thymic epithelial cells with abnormal
architecture, downregulated MHC II complex and absent
AIRE form atypical formations. Consequently, autoreactive
T cells are released into the circulation which leads to
development of auto-immune disorders such as myasthenia
gravis, erythroblastopenia and T/B cell immunodeficiency,
called Good’s syndrome when occurring with thymoma (10).

Immunotherapy

In recent years different immunotherapeutic options like
cancer vaccines, immune checkpoint inhibitors (anti-
PD-1, anti-PD-L1, and anti-CTLA-4) and adoptive cell
therapy have been extensively studied in different types of
cancer. The most frequently used anti-PD-1 antibodies
are nivolumab and pembrolizumab. Both of these drugs
are humanized IgG4 monoclonal antibodies against PD-1
receptor. Nivolumab has been approved for treatment of the
patients with renal cell and urothelial carcinoma, melanoma,
non-small cell lung cancer, head and neck cancer and
Hodgkin lymphoma. Pembrolizumab has been approved
for treatment of the patients with head and neck cancer,
urothelial carcinoma, metastatic melanoma, non-small cell
lung cancer, Hodgkin lymphoma and solid tumors with
high microsatellite instability. There are three anti-PD-L1
monoclonal IgG1 antibodies (atezolizumab, avelumab
and durvalumab). Atezolizumab is used in treatment of
the patients diagnosed with non-small cell lung cancer
and urothelial carcinoma. Ipilimumab is an anti-CTLA-4
monoclonal IgG1 antibody. It is approved only for patients
with metastatic melanoma (11).
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Many biomarkers were analyzed as predictors of efficacy
of immune checkpoint inhibitors, but only two PD-L1
expression in the tumor tissue and tumor mutational burden
(TMB) were useful. The most common predictor of PD-1
and PD-L1 therapy response is high PD-L1 expression
(12,13).

TMB shows the number of nonsynonymous single
nucleotide variants in a tumor genome coding area. Tumors
with higher TMB implicitly have more neoantigens, thus
enhancing immune recognition and T-cell responsiveness
which can lead to better efficacy of immune checkpoint
inhibitors as it was shown in previous studies (14,15).

Further, for adequate activation of immune system
presence of tumor-infiltrating lymphocytes (TILs) in tumor
tissue is required. Patients that have higher TILs density in
tumor tissue show better treatment response (16).

PD-L1 expression in TETs

PD-L1 expression in TETs tumor cells was analyzed in
limited number of studies with relatively small number of
cases compared to other, more frequent types of cancer (11).
The other issue is that different immunohistochemistry
(IHC) antibodies were used: 15, E1L3N, EPR1161, SP142
and 28-1, as well as different cut-off values. High expression
of PD-L1 was observed in 23-92% of thymoma cases, and
36-80% of thymic carcinomas (17-24). T cell recognition
of antigens on TETs tumor cells and interferon-gamma
(IFN-v) release, leading to PD-L1 expression upregulation
could be a potential explanation (25).

The same studies also tried to correlate clinicopathological
factors which are associated with high expression of PD-L1.
These factors are young age, higher stage (Masaoka II
and IV), incomplete resection and neoadjuvant therapy
in thymoma. However, conflicting results were observed
regarding histology. Some authors suggested that more
aggressive histology can be predictor of high expression (TC
rather than thymoma), while Arbour and colleagues (23)
found that high expression of PD-L1 is more likely in
thymomas (17-24).

Prognostic impact of PD-L1 was also investigated and
results were conflicting. Katsuya ez a/. and Weissferdt et al.
haven’t found any correlation between PD-L1 expression
and outcomes (18,22).

Padda and colleagues showed that patients with high
PD-L1 expression have poor overall survival (OS) (17) in
contrast to Arbour et 4/. (23) and Yokoyama ez al. (20) who
showed better OS in patients with high PD-L1 expression.
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These differing results are probably due to small number
of cases in each study, retrospective analysis and different
clinical behavior of thymomas and thymic carcinomas.
Thymoma patients are known to present with autoimmune
disorders like myasthenia gravis whereas T'Cs never present
with autoimmune disorders (10). These differences in
clinical presentation can be explained by different pathology
findings between thymomas and T'Cs. Pathological findings
of thymomas involve immature T lymphocytes whereas
TCs never present with immature T cells, therefore never
present with autoimmune disorder (2).

Thus, the prognostic significance of TETs PD-L1
expression should be taken in account with caution and
further studies are needed to put significance of PD-L1
expression in correct perspective.

PD-1 expression of TILs in TETs

Some of the above-mentioned studies also investigated
expression of PD-1 on TILs in TETs. Again, different cut-
off values of PD-1 expression were used. Weissferdt ez al.
showed that PD-1 positive TILs were found in 23% of
TCs and 62% of thymomas (22). Katsuya and colleagues
found that 62% of patients with thymic carcinoma showed
high expression of PD-1 on TILs. Both studies haven’t
showed association between high PD-1 expression on
TILs and outcome, so prognostic significance remains
unclear. Further, some authors conclude PD-1 and PD-L1
expression are mutually exclusive (18,21).

Diagnostic tests for PD-L1

In the above-mentioned studies different test for PD-L1
expression were used, so Rouquette ez 4/. compared four
different tests in patients with thymoma B3 and TC. They
analyzed retrospectively 103 samples of thymoma B3 and
thymic carcinoma for PD-L1 expression with four different
antibodies (E1L3N, SP142, 22C3 and SP263). There was
no difference in PD-L1 expression regarding antibodies that
were used but patients with B3 thymoma had higher PD-L1
expression than patients with TC. 75% of antibodies
targeting PD-L1 tested on the DAKO autostainer gave
similar staining. When analyzing PD-L1 on immune cells
there was no difference regarding B3 thymoma and TC
with low concurrence between antibodies except E1L3N
antibody. They have also showed that patients with B3
thymoma and high PD-L1 expression had better overall
survival regardless of tumor stage (26).
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Tumor infiltrating lymphocytes in TETs

For adequate response to immune checkpoint inhibitors
presence of TILs in tumor are required (16). There is only
limited data available about presence and importance of
TILs in TETs. Recently published study analyzed PD-L1
expression and TILs in thymic epithelial tumors (24).
Higuchi and colleagues analyzed TILs besides PD-LI,
in 39 patients with thymomas of different subtypes and
thymic carcinoma. In all TETs samples there was high
CD3+ and CD8+ T1ILs infiltration, except for one case with
5% frequency of CD8+ expression in CD3+ lymphocytes.
There was high percentage of CD8+ among the CD3+
lymphocytes in the tumors, around 82.8%=18.3%. CD4-
positive lymphocytes were also counted and authors found
higher counts in the type B1-3 thymomas than in types A,
AB, or TC (24).

Immunotherapies for TETs

Although thymic epithelial tumors have one of the
lowest tumor mutational burden among all cancer in
adults (27), high expression of PD-L1 on tumor cells and
abundant CD8+ lymphocytes provide a strong rational for
implementing immune checkpoint inhibitors (ICIs) which
target PD-1/PD-L1 pathway in the treatment of TETs.
There is only small number of published data with ICIs
in TETs. All data were collected from small phase II trials in
patients with refractory thymomas and thymic carcinomas.
Giaccone et al. showed overall response rate (ORR) of
22.5% and median duration of response of 22.4 months in
40 patients with recurrent T'C treated with pembrolizumab.
In survival analysis median progression-free survival was
4.2 months with one-year PFS 29%, while median overall
survival was 24.9 months with one-year OS 71% (28).
Rajan and colleagues conducted a phase I trial with
avelumab in 7 patients diagnosed with thymoma and one
TC patient. Almost 30% of the patients had an objective
response, while 2 patients even had partial response after
one treatment application. All of these patients that had
tumor shrinkage developed immune related adverse events,
but only one of the non-responders. Responders had a
higher absolute lymphocyte count, lower frequencies of B
cells, regulatory T cells, conventional dendritic cells, and
natural killer cells prior to therapy (29).
In a paper by Cho er al., 26 patients diagnosed with
recurrent T'C and 7 patients with recurrent thymoma. An
ORR of 19.2% was observed among patients with TC
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Table 1 TET Immunotherapy clinical trials
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TET in trial Trial drug No. of patients ORR mPFS (months) mOS (months)
Giaccone et al. (28) Thymic carcinoma  Pembrolizumab 40 22.5% 4.2 24.9
Rajan et al. (29) Thymoma Avelumab 7 29% N/A N/A
Cho et al. (30) Thymic carcinoma  Pembrolizumab 26 19.2% 9.7 145
Cho et al. (30) Thymoma Pembrolizumab 7 28.6% N/R N/R
Table 2 TET Immunotherapy trials in progress
Trial Trial drug TET No. of patients currently enrolled
NCT03076554 Avelumab Thymoma, TC 8
NCT03134118 Nivolumab Thymoma, TC N/A
NCT03295227 Pembrolizumab Thymoma, TC N/A
NCT03463460 Pembrolizumab + Sunitinib Thymoma, TC N/A
NCT02364076 Pembrolizumab + Epacadostat Thymoma, TC 45

and 28.6% among those with thymoma. Median response
duration was 9.7 months in TC and not reached in
thymoma, with mPFS of 6.1 months for both groups. For
thymic carcinoma the median OS was 14.5 months and not
reached in thymoma (30) (Table I).

In all above-mentioned trials, higher PD-L1 expression
was linked with better response to treatment with immune
checkpoint inhibitors, both in thymoma and T'C histology.
Also in all trials patients with autoimmune disorders in
previous medical history were excluded (28-30).

Several early phase studies are enrolling patients
investigating either monotherapy with ICIs (avelumab,
trial number ID NCT03076554; nivolumab, trial number
ID NCT03134118; pembrolizumab, trial number ID
NCT03295227) or ICIs in combination with different
agents (pembrolizumab and sunitinib, trial number ID
NCT03463460; pembrolizumab and epacadostat, trial
number ID NCT02364076). Results of these trials are
eager awaited (Table 2).

Vaccines offers interesting treatment strategy and
there are a lot of potential vaccines under development in
a different types of cancers. Since TETs have low TMB
resulting in limited expression of neoantigens, there are very
few potential targets for developing vaccines for treatment
of TETs.

So far, only anecdotal achievements were reported.
Clinical response was seen in patients treated with
personalized dendritic cell vaccine that targets mutation of
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CDC73 gene (31) and Wilms’ tumor-1 (W'T-1) peptide-
based vaccine (32,33).

Autoimmune related toxicity (irAE) in TET
patients treated with immune checkpoint
inhibitors

Thymic epithelial tumors, especially thymomas, as described
previously, are associated with reduced immune tolerance
and therefore are highly associated with autoimmune
paraneoplastic disorders which occurs between 30 to 40% at
diagnosis (34). The most common one is myasthenia gravis
and the risk of development of myasthenia gravis can be
predicted (27). Myasthenia gravis is caused by development
of auto-immune antibodies against acetylcholine receptors
at the neuromuscular junction. It is also one of the most
common irAE due to treatment with ICIs (28-30,34).

Among previously mentioned studies immune related
adverse events (irAEs) occurred in 15% to 62% of patients
treated with ICIs (28-30). Results of these studies puts
TETs at higher risk of developing irAEs compared to lung
cancer or other cancers.

Immune related adverse events can affect any organ or
organ system (35). One of the most common reported irAE
in TET patients treated with ICI was myasthenia gravis,
especially when compared to other types of cancers treated
with ICIs (28,30). Myasthenia was reported in 3-14% of
TET patients treated with pembrolizumab (28,30).
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Myositis was the second most common musculoskeletal
irAE which occurred in more than half of patients (4 out
of 7) treated with avelumab (29) and 8% of patients treated
with pembrolizumab (28).

Arun er al. analyzed immune adverse events in patients
treated with avelumab. Higher risk for myositis had
patients that had antibodies to acetylcholine receptors (anti-
AchR) and B cell lymphopenia. While patients without
measureable anti-AchR antibodies didn’t develop myositis
the ones with measureable antibodies developed myositis
in almost two third of the cases. Also 75% of the patients
that had anti-striational antibodies detected before the
start of avelumab developed myositis (29). These findings
suggest that maybe we can predict which patients will
develop myositis during treatment with ICIs. Due to small
number of patients enrolled in the trial these conclusions
should be evaluated prospectively in larger trials before firm
conclusion can be made.

Myocarditis is serious adverse event in patients with
TET treated with immunotherapy. It can be presented with
significant symptoms or just asymptomatic isolated troponin
elevation in the serum. It was reported incidence of 5% in
TC patients, and up to 57% of thymoma patients treated
with ICIs (28-30).

Other irAEs can also occur in TET patients but it seems
that this incidence is similar to incidence of adverse events
in patients with other forms of cancer treated with ICIs.

If we put all this together, it looks that thymoma patients
are at greater risk of developing myocardial damage, as well
as myositis and myasthenia gravis when compared to TC
and other forms of cancer (9,28-30).

Another question is whether we can treat TET
patients who have an active autoimmune disorder with
immunotherapy? In all published trials, those patients were
not included. Since the incidence of these disorders is high
(30-40% at the time of diagnosis), thought should be given
to inclusion of patients with previously existing autoimmune
disorders to trials, as well as minimization of exacerbation
risk of these disorders with ISClIs treatment (28-30,34).

Conclusions

Thymic epithelial tumors are neoplasms which are difficult
to treat, especially patients with metastatic and/or refractory
disease. Immune checkpoint inhibitors which block PD-1/
PD-L1 pathway showed promising results in refractory
thymomas and thymic carcinomas but with relatively
high incidence of immune-related adverse events. At the
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moment, ICIs are not standard of care for patients with
TET and larger trials are needed to establish the right role
of ICIs regarding efficacy and safety of these agents.
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