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Background: Thymic epithelial tumors (TETS) are rare malignant neoplasms originating from thymic
epithelial cells. The current treatment for localized TETs is surgical removal. However, 20-30% of
thymomas and 70-80% of thymic carcinomas are unresectable, recurrent, or metastatic at the time of
detection. The standard therapy for these patients is chemotherapy, but the effect is limited. With a deeper
understanding of tumor immunity, immunotherapy for various cancers has rapidly developed. Antibodies
against cytotoxic T-lymphocyte antigen-4, programmed death-1, and programmed death-ligand 1 have been
approved for the treatment of many solid tumors. Compared with traditional treatments, these immune
checkpoint inhibitors (ICIs) have better efficacy and lower toxicity. Recently, ICIs have been used more
enthusiastically in the treatment of TETs. However, due to the unique biological characteristics of the
thymus, immunotherapy usually causes severe immune-related adverse events (irAEs). Most previous studies
on immunotherapy in TETS had small sample sizes and reported diverse conclusions.

Methods: We collected relevant studies in PubMed during the last five years and analyzed the available data
to discuss the efficacy and safety of ICIs in TETs.

Results: According to 14 previous studies in the past five years, all TETs showed expression of programmed
death-ligand 1, while thymic carcinomas showed 100% expression. The best median progression-free
survival (mPFS) among the five studies was 6.5 months, and the best median overall survival (mOS) was
24.9 months. In addition, the most common irAEs were myasthenic symptoms, liver enzyme elevation, and
elevated creatine phosphokinase levels.

Conclusions: ICIs can be used in TET treatment, especially for thymic carcinomas, in the absence of

standard second-line treatment. However, more attention should be paid to irAEs.
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Introduction

Thymic epithelial tumors (TETs) are rare thoracic
carcinomas (1), and the annual incidence is reported to
be between 1.3% and 3.2% (2). Most patients present
with chest pain or chest discomfort; some patients may
have emaciation, night sweats, cough, dyspnea, and
other symptoms. If the tumor is large, a superior vena
cava obstruction may occur. TETs are divided into two
broad categories: thymoma (TM) and thymic carcinoma
(TC). TM is a common primary neoplasm of the
anterior mediastinum. TC is an invasive tumor that often
metastasizes to regional lymph nodes and extrathoracic
organs. Therefore, the prognosis of TC is worse than that
of TM. The 5-year survival rate is approximately 90% for
TMs, while it is only 55% for TCs (2). The World Health
Organization (WHO) histological classification of thymoma
is generally considered to have a guiding significance
for predicting TM recurrence. According to the WHO
histological classification, Wright ez /. classified TMs into
five types, A, AB, B1, B2, B3, and C, respectively, depending
on their increasing local aggressiveness and recurrence
rate (3). However, type C was completely distinct from
other types of TM, with significantly higher recurrence
and metastasis rates (41% vs. 9.7%) (4), and thus became an
independent type called T'C. The pathological classification
was not only beneficial to the early diagnosis of TET but
also to predict the malignant degree of TET to a certain
extent, which was more beneficial to the later treatment of
patients.

At present, complete surgical resection of the tumor is
the most effective treatment option for localized TETs.
Chemotherapy with or without radiotherapy is the only
guideline-recommended treatment option for patients
who have already metastasized tumors (5). Platinum-based
chemotherapy is considered to be the most effective first-
line chemotherapy (6). The objective response rate (ORR)
of first-line platinum-based chemotherapy was 50% for TM
and 20% for TC (7,8). The ORR of second-line single-
drug chemotherapy was less than 10% for TETs (9,10). The
ORR of sunitinib targeted therapy for TM and TC was
6% and 26%, respectively (11). The ORR of everolimus
targeted therapy was only 9% and 16%, respectively (12).
It can be seen that the effect of chemotherapy and targeted
therapy in patients with TM/TC is very limited. To date,
many clinical studies have shown that immunotherapy
for TETs is currently under development. However, a
considerable proportion of TET cases are complicated
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with autoimmune syndromes, such as myasthenia gravis
and Hashimoto’s thyroiditis. Although immunotherapy is
promising, more attention should be paid to the occurrence
of immune-related adverse events (irAEs) to balance the risk
and efficacy of immunotherapy.

We know that the PD-1 and PD-L1 pathways are
important for negatively regulating the immune escape
from T cells. The expression of PD-1/PD-L1 can be used
as a prognostic marker in many malignant tumors (13-16).
Many previous studies have shown that high expression
of PD-L1 exists in various tumor cells, such as advanced
NSCLC, melanoma, colorectal cancer, and glioma (17).
The mechanism of PD-1-mediated immunosuppression is
cross-correlated with multiple cellular signaling pathways.
In general, the function of PD-L1 is to combine with PD-1,
thus inhibiting T cell activation, to avoid autoimmune
diseases caused by the over-activation of T cells. In
the tumor microenvironment, T cells are responsible
for inducing infiltration to have a high expression of
PD-1, while the tumor cells express high levels of PD-LI,
maintaining the PD-1/PD-L1 pathway in a state of
continuous activation. In this case, the immunoreceptor
tyrosine-based switch motif recruits phosphatases, such as
Src homology 2 domain tyrosine phosphatases, and activates
the renin-angiotensin system, phosphatidylinositol 3 kinase/
protein kinase B (PI3K/AKT), and other pathways. This
results in the inhibition of downstream T cell proliferation
and the generation of related cytokines, leading to the
inhibition of T cell function and the transduction of
negative signals, thus producing negative regulatory
effects (18). In addition, T cell function can be inhibited
by increasing the expression of the basic leucine zipper
transcription factor ATF-like (19) (Figure I).

Cytotoxic T-lymphocyte antigen-4 (CTLA-4, CD152)
is an immune checkpoint molecule homologous to CD28,
which can bind to B7-1 (CD80) and B7-2 (CD86) ligands.
CTLA-4 is expressed at low levels on the surface of naive T
cells, effector T cells, and regulatory T cells (20). CTLA-
4 transmits signals to downstream protein phosphatase
2A, PI3K, and other molecules by binding CD80 and
CD86 (21,22). CD28 is expressed on the surface of both
resting and activated T cells, but CTLA-4 is expressed
only on activated T cells (23). After T cells are activated,
the mRNA of CTLA-4 is rapidly transcribed, the protein
expression level begins to increase, and the expression level
is then downregulated through endocytosis (24). CTLA-4
competitively binds to B7 ligands instead of CD28 and then
becomes a stable polymeric complex with B7 in the form
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Figure 1 After PD-L1 binds to PD-1, phosphatases such as SHP2 are recruited in the structural domain and removed phosphokinases, thus
inhibiting the transmission of positive signals from T cell receptors (TCR) and CD28, thereby affecting downstream PI3K-AKT, RAS and
other pathways to inhibit T cell activation. In addition, the expression of BATF was also increased to inhibit T cell function.
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Figure 2 After CTLA-4 binds to B7-1 and B7-2, it transmitted signals to downstream protein PP2A, PI3K and other molecules. CTLA-
4 competitively combined B7 ligands with CD28, then blocked the CD28:B7 pathway. CTLA-4 also interfered with the formation of lipid

rafts on the plasma membrane.

of a homologous dimer, blocking the CD28:B7 pathway,
thus acting as a negative feedback regulatory molecule
for T cell activation (25). CTLA-4 also interferes with
the formation of lipid rafts on the plasma membrane and
destroys the microenvironment required for CD28 (26). In
addition, CTLA-4 increases the movement of T cells, thus
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reducing the contact time between T cells and antigen-
presenting cells (APC), and increases the T cell activation
“threshold” (27) (Figure 2).

We present the following article in accordance with the
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-290).
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Table 1 Profiles of PD-L1 expression in TETs
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Study Years Total cases TMs/TCs PD-L1 expression

Rossana Berardi, et al. (29) 2020 68 63/5 74%

Judit Bedekovics, et al. (30) 2020 36 29/7 100%

Shunta Ishihara, et al. (31) 2020 66 53/11 TPS-V (%) A:2; AB:2; B1:5; B2:16; B3:6; TC:11
TPS-IA (%) A:18; AB:19; B1:25; B2:55; B3:78; TC:44

Isabelle Rouquette, et al. (32) 2019 103 57/46 >50%

Rumi Higuchi, et al. (33) 2019 39 31/8 53.9%

Joon Seon Song, et al. (34) 2019 368 308/60 90.6%

Soichiro Funaki, et al. (35) 2019 43 0/43 60.5%

Yanmei Chen, et al. (36) 2018 70 50/20 A:36%; AB:15%; B1:33%; B2:86%; B3:90%; TC:70%

Jianchun Duan, et al. (37) 2018 33 13/20 46.2%/65.0%

Dwight Owen, et al. (38) 2018 35 32/3 81%/100%

Kathryn C. Arbour, et al. (39) 2017 44 12/11 65%

Annikka Weissferdt, et al. (40) 2017 100 74/26 64%/54%

Alberto M. Marchevsky, et al. (41) 2017 46 38/8 92%/50%

Yuki Katsuya, et al. (42) 2016 30 12/18 67%/41%

TET, thymic epithelial tumor; TM, thymoma; TC, thymic carcinoma; PD-L1, programmed death- ligand 1; TPS-V, tumor proportion score of
PD-L1 using visual evaluation; TPS-IA, tumor proportion score of PD-L1 using image analysis.

Methods

We collected relevant studies in the last five years (from
January 2016 to April 2021) from PubMed by searching
for PD-L1 expression and TET, and 21 studies met
the requirements. After eliminating the reviews, meta-
analyses, and case reports, a total of 14 articles were finally
selected. When searching for immune checkpoint inhibitors
(ICIs) and TETs, five studies were deemed acceptable.
The relevant data were summarized and analyzed. For
each study, an electronic literature search was conducted
independently and repeatedly by two authors to screen
qualified records, review complete articles that might be
relevant, and evaluate for inclusion. A list of references
for all included studies was manually searched, along
with potentially relevant articles. We mainly analyzed
the expression levels of PD-L1, median progression-free
survival (mPFS) and median overall survival (mOS) values,
and irAEs among these studies.
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Discussion
PD1/PD-L1 and CTLA-4 in TETs

The expression and prognostic value of PD-1/PD-L1
in TETs

Some studies have confirmed that PD-L1 is expressed
in TETs. A meta-analysis concluded that PD-L1 was
differentially expressed in A/AB/B1 thymoma, B2/B3
thymoma, and thymic carcinoma, and had predictive value
for anti-PD-L1 treatment of TETs (28). According to the
14 previous studies on the expression of PD-L1 in TETS in
the past five years (Table 1), we can see that all TETs showed
expression of PD-L1 (29-42), while TCs could reach 100%
expression in the studies conducted by Bedekovics ez al. (30)
and Owen et 4l. (38). In addition, Chen ez 4/. analyzed the
expression level of PD-L1 in different types of TETS using
The Cancer Genome Atlas database and found that the
expression of PD-L1 was higher in TCs than in TMs. In
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Table 2 Main trials results about ICIs in TET patients
Experimental  Number of patients mPFS  mOS (months)

Study Years drug TM/TO) (months) TM/TC) ORR (TM/TC) DCR
Naziye Ak, et al. (46) 2020 Nivolumab 46 (4/3/1 mixt) 6.5 7.4 66.7% 100%
Arun Rajan, et al. (47) 2019 Avelumab 8 (7/1) - - 25% 62.5%
Yuki Katsuya, et al. (48) 2019 Nivolumab 15 3.8 14.1 0% 73.3%
Jinhyun Cho, et al. (49) 2019  Pembrolizumab 33 (7/26) 6.1 -/14.5 28.6%/19.2% 100%/73.1%
Giuseppe Giaccone, et al. (50) 2018 Pembrolizumab 40 4.2 24.9 22.5% 75%

ICI, immune checkpoint inhibitor; TET, thymic epithelial tumor; TM, thymoma; TC, thymic carcinoma; mPFS, median progression-free
suivival; mOS, median overall survival; ORR, overall response rate; DCR, disease control rate.

conclusion, the expression of PD-L1 in TET cells correlates
with the degree of tumor malignancy (36). All in all, it can be
seen that PD-L1 is highly expressed in TETs, which provides
a theoretical basis for the clinical immunotherapy of TETs.

The expression and prognostic value of CTLA-4 in
TETs

Santoni et a4l. evaluated the correlation between CTLA-
4 expression and TETs, especially in TMs (43). They
evaluated the expression of CTLA-4 in paraffin-embedded
tissues of 68 TM patients at mRNA and protein levels.
In addition, they evaluated the relevance between the
expression of CTLA-4, clinicopathological features, and
prognosis in patients with TM. They concluded that in
TM patients, CTLA-4 overexpression was significantly
associated with reduced OS, thus CTLA-4 was a negative
prognostic factor.

The efficacy of immunotherapy in TETs

Immunotherapy has been applied in many cancer species,
and numerous studies have confirmed that its efficacy is
positively correlated with the expression of PD-L1. Due to
the high expression of PD-L1 in TETs, immunotherapy is
expected to achieve a breakthrough efficacy. Yang et al. (44)
first reported immunotherapy in TC, and Zander ez al. (45)
first reported immunotherapy in TM. Subsequently, in the
last five years, five available clinical studies have observed
the efficacy of immunotherapy in patients with TETs
(46-50) (Table 2). Currently, there are no online data about
the application of CTLA-4 antibodies in TETs.

Giaccone et al. (50) conducted a phase II clinical study
with the largest dataset available to date. Among the
40 patients treated with pembrolizumab, one patient (3%)
achieved complete response (CR), and eight patients (20%)
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achieved partial response (PR), with a total overall response
rate (ORR) of 22.5%. Furthermore, 21 out of 40 patients
(53%) had stable disease (SD), with a disease control rate
(DCR) of 75%. By the end of the study, 31 patients (78%)
had progressive disease (PD), and 17 patients (43%) died.
The mPFS was 2.4 months and the mOS was 24.9 months.
Another study conducted by Cho et al. (49) evaluated
pembrolizumab in 26 patients with T'C and seven patients
with TM. The results showed that the ORR was 28.6%
in the TM group and 19.2% in the TC group. The DCR
was 100% in the TM group and 73.1% in the TC group.
The mPFS was 6.1 months in both groups. The mOS was
14.5 months in the TC group, but the data did not reach
the end point in the TM group.

As for the use of nivolumab in TET patients, Katsuya
et al. (48) conducted a single-arm, multicenter, phase II
trial to evaluate the efficiency and safety for unresectable
or recurrent T'C. Among the 15 enrolled patients, 11 had
SD, and 4 had PD; therefore, the ORR was 0%, while the
DCR was 73.3%. The mPFS was 3.8 months and the mOS
was 14.1 months, respectively. The latest study conducted
by Ak ez al. (46) also treated four TMs, three TCs, and one
mixed histology with nivolumab. Two patients’ evaluation of
best response was not applicable. Among the five available
patients, the ORR was 66.7%, and the DCR was 100%.
The median follow-up time was 16.1 months. The mPFS
and mOS were 6.5 months and 7.4 months, respectively.

In 2019, Rajan er al. (47) conducted a phase I, dose-
escalation trial of avelumab (MSB0010718C) in seven
TM patients and one TC patient. Differently from
pembrolizumab and nivolumab, avelumab is a PD-L1
antibody. Two patients got CR, and three patients got SD;
the ORR was 25%, and the DCR was 62.5%. PFS and OS
were not evaluated in this study.

The above five clinical trials were conducted to determine
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Double Postive Thymocytes

Positive Selection

Figure 3 TET patients showed a decline of MHC I, they affected the efficiency of positive selection, then leading T cells with CD4+/

CD8+ double expression to produce too much, so B cells produce antibodies. In addition, higher proliferation in TET cells increased the

risk of genetic mutations. TET, thymic epithelial tumor.

whether the PD-1 inhibitors pembrolizumab and nivolumab
and the PD-L1 inhibitor avelumab can benefit patients with
TETs. They all showed a high ORR and achieved a more
significant long-term effect than previous treatment options.

The immune function and autoimmune diseases in TETs

Several previous studies found that 30% of patients
with TETs have autoimmune diseases, which can occur
simultaneously or after surgical removal (51,52). The
immune function of the thymus includes two main aspects.
First, T cells complete the whole differentiation and
maturation processes in the thymus. Second, the thymus
is the main organ of the immune system to maintain the
stability of its own internal environment and immune
tolerance. Based on the understanding of thymic immune
function, the researchers concluded that the susceptibility
of TET patients to autoimmune diseases was mainly related
to immune intolerance. There are two theories regarding
the mechanism by which patients become susceptible to
autoimmune diseases (Figure 3).

Mechanism of abnormal immune regulation
TET patients showed a decline in major histocompatibility
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complex class II molecules, which affected the efficiency of
positive selection, leading to excessive production of T cells
with CD4+/CD8+ double expression so that B cells produce
antibodies and induce disease (53).

Mechanism of susceptibility genes

In TETS, a large number of cortical thymic cells proliferate,
and their increased proliferation increases the risk of genetic
mutations since these highly proliferative cortical thymic
cells are self-reactive (54).

The safety of immunotberapy in TETS

As an important immune organ, the thymus gland is
the central component of T cell maturation. TET cells
may cause abnormal regulation of T cells, leading to
autoimmune diseases, such as myasthenia gravis, connective
tissue diseases, or blood diseases (55). An analysis of
30 years of data from the English literature by Detterbeck
and Zeeshan showed that approximately 40% of thymoma
patients were likely to have myasthenia gravis, pure red
cell aplasia (PRCA), or parathyroid adenoma (PTA) (56).
Bernard er al. retrospectively analyzed clinical data from
three French hospitals from 2005 to 2011, where 85 patients
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Table 3 Immune-related adverse events in TET patients
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AE/SIAE, iyl
Number of patients 8 8 15 33 40
Myasthenic symptoms 21 3/2

Liver enzyme elevation 21 31 111 4/4 26/10
Dislexia motor neuropathy 11 1/0

Elevated CPK 3/3 3/0 3/3
Elevated troponin/myocarditis 3/0 3/3 2/2
Enteritis 11

Rash maculopapular/pruritus 4/0 7/0 4/0
Adrenal insufficiency 1/0
Hypothyroidism/hyperthyroidism/thyroiditis 1/0 3/1 9/0
Diarrhea/colitis 1/0 1M 9/0
Creatinine increased 2/0

Drug-induced pneumonitis

Conjunctivitis 11

Nephritis il

Subacute myoclonus 2/0

TET, thymic epithelial tumor; CPK, creatine phosphokinase.

with thymoma were enrolled. The results showed that 55%
of patients (47 cases) with TETs had autoimmune diseases
developed at the same time, including 33 cases of myasthenia
gravis, four cases of Hashimoto thyroiditis, three cases
of Isaacs syndrome, two cases of Morvan syndrome, two
cases of PRCA, two cases of systemic lupus erythematosus,
two cases of lichen planus, and one case of the coexistence
of a variety of autoimmune diseases (57). These results
suggest that the coexistence of autoimmune diseases such
as myasthenia gravis and thymoma is not spontaneous.
In addition, a retrospective study conducted by Gutzmer
et al. showed that 42% (8/19) of melanoma patients
with a history of autoimmune disease had a recurrence
of the original autoimmune disease after using PD-1
inhibitor (58). Therefore, a history of autoimmune diseases
may be a susceptibility factor for subsequent autoimmune
diseases. The thymus is an immune organ of the human
body, so the possibility of myasthenia gravis being caused by
the disturbed autoimmune balance in TET patients cannot
be ruled out. This may also be the result of the combined
effects of the anti-PD-L1 antibody and TETs.

© Journal of Thoracic Disease. All rights reserved.

In the last five years, five clinical trials have reported
irAEs after immunotherapy in patients with TET (Table 3).
As a result of our analysis, we concluded that the most
common irAEs were myasthenic symptoms, liver enzyme
elevation, elevated creatine phosphokinase, elevated
troponin/myocarditis, rash maculopapular/pruritus,
hypothyroidism/hyperthyroidism/thyroiditis, and diarrhea/
colitis. The study conducted by Ak ez a/. (46) enrolled eight
patients, two of whom had grade 4 adverse events (AEs),
including dyslexia and motor neuropathy, myasthenic
symptoms, and liver enzyme elevation, which may have
been caused by immunotherapy. As for management, they
stopped the administration of an ICL The study conducted
by Rajan et al. (47) revealed that in a total of eight patients,
there were three grade 3 AEs (autoimmune disorder)
and three grade 4 AEs (two patients had an autoimmune
disorder and one had hypokalemia). All patients received
steroids, and they were not re-treated with avelumab.
Katsuya ez al. (48) reported a study that included 15 patients,
two of whom experienced immune-related serious AEs;
one patient had grade III aspartate aminotransferase

7 Thorac Dis 2021;13(8):5093-5103 | https://dx.doi.org/10.21037/jtd-21-290
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increase, and the other had grade II adrenal insufficiency.
The former patient discontinued nivolumab treatment and
recovered after 19 days. The other patients were treated
with hydrocortisone. Cho et /. (49) conducted an open-
label phase II trial that included 33 patients. Five out of
seven patients with TM had grade 3-4 irAEs, including two
hepatitis, three myocarditis, one thyroiditis, one colitis, one
conjunctivitis, and one nephritis. Four out of 26 patients
with TC had grade 3-4 irAEs, including two hepatitis,
two myasthenia gravis, and one subacute myoclonus.
Most of these patients discontinued treatment with
pembrolizumab and recovered with the treatment of high-
dose corticosteroids and other immunosuppressive agents.
Giaccone et al. (50) also conducted a phase II study that
enrolled 41 patients; six patients had one or more severe
irAEs. Grade 3 or 4 AEs included five cases of increased
aspartate aminotransferase, five of alanine aminotransferase,
three of dyspnea, three of myalgia or myositis, three of
increased creatine phosphokinase, two of anemia, two of
myocarditis, one of arthralgia, one of blurred vision, one
of hyperglycemia, one of increased lipase, and one case of
thrombocytopenia. Four of these six patients were treated
with intravenous steroids followed by high-dose oral
steroids.

According to the above data, for the management of mild
irAEs following the use of ICIs, such as grade I rash and
grade I transaminase elevations, symptomatic treatment is
sufficient, and discontinuing the treatment is not necessary.
As for the management of severe irAEs, discontinuation of
ICIs and treatment with immunosuppressant glucocorticoids
are required. Other immunosuppressive agents, such as
tacrolimus and cyclosporine, may be considered if symptoms
do not improve significantly or continue to worsen. Due
to the relatively high incidence of irAEs, especially in TM
patients, the use of ICIs should be avoided as much as
possible. Early detection and management of irAEs are also
critical for patients with immunotherapy compliance and TC.

Conclusions

With the in-depth research and development of immunotherapy;,
immunotherapy drugs such as PD-1 and PD-L1 inhibitors
were found to be effective in TET patients. The current
National Comprehensive Cancer Network guidelines have
recommended pembrolizumab as a second-line treatment
for TC, with the level of evidence of class 2A. Therefore,
immunotherapy could be used in the treatment of TETs,
especially in the absence of standard second-line treatment
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for TCs. The use of immunotherapy provides patients with
new opportunities and hope. However, due to the specificity
of TETs and immunity, enough attention should also be
paid to potential irAEs caused by immunotherapy.

As for the exploration of the efficacy and safety of
immunotherapy, the results showed that the expression level
of PD-L1 might be positively correlated with the response
rate of immunotherapy. However, further confirmation with
larger sample sizes is needed, and other biomarkers should
be explored. A considerable proportion of patients with
TETs are complicated with autoimmune syndromes, such
as myasthenia gravis and Hashimoto’s thyroiditis. Although
there were many patients with high PD-L1 expression in
TETs, and the immunotherapy seemed promising, we still
need to pay more attention to the occurrence of irAEs. The
benefits and risks of immunotherapy for patients with TETs
still need to be measured in further studies. Due to the
limited data, we will still pay attention to future articles on
TETs and continue to improve our implications.
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