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ABSTRACT

Thymomas and carcinomas of the thymus gland, also known as epithelial tumors of the thymus (TT) are rare malignant
neoplasms, but are the most common solid tumors of the anterior mediastinum. The incidence does not exceed 1.3-1.7
per million inhabitants per year. In Europe, about 1,500 new cases are registered annually, and the average age of patients is
around 40-50 years.

Originating from the epithelial component of the thymus, the primary lymphoid organ, they are accompanied by a high risk of
developing autoimmune disorders due to their unique biology. Indeed, up to 30 % of TETS patients suffer from autoimmune
disorders (AID), the most common of which is myasthenia gravis (MG). AID are detected not only during the diagnosis of
a tumor, but also during follow-up. With rare exceptions, there are no specific targets for targeted therapy in TETS. Immune
checkpoint inhibitors (ICIs) halt the ability of tumor cells to evade immune surveillance, enhancing their killing. Unprecedent-
ed achievements of immunotherapy (IT) in the treatment of metastatic non-small cell lung cancer (NSCLC) and melanoma
have made it reasonable to study the effectiveness of prescribing ICI in patients with TETs. The prevalence of AIR in different
morphological subtypes of TETs may influence the decision to conduct IT due to the increased risk of toxicity. The review
summarizes current data on the effectiveness of IT in thymoma and thymus cancer (TC) and discusses several unresolved
problems associated with the use of ICl in TETs.

The purpose of this review is to present up-to-date data on the issue under discussion and possible prognostic biomarkers
for IT, and to highlight the problems associated with autoimmune disorders (AID).

In our opinion, a deep understanding of the molecular genetic and immune landscape of thymus epithelial tumors and the
interaction of ICI with the immune system is the key to improving the effectiveness and preventing the side effects of auto-
immune IT. A comprehensive solution to existing problems will undoubtedly open up new possibilities for the drug treatment
of this rare and difficult disease.
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3.1.6. OHKonorus, nyyeBas Tepanus
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PE3IOME

TUMOMBbI ¥ KapLWHOMbI BUJIOYKOBOW XeNesbl, Tak)Ke U3BECTHble Kak anuTenmanbHble onyxonu Tumyca (OT), ABnstoTcs
peAKUMU 3110Ka4eCcTBEHHbIMU HOBOOGPA30BaHUAMM, HO TakxXe Hanbosee YacTbiMU CONMAHBIMU OMYXONSIMU NepeaHero
cpefocTeHusi. 3aboneBaeMocTb He npesbllwaeT 1,3—1,7 Ha MUINNOH XuTenen B rog. B EBpone exerofHo peructpupyetcs
okono 1500 HoBbIX cryyaes, a cpefiHuil Bo3pacT 3abonesLlunx coctasnsiet oT 40 go 50 net.

Mponcxoasn U3 anuTenManbHOro KOMMOHeHTa TUMyca — NepBUYHOIO NIMMGPONAHOrO OpraHa, OHW 13-3a CBOEeW YHUKanbHOW
6MONOrMN COMPOBOXAAITCA BbICOKUM PUCKOM Pa3BUTUSI @yTOMMMYHHbIX PaccTpoincTB. [ledcTButenbHo, Ao 30 % 6onb-
Hbix OT CTpagatoT ayTOMMMYHHbIMK paccTpoiicTBamu (AUP), Hanbonee YacTbIM U3 KOTOPbIX SIBNIIETCA MUACTEHUS TPaBUC
(MI). AUIP BbIABNAIOTCS He TOMbKO NPU JMarHOCTUKE ONyXOMu, HO U BO BPeMsi MocsieflytoLlero HabntoaeHus. 3a pefikum
ucknodeHmem B OT OTCYTCTBYIOT cneumbuyeckne MuLLIeHN ANiA TapreTHon Tepanumn. MHrMbutopbl UMMYHHbBIX KOHTPObHBIX
Touek (MMKT) nofaBnsitoT cnoCcO6GHOCTb OMYXOJEBbIX KNETOK YKOHATLCS OT UMMYHHOIO HaA30pa, YCUIIMBAs UX KUITUHT.
becnpeLeeHTHble AOCTMXKEHUs UMMyHoTepanuu (UT) B ieyeHUn MeTacTaTUYeckoro HEMEIKOKJIETOYHOIo paKa JIerkoro
(HMPJ1) 1 MenaHoMbl cenanm 060CHOBaHHbIM U3ydeHne ahdeKTUBHOCTU HasHavyeHna MUKT nauueHTam ¢ OT. Pacnipo-
cTpaHeHHoCTb AUP npu pasHbix Mopdonoruyeckux noartunax OT MOXeT NOBAUATb Ha peLleHne o npoBefeHun UT na-3a
NMOBbILWEHHOrO pUcKa TOKCMYHOCTU. B 0630pe 0606LLeHbI COBPEMEHHbIE flaHHble 06 a3t dhekTuBHOCTU UT Npu TUMOME 1 pake
Tumyca (PT) 1 06Cy»aatoTca HECKObKO HepeLLEHHbIX MPO6JieM, CBA3aHHbIX ¢ Ucrnosib3oBaHnem UUKT npum OT.

Llenb saHHoro o63opa — NpeAcTaBUTb COBPEMEHHbIE laHHble MO 06CYyXAaeMOMy BONPOCY M BO3MOXHbIe MPOrHOCTUYECKNe
6romapkepbl ana UT 1 ocBeTUTb NPo6ieMbl, CBA3aHHbIE C ayTOMMMYHHbIMU paccTpoiicTBamu (AUP).

Mo HalleMy MHEHWIO, Ny6oKoe MOHUMaHNe MONEKYNIIPHO-TEHETUYECKOTO U UMMYHHOTO NlaHawadTa anuTennmasnbHbIX ony-
XOnei BUIOYKOBOW Xenesbl u B3aumogeincteusa MAKT ¢ UMMYHHOW cUCTEMO ABASIETCA KIIKOYOM K NOBbILIEHUIO 3hheKTUB-
HOCTU M NpeAoTBpaLLEHNIO MOBGOYHOro ayTOMMMYHHOIO AencTBusi UT. BcecTOpoHHee pelueHne CyLLecTBYOLMX NPO6ieM,
HECOMHEHHO, MO3BOJIUT OTKPbITb HOBbIE BO3MOXXHOCTU JIEKAPCTBEHHOIO JIEYEHWSI 3TOr0 PeLKOro U TPYAHOro 3a6oieBaHus.

KnioueBble cnoBa: anutenuanbHble onyxonu Tumyca (OT), TMoMbl, pak Tumyca (PT), MHTMGUTOPbI UMMYHHBIX KOHTPOJIb-
HbIX Touek (MMKT), ayTouMMyHHble paccTpoicTea (AUP), TOKCUYHOCTb MMMyHoTepanum (UT)
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INTRODUCTION

Epithelial tumors of the thymus (TETs) are rare
and potentially aggressive malignant neoplasms of
the anterior mediastinum. The incidence does not
exceed 1.3-1.7 per million inhabitants per year; in
Europe, about 1,500 new cases are registered an-
nually, and the average age of patients is from 40 to
50 years [1]. Based on the morphological structure,
namely the proportion of two components of the thy-
mus gland - immature lymphocytes and epithelial
cells — the WHO classification distinguishes two types
of epithelial tumors: thymoma and thymus cancer
and six main morphological subtypes: thymomas A,
AB, B1, B2, B3 and TC [2]. The epithelial component
is the only one in which a malignant tumor develops.
At the consensus meeting of the ITMIG (International
Thymic Malignancy Interest Group) in 2011, the WHO
classification was approved as a standard for clinical
practice [3]. Less common than thymoma, thymus
cancer accounts for about 10-15 % of and is largely
associated with the development of distant metasta-
ses and poor prognosis. TCis most often represented
by squamous cell carcinoma. Tumor cells of thymus
carcinomas express cluster determinants CD5+ and
CD117/KIT+, determined by immunohistochemical
examination (IHCE) and have specific molecular
features that distinguish them from thymoma and
squamous cell lung cancer [4].

The clinical course of TETs is determined by the
nature of the growth of the neoplasm. Encapsulat-
ed tumors corresponding to stage | according to
the Masaoka-Koga (M-K) surgical classification ac-
count for 65 %, while invasive tumors of stage II-IV
account for 35 % of cases [5; 6]. Surgical intervention
is a key stage of treatment for TETs stage |, Il and
even lll, since radical removal of the tumor, along
with stage [5; 6] and morphological structure [3], is
the most important independent prognostic factor in
terms of survival [6-8]. Tumor recurrence, depending
on the stage of the disease, should be expected in
8-33 % of patients with thymoma and in 25-59 %
of patients with TC [9]. Regimens of combined che-
motherapy (CT) based on platinum preparations
remain the standard method of treatment of inop-
erable, refractory and metastatic forms of the dis-
ease. The possibilities of modern CT are known to
be limited, while the response rate ranges from 69 %
for thymoma to 42 % for TC [9; 10]. In addition, some
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effectiveness of targeted drugs from the group of
tyrosine kinase inhibitors, such as sunitinib [11] and
everolimus [12], has been demonstrated. Less often,
the c-KIT and PI3KCA genes, as well as epigenetic
signaling pathways, are used as targets [13]. The
expected 5-year overall survival(s) for thymoma is
80 %, and for TC — 40 % [14].

ICIs have changed the paradigm of cancer treat-
ment, becoming the standard treatment for mela-
noma, NSCLC and bladder cancer [15]. The role of
immunotherapy (IT) in the treatment of TETs has
not been definitively studied, primarily due to the
high frequency of autoimmune conditions leading
to a high risk of toxicity.

The purpose of this review is to present up-to-date
data on the issue under discussion and possible prog-
nostic biomarkers for IT, and to highlight the problems
associated with autoimmune disorders (AID).

Thymus physiology and oncogenesis

The thymus gland is the central organ of the im-
mune system that ensures the development of immune
tolerance. After formation in the bone marrow, imma-
ture thymocytes mature in the thymus as a result of
interaction between cortical and medullary epithelial
cells of the thymus gland. The presentation of tissue-
specific autoantigens through the main histocompat-
ibility complex of class Il (MHC-II) is regulated by two
transcription factors: the AIRE genes (autoimmune
regulator) and Fez (Fez family zinc finger 2) [16]. The
passage of T-thymocytes through the thymus cortex
and corticomedullary junction implies phenotypic mod-
ifications affecting the functioning of T-lymphocytes.
Immature T-lymphocytes reacting with MHC-Il are able
to penetrate into the thymus medulla, while non-inter-
acting T-cells are eliminated. Both dendritic cells and
medullary epithelial cells are found in the medulla of
the thymus gland. Medullary epithelial cells expressing
AIRE undergo various changes and undergo apopto-
sis, releasing tissue-specific autoantigens for thymus
dendritic cells. T-lymphocytes reacting against tissue-
specific autoantigens undergo apoptosis, providing
immune tolerance [16]. This process occurs mainly in
childhood, but is sometimes present in adults and prob-
ably goes further into the process of carcinogenesis [4].

Autoimmune disorders and TETs
Autoimmune disorders (AID) need to be differen-
tiated from paraneoplastic syndromes. Their patho-
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physiology, clinical course and impact on survival
are different. Paraneoplastic syndromes, as a rule,
arise as a result of the production of hormones, cy-
tokines or peptides by tumor cells, which leads to
metabolic disorders and the induction of autoanti-
bodies produced by tumor cells. Thus, the successful
treatment of the tumor should eliminate the clinical
manifestations of paraneoplastic syndromes, regard-
less of whether airs can stop due to a violation of
the regulation of the function of the thymus gland
and imperfect selection of immature T-lymphocytes.

AlDs are present in more than 30 % of observa-
tions from [16]. The most common syndrome is my-
asthenia gravis (MG), the frequency of which ranges
from 17 % in thymoma A to 71 % in thymoma B2 [7].
In addition, endocrine, rheumatological, gastrointes-
tinal, renal, and skin lesions are recorded [17]. The
data from RYTHMIC (Réseau tumeurs THYMiques et
Cancer), one of the largest TET registries in Europe,
demonstrate a 20.2 % prevalence of AIR with more
than one disorder in 3.8 % of patients. The majori-
ty of patients had MG - 69.6 %, followed by: Hood
syndrome — 5.6 %, systemic lupus erythematosus -
4.4 %, thyroiditis — 3.4 % and pure erythrocyte apla-
sia — 2.8 %. As for the morphological subtypes, the
prevalence of AID more than 40 % was established
with thymoma B2-45 % and B3-41 % [18]. Thymomas
AB, B1 and B2 are rich in lymphocyte agglomerates,
which explains their more frequent relationship with
AIR compared to thymoma B3 and RT. Nevertheless,
several studies have described a high prevalence of
autoimmune conditions in thymoma B3 [7; 18]. It is
important to note that TC is rarely associated with
AID [19]; the absence of MG in thymus carcinoma
has been reported [20], possibly due to the presence
of immature T cells. The high prevalence of air in
TETs and the appearance of autoimmune symptoms
after diagnosis [18] requires extremely careful moni-
toring of the condition of patients during IT.

Molecular features of TETs and AID

The unique biology of thymus tumors gives spe-
cial interest to the study of autoimmune processes
due to the strong association with AID, especially
with MG. In fact, knowledge about the molecular
characteristics of MG associated with thymoma
is limited. It is well known that antibodies against
the acetylcholine receptor (AchR) are mandatory
for the development of MG, anti-AchR are able to

block the postsynaptic membrane, as well as reduce
the amount of AchR in the neuromuscular junction,
which leads to a decrease in the reaction to acety-
choling, clinically manifested by paroxysmal weak-
ness and fatigue of skeletal muscles [21]. Immuno-
regulation disorders and tolerance caused by the
tumor microenvironment, probable mechanisms of
the pathogenesis of tumor-related AID, primarily MG.

Several studies have investigated whether various
acetylcholine subunits are expressed in the thymus
and whether some of them are associated with the
development of MG associated with thymoma. Low
levels of expression of AIRE (autoimmune regulator)
and AID by tumor cells correlate with a higher risk of
MG [22]. Moreover, the relative levels of Foxp3 (fork-
head box P3) RNA expression were significantly higher
in the tumor tissue samples of patients without AID
compared with patients suffering from MG and/or
other AID. It should be noted that AIRE and Foxp3 are
transcription factors that play an important role in the
differentiation of T-reg lymphocytes, which play an
important role in suppressing immunity, contributing
to tumor growth [23]. Interestingly, AIRE may be asso-
ciated with specific genomic changes, for example, an
imbalance of the NF-kappaB/AIRE signaling pathway
observed in MG associated with thymoma [23].

One of the largest molecular studies of TETs was
conducted within the framework of TCGA (The Can-
cer Genome Atlas). The analysis of 117 TETs revealed
a higher frequency of aneuploidy in the thymomas of
patients with MG [13]. In addition, the expression lev-
els of the a-subunit of AchR (CHRNA1 - neuronal ace-
tylcholine receptor subunit alpha-1) were higher in tim
samples of patients suffering from MG. A medium-
sized neurofilament (NEFM - neurofilament medium
chain) is a protein with similar immunogenic proper-
ties to CHRNAT and titin, mainly overexpressed in the
tim A and AB subgroups, accompanied by MG. As for
TC, despite their more aggressive biological behavior,
several tumor suppressor genes were found in them:
CYLD, CBFB, CDH1, CDH11, CTCF and ZFHX3, as
well as a higher mutational load of the tumor (TMB)
compared to thymomas [13]. The presented results
confirm the conclusions that TC and thymoma differ
in their genetic and epigenetic profiles. Indeed, the re-
sults of a grandiose transcriptomic analysis of 2,560
genes in 194 samples TETs the recent one revealed
two different clusters of genes that distinguish TC
from thymoma [24].
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In a Chinese study of 105 patients suffering from
MG, an increase in inflammatory responses was
found, in contrast to patients without AIR. It should
be noted that in the latter, a mutation of the GTF2I
gene was detected significantly more often [25]. In
fact, the presence of the GTF2I mutation correlates
with better survival rates and, perhaps, its carriers
can become candidates for IT. The GTF2I mutation
was detected in 82 % of tim A and 74 % of tim AB,
but rarely in aggressive subtypes, especially in RT,
in which repeated mutations of known malignant
tumor genes were detected, including TP53, CYLD,
CDKN2A, BAP1 and PBRM1 [13]. At the same time,
the expression of the GTF2I gene, which is very im-
portant, is associated with severe toxicity in IT, so
there is an obvious need for further study of GTF2I
as a biomarker [26].

Finally, to differentiate thymoma from thymus
cancer and to understand the pathogenesis of MG,
several other biomarkers have been studied: IGFBP1,
KLF15, PDK4 and HIF3A. Other AIRS, such as en-
cephalitis or polymyositis, correlate with an increase
in anti-Hu antibodies, Ma2 antibodies and CRP5 an-
tibodies or a violation of the regulation of the T-cell
receptor (TCR) and an increase in the expression of
MHC-I in muscle fibers, but the landscape of AID and
MG is still unknown [27].

The strategy of TETs immunotherapy

In recent years, ICls have revolutionized the treat-
ment strategy and prognosis of several solid tumors.
In previously treated patients, the appointment of
ICls gave a 5-year overall survival rate of 34 % in
advanced melanoma, 28 % in renal cell carcinoma
and 16 % in NSCLC [15], which led to the approval of
anti-PD1 inhibitors (anti-Programmed cell Death pro-
tein 1), anti-PDL1 inhibitors (anti-Programmed Death
Ligand 1) and anti-CTLA4 inhibitors (anti-Cytotoxic T
Lymphocyte Antigen 4) for the treatment of metastat-
ic forms of the disease. Given the prolonged effect
of ICls in many solid tumors, high hopes are pinned
on IT of epithelial tumors of the thymus gland [4].

Immune-related predictive biomarkers

Several biomarkers have been tested as predic-
tors of IT effectiveness, however, only two have been
approved as biomarkers of response to the appoint-
ment of ICIs: I) PD-L1 expression in tumor cells and
II) tumor mutation load (TMB), which is determined
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by the number of non-synonymous single-nucleotide
variants in the coding region of the tumor genome.
Tumors with high TMB contain more neoantigens
that enhance the immune response, which leads
to an increase in the effectiveness of IT, as shown
in previous studies. In addition, activation of the
immune system requires a high content of tumor-
infiltrating lymphocytes (TILs) to achieve a better
response to treatment [28].

PD-L1 expression is observed in more than 90 %
of epithelial cells of the normal thymus gland and
has been extensively studied in TET due to the ag-
gressiveness of their biological behavior. On the
material from 100 tim and 69 TC, high expression
of PD-L1 and FOXP3+T reg was associated with
a higher degree of malignancy of neoplasms. In other
studies, PD-L1 expression in thymoma varied from
23 % to 92 % of tumor cells, and in TC — from 36 %
to 100 % of tumor cells. Indeed, a number of clinical
and pathological features, namely: young age, the
common stage of the disease according to the M-K
classification, the impossibility of radical removal
and neoadjuvant therapy of thymoma, correlated
with high expression of PD-L1. On the contrary, the
correlation with morphological subtypes remains
unclear. Reliable data on survival rates have not yet
been presented, given that in some studies high PD-
L1 expression correlated with better survival, and in
others with poor outcomes. In addition to PD-L1 ex-
pression, the severity of TILs tumor tissue infiltration
was studied, although on limited material. R. Higuchi
and colleagues studied the expression of PD-L1 and
the severity of TILs in surgical preparations in 39
patients with thymomas and RT. PD-L1 expression
above 1 % was registered in 54 % of samples with
different distribution among TETs subtypes: B2> B3>
PT> B1> AB> A. A high infiltration (84 %) of CD8+
among CD3+ TILs was determined, which was evenly
distributed among all cases. High PD-1 expression
in TILs was found in 23-62 % of PTCS, without any
predictive or prognostic significance [29-31].

Interestingly, TMB in TETs is one of the lowest
among malignant tumors. The question of whether
PD-L1 is the best predictive biomarker remains con-
troversial due to the deterioration of the condition
of many patients, despite IT. A more favorable ther-
apeutic effect is better with aggressive thymomas
of B2 or B3 subtypes, although the high prevalence
of AID makes it difficult to use ICls.
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IT effectiveness in clinical trials

ICls have been studied in several clinical studies
on TETs. In one phase Il group study, 40 patients with
recurrent TC were treated with pembrolizumab, a hu-
manized antibody IgG4 targeted at the PD-1 receptor.
Patients with a history of air were not included in the
study. The overall response rate (ORR) was observed
in 22.5 % of cases. Disease control was achieved in
30 (75 %) patients with a median response time of
3 years. The median progression-free survival (PFS —
progression free survival) was 4.2 months, and the
median overall survival(s) was 24.9 months. One-
year PFS and OS reached 29 % and 71 %, respective-
ly, and 5-year OS was 8 %. High, at least 50 %, PD-L1
expression in tumor cells was observed in 10 (25 %)
patients, which was associated with longer survival:
median PFS 24 vs. 2.9 months; median S was not
reached compared to 15.5 months. When PD-L1 was
expressed by tumor cells less than 50 %, only 3 out
of 27 patients with a response was achieved. The
IFN-y signature evaluated by Nanostring analysis
correlated with the response to pembrolizumab ther-
apy, on the contrary, the TP53 mutation registered
in 36 % of tumors was associated with lower PD-L1
expression and shorter s. Interestingly, after a re-
lapse of the disease, 4 patients, one of them 2 years
after the completion of therapy with pembrolizumab,
pembrolizumab was prescribed repeatedly with 2 re-
sponses to treatment [32].

J. Cho and colleagues conducted a second clinical
trial with a similar design, examining the efficacy of
pembrolizumab in 26 patients with recurrent TC and
in 7 patients with recurrent thymoma: subtype B1-4,
subtype B2/B3-1 and subtype B3-1). Three patients
had a history of MG. ORR was 19.2 % in patients with

TC and 28.6 % in patients with thymoma. Similarly,
out of 26 patients with RT, 5 (19 %) achieved a par-
tial response, and 14 (54 %) stabilized the disease.
Tumors with high PD-L1 expression responded bet-
ter to treatment. The median duration of response
in patients with thymoma was not reached, in pa-
tients with TC was 9.7 months. Median PFS was 6.1
months in both groups. The median OS was 14.5
months for TC sufferers and was not achieved in
patients with thymoma (Table 1) [33].

Avelumab is a human antibody IgG1 against PD-L1
was studied in 7 patients with thymoma and 1 MRI
without a history of autoimmune conditions. The fol-
lowing morphological subtypes were registered among
patients with thymoma: B3-2, B2/B3-1, B2-2 and B1-1.
An objective response was obtained in four (57 %) of 7
patients with thymoma, including a confirmed partial
response in 2 (29 %) patients. It should be noted that
a significant decrease in tumor size was observed after
one dose of avelumab in three patients [34].

Finally, a Japanese phase Il study evaluated the
role of nivolumab in the treatment of patients with
inoperable or recurrent thymus carcinomas. Of these,
11 patients registered stabilization of the disease,
including five patients for 24 or more weeks. Me-
dian PFS and median S were 3.8 months and 14.1
months, respectively. Further inclusion of patients
in the study was terminated prematurely at the first
stage due to the fact that none of them achieved an
objective response [35].

Enhanced autoimmune toxicity

Activation of immunity increases the risk of de-
veloping undesirable side effects associated with IT

Table 1. Clinical studies on the subject of thymus epithelial tumors immunotherapy

Therapeutic o Median PFS Median of OS irAEs = 3 st.
Author/ year Phase/N agent RR/DCR (%) (mon.) (mon.) %)
Giaccone et al. (33) Il/40TC Pembrolizumab 23/76 % 4.2 249 15%
11/ 40 . 19/73 % 14.5 15.4 %
Cho etal. (34) TcuyT  Pembrolizumab - oq500 0 6.1 Not achieved 71.4 %
Katsuya et al. (36) II/13TC Nivolumab 0/38 % 3.8 11.3 13%
Heery et al. (35) I/7T1PT Avelumab 5% 50 - 63 %

Notes: N — number of patients; TC — thymus cancer; T — thymoma; RR/DCR - objective response; PFS — progression-free survival;, OS — overall

survival; irAEs — adverse events associated with immunotherapy.
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(irAE — immune-related adverse events). The frequen-
cy of treatment-related adverse events in the studies
under consideration is relatively high compared to
the results of IT of other malignant neoplasms, such
as melanoma, NSCLC, squamous cell carcinoma of
the head and neck and urothelial carcinoma, where
the frequency of irAE of 3 or more severity ranges
from 3 % t0 9.7 % [36].

Among 40 patients in the study of G. Giaccone et
al., who received pembrolizumab, 6 (15 %) developed
serious AlDs, and 4 (10 %) had more than one con-
dition: polymyositis and myocarditis in two cases;
pancreatitis, hepatitis and diabetes mellitus in one
case; bullous pemphigoid in one case (autoimmune
exfoliation of the epidermis); in one case, polymyosi-
tis and hepatitis; and, finally, one case of a significant
increase in the level of hepatic transaminases. Three
patients had to stop treatment due to severe toxicity.
Patients suffering from myocarditis and polymyosi-
tis, as well as bullous pemphigoid, needed the ap-
pointment of corticosteroid hormones for the relief
of conditions [33]. It should be noted that one patient
with developed myositis, myocarditis and initial MG
had a complete response for 40 months [32].

In another study, 5 (71 %) of 7 patients with thy-
momas and 4 (15 %) of 26 patients with TC had irAE
of 3 or more severity, including hepatitis — 12.1 %,
myocarditis — 9.1 % and MG - 6.1 %, which 1 patient
had initially; in addition, thyroiditis was recorded,
antineutrophil cytoplasmic antibodies associated
with rapidly progressive glomerulonephritis, colitis
and myoclonus. Treatment was discontinued by 8
(24.2 %) patients. Therapy of undesirable toxic re-
actions, as a rule, was based on the appointment of
corticosteroid hormones and immunoglobulins [33].

Among patients treated with nivolumab, serious
airs were observed in two cases: an increase in the
level of transaminases and adrenal insufficiency [35].
Among patients treated with avelumab, undesirable
side effects associated with IT of all degrees were
noted in 5 (63 %) patients [34].

Of particular concern is the frequency of myocar-
ditis, since myocarditis accompanies TETs in less
than 1 % of cases [32]. Myocarditis is observed in
5 % of TC patients and in 43—-57 % of patients with
thymoma included in clinical trials of ICI therapy [26;
34; 35]. This fact has been confirmed in several on-
going studies of IT of epithelial tumors of the thymus
gland [36].
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Myositis was observed in 8 % of patients with TC
treated with pembrolizumab, and more than half of
patients with thymoma included in the study to in-
crease the dose of avelumab [26]. Muscle toxicity
is explained by the existence of TCR clones and in-
creased expression of MHC-I in muscle fibers with
inflammatory infiltrates of macrophages and lympho-
cytes after treatment with ICls. It should be noted that
in patients who developed myositis, no specific anti-
bodies were detected before and after ICI therapy [37].

MG often concomitant TETa as undesirable side
effects associated with IT was noted in 3-14 % of
TET patients treated with pembrolizumab [26; 33]. As
explained above, the development of MG requires an-
tibodies against AhR, as well as antibodies to MuSK
and Lrp4 [37]. Interestingly, pure aplasia of erythro-
cytes, described as the most common AIR after MG
in studies on IT of epithelial tumors of the thymus
gland, was not recorded.

Ongoing clinical trials

With thymoma of the B1/B2 subtype, IT is not pre-
scribed due to the high prevalence of AIR [4] and should
not be carried out without a comprehensive discussion
of the risks at a multidisciplinary oncological consul-
tation. Currently, several clinical studies are being con-
ducted on the effectiveness of the use of ICI both in
monotherapy and in combination. In Europe, EORTC
(European Organization for Research and Treatment
of Cancer) and the European Platform for Thoracic On-
cology have launched a phase Il study of NIVOTHYM to
study the effectiveness of nivolumab or its combination
with ipilimumab in patients with progressive, refractory
thymoma B3 subtype or TC with planned strict regis-
tration of AIR (NCT03134118). MD Anderson Cancer
Center is conducting a Phase I/Il study using pembroli-
zumab for TC and thymomas (NCT03295227). The Na-
tional Cancer Institute (NCI) has developed a phase Il
protocol to evaluate the efficacy and toxicity of IT ave-
lumab in thymoma and TC, (NCT03076554) (Table 2).

The preliminary results of the CAVEATT protocol,
a study on the combined administration of avelumab
with axitinib, have recently been published, showing
a partial response and stabilization of the disease
in 40 % and 60 %, respectively, with a median PFS of
7.9 months and an acceptable toxicity profile [38]. In
addition, combinations of ICI with tyrosine kinase in-
hibitors sunitinib or lenvatinib, or with an indoleamine
2,3-dioxygenase-1 inhibitor (IDO - indoleamina 2,3-di-
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oxigenasa-1) epacadostatot are being studied due to
the importance of these signaling pathways in TET.
It should be noted that in patients receiving a combi-
nation of pembrolizumab and epacadoscate before
discontinuation of the study, no unexpected results
obtained in melanoma were recorded [32]. A new stud-
ied combination in TET therapy is the bispecific single-
domain Fc-fused antibody (PD-L1/CTLA4) KN046
(NCT04469725). Finally, data on the advantages of
neoadjuvant and adjuvant approaches to IT of solid
tumors formed the basis of studies to assess their
effectiveness in the treatment of OT, for example, in
relation to pembrolizumab (NCT03858582) (Table 2).

Existing IT pitfalls

Since patients with TET have an increased risk of
developing treatment-related adverse events, this is
an important aspect that should be taken into account
when selecting candidates for IT. Some approaches

are needed to reduce the risk of irAEs and increase
the IT safety of epithelial tumors of the thymus gland.

Depending on the histological characteristics for
each morphological subtype, the probability of de-
veloping AIR is different. The degree of infiltration
by lymphocytes of the tumor differs from B1 - rich
in lymphocytes to B3 — poor in lymphocytes. In ad-
dition, different molecular profiles are associated
with each morphological subtype [13]. It is known
that previously detected autoantibodies against AhR
and B-cell lymphopenia studied in thymoma correlate
with a higher risk of myositis when avelumab is pre-
scribed [39]. In addition, overexpression of CHRNA1
and RYR3 (Ryanodine receptor type 3) is present in
thymomas with a MG clinic [13], which is associated
with the ability of tumor cells to secrete functional
proteins that mimic non-tumor cells [37]. A distinc-
tive feature of such tumors is their association with
autoimmunity, carried out through overexpression of

Table 2. Ongoing clinical studies of immunotherapy of thymus epithelial tumors

Title, patients number ’ Final study
NCT/ phase N) Therapeutic agent Tumor type checkpoints
NCT03076554/11 NCI, N = 55 Avelumab TC, thymoma  S2f€l, .
response intensity
NCT03134118/Il NIVOTHYM, N = 50\50  Nivolumab/ TC, thymoma  prg
nivolumab + iplimumab B3
_ MD Anderson Cancer - Dose limiting
NCT03295227/1-Il Center, N = 30 Pembrolizumab TC, thymoma toxicity
NCT04321330/ Il ML41253, N = 34 Atezolizumab TC Response intensity
NCT04417660/11 Maryland, N = 38 Bintrafa Alfa TC,thymoma  Response intensity
NCT03463460/11 NCI, N =40 Pembrolizumab + Sunitinib TC Response intensity
NCT04710628/ Il PECATI, N =43 Pembrolizumab + Lenvatinib TC, thymoma PFS
NCT02364076/11 I(\Slezoz%etown University, Pembrolizumab + Epacadostat TC Response intensity
_ Vanderbilt-Ingram . . Safety,
NCT03583086/ I-1I Cancer Center, N = 177 Nivolumab + Vorolanib TC response intensity.
) . B Pembrolizumab and SO-C101 Dose limiting
NCT04234113/ I-Ib Sotio, N =96 (IL-15/IL-15R a) TC toxicity
KNO046
NCT04469725/11 Jiangsu, N = 66 (PD-L1/CTLA4 bispecific single TC Response intensity
domain Fc protein antibody)
Samsung Medical Pembrolizumab in combination Marks pathological
NCT03858582/11 with neoadjuvant and adjuvant TC, thymoma

Center, N =40

chemotherapy

response

Notes: TC: thymus cancer; PFS (progression-free survival): progression-free survival.
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muscle autoantigens and increased aneuploidy [13].

There are data on the problems of re-prescribing
ICI to patients with developed irAE against the back-
ground of previous IT. In some retrospective studies,
up to 55 % of such cases of irAE were noted, but not
as pronounced as in the initial treatment [40]. How-
ever, this scenario has not been sufficiently studied
in thymoma due to the high probability of developing
air. Careful monitoring and molecular profiling of AIR
in TETs open up opportunities for the inclusion of pa-
tients with this pathology in clinical trials. This tactic
has been studied in melanoma patients receiving ipili-
mumab; of the 30 patients with progressive melanoma
suffering from various AID, such as Graves' disease,
Crohn's disease and rheumatoid arthritis, 27 % had
an exacerbation of AID, 33 % had the development
of new irAEs, while half of the patients were treated
without exacerbation of old and the emergence of
new autoimmune conditions [41]. Finally, as a new
approach, a combination of ICI with selective immuno-
suppressants has been proposed to prevent outbreaks
of air [42], which should be studied in depth in TETs.

CONCLUSION

Immunotherapy is a new approach to the treat-
ment of common epithelial tumors of the thymus
gland, although its introduction into clinical routine
practice seems to be a challenging due to the special
biology of these malignant neoplasms. Despite the
fact that the frequency of treatment-related adverse
events is higher in thymoma compared to thymus
carcinoma, patients with thymus cancer are also at
risk of developing immune toxicity. Nevertheless, the
re-appointment of ICls is possible, but requires very
careful monitoring of autoimmune disorders. New
combinations of IT and targeted therapy seem prom-
ising. In our opinion, a deep understanding of the
molecular genetic and immune landscape of thymus
epithelial tumors and the interaction of ICls with the
immune system is the key to improving the effective-
ness and preventing the side effects of autoimmune
IT. A comprehensive solution to existing problems
will undoubtedly open up new possibilities for the
drug treatment of this rare and difficult disease.
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