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Opinion statement

The thymus is a key organ involved in establishing central immune tolerance. Thymic
epithelial tumors (TETs) include thymomas and thymic carcinomas. Thymomas, which are
histologically distinct from thymic carcinomas, lead to dysregulated thymopoiesis via
decreased thymic epithelial expression of AIRE and MHC Class II, as well as via alterations
in thymic architecture, thereby resulting in autoimmune complications that manifest as
paraneoplastic disorders (PNDs). Although progress has been made in elucidating the
mechanisms underlying thymoma-associated PNDs, there remains a great need to further
define the underlying mechanisms and to identify additional immune biomarkers, such as
novel antibodies (in “seronegative“ cases) to facilitate diagnosis and monitoring of
patients. In addition, a better understanding of the pathogenesis of PNDs could lead to
improved treatment strategies for both thymomas and their immune complications. In
advanced, refractory cases of TETs (both thymoma and thymic carcinoma), additional
therapeutic approaches are needed. Immune checkpoint inhibitors have revolutionized
the treatment of several malignancies and hold promise in the treatment of TETs; however,
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the risks for immune-related adverse events (especially for inducing PNDs as well as in the
setting of pre-existing PNDs) underscore the need to optimize patient selection and
improve clinical management before there can be widespread acceptance of checkpoint
inhibitor therapy in patients with TETs.

Introduction

Thymic epithelial tumors (TETs) include thymomas and
thymic carcinomas. The thymus plays a key role in im-
mune development by serving as the immune organ re-
sponsible for T cell development through positive and
negative selection. Thymomas possess dysregulated thymic
epithelial cell growth and thymic architecture, which re-
sults in aberrant T cell selection and gives rise to autoim-
munity and paraneoplastic disorders (PNDs). In this re-
view, we provide an overview of TETs, discuss the associa-
tion of thymoma with immune dysregulation and PNDs,
and discuss potential treatment strategies for TETs (both
thymoma and thymic carcinoma) with special consider-
ation of the immune milieu.

With an annual US incidence of 0.15 cases per
100,000, thymomas are the most common anterior
mediastinal neoplasm [1]. Most patients present be-
tween 40 and 60 years of age, with women and men
equally affected. In addition, no inherited, environ-
mental, or infectious risk factors for development of
thymoma have been identified [2]. Thymomas are
generally slow-growing tumors, the majority of which
can be surgically resected; however, patients that pres-
ent at an advanced stage or with relapsing disease
require the use of non-surgical approaches including
chemotherapy and/or radiation. Thymomas have a
high rate of immunologic PNDs. The initial

presentation for thymoma may be an incidental find-
ing of a mediastinal mass on imaging, or with symp-
toms of a localized mass such as cough, chest pain,
shortness of breath, phrenic nerve palsy, or symptoms
of thoracic outlet obstruction. However, up to one-
third of patients may present with autoimmune
symptoms, of which myasthenia gravis is the most
commonly associated [3]. Additionally, 95% of
thymomas lack thymic autoimmune regulator
(AIRE) expression and the majority have diminished
MHC class II expression, suggesting that disrupted T
cell development in thymoma plays a role in the
associated PNDs.

Thymic carcinomas are exceedingly rare, accounting
for only 0.06% of all thymic neoplasms. They may be
slightly more common in males than females, are gen-
erally more invasive than thymomas, and carry a poorer
prognosis. Thymic carcinomas feature marked cytologic
atypia and exhibit histopathologic features that are not
specific to the thymus, but rather consistent with extra-
thymic carcinomas [4]. Additionally, thymic carcinomas
do not general ly demonst ra te dysregula ted
thymopoiesis (the lymphocytes infiltrating the tumor
tend to bemature T and B cells) [5] and are uncommon-
ly associated with immunologic paraneoplastic
disorders.

Diagnosis and staging

Thymomas are histologically heterogeneous tumors. The World Health Orga-
nization (WHO) histopathologic classification system divides thymomas ac-
cording to epithelial cell origin and the lymphocyte–epithelial cell ratio. Type A
thymomas are cortical in origin and carry an excellent prognosis, followed by
type AB (mixed) thymomas. Type B thymomas [1–3] are medullary in origin
and carry the worst prognosis (Table 1) [7]. Of note, up to 50% of thymomas
have more than one histologic pattern [8]. In contrast, thymic carcinomas
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histologically resemble carcinomas that originate in other organs. Diagnosis is
dependent upon a comprehensive history and physical combinedwith imaging
and surgical resection if possible. Chest CT is the preferred imaging modality
followed by MRI; PET is generally not recommended unless there is a clinical
suspicion of occult disease. Complete tumor resection is the most consistent
factor in predicting overall survival and progression-free survival.

Non-surgical management is based on the stage of disease. Initially proposed
in 1981, the Masaoka staging classification system is the most commonly used
system. Stage of disease is based on the extent of tumor invasion at the time of
surgical resection (Table 1). It was originally applied to thymomas but has been
applied to TCs as well. In 2017, the American Joint Committee on Cancer (AJCC)
adopted the Tumor-Node-Metastasis (TNM) staging system for thymic malig-
nancies [9]. The AJCC’s adoption of the TNM system resulted from a retrospective
review of a worldwide database of over ten thousand cases conducted jointly by
the International Association for the Study of Lung Cancer (IASLC) Staging
Prognostic Factors Committee and the International Thymic Malignancy Interest
Group (ITMIG) [10••, 11]. The TNM system includes specific lymph node

Table 1. Masaoka staging and WHO classification

Masaoka staging system [6] WHO classification of thymomas [7]
Stage Diagnostic criteria Type Thymic architecture and epithelial cell content
Stage
I

Completely encapsulated without
microscopic capsular invasion

Type A Epithelial, spindle-shaped cells with few immature T
cells. Atypical variant has comedo-type tumor
necrosis and high mitotic count

Stage
II

1. Macroscopic invasion into
surrounding fatty tissue or
mediastinal pleura, or

2. Microscopic invasion into
capsule

Type AB Focal epithelial, spindle-shaped cells with abundant
immature T cells

Type B1 Thymus-like architecture with medullary islands ±
Hassall’s corpuscles. Few polygonal or dendritic
epithelial cells without clustering. Abundance of
immature T cells

Stage
III

Macroscopic invasion into
neighboring organs (i.e.,
pericardium, lung, vessels)

Type B2 Thymus-like architecture with Hassall’s corpuscles,
perivascular spaces, and medullary islands.
Increased numbers of single or clustered polygonal
or dendritic epithelial cells. Abundant immature T
cells

Stage
IV

a. Pleural or pericardial
dissemination or

b. Hematogenous metastasis or
lymphatic spread

Type B3 Thymus-like architecture with Hassall’s corpuscles and
perivascular spaces. Sheets of polygonal epithelial
cells with slight to moderate atypia. Few immature T
cells.

Micronodular
thymoma with
lymphoid
stroma

Nodules with spindle or oval epithelial cells in
background of lymphoid stroma

Metaplastic
thymoma

Solid area of epithelial cells surrounded by bland
spindle cells. Absence of immature T cells
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Table 2. Thymoma-associated immunologic paraneoplastic disorders

Autoimmune association Frequency Autoantigen(s) Associated thymoma
(WHO subtypes)

Neuromuscular

Myasthenia gravis 30–44% AChR**, titin; RyR?; IFN- ?, IL12? B1, B2, B3 9 AB 9 A

Neuromyotonia/Isaac’s syndrome ~ 3% VGKC** B2/B3, AB, NEC

Stiff person syndrome G 1% GAD65 ?

Rippling muscle disease G 1% Neuronal AChR*, RyR? B2

Morvan’s syndrome G 1% VGKC*, evtl. others? B2, B2/B3, B1

Autonomic neuropathy G 1% Neuronal AChR*, CRMP-5 NA

Sensory neuropathy G 1% Hu (NNA-1), CRMP-5 NA

Cranial nerve impairment G 1% CRMP-5, others? NA

Opso/myoclonus G 1% Unknown B1

(Poly-)myositis 1–5% Unknown, 50% RyR? B1, B2

Myocarditis G 1% VGKC; some RyR? B2, AB

Dermatomyositis G 1% Unknown B2

CNS-directed

Encephalitis (limbic and cortical) G 1% VGKC* CRMP3–4, –5; NNA-1 (Hu);
GAD65

A, B1, B2/B3

Cerebellar degeneration G 1% GAD65, CRMP-5, Hu A, AB

Hematologic

Pure red cell aplasia ~ 4% Probably BM progenitors, may be
T-cell or antibody mediated

AB 9 B2, B1 9 A, B3

Agranulocytosis G 1% A ≫ others?

Aplastic anemia G 1% A, B2

Hypogammaglobulinemia 5–20% Ditto B2 9 AB, B1, B3 9 A

Hemolytic anemia G 1% Unknown NA

Pernicious anemia G 1% Unknown NA

Endocrine

Hashimoto’s thyroiditis G 1% Tg, TPO B1, B2

Graves’ disease G 1% TSHR, Tg, TPO B2, likely others

Cushing’s syndrome ~ 1–2% Unknown NA

Panhypopituitarism G 1% Unknown NA

Addison’s disease G 1% Unknown B1

Hypoparathyroidism 2 cases Unknown NA

Type I diabetes G 1% Insulin*, GAD65 B1, B2, B3

Cutaneous

Paraneoplastic pemphigus G 1% Various members of the plakin
family**

A, AB, likely others

Pemph. vulgaris; foliaceus G 1% Desmoglein 1 and 3** A, AB, likely others

Alopecia areata, totalis 0.5–17% Unknown, T-cell mediated B1, B2, and B3

Ectodermal dystrophy 1 case Unknown B3
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involvement in staging hierarchy and is more applicable to thymic carcinomas,
which aremore likely to have lymph node involvement and/ormetastatic spread.
Universal adoption of the TNM system may further medical knowledge of these
rare tumors by allowing for direct comparison of studies.

Proposed mechanisms of autoimmunity in thymoma

A breakthrough in the understanding of the link between the thymus
and autoimmune disease occurred with discovery of the autoimmune
regulator (AIRE) gene [12]. Normal thymocyte development involves
both positive selection in the cortex, where only T cells with a function-
al T cell receptor survive, and negative selection in the medulla, where
interactions with medullary thymic epithelial cells (mTECs) eliminate T
cells that recognize self-antigens. Normal expression of AIRE in mTECs
allows developing thymocytes to be tolerized to thousands of tissue-
specific self-antigens (TSAs). Thymocytes whose T cell receptors bind
these TSAs with high affinity are deleted via apoptosis. AIRE also plays
a role in selection of a subset of T regulatory cells (Tregs). Thymocytes

Table 2. (Continued)

Autoimmune association Frequency Autoantigen(s) Associated thymoma
(WHO subtypes)

Gastrointestinal

Colitis G 1% Unknown A, likely others

Gastrointestinal dysmotility G 1% VGKC, neuronal AChR* B1, B3

Hepatitis G 1% Unknown B2

Renal

Minimal change 9 membranous 9
other glomerulonephritides

~1% nuclear autoantigens (NAA), DNA,
unknown

B2 9 AB 9 B3 often in
advanced stages

Systemic

Lupus erythematosus ~ 2% dsDNA, NAA B2 9 AB, A

Rheumatoid arthritis G 1% Not reported B1, B3

Systemic sclerosis G 1% Not reported A 9 AB

GVHD-like diseases G 1% Unknown A, B2, B3

Sjogren’s syndrome G 1% Not reported B1 (with LF)

Sarcoidosis G 1% Unknown A, B1

From [18], reprinted by permission of the publisher (Taylor & Francis Ltd., http://www.tandfonline.com). In many “historic” reports,
histological diversity of thymomas was not appreciated
AChR acetylcholine receptor, BM bone marrow, CRMP [1–5] collapsing response mediator protein [1–5], GAD glutamic acid decarboxylase, GVHD
graft-versus-host disease, LF lymphoid follicles, NEC neuroendocrine carcinoma, NNA-1 (= Hu) neuronal nuclear antigens, RyR ryanodine
receptor, StrA striational antigens, including titin, Tg thyroglobulin, TPO thyroid peroxidase, TSHR thyroid-stimulating hormone receptor, VGKC
voltage-gated potassium channel, NA information not available
?Possibly pathogenic
*Probably pathogenic
**Definitely pathogenic
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with an intermediate affinity for TSAs differentiate into Tregs [13, 14].
AIRE is also expressed by roughly 5% of thymic B cells, which may play
a role in negative selection in addition to mTECs [15••].

AIRE deficiency results in autoimmune polyglandular syndrome type
1 (APS-1), which is also called autoimmune polyendocrinopathy candi-
diasis ectodermal dystrophy (APECED). Patients with APS-1/APECED
produce T cells and antibodies that recognize TSAs due to failed nega-
tive selection. Clinically, these patients have early-onset autoimmune
endocrinopathies, mucocutaneous candidiasis, and ectodermal dysplasia.
Studies using AIRE-deficient mice have been instrumental in elucidating
the role of AIRE in central tolerance and the prevention of certain
autoimmune diseases [12].

Nevertheless, AIRE deficiency alone does not explain all of the auto-
immunity observed in individuals with thymoma. Although 95% of
thymoma patients have low or deficient AIRE expression in tumor cells,
they still exhibit preserved AIRE expression in lymph nodes and non-
neoplastic thymic tissue [7]. Additionally, thymoma patients exhibit
decreased MHC II expression, decreased Tregs, autoantibodies against
type I interferons, and abnormally high CD8+CD45RA+ T cells for age
[16, 17]. Importantly, the autoimmune symptoms common in thymoma
(Table 2) differ from those seen with APS-1/APECED. Similarly, APS-1/
APECED patients do not have the same autoantibody profile; AChR and
muscle autoantigens are rarely targeted by autoimmune responses in
patients with APS-1/APECED whereas thymoma patients rarely have
autoantibodies against certain cytokines (Il-17 and IL-22) or endocrine
organs. AIRE deficiency in APS-1/APECED illustrates the importance of
thymocyte, epithelial cell, and dendritic cell interactions in the mainte-
nance of immune tolerance.

Thymic architecture also plays a critical role in T cell development
and selection. Normal thymic architecture is essential to producing a
diverse CD4 and CD8 T cell receptor repertoire, generating T regulatory
cells, and eliminating autoreactive T cells. Mechanisms of autoimmune
disease in thymoma are not entirely clear, but central to several hypoth-
eses is the disruption of normal thymic architecture, which results in
dysregulated T cell development. The “escape hypothesis” posits that due
to the disorganized thymic tumor environment, thymocytes are not
subjected to passage through the medulla, and therefore “escape” nega-
tive selection [16]. The “genetic hypothesis” proposes that abnormal
thymopoiesis is caused predominantly by rapidly proliferating neoplastic
cells with a propensity for genetic abnormalities (such as impaired MHC
expression, thereby decreasing MHC-dependent TCR signaling and im-
paired positive selection) and increased autoreactivity [16]. Kisand et al.
propose a two-pronged process that accounts for autoimmunity in
APECED and thymoma. Part one, similar to the escape hypothesis, leads
to immature autoreactive T cells that escape negative selection in the
thymus and further evade peripheral tolerance mechanisms. Part 2 in-
volves the disrupted thymic architecture, which causes T cell autoimmu-
nization against AIRE-independent antigens including muscle, parathy-
roid antigens, type I interferons, and cytokines [19].
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Immunodeficiency and paraneoplastic immune complications in
thymoma

The association betweenmyasthenia gravis (MG) and thymoma is well-known.
However, several other immunologic PNDs have been associated with
thymoma (Table 2). Both cellular and combined (good syndrome) immuno-
deficiency states have been described in relation to thymoma. Though these
manifestations may be a presenting feature, they can also occur years after
thymectomy, even with surgical cure. It is likely that the disrupted thymic
architecture causes dysregulated development and selection of T cells that in
turn results in both autoimmunity and immunodeficiency.

Myasthenia gravis
With an annual incidence between 7 and 23 cases per one million persons, MG
is the most common neuromuscular junction transmission disorder. This
chronic autoimmune disease is characterized by immunologic attack of acetyl-
choline receptors (AChR) and/or receptor-associated proteins at the postsynap-
tic portion of the neuromuscular junction. Disruption of acetylcholine neuro-
transmission leads to symmetric muscle weakness and fatigue with repetitive
muscle contractions, typically of small muscles such as the ocular muscles. MG
has a bimodal age of onset where those with early-onset MG present in the
second and third decades of life and tend to be female, while those with late-
onset present in the fifth to eighth decades of life and tend to bemale. Up to 30–
50% of people with thymoma also have MG [20]. In comparison, 10–20% of
people with MG will develop a thymoma [21].

WHO type B thymomas tend to be most commonly associated with MG
[22]. Thymoma risk progressively increases based on the WHO thymoma
classification from type A to AB and then B [1–3]. There is conflicting data as
to whether patients with thymoma-associated MG (TAMG) have a better prog-
nosis compared to those without MG. Studies prior to the 1980s associate MG
with a poorer prognosis, whereas more recent studies report a better prognosis
[22]. This may be secondary to lead-time bias and patients seeking medical
attention earlier due to MG symptoms. Padda et al. evaluated the impact of
paraneoplastic/autoimmune syndromes (PN/AI) on survival using a large,
international retrospective database compiled by the International Thymic
Malignancy Interest Group [23••]. The study included 6670 patients with TETs
and known PN/AI status from 1951 to 2012 across multiple continents. Al-
though themedian follow-up time was less than 5 years, those withMG as well
as those with any PN/AI syndrome had improved overall survival (OS) and
lower cumulative incidence of recurrence. However, PN/AI status was not an
independent prognostic factor for recurrence-free survival (RFS) or for OS. This
discrepancy is explained by the fact that PN/AI status strongly associated with
other independent prognostic factors (i.e., favorable age at diagnosis, tumor
type, stage, and resection status), but beyond this association, PN/AI status
alone had no significant effect on RFS or on OS. The authors also found that
the group with a PN/AI syndrome in themost recent time period (from 1991 to
2012) had improved OS. This may be due to improved treatment as studies
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prior to the 1980s identify MG as portending a poorer OS.
Patients with TAMG produce multiple autoantibodies including anti-

bodies against the AChR, high titers to striated muscle antigens, titin,
skeletal muscle calcium release channel (ryanodine receptor [RyR]), type I
interferons, and voltage-gated potassium channels [18]. Conversely, there
are case reports of patients with seronegative TAMG [24, 25]. Among
patients with MG, thymic hyperplasia is more common than thymoma,
yet it is difficult to distinguish these on imaging. Romi et al. demonstrated
that the presence of antibodies to titin and/or RyR in a patient with MG is
suggestive of thymoma with a similar diagnostic sensitivity to chest CT [26].
Although patients with late-onset myasthenia gravis (after age 50) without
thymoma also have antibody titers to titin and RyR, their titers tend to be
lower than those observed in TAMG.

Thymectomy is considered first-line therapy in all cases of TAMG.
Presurgical administration of corticosteroids, IVIG, and plasmapheresis
can lower circulating autoantibody levels and mitigate risk of myasthenic
crisis. Thymectomy has also been shown to be beneficial for those with non-
thymomatous MG that have circulating anti-AChR antibodies [27]. First-
line medical management of thymoma-associated MG is similar to MG
without thymoma.

Pure red cell aplasia
Acquired pure red cell aplasia (PRCA) occurs in up to 5% of thymoma
cases. Other immune-mediated cytopenias including neutropenia, throm-
bocytopenia, and a case of pure white cell aplasia have been reported with
thymoma [28]. PRCA can be a presenting symptom or develop after
thymoma diagnosis. In a retrospective review of 146 thymectomy cases,
Moriyama et al. found that 8 patients (5.5%) had PRCA and 6 of those 8
patients developed PRCA following thymectomy [29]. Surgical resection
can lead to improvement of PRCA in nearly a third of patients, and both
tacrolimus and cyclosporine are effective as well. Hirokawa et al. reported
efficacy with cyclosporine treatment in 19/20 of patients with thymoma-
associated PRCA [30], but there are high rates of treatment-related com-
plications, notably pneumonia [29], and high rates of PRCA relapse if
therapy is stopped. Other medications, including corticosteroids and cy-
clophosphamide, have lower rates of transfusion-independent remission
[30].

Myositis and other autoimmune diseases
Many other autoimmune diseases are associated with thymoma
(Table 2). Inflammatory myositis occurs in up to 5% of thymoma
patients [31]. Systemic lupus erythematosus (SLE) is diagnosed in 2%
of thymoma cases [32]. Several cases of graft-versus-host-like disease
and multi-organ autoimmunity have been described [33–36].
Paraneoplastic pemphigus, while rare, is life-threatening. Improvement
after thymectomy is variable, but there are some reports of full remis-
sion [37–39]. Associated neurologic disorders other than MG include
limbic encephalitis and neuromyotonia syndromes (Isaac’s syndrome,
Morvan’s syndrome) [40].
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Good syndrome
Good syndrome (GS) includes a constellation of clinical symptoms and
immune alterations including hypogammaglobulinemia, near-absent cir-
culating peripheral B cells, reduced CD4 T cells, reversed CD4/CD8 T
cell ratio, and reduced T cell mitogen proliferative responses. Roughly
5–6% of thymoma patients have GS [31]. Conversely, up to 10% of
adults with hypogammaglobulinemia have a thymoma [41]. The medi-
an age of presentation for GS is similar to that of thymoma, and there
may be a slight predilection for females. Although patients may develop
immunodeficiency prior to or well after the diagnosis of thymoma (even
after surgical cure), in a review of 152 patients with GS, about 40% of
patients were diagnosed with both thymoma and immunodeficiency
within a time span of a few months. In this study, the most common
WHO type was AB (mixed cortical and medullary epithelial phenotype)
[42].

Hypogammaglobulinemia is a hallmark feature of GS. Similar to other
antibody deficiencies, the most common infections in GS are upper and
lower respiratory tract infections with encapsulated bacterial organisms.
Nevertheless, the prognosis for GS is worse than other antibody deficiencies
such as common variable immunodeficiency or x-linked agammaglobulin-
emia. This is presumably due to the concomitant CD4 T cell lymphopenia
and reduced T cell function, which results in a combined immunodeficiency
in GS patients. As a result, GS patients are at increased risk for multiple
opportunistic and viral infections, including infections with cytomegalovi-
rus (CMV), candida, herpes simplex, varicella zoster, and Pneumocystis
jirovecii [43, 44]. There are also rare cases of Mycobacterium tuberculosis
infections in GS patients [45]. As of yet, there is no biomarker to identify
the GS patients at highest risk for infections [44, 46]. In contrast to chronic
HIV infection, CD4 T cell counts and T cell proliferative responses to
mitogens do not consistently identify GS patients at risk for opportunistic
infections [47]. Some GS patients with absent peripheral B cells,
hypogammaglobulinemia, and CD4 lymphopenia exhibit no infections
[46]. Conversely, there are case reports of CMV infection in GS patients
with normal CD4 T cell counts and normal mitogen responses [33]. These
observations highlight the clinically important variability of the T cell
dysfunction and immune dysregulation in thymoma patients, and that the
underlying mechanisms for their predisposition to opportunistic infections
are poorly understood.

In GS, infection management includes immunoglobulin replacement
therapy. Kelesidis et al. found that 38% of patients had reduced incidence
of infections with immunoglobulin treatment. Decreased antibiotic use and
reduced hospital admissions are also associated with immunoglobulin
replacement therapy [42]. Additionally, thymoma patients without evi-
dence of hypogammaglobulinemia or GS should have periodic immune
laboratory studies (e.g., total immunoglobulin levels and T and B cell
subsets by flow cytometry), as the interval between diagnosis of thymoma
and that of GS can span years.

GS also has a high rate of comorbid autoimmune disease. Pure red cell
aplasia and myasthenia gravis are the two most commonly reported
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autoimmune diseases associated with GS. Up to 50% of people with GS
have chronic diarrhea, and up to 30% of patients have autoantibodies
despite near absent circulating B cells and hypogammaglobulinemia [42].
The immunodeficiency of GS does not remit with thymectomy (even with
surgical cure) or corticosteroid treatment. The risk for opportunistic and
sinopulmonary infections as well as the need for immunoglobulin replace-
ment therapy persist. Although the pathogenesis of GS is unclear, the
absence of circulating B cells and in particular mature B cells, combined
with the fact that red cell aplasia, lymphopenia, and impaired maturation of
myeloid and erythroid precursors are often seen in GS, suggests a defect in
the bone marrow and/or cytokines necessary for cell growth and matura-
tion. Another possibility is that aberrant “autoreactive” T cells are responsi-
ble. Two in vitro studies found that T cells from patients with thymoma
repress both pre-B cell maturation and immunoglobulin production in
healthy controls [48, 49].

Despite the high rate of immune-mediated PNDs, there are knowledge
gaps about the optimal management of these patients. Although progress
has been made in elucidating the mechanisms underlying thymoma-
associated PNDs, there remains a need to further define the epidemiology,
risk factors, and natural history of these diseases. A better understanding of
the pathogenesis of PNDs could lead to novel treatment strategies for both
thymomas and their immune complications.

Treatment strategies

The standard of care for thymic epithelial tumors (TETs) is complete surgical
resection and in some cases adjuvant radiotherapy [50, 51]. Approximately
30% of patients present at an advanced stage (stage III–IV based on the
Masaoka or ITMIG classifications) or have relapsing tumors, where systemic
chemotherapy or chemoradiotherapy is indicated [52]. Standard initial chemo-
therapy regimens include the use of anthracyclines and/or platinum-based
compounds [53]. The evidence supporting use of these regimens is based on
retrospective studies or phase II trials, with a dearth of randomized controlled
trials given the rarity of the disease. In the presence of positive margins and for
advanced stage disease, postoperative radiation may be recommended [54].
Following disease progression, targeted therapies have been evaluated but are
generally associated with modest response rates [55–57].

Checkpoint inhibitor immunotherapy
As the response to chemotherapy or other targeted therapies is frequently
unsatisfactory, especially for thymic carcinomas, more effective treatment strat-
egies are needed. Programmed death ligand (PD-L1) is a transmembrane
glycoprotein expressed by antigen-presenting cells and binds to the pro-
grammed death 1 (PD-1) receptor on the surface of T cells, thus leading to an
inhibitory signal that mediates immune tolerance [58]. PD-1/PD-L1 signaling
facilitates tumor progression by inhibiting anti-tumor T cell responses [59].
Blocking this PD-1/PD-L1 interaction with immune checkpoint inhibitors
(ICIs) has shown efficacy against a wide variety of malignancies by overcoming
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the evasion of immune surveillance mechanisms.
In many malignancies, higher levels of PD-L1 expression correlate with an

enhanced anti-tumor response to PD-1/PD-L1 checkpoint inhibition [60].
Several studies have evaluated the degree of PD-L1 staining of TETs using
immunohistochemistry [61, 62]. Despite variability in the antibody staining
methodologies used, studies have consistently demonstrated relatively abun-
dant PD-L1 expression in TETs. These findings support the potential clinical
efficacy of ICIs in TETs, especially as high PD-L1 levels may tend to be found in
the more aggressive or advanced TETs (type B2/B3 thymomas or thymic carci-
nomas) where the risk/benefit ratio of anti-PD-1/PD-L1 blockade could be
more favorable [63]. ICIs are not currently approved for treatment of TETs,
and their use has been approached with caution given that ICI treatment can
induce immune-related adverse events (irAEs). This is particularly prudent as
TET patients are already highly susceptible to developing autoimmune
disorders.

Several small studies using ICIs support the therapeutic efficacy of immu-
notherapy in TETs. A phase II trial by Giaccone et al. [64••] evaluated
pembrolizumab as a second-line treatment in 41 patients with thymic carcino-
ma. Forty evaluable patients without known autoimmune disease demonstrat-
ed a response rate of 22.5%, including 1 complete response. The median
duration of response was 22 months. In the 10 patients with high (9 50%)
tumor expression of PD-L1, 6 patients (60%) had a partial or complete re-
sponse (p = 0.12). However, there was a high rate of irAEs. Six patients (15%)
developed severe autoimmune toxicity (grades 3–4), including 2 patients (5%)
with myocarditis that required pacemaker implantation; another patient devel-
oped type I diabetes after treatment discontinuation. In this study, the 15%
incidence of grade 3–4 irAEs was higher than the overall incidence of 6.1% that
was reported in a meta-analysis of 46 studies representing 12,808 patients with
various cancers treated with anti-PD-1/PD-L1 therapy [65].

Another phase II trial by Cho et al. evaluated pembrolizumab in 33 TET
patients (26 with thymic carcinomas and 7 with thymomas) without active
autoimmune disease who had progressed following platinum-based chemo-
therapy [66]. The overall response rate (ORR) was 24.8%. In the 14 patients
(58.3%) whose tumor showed ≥ 50% PD-L1 immunostaining, the ORR was
35.7%, whereas no response was observed in the 10 patients with G 50% of PD-
L1 immunostaining (P = 0.034). Five out of 7 thymoma patients and 4 of 26
thymic carcinoma patients developed grade 3–4 irAEs after pembrolizumab
treatment. Hepatitis, myocarditis, myasthenia gravis, thyroiditis, glomerulone-
phritis, colitis, and subcutaneous myoclonus were some of the grade 3–4 irAEs
observed.

In a phase I trial, 7 patients with thymoma and 1 with thymic carcinoma
were treated with the PD-L1 inhibitor avelumab [67]. The 4 patients who
developed weakness and elevated CK levels were found to have preexisting
muscle AChR (mAChR) autoantibodies; no patient without mAChR antibodies
developed myositis (100% vs. 0%, p = 0.029) [68]. Peripheral blood mononu-
clear cells collected prior to initiation of avelumab therapy revealed lower B cell
frequencies in the patients who developedmyositis and in the one patient who
developed enteritis. The authors speculate that since mAChR autoantibody
levels did not increase with myositis, mAChR autoantibody levels were more
likely to be a marker of preexisting autoimmunity rather than a direct cause of
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muscle damage inmyositis. Although patient numbers in this study are limited,
these observations suggest that mAChR autoantibodies and/or B cell levels may
serve as biomarkers that could help identify thymoma patients who may be at
risk for developing myositis with avelumab. Further studies are needed, but
utilizing biomarkers to minimize the potential for adverse autoimmune reac-
tions and identify patients most likely to derive treatment benefit may enable
the optimal use of ICIs in TETs [69].

In these phase I and phase II studies, only a subset of patients demonstrated
a sustained clinical response on immune checkpoint inhibitors, and hence
combinatorial strategies are being considered. TETs have been evaluated for
the expression of other immune costimulatory and coinhibitory markers that
could be therapeutically targeted. Targeting TIM-3 in combination with anti-
PD-1/PD-L1 blockade has been thought to be potentially synergistic, and TIM-3
was found to be expressed at moderate to high levels in most TETs [63].
Moderate to high expression of other potential therapeutic targets was found
in TETs, including CTLA-4 (52%), GITR (52%), ICOS (48%), and CD137
(54%).

The pathobiology of PNDs in thymic malignancies provides a fascinating
perspective on the genesis of autoimmunity, and many unanswered questions
remain. Novel approaches are needed for the treatment of advanced TETs given
the poor response to conventional chemotherapy. Immunotherapies such as
checkpoint inhibition hold promise, but there are safety concerns about the
high rate of grade 3–4 irAEs, which is higher in patients with TETs than other
malignancies. A better understanding of the immune mechanisms driving
thymic PNDs could mitigate the immune-related adverse events that compli-
cate immune checkpoint inhibitor-based approaches.
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