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Objective: This study aimed to provide an extensive overview of clinical and pathological findings along with
various therapeutic options analyzing in addiction, retrospectively, the surgical outcomes of a single center cohort.
Background: Thymic neoplasms are rare thoracic tumors which commonly are located in the anterior
mediastinum and are associated with a wide spectrum of clinical presentations. They may run an indolent
course or could present a very aggressive biologic progression with infiltration of mediastinal structures
and presence of distant metastases. The pathogenesis of these tumors is so far not completely clear. Several
treatment modalities in a multidisciplinary setting have to be considered in order to provide the best
treatment for patients affected by thymic tumors.

Methods: We conducted a retrospective cohort analysis of all patients who underwent surgery due to
thymic tumor in a university hospital located in Switzerland (Bern University Hospital) and then we
performed a narrative review of the English literature using PubMed, Embase, Cochrane Database of
Systematic Reviews and Scopus.

Conclusions: Minimally invasive techniques play an important role in the treatment of thymic tumors. A
careful patients selection in a multidisciplinary setting is mandatory in order to offer the best treatment for

patients affected by thymic tumors.
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Introduction

Thymic tumors are rare neoplasms that arise from the
anterior mediastinum. Characteristic feature of these
tumors is the clinical and pathologic wide spectrum ranging
from well encapsulated tumors with a benign course to
highly invasive and aggressive ones. They usually occur in
the fourth to sixth decade of life accounting for 0.2-1.6% of
all malignant tumors (1-3).

The classification of thymic tumors has represented a
big challenge and indeed different pathologic classifications
have been developed and published over the years (2).

In 1981, Masaoka et al. published a new classification
to assign the patients to one of four clinical stages (4). A
later adaptation made by Koga er 4/. in 1994 resulted in the
widely accepted Masaoka-Koga staging system (5).

The 8th edition of the TNM classification of malignant
tumors published in 2017 included for the first time
an official staging system for thymic tumors based on a
proposal of the International Association for the Study
of Lung Cancer (IASLC) and the International Thymic
Malignancy Interest Group (ITMIG) (6,7).

However, the Masaoka-Koga classification along with
the WHO histologic classification are the most widely
used classification systems for thymic tumors, representing
a useful reference for surgeons, oncologists and radiation
oncologists (8).

The treatment’s cornerstone of thymic tumors is the
patients selection, based on a multidisciplinary approach.

For patients who are suitable for surgery, an important
prognostic factor is the radicality.

For years, an open surgical approach was considered
the gold standard but nowadays several minimal invasive
approaches can be used by experienced surgeon with good
outcomes.

We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/gs-21-517).

Methods

We conducted a retrospective cohort analysis of all patients
who underwent surgery due to thymic tumor. We analyzed
clinical and patient outcomes. The retrospective analysis
was approved by institutional board and individual consent
was waived.

In the discussion session we conducted a narrative
literature review using PubMed, Embase, Cochrane
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Database of Systematic Reviews and Scopus. Studies
examining thymic tumors were identified combining the
terms: “thymus”, “thymic tumors”, “thymoma” as well
as “thymic malignancies” as either keywords or MeSH
terms for articles in English language. Relevant papers
and linked articles published between 1970 and 2021 were
included and screened. Due to the narrative design of the
review a certain subjectivity in choice of studies included is

likely.

Statistical analysis

Continuous variables are reported as mean in normally
distributed data; discrete variables are reported as numbers
and percentage. All data were de-identified with a
sequentially-generated study identification code, encrypted,
and transferred to the central Lucerne site for analysis.
SPSS 25.0 (www.ibm.com) was used for statistical analysis.

Results
Single center demographics and outcomes

The single center experience of the thoracic surgery
department of the University of Bern, Switzerland,
confirms the feasibility and safety of minimally invasive
techniques. Out of a total of 104 resections for anterior
mediastinal tumors performed between January 2010 and
December 2020, 77.9% (n=81) were done by minimally
invasive surgery and all of these procedures were done
using the daVinci robotic platform. Tumor resection via
median sternotomy was performed in 22 patients (21.1%)
and mainly for thymic carcinoma (n=3; 2.86%) or large
thymomas (n=17; size range, 4.8-23 cm). Hemiclamshell
was performed in 1 patient (1%) with a large tumor
invading the right hemithorax. Histology showed benign
lesions in 41.3% (n=43), thymoma in 51% (n=53), and
thymic carcinoma in 3.8% (n=4) of patients. Additionally,
histology revealed a teratoma in 2.9% (n=3) and lymphoma
in 1% (n=1) of patients. The daVinci platform was used for
tumors with a size ranging from 1.5 to 9 cm and median
LOS of these patients was 3.2 days (range, 2-12 days).
On the other hand, mean LOS of patients operated using
transsternal approach was 9.9 days (range, 4-33 days). The
last group had a higher rate of postoperative complications
requiring therapy, 4.8% (n=5) for minimally invasive vs.
9.6% (n=10) for transsternal.

The main complications included bleeding (n=2),
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pneumonia (n=2), chylothorax (n=1); myasthenic crisis
(n=1), pericardial effusion (n=2), intestinal perforation (n=2),
surgical site infection (n=2), urosepsis (n=1) and phrenic
nerve paralysis (n=2).

In patients with thymoma, Masaoka tumor stages were
I in 22 patients (42%), Ila in 19 patients (35.6%), IIb in
7 patients (13.2%), III in 3 patients (5.6%) and IVa in
2 patients (3.6%).

After a mean follow-up of 44 months (range, 1-
108 months), n=4 patients with thymoma showed
recurrence, 3 were treated via a transsternal approach and
only 1 was treated using the daVinci platform. In the group
with thymic carcinoma 1 patient showed pleural recurrence
after 14 months and was treated by minimally invasive
resection of the recurrence sites.

Five patients have died during follow-up, only 1 of them
due to tumor progression.

Discussion
Clinical findings

Most thymic tumors, just like several mediastinal masses,
are asymptomatic and are discovered as incidental findings
in chest radiography or computed tomography (CT).
Furthermore, in the specific, a CT scan with IV contrast
provides essential information about the size, location,
tissue consistency and involvement of other structures.

PET/CT is not considered a standard in the diagnostic
pathways except to rule out extrathoracic metastases even
though if some authors consider it very useful as diagnostic
tool (9-11). It’s generally agreed that benign tumors are
more often asymptomatic than malignant counterparts (12).
The most common symptoms, although nonspecific, are
chest pain, cough and dyspnea. If the tumor invaded or
compressed adjacent organs or structures could cause
several symptoms like stridor, dysphagia, superior vena cava
syndrome, hoarseness or hemoptysis.

Pleural or pericardial effusions as well as spontaneous
tumor rupture have been rarely observed (13,14).

Pathology

Thymic tumours have been traditionally a difficult topic
for both residents and staff. The classification of this kind
of tumors has been challenged by the mixture of epithelial
and hematologic components that involves two different
embryological germ layers in the embryology (ectoderm
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and mesoderm). The 4th edition [2015], now recently
revised [2021] classification of thymic tumors comprises
categories based on what the tumor cells are identified
under a microscope. Three Latin letters (A, B, and C) are
used with some subtyping and combination. In type A
thymoma, which is also known as spindle cell thymoma or
medullary thymoma. There is a spindle cell morphology,
which is quite different from the round or ovoidal cytology
found in the B and C neoplasms. There is a good recovery
for people with type A thymoma and nearly 100% of people
with this type live at least 15 years after diagnosis.

The atypical type A thymoma variant was introduced in
the 4th edition of the classification of thymic tumors. This
variant shows hypercellularity, increased mitotic activity,
and evidence of necrosis. Type B thymoma is characterized
by a bioreactivity and looks like thymus of fetal and
infantile appearance. There are three subcategories,
including B1 through B3. The B1 subtype is also known as
lymphocyte rich and looks like normal functional thymus. It
demonstrates combining large areas having normal thymic
cortical areas with areas showing thymic medulla.

Substantially, in B1 there is a thymus-like architecture
and cytology with copious immature T cells, areas of
medullary differentiation (the so-called “medullary islands”),
and scattered polygonal or dendritic epithelial cells without
clustering (i.e., <3 contiguous epithelial cells).

In the B2 subtype, or cortical type, the neoplastic
epithelial component is highlighted as scattered plump cells.
They are identified harbouring vesicular nuclei and distinct
nucleoli. There is impressive component of lymphocytes.
Perivascular spaces are quite common to be identified.
Substantially, increased single or clustered polygonal cells
or dendritic epithelial cells intermingled with immature
T cells are seen. Finally, the B3 subtype or lymphocyte-
poor subtype, shows epithelial cells with round/polygonal
cytology. Mild atypia is encountered. Atypia is mixed with
a minor component of lymphocytes. At places, foci of
squamous metaplasia and perivascular spaces are identified.
Substantially, in B3 there are sheets of polygonal slightly
to moderately atypical epithelial cells with rare or absent
intercellular bridges, and scattered or no intermingled
TdT+T cells.

Thymic carcinoma are unencapsulated tumors with no
internal fibrous septation and characterized histologically as
cohesive cells with regular round or oval nuclear outlines,
eosinophilic prominent nucleoli, and geographic necrosis.
There are commonly foci of medullary differentiation,
some aberrant or abortive Hassall corpuscles, rosettes,
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and gland-like spaces, without perivascular spaces. In
the keratinizing variant intercellular bridges and keratin
pearls are seen. In the non-keratinizing variant angular
nests of atypical squamous cells in desmoplastic stroma are
identified. There is no evidence of intercellular bridges,
eosinophilic cytoplasm, or keratin pearls in the non-
keratinizing variant.

The immunohistochemistry plays a major role in the
classification of thymic tumors. Cytokeratins, or keratins
as they are now labelled, are intermediate filaments of the
cytoskeleton and are found in epithelial cells of normal
thymus, thymomas A, thymic carcinomas, neuroendocrine
tumors, germ cell tumors, dendritic cell tumors, and very
rarely sarcomas. Also they can be seen in metastases to the
mediastinum. The keratin 19 is seen in epithelial cells of
normal thymus, thymomas A, and thymic carcinomas. The
keratin 20 is seen in normal thymus and thymomas. Also it
is positive in rare thymic adenocarcinomas, teratomas, or,
even, metastases. P63 or tumor protein p63 is a member
of the p53 family of transcription factors. In mice knocked
out for p63 (p63—/— mice) there are several developmental
defects which include the lack of limbs and other tissues,
such as mammary glands and teeth. The antigen P63
is found in the nuclei of normal and neoplastic thymic
epithelial cells, primary mediastinal large B-cell lymphoma,
and, of course, squamous epithelial cells (e.g., in teratoma,
metastasis), P40 is an isoform of P63. The antibody p40,
which identifies ANp63, has been available for numerous
years but its use for distinction of squamous cell carcinoma
of the lung and adenocarcinoma has been only recently
highlighted. P40 is consistently expressed in squamous
cell carcinoma. In thymus, P40 is positive in the nuclei of
normal and neoplastic thymic epithelial cells, and squamous
epithelial cells (e.g., in teratoma, metastasis). TdT or
terminal deoxynucleotidyl transferase is a nuclear DNA
polymerase present in thymic and small number of bone
marrow cortical lymphocytes. TdT determines the catalysis
of the addition of deoxynucleotides to 3' OH ends of
oligonucleotides or polydeoxynucleotides, carries out DNA
synthesis using only single-stranded DNA as the nucleic
acid substrate, and is absent in fetal liver hematopoietic stem
cells. TdT is the classic (nuclear stain) marker of B or T cell
acute lymphoblastic leukemia/lymphoma. TdT is present in
the immature T cells of normal thymus, almost all (>90%)
of thymomas, and neoplastic T cells of T lymphoblastic
lymphoma. The cluster differentiation 5 or CD5 is a marker
for Immature and mature T cells of thymus and is present
in more than 90% of thymomas, neoplastic T cells of many
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T lymphoblastic lymphomas, as well as epithelial cells in
about two-thirds of thymic carcinomas. The B lymphocyte
marker, CD20 is present in normal and neoplastic B cells,
epithelial cells in 50% of cases of type A thymoma, and
about 50% of the AB thymoma. Finally, c-kit or CD117 is
found in the epithelial cells in 80% of thymic carcinomas, as
well as neoplastic cells in most seminomas, which can occur
in the mediastinum.

The differential diagnosis of thymomas includes Burkitt
lymphoma, which shows obviously a different nuclear
histology, Castleman disease, which is usually not located
in thymus, “onion skinning” pattern by lymphocytes, some
fibrohyaline or plasma cell subtypes, and lymphoblastic
lymphoma, which harbors similar staining as thymomas but
they are negative for keratin. Thus, it is important to stain
for keratins for tumors of the mediastinum even the flow
cytometry is indicative of lymphoblastic lymphoma. Also, it
is important not to over- or misinterpret as thymomas some
lymphoblastic lymphomas with scattered positive staining
of trapped epithelial cells. Thymic lymphoid hyperplasia is
characterized by normal cortical and medullary glandular
distinction, which is maintained, well-formed germinal
centers, and there is no evidence of a tumor-forming
mass (15).

There are numerous genetic, transcriptomic, and
epigenetic studies that have addressed the distinction of
thymic carcinomas from thymomas. Thymic carcinomas
harbor mutations of expression profiles of anti-apoptotic
genes, methylation patterns, and epigenetic regulatory genes
that distinguish them from thymomas. The identification
of point mutations in the GTF2I oncogene in all major
thymoma subtypes and thymic carcinomas characterize
this cohort of thoracic tumors. GTF2I oncogene is a
protein that in humans is encoded by the GTF2I gene.
This gene encodes a phosphoprotein with roles in
transcription and signal transduction and is deleted in
Williams-Beuren syndrome, a multisystem developmental
disorder caused by the deletion of contiguous genes at
chromosome 7q11.23.

Thymic epithelial tumors (TETs) frequently associate
paraneoplastic syndromes:

(I)  Myasthenia gravis (MG);

(II) Pure autoimmune red cell aplasia;

(III) Hypogammaglobulinemia.

MG

One of the most common paraneoplastic disease associated
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with thymic abnormalities is MG. About 70-80% of
patients with MG have thymic hyperplasia or thymoma
but, even rare, few cases of thymus carcinoma have been
reported (16,17).

MG is a heterogeneous neuromuscular disease caused
by an autoimmune mediated response against post synaptic
nicotinic acetylcholine receptors (AChRs) preventing their
activation at the neuromuscular junction.

The exact pathophysiologic mechanisms that trigger
the AChRs antibodies production are not clear so far.
Probably in some patients, auto-reactive T cells can recruit
AChR-responsive B cells, stimulating the production
of pathogenic anti AChR antibodies. As consequence,
the decreased number of functional receptors causes a
reduced neuromuscular transmission (18). The
primum movens of the T cells dysregulation remains
unclear, although Epstein-Barr virus infection has been
postulated (19).

Twenty percent of patients with MG present only
antibodies against muscle specific tyrosine kinase (MuSK),
a subset of immunoglobulin G4. Up to 50% of patients
with AChR and MuSK negative antibodies present anti-
low-density lipoprotein receptor-related protein 4 (Lrp4)
antibodies, an immunoglobulin G1 subclass which inhibits
the binding of their target with agrin, a protein which
plays a central role in the function of the neuromuscular
junction (2).

MG is clinically characterized by a pattern of weakness
with a fluctuating course leading to period of exacerbation
and period of remission. In most cases, weakness involves
extraocular muscles (ptosis, double vision), bulbar muscles
(impaired chewing, swallowing and speaking), facial and
respiratory muscles (breathlessness up to ventilatory
insufficiency) or extremity muscles.

A dreaded complication of MG is the myasthenic crisis,
often requiring admission to an intensive care unit and
ventilatory support but despite that it could bring along a
significant mortality.

The diagnosis of MG is based on the detection
of myasthenic antibodies in the serum along with
electrophysiological tests such as single-fiber
electromyography (SFEMG) and by repetitive nerve
stimulation (RNS). Inhibition of acetylcholinesterase
(AChE) with pyridostigmine or ice pack test, which
normally ameliorates the symptoms, have been routinely
applied.

Next diagnostic step after the diagnosis of MG, should be
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a CT scan of the chest in order to detect a possible thymic
hyperplasia or tumors. In case suspected thymic mass, a
biopsy should be avoided due to the risk of exacerbating the
disease.

Other paraneoplastic diseases

Paraneoplastic syndromes may precede the presentation
of a thymic tumor, can be diagnosed together with it, or
may occur after treatment (with or without evidence of
tumor recurrence). The disrupted thymic architecture as
well as the decreased or lacking expression of autoimmune
regulator (AIRE) and major histocompatibility complex
(MHC) Class 1I, leading to an abnormal T-cell maturation,
is thought to be the pathogenetic mechanism beyond
the development of the thymic autoimmune-mediated
paraneoplastic disorders.

The epidemiology of paraneoplastic syndromes
associated with thymic tumors varies n the literature.
While MG is the most common one, a wide range of other
autoimmune paraneoplastic diseases has been reported.
Among them common findings are pure red cell aplasia
(PRCA) and hypogammaglobulinemia (20,21).

PRCA is an isolated hyporegenerative, normochromic,
normocytic anemia in the presence of normal white
cell and platelet counts due to a selective autoimmune-
mediated aplasia of erythroblasts in otherwise normal bone
marrow (22). This paraneoplastic disorder occurs in 5% to 7%
of patients with thymic tumors and is more common in older
women (23).

Hypogammaglobulinemia is found in ca 5-20% of
patients with thymic tumors (20). When associated with
thymoma it is also designated as Good’s Syndrome and
the clinical manifestation is typically an adult-onset
immunodeficiency causing susceptibility to bacterial, viral,
fungal and other opportunistic infections. Good’s Syndrome
includes not just hypogammaglobulinemia, but also a
reduction of peripheral B-cells, CD4" lymphopenia with
reversed CD4/CDS8 ratio. It might have a worse prognosis
and a higher mortality than most other immunodeficiencies
in adults (e.g., CVID) (24).

Several other paraneoplastic syndromes have been described
in the context of thymic tumors related to cardiovascular,
neurological, gastrointestinal, endocrine, dermatological, or
systemic disorders. Even though not one of the most common,
peculiar for thymic tumors in particular for thymomas is the
syndrome of thymoma-associated multiorgan autoimmunity
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(TAMA). This disorder, similar to a graft-versus-host
disease (GVHD), is T-cell mediated and involves mostly
skin, gastrointestinal tract and thyroid gland. Typical
clinical manifestations are morbilliform skin eruption,
erythroderma and mucosal erosions, chronic diarrhea and
liver enzyme alterations as well as autoimmune thyroiditis

(23-26).

Surgical management

Indications for thymectomy

Thymectomy (i.e., surgical resection of the thymus gland)
is generally indicated for the treatment of patients with
thymic tumors or nonthymomatous MG. Thymic tumors
primarily include thymoma, thymic carcinoma, and thymic
neuroendocrine (carcinoid) tumors. Thymic cysts are benign
lesions and only require resection if causing symptoms,
usually due to compression of adjacent structures, or
if imaging reveals a solid component suspicious of
malignancy. Similarly, thymic hyperplasia only requires
resection in the presence of paraneoplastic symptoms.
Regarding the surgical management of nonthymomatous
MG, thymectomy is usually reserved for patients who are
less than 60 years of age and have either anti-acetylcholine-
receptor antibodies or seronegative MG.

Preoperative imaging assessment is paramount to
determine potential resectability of thymic tumors. This
is typically performed with a computed tomography (CT)
of the chest with contrast, which can demonstrate the
characteristics of thymic tumors and extent of infiltration
of surrounding structures. In this context, it is important
to determine if there is an intact thymic capsule or if the
tumor extends into mediastinal fat or pleura. Furthermore,
it is critical to assess the fat planes separating the tumor
from major intrathoracic structures, as disruption of normal
tissue planes may suggest infiltration of these structures.

It is worth noting that on particular occasions, surgical
resection of anterior mediastinal masses without
pre-operative tissue diagnosis is justified to prevent biopsy-
associated tumor seeding.

The typical case is the adult patient with a resectable
tumor and without other imaging abnormalities or systemic
symptoms of lymphoma. In such cases, the potential risk
of resecting a lymphoma is favored over the likelihood of
worsening the prognosis of a thymoma.

There are currently no consensus guidelines for
indicating whether a thymic tumor is unresectable. In a
retrospective review of CT scans of 133 patients (60.2% with
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Masaoka stage I or II thymoma and 39.8% with Masaoka
stage III or IV thymoma) who underwent thymectomy,
17.3% had an incomplete surgical resection (27).
The preoperative CT characteristics that significantly
correlated with an incomplete surgical resection included
a lobulated tumor contour, greater than or equal to 50%
abutment of the circumference of an adjacent vessel,
thoracic lymphadenopathy, adjacent lung changes and
pleural nodularity. The mean tumor size was significantly
larger in the incompletely compared to the completely
resected groups (9.7 vs. 6.9 cm). Another retrospective
review of CT scans of 99 patients with surgically treated
thymoma showed that tumor size greater than or equal
to 7 c¢m, lobulated tumor contour, and infiltration of
surrounding fat were significantly associated with Masaoka
stage III or IV disease, thereby indicating potential
benefit from neoadjuvant therapy for tumors with such
characteristics (28).

Surgical techniques

After a thymic tumor has been deemed amenable to
complete resection, the thoracic surgeon must decide the
optimal approach. This is usually dictated by the extent of
the tumor, invasion of nearby structures, previous thoracic
surgery or radiation therapy, patient preferences, and local
expertise. Three basic approaches have been widely used
for thymectomy: transsternal, transcervical, and minimally
invasive.

Transsternal thymectomy is performed via a median
sternotomy. It has been considered the standard approach
for thymectomy because it provides excellent exposure of
the anterior mediastinum, including the thymus, and allows
exploration of the neck for complete removal of potentially
ectopic thymic tissue. Transsternal thymectomy can also be
combined with a transcervical approach.

Transcervical thymectomy is a less radical surgical
approach that involves a transverse curvilinear neck
incision. This approach has been associated with smaller
scars, avoidance of thoracostomy tubes, less postoperative
pain, and shorter hospitalizations (29,30). However,
it is unsuitable for patients who cannot extend their
necks. Reported rates of conversion to a transsternal or
thoracoscopic approach range from 0% to 19% (30-32).
Although it has been argued that the transcervical approach
may not expose the thymus in its entirety, thus increasing
the risk of incomplete resection, several studies have
reported comparable clinical results with transsternal
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thymectomy for patients with MG (30-34).

Minimally invasive thymectomy, which includes
video- and robotic-assisted thoracoscopic surgery, can be
performed through small incisions for port placement on
the right or left side of the chest. Recently, subxiphoid
uniportal video-assisted thoracoscopic thymectomy has
been also reported by an increasing number of authors
(35,36). Robotic-assisted thoracoscopic surgery has the
advantage of enhanced vision with three-dimensional or
magnified views, reduced tissue trauma (due to use of
smaller-diameter instruments and reduced levering against
ribs), and improved dissection in small spaces. However,
it lacks haptic feedback for the surgeon, a feature that is
provided by video-assisted thoracoscopic surgery (37).
Minimally invasive techniques are usually reserved for stage
I or II thymomas, thymic carcinomas less than 3 cm in
greatest dimension, and nonthymomatous MG. However,
skills improvement may cause an extension of indications
in the future. Minimally invasive thymectomy has been
associated with low postoperative morbidity and mortality
(38-41). Conversion rates to open thymectomy vary in
different studies from 0% to 7% (41-44).

Since the introduction of minimally invasive techniques,
there have been spirited discussions regarding the optimal
surgical approach. Several meta-analyses have now
compared open thymectomy with minimally invasive
techniques (45-48). The results indicate that minimally
invasive thymectomy is safe, can achieve oncologic
outcomes similar to those of open thymectomy and is
associated with less morbidity and shorter length of
hospital stay.

In a study of 429 patients undergoing robotic or
transsternal thymectomy, 100 patients were selected for
propensity-matched analysis for each group (49). Robotic
thymectomy demonstrated lower incidence of postoperative
complications and shorter length of stay (LOS), while long-
term oncologic outcomes were comparable between the two
approaches. Nevertheless, until results from prospective,
randomized trials are available, the debate between open
and minimally invasive thymectomy is likely to continue.
Regardless of surgical approach, complete resection of
a thymic tumor is considered one of the most important
prognostic factors and is correlated with prolonged
disease-free and overall survival (50-54). To that end, total
(extended) thymectomy has been traditionally used to
maximize resection of thymic tissue. This involves complete
resection of the thymus with removal of all adipose tissue
lying anterior to the pericardium, from the thyrothymic
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ligament to the diaphragm and between the phrenic nerves.
A total thymectomy also includes the anterior thymic region
lymph nodes (N1), as defined in the Thymic Epithelial
Tumors Staging Project by the International Thymic
Malignancy Interest Group, the International Association
for the Study of Lung Cancer and IALSC (55,56). Systemic
sampling of deep thymic region lymph nodes (N2) is
recommended for thymic carcinomas and for thymomas
with invasion of mediastinal structures. A phrenic nerve
infiltrated by the tumor can be sacrificed; however, in
myasthenic patients, this approach can lead to significant
respiratory compromise and is best avoided. If both phrenic
nerves are involved, the surgeon must ensure preservation
of at least one of those. In cases where pericardium, lung,
brachiocephalic vein, superior vena cava, or chest wall are
involved, the tumor is removed en bloc with the infiltrated
structures.

The role of partial thymectomy in the treatment of
patients with Masaoka stage I or II thymoma and without
MG has been an issue of debate. Retrospective series
comparing the oncologic outcomes of partial versus total
thymectomy have shown no significant differences in
survival, recurrence, or subsequent development of MG
(57-59). However, large, prospective studies with long
follow-up periods are warranted to establish partial
thymectomy as a valid treatment of early-stage thymoma in
non-myasthenic patients.

When surgery alone is not sufficient it is necessary a
multimodal approach that integrates surgery, radiotherapy
and systemic treatments.

Systemic treatment

Chemotherapy
Platinum-based chemotherapy represents the standard first
line treatment for TET patients with unresectable disease
or who progress after surgery and radiotherapy. The overall
response rate (ORR) ranged from 50% with cisplatin and
etoposide (PE) combination, to 75% and 92% with the PAC
(cisplatin, doxorubicin and cyclophosphamide) and ADOC
(cisplatin, doxorubicin, cyclophosphamide and vincristine)
regimens, respectively (60-62).

Carboplatin and paclitaxel regimen was evaluated in 21
thymomas and 23 thymic carcinomas (63,64).

After progression to first line therapy, some patients
are candidates for second-line treatment with single agent
chemotherapy, such as pemetrexed or ifosfamide, achieving

ORR of 20-40% (65-67).
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Table 1 Chemotherapy regimens in TETs
Study N  Treatment ORR DCR mPFS mOS
Loehreretal.,, 1994 30 Cisplatin, doxorubicin, 50% 75% - 37.7 mo

cyclophosphamide

Fornasiero et al., 37 Doxorubicin, cisplatin, 92% 97% - 15 mo
1991 vincristine, cyclophosphamide
Giaccone et al., 16 Cisplatin, etoposide 60% 94% 26 mo (NR) 51 mo (NR)
1996
Highley et al.,, 1999 15 Ifosfamide 46% - - -
Loehrer et al., 2001 28 Etoposide, ifosfamide, cisplatin T: 35%; TC: 35% 92% - 31.6 mo
Grassinetal., 2010 16 Etoposide, ifosfamide, cisplatin 25% 100% - -
Lemmaet al., 2008 44 Carboplatin, paclitaxel T: 43%; TC: 21.7% T: 90%; TC: 73% T: 16.7 mo; TC: 5.0 mo T: —; TC: 20.0 mo
Loehrer et al., 2006 27 Pemetrexed T: 25%; TC: 9% - - -
Palmieri et al., 2014 30 Capecitabine, gemcitabine T: 36%; TC: 38% 90% T: 11 mo; TC: 6 mo -

TETs, thymic epithelial tumors; ORR, overall response rate; mo, months; mPFS, median progression free survival; mOS, median overall

survival; NR, not reached; T, thymoma; TC, thymic carcinoma.

The most recent study is a multicenter phase II trial
to assess activity of the combination of capecitabine
and gemcitabine that enrolled 12 thymomas and 3
thymic carcinomas who progressed to a first line of
chemotherapy: 40% of patients achieved an objective response
(68,69).

Data available derive from prospective phase II
trials or retrospective analyses and are summarized in

Table 1 (70).

New target therapies

Some promising data have been reported on the activity
of new target therapies, including anti-angiogenic drugs,
cyclin dependent kinases and PI3K/mTOR inhibitors and
immunotherapy.

C-Kit overexpression has been reported in 50-80% of
thymic carcinomas, however, it is rare in thymomas. In two
small phase II trials testing the c-Kit inhibitor imatinib
in unselected TETs patients, no response were reported
(71-73).

Activating mutations in epidermal growth factor receptor
(EGFR) gene are very rare in TETs and anti EGFR drugs
(i.e., gefitinib, erlotinib and cetuximab) showed very limited
activity (74-76).

VEGF-A and VEGFR-1 and -2 overexpression has
been described in TETs. Sunitinib, an anti-angiogenic
multikinase inhibitor, was tested in patients with thymic
carcinomas and thymomas. ORR was 26% in the thymic

© Gland Surgery. All rights reserved.

carcinoma cohort and 6% in the thymoma cohort (77).
Sunitinib is currently in the NCCN guidelines for the
treatment of patients with thymic carcinoma who have
progressed after chemotherapy. In the phase I REMORA
trial the efficacy of anti-angiogenic drugs in patients
with advanced thymic carcinomas was confirmed (78,79).
These results suggest that Lenvatinib could become a
standard treatment option for patients with previously
treated advanced or metastatic thymic carcinoma. In the
RELEVANT trial, a single-arm phase II study, the activity
and safety of ramucirumab, an anti-VEGFR2 monoclonal
antibody, combined with paclitaxel and carboplatin were
tested in first line treatment of patients with thymoma B3
or thymic carcinoma (80).

Alterations of the PI3K/AKT/mTOR pathway are
involved in the pathogenesis of TETs. The activity of
everolimus was tested, in a single-arm phase II trial, in
50 patients with TETs, previously treated with cisplatin-
containing regimens (81). The disease control rate (DCR)
was 88% and the median PFS was 10 months.

The efficacy of the anti-PD-1, pembrolizumab, has been
evaluated in 40 heavily pretreated patients with thymic
carcinoma (82). The median follow-up was 20 months.
The proportion of patients who achieved a response was
22.5%. PFS of patients with high PD-L1 expression
were longer than those with low or no PD-L1 expression
(24 vs. 2.9 months, respectively). Six (15%) patients developed
severe autoimmune toxicity, including 2 (5%) patients with
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myocarditis. Another phase II trial tested pembrolizumab
in 7 thymomas and 26 thymic carcinomas Asian patients,
reporting ORR 28.6% in thymomas and 19.2% in thymic
carcinomas (83). Also nivolumab was tested in unresectable or
recurrent thymic carcinoma (84) and avelumab in advanced
thymoma (85). The efficacy of these treatments should be
balanced with their toxicity profiles.

A number of new drugs and combinations are currently
under evaluation and we will have more results in the
coming years.

Radiotherapy (RT)

Adjuvant RT is not indicated in stages I and II if there is a
complete resection (assess in stages II-IV, RO, type B2 and
B3). In stages III in which the resection is complete it can
be debatable.

Adjuvant RT is indicated in cases of incomplete
resections or positive margins, since it allows a local control
of 50-80%.

In adjuvant treatment, the recommended dose is
45-50 Gy after RO resection and 50-54 Gy after R1,
with an increase in areas of residual tumor (conventional
fractionation: 1.8-2 Gy/day for 4-6 weeks).

In patients with an invasive tumor or a large mediastinal
mass with extension to vascular structures or R2, the usual
dose is around 60 Gy.

Conclusions

Thymic tumors are relatively rare tumors with a wide
spectrum of clinical presentation. In our experience,
robotic assisted thoracic surgery is an excellent option for
tumors up to at least 9 cm and without extensive invasion
of surrounding structures. Nonetheless, transsternal
mediastinal tumor resection still plays an important role
in the treatment of advanced tumors and especially when
treating thymic carcinomas. Therefore, patients should
be carefully selected in order to offer the best oncological
outcome possible.
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