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Simple Summary: Thymic carcinoma (TC) is a rare neoplasm that accounts for less than 0.01% of
all tumors. The aim of our retrospective observational analysis is to review the incidence of second
cancers associated with this histological type of cancer. We identified 92 patients with TC referred
to our consultation practice and reviewed their clinical data for diagnosis of another cancer pre-
or post-diagnosis of TC. This resulted in identification of 14 patients with additional cancers. The
incidence of second cancer is similar to that observed in thymomas.

Abstract: Thymic carcinomas account for less than 0.01% of new cancer diagnoses annually and
are more aggressive than thymomas. Autoimmune disorders have been associated with thymomas
and only recently with thymic carcinomas. Second malignancies are well described after thymomas.
The aim of this study was to analyze the incidence of second malignancies in patients with thymic
carcinomas. All cases of thymic carcinomas were identified from the pathology archives of Indiana
University. Histological materials were reviewed and further correlated with clinical data to identify
incidence of second cancers in patients with thymic carcinomas. Histological material was available
for review in 92 cases of thymic carcinoma. Clinical data were available for 85 patients. Fourteen of
these (16.5%) patients had a second malignancy; these included small cell lung carcinoma, “testicular
cancer”, embryonal carcinoma, seminoma, breast carcinoma (two cases), prostatic adenocarcinoma,
Hodgkin’s lymphoma, thyroid carcinoma, bladder carcinoma (two cases), renal cell carcinoma, and
melanoma. The latter could precede, be concurrent with, or follow the diagnosis thymic carcinoma.
The incidence of second cancers in patients with thymic carcinomas is similar to that reported for
thymomas. Abnormalities in immunological surveillance may be responsible for this high incidence
of second malignancies in thymic tumors.

Keywords: thymic cancer; second cancers; immune surveillance

1. Introduction

Thymomas and thymic carcinomas are epithelial malignancies arising from the thymic
epithelium [1]. Thymomas tend to be indolent tumors with late recurrences and a well-
documented relationship with myasthenia gravis [2]. The latter may be seen at presentation
or at any time during the prolonged course of the disease. Impaired recognition of “self”
has been postulated to lead to the development of immunologic diseases such as myas-
thenia. Similarly, impaired immune surveillance could increase the incidence of second
malignancies in patients with thymomas [3–14]. These second tumors may precede, be
concurrent with or follow the diagnosis of thymomas.
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Thymic carcinoma is a very rare malignancy, accounting for less than 0.01% of new
cancer diagnoses annually. The rarity of disease has been a significant limitation to un-
derstanding the natural history of the disease. Thymic carcinomas, unlike thymomas,
lack organotypic features and may or may not be associated with lymphocytes. It was
postulated that in thymic carcinoma, lymphocytic maturation is not impaired. A number
of recent studies, including ours, have documented the presence of myasthenia in well
characterized cases of thymic carcinomas [2,15,16]. A review of the ITMIG database identi-
fied that 6% of thymic carcinomas and 4% of neuroendocrine carcinomas were associated
with myasthenia [2]. However, some have suggested that this could be due to a misdiag-
nosis of thymoma as thymic carcinoma or the lack identification of a co-existent focus of
thymoma [17].

The documentation of the presence of myasthenia in thymic carcinomas suggests
that immune mechanisms are abnormal in these tumors. It also raises the question of
association of second malignancies with these tumors. The goal of the current study was
to re-analyze a large series of thymic carcinomas for the presence of second cancers and
compare the incidence with that documented in thymomas.

2. Materials and Methods

Ethical review and approval were waived by Indiana University institutional review
Board (IRB) for the conducting of this research for this study, due to its retrospective nature.
The database of patients with thymic neoplasms treated at Indiana University Simon
Cancer Center was reviewed to identify patients with thymic carcinoma. The database
contains patient data seen at IU over a 25-year period. The patient’s histories were searched
for evidence of a diagnosis of malignancy either before, after, or concomitantly with their
diagnosis of thymic carcinoma. Records were also searched for history of autoimmune
disease, history of myasthenia gravis, treatment regimens and surgical management of the
thymic carcinoma. The incidence of second cancers was compared to that described for
thymomas as well as other cancers in the literature. Clinical data and histological findings
were reviewed for all patients for whom they were available.

3. Results

The diagnosis of thymic carcinoma is based on imaging, clinic-pathological features
and exclusion of other cancers such as lung carcinoma. Histological materials from biopsy
or resection specimens and detailed clinic-pathological data were available on 85 patients
(Table 1). Histologically, all 85 cases were reconfirmed as thymic carcinomas. As illustrated
in Figure 1A,B, thymic carcinomas are aggressive tumors associated with marked cytologi-
cal atypia. Mean age was 55.4 years (range 26–79 years) with a slight male preponderance
(49 male: 36 female). Two patients had Myasthenia gravis and six had other autoimmune
diseases. One of these patients had autoimmune hepatitis and Hodgkin’s disease prior to
the diagnosis of thymic carcinoma. Based on surgical resection and/or imaging studies,
most patients were Stage III or IV as per the AJCC staging system; only one patient, each,
were of stage I and II. Of the 64 patients surgically with a curative intent, only 1 had no
residual. Forty-two patients had received chemotherapy only, 2 had received radiotherapy
only and 37 had received both chemo and radiation. Treatment information was not avail-
able in 13 patients. Thirty patients were recorded to have metastasis during the follow-up
period, ranging from 1 month to 9 years (median 2.78 years).
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Table 1. Clinical characteristics of the 85 patients with thymic carcinoma.

Patients with Detailed Clinical History n = 85 Patients

Mean age 55.4 years
(range 26–79 years)

Median age 54 years

Average greatest tumor dimension 7.26 cm
(range 3.7–13 cm)

Number of males 49 (57.6%)

Number of females 36 (42.4%)

Myasthenia Gravis 2/85

Other Autoimmune disease 6/85

Received radiation only 2 (2.3%)

Received chemotherapy only 42 (89.4%)

Received radiation and chemotherapy 37 (43.5%)

Received surgery 64 (75.3%)

Patients with second malignancies 14 (16.5%)
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Figure 1. Histological features of thymic carcinomas and associated second cancers. Low (A) and 
high (B) magnification of a poorly differentiated thymic carcinoma that was seen in a patient with 
prior (2 yr) history of spindle cell melanoma (C). Low (D) and high (E) magnification of an unu-
sual papillary cystic thymic carcinoma in a patient with history of osteosarcoma (F). 

Sixteen second cancers had been diagnosed in 14 of these 85 patients (16.5%; Table 2). His-
tologically, all but one tumor were classified as poorly differentiated squamous cell carcinomas 
(representative in Figure 1A,B). One of the patients had an unusual papillary cystic growth pat-
tern (Figure 1C,D). CD117 was positive in 9/10 cases and CD5 in 8/11 cases (Table 3). EGFR was 
negative in all cases where data were available. Eleven of these second cancers were diagnosed 
prior to the diagnosis of thymic carcinoma. These second cancers were of the following types: 
small cell lung carcinoma, testicular cancer (not specified), embryonal carcinoma, seminoma, 
breast carcinoma (two cases), prostatic adenocarcinoma, Hodgkin’s lymphoma, thyroid carci-
noma, bladder carcinoma (two cases), renal cell carcinoma, and melanoma. One of these patients 
had two cancer diagnoses prior to the thymic carcinoma diagnosis. Two patients had concomi-
tant cancers (osteosarcoma; renal cell carcinoma) and one patient had a T cell acute lymphocytic 
leukemia diagnosed 9 years after the diagnosis of thymic carcinoma. One patient had both a 

Figure 1. Histological features of thymic carcinomas and associated second cancers. Low (A) and high (B) magnification of a
poorly differentiated thymic carcinoma that was seen in a patient with prior (2 yr) history of spindle cell melanoma (C). Low
(D) and high (E) magnification of an unusual papillary cystic thymic carcinoma in a patient with history of osteosarcoma (F).

Sixteen second cancers had been diagnosed in 14 of these 85 patients (16.5%; Table 2).
Histologically, all but one tumor were classified as poorly differentiated squamous cell
carcinomas (representative in Figure 1A,B). One of the patients had an unusual papillary
cystic growth pattern (Figure 1C,D). CD117 was positive in 9/10 cases and CD5 in 8/11
cases (Table 3). EGFR was negative in all cases where data were available. Eleven of
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these second cancers were diagnosed prior to the diagnosis of thymic carcinoma. These
second cancers were of the following types: small cell lung carcinoma, testicular cancer
(not specified), embryonal carcinoma, seminoma, breast carcinoma (two cases), prostatic
adenocarcinoma, Hodgkin’s lymphoma, thyroid carcinoma, bladder carcinoma (two cases),
renal cell carcinoma, and melanoma. One of these patients had two cancer diagnoses prior
to the thymic carcinoma diagnosis. Two patients had concomitant cancers (osteosarcoma;
renal cell carcinoma) and one patient had a T cell acute lymphocytic leukemia diagnosed
9 years after the diagnosis of thymic carcinoma. One patient had both a previous cancer
diagnosis as well as a concomitant diagnosis at the time of thymic carcinoma diagnosis.

Table 2. Characteristics of the 14 patients with thymic carcinoma and second cancers.

Case
Number

Patient
Gender

Patient
Age *

Autoimmune
Disease

Second
Malignancy

Temporal
Relationship

to Thymic
Carcinoma

Radiation
**

Chemotherapy
**

Tobacco
Use

1 Male 43 No Small cell
carcinoma Prior No (Prior) Yes Unknown

2 Male 45 No Testicular cancer,
NOS Prior No No Unknown

3 Male 49 No
Embryonal
carcinoma;

Osteosarcoma

Prior (embryonal
carcinoma),

Concomitant
(osteosarcoma)

No Yes No

4 Male 58 Myasthenia
gravis T cell ALL Subsequent Yes Yes No

5 Male 26 No Seminoma Prior No Yes No

6 Female 64 Psoriatic
arthritis

Breast carcinoma,
NOS Prior No (Prior) Unknown 5 pack-

year history

7 Male 49 No
Follicular
thyroid

carcinoma
Prior Yes Yes No

8 Male 75 No Prostatic
adenocarcinoma Prior Yes Yes No

9 Male 48 No Renal cell
carcinoma Concomitant Yes Yes No

10 Male 49
Yes- Au-

toimmune
hepatitis

Hodgkin’s
lymphoma Prior No No 5 pack-year

history

11 Female 71 No

Breast carcinoma
NOS;

Bladder
carcinoma NOS

Prior (both) No No No

12 Male 48 No Renal cell
carcinoma Prior Yes Yes

Former
smoker,

unknown
duration

13 Male 72 No Bladder
carcinoma NOS Prior Yes Yes 45 pack-

year history

14 Male 65 No Melanoma Prior No No No

* Age at diagnosis of thymic carcinoma. ** If RT received for thymic carcinoma.
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Table 3. Surgical treatment and Immunohistochemistry panel used in the case of thymic carcinoma with second malignan-
cies.

Case. Age Biopsy/
Excision CD5 CD117 EGFR Other Pos Other Neg

1 43 Excision NA NA Neg CK, EMA TTF-1, AFP, HCG

2 45 Excision NA NA NA CK, EMA TTF-1, S100, CHR, Syn

3 49 Excision Pos Pos NA CK, AE1-3

4 58 Excision Neg NA NA CK, p63, TTF-1, CHR, Syn, S100, MART-1, Tdt

5 26 Biopsy Neg Pos NA CK, AE1-3, p63 TTF-1, CD56, CHR, Syn, WT-1, Desmin

6 64 Excision Pos Pos NA CK, WT-1, MOC-31

7 49 Excision Pos Pos Neg Pax-8 TTF-1

8 75 Biopsy Pos Pos NA CK, p63 TTF-1, CD56, CHR, Syn,

9 48 Excision Pos NA NA CK, p63 TTF-1

10 49 Excision Neg Neg NA CK, p63 TTF-1, PLAP, D2-40, CD31

11 71 Excision Pos Pos NA CK, p40 TTF-1

12 48 Biopsy Pos Pos NA CK, EMA, CK7, TTF-1, Napsin, S100, CHR, Syn, CDX2

13 72 Excision Pos Pos NA CK, p63, Glut-1 TTF-1, CEA, CHR

14 65 Excision NA Pos NA CK TTF-1, Napsin, S100, Melan-A, HMB-45

NA: Not available and/or performed.

4. Discussion

The current study is the first to evaluate the rates of second malignancies in patients
with thymic carcinoma. It documents the incidence of second malignancy in 16.5% of
thymic carcinoma patients with available follow-up data. The association of second ma-
lignancies in patients with thymic tumors was recognized for more than 50 years [11].
In this landmark study, Souadjian et al. examined the incidence of second malignancies
over a follow-up duration of 20 years following the diagnosis of thymoma. Since this
initial publication, multiple studies have documented rates of second malignancies rang-
ing from 8 to 31% particularly with thymomas of AB, B2 and B3 histology [3–5,7,10,14].
Pan et al. [10] observed a significantly higher risk of second cancers in thymomas (8%)
as compared to that in patients undergoing thymectomy for non-tumor conditions or
patients with nasopharyngeal carcinomas (2% each). Similarly, a SEER database analy-
ses has confirmed the predisposition of thymoma patients for increased risk of second
cancers (8224 per 100,000 persons) as opposed to the SEER general population (459 per
100,000 persons; p < 0.001) [13].

In our retrospective study, the second cancers in the majority (11/14) of patients
preceded the diagnosis of thymic carcinoma; only one patient had a subsequent diagnosis
of second cancer. This could represent a systematic bias as thymic carcinomas are aggressive
cancers associated with poor survival.

Risk of second cancer for patients with thymoma does not seem to be correlated with
age, gender, clinical history of myasthenia gravis, stage, and treatment parameters such
as thymectomy and radiation therapy [4,5,7,10,14]. This may also be true for thymic carci-
nomas as the distribution of the preceding cancers would not have involved mediastinal
radiation. However, it must be noted that treatment details for prior cancers were not
available in most cases. One patient had a history of autoimmune disease prior to the
diagnosis of thymic carcinoma. This confirms the results of our prior observations in the
ITMIG dataset [2] with prior publications [6,16].

The incidence of second cancer after the diagnosis of the first cancer varies significantly
with the type of cancer and therapeutic regimen. In patients irradiated for breast cancer
enrolled in the SEER database, there was a 1% excess incidence of cancer for at least first
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5 years and higher for patients receiving chemotherapy [18]. Most of the second cancers in
these cohorts are endometrial cancers (due to hormonal therapy) and/or hematopoietic
cancers (related to chemotherapy). The exclusion of therapy-associated cancer dramatically
reduces the incidence. In a study of 40,576 patients who had survived at least 1 year after
the diagnosis of testicular cancer, the incidence of second cancer was less than 5% over a
period of over 50 years (1943–2001) [19]. Similarly, in an analysis of 19,068 patients with
thyroid cancer in the Taiwanese cancer registry, 644 (3.4%) patients developed second
cancers during 134,678 person-years of follow-up [20]. In comparison, the incidence of
second cancers was significantly higher in our study.

The diagnosis of thymic carcinoma and its distinction from thymoma can be difficult.
The presence of myasthenia was regarded as evidence supportive of thymoma; however,
recent studies have reported this clinical feature even in thymic carcinomas [21]. The
expression of CD5, KIT (CD117), EMA (MUC1), and EZH2 is frequently observed in thymic
SCCs (75–85%), but is rarely expressed in thymomas (usually <5%) [22]. Of note, in the
current series, one patient (#4) not only had myasthenia but also showed a lack of CD5
expression. However, histologically, this case was clearly malignant and malignancy of
non-thymic origin was ruled out by clinical features as well as immunohistochemical
analysis.

There are a number of limitations of the current study. Thymic carcinoma is a clinic-
pathological diagnosis and is based on the exclusion of other primary and metastatic
tumors, notably lung carcinoma. Indiana University being a referral center of thymic
tumors, the patients being referred to it are more likely to be complicated/advanced cases.
The data in this series were, in most cases, collected retrospectively. This resulted in
complete clinical data being available in only 25% of patients and temporal relationships
could not be documented with any degree of clarity. The lack of follow-up information
in many patients could result in under-reporting of subsequent malignancies. Similarly,
the possibility of biased recording of clinical history cannot be entirely excluded. Lastly,
thymic carcinoma, in contrast to thymoma, is an aggressive disease, so fewer cases are
likely to be identified in the post-diagnosis period.

5. Conclusions

This study documents an association between second cancers and thymic carcinomas.
The incidence of second malignancy appears to be similar to the rates observed in thy-
momas. Larger multi-centric studies are necessary to confirm this association. The high
incidence of second cancers makes it imperative that patients with thymic carcinomas are
screened for additional malignant lesions and management decisions altered accordingly.
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