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Introduction

The thymus is a primary lymphatic organ responsible for 
several immune functions, which include generating a 
diverse repertoire of functional T cells. Through positive 
and negative selection of T cells, the thymus plays a 

role in immune self-tolerance to prevent autoimmunity. 
Furthermore, the thymus can secrete hormones and soluble 
factors such as thymosin (1). Thymic epithelial tumors 
(TETs) are rare tumors originating from epithelial cells 
of the thymus. The World Health Organization (WHO) 
subdivides TETs into types A, AB, B1, B2, and B3 (and 
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additional rare types) thymomas and thymic carcinomas 
(TCs) (2,3). 

Although the exact mechanisms have not been elucidated, 
there is an association between TET and immunological 
abnormalities, including autoimmune disease (AD) and 
immunodeficiency. Immunodeficiency, which is known 
as good syndrome (GS), is a complication of thymoma, 
with an incidence of 0.2–6% (4). In addition, a connection 
between thymoma and myasthenia gravis (MG) has been 
well documented (5). Co-occurrence of other ADs, such as 
systemic lupus erythematosus (6) and pure red cell aplasia 
(PRCA) (7), has been described in case reports. TCs are 
approximately 10 times less prevalent than thymoma, which 
are more aggressive and refractory to treatment; however, 
they are reported to relate to ADs in previous studies (8,9). 

Clinical data on GS and AD cases with comorbid 
TET have rarely been reported in China. To improve our 
knowledge on immunological abnormalities in this rare 
disease, we retrospectively analyzed clinical data from 
patients with histologically confirmed TET over a five-year 
period at our institution. 

Methods

We retrospectively reviewed clinical information from 
a group of 59 patients with TET at ChaoYang Hospital 
between January 2013 and May 2018. 

TET diagnosis was made based on clinical manifestations, 
chest high-resolution computed tomography, and pathology 
results. Pathologic type was determined according to the 
2004 WHO histological classification. GS was defined as 
comorbid thymoma and hypogammaglobulinemia. ADs 
were diagnosed based on classification diagnostic criteria for 
rheumatoid arthritis (RA), MG, and Sjogren’s syndrome (SS). 

Clinical characteristics were acquired through a review 
of patient medical records, and included age, gender, 
WHO type, clinical signs and manifestations, laboratory 
parameters (immunological features), treatment procedures, 
and prognosis. 

Quantitative data were expressed as the median (range) 
or mean  ±  standard deviation, and qualitative data were 
expressed as percentages. Statistical analyses were performed 
using SPSS 17.0 software (Chicago, IL, USA). Categorical 
variables were compared using the χ2 test or Fisher’s exact 
test, while continuous variables were compared using the 
Student’s t-test or Mann-Whitney U test. A two-sided  
P value <0.05 was considered statistically significant. 

Results 

Table 1 shows clinical characteristics of TET patients in this 
study. TET diagnosis was made based on incidental findings 
from chest high-resolution computed tomography in 30.5% 
of patients (n=18). The following symptoms were present 
at the time of diagnosis: cough (n=12), diplopia and/or  
blepharoptosis (n=9), sternal pain (n=6), muscle weakness 
of limbs (n=4), recurrent infections (n=3), Virchow’s node 
enlargement (n=3), fatigue (n=2), shortness of breath (n=1), 
and hoarseness (n=1).

Histological TET type data were available for 49 (83.1%) 
patients. The most common type was B (46.9%), followed 
by AB, C, and A, with frequencies of 18.4%, 18.4%, and 
16.3%, respectively.

Forty-nine patients underwent thymectomy (40 patients 
had definite surgical information; Table 1), of whom six patients 
received radiation and three patients received chemotherapy 
following surgery. Four patients were administered 
chemoradiotherapy following surgery. Five patients remained 
under follow-up without a specific TET treatment. 

Twenty-two (37.3%) out of the 59 patients had comorbid 
immunological abnormalities. Six patients (10.2%) 
developed a second malignancy during follow up. There 
were no significant differences between groups across 
gender (P=0.58), age (56.9±8.7 vs. 53.2±3.8 years; P=0.27), 
or histological type (P=0.33), regardless of immunological 
abnormalities; however, there was a significant difference in 
developing a second malignancy (22.7% vs. 2.7%; P=0.023), 
and the percentage was higher in TET patients complicated 
by immunological abnormalities (Table 1). 

Clinical features of GS

Table 2 shows clinical characteristics of the GS patients. Six 
patients (10.2%) met the criteria for GS, with a 1:1 male 
to female ratio. The average age of TET diagnosis was  
62.5 years (range, 53–75 years), while the average age of GS 
diagnosis was 65.3 years (range, 54–77 years). Four cases 
were diagnosed after thymectomy, while the other cases 
were identified at the same time of TET diagnosis. Two 
patients had histologically confirmed type B. 

All patients presented with marked hypogammaglobulinemia 
with normal lymphocyte levels. Three patients were tested 
for lymphocytes subsets, and all of them presented with 
reduced circulating B cells; CD4+T cells were reduced in one 
patient. 
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Table 1 Clinical characteristics of TET patients (n=59)

Characteristics
Immunological 

abnormalities (n=22)
Non-immunological 
abnormalities (n=37)

N (%) P

Gender (F/M) (n) 10/12 13/24 23 (39.0)/36 (61.0) 0.58

Age* 56.9±8.7 53.2±3.8 0.27

WHO Histology (n) 16 33 49 (83.1) 0.33

Type A 3 5 8 (16.3)

Type B 10 13 23 (46.9)

Type AB 2 7 9 (18.4)

Type C 1 8 9 (18.4)

Symptoms at diagnosis –

Incidental finding on CT 2 16 18 (30.5)

Cough 2 10 12 (20.3)

Diplopia/blepharoptosis 9 0 9 (15.3)

Sternal pain 0 6 6 (10.2)

Muscle weakness of limbs 4 0 4 (6.8)

Recurrent infections 3 0 3 (5.1)

Virchow’s node enlargement 0 3 3 (5.1)

Fatigue 2 0 2 (3.4)

Shortness of breath 0 1 1 (1.7)

Hoarseness 0 1 1 (1.7)

Treatment –

Surgery 14 22 36 (61.0)

Surgery + radiation 3 3 6 (10.2)

Surgery + chemotherapy 0 3 3 (5.1)

Surgery + chemoradiotherapy 0 4 4 (6.8)

Radiation 0 1 1 (1.7)

Chemotherapy 0 3 3 (5.1)

Chemoradiotherapy 0 1 1 (1.7)

Follow-up without TET treatment 5 0 5 (8.5)

Surgical access 13 27 40 (81.6)

Median sternotomy 5 7 12 (30.0)

VATS 8 18 26 (65.0)

Thoracotomy 0 2 2 (5.0)

Surgical type

Extended thymectomy 12 24 36 (90.0)

Other malignancy 5 (22.7%) 1 (2.7%) 6 (10.2) 0.023

Lung malignancy 4 1 5 (8.5)

Thyroid carcinoma 1 0 1 (1.7)

GS 6

AD† 17

*, TET diagnosis. †, One patient with concurrent GS and AD. AD, autoimmune disease; CT, computed tomography; GS, Good syndrome; 
TET, thymic epithelial tumor; VATS, video-assisted thoracic surgery; WHO, World Health Organization. 
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The major manifestations of this condition were 
recurrent respiratory infections, and five of six patients 
had hospital admissions due to infection more than once. 
Pathogens were identified in three patients, including 
cytomegalovirus and pneumocystis carinii in two patients 
and mycobacterium tuberculosis and aspergillus fumigatus 
in one patient. One patient presented with both active 
hepatitis B and bronchiectasis; one patient had PRCA after 
two months of thymectomy; one patient had MG before GS 
diagnosis. Three GS patients developed another malignancy 
(lung cancer), which was significantly higher than patients 
with TET without GS (50% vs. 5.7%; P=0.011) (Table 3).

In the five patients that underwent surgery, infections 
were not resolved. Two patients received immunoglobulin 
supplementation at the time of infection. The patient 
with PRCA was administered cyclosporine and steroids 
without prophylactic antibiotics and hemoglobin responded 
well; however, during follow up, the patient acquired an 
opportunistic infection. 

Clinical features of ADs

Table 3 shows clinical characteristics of ADs patients. 
Seventeen (28.8%) in 59 cases presented with ADs, with 
a male to female ratio of 9:8. The average age of TET 
diagnosis was 56 years (range, 40–75 years). MG (n=13) was 
the most common AD, followed by Hashimoto’s thyroiditis 
(HT) (n=4), SS (n=1), RA (n=1), pemphigus (n=1), and 
Evans syndrome (n=1). Four patients developed two ADs 
(MG and RA; MG and SS; MG and HT; Evans syndrome 
and HT). Thirteen patients were diagnosed with TET due 
to MG diagnosis, while three AD conditions (pemphigus, 
HT, and SS) developed before TET diagnosis; however, 
three AD conditions (RA, HT, and Evans syndrome) 
occurred after thymectomy, ranging from two months to  
15 years. Two patients developed a second cancer; however, 
the frequency was not significantly higher compared to TET 
patients without ADs (11.8% vs. 9.5%; P=1.0) (Table 3).

Among the 17 ADs patients, histological classification 

data were available for 14 (82.4%). The most common 
type was B (57.2%), while A, AB, and C types were found 
in 21.4%, 14.3 %, and 7.1% of patients, respectively. The 
frequency of ADs (P=0.59) and MG (P=0.64) was not 
significantly different across the histological classification 
groups. 

Thirteen pat ients  ( including 10 MG pat ients ) 
underwent thymectomy, and two of these patients received 
radiation therapy. All 13 MG patients were administered 
pyridostigmine bromide and responded well to treatment. 
One case of MG crisis was treated with glucocorticoids. 
Following thymectomy, 8 MG patients and 1 pemphigus 
patient stopped oral medicine therapy without experiencing 
AD relapses. Other treatments are shown in Table 4.

Discussion 

As an important immune organ, it is rational to speculate 
that tumors arising from thymus epithelial cells can result 
in immune dysfunction. In the present study, approximately 
40% of thymoma patients presented with comorbid 
immunological abnormalities, consistent with previous 
findings (10). However, these data were lower than what has 
been reported in other studies (8,11). 

Here, we identified several interesting findings as 
follows: (I) there is an association between immunological 
abnormalities and TET (many patients presented with MG 
first); (II) immunological abnormalities can occur at any 
time during the disease, even after thymectomy; (III) in 
addition to opportunistic infection, GS patients are prone 
to develop another malignancy; (IV) thymectomy may 
produce favorable outcomes for MG patients but it is not 
effective for GS patients with recurrent infection; (V) some 
ADs, such as RA and Evans syndrome, should be treated 
with immunosuppressants. 

In 1954, Robert Good described three patients with 
thymoma and hypogammaglobulinemia, which is known 
today as GS. The principal immunological feature of GS 
is hypogammaglobulinemia, with a reduction in peripheral 
B-cells and/or CD4+ T-cells and/or a reversed ratio of CD4 
to CD8 T cells (12). While leukopenia is considered as an 
immune characteristic of GS patients, we did not identify 
this phenomenon in our study (13). The pathogenesis of 
GS remains elusive, although there is evidence that T cells 
from patients with thymoma can inhibit immunoglobulin 
production via B (14) and pre-B cell growth (15).

Kelesidis et al. [2010] reported that patients with GS 
usually present in the 4th or 5th decade of life (4). However, 

Table 3 Frequency of second cancer in TET patients 

Characteristic GS* Non-GS* AD† Non-AD†

Frequency 3/6 
(50.0%)

3/53 
(5.7%)

2/17 
(11.8%)

4/42 
(9.5%)

*, P value for GS vs. non-GS: 0.011. †, P value for AD vs. non-
AD: 1.0. AD, autoimmune disease; GS, Good syndrome.
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Table 4 Clinical characteristics of ADs (n=17)

Case Sex Age* Age† AD and second 
cancer 

Type
Immunological 
manifestation

Treatment 
Effectiveness 
of thymectomy 
on ADs

1 F 65 65.5 Pemphigus – ANA (–) anti-ENA (–) Glucocorticoids treatment for 6 months 
followed by surgery

Remission

Anti-Dsg-1 (+)

2 F 55/54 55 Evans 
syndrome/HT

B Coomb’s test (+) Glucocorticoids and cyclosporine for 
Evans syndrome after surgery

Evans 
syndrome 
developed two 
months after 
thymectomy

ANA (–) anti-ENA (–)

Anti-Tg (–) anti-MPO (+)

3 F 64 62 HT B Anti-Tg (+) anti-MPO (+) Surgery; levothyroxine sodium for HT HT developed 
after surgery

4 M 43 41 HT B Anti-Tg (–) anti-MPO (+) Follow up –

5 F 66/66 66 MG/HT A Anti-AchR (+) Surgery; pyridostigmine bromide for MG MG remission

ANA (–) anti-ENA (–)

Anti-Tg (+) anti-MPO (+)

6 M 54 54 MG; Lung 
squamous cell 
carcinoma

C (squamous 
cell carcinoma)

Anti-AchR (+) Surgery; pyridostigmine bromide for MG No effect

ANA (–) anti-ENA (–)

7 M 57/72 57 MG/RA; 
Papillary 
thyroid 
carcinoma

– Anti-AchR (+) Surgery; pyridostigmine bromide for 
MG; methotrexate and Tripterygium 
glycosides for RA

MG remission, 
but RA 
developed 
after surgery

ANA (–) anti-ENA (–)

RF (+) anti-CCP (+)

8 F 62/57 62 MG/SS B Anti-AchR (–) Surgery and radiation; pyridostigmine 
bromide for MG; hydroxychloroquine for 
SS

MG remission

ANA 1:320 Anti-SSA (+)

9 F 75 75 MG B Anti-AchR (+) Pyridostigmine bromide and 
glucocorticoids for MG crisis; surgery 
and radiation

No effect

ANA 1:100 anti-ENA (–)

10 F 57 57 MG B Anti-AchR (–) Surgery; pyridostigmine bromide for MG MG remission

ANA (–) anti-ENA (–)

11 M 53 53 MG – Anti-AchR (–) Pyridostigmine bromide for MG –

ANA (–) anti-ENA (–)

12 M 50 50 MG B Anti-AchR (+) Pyridostigmine bromide for MG –

ANA (–) anti-ENA (–)

13 F 54 54 MG A Anti-AchR (–) Pyridostigmine bromide for MG –

ANA (–) anti-ENA (–)

14 M 46 46 MG B Anti-AchR (+) Surgery; pyridostigmine bromide for MG MG remission

ANA 1:100 anti-ENA (–)

15 M 40 40 MG A Anti-AchR (+) Surgery; pyridostigmine bromide for MG MG remission

16 M 54 54 MG AB Anti-AchR (–) Surgery; pyridostigmine bromide for MG MG remission

17 M 60 60 MG AB Anti-AchR (–) Surgery; pyridostigmine bromide for MG MG remission

ANA (–) anti-ENA (–)
*, AD diagnosis; †, TET diagnosis. AD, autoimmune disease; ANA, antinuclear antibody; CCP, cyclic peptide containing citrulline; ENA, 
extractable nuclear antigen; HT, Hashimoto's thyroiditis; MG, myasthenia gravis; MPO, myeloperoxidase; RA, rheumatoid arthritis; RF, 
rheumatoid factor; SS, Sjogren syndrome; Tg, thyroglobulin. 
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we found that patients were diagnosed with GS at an older 
age, indicating a potential lack of awareness of this disease. 
Similarly to previous reports, we found that male and female 
patients were equally affected by GS (13). Additionally, 
immunodeficiency may precede or occur after thymoma 
diagnosis, even after thymectomy (16,17). Although MG 
is a common comorbidity of thymoma, Malphettes et al. 
[2015] reported that it is relatively rare in GS patients (18); 
however, one of the GS patients in this study did indeed 
present with MG. 

The main clinical manifestation of GS is susceptibility to 
infections of encapsulated bacteria, viruses, and fungi in the 
absence of immunosuppressive treatment. Severe infection, 
usually in the respiratory and intestinal tracts, is the major 
cause of morbidity and mortality (13,19). In contrast 
to common variable immune deficiency, opportunistic 
infections have been found to commonly occur with 
dysfunction of cell-mediated immunity in GS (12). The 
Respiratory and Infectious Disease Departments in our 
hospital are well known, and, therefore, there are a greater 
number of patients with recurrent infections, possibly 
explaining why the frequency of GS in this study was higher 
than what has previously been reported.

Gadalla et al. [2011] reported that thymoma patients have 
a two-fold risk of developing a second cancer compared 
with the general population (10). We found that the risk of 
a second cancer was higher in GS patients. This observation 
might be explained by immunodeficiency and/or immune 
system alteration in association with thymectomy. 
Thymectomy is recommended in TET patients to prevent 
locally invasive growth and metastasis of tumor cells; 
however, it may not improve immunodeficiency in GS, 
which is in line with previous studies (4). Immunoglobulin 
intravenous infusion and anti-infective treatment are 
recommended for this condition. 

Risk of comorbid thymoma and ADs is increased during 
the 5th and 6th decades of life, which is agreement with this 
study (20). MG is the most common AD linked to TET. A 
previous study found that 75% of patients with MG developed 
a thymus abnormality, including thymic hyperplasia 
in 85% of patients and thymoma in 15% of cases (21).  
Approximately 30% of thymoma patients developed 
MG (22). In our study, 22% (13/59) of TET patients 
had comorbid MG. To date, the relationship between 
pathological type and ADs remains unknown. Okumura 
et al. [2008] found that MG is frequently associated 
with WHO type B thymoma (23), and Zhang et al.  
[2016] reported that the prevalence of MG is higher in type 

B2 thymoma compared with other histological types (24).  
In this study, we did not find an association between 
histological type and MG. Thymectomy is recommended in 
thymoma-associated MG regardless of clinical symptoms, 
while pretreatment with immunosuppressive drugs may be 
necessary to prevent perioperative deterioration (25). In 
the present study, 77% (10/13) of MG patients underwent 
resection and all 13 patients received oral drugs. Following 
thymectomy, eight patients (80%; 8/10) stopped therapy 
without experiencing a MG relapse. Three patients who 
only received oral treatment responded well but their cancer 
did not regress.

PRCA is an anemic condition characterized by the 
absence of reticulocytes in the blood and erythroid 
precursors in the bone marrow, while other hematopoietic 
ce l l  l ineages  are  present  with no morphologica l 
abnormalities. PRCA is secondary to various diseases, 
including large-cell granular lymphocyte leukemia, solid 
tumors, and viral infections. Approximately 10% of PRCA 
cases are associated with thymoma (7), which can occur 
at any time during the disease duration (26). Kelesidis 
et al. [2010] reported that PRCA is the most common 
autoimmune complication associated with GS (4), and 
Okui et al. [2017] found that type AB is the most common 
histological type in cases of GS complicated by PRCA (27). 
Although thymectomy is effective for some thymoma-
associated PRCA cases (28), PRCA can reoccur after 
thymoma removal (26). Cyclosporine has been used for the 
treatment of thymoma-associated PRCA with remarkable 
efficacy (26,27), which even been shown to reduce tumor 
size (29,30). In our study, thymoma-associated PRCA 
and GS were found simultaneously after thymectomy and 
anemia responded well to cyclosporine with corticosteroids. 
However, opportunistic infections after immunosuppressive 
treatment must be carefully monitored.

Other co-morbid hematological disorders have been 
reported, such as immune thrombocytopenia, autoimmune 
hemolytic anemia, and thrombotic thrombocytopenia 
purpura, but not Evans syndrome (8). In this study, one 
patient presented with Evans syndrome after thymectomy 
and responded well to corticosteroids and cyclosporine. In a 
previous study, 82% of thymoma patients with autoimmune 
hemolytic anemia were treated with corticosteroids and 
78% of patients achieved clinical remission (31). 

Paraneoplastic pemphigus is a group of life-threatening 
autoimmune blistering skin disorders that can occur in 
cancer patients. Thymectomy can decrease antibody 
titer and improve clinical outcomes in thymoma-related 
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pemphigus (32,33). In this study, one pemphigus patient 
who underwent surgery after six months of steroid 
treatment did not experience a disease flare. 

Cases of HT have also been described in thymoma (34,35). 
Epidemiological studies have shown that thyroid diseases 
occur in approximately 5–11.9% of MG patients (36).  
HT was the second most common AD in this study. We also 
identified cases of RA and SS, which are relatively rarely 
reported in thymoma patients (35,37). These conditions 
may be treated with oral medicines following surgery. The 
relationship between these ADs and TET still needs more 
investigation. 

There is  a  clear association between TET and 
immunological  abnormal i t ies ,  including AD and 
immunodeficiency. These cases may occur before or after 
a diagnosis of TET and can even occur after thymectomy. 
When TET is diagnosed, serum immunoglobulin should 
be evaluated to identify GS as soon as possible due to its 
poor prognosis. Since opportunistic infections are common 
in GS, diagnosis may provide direction for empirical 
antibiotic therapy before acquiring pathogen information. 
As identified in this study, patients should be monitored for 
occurrence of a second malignancy. If TET patients present 
with clinical manifestation indicative of ADs, autoantibody 
tests should be conducted.

There were some limitations in our study. First, 
data were collected in a retrospective manner and some 
data points were missing; in addition, follow-up data, 
including prognosis and relapse rates, were also missing 
for some patients. Since some pathological outcomes were 
provided by other institutions, WHO type information 
was incomplete. Second, the study sample was small, thus 
limiting the power of the analysis. Third, we cannot provide 
risk factors for TET with immunological abnormalities 
based on the analyses performed. 

Conclusions

There is a strong association between TET and immunological 
abnormalities, including AD and immunodeficiency. 
These cases may occur at any disease duration, even after 
thymectomy. In addition to opportunistic infections, risk of a 
second cancer is higher in GS patients. Thymectomy may have 
favorable outcomes for some ADs, especially MG, but does 
not improve immunodeficiency in GS patients.
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