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Background: Pure red cell aplasia (PRCA) associated with thymoma is relatively rare, and relevant reports 
are limited. We investigated the clinical features and outcomes of PRCA associated with thymoma in this 
study.
Methods: A retrospective review of all PRCA patients who underwent surgical resection of thymoma from 
April 1, 2004, to December 31, 2015, was performed.
Results: We experienced eight patients with PRCA among 146 patients who underwent surgical resection of 
thymoma. Extended thymectomy (n=4) and thymectomy (n=4) were performed for thymoma. Regarding the 
WHO classification of thymoma, the subtypes were type B2 or B3 in seven patients, and the stage of thymoma 
was advanced in seven patients. Complete resection was achieved macroscopically in only five patients. 
Recurrence of thymoma occurred in four patients who underwent complete resection. PRCA was diagnosed 
after surgical resection of thymoma in six patients (range 1–101 months, median 56.5 months). Cyclosporine 
was used for PRCA in six patients. Pneumonia of treatment-related complications due to cyclosporine 
occurred in all patients. The follow-up period ranged from 13–147 months (median 54.5 months)  
after the PRCA diagnosis. Three patients obtained complete remission of anemia by cyclosporine. Although 
one patient was able to stop taking cyclosporine because of complete remission of anemia, transfusion was 
needed due to relapse of PRCA. Five patients died, with the main causes of death diagnosed as pneumonia 
(n=4) and cardiac failure (n=1).
Conclusions: PRCA associated with thymoma was diagnosed postoperatively in three-quarter of patients. 
We should be alert for the occurrence of PRCA even after resection of thymoma, especially in patients 
with incomplete resection or advanced disease. Cyclosporine was effective for PRCA, but treatment-related 
complications occurred, particularly pneumonia. As treatment for PRCA associated with thymoma and its 
complications were combined in a complex manner, treating PRCA associated with thymoma can be quite 
difficult.
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Introduction

The first case of pure red cell aplasia (PRCA) associated with 
thymoma was reported in 1930 by Polayes and Lederer (1).  
PRCA patients were associated with thymoma in 
approximately 8.5–50% of all cases (2-4), and approximately 
2–5% of thymoma patients developed PRCA (2,5). Acquired 
pure red cell aplasia associated with thymoma is relatively 
rare, and relevant reports are limited. Recently, the long-
term response and outcomes following immunosuppression 
have been reported in patients with idiopathic, thymoma-
associated, or large granular lymphocyte leukemia-
associated PRCA, and risk factors for death in patients with 
these disorders were identified (6).

In the present study, we investigated the clinical features 
and outcomes of patients with PRCA associated with 
thymoma.

Methods

A retrospective review of all PRCA patients who underwent 
surgical resection of thymoma at Nagoya City University 
Hospital from April 1, 2004, to December 31, 2015, 
was performed. Patients’ clinical data, including their 
characteristics, pathology reports, treatment regimens, 
complications, and outcomes, were extracted from the 
medical records. The histological classification of the 
thymoma was based on criteria of WHO classification (7). 
Clinical pathological staging of thymoma was performed 
according to the criteria proposed by Masaoka et al. (8). The 
diagnosis of PRCA was based on the criteria proposed by 
Dessypris and Lipton (9). Erythrocytes are normochromic 
and normocytic on peripheral blood counts. Reticulocytes 
account for <1% of counts, and erythroblasts are either 
totally absent or constitute less than 1% of the marrow 
differential counts. Possible causes of acquired PRCA, 
including the patients’ prescription history, preceding 
infections and immunological examination results, were 
explored. Complete remission for PRCA was defined as 
maintaining hemoglobin levels at >11.0 g/dL without 
transfusion. This study was approved by the Institutional 
Review Boards of Nagoya City University Hospital (No. 
70-00-0038) and carried out in accordance with the 
Declaration of Helsinki. All of the patients consented to the 
use of their tissues for the present analysis.

Results

We experienced eight patients with PRCA among 146 
patients who underwent surgical resection of thymoma 
at Nagoya City University Hospital from April 1, 2004, 
to December 31, 2015. There were five males and three 
females, with a mean age at the surgical resection of 59 
(range 45–80 years old). The subtypes of thymoma were 
A (n=1), B2 (n=5), and B3 (n=2) according to the WHO 
classification, and the stages were II (n=1), III (n=3), IVa 
(n=2), and IVb (n=2) according to Masaoka’s classification. 
One patient (No. 4) had a complication of myasthenia 
gravis and idiopathic thrombocytopenic purpura (Table 1). 
Myasthenia gravis was diagnosed before surgical resection 
of thymoma, and idiopathic thrombocytopenic purpure was 
diagnosed at 133 months after surgical resection.

Five patients received preoperative chemotherapy 
using cytotoxic agents (n=1) and high-dose steroids (n=4). 
Extended thymectomy (n=4) and thymectomy (n=4) were 
performed in eight patients with thymoma. Complete 
resection was achieved macroscopically in only five patients. 
Postoperative radiotherapy was given to five patients. One 
patient (No. 3) received adjuvant hemithoracic radiation 
(15 Gy). Four patients were treated with postoperative 
mediastinal radiation to the tumor bed (40–56 Gy). A 
recurrence of thymoma occurred in four patients who 
underwent complete resection (Table 1).

The diagnosis of PRCA was made based on the results 
of bone marrow biopsies and peripheral blood counts. Six 
patients were diagnosed with PRCA after surgical resection 
of thymoma (range 1–101 months, median 56.5 months), 
and two patients were diagnosed before surgical resection 
(Table 1, Figure 1). Neither of the two patients diagnosed 
with PRCA before operation achieved complete remission 
of anemia after surgical resection of thymoma. Cyclosporine 
was used to treat PRCA in six patients with or without 
corticosteroids, and immunosuppressive agents were not 
used in the other two patients, who only received occasional 
transfusion. Three patients (including two who died) 
obtained complete remission of anemia by cyclosporine 
with or without corticosteroids. The patient who was still 
alive had continued to take cyclosporine. In one patient 
(No. 6), cyclosporine was stopped after 12 months because 
of complete remission of anemia. However, transfusion was 
needed after 72 months’ interruption due to the relapse of 
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PRCA (Table 1).
As treatment-related complications of cyclosporine, 

pneumonia was seen in all patients, and renal insufficiency 
was observed in one of the six patients who received the 
agent. Pneumonia was seen in all patients who received 
postoperative radiotherapy (Table 1). The follow-up period 
ranged from 13–147 months (median 54.5 months) after the 
PRCA diagnosis (Figure 2). Five patients ultimately died, 
with the main causes of death being pneumonia (n=4) and 
cardiac failure (n=1).

Discussion

Our study confirmed the clinical features and outcomes T
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Figure 1 The chronological arrangement of surgical resection for 
thymoma and the occurrence of PRCA. The time at which each 
patient underwent surgical resection was set at point 0 on the x-axis 
(arrow). Six patients were diagnosed with PRCA after undergoing 
surgical resection of thymoma, and two were diagnosed before 
undergoing surgical resection.
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Figure 2 The overall survival of all PRCA patients with thymoma. 
PRCA, pure red cell aplasia.
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in patients with PRCA associated with thymoma. Table 2 
summarizes an overview of similar cases reported in the 
literature. In this study, the histology of thymoma was 
mainly type B2 and B3, and the pathological stage was 
primarily advanced disease. The thymoma histology has 
varied in some reports (10,11,13) but was mainly type A or 
AB in early reports (14). The pathological stage in our study 
was consistent with those noted in later reports (12) but 
contrasted with those in early reports (14). These different 
findings may have been influenced by the rarity of PRCA 
associated with thymoma.

Surgical resection of the thymoma associated with PRCA 
has been recommended as the initial treatment because it 
leads to remission in 25–38% PRCA patients (14,15). In a 
previous study, two patients achieved complete remission of 
PRCA after extended thymectomy (12). In our study, PRCA 
associated with thymoma was diagnosed postoperatively 
in six of eight patients, and the remaining two diagnosed 
with PRCA before the operation failed to obtain complete 
remission of anemia after surgical resection of thymoma. 
Surgical resection of thymoma was performed in 36 patients 
in a previous study, 16 of whom were diagnosed with 
PRCA post-thymectomy (10). In another study, none of 
the 12 patients who underwent surgery obtained complete 
remission of anemia after surgical resection alone (11). 
The role of thymoma and the significance of thymectomy 
in the pathogenesis of anemia remain unclear. Masuda 
et al. reported that a patient with PRCA associated with 
thymoma had clonal T-cell expansions in the thymoma and 
peripheral blood (16). However, Fujishima et al. reported 
that a patient with PRCA associated with thymoma had 
clonal T-cell expansions in only the peripheral blood, not 
in the thymoma (17). The significance of thymoma with 
PRCA in providing conditions for the clonal expansions of 
pathogenic T cells may differ among patients (10).

Cyclosporine induced an effective response in 95% 
patients with PRCA associated with thymoma (10), 
with the remaining patients having to continue to take 
cyclosporine as maintenance therapy (10). In our study, 
three of six patients continuing to receive cyclosporine 
obtained complete remission of anemia. In one patient who 
stopped taking cyclosporine because of complete remission 
of anemia, relapse of PRCA was recognized. Although 
the patient started to take cyclosporine again, he became 
transfusion-dependent, as cyclosporine was not effective. 
The discontinuation of maintenance cyclosporine therapy 
led to a relapse of anemia in 86% of patients with idiopathic 
PRCA (3). Patients who achieve remission of PRCA 

associated with thymoma may need to continue to receive 
cyclosporine, similar to those with idiopathic PRCA. In 
another study, 2 of 13 patients achieved complete remission 
with cyclosporine treatment. Although two other patients 
also achieved transfusion independence on cyclosporine, 
both relapsed after their doses were decreased due to drug 
toxicity (11). The response rates of patients with relapse of 
PRCA were inferior to those of non-treated patients (6).  
Therapies aside from cyclosporine may be required to 
overcome PRCA associated with thymoma.

The median overall survival in PRCA associated with 
thymoma was 142.1 months, and the causes of death were 
infection, cardiac failure, and thymoma (6). Resistance to 
immunosuppressive therapies and relapse of anemia were 
associated with a poor prognosis (6). Maintenance therapies 
of cyclosporine have been shown to increase the risk of 
infection, organ failure, and malignancy (10,11,18). In our 
study, all patients developed pneumonia as a treatment-
related complication of cyclosporine, and four of six patients 
died from pneumonia. The treatment for cyclosporine-
related complications may improve the prognosis of 
PRCA associated with thymoma. Patients receiving 
immunosuppressive therapies should receive prophylaxis 
against pneumocystis pneumonia (19). Interestingly, in our 
study, all patients who received postoperative radiotherapy 
got pneumonia, and four of these five patients died from 
pneumonia. Pulmonary fibrosis related to postoperative 
radiotherapy may influence the occurrence of pneumonia, 
so such patients should be carefully considered for 
postoperative radiotherapy. Iron chelation therapy with 
deferasirox for post-transfusion iron overload improved 
hematopoiesis in transfusion-dependent patients with 
aplastic anemia (20), sickle cell disease (21), and PRCA 
associated with thymoma (22). Iron chelation therapy may 
improve the outcome of PRCA associated with thymoma in 
transfusion-dependent patients. 

While any conclusions should be tempered due to the 
limitations associated with the small scale of the present 
study, we believe that the findings may have a positive 
impact on the treatment for PRCA associated with 
thymoma.

Conclusions

PRCA as soc i a ted  wi th  thymoma was  d i agnosed 
postoperatively in three-quarter of patients. We should 
therefore be alert for the occurrence of PRCA even 
after resection of thymoma, especially in patients with 
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incomplete resection or advanced disease. Cyclosporine was 
effective against PRCA, but treatment-related complications 
occurred, particularly pneumonia. As treatment for PRCA 
associated with thymoma and its complications were 
combined in a complex manner, treating PRCA associated 
with thymoma can be quite difficult.
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