1’ frontiers
In Medicine

ORIGINAL RESEARCH
published: 13 December 2021
doi: 10.3389/fmed.2021.759914

OPEN ACCESS

Edited by:

Lalitha Nayak,

Case Western Reserve University,
United States

Reviewed by:

Robert Means,

East Tennessee State University,
United States

Prantar Chakrabarti,
Vivekananda Institute of Medical
Sciences, India

Filiz Vural,

Ege University, Turkey

Hékon Reikvam,

University of Bergen, Norway

*Correspondence:
Ya-Ting Hsu
yatinhsu@hotmail.com
Tsai-Yun Chen
teresa@mail.ncku.edu.tw

T These authors have contributed
equally to this work and share first
authorship

*These authors have contributed
equally to this work

Specialty section:

This article was submitted to
Hematology,

a section of the journal
Frontiers in Medicine

Received: 17 August 2021
Accepted: 18 November 2021
Published: 13 December 2021

Citation:

Yen C-C, Huang W-L, Li S-S,

Chen Y-B, Tseng Y-L, Yen Y-T,

Chu C-Y, Hsu Y-T and Chen T-Y
(2021) Pure Red Cell Aplasia and
Other Haematological Diseases
Associated With Thymoma: A Case
Series and Systematic Review.
Front. Med. 8:759914.

doi: 10.3389/fmed.2021.759914

Check for
updates

Pure Red Cell Aplasia and Other
Haematological Diseases Associated
With Thymoma: A Case Series and
Systematic Review

Chih-Chieh Yen 2", Wei-Li Huang?®', Sin-Syue Li*, Ya-Ping Chen*, Yau-Lin Tseng?,
Yi-Ting Yen?3, Chang-Yao Chu?®, Ya-Ting Hsu** and Tsai-Yun Chen*#

! Division of Haematology/Oncology, Department of Internal Medicine, National Cheng Kung University Hospital Douliou
Branch, Yunlin, Taiwan, 2 Institute of Clinical Medicine, School of Medicine, National Cheng Kung University, Tainan, Taiwan,
3 Division of Thoracic Surgery, Department of Surgery, National Cheng Kung University Hospital, College of Medicine,
National Cheng Kung University, Tainan, Taiwan, * Division of Haematology, Department of Internal Medicine, National Cheng
Kung University Hospital, College of Medicine, National Cheng Kung University, Tainan, Taiwan, ° Department of Pathology,
Chi-Mei Medlical Center, Tainan, Taiwan

Background: Thymoma-associated haematological diseases (HDs), such as pure red
cell aplasia (PRCA) and Good’s syndrome, are extremely rare, and due to the paucity
of large-scale studies, the characteristics, remission after thymectomy, and long-term
evaluation remain undetermined.

Methods: We retrospectively assessed patients with thymoma and associated HDs
from Jan 2005 to Dec 2020. All patients received thymectomy and/or additional
treatments for HDs. A comparison with thymoma-associated myasthenic gravis (MG),
and a systematic review from PubMed/MEDLINE and Embase were conducted.

Results: In the median follow-up of 56 months, 130 patients were enrolled. Patients
with thymoma-associated MG (n = 46) and HDs [n = 8; PRCA (n = 5), PRCA and
Good’s syndrome (n = 2) and autoimmune haemolytic anaemia (n = 1)] were evaluated.
Patients with MG had a significantly higher remission rate after thymectomy (50 vs. 17%;
p = 0.0378) as compared to those with other autoimmune diseases. Two of seven
patients with PRCA experienced remission with thymectomy alone, and an additional two
patients achieved remission with thymectomy plus immunosuppressive therapy (IST). In
the systematic review, 60 studies (case reports, n = 46; case series including the present
study, n = 14) were evaluated. Forty-four percent of patients were diagnosed with PRCA
after thymoma, and 61% achieved remission with thymectomy plus IST; however, Good’s
syndrome was unaffected.

Conclusions: Our study indicates that patients with thymoma-associated autoimmune
diseases other than MG have a lower remission rate than those with MG. Remission
of thymoma-associated PRCA can be achieved by thymectomy and IST. This study
provides insight into extremely rare but puzzling autoimmune manifestations.

Keywords: thymoma, thymectomy, systematic review, pure red cell aplasia, autoimmune disease, Good’s
syndrome
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INTRODUCTION

Thymoma is a rare mediastinal tumour that originates from the
epithelium of the thymus, with an incidence of 0.13-0.15 per
100,000 person-years (1, 2). Thymoma correlates with various
autoimmune diseases, among which myasthenia gravis (MG) is
the most prevalent and is found in up to 44% of cases (3, 4).
Other autoimmune diseases, especially haematological diseases
(HDs), are less frequently reported but may affect survival (5-7).
Unlike thymoma-associated MG, surgical thymectomy for other
autoimmune diseases remains under debate owing to the largely
unknown efficacy and risks of disease progression (8, 9). Overall,
there is a knowledge gap regarding the aetiological association
between thymoma and autoimmune diseases, notably those other
than MG.

Pure red cell aplasia (PRCA) is a rare acquired isolated
erythropoietic failure and one of the most common thymoma-
associated HDs. The incidence of PRCA is 2-5% in patients
with thymoma, and a thymic tumour can be detected in
10-20% of patients with PRCA, suggesting autoimmune
interaction (10-12). Thymoma-associated PRCA often
accompanies other HDs, including Good’s syndrome (thymoma
plus  hypogammaglobulinaemia), autoimmune haemolytic
anaemia (AIHA) and other cytopaenias (11, 13). Unlike
MG, remission of PRCA after thymectomy has yet to be
determined, and several series have inconsistently reported
remission rates of 5-25% (11, 14, 15). Interestingly, B cell
aplasia and hypogammaglobulinaemia in Good’s syndrome are
largely unaffected by immunosuppressive therapy (IST) and
thymectomy (13). Differences in characteristics, therapeutic
responses, and chronological sequences highlight the complex
interplay between thymoma and HDs.

Thymoma-associated PRCA and other HDs are to date
only found in case reports or series. The disease trajectory
and outcome of patients who have undergone thymectomy are
also less reported. Hence, a systematic review may provide
insight into rare but potentially devastating manifestations.
In the present study, we retrospectively reviewed thymoma-
associated HDs in a medical institute. A descriptive analysis
was conducted to elucidate the characteristics, chronological
sequences, treatments, remissions, and outcomes of these
patients. The aim of the study was to reveal the features and long-
term evaluation of thymoma-associated PRCA and other HDs. A
systematic review incorporating case reports and series in the past
15 years is provided as well.

MATERIALS AND METHODS

Patients

We retrospectively reviewed patients with primary thymic
epithelial tumours from Jan 2005 to Dec 2020 at National Cheng
Kung University Hospital, a tertiary medical institute in Tainan,
Taiwan. A total of 130 patients who had follicular hyperplasia,
thymoma, or thymic carcinoma and had received thymectomy
(thoracotomic or video-associated thoracoscopic thymectomy)
were enrolled. All tumour specimens were uniformly confirmed
by a pathologist (CY Chu) specialising in chest malignancies

according to the 2015 WHO Classification of Tumours of the
Thymus (4th edition) (16). Requirement of additional therapies
for thymic malignancies, such as systemic chemotherapy and
radiotherapy, did not affect inclusion. Patients with thymic
epithelial tumours other than thymoma, such as germ cell
tumours, soft tissue sarcomas, secondary lymphomas, and
other haematopoietic neoplasms, were excluded. Associated
autoimmune diseases, including HDs (PRCA, Good’s syndrome,
and AIHA), MG, Graves disease and other inflammatory
peripheral neuropathies, were assessed based on electronic
medical records. The diagnosis of PRCA was established as
follows: the presence of severe normocytic, normochromic
anaemia with reticulocytopaenia and the absence or near
absence of erythroid precursors (<1% in the total nucleated
cells) in otherwise normal bone marrow. Good’s syndrome
was diagnosed according to primary hypogammaglobulinaemia
[serum immunoglobulin G (IgG) <500 mg/L, IgA <700 mg/L,
IgM <400 mg/L, and/or IgG subclass deficiency] and AIHA to
the presence of autoimmune antibody-mediated haemolysis plus
positive direct/indirect anti-globulin test (17-19). Patients with
HDs derived from congenital or any secondary causes other than
thymoma were excluded.

Clinical Evaluations

The clinicopathological characteristics of the patients were
recorded. We used the Masaoka-Koga staging system for thymic
malignancies (20). The selected treatments for PRCA, such as
corticosteroids, cyclosporin A (CsA), cyclophosphamide (CYC),
intravenous immunoglobulin (IVIg), antithymocyte globulin
(ATG), and/or other therapeutic monoclonal antibodies, were
noted accordingly. Complete remission (CR) of PRCA was
referred to as a persistent haemoglobin (Hb) level >11.0 g/dL
and partial remission (PR) as Hb between 9.0 and 11.0 g/dL over
a period of 3 months. Non-remission (NR) was defined by any
condition that did not fit the above criteria. The chronological
sequence of PRCA and thymoma was defined by either disease
preceding the other with an interval of more than 3 months;
concurrence was suggested if two diseases were diagnosed with
an interval <3 months. Transfusion dependence was defined
by at least 2 units of red blood cell transfusions every 28 days
over a period of 3 months. Overall survival was defined as the
interval between thymoma diagnosis and death of the patient for
any cause.

Search Strategies and Systematic Review

of the Literature

We conducted a systematic review of the literature on thymoma-
associated PRCA. Two authors (CC Yen and YT Hsu)
independently performed literature searches in online databases,
including PubMed/MEDLINE and Embase, in February 2021.
The search keywords included “THYMOMA, “THYMIC
EPITHELIAL TUMOUR; and “PURE RED CELL APLASIA”
by controlled or natural vocabularies, respectively. Other
cytopaenias in addition to PRCA, such as Good’s syndrome or
ATHA, were not excluded from our search results and were
therefore assessed collectively. The details of the search queries
are shown in Supplementary Data 1. We further limited the
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Records identified through
PubMed/MEDLINE searching
(n=318)

Records identified through
Embase searching

(n=313)

|

Records identified (n=631)

!

' Duplicated records excluded (n=270)

removed (n=361)

Records after duplicates

Excluded by non-English language (n=45)

by title and abstract (n=20)
Included

records identified from references (n=11)

Full-text articles assessed
for eligibility (n=307)

Articles excluded
1. Not from the time period of 2005 to 2020
(n=102)

2. Letters, reviews or comments in the

absence of cases (n=77)

Studies included in
qualitative synthesis (n=59) 4.

3. Not thymoma-associated haematological
diseases (n=41)

Etiologies other than thymoma (n=26)

5. Complex cytopaenias (n=2)

I Included: present series (n=1) ‘

Studies included in
systematic review (n=60)

l

Case reports (n=46)

Case series (n=14)

reviews and meta-analyses.

FIGURE 1 | Flow diagram of the study. The flow diagram of the enrolled studies following PRISMA algorithm. PRISMA, preferred reporting items for systematic

preliminary searches to the English language, research articles
of case reports, series, observational or prospective studies, and
publication year from 2005 to 2020. We followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) for qualitative assessment (21). The flow algorithm of
the searched articles is depicted in Figure 1. If the two authors
failed to reach a consensus, an independent third author (SS Li)
was summoned for a final decision. The PRISMA checKklist of the
current study is provided in Supplementary Data 2.

Statistical Analysis

We present clinicopathological features in descriptive analyses
by percentages or case numbers. Continuous variables were
compared using Student’s f-test; categorical variables were
compared using a chi-squared test or Fisher’s exact test.
If variables did not meet the parametric assumptions, non-
parametric methods were applied. Statistical significance was
prespecified by a p < 0.05. In pooled analysis, we aggregated the

available patient data as much as possible and did not impute
missing information. Because of publication bias, we did not
restrict data derived from published variables in the articles
but used all searchable information. We employed GraphPad
Prism® 8.0 (GraphPad software, CA, USA) and R® 351 for data
management and computing.

RESULTS

Patients With Thymoma:

Clinicopathological Characteristics

A total of 130 patients with thymoma who had
received thymectomy were included in the study. Their
clinicopathological characteristics are shown in Table 1. The
median follow-up time was 56 months, and the median age
was 56 years, with a female predominance (57%). Nearly half
(45%) of the patients had at least one associated autoimmune
disease, with MG being the most prevalent (36%), followed by
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TABLE 1 | Patient characteristics.

TABLE 2 | Myasthenia gravis vs. other autoimmune diseases.

Patients with thymoma (n = 130)

Age at diagnosis, years (IQR) 53 (44-63)
Male, n (%) 56 (43)
Median follow-up duration, ms (IQR) 54 (27-86)
With at least one AD, n (%) 58 (45)
With >2 Ads 4 3)
Thymoma and ADs?

With MG 47 (36)
With PRCA 7 (5)
With Good’s syndrome 2 2
Others® 5 @)
WHO classification

A 17 (13)
B1 18 (14)
B2 28 22
B3 13 (10)
AB 28 (22)
C 18 (14)
Follicular hyperplasia 8 (6)
Masaoka staging®

| 54 (44)
Il 31 (25)
Il 24 (20)
vV 13 (11)
Tumour diameter >5cm, n (%) 54 (42)
Angiolymphatic invasion, n (%) 8 (6)
En-bloc resection, n (%) 128 (99

aCalculated as the number of patients with defined AD in the total population.

bGraves’ disease (n = 2), AIDP (n = 2), and AIHA (n = 1).

CExcluding patients with follicular hyperplasia (n = 122).

IQR, interquartile range; ms, months; AD, autoimmune disease; MG, myasthenia gravis;
PRCA, pure red cell aplasia; AIDR, acute inflammatory demyelinating polyneuropathy;
AIHA, autoimmune hemolytic anaemia.

HDs (PRCA, 5%; Good’s syndrome, 2%; ATHA, 1%). Cortical
(WHO B2, 22%) and mixed (WHO AB, 22%) thymoma were
frequently found based on WHO classification. Fourteen percent
of the patients had thymic carcinoma, and 6% had follicular
hyperplasia. In approximately half of the cases, a thymoma with
extracapsular invasion or distant metastasis occurred (Masaoka
stage IIA or above, 56%). However, successful en bloc resection
of tumours was achieved in 99% of the patients.

Patients With MG vs. Other Autoimmune

Diseases

In the total cohort, 46 patients had MG, and another 12 had
autoimmune diseases other than MG. The detailed characteristics
are presented in Table 2. Among patients with autoimmune
diseases other than MG, two-thirds had HD (PRCA, n = 5;
PRCA plus Good’s syndrome, n = 1; PRCA, Good’s syndrome
and AIHA, n = 1; AIHA, n = 1). Overall, sex, en bloc resection
rate, concurrence with thymoma, WHO histology classification
and Masaoka staging were comparable between the two groups.

MG only (n = 46) ADs other P
than MG (n
=12)
Median age, years 47 (35, 53) 54  (49,65) 0.0112*
(IQR)
Male, n (%) 15 (33) 5 (42) 0.81
Haematological ADs, n 0 (67) -
(%)
En-bloc resection, n 45 (98) 11 (92) 0.37
(%)
Median follow-up 60 (29, 85) 46 (29, 85) 0.88
durations, ms (IQR)
Concurrence with 18 (39) 4 (33) 0.97
thymoma, n (%)
WHO Histology 0.18
A (11) 2 (17)
B1 (11) 0
B2 14 (30) 2 (17)
B3 (13) 0
AB 10 (22) 5 (42)
C 1 8)
Follicular hyperplasia 6 (13) 2 (17)
Masaoka?® 0.78
| 20 (50) 5 (50)
Il ihl (28) 4 (40)
1l 6 (15) 1 (10)
\Y 3 8) 0
Remission after 23 (50) 2 (17) 0.0378*

thymectomy, n (%)

4Excluding patients with follicular hyperplasia (MG alone, n = 40; ADs other than MG,
n=10).

MG, myasthenia gravis; AD, autoimmune disease; IQR, interquartile range; ms, month.
* p < 0.05 (statistically significant).

However, patients with MG were significantly younger than those
with other autoimmune diseases (median age, 47 vs. 54 years;
p = 0.0112 by Mann-Whitney U-test), and the remission rate
after thymectomy was significantly higher in these patients (50
vs. 17%; p = 0.0378 by Fisher’s exact test).

Patients With Thymoma and PRCA: Clinical
Course

In the median follow-up of 54 months, seven patients had
thymoma-associated PRCA and other HDs. Five of the patients
had PRCA, one had PRCA plus Good’s syndrome and one had
PRCA, Good’s syndrome plus AIHA. The detailed clinical course,
characteristics and illustrated chronological sequence of the
diseases are provided in Table 3 and Supplementary Figure 1.
We present the clinicopathological features of a middle-
aged female (Case 1) with thymoma-associated PRCA in
Supplementary Figure 2. In the chronological sequence of the
two diseases, five patients were found to have a concurrent
course, followed by one patient who had PRCA preceding
thymoma and one who had thymoma preceding PRCA. Initially,
two patients achieved remission of PRCA by thymectomy.
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TABLE 3 | Patient characteristics of the present series.

Age (range), ADs WHO Masaoka Pre/post Sequence of Remission Frontline Relapse or Additional FUT, ms Outcome
sex histology thymectomy thymoma and after treatment progression treatment(s)
Hb, g/dL PRCA? thymectomy
1 50-55F PRCA, PGA type 1 B1 A 6.5; 6.4 Concurrent No CsA, Yes, by 18 ms CYC, VigP, rATG 46 Alive with PR, Tr-D
corticosteroids (+) due to 2nd
relapse
2 50-55F PRCA, Good’s AB 45,48 Thymoma No CsA, No IVigP 54 Alive with CR, Tr-D
syndrome preceding by corticosteroids )
22ms
3 50-55F PRCA, Good’s AB 5.8;6.2 Concurrent No None Yes IVigP 1 Not evaluable;
syndrome, AIHA death due to
sepsis; Tr-D (+)
4 55-60M PRCA, MG A 5.0;5.9 Concurrent No CsA, No None 25 Alive with NR, Tr-D
corticosteroids ()
5 60-65F PRCA AB 5.7,10.1 Concurrent Yes None No None 130 Alive with CR, Tr-D
)
6 50-55M PRCA AB A 4.4;14.4 PRCA preceding  Yes None Yes, by 78 ms CsA, 138 Alive with PR, Tr-D
by 4ms corticosteroids (+); developed
T-LGL leukaemia
7 60-65M PRCA B2 1A 4.3;6.4 Concurrent No None Yes, by 4ms None 22 NR; death due to

myeloid
malignancy; Tr-D
(+)

aConcurrent: the time interval between diagnosis of thymoma and PRCA equivalent or <3 months.

b1\ig administration as a prophylactic treatment for hypogammaglobulinaemia.

PRCA, pure red cell aplasia; FUT, follow-up time; AIHA, autoimmune haemolytic anaemia; ADs, autoimmune diseases; Hb, haemoglobin;, ms, months; CR, complete remission; PR, partial remission; NR, none remission; Tr-D, transfusion
dependence; PGA, autoimmune polyglandular syndrome; CsA, cyclosporin A; CYC, cyclophosphamide; IVIg, intravenous immunoglobin; rATG, rabbit anti-human thymocyte globulin; T-LGL, T cell-large granular lymphocyte.
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TABLE 4 | Comparison of the present study with the literature.

References Cases mAge/ HDs mHb, WHO Masaoka Treatment Remission Chronological Outcome Note
Sex g/dL Histology of the sequence
HDs
Thompson 13 65; PRCA (n = 13) 6.1 AB (n = 4), NA Thymectomy (n = 12), Yes (>PR, Thymoma Death due to CsA-related TTP
and M:F=7:6 B1(h=2), corticosteroids (n = 1), n=4), preceded (n = 4), infection (n = 2), n=2)
Steensma An=2), ATG/corticosteroids no(n==8) concurrent (n = 9) progressive
(15) Chh=1); (n=1), thymoma (n = 1),
others (n = 4)2 ATG/CsA (n = 2) bleeding (n = 1),
heart failure
(n=1),
NA(n=2)
Hirokawa 41 65; M PRCA (n = 40), 5.8 AB (n=9), NA Thymectomy (n = 36), Yes (>PR, Thymoma |ST-related
et al. (44%) PRCA and AIHA B2 (n = 4), CsA (n = 20), n=27), preceded (n = 16), Median OS = 142 pneumonia
(11, 22) (h=1) B1 (h = 3), corticosteroids no (n = 8), PRCA preceded months (n=4),
An=1) (n=13), NA (n = 6) (n=11), Death due to CMV (n =1)
others and CYC (n = 1) unknown (n = 14) infections (n = 5),
(n = 24) thymoma (n = 1),
heart failure (n = 1)
Rivoisy et 11/36° 57; MiF PRCA (n = 11) 7.0 A (3%), -1l (50%)¢ Thymectomy (n = 11), Yes (>PR, Thymoma Death due to IST-related V2V,
al. (23) =47 B1-3 (47%), corticosteroids n=29), preceded (n = 7), cytopenia (n = 1) CMV,
AB (25%), (n=13), no (n =2) concurrent (n = 3), and infection and pneumocystis
C (14%), ATG (n = 1), PRCA preceded (n=1) infections
NA (11%) CsA(n=9), (h=1)
CYC(h= 1),
MMF (n = 2),
rituximab (n = 1),
alemtuzumab (n = 1),
danazol (n = 2)
Moriyama 8 56; M:F PRCA (n =7), NA B2 (n = 5), I(n=1), Thymectomy (n = 8), Yes (>PR, Thymoma Death due to CsA-related
et al. (24) =53 PRCA and ITP B3 (h=2), lh(n=3), CsA (n = 6), n=23g), preceded (n = 5), infection (n = 4), pneumonia (n = 4)
(h=1) An=1) VA (n = 2), corticosteroids (n = 2) no (n = 5) concurrent (n = 2), heart failure (n = 1) and Rl (n=1)
IVB (n=2) PRCA preceded
(n=1)
Present 7 55; M:F PRCA (n = 5), 5.0 AB (n = 4), I (n=4), Thymectomy (n = 7), Yes (>PR, Concurrent Death due to No remission of
study =34 PRCA and B1(nh=1), IA(n=29) CsA (n = 3), n=4), (n =95), myeloid Good’s syndrome
Good’s B2 (n=1), corticosteroids (n = 4), no (n = 3) thymoma malignancy
syndrome An=1) Vig (n = 2), preceded (n = 1), (n="1),
(n =1); PRCA, CYC (n=1), PRCA preceded infection (n = 1)
Good’s ATG (n=1) (n=1)
syndrome and
AHA (n =1)

aThymolipoma (n = 4).
bFollicular hyperplasia (n = 1) and unspecified (n = 23).

¢Denotes the cases of PRCA/total cases in the studly.

dPercentages presented by the total cases of thymoma in the study.
mAge, median age; HD, haematological disease; mHb, median haemoglobin; PRCA, pure red cell aplasia; NA, not available; ATG, antithymocyte globulin; CsA, cyclosporine A; TTR, thrombotic thrombocytopenic purpura; AIHA,
autoimmune haemolytic anaemia; CYC, cyclophosphamide; MMF, mycophenolate mofetil; IST, immunosuppressive therapy; OS, overall survival; V2V, varicella zoster virus; CMV, cytomegalovirus; ITF, immune thrombocytopenic
purpura; R, renal insufficiency; MDS, myelodysplastic syndrome; IVig, intravenous immunoglobulin.
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Among the 7 included patients, four achieved a treatment
response above PR (PR, n = 2; CR, n = 2). Three of the seven
patients had achieved a remission by thymectomy and IST with
corticosteroids, CsA, CYC, IVIg, or ATG (PR, n =2; CR, n = 1);
two had NR; one had a sustained CR without IST for a follow-
up time of 130 months, and one was not evaluable due to early
death. Patients with Good’s syndrome failed to respond to these
treatments and were supported with IVIg in the follow-up period.

Two patients in our series developed secondary HDs. One
patient had T-large granular lymphocytic leukaemia at 51
months after the diagnosis of PRCA, and circulating large
granular lymphocytes persisted throughout the follow-up period.
Another patient developed myeloid malignancy with leukaemic
transformation at 6 months after PRCA diagnosis. In our series,
one patient died of severe sepsis due to Good’s syndrome and
another of myeloid leukaemia disease progression.

Systematic Review of the Literature
We identified 307 independent articles about thymoma-
associated PRCA or PRCA plus additional HDs in online
databases. After screening and assessment for eligibility,
60 articles were included in the systematic review (case
series including the present study, n = 14; case reports,
n = 46). The flow diagram according to the PRISMA
guidelines 1is illustrated in Figurel, and the studies are
shown in Supplementary Table 1. Among these studies,
we selected five case series for comparisons (Thompson
2006, Hirokawa 2008/2015, Rivoisy 2016, Moriyama 2018,
and present study; Table4) (11, 15, 22-24). Overall, the
patient characteristics and selected treatments were similar.
In addition to thymectomy, corticosteroids, CsA, ATG, CYC,
mycophenolate mofetil, rituximab, alemtuzumab, and danazol
were reported as PRCA treatment. The outcomes were also
similar, and fatal cases related to infections were found in all
5 series.

After pooling the information from all enrolled studies,
a total of 156 patients with thymoma-associated PRCA were
evaluated, and the results are shown in Table 5. The median
age was 58, without a sex predilection. Twenty-two percent
of the patients were reported to have a concomitant HD in
addition to PRCA. Mixed (WHO AB, 26%) and unspecified
thymoma were the most prevalent tumours according to WHO
classification. In the chronological sequence of thymoma and
PRCA, thymoma preceded PRCA in 44% of the patients; 30%
had a concurrent course. Regarding the treatment outcome of
PRCA, 61% of patients achieved remission after thymectomy
and other miscellaneous treatments. Nevertheless, we did not
identify any patient with Good’s syndrome reported to have
remission as defined by reversal of hypogammaglobulinaemia or
B cell deficiency.

DISCUSSION

To the best of our knowledge, the current study represents
one of the few published reports about thymoma-associated
PRCA in the literature and the first series in Taiwan. We also
incorporated a systematic review of the recent decade to define

TABLE 5 | Pooled analysis of present series and the literature.

Patients with thymoma and PRCA

(n = 156)
Age at diagnosis, years (IQR) 58 (47-65)
Sex, n (%)
Male 75 (48)
Female 81 (52)
Thymoma plus, n (%)
PRCA alone 121 (78)
PRCA and Good’s syndrome 22 (14)
PRCA and AAMT 9 ©®)
PRCA and AIHA 2 )
PRCA and ITP 2 (1)
WHO classification
A 10 (6)
B1 18 (12)
B2 19 (12)
B3 10 (6)
AB 41 (26)
C 9 (6)
Others® 5 3)
Unspecified 44 (28)
Chronological sequence, n (%) 68 (44)
Thymoma preceded
Concurrent 47 (80)
PRCA preceded 24 (15)
Unknown 17 (1
Remission of PRCA after 95 61)

thymectomy and other
treatments, n (%)

Remission of Good’s syndrome, 0
n (%)°

aThymolipoma (n = 4) and follicular hyperplasia (n = 1).

b Defined by resolution of hypogammaglobulinemia or B cell deficiency. A total of 14 cases
was reported of the response.

IQR, interquartile  range;, PRCA, pure red cell aplasia; ITR  immune
thrombocytopenia purpura; AlHA, autoimmune hemolytic anaemia; AAMT, acquired
amegakaryocytic thrombocytopenia.

this rare but puzzling autoimmune manifestation. The incidence
of thymoma-related PRCA (5%) and Good’s syndrome (2%) in
our series were consistent with published studies (4, 13, 23,
25). The complexity and scope of autoimmune manifestations
were also similar, whereby MG was most common, accounting
for nearly one-third of cases, followed by scattered cases of
haematological, rheumatological and neurological disorders (4).
Remission of autoimmune disease after thymectomy also varied
largely between MG and those other than MG in our study.
Together, these results indicate that the complex and aberrant
immune dysregulation in thymoma may present with distinctive
autoimmune manifestations.

Miscellaneous cytopaenias related to thymoma can be
observed but are not limited to a specific haematopoietic lineage
(23). In our pooled analysis, Good’s syndrome, amegakaryocytic
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thrombocytopaenia, and AIHA in addition to PRCA accounted
for 22% of cases. Therapeutic responses varied in different
cytopaenias and relapsed or subsequent involvement of
additional lineages was found. Conversely, thymectomy alone
did not confer high and durable remission of PRCA. Although
early reports indicate a remission rate of 25-30% in patients who
undergo thymectomy, recent evidence suggests a contradictory
result that remission is rarely durable with thymectomy alone
(5, 15, 24, 26). For example, Hirokawa et al. reported that
although first IST was effective in 74% of thymoma-associated
PRCA, only 2 of 35 patients who received IST remained in
sustained remission after discontinuation (11). In our series, only
two patients responded to thymectomy, and three maintained
remission under IST. In addition, we failed to observe patients
with Good’s syndrome to recover after thymectomy and other
treatments. The United Kingdom-Primary Immune Deficiency
registry indicated that patients with Good’s syndrome fail to
respond to thymectomy or IST and require prolonged IVIg
prophylaxis, with 95% having complications of infection that
lead to a mortality rate of 9% (13). Consistent with previous
reports, our results reflect that long-term evaluation of the
disease trajectory, such as cytopaenia or Good’s syndrome, might
be required and that infectious complications should be carefully
accounted for in treating these patients.

Patients with MG constitute a distinctive disease population
compared with other autoimmune diseases. We found a
significantly higher remission rate after thymectomy with
MG. Several hypotheses have been proposed to explain the
link between thymoma and paraneoplastic autoimmunity,
including immune escape, aberrant autoimmune selection,
and genetic predisposition (27-29). In general, the discrepant
remission rate in response to thymectomy may be explained
by the central role of the thymus in MG but not in
other HDs. In contrast, more complex cellular and humoural
immune dysregulation is observed in HDs such as PRCA and
Good’s syndrome (30, 31). Thymectomy does not sufficiently
ameliorate autoimmune interactions and requires additional
immunomodulatory therapies to achieve durable remission.

In the chronological sequence of thymoma and PRCA, our
series revealed a concurrent course in five of seven patients
and PRCA after diagnosis of thymoma in 1 patient. In contrast,
Hirokawa et al. reported that 60% of patients developed PRCA in
a median interval of 80 months after the diagnosis of thymoma
(11, 22). Our pooled analysis indicated that 44% of patients
developed PRCA after thymoma, with 30% having a concurrent
course. The discrepancy of the present series with the literature
might have resulted from routine image evaluation for detecting
asymptomatic thymomas and limited case numbers. Regardless,
the results highlight the need for monitoring the development of
subsequent HDs, even in patients who had received thymectomy
long ago.

In this series, histology subtypes of thymoma varied and
were associated with specific autoimmune manifestations. We
observed that six of seven patients with thymoma-associated
PRCA had cortical (WHO Bl and B2) or mixed (WHO
AB) thymoma, and these tumours were abundantly infiltrated
by immature terminal deoxynucleotidyl transferase-positive T

cells. Similar results were found in pooled analysis, revealing
that half of patients with thymoma-associated PRCA had
lymphocyte-rich thymoma (WHO BI, B2, or AB). Although
early reports have indicated that PRCA is found predominantly
with the spindle cell type (WHO A), recent observations
suggest that lymphocyte-rich tumours are prevalent (15, 32,
33). Zaman et al. reported a series of 78 patients with
Good’s syndrome, among whom 10% had concomitant PRCA,
and reported that lymphocyte-rich thymoma constituted the
majority of patients (72%), consistent with our results (13).
Hoffacker et al. proposed that thymoma patients have higher
circulating CD45RA* CD8' T cells with lymphocyte-rich
thymoma than healthy controls and that autoimmune T cells
respond to thymectomy (34). Despite a putative mechanistic
correlation, more information is required to delineate the causal
relationship between the development of HDs and autoimmune
T cells in lymphocyte-rich thymoma.

The merit of the present study is the incorporation
of published reports of extremely rare diseases with
relatively adequate case numbers. We also describe detailed
clinicopathological characteristics and therapeutic outcomes
for a considerably long follow-up time. However, some
limitations exist. First, this was a retrospective study, which
cannot address causal relation disputes prospectively. Second,
publication bias with regard to reporting of investigator-
preferred and responsive patients was present among the
included articles, with a limitation of case reports instead of
large observational or collaborative studies. Our future work
will focus on nationwide data to elucidate the interaction
of thymectomy and associated HDs and predictors of
IST efficacy.

In conclusion, we report a case series of thymoma-associated
HDs such as PRCA and Good’s syndrome in conjunction with
a systematic review. Patients with autoimmune diseases other
than MG have a lower remission rate after thymectomy than
those with MG. Remission of thymoma-associated PRCA can be
achieved by thymectomy and IST. Nonetheless, Good’s syndrome
is unaffected and associated with the risk of infections. Together,
these results provide insight into extremely rare but puzzling
autoimmune diseases.
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