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Abstract

A 52-year-old man with acute myeloid leukemia underwent allogeneic hematopoietic stem cell
transplantation and developed extensive chronic graft-versus-host disease and myasthenia
gravis (MG), which became involved with oculobulbar and proximal upper and lower limb weak-
ness in 677 days. In the literature, we identified 24 cases where MG developed after allo-SCT.
Graft-versus-host disease development and male recipients of female donors might be prone to
the development of posttransplant MG (odds ratio, 3.75).
� 2017 King Faisal Specialist Hospital & Research Centre. Published by Elsevier Ltd. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

Myasthenia gravis (MG) is an autoimmune neuromuscular
disorder caused by antibodies (Abs) against acetylcholine
receptors (AChRs). Smith et al. [1] reported that even
though 20% of chronic graft-versus-host disease (cGVHD)
patients were positive for anti-AChR Abs, MG development
is rare after allogeneic hematopoietic stem cell transplanta-
tion (allo-HCT). Here, we report a case of a posttransplant
MG which showed the AChR and cGVHD changes over time
from HCT and review similar case reports in the literature.

Materials and methods

We retrospectively measured the serum levels of the AChR
Abs of the patient’s frozen serum samples. For the AChR
analysis, we used the AChR autoantibody RIA kit (RiaRSRTM
AChR Ab; RSR Limited, Cardiff, UK) based on the manufac-
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turer’s recommendations. Previous reports were located by
PubMed, and statistical analysis was performed with Stat-
Mate V software (ATMS Co., Ltd., Tokyo, Japan). This anal-
ysis was approved by the Institutional Review Board of
Hakodate Municipal Hospital, Hakodate, Japan, and we
obtained informed consent of the preservation of the serum
samples at the patient’s admission.

Case report

A 52-year-old male with acute myelogenous leukemia
underwent allogeneic bone marrow transplantation (BMT)
from an human leukocyte antigen (HLA)-identical (HLA, A
24:02, 24:20, B 52:01, 55:02, Cw 01:02, 12:02, DR
09:01.15:02) unrelated donor. The conditioning regimen
was 3.2 mg/kg of busulfan for 4 days and 60 mg/kg of
cyclophosphamide for 2 days. The GVHD prophylaxis was a
combination of short-term methotrexate and tacrolimus
(FK 506). The clinical course of this case is shown in
Fig. 1. On Day 17 after BMT, neutrophil engraftment was
achieved, and skin Stage 2, Grade I acute GVHD (aGVHD)
developed. Although the GVHD was successfully treated
with 30 mg of prednisone (PSL), cGVHD, which involves
the skin, the oral cavity, the liver, and the lungs, developed
after discontinuation of PSL. Treatment with 20 mg of PSL
Fig. 1 Clinical course of case after hematopoietic stem cell transp
in prednisolone for chronic graft-versus-host disease (cGVHD) treat
ameliorated the cGVHD. The patient presented with oculob-
ulbar and proximal upper and lower limb weakness 677 days
posttransplantation. Our diagnosis of MG was performed by
a neurologist, based on the positivity of the AChR Abs and a
waning electromyography pattern with a positive edropho-
nium test. The patient had no thymoma. The administration
of 1 g of methylprednisolone sharply decreased the serum
levels of the AChR Abs, but muscle deterioration acceler-
ated. Even though the administration of intravenous
immunoglobulin was partially effective, the patient died
of cholangitis and sepsis on Day 790 after BMT without an
acute myelogenous leukemia relapse. We retrospectively
measured the serum levels of the AChR Abs of the patient’s
frozen serum samples (3 days and 615 days posttransplanta-
tion). The AChR Abs, which were negative before and soon
after the allo-BMT, became positive 3 months before the
onset of MG.

Literature review

We reviewed 24 cases that developed myathenia gravis (MS)
after allo-HCT (Table 1) [2–22]. Our analysis is based on
several case reports, which unfortunately, were incom-
plete. Their median age was 20 years, and MG more fre-
quently developed in the male recipients of female donors
lantation. Myasthenia gravis (MG) developed after the reduction
ment.



Table 1 Patient characteristics.

Age 20 (0.5–54)

Recipient/donor
Male/male 2
Male/female 10
Female/male 3
Female/female 4

Gender
Match 6
Mismatch 13

Disease
AML 4
CML 6
ALL 1
AA 8
NHL 3
SCID 2
Griscelli 1

Conditioning
BU + CY 3
BU + CY + TBI 1
CY 2
CY + TBI 4
AraC + CY + TBI 1
CY + ATG 2
N/A 12

Donor source
Sibling 15
Grandmother 1
Unrelated 2
N/A 7

HLA compatibility
Match 13
Mismatch 5
N/A 7

AA = aplastic anemia; ALL = acute lymphoblastic leukemia;
AML = acute myeloid leukemia; AraC = cytarabine; ATG = anti-
thymocyte globulin; BU = busulfan; CML = chronic myeloid leu-
kemia; CY = cyclophosphamide; NHL = nonHodgkin lymphoma;
SCID = severe combined immunodeficiency; TBI = total body
irradiation.

Table 2 Graft-versus-host disease (GVHD) and treatments.

aGVHD
Present 14
Absent 3
N/A 6

cGVHD
Present 21
Absent 2
N/A 1
(Limited) 2
(Extensive) 12

cGVHD treatment
CsA 2
CsA + PSL 9
CsA + PSL + MMF 1
FK + PSL 1
PSL + AZT 7
N/A 4
(Taper or stop) 18

Relapse
No 16
N/A 8

aGVHD = acute GVHD; AZT = azathioprine; cGVHD = chronic
GVHD; CsA = cyclosporin; FK = tacrolimus; MMF = mycophenolate
mofetil; PSL = prednisone.
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(odds ratio, 3.75). Five of these samples were unavailable
because the donor gender was not specified. The grand-
mother was a 1-locus mismatch donor. The HLA-match
was almost all HLA identical siblings. The HLA-mismatch
was a 1-locus mismatch (7/8 was 3 and 5/6 was 1), and only
one patient was a 2-locus mismatch (6/8). The HLA disparity
and the type of conditioning regimen features were not con-
spicuous. GVHD and its treatments are shown in Table 2.
Most MG patients had both aGVHD and cGVHD. Before the
development of MG, the cGVHD treatments were cal-
cineurin inhibitors plus PSL in 13 patients and azathioprine
(AZT) and PSL in seven patients. The proximal extremities
were the most often involved sites (22 cases), and more
than two lesions were involved in most of the patients
(Table 3). The AChR Abs were positive in 19 patients, but
muscle-specific kinase Abs were only positive in two. MG
was treated with calcineurin inhibitors and a PSL-based reg-
imen in nine patients or with AZT or a mycophenolate mofe-
til (MMF) and a PSL-based regimen in nine patients. AZT was
generally used before 1999. Treatments were at least partly
effective in 19 patients.

Discussion

Even though MG, an Ab-mediated autoimmune disorder of
the neuromuscular junction [23], develops after allo-HCT,
its incidence is less than 1%.[8] It develops at a median of
24 months posttransplant in a range of 3–100 months, often
in association with cGVHD [10,12] and after the discontinu-
ation or the tapering of immunosuppressive drugs. The inci-
dence of AChR Ab positivity might be as high as 40% of the
allo-HCT recipients who exhibit no MG symptoms [18,24].
In our case, the AChR Abs were negative soon after the allo-
geneic HCT, but positive after the development of cGVHD,
which is associated with dysregulated B cells and humoral
immunity manifested by simultaneous B-lymphocytopenia
and B-cell hyperactivity, as well as the production of
autoantibodies [25–28].

MG sometimes develops with other autoimmune-like dis-
eases, such as glomerulonephritis and polymyositis [8,13].
Grauer et al. [29] reported the risk of aplastic anemia from
the development of MG after allo-HCT. In our literature
review, 8/25 patients had aplastic anemia.

MG is associated with the following specific HLAs: HLA-
Cw1, Cw7, DR2, DR3, DQ2, and B8 [3]. In our literature
research, posttransplant MG was not associated with speci-



Table 3 Clinical features of posttransplant myasthenia
gravis (MG).

Duration 26 (3–00)

Position
Ocular 17
Bulbar 13
Extremities 21
1 lesion 2
2 lesions 7
3 lesions 13
N/A 2

Antibody
AChR 19
MuSK 2
Negative 2
N/A 1

Thymoma
Negative 14
N/A 10

Treatment
CsA + PSL 7
FK + PSL + IVIG 1
PSL + plasmapheresis 1
PSL 4
PSL + AZT 6
PSL + AZT + thalidomide 1
PSL + MMF 1
CsA + MMF + IVIG + PSL + rituximab 1
N/A 2

Pyridostigmine
Administer 18
None 3
N/A 3

Outcome
Improve 19
N/A 5
Death (infection/gastric ulcer) 2/1

AChR = anti-acetylcholine receptor antibody; AZT = azathio-
prine; CsA = cyclosporin; FK = tacrolimus; IVIG = intravenous
immunoglobulin; MMF = mycophenolate mofetil; MuSK = anti-
muscle-specific kinase antibody; PSL = prednisone.
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fic HLAs. No patients had thymoma, which is often compli-
cated by idiopathic MG. These results suggest that the etiol-
ogy of MG’s development may differ from idiopathic MG.
Almost all of the patients received pyridostigmine bromide
and immunosuppressive therapy, both of which are usually
effective. Even though more intensive therapies such as
plasmapheresis, intravenous immunoglobulin (IVIG), or
rituximab were sometimes required, almost all of the post-
transplant MG patients improved [21].
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