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Fanconi anemia (FA) patients frequently suffer from pro-
gressive bone marrow failure and may evolve to myelo-
dysplastic syndrome or acute myelogenous leukemia.
Allogeneic stem cell transplantation (SCT) is the only
curative treatment for the hematological complications of
FA; however, graft rejection is a major cause of treatment
failure after SCT from unrelated donors [1]. Intensification
of the preparative regimen to overcome graft rejection is
necessary in alternative donor transplants [2], but the
addition of conditioning agents often adversely affects
quality of life after SCT. FA is known to reduce fertility,
and only a few cases of successful pregnancy after HLA-
identical sibling transplants have been reported in the lit-
erature {3-5]. Even use of an attenvated preparative regi-
men may lead to persistent ovarian failure, because in FA
the gonadal cells are highly sensitive to irradiation or
alkylating agents. We report the case of an FA patient who
conceived and delivered a healthy baby after unrelated
donor SCT with an intensified preparative regimen.
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An ll-year-old girl was referred to Tokai University
Hospital because of skin pigmentation, polydactyly, short
stature and pancytopenia and was diagnosed with FA by
chromosomal fragility test. She was dependent on both
RBC and platelet transfusions despite androgen adminis-
tration, and the decision was made for her to undergo SCT
at age 12 years. She received a marrow graft from an HLA-
identical unrelated donor following cytoreduction with
lung and ovary shielded thoracoabdominal irradiation
(4.5 Gy, in 3 fractions), fludarabine (180 mglm2 total dose,
over 6 days), cyclophosphamide (40 mg/kg total dose, over
4 days) and antithymocyte globulin (Thymoglobulin,
Genzyme) (10 mg/kg total dose, over 4 days). Both short-
term methotrexate (15 mg/m? on day 1, 10 mg/m? on day
3, 6, and 11) and tacrolimus (0.03 mg/kg daily as contin-
uous infusion) were administered for prophylaxis of graft-
versus-host disease, Total nucleated cells were infused at
4.97 x 10%/kg; they comprised 2.61 x 10° CD34* cells/
kg recipient body weight, Granulocyte colony-stimulating
factor at 7 pg/kg daily was started 5 days after the trans-
plant. Engraftment was observed on day 14 and FISH
analysis showed 1 100%: donor chimerism. The patient
entered puberty spontaneously at age 13 years (11 months
after SCT) and achieved normal menstrual cycles by age
19 years (84 months after SCT).: She became pregnant
naturally and- at age 20 years (93 months after SCT), at
38 weeks of gestation, she delivered a 2828-g normal male
after an uncomplicated pregnancy.

This is the first report- of successful pregnancy in a
notiane with FA who received a transplant from an unre-

w after a fludarabine-based preparative regimen.
eports of successful pregnancy in FA after SCT
woic an uf recipients of HLA-identical sibling. grafts who
had been conditioned mainly with 20 mg/kg cyclophos-
phamide, antithymocyte  globulin, and 4 or 5 Gy of
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irradiation. The case reported here suggests that intensifi-
cation of the preparative regimen by adding fludarabine at
180 mg/m? does not affect fertility in FA patients.

References

1. Wagner JE, Eapen M, MacMillan ML, Harris RE, Pasquni R,
Boulad F, et al. Unrelated donor bone marrow transplantation for
the treatment of Fanconi anemia. Blood. 2007;109:2256-62.

2. Yabe H, Inoue H, Matsumoto M, Hamanoue S, Koike T, Ishiguro
H, et al. Allogeneic haematopoietic cell transplantation from

2} Springer

32

alterative donors with a conditioning regimen of low-dose
irradiation, fludarabine and cyclophosphamide in Fanconi anae-
mia. Br J Haematol. 2006;13:208-12.

. Dalle JH, Huot C, Duval M, Rousseau P, Francoeur D, Champagne

J, et al. Successful pregnancies after bone marrow transplantation
for Fanconi anemia. Bone Marrow Transplant, 2004;34:1099-100.

. Goi K, Sugita K, Nakamura M, Inukai T, Honna H, Hirose K, et al.

Natural pregnancy and delivery after allogeneic bone marrow

transplantation in a Fanconi anaemia patient. Br J Haematol.
2006;135:410-1.

. Morris ES, Darbyshire P, Fairlie F, Dalley CD, Snowden JA. Two

natural pregnancies following allogeneic transplantation for Fan-
coni anaemia. Br J Haematol. 2008;140:113.




Int J Hematol (2009) 89:722-723
DOI 10.1007/512185-009-0329-y

Fanconi anemia in infancy: report of hematopoietic stem
cell transplantation to a 13-month-old patient

Koichi Oshima + Akira Kikuchi + Shinji Mochizuki *
Daisuke Toyama *» Naoki Uchisaka *
Miharu Yabe * Ryoji Hanada

Received: 19 January 2009/ Revised: 14 April 2009/ Accepted: 20 April 2009 /Published online: 19 May 2009

© The Japanese Society of Hematology 2009

1 Introduction

The most important clinical features of Fanconi anemia
(FA) are hematologic disorders and these are responsible
for high incidence of morbidity and mortality. During birth,
the blood count is usually normal and macrocytosis is often
the first detected abnormality. This is typically followed by
thrombocytopenia and anemia; then, progresses to pancy-
topenia. The majority of patients develop progressive bone
marrow failure or acute myelogenous leukemia, both of
which are diagnosed with peak frequencies at the age of 7
and- 10-15 years, respectively  [1, 2}). The disease has
generally been managed by the administration of blood
products, treatment of infections, and prolonged adminis-
tration of androgens and hematopoietic growth factors.
However, the only curative treatment for the bone marrow
failure is hematopoietic stem cell transplantation (HSCT).
We describe a patient demonstrating pancytopenia from
birth, who received HSCT at the age of 13 months.

The patient showed a tendency toward intrauterine
growth retardation on ultrasonographic - examination- at
29 weeks of gestation. He was delivered by cesarean sec-
tion at 36 weeks and 6 days of gestation because of fetal
distress. Birth weight was 2070 g, and 1- and 5-min Apgar
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score were 6 and 8, respectively. He was referred to the
neonatal intensive care unit in our hospital for respiratory
distress and cardiac murmur. on the day of birth. On
admission, white blood cell count was 2.8 x 10%L,
hemoglobin 5.1 g/dL, platelet count 95 x 10°/L. Congen-
ital' abnormalities suggestive of FA were bilateral radial
hypoplasia, bilateral defective thumbs, defect of the: left
kidney and:L-form fused kidney on the right side, and
small patent- ductus arteriosus.: Bone marrow showed a
hypo cellular picture, being comprised mainly of lympho-
cytes. Karyotyping of 20 cells that were in metaphase
exclusively showed 46, XY. A diagnosis: of FA was
established at the age of 3 months based on the increased
chromosomal breakage induced by mitomycin C. The rate
of chromosomal breakage in him was increased (443/
100 cells) compared with control: cells - (18/100 cells).
Levels of FANCA and monoubiquitinated and non-ubiq-
uvitinated - forms' of . FANCD2 = were = determined using
immunoblotting analyses of whole cell extracts: with anti-
FANCA and anti-FANCD2 antibodies, and: he lacked
FANCA protein expression and FANCD2 monoubiquiti-
nation.  For about a year before transplant, he became
progressively dependent on red blood cell and platelet
concentrate transfusion and the absolute neutrophil count
was 0.05-0.65 x 10°/L. He was not treated with any
growth factors or androgens. He developed severe: sepsis
twice at the ages of 9 and 12 months, respectively. Bone
marrow at the age of 12 months was hypo cellular with
dysplastic features suggesting myelodysplastic syndrome
(MDS) and the percentage of myeloblasts was <5%. That
indicated refractory cytopenias with multilineage dyspla-
sia. Karyotyping of 20 cells' exclusively showed 46, XY
with abnormality of add(2)(q33). Before transplant, he had
been transfused with red blood cells 18 times and platelet
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concentrates 21 times. When he was 13-month-old, he
underwent allogeneic bone marrow transplantation (BMT)
from his HLA-identical 2-year-old sister whose chromo-
somal analysis was normal. The conditioning regimen
consisted of fludarabine 0.83 mg/kg/day for six doses (days
—7 to —2) and cyclophosphamide 10 mg/kg/day for four
doses (days —5 to —2) and lymphoglobulin (Pasteur
Merieux, Lyon, France) 15 mg/kg/day for four doses (days
—5 to —2). Only cyclosporine A was given as a prophy-
laxis for acute graft-versus-host disease (GVHD). On the
day of transplant, he received 7.8 x 10 nucleated cells/kg
without manipulation. Regimen-related toxicities were
confined to grade III febrile neutropenia, grade III stoma-
titis, and grade II hypertension. A neutrophil count of
>0.5 x 10%L was achieved on day 9, the platelet count
was >50 x 10°/L without transfusion on day 17 and the
reticulocyte count was >1% on day 15. He was discharged
at day 65 and was followed as an outpatient. There was no
evidence of acute or chronic GVHD, He is now 17 months
posi-transplant in very good general condition with normal
blood counts and evidence of full-donor chimerism. on
repeated FISH studies.

Pancytopenia from birth is extremely rare in FA patients
[2]. There is a case report of an Indian FA patient who had
thrombocytopenia at  birth - [3].  However,:' the :parents
refused any treatment and the patient was not followed
after. Therefore, the appropriate ‘management for such
patients has not yet been established. Our patient under-
went BMT from an HLA-identical sibling donor after: flu-
darabine based, non-irradiation conditioning regimen due
to severe pancytopenia at 13 months of age. Recently, the
favorable role played by fludarabine in FA patients has
been described in some reports, even if a sibling donor is
unavailable [4-6]. We determined: the dose of fludarabine
and cyclophosphamide with reference to previous reports
[5, 6.

The clinical course of FA patients: with pancytopenia
from birth is not yet well known. It is possible that those
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patients tend to develop leukemia/MDS earlier. A geno-
type-phenotype study of 245 FA patients found that
patients with FANCG mutations had more severe cytopenia
and a higher incidence of leukemia, and patients with
FANCA null mutations showed earlier onset of anemia and
a higher incidence of leukemia [7]. Qur patient had
FANCA mutations and the rare clinical course might be
associated with the mutation. Even for FA patients in early
childhood, whether with FANCA or FANCG mutations, it
may be better to perform HSCT, especially from an HLA-
identical sibling, if available,
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Article history: The Fanconi anemia (FA) pathway is a complex phosphorylation-ubiquitination network in the DNA
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our current understanding of the pathway, and discuss how studies using DT40 have contributed to this
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