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Management of 
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and John E. Wagner, MD
Blood and Marrow Transplantation
Program and Stem Cell Institute,
University of Minnesota, 
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Fanconi anemia (FA) is a complex
disorder characterized by congenital
malformations, progressive marrow
failure and marked predisposition to
malignancy. The nature and course of
the disease is different for each patient
necessitating individual tailoring of
investigations and long term follow-up
management.

Investigations at Diagnosis
Patients require a thorough investi-

gation at diagnosis including a bone
marrow aspirate and biopsy with cyto-
genetic evaluation, complementation
group determination, and major organ
function evaluation. HLA-typing should
be performed on the patient, siblings
and parents. In addition, all siblings
must be tested for FA, even in the
absence of FA features. All patients with
FA should be followed routinely by an
experienced hematologist even prior to
the onset of marrow failure, a genetic
counselor and an endocrinologist. Other
specialists depend on individual needs. 

Bone Marrow Failure
Blood counts should be checked at a

minimum of every 3 months. To better
understand the natural history of this
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Hematology 101
Blanche P. Alter, MD, MPH
Clinical Genetics Branch, Division of
Cancer Epidemiology and Genetics,
National Cancer Institute, Bethesda, MD

A brief introduction to the termi-
nology of hematology is provided here.
Blood cells are produced in the bone
marrow, and enter the circulation after
they are sufficiently mature. Blood con-
tains plasma (the liquid), and cells. The
cells consist of red cells, white cells, and
platelets. Red cells are filled with hemo-
globin, which carries oxygen from the
lungs to the tissues. Red cells do not have
a nucleus; it is lost before the maturing
cell leaves the bone marrow. Reticulo-
cytes are the newest red cells. They fail to
increase in number if anemia is due to
bone marrow failure, because of the
inability of the marrow to respond. There
are many different types of white blood
cells. Lymphocytes form the immune
system and consist of T-cells, which
direct other cells and are responsible for
cell-mediated immunity, and B-cells,
which produce antibodies. The myeloid
white cells are primarily phagocytes,
which kill and digest bacteria. The most
important are the neutrophils, also called
granulocytes (because the cytoplasm
contains granules which have enzymes
which destroy bacteria), or polymor-
phonuclear or segmented cells (because
the nucleus has several segments). Mono-
cytes are another type of phagocyte.
Eosinophils and basophils are important
during allergic events. Platelets are par-
ticles derived from the cytoplasm of their

continued on page 6
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FA is so named because the first
patients were described by Professor
Guido Fanconi in Switzerland in 1927.
His name is also associated with Fanconi
Syndrome, a defect in renal tubular func-
tion, totally unrelated to Fanconi ane-
mia. The inheritance pattern is autoso-
mal recessive—each parent has one
normal and one mutated FA gene. The
offspring receive one FA gene from each
parent. The risk of receiving two mutat-
ed FA genes is 25%. FA patients have a
range of physical appearances, ranging
from quite normal, to severe birth
defects. Approximately half of the known
patients have pigmented skin and/or café
au lait spots, short stature, and upper
limb (thumb and forearm) anomalies.
Other physical findings which occur rel-
atively frequently include abnormal
gonads, small head, small eyes, and
abnormal kidney structures. The most
common complication in FA is aplastic
anemia, which occurs at a median of
about 7 years of age, with a range from
birth to 40s. There are high risks of
leukemia and solid tumors as well.

FA is a disorder associated with a
defect in the response to DNA damage.
There are more than 10 FA genes. A
defect in any one of them may lead to
FA. Cells from FA patients show
increased chromosome breakage and
decreased growth with increasing con-
centrations of DNA cross-linkers, such as
diepoxybutane (DEB) or mitomycin C
(MMC). 

Gene complementation groups were
originally identified by co-culturing cells
from two different patients to determine
whether they correct (“complement”)
the sensitivity to MMC. The group
assignment is now done by culturing FA
cells in the presence of retroviruses
which contain each of the cloned FA
genes, and similar determination of the
gene which corrects the MMC sensitiv-
ity. FANCA is mutated in ~70% of FA
patients, and the other genes are impli-
cated less commonly. 

When DNA damage occurs in
normal individuals, several of the FA

proteins (so far we know about A, C, E,
F, G) form a complex in the cytoplasm,
which interacts with the FANCD2 pro-
tein and facilitates the addition of a ubiq-
uitin molecule. The modified D2 then
relocates to DNA damage response foci,
along with other non-FA proteins.

A minority of FA patients have
hematopoietic somatic mosaicism. One
of the bone marrow stem cells has under-
gone a gene correction, for example by a
cross-over between two FA genes in
which the parental mutations are at dif-
ferent positions within the FA molecules.
This stem cell produces progeny which
may have a selective survival advantage
over the uncorrected FA cells and, thus,
a varying proportion of the blood cells
may have normal FA proteins. The
patients are “mosaics,” because they have
a mixture of FA and corrected cells. The
correction can occur in a pluripotent
stem cell, or in a later cell, such as the
progenitor for T lymphocytes. T cells are
the ones usually examined in chromo-
some breakage analysis. Mosaicism is
usually defined by the observation of
more than 10% cells that are no longer
sensitive to DEB or MMC.

About half of FA patients have
abnormal thumbs and/or forearms.
They are often seen by hand surgeons
prior to the diagnosis of FA. We suggest

that those physicians pay attention to
the Hb (hemoglobin) and platelet level
of patients, and to the MCV (mean red
cell volume), which may be increased in
the absence of any other hematologic
signs. Downward trends in Hb or
platelets might be clues that the patient
has an underlying bone marrow failure
syndrome.

Treatment of FA should be considered
if the Hb is <8 g/dl, ANC <1500/mm3, or
platelets <30,000/mm3, or if there is
clinically significant MDS or AML. One
treatment which may cure the bone
marrow is a stem cell transplant (using
related or unrelated bone marrow,
peripheral blood, or cord blood). Med-
ical treatment involves androgens, folic
acid, or G-CSF, as needed. Supportive
care includes transfusions of red cells or
platelets. Family members should not be
donors, because they might sensitize
the patient and jeopardize a future
transplant.

Surveillance of FA patients for poten-
tial complications includes blood counts
at least every 4 months and annual bone
marrow examinations to monitor for
MDS or AML. Examination of the oral
cavity and pharynx should be done to
monitor for early head and neck cancer,
and of the gynecologic areas for vulvar or
cervical cancer. ◆

Fanconi Anemia 101
Blanche P. Alter, MD, MPH
Clinical Genetics Branch, Division of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, MD

Squamous Cell Carcinoma of the Head and Neck
Bhuvanesh Singh, MD
Memorial Sloan-Kettering Cancer Center, New York, NY

Patients with FA have an increased risk for developing aggressive head and neck
cancer, especially of the oral cavity. Until new therapeutic and preventive measures
are available, strict abstinence from tobacco and alcohol, avoidance of second-hand
smoke, maintenance of oral hygiene and aggressive routine screening are the most
immediate ways to reduce the development and morbidity of head and neck can-
cer in this patient population. Early and frequent head and neck examinations,
including careful oral cavity evaluations and flexible fiberoptic laryngoscopy are
important surveillance measures. Appropriate surgical resection remains the main-
stay of treatment for FA patients, since radiation and chemotherapy are poorly tol-
erated. If radiation and chemotherapy are required for advanced tumors, they
should be used with caution and by physicians who have experience in identifying,
preventing, and treating associated sequela. ◆
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Matched sibling donor transplant
To date 34 patients have undergone

matched sibling donor BMT for Fanconi
anemia at Cincinnati Children’s Hospi-
tal utilizing a preparative regimen of low
dose cyclophosphamide (5 mg/kg x4
days), low dose thoraco-abdominal irra-
diation (400 cGy as a single dose) and
anti-thymocyte globulin (ATG) both pre-
and post-BMT. None of the donor bone
marrows (N=31) or matched sibling
donor cord bloods (N=3) were T-cell
depleted. 

Overall survival is 85% with a medi-
an follow-up of 7.4 years (range 3
months to 15.6 years). All patients but
one engrafted and have remained per-
manently engrafted. The non-engraft-
ing patient rejected the marrow of both
his matched siblings. 

The median day to an absolute neu-
trophil count (ANC) of 500 was 13, and
the median day to a platelet count of
50,000 was 24. The incidence of grade
I-IV acute graft-vs-host disease was 9%
(1 grade I, 2 grade II, no grade III or IV).
Two patients developed chronic GVHD.
One resolved her cGVHD but later
developed a squamous cell carcinoma
(SCC) of the mouth 15 years post BMT
and subsequently died of progressive dis-
ease. The other patient has long term
effects of now inactive cGVHD but is
alive off immunosuppressive therapy and
without SCC. One other patient with-
out cGVHD developed a genito-urinary
SCC 6 years after BMT, and is still alive
3 years later. One patient with chronic
myelomonocytic leukemia (CMMoL)
relapsed 7 months post-BMT and died.
One other patient who had a monosomy
7 clone without MDS or leukemia pre-
BMT developed monosomy 7 acute
myeloblastic leukemia (AML) 12 years
post-BMT in her original host cells and
subsequently died. No other secondary
cancers have been seen. 

Organ toxicity and infectious com-
plications from the transplant preparative

therapy have been minimal. One toxic
death occurred; a teenager who had been
on androgens and was heavily transfused
for several years died of multi-organ fail-
ure 49 days post BMT. Another patient
who was successfully engrafted and had
returned home died unexpectedly of
cytomegaloviral pneumonia 5 months
post BMT at the local hospital. Overall,
29 of the 34 patients are alive and well.

Mini-FLAG regimen for MDS or
leukemia

A major issue facing transplant physi-
cians is how to manage the FA patient
who has developed myelodysplastic syn-
drome (MDS) or leukemia pre-BMT.
Should such patients undergo a standard
BMT prep, an altered/intensified BMT
prep, or a pre-BMT course of induction
chemotherapy? At our institution, we
have tried several approaches and have
settled on an approach of a mild course
of chemotherapy induction given 2-3
weeks prior to the start of the BMT
preparative therapy. Also, the BMT prep
is modified in that the radiation is given
as total body irradiation rather than as
thoraco-abdominal irradiation. The
induction chemotherapy is not started
until the donor is confirmed so that the
induction chemotherapy can be timed
to occur 2-3 weeks prior to the BMT.
Thus, some patients may need to be
observed only, or treated with very mild
oral chemotherapy such as with hydrox-
yurea or oral etoposide (VP-16) to pre-
vent the leukemia from progressing,
while the donor search is being finalized. 

The standardized induction chemo-
therapy being utilized at Cincinnati Chil-
dren’s is a modified low-dose “FLAG”
regimen, which we have termed “Mini-
FLAG for FA.” Patients receive G-CSF 5
µgm/kg on days 0-4, fludarabine 30
mg/m2 at hour 0 over 30 minutes on days
1-3, and cytosine arabinoside (Ara-C)
300 mg/m2 as a four hour infusion
starting at hour 4 on days 1-3. The total

fludarabine dose is 90 mg/m2 and the
total AraC dose is 900 mg/m2. 

Patients eligible for this approach are
those with leukemia or advanced MDS.
This approach has now been used in 4
FA patients. One patient presented with
AML with a WBC over 40,000, one with
CMMoL and a WBC over 30,000, one
with MDS with 6% blasts in the bone
marrow, monosomy 7 and a 3q26q29
gain, and one with MDS and an XXX
clone involving 100% of her bone mar-
row and peripheral blood cells. The
patient with CMMoL had to be main-
tained first with hydroxyurea, then oral
VP-16, until the donor could be con-
firmed, then received the mini-FLAG. 

The induction chemotherapy was
well tolerated in all patients, all achieved
remarkable cytoreduction pre-BMT, and
all but one are currently alive free of dis-
ease. The one patient who died did so
after 2 failed unrelated donor cord blood
transplants and one successful partially
matched PBSC transplant, but died of
pulmonary infection 5 weeks post trans-
plant. She was in complete remission and
fully engrafted at the time of her death.
In our experience, this approach has been
the best tolerated and most successful
when compared to previous attempts to
treat such patients. ◆

2003 Cincinnati Update on Matched Sibling Donor BMT for FA 
and Approach to Patients Who Present with MDS or Leukemia
Richard E. Harris, MD
FA Comprehensive Care Center, Division of Hematology/Oncology and BMT, 
Cincinnati Children’s Hospital, Cincinnati, OH 
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Children with Fanconi anemia have
distinct medical needs. Many have hor-
mone problems. At least 40% of children
with FA have short stature, and many
develop high blood sugar or diabetes
mellitus. 

Hormones are a message system, like
the postal service, within the body. Mes-
sages are made in one part of the body,
and are sent to another part of the body.
A message may be  “make that bone grow
longer,” or “keep that blood sugar nor-
mal.” Endocrinology is the study of the
way hormone messages interact. Hor-
mones affect growth, development, sta-
mina, general health, and ability to cope
with medical illness.

Prior endocrine studies in FA have
included several small studies (fewer than
8 children), but there has been only one
large study (Wajnrajch, MP et al. Pedi-
atrics 2001; 107: 744). In this study,
endocrine function was evaluated in 54
patients (47 between the ages of 2y and
16y). In this study, 72% of the persons
with FA had resistance to insulin action,
while 25% had glucose intolerance, 46%
had low growth hormone peak, and 36%
had hypothyroidism. The authors rec-
ommended that “more care should be
taken to exclude these problems in indi-
viduals with (FA).” Wajnrajch suggest-
ed performing “endocrine evaluation in
all FA children because correction of
these endocrinopathies may improve
growth, final height, and overall quality
of life.”

Factors in Normal Growth
Understanding of factors controlling

normal growth is important if we want
to help children grow better. The factors
that control normal growth are not the
same at all ages. In infancy, nutrition
and insulin action drive growth. Thy-
roid hormone is important, while growth
hormone is less important. Childhood
growth is driven by all these factors, but
thyroid hormone, nutrition, and insulin
are most important, followed by growth
hormone. Pubertal growth is governed

by sex steroids (estrogen, testosterone)
and growth hormone, followed by thy-
roid hormone, nutrition, and insulin
action.

Other ingredients are also important
in normal growth, including intake of
calories, protein, calcium, minerals, and
vitamins. In addition, the child needs to
get adequate sleep and exercise. In order
to grow optimally, the child needs a pos-
itive attitude and self-esteem, and a sense
of security and of being loved.

Health problems may contribute to
poor growth in FA patients, such as tra-
cheal fistula, kidney problems, heart
problems, reduced oxygenation, and low
blood counts. Androgen therapy may
improve health by increasing bone mar-
row output and blood counts. Andro-
gen therapy may increase growth rate
but, at the same time, the androgen may
mature the bones more rapidly and, thus,
lead to a shorter adult height. Bone mar-
row transplant, though necessary to save
the child’s life, may itself have hormone
side effects that can be detected through
hormone monitoring each year.

Hormone Evaluation
At Cincinnati Children’s Hospital

Medical Center, the goals of our
endocrine testing in children with FA
include providing optimal care for each
child, better understanding of the caus-
es of poor growth, and better under-
standing of the causes of high blood
sugar. In addition, we hope to see how
each child’s hormones relate to his or her
FA complementation group.

When a child is not growing well, we
can test each part of the hormone mes-
sage system. The pituitary makes growth
hormone (GH), thyroid stimulating hor-
mone (TSH), adrenal stimulating hor-
mone (ACTH), and puberty stimulat-
ing hormones (LH and FSH). GH acts
on the bones and muscles to produce
growth. TSH acts on the thyroid gland to
produce thyroxine (T4), which controls
growth and rate of body processes (ener-
gy, bowel movements, dryness of skin,

hair growth). ACTH acts on the adren-
al glands to produce cortisol, a hormone
that helps a person to better tolerate
medically stressful illness. LH and FSH
cause the ovaries and testes to go into
puberty by making estrogen or testos-
terone. The pancreas makes insulin when
a person eats or drinks; this keeps the
blood sugar or glucose normal, and helps
the body cells to take in nutrients.

Endocrine testing involves giving a
medication that raises a hormone level in
the blood stream, then a blood sample is
drawn in order to measure the level in
the blood. Standard endocrine testing
for GH may involve giving the medica-
tions arginine and clonidine, which are
known to raise the GH level in a person
with a normal ability to make GH. Stan-
dard endocrine testing for thyroid may
involve measuring the changes in TSH
from the afternoon to the middle of the
night (the TSH surge) and giving TSH
releasing hormone, known to raise the
TSH level to a certain normal range.
Standard endocrine testing for cortisol
involves giving a tiny dose of ACTH and
measuring the rise in cortisol. Evalua-
tion for physical signs of puberty is done
during the physical examination and by
first morning measurement of LH, FSH,
and the sex steroid level in the blood.
Standard endocrine testing for insulin is
done by giving an oral glucose drink and
measuring changes in both glucose and
insulin levels.

During the past 18 months at Cincin-
nati Children’s Hospital Medical Center,
we have evaluated 25 children with FA,
67% prior to transplant. Ages range from
4 months to 16.5 years. Of these chil-
dren, 27% were born small for gesta-
tional age birth. Short stature was iden-
tified in 64% of them. 

Of this group of children with FA,
nearly every child has had an endocrine
deficiency. Glucose intolerance or dia-
betes has been identified in 78% of them.
Insulin levels have been elevated in 28%
of those who were old enough to do the

Hormones and FA
Susan R. Rose, MD
Professor, Endocrinology, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH

continued on page 7
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Hematological complications includ-
ing bone marrow failure, myelodysplas-
tic syndrome (MDS) and acute myelo-
cytic leukemia (AML) are part of the
natural history of the disease in patients
with Fanconi anemia (FA). Hematopoi-
etic stem cell transplantation (HSCT)
offers the only curative potential for the
marrow complications of this disorder.
However, high complication rates are
experienced, in part because of an under-
lying DNA repair defect. Therefore, we
have developed new therapies geared
toward reducing the risk of major com-
plications, improving survival and
enhancing long term quality of life.

Results with HLA identical sibling
donor HSCT

To attempt to reduce the late effects
of malignancy, chronic graft-versus-host
disease (GVHD), endocrinopathies (hor-
monal disorders) and infertility in
patients with FA undergoing HLA-
matched related donor HSCT, we devel-
oped a new non-irradiation based
regimen using fludarabine, cyclophos-
phamide and anti-thymocyte globulin
followed by the infusion of T-cell deplet-
ed bone marrow or unmanipulated
umbilical cord blood. Between April
2000 and February 2003, 11 patients (10
with aplastic anemia, 1 with MDS)
underwent HSCT using this regimen.
Stem cell sources were marrow and
umbilical cord blood in 8 and 3 patients,
respectively. All patients engrafted and
none experienced severe regimen-relat-
ed toxicity. Median days to neutrophil
and platelet engraftment were 11 days
(range 9-21) and 39 days (range 18-381)
respectively. No patient developed
GVHD. The patient with MDS relapsed
and another with maternal donor expe-
rienced secondary graft failure. Both
patients, however, are alive and well (3.1
years and 2.9 years later) after repeat
HSCT. With a median follow-up of 15.1

months (range 2.2-34.3), the probability
of survival at 2 years after HSCT is 100%. 

In summary, this fludarabine-based
approach in combination with T cell
depletion of the sibling donor marrow
is effective for FA patients and is associ-
ated with excellent survival and quality
of life.

Results with HLA matched and
mismatched unrelated donor HSCT

To attempt to reduce the risk of unre-
lated donor transplantation and improve
survival in patients with FA undergoing
HLA-matched or mismatched unrelat-
ed donor HSCT, we developed a new reg-
imen using total body irradiation (TBI),
fludarabine, cyclophosphamide and anti-
thymocyte globulin followed by the infu-
sion of T cell depleted bone marrow or
unmanipulated umbilical cord blood.
Between April 1999 and July 2003, 42
patients with FA underwent HSCT using
this regimen. Stem cell sources were mar-
row and umbilical cord blood in 37 and
6 patients, respectively. All but one
patient engrafted. The incidence of neu-
trophil recovery and engraftment was
98%. Incidences of grade 2-4 acute
GVHD and chronic GVHD were 19%
and 16%, respectively. With a median
follow-up of 27 months, probability of
survival at 2 years after HSCT is 76% for
recipients with standard risk disease and
34% for those with high risk disease
(patients >18 years of age, presence of
advanced MDS or leukemia, history of
gram negative or fungal infections before
HSCT, or recipients of HLA-mismatched
BM or >2-antigen HLA-mismatched
umbilical cord blood). 

In summary, the addition of flu-
darabine to the standard regimen of
cyclophosphamide and TBI is associat-
ed with superior engraftment and sur-
vival in patients with FA undergoing
alternate donor HCT as compared to all
other regimens previously reported.

New treatment protocols
Since January 2003, three new trans-

plant protocols have been opened for
FA patients. The purpose of these stud-
ies is to further reduce risks of trans-
plant related toxicity and infection,
particularly in high risk patients with
unrelated donors. The first study uses
the same fludarabine and cyclophos-
phamide and replaces TBI with busulfan.
Thus far, two patients with leukemia
have been enrolled. Both had prompt
neutrophil engraftment and no severe
regimen-related toxicity. Neither has had
GVHD thus far, and both are alive and
well at 1 month and 7 months after
transplantation, respectively. The other
2 protocols have not yet accrued patients
and will be discussed. ◆

Bone Marrow Transplantation 
for the Treatment of FA
John E. Wagner, MD and Margaret L. MacMillan, MD
Blood and Marrow Transplantation Program and Stem Cell Institute, 
University of Minnesota, Minneapolis, Minnesota

Margaret L. MacMillan, MD
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Since 1998, we have performed stem
cell transplants from donors other than
HLA-matched siblings for 11 patients
with FA. These patients ranged in age
from 5 to 24 years of age. Complemen-
tation Groups included Group A for 7
patients, Group C for 4 patients and
undetermined group for 1 patient.
Mosaicisim for DEB-induced chromo-
some breakage included 75-78% for 3
patients, 95-98% for 2 patients and 100%
for 6 patients. 

Four patients had aplastic anemia
(AA), 5 patients had advanced forms of
myelodysplastic syndrome (with excess
blasts for 4 patients and in transforma-
tion for 1 patient) and 2 patients had
AML. High-risk features included (1)
significant transfusion history for 9
patients, (2) prior androgen therapy for
8 patients and (3) significant infectious
history for 7 patients. Donors were HLA-
mismatched related donors for 5 patients
with 4/6 (2 patients) or 5/6 matching (3
patients) or unrelated donors for 6
patients with 5/6 matching (4 patients)
or 6/6 matching (2 patients). 

Our transplant cytoreductive regi-
men included: TBI (450 cGy), fludara-
bine (30 mg/m2/day x 5), cyclophos-
phamide (10 mg/Kg/d x 4) and Rabbit
ATG (Thymoglobulin) (2.5 mg/Kg/d x
4). Tacrolimus (FK506) was used for
GVHD prophylaxis for all patients.
Steroids were also used for GVHD/rejec-
tion prophylaxis for the first 4 patients
and were deleted from the cytoreduc-
tion (successfully) for the last 7 patients.
We used G-CSF-mobilized peripheral
blood stem cell (PBSC) grafts for 8
patients and bone marrow (BM) grafts
for 3 patients (based on donors’ choice).
All grafts were (aggressively) T-cell
depleted with soybean agglutinin and
E-rosetting for the BM grafts and CD34
selection and E-rosetting for the PBSC
grafts. The stem cell doses were signifi-
cantly higher, and the T-cell doses sig-
nificantly lower for the PBSC grafts. 

All 11 patients engrafted, and none
developed GVHD. Nine patients are alive

disease-free, 0.5-5 years post-transplant.
One patient died early post-transplant
from the consequences of infection. One
patient had started recovering and then
developed a viral pneumonia 6 months
post-transplant and died from pul-
monary failure. One patient (with MDS
in RAEB) relapsed 7 months post-trans-
plant, developed AML and received a
second transplant from the same donor
after busulfan and fludarabine. This
patient is now alive disease-free. 

All patients have had normal hema-
tologic reconstitution. The average time
for T-cell immune reconstitution post-
transplant was 8 months (range 6-12
months). One patient who is now 3 years
post-transplant has had normal T and
B-cell reconstitution, is doing well, but
remains with hypogammaglobulinemia
(low antibody production). 

In summary, the combination of TBI,
fludarabine and cyclophosphamide with
ATG and tacrolimus and T-cell deplet-
ed grafts has resulted in consistent
engraftment with minimal GVHD in
high-risk patients with FA. Our effort
needs to focus now on the prevention of
further infections and organ toxicity.
This could possibly be achieved by per-
forming transplants earlier in the course
of the disease and by substituting TBI
with agents such as busulfan or thiotepa. 

In order to attempt to decrease sec-
ondary malignancies, future plans
include a similar approach of T-cell
depleted transplants for patients with
matched related donors using non-TBI
cytoreductive regimens. One high-risk
34-year-old FA patient with MDS and
pulmonary nodules received cyclophos-
phamide, fludarabine and ATG followed
by a T-cell depleted PBSCT from her
HLA-matched sister. She has engrafted
with no GVHD and is alive and disease-
free 6 months post-transplant. 

In addition, based on the finding of
the association of solid tumors with
Human Papilloma Virus (HPV) in
patients with FA, we are actively pursu-
ing a multi-center trial of the use of an

HPV vaccine pre- or post-transplant to
decrease the risk of solid tumors in
patients with FA. ◆

Stem Cell Transplantation for FA: The MSKCC Experience
Anders Kolb, MD1, Arleen Auerbach, PhD2, and Farid Boulad, MD1

1. Memorial Sloan-Kettering Cancer Center, New York, NY 
2. Laboratory of Human Genetics and Hematology, The Rockefeller University, New York, NY

bone marrow precursor, megakaryocytes.
Red cells survive 120 days, platelets 7-10
days, lymphocytes months to years, and
neutrophils only 6-12 hours.

Normal blood counts are age-depen-
dent for Hb (hemoglobin) and MCV
(mean cell volume of the red cells). In
general, Hb <8 g/dl, ANC <1500/ mm3,
or platelets <30,000/mm3 lead to con-
sideration of therapeutic intervention,
either stem cell transplantation, or med-
ical treatment. ANC stands for absolute
neutrophil count, and is obtained by
multiplying the total white blood count
by the % neutrophils. To evaluate the
status of the bone marrow, we recom-
mend an annual bone marrow aspirate
to evaluate the types of blood cell pre-
cursors in the marrow, a biopsy to assess
cellularity (the proportion of the mar-
row that contains cells rather than fat),
and cytogenetics for evidence of clonal
disease.

Aplastic anemia is defined as pancy-
topenia (decreased red cells, white cells,
and platelets) with hypocellular bone
marrow. Leukemia is defined as a malig-
nant proliferation of immature cells,
called “blasts.” Myelodysplastic syndrome
(MDS) is cytopenia with a hypercellu-
lar marrow, but with less than 20% blast
cells. Significant MDS is associated with
clinically important cytopenias, associ-
ated with dysplastic erythroid, myeloid,
or megakaryocytes; the dysplastic fea-
tures are characteristic of each cell lin-
eage. Cytogenetic clones, while often seen
in MDS and in acute leukemia, may not
independently predict leukemia or an
adverse outcome. ◆

Hematology 101
continued from page 1
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There are already some trends, which
are worth following carefully. This con-
cerns the type of transplant (bone mar-
row vs. peripheral blood stem cells), age
of the patient, androgen pre-treatment,
and the progress to advanced types of
MDS or AML. Cytogenetic aberrations
alone do not seem to indicate a poorer
transplant outcome. Whether all these
transplant modifications will indeed
result in a lower secondary tumor risk
in the future remains to be seen. ◆

Modified Transplant Regimen
Wolfram Ebell, MD
Charité Hospital, Humboldt University, Berlin

Wolfram Ebell, MD

The life expectancies of children and
teenagers with Fanconi anemia have
greatly improved by better management
over the last 30 years. It is not clear yet
whether the transplant of hematopoiet-
ic stem cells has contributed to this devel-
opment. The German Fanconi Anemia
Register with more than 160 patients at
the age of 1 to 49 years does not show a
long-term survival advantage for trans-
planted versus non-transplanted patients
yet. This is due, on the one hand, to the
early risks of transplant and, on the other
hand, to the unchanged high prevalence
of tumors, particularly at a later age.
Numerous attempts are therefore made
worldwide to minimize these risks by
modification of transplant methods.
These risks are much higher for Fanconi
anemia patients—like graft-versus-host
disease (GVHD), graft rejection, dan-
gerous infections, toxicity and late
tumors—and result in numerous ques-
tions. Is irradiation required for condi-
tioning, or is chemotherapy sufficient to
ensure engraftment? Can critical sub-
stances (for example, alkylating agents)
be omitted or further reduced in dose?
What is the ideal method of GVHD pre-
vention (ex vivo T-cell depletion in the

transplant or in vivo T-cell antibodies
given after transplant)? What are the
methods of the future to cope with the
high infectious risks? Many of these ques-
tions remain unanswered and require
larger patient populations and longer
observation times. 

Our own attempt combines a chemo-
conditioning with fludarabine (180
mg/m2), busulfan (1-2 mg/kg) and the
pre/post-transplant immunosuppression
(GEFA protocol). Twenty-two patients
have been transplanted according to this
protocol in aplastic phase (N=12),
myelodysplastic syndrome (N=7) or
AML (N=3). The overall survival is 64%.
For 13 unrelated transplants the proba-
bility of event-free-survival (pEFS) is
61%, which is satisfying in respect to
historical results and the specific risk fac-
tors of that group. To further improve
the results, the following questions are
currently addressed: role of mosaicism
and donor chimerism of distinct cell
populations after transplantation, man-
agement of viral reactivations, pharma-
cokinetics of chemotherapeutic drugs
used within the conditioning regimen,
type and quality of stem cell sources, and
the early detection of clonal diseases. 

tant as GH in the short stature of children
with FA.

Therapy for insulin resistance in chil-
dren with short stature must include ade-
quate nutrition with adequate insulin.
In a person with a high blood sugar, calo-
ries are lost in the urine. If the child has
inadequate calories staying in the body,
there will be poor growth. Therefore,
insulin therapy may promote growth.

Therapy for hypothyroidism in chil-
dren with short stature should be start-
ed in order to bring the TSH to normal
(the goal should be a TSH value of 1 or
2) to optimize growth. Low GH mea-

oral glucose tolerance test. Abnormal
thyroid tests have been found in 60% of
them. A low peak stimulated GH has
been found in 47% of them, but many of
those with low GH have a normal height.
Puberty has started at a normal age in
all children who have started puberty,
but sometimes the start of puberty has
occurred at a very short height. In 76%
of boys, testes have been small for age.

Summary and Recommendations
We have found frequent thyroid

insufficiency and inadequate insulin
effect. These may be at least as impor-

Hormones and FA
continued from page 4

sures may be an artifact of low thyroid
levels.

I want to emphasize that thyroid and
insulin are quite important in childhood
growth and health. I recommend that
children with FA undergo a careful and
systematic baseline evaluation. In addi-
tion, there should be a yearly review of
their growth. If growth rate continues to
be slow, there should be endocrine retest-
ing as needed to uncover any subtle
abnormalities in the hormones. I rec-
ommend an early start of thyroid or
insulin hormone therapy in order to
optimize growth and health. ◆
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Hand and arm differences in Fanconi
anemia primarily affect the radial bor-
der of the arm. A deficiency of some or
this entire border creates considerable
variation in presentation. The presence
of a deficiency along the radial side of
the arm may be an early clue to the diag-
nosis of Fanconi anemia. The anomalies
involve the entire limb and can include
bones and muscles around the shoulder
girdle. The forearm is most affected and
the radius can be slightly smaller, con-
siderably smaller, or absent. Complete
absence of the radius is the most com-
mon type of radial deficiency. The
remaining ulna is frequently thickened
and bowed toward the absent radius. In
addition to the deficiencies in the fore-
arm, the thumb ray is also commonly
affected. The thumb can be smaller than
normal or completely absent.

The diagnosis is made by a careful
examination and supplemented by
x-rays. Associated syndromes can involve
the heart, platelets, kidneys, spine, and
bone marrow. Appropriate referral is
necessary for further evaluation of these
potential problems. The initial treatment
for the absent radius is stretching, both
by the therapist and the caregiver. Splints
are used to maintain the hand in a
straight alignment. If no treatment is
rendered, the hand will develop a per-
pendicular relationship to the forearm.
Stretching is usually recommended every
diaper change and is paramount to the
overall success of treatment.

Surgical treatment of the forearm is
difficult and involves placing the wrist
on top of the ulna, which is the only sub-
stantial bone within the forearm. The
procedure is known as a “centralization”
or “radialization.” The procedure is typ-
ically performed at about 1 year of age,
and the initial correction is impressive.
Unfortunately, the ability to maintain
the correction and prevent recurrence
has not been completely solved. Many
of the wrists tend to deviate over time,
which has led to a search for other
options and treatments. Recent advances

in treatment strategies have included the
application of an external fixator, or
Ilizarov device, to stretch the tissues prior
to centralization. This allows complete
placement of the wrist on top of the end
of the ulna, which was often not obtain-
able when the radial structures were
extremely tight. However, the outcome
following this surgical approach is not
yet known. The external fixator has also
been used to lengthen the forearm when
the child becomes older, usually between
8 and 15 years of age. The application
and process of soft tissue and bone
lengthening is difficult. A team approach
is utilized which consists of physician,
nurse, therapist, and social worker. The
process is arduous and requires consid-
erable participation from the patient and
family. The outcomes after lengthening
are still pending and more information
will be presented in the future.

The thumb deficiency is usually
addressed as a separate entity. A thumb
that is slightly smaller than the normal
thumb can be reconstructed, or aug-
mented, by tendon transfers to improve
its motion and use. An absent thumb or
a thumb without a stable base is removed
and the index finger moved to the thumb
position. This procedure is known as a
pollicization and involves transfer of the
index into the thumb position along with
its nerves, arteries, tendons, and mus-
cles. The procedure is performed any-
where between 6 months and 2 years of

age and requires meticulous technique
to position the index in a thumb posi-
tion. The index finger must be short-
ened, rotated, and rebalanced to give the
appearance of an innate thumb. The out-
comes of pollicization are directly relat-
ed to the degree of index finger mobili-
ty and use prior to transfer. A mobile
index finger will provide an excellent
digit when transferred to the thumb posi-
tion. In contrast, a stiff index finger will
function more as a post for grasping of
large objects. The decision to ablate a
thumb without a base is often a difficult
process for parents and caregivers.
Lengthy discussions with the surgeon
and conversations with families who have
undergone similar procedures are often
helpful. ◆

Hand and Arm Differences in FA
Scott Kozin, MD
Department of Orthopedic Surgery, 
Temple University & Shriners Hospitals for Children, Philadelphia, PA

Scott Kozin, MD

Editors’ Note and Disclaimer
Statements and opinions expressed in this newsletter are those of the
authors and not necessarily those of the editors or the Fanconi
Anemia Research Fund. Information provided in this newsletter about
medications, treatments or products should not be construed as med-
ical instruction or scientific endorsement. Always consult your physician
before taking any action based on this information.
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Many parents of children with FA
find that their child has poor oral intake.
Causes of poor oral intake in FA include
gastrointestinal causes, such as nausea
or abdominal pain. Other causes include
chronic inflammation or infection, med-
ication side effects, and neurologic or
behavioral problems.

Nausea in patients with FA can be a
very difficult symptom to diagnose and
manage. It may result from infections,
including urinary tract infections or
sinusitis, from medication side-effects,
from complication of anatomic gas-
trointestinal abnormalities, from gastric
emptying delay, and from behavioral
problems. Some patients may have more
than one cause of their nausea.

Gastroesophageal reflux (heartburn)
may also reduce oral intake. While any
patient may have reflux, it is commonly
associated with esophageal atresia. Reflux
may become more common with age.
Medical management is essential to
reduce complications, such as bleeding or
stricture formation. Fortunately, we now
have excellent medications to suppress
gastric acid.

Some FA patients are born with con-
genital anomalies of the gastrointestinal
tract. Repair of these conditions may
result in long-term complications. Com-
plications of duodenal atresia are the
most significant. In children who have
had repair of duodenal atresia, more than
25% have abdominal pain. This may
result from chronic alkaline reflux or
blind loop syndrome (which causes large
quantities of bowel gas). There may be
poor duodenal motility above the repair
site. Children may experience recurrent
obstruction-like episodes. Newer forms
of management of duodenal atresia, such
as duodenal tapering, may lessen the
complications.

Abdominal pain may have many
causes, including mechanical obstruction
of the bowel, abnormal gut motility,
small bowel overgrowth, and gallbladder
disease. Evaluation of gastrointestinal
symptoms may include many different

modalities. The basis for all evaluation is
a good history and physical exam. Many
patients can be diagnosed from history
and physical exam alone. Certainly, a
well-taken history can dramatically
reduce the number of procedures and
tests needed for diagnosis. It may take
45 minutes to take a thorough history
and physical. If parents come with notes
on the problem, or even a crude diary
of pain and nausea symptoms, it may
greatly facilitate the process.

Despite all efforts to diagnose and
manage poor oral intake, some children
cannot take in enough food to grow
normally. Adequate nutrition is that
amount that leads to normal growth for
the child’s genetic potential and enough
energy for the child to do normal activ-
ities. In addition, there should be ade-
quate reserve to face short-term mal-
nourishment during acute illness.

Supplemental feedings may be indi-
cated if the child is persistently less than
85% of the expected weight for height
or if he/she failed to gain weight over a
3-6 month period. Whenever possible,
supplementation should be given into
the gut, rather than as IV nutrition sup-
port. This is safer and more likely to allow
normal function of the gut. Most chil-
dren requiring supplementation cannot
simply drink extra calories through spe-
cial formulas. They need to have extra
calories delivered in a way that does not
depend upon their appetite. 

Families may need help choosing a
route for supplemental nutrition. Sup-
plementation can be given into the stom-
ach (gastric feedings) or into the small
intestine (jejunal feedings). Optimal sup-
plementation is usually done at night,
when the child ordinarily would not be
eating. This allows daytime appetite to
continue undiminished. Although night-
ly supplementation produces the best
results, children should get a “night off”
if they are going on an overnight trip or
to a friend’s house for a sleep-over.

A small flexible feeding tube can be
passed through the nose into the stomach

or small intestine for feedings. Gastric
feedings are simpler. Larger volumes can
be given at any one time. If the tube into
the stomach is dislodged, it can easily be
replaced, often by the parent or child.
The risks associated with this tube
include the chance it could dislodge at
night leading to aspiration of food or the
risk of sinusitis from blocking the nasal
drainage of the sinuses.

Jejunal feedings reduce the risk of
reflux, but must be given by drip (small
volumes continuously on an IV pump).
If a jejunal tube is dislodged, a radiolo-
gist must replace it, leading to a trip to
the hospital.

If feedings will be needed for a long
time, discussion of a gastrostomy tube
is appropriate. This is a soft, flexible tube
surgically placed through the abdomi-
nal wall into the stomach. Before choos-
ing such an approach, the needs of the
child and family should be discussed, as
well as the child’s current health status.

Finally, it should be noted that fam-
ilies with children with chronic disease
are targets of individuals peddling
appetite stimulants and special food sup-
plements, herbs, and vitamins that are
said to provide miraculous cures. Rarely
have these products been subjected to
rigorous medical investigation. Families
should be wary of such claims. No
appetite stimulant has been shown to be
very effective in well-designed controlled
clinical trials; all such medications test-
ed thus far have significant side-effects.
Supplemental formulas and vitamins, if
necessary, can usually be purchased quite
cheaply. Special vitamins, derived from
exotic sources, are not necessary. Herbs
and “natural products” at best are often
ineffective and at worst, dangerous. If a
family feels strongly that some or all of
these unproven therapies might benefit
their child, they should discuss it with
their primary physician to insure the
safety of the products used. ◆

Feeding Intolerance in Fanconi Anemia 
Sarah Jane Schwarzenberg, MD
University of Minnesota, Minneapolis, MN
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A Novel Ubiquitin Ligase is Deficient 
in Fanconi anemia
Amom Ruhikanta Meetei1, Johan P. de Winter2, Annette L. Medhurst2, 
Michael Wallisch3, Quinten Waisfisz2, Henri J. van de Vrugt2, Anneke B. Oostra2,
Zhijiang Yan1, Chen Ling1, Colin E. Bishop4, Maureen E. Hoatlin3, Hans Joenje2 &
Weidong Wang1

Fanconi anemia is a recessively inherited disease characterized by congenital
defects, bone marrow failure and cancer susceptibility. Cells from individuals with
Fanconi anemia are highly sensitive to DNA-crosslinking drugs, such as mitomycin
C (MMC). Fanconi anemia proteins function in a DNA damage response pathway
involving breast cancer susceptibility gene products, BRCA1 and BRCA2. A key
step in this pathway is monoubiquitination of FANCD2, resulting in the redistri-
bution of FANCD2 to nuclear foci containing BRCA1. The underlying mechanism
is unclear because the five Fanconi anemia proteins known to be required for this
ubiquitination have no recognizable ubiquitin ligase motifs. Here we report a new
component of a Fanconi anemia protein complex, called PHF9, which possesses E3
ubiquitin ligase activity in vitro and is essential for FANCD2 monoubiquitination
in vivo. Because PHF9 is defective in a cell line derived from an individual with
Fanconi anemia, we conclude that PHF9 (also called FANCL) represents a novel Fan-
coni anemia complementation group (FA-L). Our data suggest that PHF9 has a
crucial role in the Fanconi anemia pathway as the likely catalytic subunit required
for monoubiquitination of FANCD2.

1. Laboratory of Genetics, National Institute on Aging, National Institutes of Health,
333 Cassell Drive, TRIAD Center Room 3000, Baltimore, Maryland 21224.

2. Department of Clinical Genetics and Human Genetics, Free University Medical
Center, Van der Boechorststraat 7, NL-1081 BT Amsterdam, The Netherlands.

3. Division of Molecular Medicine, Oregon Health & Science University, 3181 SW
Sam Jackson Park Road, Portland, Oregon 97239.

4. Department of Obstetrics and Gynecology, Baylor College of Medicine, Hous-
ton, Texas 77030.

Correspondence should be addressed to W. Wang. e-mail: wangw@grc.nia.nih.gov

The life expectancy of FA patients has
improved dramatically in recent years,
due to better supportive care and stem
cell transplants for bone marrow failure.
In addition, physicians are now recog-
nizing patients with milder phenotypes,
who often are diagnosed at older ages.

Cumulative incidence analyses still
indicate that bone marrow failure is the
most frequent complication. However,
the potential problems of the FA adult
are of increasing importance, and the
major concern is cancer. FA patients
develop specific and unusual cancers at
earlier ages and without the risk factors
usually seen in the general population.
The age range is from the teens to the
40s. The major cancer types include acute
myeloblastic leukemia, liver tumors (usu-
ally related to treatment with androgens),
and cancer of the head, neck, and esoph-
agus, as well as the vulva, vagina, and
cervix. In literature reports of FA patients
with cancer, about 25% were diagnosed
with FA only after they had developed
cancer. This suggests that those patients
were milder in their physical appearance,
and that their bone marrow function was
better than is expected in FA.

In our pilot North American Survey
(NAS) of FA, we found that the patients
who had not had a bone marrow trans-
plant but had solid tumors were older at
the diagnosis of FA. The relative risk of
specific cancers in FA was compared to
the risk in the general population after
adjustment for age, sex, and birth cohort.
The relative risk of AML was 800-fold,
head and neck cancer 700-fold, esopha-
gus 2300-fold, vulvar cancer 4300-fold,
and cervical cancer 200-fold. Cause-spe-
cific hazard rate analyses suggest that the
rate of leukemia levels off in teenage years
at <1% per year. The rate of solid tumors
rises more than linearly, and reaches 10%
per year by age 45. In the presence of
competing risks, the cumulative inci-
dence of the first adverse event is 53%
for bone marrow failure, 29% for solid
tumor, and 10% for acute leukemia.

The impact of bone marrow trans-
plant on solid tumors is still unresolved.

More than a dozen patients have been
reported to have oral cancer, primarily
tongue, at 3 to 15 years after transplant,
and at 11 to 33 years of age. In the NAS
study, the crude rate for tumor develop-
ment in patients who did not have a
BMT was 0.7%, while it was 2% per year
in the patients who had a BMT. The rate
in the BMT group was 2.8-fold the rate
in the untransplanted group.

It is clear that FA patients are at
increased risk of cancer, and that can-
cer occurs much earlier in FA. The

Cancer Epidemiology
Blanche P. Alter, MD, MPH
Clinical Genetics Branch, Division of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, MD

maximum risk for solid tumors rises
steeply from childhood, and the types of
cancer are specific and unusual. Further
studies are needed to understand the nat-
ural history of cancer in FA, the role of
viruses in cancer etiology, the impor-
tance of cancer screening, and methods
for cancer prevention. We recommend
blood counts every 3-4 months; and an
annual bone marrow aspirate, biopsy,
and cytogenetics; head and neck cancer
screening with laryngoscopy; and gyne-
cologic exam. ◆
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disease and the significance of cytoge-
netic clonal abnormalities, patients
should have marrow examinations annu-
ally, and more frequently after the onset
of marrow failure and/or development
of a clonal cytogenetic abnormality. Soon
after diagnosis patients should have a
consultation at a transplant center expe-
rienced in FA. This consultation will
assist in management of the patient and
help determine the optimal timing of
transplantation, as the role of androgens,
growth factors and antioxidants is chang-
ing with improved outcomes with trans-
plantation. Epsilon-aminocaproic acid
(amicar) is useful in patients with
thrombocytopenia and bleeding, and
hematopoietic growth factor therapy and
antibiotics are often used in patients with
neutropenia and fever. Risk of iron over-
load should be minimized by early
chelation therapy, keeping in mind that
many patients even without a history of
red cell transfusion will often have
elevated iron levels. For the patient
considering allogeneic HCT, use of red
cell and platelet transfusions should be
minimized to reduce the risk of allo-
immunization. If transfusions are
required, an effort should be made to
transfuse only irradiated, cytomega-
lovirus (CMV) negative (or filtered) red
cell or single donor platelet products
from unrelated volunteer donors (i.e.,
not family members).

Malignancy
Because older FA patients age ≥20

years are at high risk for malignancies,
they require routine dental examinations
every 6 months, annual gynecological
examinations for women after menar-
che, ENT evaluations and dermatologi-
cal examinations for suspicious lesions.
Sun and cigarette smoke exposure should
be minimized.

Endocrinopathies
Endocrinopathies including short

stature, diabetes mellitus and hypothy-
roidism are common. All patients should
receive a thorough endocrine evaluation
at diagnosis regardless of height and
weight, during puberty, and after

transplantation, with appropriate fol-
low-up thereafter. In adults, patients
should be monitored and treated for
osteoporosis.

Failure to Thrive
Poor appetite and gastrointestinal

disorders, including reflux and endocrin-
opathies, can lead to failure to thrive in
FA patients. Patients should be evaluat-
ed by a gastroenterologist and/or nutri-
tionist to assist in optimizing nutrition
and growth.

Reproductive Issues
The majority of males with FA are

infertile. Fertility can be tested after
puberty by semen analysis. Approxi-
mately one third of FA women are infer-
tile. Women with FA who become preg-
nant may experience a rapid decline in
bone marrow function. In addition, there
are many potential obstetrical compli-
cations. Pregnancies should be careful-
ly monitored by an obstetrician who
specializes in high risk pregnancy and
by a hematologist. Hormonal replace-
ment may be necessary in both males
and females, and should be assessed by
an endocrinologist. 

Organ Dysfunction
Patients with FA may have a number

of major organ anomalies. At diagnosis,
all patients should have a cardiac
echocardiogram, kidney ultrasound,
hearing test and vision test. Additional
tests may also be warranted. Patients

should be referred to specialists if abnor-
malities are noted.

Infectious Diseases
Opportunistic infections are the

major cause of morbidity and mortality
for FA patients. The risk for developing
life threatening infections increases
during periods of neutropenia and for
at least a year after transplantation until
the immune system has recovered. In
addition, a subset of FA patients who
have not been transplanted appear to be
at higher risk for infections suggesting
they have an inherent impaired immune
system. Research is underway to exam-
ine this further. All FA patients should
receive the routine childhood immu-
nizations including hepatitis B, Varivax
(for chickenpox) and influenza (annu-
ally each autumn). These immunizations
need to be repeated after transplanta-
tion, once the immune system has recov-
ered, which takes at least a year. The risk
of infection can be reduced with vigilant
hand-washing and avoidance of poten-
tial sources of infectious disease, includ-
ing reptiles, raw meat, and fungal spores
released into the air during building
demolitions. Prior to transplantation at
the University of Minnesota, patients are
urged to receive at least a month of
antifungal therapy to eradicate any
undetectable fungal infection. In addi-
tion, patients must receive an extensive
work-up for evidence of occult infection,
which must be thoroughly treated before
transplantation. ◆

Management of Patients with FA
continued from page 1

Blanche Alter, MD; Richard Harris, MD; Margaret MacMillan, MD
answer questions at FA Family Meeting.
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