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Introduction

This Handbook gives basic information, in plain
language, about understanding and coping with a
serious disorder known as Fanconi anemia, or FA.

The initial FA diagnosis is always a shock. Once it has
been absorbed, families of FA patients and their
friends—and even physicians—may search for months
for trustworthy information. Families also react
emotionally to the grim prognosishey feel
understandable anger, denial, grief, unfounded guilt
or withdrawal. As parents of FA children, we personally
know each of these reactions.

This Handbook answers common questions in simple
terms. We include more technical information in a
number of appendices. We are deeply grateful for the
experience of researchengating physicians and
other families in our worldwide support group.

Many medical words—especially those with Latin and
Greek origins—confuse families. Complicated words
may be a real barrier to your understanding of FA and
your discussions with your doctofBur text defines

many confusing terms. We also include a glossary of
medical and scientific terms you may see or hear (Appen-
dix Y). Words inbold type are defined in this glossary.

This Handbook is the result of many hours of research
and consultation, and years of experience. It is written
for lay people by lay people. We are not doctors, but we
follow progress in FA-related science on a daily basis.
All medical information included here should always be
reviewed with your own treating physicidfiyou have
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guestions relating to treatment or prognosis, please raise
these issues with your doctor or with an appropriate
specialist. The Fanconi Anemia Research Fund recently
publishedFanconi Anemia: Standards for Clinical

Care a handbook for treating physicians. Copies are
available from the FARF office.

Do not be surprised if world-famous experts disagree.
You may read or hear conflicting medical advice. That
problem is common even with well-known ilinesses.
But FA is a rare orphan disea3de biological
processes that threaten FA patients are poorly
understoodDoctors should welcome your questions.
Many might encourage you to get a second opinion.

We know how serious this disorder is. FA has claimed
too many lives. We make no exaggerated promises, and
we create no false hopes of instant cure. But progress in
medical science relating to FA has been very rapid and
encouraging in the last deca#isven as we write, new
developments in genetic research and improved
therapies may make our information out of date.

We welcome that progress in every way.

This Handbook is dedicated to the memory of special
children and young adults—claimed by FA so unfairly
before reaching their full potential. We also dedicate this
manual to the physicians and researchers who are work-
ing to understand, treat, and cure this hateful affliction.

We hope that this Handbook helps you in your own
family struggle. Join us, if you can, in active efforts to
seek effective treatments, to obtain funding for medical
research, and to find a cure.

Dave and Lynn Frohnmayer
March, 2000



Chapter 1

Definition,Characteristics,
and Diagnosis of Fanconi Anemia

What is Fanconi Anemia?

Fanconi anemia (FA) was first described by a Swiss
pediatrician, Guido Fanconi. In 1927, Dr. Fanconi
published his clinical observations on brothers who had
inherited various abnormal physical conditions and who
also experienced bone marrow failure. These children
suffered severe life-threateniaglastic anemia Their
blood systems could not successfully combat infection.
In addition, as a result of anemia, they were chronically
fatigued. Because their platelet counts were low, they
suffered spontaneous bleeding.

Research has established that:
* FAis one of several deadly inherited anemias.

* Both parents must be carriers akaessiveFA
gene for their child to be born with this disorder. If
both parents carry the recessive gene, the chances
are one in four that any of their children will inherit
the disease. Scientists call this pattern of inheritance
“autosomal recessive” (See Appendix F).

* FA patients may have a variety of noticeable birth
defects, ranging from minor to serious. These
defects may affect every major system of the body.
Other FA patients are free from any visible disor-
der—other than ultimate bone marrow failure.

* FA patients experience a high incidence of leukemia
(18%—20%).
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* FA patients have a much higher incidence of cancer
than the general population.

* The chromosomes in the cells of FA patients, when
studied in the lab, break and rearrange easily.
Scientists do not yet understand the reason for this
chromosome breakage, but can use it as a diagnostic
test for the disease.

Studying the FA genes and the proteins they produce
should help scientists understand the basic defect in FA.

Is Fanconi Anemia the Same as Fanconi
Syndrome?

No. “Fanconi syndrome” is a rare and serious disorder
of kidney function, occurring mainly in childhood. In
this syndrome, several important nutrients and chemicals
are lost in the urine. This leads to failure to thrive,
stunted growth, and bone disorders, such as rickets.

FA patients may be born with abnormal kidneys and
may experience growth problems, but the treatment of
Fanconi anemia is very different from that for Fanconi
syndrome. The two disorders should not be confused
with each other.

How is Fanconi Anemia Related to Other
Types of Aplastic Anemia?

Scientists divide aplastic anemia into two categories:
“acquired” and “inherited” (genetic) aplastic anemia.
The causes of “acquired” aplastic anemia may be
exposure to excessive radiation, toxic chemicals, certain
drugs, infections or a host of agents in the environment
that damage the bone marrow. In many cases of acquired
aplastic anemia, the specific cause is never discovered.
These cases are known as “idiopathic aplastic anemia.”
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Fanconi anemia is an “inherited” anemia. It is one of
several rare genetic conditions that lead to aplastic anemia.

No one has yet explained why FA patients develop bone
marrow failure. Understanding can come only after the
FA genes have been isolated and studied. However,
scientific studies show that almost all FA patients will
eventually experience marrow failure.

Some scientists believe that the interaction between
toxic environmental factors and an FA patient’s genetic
vulnerability to marrow failure may contribute to
aplastic anemia. See Appendix D for suggestions on
how to reduce exposure to these toxins.

How is FA Diagnosed?

Scientists believe that Fanconi anemia is underdiagnosed.
The reason is obvious: FA makes its first appearance in
different ways. Some babies are diagnosed at birth.
Other children may grow into adulthood before discov-
ering that they are affected by FA. Some FA patients
undoubtedly are never correctly diagnosed. Efforts are
underway to educate doctors in various medical special-
ties about the kinds of symptoms and signs that may
indicate FA.

1. Chromosome breakage and other tests
Presently the most common test for FA is to take a
small sample of blood from the patient and combine the
blood’slymphocytes(a type of white cell) with

chemical agents such depoxybutane(DEB) or
mitomycin C (MMC). In the laboratory, the chromo-
somes within FA cells break and rearrange under the
influence of these destructive agents; the chromosomes
in normal cells are more stable. If the results of the
lymphocyte breakage test are negative, but the patient
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exhibits other symptoms of FA, skin cells (fibroblasts)
should be tested. Some patients' blood contains a
mixture of normal cells and FA cells. See Appendix M
on mosaicism.

A procedure called "cytometric flow analysis" tests for
a certain abnormality in the cell cycle. This abnormality
is found in FA cells, but not in normal cells.

Scientists can also screen the patient's cells for particu-
lar FA mutations, in cases where the disease gene has
been discovered.

Highly skilled scientists in properly-equipped laborato-
ries can confirm suspected cases of FA by using these
tests. It is absolutely essential to establish an FA diag-
nosis based on these tests, because the clinical features
of many different diseases closely resemble FA.

“There's still a lot we don’t know.” ~

from the Rotarian Magazine, December 1988
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One or more of these tests should also be performed on
the siblings of an FA patieriEven normal-appearing

brothers and sisters may also have the condition. If your family
is considering a bone marrow transplant from a family mem-
ber, it iscrucial to test for chromosome breakage in potential
donors as well as testing for matching tissue types.

FA can be diagnosed even before a child is born. The
diagnosis can be made based aharionic villus

sampling (CVS), performed in the 10th to 12th week of
a pregnancy, or bgmniocentesisperformed most often

in the 15th to 17th week of pregnancy. See Appendix G.

2. Existence of birth defects

Birth defects are found in the majority of FA patients.
These defects can involve any system of the body. The
defects or “anomalies” are sometimes many in number,
or very few. There seems to be no predictability about
the types of anomalies, even within families where
more than one child is an FA patient. Since the clinical
variety of these features is so great, doctors often refer
to the “heterogeneous” nature of Fanconi anemia.

Among the more common birth defect problems or
features are the following:

e Short stature:

This feature is common and very striking. One expert
has concluded that over 50% of FA patients are below
the third percentile in height.

 Anomalies of the thumb and arm:

FA is often suspected when a child is born with miss-
ing, misshapen or extra thumbs, or an incompletely
developed or missing arm bone, the radius. These
conditions in the scientific literature are described as
“absent, hypoplastic, supernumerary or bifid thumbs”
and “hypoplastic or absent radii.”
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o Additional skeletal abnormalities:

About one-fifth of FA patients suffer from a wide range of
skeletal defects, such as congenital hip abnormalities,
spinal malformations, scoliosis, and rib abnorties.

» Kidney (renal) problems:

Some FA patients are born with a missing kidney,
rotated or misshapen kidneys or fused (joined) kidneys.
Approximately one-fourth of FA patients have these
problems, which the literature refers to as “structural
renal malformations.”

e Skin discoloration:

Many FA patients develogafé-au-laitspots, which are
patches (larger than freckles) of darker discoloration on
the skin. Or the entire body or large portions of the
body may have a suntanned appearance, a condition
called “hyperpigmentation.”

* Small head or eyes:

FA patients may have a small head or eyes, charac-
teristics that the literature calls “microcephaly” and
“microphthalmia.”

* Mental retardation:

Some FA children are retarded, although this is by no
means as common as some of the early literature on FA
suggested. However, learning disabilities without
retardation may be common.

* Low birth weight and “failure to thrive”:

Some cases of FA are detected after parents seek medi-
cal advice because their child is born with a low birth
weight or does not grow and develop as expected.



Chapter 1: Definitions, Characteristics, and Diagnosis 9

* Abnormalities of the gastrointestinal tract:

Some FA patients are born requiring immediate surgery
to correct serious problems of the stomach, esophagus
or intestinal tractExperts report that a very large number
of FA patients with no observable internal defects often
experience problems with their digestive systems, includ-
ing poor appetite. See Appendix N.

e Heart defects:

Some FA patients are born with heart defects, usually in
the tissues separating chambers of the heart.

This is an incomplete list of birth defects that helps
establish the diagnosis of FA. Every cell and every
organ of the FA patient may be missing the contribution
of an essential gene function. As a consequence, this
illness may affect many different systems in the body.

3. Later problems that may affect FA patients
» Sexual anomalies in FA patients:

Female FA patients often have a delay in the start of
menstrual periods, irregular periods, and a decrease in
fertility. Menopause occurs early, often in the 30s. Male
FA patients often have undeveloped male organs
(hypogonadism), and may have decreased sperm
production and fertility. See Appendix Q.

* Solid tumor malignancies:

FA patients, especially those over the age of 20, are at
high risk of developing cancers of the head, neck, and
esophagus. Women are at high risk of developing
cancers of the reproductive tract. See Appendices R and S.



10 Fanconi Anemia: A Handbook for Families

4. Diagnosis through appearance of aplastic
anemia or bone marrow failure

In a great many patients, the first sign of FA is the
appearance of aplastic anemia, a condition in which the
bone marrow does not produce enough red cells, white
cells or platelets to protect the body and allow the
patient to thrive.

5. Diagnosis through the appearance of
myelodysplasia or leukemia

In a small number of cases, the presence of FA was first
detected when the patient developedyeelodysplastic
syndrome. This diagnosis, made by examination of the
bone marrow, describes an abnormal production,
maturation, and appearance of blood cells, which often
leads to a deficiency of red cells, white cells and platelets.
Sometimes myelodysplastic syndromes progress to
leukemia. A few patients have been diagnosed with
FA after first developin@cute myelogenous

leukemia (AML ).

6. Diagnosis of FA through diagnosis of an
affected sibling.

The diagnosis of FA in any patient should lead to

testing of brothers and sisters. Those tests may in some
cases reveal the chromosome breakage that demon-
strates FA, even if the sibling presently is healthy, has
no birth defects, and has normal blood counts.

How is Aplastic Anemia Discovered in FA?
Why is it Dangerous?

The function of healthy bone marrow

The central portion of bones is filled with a spongy red
tissue called bone marrow. The marrow is the site of our
body’s blood production. Marrow daily produces
millions of blood cells that sustain our lives.
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The bone marrow harbors or nouriskeam cells
which divide and evolve into mature red cells, white
cells, and platelets. This process of formation and
development of blood cells is calladmatopoiesis

Each type of blood cell performs an essential role. Red
cells erythrocytes) carry oxygen from the lungs to all
areas of the body. White cellgkocyteg help fight
infection and disease by attacking and destroying
germs. Plateletsifrombocytes) help heal wounds and
control bleeding by forming blood clots in areas of
injury. They also prevent spontaneous internal bleeding.

Stem cells interact with a family of cells in the bone
marrow, calledstromal cells, to provide a continuing
supply of new blood cells. (Scientists sometimes refer

to this process as the interaction between the “seeds,” or
stem cells and the “soil,” @troma.) New blood

production is essential throughout our lifetime. A red

cell lives approximately 120 days, platelets live ten

days, and some types of white cells live only one day or
less. Normally, bone marrow produces the right

amounts of all these cells as the body needs them.

Bone Marrow Failure

When normal blood cell production declines because
the marrow no longer functions properly in the FA
patient, a number of serious conditions can appeatr,
separately or together. These are:

Anemia: When the body lacks adequate oxygen-
carrying red cells, the patient experiences weakness,
fatigue, shortness of breath, and a visibly pale appear-
ance. The red cell deficiency is knownaaemia
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Infection: When the body lacks adequate numbers of
infection-fighting white blood cells, the patient can be
extremely vulnerable to common germs. Fever may be
the first sign of a serious infection. The medical term
for a low white blood count ileukopenia FA patients

are often deficient in a particular class of white blood
cells called neutrophils, which are needed to fight
bacterial infections. This condition is calleeutropenia

Bleeding: Hemorrhage-fightinglatelets help stop
bleeding from wounds. Abnormally low platelet counts
lead to easy bruising and sometimes to internal bleeding
that can be fatal. A low platelet count is sometimes
discovered by the appearanceefechiae These are

small red spots that result from spontaneous bleeding in
tiny blood vessels under the skin.

The medical term for an abnormally low platelet count
is thrombocytopenia. In many FA patients, the first of
the three major types of blood cells (or lineages) to
show a decline in counts is the platelets. When abnor-
mally low countsexist in all three major lineages of blood
cells, the condition is described@encytopenia An-

other way to describe this conditionaiglastic anemia

Other factors that doctors consider

Some doctors look for and measure additional signs of
abnormality in FA blood cells. The scientific literature
reports many cases where the red cells of FA patients
are unusually largar{acrocytic). Scientists who study

FA also note that tests of patients may show large numbers
of the kinds of red cells that typically would be found in
newborn infants (elevated fetal hemoglobin).
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Bone marrow aspiration and biopsy

In making the original diagnosis of aplastic anemia,
doctors typically do not rely on blood counts alone.
They also use bone marrow aspiration andbone
marrow biopsy to help with the diagnosis.

Bone marrow aspiration can be a painful procedure. It
is eased by local anesthesia. Increasingly, medical
centers are using strong sedatives or short-term general
anesthesia to eliminate any discomfort. The aspiration
involves inserting a sturdy needle into the large pelvic
bone of the patient. A small sample of marrow is re-
moved and examined under a microscope. In cases of
severe aplastic anemia, the aspiration will show a great
reduction of the number of blood-producing cells in the
bone marrow. Bone marrow aspirates are used to
examine the types of cells in the marrow, and their
chromosomal pattern.

The bone marrow biopsy is a procedure in which a
needle is inserted in the bone and a very small piece of
bone (a plug) containing marrow is removed. The bone
marrow biopsy is very helpful in assessing exactly how
many cells are present in the bone marrow. It is also
useful in determining if the cells have a normal or
abnormal shape or size. This information is helpful in
predicting possible progression to leukemia.

Physicians usually recommend an annual bone marrow
aspiration and biopsy. If the chromosomes in the mar-
row cells show an abnormal pattern (a "clonal abnor-
mality") or if the cells appear abnormal, doctors may
recommend more frequent bone marrow testing.
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What Do We Learn from an FA Patient’s
Blood Counts?

Blood counts usually are measured by what is called a
CBC (Complete Blood Count). This test can be done
from a “finger stick” or from a sample drawn from a
vein. Doctors usually prefer a sample drawn from a vein
because it can reflect a more accurate platelet count.

Your doctor will interpret your CBC for you. The

typical CBC will reveal the count for red cells, white
cells, and platelet3:he CBC will also show the percent-
age of the different kinds of white cells that make up the
white cell count. Different kinds of white cells perform
different functionsGranulocytes (neutrophils) mainly
fight bacterial infections, but also play a role in control-
ling fungal infectionsLymphocytesare crucial in the
eradication of both fungal and viral infections.

An important value is thabsolute neutrophil count
(ANC). This number is determined by multiplying the
percentage of neutrophils (both mature and immature
forms) by the total number of white blood cells. Normal
neutrophil counts are over 2,000. The absolute neutrophil
count should be between 500 and 1,000 to fight a
bacterial infection adequately.

Your doctor may also look at measurements in the CBC
that show the size of certain cells and the number of
new developing cells. Some of this additional informa-
tion may be very important in deciding when and how
to treat aspects of this disorder.

Many parents have noticed that a bacterial or viral
infection can cause a considerable drop in a child’s
blood counts. Very often, the counts will return to the
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previous level weeks or even months after the infection
has passed. Because infections can be destructive to the
FA patient's vulnerable bone marrow, many physicians
treat infections early and aggressively. In addition to the
usual childhood imunizations, many physicians recom-
mend vaccination to prevent chicken pox, which is
devastating to the bone marrow of FA patients, and
hepatitis B, because FA patients are likely to need
eventual blood transfusions. This is a topic to discuss
with your own physician.

Dr. Guido Fanconi with Andrea Lee Kuritzky
Children's Hospital, Los Angeles, 1959
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When Does Aplastic Anemia Occur in FA?

No one can predict the age when marrow failure begins
in FA patients. Thenedianage of onset is approxi-
mately 7 years. Most children first experience signs of
marrow failure between the ages of 3 and 12. At least
10% of cases were diagnosed after age 16, and one
individual was 48 at the time of diagnosisteiv FA
patients diagnosed and identified by chromosome
breakage tests have had no blood or physical prob-
lems into their 30s. Thus, FA is not exclusively a
childhood disease.

For many FA patients, blood counts can remain rela-
tively stable over a long period of time, sometimes

many years. Remember that any one blood count can be
misleading, and that the numbers of cells in different

cell lines can go up and down over a period of time.
Long-term trends rather than any one CBC will reflect
more accurately the status of the FA patient's bone marrow.

What Other Medical Tests Should the FA
Patient Undergo? What Reports Should We
Collect?

Review this question with your treating doctor. Every
FA patient is different. New therapies on the horizon
might well change current medical advice. We suggest
three important approaches:

First, you should developlmselinemedical evaluation
of your child. Dr. Ellis Neufeld of Harvard Medical
School has offered a helpful and complete checklist
which you can review with your treating physician. See
Appendix A.
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Second, before undergoing any medical procedure or
consulting with a new specialist, FA families have

found it very helpful to ask their doctor to prepare a
brief and readable up-to-date summary of the treatment
of their child (vital statistics, CBC results, specialists’
reports, surgeries, hospitalizations, etc.) Insist on this
diagnostic and treatment summary, if you can. Other-
wise, when you see specialists, you will be forced into
time-consuming and potentially error-prone recitals of
medical information.

Third, siblings and immediate relatives of the patient
should be evaluated as potential bone marrow donors.
Families without a matched sibling donor should
consider a search for an unrelated donor under the
guidance of a doctor or transplant center.

Abnormal Clones

FA patients often develop abnormal “clones” that can
be detected in studies of their bone marrow aspirations.
A clonal abnormality is a change in the structure or in
the number of the patient’'s chromosomes in certain
cells of the bone marrow.

Researchers and treating physicians do not agree about
the significance of a clonal abnormality in FA patients.
Some observe that a clone can disappear, or that some-
times it is replaced by a different abnormal clone. Many
FA patients with abnormal clones have remained stable
for years, and have not progressed to leukemia. On the
other hand, a clone is sometimes the first step in a
progression to myelodysplasia or AML.

Most researchers agree that an abnormal clone, or the
appearance of multiple clones, may indicate a more
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aggressive phase in a patient’s disease. These develop-
ments suggest that more aggressive treatment or more
frequent monitoring is needed.

Dr. Richard Harris offers helpful suggestions on moni-
toring the progression of a clone and guidelines for
transplantation in Appendix J. Even in those cases when
transplantation is not yet considered appropriate, we
recommend initiating a search for a suitable donor
immediately upon discovery of the abnormal clone. The
search can take months, and in some cases disease
progression is rapid.

What is the Prognosis for an FA Patient?

No one is certain how long any given individual with
FA will survive. This illness is unpredictable. According
to cases reported to the International Fanconi Anemia
Registry, the average life expectancy is approximately
22 yearsBut life expectancy for any one individual can
be quite different from any “average.”

Obviously, this statistic cannot account for recent
medical advances. New research discoveries, supported
in part by the Fanconi Anemia Research Fund, have led
to life-extending treatments and improved bone marrow
transplant outcomes. Research continues to address
these important issues. As FA patients live longer, more
will develop solid tumor malignancies. Scientific

studies must address this crucial concern. There is still
much to learn about the basic defect in FA patients.
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Could an FA Patient Ever Become Pregnant
or Father a Child?

The literature reports that at least 110 FA females have
reached age 16 or more, and 15% of this population
became pregnant. One study reports a total of 26 preg-
nancies, resulting in 17 births and 16 surviving, normal
children. Most women had decreased blood counts
during pregnancy and often required transfusions.
However, no one died during pregnancy. Most regained
their blood counts following the birth of their baby.
Tragically, nine mothers died later from FA
complications (seven had cancer).

Fertility appears to be reduced in males with FA. The
literature reports only three FA men who are fathers.
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Chapter 2

Treatments for
Fanconi Anemia

What treatments exist for the bone marrow complications
of FA? There is no simple answer to this question. For the
acutelyill, “supportive care” has been steadily improv-
ing in itslife-extending potential. Transfusion therapy,
antibiotics,and hospital care may be effective in the
short run.

Longer-range therapies fall into four categories: bone
marrow transplantation, androgen therapy, synthetic
“growth factors,” and gene therapy.

Bone Marrow Transplantation for FA Patients

A successful bone marrow or stem cell transplant can
correct problems related to the bone marrow (anemia,
neutropenia, thrombocytopenia, myelodysplasia or
leukemia). An FA patient remains at high risk for later
development of solid tumors, and can still suffer from
problems related to other organs or systems of the body.
Recently, the success rate for FA patients fortunate
enough to have adLA (human leukocyte antigen)
matched sibling has been quite good. Since 1994, 2-
year survival has been over 80%. For a more complete
explanation of HLA tissue typing, see Appendix I.

Prior to transplantation, a patient’s own bone marrow
must be destroyed or suppressed to allow new, healthy
bone marrow to growlhe existing immune system must
be suppressed to avoid graft rejection. A conditioning
regimen is used to prepare the patient for transplantation.
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The body tissues of FA patients tend to be very sensi-
tive to the radiation and drugs used in the transplant
conditioning regimen. Patients with matched sibling
donors and uncomplicated aplastic anemia should
receive modified (reduced) doses of these conditioning
agents. Patients with myelodysplasia and exickess

cells may be at risk of post-transplant leukemia. There-
fore they may require a more intensive transplant
conditioning regimen. This regimen is still greatly
reduced from that given to a non-FA patient.

Serious complications can arise in marrow transplanta-
tion for FA patients. The likelihood of these complica-
tions increases when a bone marrow donor is not a
perfect HLA sibling match for the patient. Graft versus
host disease (GVHD) occurs when certain lymphocytes
(the T cells) from the donor recognize the patient’s cells
as foreign and attack thefhis attack may result in
mild, temporary symptoms, such as skin rash, or in
severe, long-term symptoms including multiple organ
failure and possibly death. Many transplant centers
now remove T cells from the donor marrow before
transplantation (procedure called "T cell depletion™).
This greatly reduces the risk of GVHD.

Graft rejection occurs when the patient’s lympho-
cytes attack the new graft, and prevent engraftment
of the transplanted marrowrdnsplant centers have
recently started using a new drug, fludarabine, to suppress
the patient's bone marrow. Early results suggest that this
drug dramatically decreases the risk of graft rejection.

The prognosis for a transplant is best for young patients
in good clinical condition with uncomplicated aplastic
anemia, who have had few or no transfusions. An HLA
matched sibling donor increases the likelihood of a
successful transplant. Conditions such as myelodysplasia
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or overt leukemia require more aggressive preparation
for bone marrow transplantation, and decrease the
likelihood of a successful outcome.

““I'm not really sure how to treat your illness.
Nobody else has it!”

Sanchia Gosztonyi, FA patient (deceased), Basingstoke, England

1. Matched sibling donors

The chances are one in four that another child in the
family will have the same tissue type as the affected
child. To assist in long-range planning, experts agree
that tissue-typing of siblings should be done as soon as
possible after the FA diagnosis. The chances are also
one in four that another sibling will have FA. That's

why it is essential to do diagnostic testing on siblings to
make sure that they do not have FA. A family should
never agree to proceed with a transplant before making
sure that the sibling donor is free from this disease.
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Most transplant experts now believe that if the family
has a perfectly matched sibling donor, the transplant
should be attempted instead of initiating androgen
therapy (see below), and preferably before the patient
has been given many transfusions. The number and
type of transfusions given to an FA patient may have a
bearing on the later success of a marrow transplant.

2. Umbilical cord blood transplants

Recent successful experiments in the United States and
Europe have demonstrated that umbilical cord blood
from a newborn infant can be a source of stem cells for
transplantation in an HLA-matched brother or sister
who has FA. Tests now exist to determine whether the
unborn child is affected by FA and whether the child is
an HLA match. The cord blood can be frozen for use at
a suitable date.

3. Alternate donor transplants

A number of transplantation centers in the United States
and Europe have performed FA bone marrow transplants
using unrelated or mismatched related donors. Until
recently, results have not been nearly as successful as
matched sibling transplants, but new methods appear to
improve the outcomes substantially. See Appendix K.

FA patients with unrelated donors or mismatched

related donors require more conditioning than those
with perfectly matched sibling donors. Dosages still are
greatly reduced below those of non-FA patients. If you
are considering an unrelated transplant or a mismatched
related transplanyou should confer extensively with
medical experts on the latest results.

A suitable unrelated donor may take many months to
find. Therefore, if you, your physician, or a transplant
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center wishes to consider an unrelated donor transplant,
the ideal time to begin a search is well before a medical
crisis that requires this treatment.

Your physician or transplant center should contact
the National Marrow Donor Program (NMDP),
1-800-526-7809This program has enrolled nearly 4
million partially or totally HLA-typed volunteer donors.
It also maintains contact with other registries throughout
the world. The NMDP will do an initial computerized
search to identify potential donors at no charge. In
addition, several umbilical cord blood banks have been
established in New York and elsewhere as sources for
unrelated donor stem cells.

Numerous transplant centers currently are experimenting
with new protocols in attempts to reduce the likelihood
and severity of serious complications such as GVHD,
graft rejection, and infection. T cell depletion has been
effective in reducing or eliminating GVHD; fludarabine
appears to be very helpful in preventing graft rejection;
and physicians are making new efforts to identify and
treat previously undetected infections prior to transplant.
Some centers harvest peripheral blood stem cells in
an effort to assist engraftment. Centers are trying to
modify the conditioning regimen to reduce toxicity.
These methods have greatly improved the outcomes
of bone marrow transplants.

Experts are not always in agreement about the timing of
a bone marrow transplant. Many factors, including the
type of donor available, the progression of the patient’s
disease, and current methods and outcomes must be
considered. &ents should confer widely before making
this crucial decision.
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Dr. Richard Harris, Director, Bone Marrow Transplant
Program at Children’s Hospital, Cincinnati, has com-
piled worldwide statistics concerning bone marrow
transplantation for FA patients. See Appendix J. Dr.
John Wagner, Pediatric Bone Marrow Transplant
Program, University of Minnesota, describes the current
status and challenges of alternate donor transplants in
Appendix K.

Drug Therapy for FA Patients

Between 50% and 75% of FA patients respond to a
group of drugs known androgens Androgens such
as oxymetholone (Anadrol®) are artificial male hor-
mones that often stimulate production of onenore
types of blood cells for extended periods of time.

Androgens are most effective in improving the red
blood cell count. Often they increase platelet production
as well. An increase in white cells occurs only in some
patients. Androgens prolong the lives of many FA
patients, but are not a “cure.” Most patients eventually
fail to respond to androgens, although some patients
experience improved blood counts for many years.

It is not known exactly how androgens work and why
they are not successful with every FA patient. Androgens
may have serious side effects, which often diminish or
disappear if the dose can be lowered significantly. They
can cause liver disease and can have masculinizing
effects. Use of this drug, dosages, follow-up tests and
risks always should be discussed thoroughly with your
doctor and other medical experts. See the l@iconi
Anemia: Standards for Clinical Care.
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Hematopoietic Growth Factors and FA

In the last few years, scientists have identified and
manufactured substances knowrhamatopoietic

growth factors. Adding these factors—which are
already present in the normal body—further stimulates
the production of cells that are vital parts of the
blood system.

Several growth factors have been used in human trials
with FA patients. An early trial suggested that GM-CSF
stimulated the white cell count in most FA patients. In
1993-94, eleven FA patients underwent a G-CSF trial.
All patients had an increased neutrophil count. Three
had an increased platelet count, which was lost when
the dose of G-CSF was reduced. Four patients experi-
enced a slight increase in hemoglobin levels. Side
effects were minimal.

The 1999%anconi Anemia: Standards for Clinical Care
reports the following conclusions of a group of FA
researchers: Patients who have an ANC consistently
less than 500/m#ror a higher ANC, but significant
infectious complications, should be given G-CSF or
GM-CSF. Both cytokines have been shown to increase
the ANC in patients with FA.

Erythropoietin has been used in some patients who have
failed to respond to androgens, but there are no pub-
lished data on the use of this hematopoietic growth
factor in FA. One center reports a 30% response rate
using erythropoietin with G-CSF. These data are
unpublished, and similar response rates have been
reported with G-CSF alone.
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In late 1999, one research center reported on the use of
interleukin 11 (IL-11) to stimulate platelet production.
This growth factor was administered to four FA patients.
None had a sufficient response to consider the trial
successfulThis trial has been discontinued, because
the likelihood of patient response was not worth the
potential side effects.

Cytokine use is not recommended for patients with a
clonal cytogenetic abnormality and should be discontinued
if one develops. We do not know the long-term risks of
these factors for FA patients, nor their ultimate potential
to boost blood production.

The process of obtaining drug company and federal
government approval for testing with FA usually has
been quite lengthy. Trials in children often must be
preceded by trials in adults. Nevertheless, recent
progress in getting new products to the trial stage has
been encouraging.

The discovery and testing of new hematopoietic growth
factors continues. Many experts believe that the
combination of two or more growth factors might prove
especially effective. Ghe few factors in trial to date for
FA patients, side effects have been minimal.

We urge interested readers to follow developments
reported in the scientific literature or in th& Family
Newsletter On several occasions, scientific investiga-
tors have contacted the FA Family Support Group to
find FA patients who might meet the design of experi-
mental protocols for these new growth factor trials.
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FA Genes and the Potential for Gene Therapy

FA researchers have discovered that although FA
patients have much in common clinically, they fall into
at least eight differerdomplementation groups From

this discovery, scientists conclude that a defect in any
one of at least eight different genes can cause the
multiple clinical features that we call Fanconi anemia.
Scientists are currently investigating how the proteins
made by the FA genes interact. Soon we should under-
stand how a defect in any one of these proteins gives
rise to the various symptoms of FA.

Each parent must have a defect in the same gene for a
child to be affected. There is a one in four chance that
any child will be affected if both parents carry the same
defective gene. There is a one in two chance that a child
will be a “carrier” but not exhibit any symptoms of the
diseaseAnd there is a one in four chance that a child will
not be a carrier or have the disease. See Appendix F.

How are genes related to chromosomes and
the human cell?

Trillions of cells make up the human body. Within each
of those cells, 23 pairs of inheritedromosomes

contain thousands glenesGenes carry the code used
by cells to make proteins. These proteins help determine
how our bodies look, behave, and cope with life. See
Appendix E.

Do we know why FA genes are defective?
When an FA gene is defective, the cells fail to produce
a vital protein which is necessary for normal cell func-
tion and survival. The exact role of the FA proteins is
not known at this time.
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Four of the FA genes (for complementation groups A,
C, F, and G) have now been isolatddmerous
laboratories are studying the normal FA genes, the normal
proteinproducts, and how the proteins or the healthy
genes might be introduced into the cells of FA patients.
Mutations in the A gene account for about 65% of FA
cases; mutations in the C gene account for about 15%;
mutations in the G gene account for about 10%, but
these percentages vary by population.

What is the status of gene therapy for FA?

We are aware of at least eight laboratories in the United
States, Canada, and Europe which are working on gene
therapy for FA. Chris Walsh, MD, of the University

of North Carolina is currently enrolling patients in
clinical trials.

Gene therapy researchers must solve at least three
major problems: (1) How can a normal copy of the
needed gene betroducedinto the right type of cells
(generally blood stem cells)? (2) How can the new gene
be made t@xpresstself so that it generates an adequate
supply of the missing protein product needed by the FA
patient’s body and blood systerf8) Can the cells
containing the corrected gersproducein adequate
amounts so that their effects on the body are lasting?

As this edition of thedandbookgoes to press, no final
answers to these important concerns are available. Even
if the promise of gene therapy is not successful in the
short run, greater understanding of the function of the
normal FA genes may suggest new drug therapies for
FA patients. These drug therapies could correct bone
marrow defects. In addition, they have the potential to
correct defects in other cells in the body.
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A Special Note on Solid Tumor Cancers

FA patients are at high risk for the development of
cancers of the mouth, throat, and esophagus, and FA
women for cancers of the reproductive tract. These risks
are present even in patients who have undergone
successful bone marrow transplants.

Cancers of the mouth start out as small ulcers, irritated
areas, or whitish or reddish plaques. As we go to press,
we are aware of several clinical trials which treat pre-
cancerous conditions of the mouth, in an effort to
prevent the development of squamous cell carcinoma.

The development of cancer is an area where further
research is urgently needed. As more and more FA
patients are cured of bone marrow failure, they are
living longer, and, thus, are prone to the development of
solid tumor malignancies. Patients should be monitored
closely for detection of abnormal or early-stage cancerous
conditions. Please refer to Appendices O, Q, R, and S.
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Chapter3

Continuing Scientific Study of
Fanconi Anemia

How Can | Help Hasten Long-term
Scientific Understanding of FA?

There are several ways to hasten scientific progress in
understanding this baffling disorder. First, you can help
by raising funds for research. Since the incorporation of
the Fanconi Anemia Research Fund, Inc. in 1989,
concerned families and several foundations have raised
over 8.3 million dollars to fund research. Our efforts
have supported thirty research laboratories and eleven
international scientific workshops. We have also spon-
sored special workshops on bone marrow transplanta-
tion, gene therapy, and clinical care guidelines. FA
familiesshould know that their efforts have already
made a difference.

Clinical trials of new therapies will continue to accept
FA patients, who may benefit from such trials, and
scientific understanding of FA will advance. Your
physician can help you evaluate the benefits and risks of
participating in an experimental trial.

Finally, we are aware of four long-term study projects
which benefit by knowing of and studyiegeryFA
caseThis is not an exclusive listinlylany major

medical centers and researchers may wish to study this
iliness as it is expressedyour family.
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1. International Fanconi Anemia Registry

(IFAR)

This international registry of FA patients and families is
maintained at The Rockefeller University in New York
City in conjunction with the laboratory of Arleen D.
Auerbach, PhD. The registry includes statistical infor-
mation and clinical data concerning hundreds of FA
patients, and includes cell lines on some patients.

We encourage all families and treating physicians to
report diagnosed cases to this registry:

International Fanconi Anemia Registry
c/o Dr Arleen Auerbach

The Rockefeller University

1230 York Avenue

New York NY 10021

(212) 327- 7533

2. Fanconi Anemia Sample Repository at
Dana-Farber Cancer Institute and

Children's Hospital, Boston

These institutions have just established a new compre-
hensive Fanconi anemia program, under the direction of
Alan D'Andrea, MD, and Eric Nisbet-Brown, MD. Part

of this program is the creation of an FA cell repository,
including lymphoblastoid and skin fibroblast cell lines,
as well as tumor cell lines from FA patients and their
families. They have also established an F