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Acute myeloid leukemia in Turkish children with
Fanconi anemia. One center experience in the period
between 1964-1995
Fanconi anemili Türk çocuklarında akut miyeloid lösemi. 1964-1995 döneminde bir
merkezin deneyimleri
Sevgi Gözdaşoğlu, Mehmet Ertem, Zümrüt Uysal, Emel Babacan, Memnune Yüksel, Işık Bökesoy,
Asuman Sunguroğlu, Ayten Arcasoy, Ayhan Çavdar
Ankara University School of Medicine, Departments of Pediatric Hematology and Genetics, Ankara, Turkey

Abstract
Objective: Fanconi’s anemia (FA) is an autosomal recessive disorder characterized by a progressive pancytopenia,variable
congenital abnormalities and an increased risk for the development of acute myeloid leukemia (AML). The objective of this
study is to evaluate AML in the patients with FA diagnosed and followed-up in the Department of Pediatric Hematology
at Ankara University School of Medicine in the period between 1964-1995.
Methods: A total of 39 patients within the age range 2-14 years (mean 8.2±3.16), 28 male and 11 female were diagnosed
as FA on the basis of congenital abnormalities, pancytopenia, bone marrow aplasia and diepoxybutane induced chromosomal abnormalities that observed in all patients. The hereditary and familial basis of FA was apparent in this series.
Results: Common abnormalities were growth retardation, café- au- lait spots, hyperpigmentation, microcephaly, finger
and thumb deformities,mental retardation and hypogenitalismus. Four AML (10.2%) were observed in our series.
Cytogenetic analysis of these cases revealed 46/ XX, dup(3)(q22;q26) t(7;17) (p11;p11) in one where it was unsuccessful
in three. Two cases could not achieve remission and died. The other two achieved complete remission and remained in
remission for 2 and 6 months
Conclusion: Acute myelomonocytic leukemia in three cases and acute monocytic leukemia in one patient were diagnosed in our series. The patients with FA should be followed with regard to AML and solid tumors. AML and solid tumors
should be taken into the consideration as the first manifestation of FA. (Turk J Hematol 2009; 26: 118-22)
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Özet
Amaç: Fanconi anemisi progresif pansitopeni,çeşitli konjenital anomaliler,akut miyeloid lösemi ve solid tümor gelişme riski
çok yüksek olan bir sendromdur.Bu çalışmanın amacı bölümümüzde 30 yıl içinde izlenen Fanconi anemili hastalarda gelişen AML’nin özelliklerini incelemektir.
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Yöntemler: Yaşları 2-14 yaş (mean 8,2±3,16) arasında değişen 28’i erkek,11’i kız toplam 39 hasta materyelimizi oluşturdu. Hastalara tanı konjenital anomalilerin varlığı, pansitopeni, kemik iliği aplasia ve diepoksibutan testi ile kromozom kırıklarının gösterilmesiyle kondu.
Bulgular: Hastalarımızda görülen konjenital anomaliler gelişme geriliği, sütlü kahve renginde lekeler, hiperpigmentasyon,
mikrosefali, baş parmak ve parmak anomalileri, hipogenitalya ve mental retardasyondu. Hastaların dördünde AML (%10,2)
gelişti. Sitogenetik incelemelerde bir hastada 46/XX,dup (3) (q22;q26) t(7;17) (p11;p11) saptandı, diğer üç hastada üreme
olmadı. İki hasta remisyona girmedi, diğer iki hastada iki ay ve altı ay süren tam remisyon sağlandı.
Sonuç: Serimizde 3 olguda akut miyelomonositik lösemi ve 1 hastada akut monositik lösemi teşhis edildi. FA’li hastalar
AML ve solid tümörler açısından izlenmelidir. AML ve solid tümörler FA’li hastanın ilk bulgusu olabilir. Hastanın aile bireyleri de malignite yönünden incelenmelidir. FA’lı ve AML’li hastalarda prognoz kötüdür. Yeni ve etkin tedavi yöntemleri geliştirilmelidir. (Turk J Hematol 2009; 26: 118-22)
Anahtar kelimeler: Fanconi, akut miyeloid lösemi, konjenital anormallikler, diepoksibütan
Geliş tarihi: 25 Kasım 2008
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Introduction
Fanconi’s anemia (FA) is a rare autosomal recessive
disorder characterized by variable congenital abnormalities,
increased spontaneous and DNA cross-linker-induced
chromosome instability, progressive pancytopenia, and a
predisposition to leukemia and solid tumors. X-linked
inheritance was reported in FA complementation group B [1].
The clinical manifestations of FA are heterogeneous, ranging
from multiple birth defects to completely normal appearance.
Congenital malformations without anemia have also been
mentioned in a number of family members [2-8].
Diepoxybutane (DEB) test remains the classical “gold
standard” test for diagnosis involving the detection of
chromosomal breaks, gaps, rearrangements, radials, exchange,
and endoreduplications in peripheral blood cells following
culturing with clastogenic agents such as DEB or mitomycin-C
[9,10]. FA can be divided into 12 complementation groups (A, B,
C, D1, D2, E, F, G, I, J, L and M) defined by cell fusion studies
and 11 of the 12 responsible FA genes have been identified [1113]. Recently, a new FA gene, PALB2, also known as subtype
FA-N, has been discovered as the 13th, and it has been found
that mutations in this gene caused a very severe phenotype with
cancer developing in early childhood [14].
Children with FA have a very high risk of developing acute
myeloid leukemia (AML) and myelodysplastic syndrome (MDS).
The incidence of AML is 15,000 times more than that observed
in children in the general population [15]. Acute leukemia has
been the terminal event in about 5-20% of the patients with FA.
MDS was reported as 7% and the overall incidence of solid
tumors was estimated at about 2%. Patients with FA are at a
high risk for developing specific solid tumors located in the head,
neck, esophagus, liver, and female genitalia [16-18].
The objective of this study is to report AML in the patients
with FA diagnosed and followed up in the Department of
Pediatric Hematology at Ankara University School of Medicine
in the period 1964-1995.

during 30 years on the basis of congenital abnormalities,
pancytopenia, bone marrow aplasia and DEB-induce
chromosomal abnormalities. The hereditary and familial
characteristics of FA were existent in this series. Common
abnormalities were growth retardation, café-au-lait spots,
hyperpigmentation, microcephaly, finger and thumb deformities
(Figure 1), Sprengel deformity, and hypogenitalism. These 39
patients were followed up from one month to 4.5 years
(median: 2.5 years) after diagnosis.
The patients with FA were evaluated with regard to the
development of AML and their prognosis. The characteristic
findings of the patients with AML and the hematologic
parameters at diagnosis are summarized in Tables 1 and 2.

Results
AML developed in four of the patients (10.2%) in our series.
These patients were treated by androgens, steroids and
immunotherapy during the aplastic anemia. Myelomonocytic
type (Figure 2) developed in three cases and acute monocytic
type in one patient (Figure 3). AML was observed in the followup period of three patients after the development of aplastic
anemia. Rhabdomyosarcoma as the first manifestation of FA
was noticed in a six-year-old boy who was treated with VACA
protocol and 2000 cGy radiotherapy to the abdomen. Full
doses of chemotherapy with advanced supportive care were
given to the patient because he was not yet diagnosed as FA
at that time. Severe complications such as pneumonia, urinary
tract and skin infections developed during this period. One year

Materials and Methods
A total of 39 patients with a mean age of 8.2 ± 3.16 (range:
2-14 years), 28 males and 11 females, were diagnosed as FA

Figure 1. Radial ray defects in case 1
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Table 1. Characteristics of the patients with AML
Case

Age
(year)/
sex

Findings

Age at
first
admission

Cytogenetic at
AML

Treatment before
AML

growth retardation
café-au-lait spots
1. RAG

11 / M

radial ray defects (thumbs)
pallor

Treatment

AML developed
three years after FA
8

-

bruising and epistaxis

corticosteroid

Exitus within 4
days

testosterone

hepatomegaly (5cm)
splenomegaly (3cm)

2. YK

9/M

café-au-lait spots
growth retardation

Modification of
Denver protocol

microcephaly

CR: 2 months

right-sided undescended testis

VACA

Relapse - exitus

pallor, bruising

6

-

2000 cGy

within 2 weeks

hepatomegaly (4 cm)

radiotherapy

splenomegaly (5 cm)
café-au-lait spots
ear abnormalities

Modification of
Denver protocol

clinodactyly
3. CD

12 / M

hypogenitalism

8

-

corticosteroid

No obtained

testosterone

CR-exitus

pallor
hepatomegaly (6cm)
splenomegaly (4cm)

4. ZS

12 / F

café-au-lait spots
growth retardation

Modification of
CCG-2961

microcephaly

CR: 6 months

hypoplastic thumb, clinodactyly
Sprengel deformity
pallor
splenomegaly (3 cm)

10

46 XX
dup (3) (q22;q26)
t(7;17) (p11;p11)

oxymetholone
ALG

hepatomegaly (5 cm)

Figure 2. Myeloblast with Auer rods in the bone marrow in case 2

Figure 3. Monoblasts in the bone marrow in case 1

Relapse - exitus
within 1 month
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after the end of the treatment, DEB test was applied because
of growth retardation, hyperpigmentation and microcephaly
and it revealed that the patient had FA. Hematologic parameters
and bone marrow examination were normal at that time; 17
months later, after the end of solid tumor treatment, AML, M4
subtype, developed. Cytogenetic analysis of these patients
revealed 46/XX,dup (3) (q22;q26) t (7;17) (p11;p11) in one
(Figure 4), whereas it was unsuccessful in three. Two cases
could not achieve remission and died. The other two patients
achieved complete remission following modified Denver
treatment protocol and remained in remission for the following
two and six months respectively (Table 1).

Figure 4. Cytogenetic abnormalities in the metaphase plaque in case 4:
46XX, dup (3) (q22;26), t(7;17) (p11;p11)

Discussion
Initial hematologic abnormalities in FA are diverse.
Thrombocytopenia 38%, pancytopenia 53%, MDS 3.9%, AML
2.1%, anemia 1.8%, neutropenia 0.3%, and ALL 0.3% were
reported in an International Fanconi Anemia Registry (IFAR)
study. Macrocytosis is often the first detected abnormality in
FA. This is followed by thrombocytopenia, anemia and
pancytopenia. According to the IFAR study, median age at
detection of initial hematologic abnormality was 7 years, and
actuarial risk of developing hematologic abnormality by 40
years of age was 98% [19]. In another study, Rosenberg et al.
[16] showed that certain congenital abnormalities were potential
risk indicators for the development of bone marrow failure; FA
patients with abnormal radii had a 5.5 times increased risk of
developing bone marrow failure.
Leukemia was reported in more than 100 cases representing
10% of the patients with FA in the literature [2]. The types of
leukemia occurring in FA are primarily non-lymphocytic
leukemias, although a few lymphoblastic types have also been
reported [2,15,19, 20]. In the patients, all FAB subtypes occur
except promyelocytic type (M3); the myelomonocytic (M4) and
acute monocytic (M5) types are the most common [20].
Auerbach et al. [15] suggested that all FA patients may be
considered as in preleukemic state.
Acute myelomonocytic type in three cases and acute
monocytic type in one patient were diagnosed in our series.
Interestingly, AML was developed after 17 months following
the completion of initial treatment in a nine-year-old boy
diagnosed of abdominal rhabdomyosarcoma at the age of six
in first admission [21].

Table 2. Hematologic parameters in the patients at AML diagnosis
Case 1

Case 2

Hb (g/dl)

6.0

Hct (%)

23.7

Case 3

Case 4

7.3

5.4

6.2

-

16.8

25

WBC/mm3

20,700

7,000

29,900

56,100

Platelet/mm3

12,000

21,000

52,000

13,000

Blood smear

44%

18%

60%

83%

Bone marrow

77%

33%

62%

100%

monoblasts

Auer rods(+)

Blasts

myeloblasts
Cytochemical features

MPO(+)

MPO(+)
NSE(+)

MPO(+)
D. Esterase(+)

PAS(-)

-

A. Phosphatase(-)
Immunophenotype

CD33:25%
-
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-

-

CD34:26%
CyMPO:34%
HLA-DR:36%
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One thousand three hundred cases of FA were evaluated
by Alter [18] over the period 1927-2001. Nine percent of these
cases had leukemia, 7% had MDS, 5% had solid tumors, and
3% had liver tumors. In approximately 25% of the patients with
cancer, the malignancy preceded the diagnosis of FA. It is
unclear which patients are prone to develop such tumors [18].
On the other hand, FA-D1 subgroup can be associated with a
high incidence of solid tumors of early childhood [22].
Rosenberg et al. [16] estimated the cumulative incidence of
malignancies among 145 FA patients, with 9 developing leukemia
and 18 solid tumors developing in 14 patients. The ratio of
observed to expected neoplasm (O/E) patients was 50 for all
cancers, 48 for all solid tumors and 785 for leukemias. These
increased risks were calculated to be statistically significant.
Median age at detection of MDS or AML was 13 years (1 month
to 32 years), and actuarial risk of developing MDS or AML by 40
years of age was 52% according to IFAR [19].
Altay et al. [6] mentioned that five of the 52 FA patients
developed malignancies (3 AML, 1 squamous cell carcinoma of
the gingiva, 1 hepatocellular carcinoma). In our series, four of the
39 FA patients developed AML and one had two malignancies.
There were no other cancers among family members in these
four patients, whereas the sister of a boy with FA also developed
acute leukemia in another hospital [4].
Stem cell transplantation (SCT) is often effective treatment in
bone marrow failure in FA. In the patients with MDS/AML, it is
best to proceed to a SCT rather than chemotherapy [17] but
long–term survivors of SCT have high risks of developing solid
tumors such as head and neck squamous cell carcinomas,
particularly of the oral cavity, and gynecologic malignancies [23].
In conclusion, leukemia in FA is generally very difficult to treat
and survival is poor. Deaths occur on average within the first two
months after diagnosis. The defect in DNA repair leads to
increased sensitivity to chemotherapy, and the patients are either
vulnerable to treatment toxicity or may receive inadequate
treatment. The effective treatment modalities have to be further
developed. Patients with FA should be followed with regard to
AML and solid tumors. AML and solid tumors have to be taken
into consideration as the first manifestation of FA. It is also
important to note that the family members of the patients with FA
must be analyzed regarding cancer.

Turk J Hematol 2009; 26: 118-22

4.

5.
6.

7.

8.

9.

10.

11.

12.
13.

14.

15.

16.
17.
18.
19.

References
1.

2.

3.

Meetei AR, Levitus M, Xue Y, Medhurst AL, Zwaan M, Ling C,
Rooimans MA, Bier P, Hoatlin M, Pals G, de Winter JP, Wang W,
Joenje H. X-linked inheritance of Fanconi anemia complementation
group B. Nat Genet 2004;36:1219-24.
Alter BP. Inherited bone marrow failure syndromes. In: Nathan DG,
Orkin SH, Ginsburg D, Look AT, editors. Nathan and Oski’s
Hematology of Infancy and Childhood. 6th ed. Philadelphia: W.B.
Saunders Company, 2003: 280-99.
Kwee ML, Kuyt LP. Fanconi anemia in the Netherlands. In:
Schroeder-Kurth TM, Auerbach AD, Obe G, editors. Fanconi
Anemia. Clinical Cytogenetic and Experimental Aspects. 1st ed.
Berlin Heidelberg: Springer-Verlag, 1989: 18-33.

20.
21.

22.

23.

Gözdaşoğlu S, Çavdar AO, Arcasoy A, Babacan E, Sanal Ö.
Fanconi’s aplastic anemia. Analysis of 18 cases. Acta Haematol
1980;64:131-5.
Akar N, Gözdaşoğlu S. Spectrum of anomalies in Fanconi anemia.
Hum Genet 1984;21:75-6.
Altay C, Alikaşifoğlu M, Kara A, Tunçbilek E, Özbek N, SchroederKurth TM. Analysis of 65 Turkish patients with congenital aplastic
anemia (Fanconi anemia and non-Fanconi anemia): Hacettepe
experience. Clin Genet 1997;51:296-302.
Altay C, Yetkin S, Pırnar T. Fanconi’s anemia in off-spring of patient
with congenital radial and carpal hypoplasia. New Engl J Med
1975;293:151.
Koc A, Pronk JC, Alikasifoğlu M, Joenje H, Altay Ç. Variable
pathogenicity of exon 43 del (FAA) in four Fanconi anemia patients
within a consanguineous family. Br J Haematol 1999;104:127–30.
Auerbach AD, Adler B, Chaganti RSK. Prenatal and postnatal
diagnosis and carrier detection of Fanconi anemia by a cytogenetic
method. Pediatrics 1981;67:128-35.
Alter B. Diagnostic evaluation of FA. In: Owen J, Frohnmayer L,
Eiler ME, editors. Fanconi Anemia. Standards for Clinical Care. 2nd
ed. Eugene, OR: Fanconi Anemia Research Fund, Inc., 2003: 3-16.
Kook H. Fanconi anemia: current management. Hematology,
Proceedings. XXXth World Congress of the International Society of
Hematology Sept. 28 – Oct. 2, 2005 Taylor and Francis Group
2005;10(Suppl):108-11.
D’Andrea AD. The Fanconi road to cancer. Genes Dev
2003;17:1933-6.
Taniguchi T, D’Andrea AD. The Molecular Pathogenesis of Fanconi
Anemia: Recent Progress. Blood First Edition Paper, prepublished
online February 2, 2006; DOI 10.1182.
Reid S, Schindler D, Hanenberg H, Barker K, Hanks S, Kalb R, et al.
Biallelic mutations in PALB2 cause Fanconi anemia subtype FA-N
and predispose to childhood cancer. Nat Genet 2007;39:162-4.
Auerbach AD, Allen RG. Leukemia and preleukemia in Fanconi
anemia patients. A review of the literature and report of the
International Fanconi Anemia Registry. Cancer Genet Cytogenet
1991;51:1-12.
Rosenberg PS, Green MH, Alter BP. Cancer incidence in persons
with Fanconi anemia. Blood 2003;101:822-6.
Tischkowitz M, Dokal I. Fanconi anemia and leukemia- clinical and
molecular aspects. Br J Haematol 2004;126:176-91.
Alter BP. Cancer in Fanconi anemia 1927-2001. Cancer
2003;97:425-40.
Butturini A, Gale RP, Verlander PC, Adler-Brecher B, Gillio P,
Auerbach AD. Hematologic abnormalities in Fanconi anemia: an
International Fanconi Anemia Registry Study. Blood 1994;84:1650-5.
Yetgin S, Tuncer M, Güler E, Duru F. Acute lymphoblastic leukemia
in Fanconi’s anemia. Am J Hemat 1994;45:94.
Gözdaşoğlu S, Yavuz G, Gokçora H, Uysal Z, Babacan E, Bökesoy
I, Tulunay Ö, Çavdar AO. Fanconi anemia with the presentation of
abdominal rhabdomyosarcoma followed by acute myeloid
leukemia. Turk J Cancer 2007;37:154-7.
Hirsch B, Shimamura A, Moreau L, Baldinger S, Hag-alshiekh M,
Bostrom B, Sencer S, D’Andrea AD. Association of biallelic
BRCA2/FANCD1 mutations with spontaneous chromosomal
instability and solid tumors of childhood. Blood 2004;103:2554-9.
Alter BP. Fanconi’s anemia, transplantation and cancer. Pediatr
Transplant 2005;9(Suppl):81-6.

