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Summary
Fanconi anemia (FA) is a rare and heterogeneous syn-
drome associated with bone marrow failure and in-
creased risk of cancer. While FA is often characterized 
by the presence of congenital malformations, in some 
patients cytopenia may be the only sign. In our cohort 
diagnosis was based on evidence of increased chromo-
some fragility with subsequent confirmation by gene 
mutation detection. 

Methods
Our cohort includes 35 probands diagnosed with FA 
aged 0-24.3 (median 6) years between January 1986 and 
August 2020. Congenital anomalies at diagnosis were 
seen in 5 and cytopenia in 22 patients, 8 patients had 
family history of FA. Genetic test confirmed FANCA 
gene mutations in 24, FANCG in 3, FANCD1 in 4, and 
FANCB in 2 siblings.

Results
During follow-up 7 patients developed malignancy 
(among them all 4 patients with FANCD1 mutation). 
Seventeen patients developed marrow failure, for which 
15 patients underwent allogeneic hematopoietic stem 
cell transplantation (HSCT) at the median age of 9.3 
(4.6-24.3) years. All transplanted patients achieved sta-
ble hematopoietic engraftment. However, in 2 patients 
due to inadequate immune reconstitution developed fa-
tal CMV pneumonia and invasive aspergillosis 12 and 

14 months post HSCT, accordingly. In one patient we 
have diagnosed adenocarcinoma of the gut 10 years and 
squamous cell carcinoma of tongue 13 years after HSCT. 
Thirteen patients are alive with a median follow-up of 
10.6 (0.3 – 15.1 years) years after HSCT. With a median 
follow-up till the last visit of 12.6 (0.2-34.4) years 28/35 
(80%) patients are alive, 4 died of malignancy, 2 died due 
to HSCT-related complications, and one due to severe 
congenital somatic defects.

Conclusions
HSCT is effective in FA patients with bone marrow fail-
ure and prevents further development of hematological 
malignancies. A lifelong and careful multidisciplinary 
follow-up of patients with FA is essential for early de-
tection of bone marrow failure or any malignant disease. 
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Introduction
Fanconi anemia (FA) is a rare inherited condition character-
ized by heterogeneity of clinical signs and underling genetic 
mutations, which significantly increase the risk of bone mar-
row failure or malignancy (leukemia, solid tumors) devel-
opment. Fanconi anemia is characterized by the presence of 
congenital anomalies occurring in approximately 75-80% of 
affected individuals, which include one or more of the follow-
ing features: small stature, abnormal skin pigmentation, up-
per or lower limb skeletal malformation, microcephaly, visual 
and urogenital anomalies [1, 2]. The cumulative risk of devel-
oping bone marrow failure is 50%. Progressive bone marrow 
failure typically occurs in the first decade of life often starting 
with thrombocytopenia or leukopenia. Leukemia and solid 
tumors may occur as early as in 16 years. The diagnosis of 
FA is based on increased chromosome fragility detection in 
a test with or without an agent for DNA cross-link sensitivi-
ty testing, diepoxybutane (DEB) or mitomycin C (MMC). If 
hematopoietic sell still possess an intact DNA repair mecha-
nism due to mosaicism these tests may be negative in blood 
cells cultures. Although these situations are rare, they may 
complicate diagnosis and warrant for test performed in 
non-hematopoietic cells culture, usually fibroblasts [3]. The 
final diagnosis nowadays is often confirmed by detection of a 
mutation in one of Fanconi complex genes [4].

Gene mutations in Fanconi anemia
• Bialellic pathogenic variant of one of 19 genes causing au-

tosomal recessive form of FA.
• Heterozygous pathogenic variant in gene RAD51 (de novo; 

FANCO) causing autosomal dominant form of FA.
• Hemizygous pathogenic variant in gene FANCB causing 

X-linked form of FA.

There is a distinct flowchart for stepwise post-diagnostic 
monitoring and decision making in therapy of the Fanconi 
anemia patients, as described, e.g., by Dufour [5]. 

FA epidemiology in Czech Republic
The Czech population in 2020 is 10.7 millions (11th among 
EU countries) including 2.0 million children of 0 to 17.99 
years with a birth rate of 115,000 per year. A total of 35 
probands with Fanconi anemia were born in 1985-2019 in 
the Czech Republic with diagnosis confirmed in 1986-2020, 
it correlates with probable incidence of ca.1 patient/year. Di-
agnosis of FA was confirmed at the median age of 6 (0-24.3) 
years, 34/35 of patients were children at the moment of diag-
nosis. In all cases the diagnostic procedure included sponta-
neous and induced chromosomal breakage evaluation, then 
the diagnosis was prospectively or retrospectively confirmed 
by specific mutation detection in 33/35 patients.

The initial symptoms registered in FA patients included con-
genital effects in 5, thrombocytopenia in 9, bicytopenia or 
pancytopenia in 13 cases, accordingly. Also, 8 patients had 
characteristic family history (BMF, malignancies). 

The main physical abnormalities and laboratory signs inci-
dence in our FA group (n=35) at the time of diagnoses are 

summarized in Table 1. Table 2 and Fig.1 contain the list and 
relative frequency of mutations revealed in available patients 
(33 of 35 cases).

Table 1. Clinical signs in 35 Fanconi anemia cases ob-
served in Czech population

No of 
patients 

% of 
patients

small stature 31 89
abnormal skin pigmentation 23 66
thrombocytopenia 24 69
microcephaly 24 69
limb skeletal malformations 21 60
anemia 17 49
leukopenia 13 37
heart and vascular congenital 
defects 11 31

urogenital congenital defects 10 29
facial stigmatization 12 34
microphtalmy, coloboma 8 23
psychomotor retardation, 
autism, … 6 17

gastrointestinal congenital 
defects 6 17

hearing defects, ear stenosis/
aplasia 5 14

no somatic defects 0 0

Table 2. Genetic mutations found in FA patients ob-
served by our team

Figure 1. Relative frequency of different gene muta-
tions in 35 FA cases from the Czech Republic  

Incidence published the Czech Republic

FANCA 60-70% 24 (=73%)

FANCD1 3% 4

FANCG 9-10% 3

FANCB 2% 2

FANCC 14% 0

not avail. 2
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Bone marrow failure (BMF) and 
malignancies, outcome 
During the follow-up 17/31 (55%) children developed BMF 
at the median age of 8 (4.0-17.1) years. Five patients (3 boys 
and 2 girls) had prior history of anabolics treatment with 
some effect in two girls [6]. Among these, 15 patients con-
sequently underwent allogeneic HSCT (2004-2020) at the 
median age of 9.3 (4.6-24.3) years.

Also, 7/35 (20%) patients developed the following malignan-
cies during follow-up with a median age of 9.8 (1.0 - 32.3) at 
cancer diagnosis: 
- Spinocellular carcinoma of GI (32 years); the patient died 
due to cancer progression,
- Gastrointestinal adenocarcinoma (at 15 years), later a squa-
mous cell carcinoma of tongue (at 18 years); this patient had 
a history of HSCT at 5 years, then multiple surgical inter-
ventions were performed in order to eradicate cancers, is 
currently alive,
- Acute myeloid leukemia (at 6 years); this child died due to 
rapid leukemia progression.

Children with FANCD1 mutation (homozygous BRCA2 mu-
tations) do not have a risk of bone marrow failure, but still 
the malignancies incidence is very high [7]. Among our co-
hort all 4 children with this mutation developed cancer early 
in their life. The following malignancies were registered:
- Acute lymphoblastic leukemia (at 1 year); the child re-
sponded to chemotherapy, but then a secondary acute my-
eloid lekemia developed and death of disease progression 
followed,
- Meduloblastoma (at 4.6 years); the patients died of relapse,
- Nephroblastoma (at 3.7 years); the child is alive and in 
complete remission (these three patients are siblings),
- Medulloblastoma (1.4 years); the patient has recently fin-
ished treatment and is currently alive.

At last visit with a median follow-up of 12.6 (0.2-34.4) years 
28/35 (80%) patients are alive, 4 died of malignancy, 2 died 
after HSCT and one due to severe congenital defects.

Results of HSCT 
A total of 15 patients with bone marrow failure due to FA 
underwent allogeneic hematopoietic stem cell transplanta-
tion (HSCT) at a median age of 9.3 (4.6-24.3) years from 
a matched sibling donor (MSD, n=3) or matched unrelat-
ed donor (MUD, n=12). The bone marrow was used in as 
graft source in 6, peripheral blood stem cells (PBSC) in 7, 
and umbilical cord blood in 2 cases, accordingly. In al cas-
es the pre-transplant conditioning regimen was irradia-
tion-free. The following regimens were used: FluCy ATG in 
10 cases, FluCy MbC in 1 patient, and FluCy/Bu MbC(3)/
ATG(1) in 4 patients. The regimen toxicity was acceptable 
and no early mortality (till D+100) was observed. All trans-
planted patients achieved stable hematopoietic engraftment 
after HSCT. Late mortality (after D+100) was registered 
in 2/15 patients (13%), both suffered from chronic graft- 

versus-host disease (GvHD), with extensive form in one case. 
These patients developed fatal infections due to inadequate 
immune reconstitution, dying of CMV pneumonia and inva-
sive aspergillosis 12 and 14 months after HSCT, accordingly. 
Also, three patients require long-term immunosuppressive 
therapy due to chronic GvHD (limited in two cases, and 
extensive in one case). The patient who consequently devel-
oped two different malignancies did not suffer from chronic 
GvHD. 

The overall survival (OS) and event-free survival (EFS) in 
total FA group are shown in Fig. 2.

Figure 2. Survival rates in the total FA group (n=35): EFS 
(blue)/OS (red) graphs. OS E=7 (50.1±21.4%); EFS E=24 
(10.1±8.3%)

Figure 3. Survival rates in FA patients after HSCT (15 
cases): EFS (blue)/OS (red) graphs. OS E=2 (84.6±10%); 
EFS E=3 (72.5±13.1%)

Overall and event-free survival among the Fanconi anemia 
patients subjected to HSCT are shown in Fig. 3.

Long-term monitoring
A lifelong and careful multidisciplinary follow-up of patients 
with FA is essential for early detection of bone marrow fail-
ure or any malignant disease [8, 9, 10]. 

The outpatient care includes long-term follow-up by hema-
tologist/oncologist or bone marrow transplant specialist.
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The following surveillance program should be scheduled 
for all the FA patients, whether they underwent allogeneic 
HSCT or not:

Evaluation by oncologists in order to check for signs of head 
and neck tumors, oral cancer, and gynecologic cancers (in-
cluding breast carcinoma) once in every 6 months.

Hematological evaluation (every 6 months) due to the risk 
of bone marrow failure, myelodysplastic syndrome or acute 
leukemia. One should remember that 1/3 of FA patients may 
maintain mild/moderate cytopenia, while 2/3 cases will later 
develop progression.

Examination by specialists in endocrinology. Endocrinopa-
thies, including thyroid dysfunction, growth hormone defi-
ciency, and glucose intolerance, are common in patients with 
FA, even in ones without history of HSCT. 

- Examination by specialists in dermatology, hearing, cardi-
ology, pulmonology (every 12 months). 

- Recommendations: no smoking, no alcohol use, correct 
oral hygiene, limited radiation exposure, limited sun and ul-
traviolet exposure. 

- Human papilloma virus vaccination should be initiated at 
nine years in order to reduce the risk of gynecologic cancer 
in females and possibly reduce the risk of oral cancer in all 
individuals. 

Conclusion
While HSCT is a demanding medical procedure in patients 
with FA due to disease biology leading to higher trans-
plant-associated risk, it allows achieving very good results 
when performed in centers with adequate expertise using 
appropriate conditioning regimens. It reverses bone marrow 
failure and prevents further development of hematological 
malignancies. However, the indications have to be consid-
ered very carefully. Clinically significant chemotherapy 
and radiation toxicity due to impaired DNA damage repair 
mechanisms have historically made allogeneic HSCT for pa-
tients with FA extremely challenging. Chronic graft-versus-
host disease of mouth and/or genitourinary tract has been 
associated with higher baseline risk of spinocellular carci-
noma. HSCT may also increase the risk of other secondary 
solid tumors and therapy-related MDS or leukemia as it does 
the non-FA population, but to greater extent. Renal failure is 
rare in patients with FA despite the fact that about one-quar-
ter of them have structural abnormalities involving kidneys 
and urinary tract. Renal function may be compromised dur-
ing and after HSCT by chemotherapy and calcineurin inhibi-
tors toxicity. HSCT can restore long-term hematopoiesis and 
cure the hematologic complications of FA; however, when 
compared with age-matched controls, these patients do not 
achieve complete health or normal life expectancy. The risk 
of long-term disease- or transplantation-related complica-
tions remain and patients with FA are still at risk of condi-
tions caused by congenital anomalies, endocrinopathy, and 
cancer. Still, HSCT significantly increases a life span if indi-
cations were chosen carefully. However, a lifelong multidisci-
plinary follow-up of all patients with FA is essential for early 

detection of bone marrow failure or any malignant disease. 
Preventive measures include minimizing radiation exposure 
and contact with harmful substances (including smoking). 
Vaccination against human papillomavirus is recommended 
to reduce the risk of gynecological cancer in women and oral 
cancer in all subjects.
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Анемия Фанкони в Чешской республике: роль транс-
плантации гемопоэтических стволовых клеток 
и длительного наблюдения 

Резюме
Анемия Фанкони (АФ) – редкий синдром с гетеро-
генной картиной, сочетающийся с недостаточно-
стью костного мозга и повышенным риском зло-
качественных новообразований. Хотя АФ часто 
характеризуется наличием пороков развития, у не-
которых пациентов единственным признаком мо-
жет быть цитопения. В нашей когорте больных ди-
агностика основывалась на повышенной ломкости 
хромосом с последующим подтверждением генных 
мутаций.

Методы
Наша когорта включает 35 пробандов в возрасте от 0 
до 24,3 (медиана – 6) лет, у которых была диагности-
рована АФ в сроки с января 1986 до августа 2020 г. 
Врожденные аномалии на момент диагноза наблю-
дались у 5 и цитопения – у 22 пациентов; 8 больных 
имели семейный анамнез АФ. Генетическое тестиро-
вание подтвердило мутации гена FANCA в 24 случа-
ях, FANCG – в 3, FANCD1 – у 4 пациентов и FANCB – 
у двух сиблингов.

Результаты
По мере наблюдения, у 7 пациентов развились зло-
качественные новообразования (в том числе – у 4 
больных с мутацией FANCD1). У 17 пациентов раз-
вилась костномозговая недостаточность, в связи с 
чем 15 больным была выполнена трансплантация 
гемопоэтических стволовых клеток (ТГСК) в воз-
расте от 4,6 до 24,3 лет (медиана – 9,3 года). У всех 
трансплантированных пациентов было достигнуто 
стабильное гемопоэтическое приживление. Однако 
у 2 больных, в связи с неадекватным восстановле-
нием иммунитета, через 12 и 14 мес. после ТГСК 

развились, соответственно, цитомегаловирусная 
пневмонияи и инвазивный аспергиллез со смер-
тельными исходами. В одном случае мы диагности-
ровали аденокарциному кишечника через 10 лет и 
сквамозноклеточную карциному языка через 13 лет 
после ТГСК. Тринадцать пациентов живы при сред-
нем сроке наблюдения после ТГСК 10,6 (0,3-15,1) 
лет. При сроках наблюдения с медианой 12,6 (0,2-
34,4) лет, 28/35 пациентов (80%) живы, 4 погибли от 
злокачественных новообразований, двое умерли от 
осложнений ТГСК, и один больной – в связи с тяже-
лыми врожденными соматическими пороками. 

Выводы
ТГСК эффективна у пациентов с АФ и костномоз-
говой недостаточностью и предотвращает даль-
нейшее развитие гематологических осложнений. 
Необходимо пожизненное и тщательное мультидис-
циплинарное наблюдение пациентов с АФ для ран-
него выявления костномозговой недостаточности 
или злокачественного заболевания.
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