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REVIEW

Recommendations for pregnancy in Fanconi anemia
Charbel F. Matar a,*, Rayan Bou-Fakhredin a,*, Roberta Russob,c, Immacolata Andolfob,c, Achille Iolasconb,c 

and Ali T. Taher a

aDivision of Hematology and Oncology, Department of Internal Medicine, American University of Beirut Medical Center, Beirut, Lebanon; 
bDepartment of Molecular Medicine and Medical Biotechnology, University of Naples Federico II, Naples, Italy; cCEINGE Advanced Biotechnology, 
Naples, Italy

ABSTRACT
Introduction: Fanconi anemia (FA) is a rare congenital disease that belongs to the family of congenital 
trilinear bone marrow failure. Most FA patients will suffer bone marrow failure and the main treatment 
relies on supportive measures or more recently on the use of hematopoietic stem cell transplant. The 
improvements seen in the management of FA has led women to reach childbearing age and have 
successful pregnancies. However, these pregnancies are associated with increased complications such 
as preterm delivery, cesarean delivery, eclampsia and others.
Areas covered: This review highlights on the outcome of pregnancies in FA patients reported in the 
literature along with practical recommendations.
Expert opinion: Multidisciplinary efforts are required to optimize the management of pregnancy in FA 
patients. Moreover, the development of a set of recommendations to optimize the treatment is highly 
necessary.
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1. Introduction

Fanconi anemia (FA) is a rare congenital disease that belongs 
to the family of congenital trilinear bone marrow failure. Most 
commonly, FA is autosomal recessive with rare instances of 
X-linked inheritance when associated with mutation of the 
FANCB gene [1]. Patients affected with FA syndrome usually 
present with developmental defects and congenital abnorm
alities including skin hyper or hypopigmentation with café-au- 
lait spots, short stature, eyes deformity, in addition to thumb 
and radius malformations. Abnormalities of the cardiovascular, 
pulmonary, gastrointestinal, or central nervous system may 
also be seen. Occasionally, patients may lack all clinical mal
formations and present only with hematological abnormalities 
like bone marrow failure or leukemia [2,3]. The wide range of 
phenotypic presentation of FA-affected patients is the result of 
the genetic heterogeneity and variable penetrance since it is 
associated with 22 genetic subtypes. The most common iden
tified genes are FA-A, FA-C, and FA-G, which represent around 
85% of cases [4,5]. Nowadays, diagnosis is not solely based on 
clinical presentation but also on cellular and chromosomal 
testing. Cells derived from FA patients present hypersensitivity 
to the clastogenic effect of cross-linking agents, such as 
Mitomycin C and Diepoxybutan. These tests are considered 
reliable assessments for the diagnosis of FA, especially with 
their high sensitivity and specificity [6,7]. If the results from the 
chromosome breakage test are positive, then mutation analy
sis should be performed to identify the genetic defects  

underlying the condition. Currently, next generation sequen
cing (NGS)-based genetic testing is widely used. Although 
whole-exome sequencing can provide a lot of information, 
a drawback remains in that the overall complexity of the 
data analysis includes a number of variants of unknown sig
nificance. Thus, a targeted-NGS approach is preferred in the 
diagnostic work-up for these disorders. Nevertheless, the main 
limitation of the targeted-NGS approach is the need for con
tinuous updating of the gene list for each panel, to include all 
recently identified causative genes [8].

Most FA patients will suffer bone marrow failure or 
hematological malignancies; the main treatment relies on 
supportive measures like administration of blood products, 
use of androgens and hematopoietic growth factors, as 
well as treatment of recurrent infections [9]. Based on 
prospectively collected database of FA patients over a 20- 
year period from the International Fanconi Anemia 
Registry, 90% of FA patients will develop any hematologic 
abnormality, including bone marrow failure by the age of 
40. Usually, patients develop thrombocytopenia and leuko
penia initially followed by microcytic anemia and elevated 
fetal hemoglobin at a later stage and finally develop bone 
marrow failure [10]. On the other hand, more recent data 
support the use of hematopoietic stem cell transplant 
(HSCT) as a curative intervention for FA [11].
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2. Pregnancy-specific complications

The predicted life expectancy of FA patients ranges from 16 to 
25 years in most updated registries [12]. Around half of 
women who reach childbearing age will suffer from subferti
lity or infertility due to late menarche, irregular menses, and 
even early menopause. For said, pregnancy is an uncommon, 
but possible event among women affected by FA regardless of 
whether they did or did not undergo HSCT [3,7,13]. Based on 
data from available literature, pregnancy rates in FA-affected 
women ranges from 15% to 29% depending on androgen 
therapy use [12]. Overall, pregnancy in FA patients is asso
ciated with increased preterm delivery and cesarean delivery 
(CD), as well as decreased hematopoiesis during gestation 
[14]. The incidence of CD among FA-associated patients is 
25% and is hypothesized to be caused by cephalopelvic dis
proportion. Miscarriages along with spontaneous abortions 
are also commonly seen during pregnancies, which is esti
mated to affect around 20% of pregnancies in FA women 
based on the published case reports. Hypertensive disorders, 
such as pre-eclampsia and eclampsia, are also more common 
during pregnancy and the postpartum period in this subset of 
patients [15]. We summarize pregnancy outcomes among FA- 
affected women in Table 1 [11,16–21]* [21–32],**. On another 

hand, it is important to note that in some rare cases, women 
with FA may be asymptomatic during their life before preg
nancy and then develop anemia or thrombocytopenia during 
their first pregnancy as part as FA diagnosis [33]. Figure 1 
summarizes the most common maternal and fetal outcomes 
seen during pregnancy in FA patients. Currently, no evidence 
of specific pregnancy complications according to different FA 
complementation groups has been reported.

3. Management during pregnancy

Patients of childbearing age should be informed with evi
dence-based data detailing maternal and neonatal morbidity 
and mortality possibly at preconception or during a regular 
follow-up visit with a maternal-fetal medicine specialist or 
hematologist. Genetic counseling should be offered to all 
couples affected with FA. The possibility of having affected 
child should be addressed and discussed between the couples 
and the genetic team. Moreover, the possibility of the parents 
having different alleles or being heterozygous FA should be 
addressed along with the risks of having affected newborn. 
Genetic counseling should also assess the cancer risk for het
erozygous child generated by a mother with FA. Indeed, most 
carriers of mutations in the FA-related genes are not at 
increased risk of developing cancer. Nevertheless, several spe
cific genes or mutations have been associated with an 
increased cancer risk in carriers, such as pathogenic variants 
in FANCD1 (BRCA2), FANCN (PALB2), or FANCJ (BRIP1) [34]. The 
optimal time of counseling including discussion of potential 
risks to offspring and availability of prenatal testing is before 
pregnancy. Pregnant FA-affected patients will require close 
monitoring and follow-up at least once monthly by an expert 
gynecologist due to complicated obstetric management. Fetal 
growth monitoring using ultrasound is mandatory for better 
assessment of fetal wellbeing [12]. Patients who are under 
androgens therapy and become pregnant should discontinue 
the use of hormones to decrease the risk of affecting a female 
fetus into virilization [35].

In cases of uncontrolled FA, CD instead of spontaneous 
delivery is a safer option along with spinal anesthesia rather 

Article highlights

● Improvements seen in the management of FA has led women to 
reach childbearing age and have successful pregnancies.

● Patients of with FA should be informed with evidence-based data 
detailing maternal and neonatal morbidity and mortality possibly at 
preconception or during a regular follow-up visit with a maternal- 
fetal medicine specialist or hematologist.

● Long-term follow up of FA patients following allogeneic HSCT is 
necessary.

● Genetic counselling should be offered to all couples affected with FA.
● Routine obstetrical care along with multidisciplinary approach among 

different specialists taking care of the pregnant patient is strongly 
recommended for all patients before, during and after pregnancy.

This box summarizes key points contained in the article.

Table 1. Summary of reported cases of pregnancy in Fanconi Anemia patients.

Fanconi Anemia patients With BM transplant [11,16–21]* Without BM transplant [21–32]**
Nb of reported cases 12* 24**
Age at diagnosis 9 21
Age at transplant 13 NA
Age at first pregnancy 21 22
Nb of reported pregnancies 17 35
Hormonal Replacement Therapy use:
Yes 4 8
No 6 10
Maximum nb of pregnancies per person 2 2
Delivery Outcome:
Normal 11 22
Cesarean 4 9
Abortion 2 4

BM: Bone Marrow; Nb: Number; NA: Not Applicable 
a: Dalle 2004 one case, Goi 2006 one case, Morris 2008 one case, Nabhan 2010 five cases, Yabe 2010 one case, Atashkhoei 2017 one 

case, and Giri 2017 one case. 
**: Van Buchem 1954 one case, Esparza 1966 one case, Swift 1966 two cases, Schroede 1976 one case, Kew 1976 one case, Dosik 

1979 one case, Helmerhorst 1984 one case, Bauters 1984 one case, Carbone 1984 one case, Zakut 1984 one case, Alter 1991 six 
cases, Sorbi 2017one case, Giri 2017 six cases. 
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than general anesthesia. Platelets should be monitored and 
corrected to have a level preferably above 80 × 10^9/L for safe 
spinal anesthesia [36,37]. Patients may need blood transfusion 
due to the increased demand for oxygenation during preg
nancy along with platelet transfusion, to maintain hemostasis 
during delivery. It is worthy to note that platelets should be 
closely monitored in the labor and delivery setting to prevent 
iatrogenic morbidities from neuraxial anesthesia or CD [12]. In 
the case of patients refractory to platelet transfusions prior to 
pregnancy, optimization of thrombocytopenia can be done 
using thrombopoietin mimetics [38]. However, its use during 
pregnancy is controversial due to safety issues and there are 
not enough data on its use, specifically in FA pregnant 
patients. Moreover, FA patients tend to have neutropenia 
with absolute neutrophil counts in the blood below 1.5 ×  
10^9/L which makes them susceptible for infections and sep
sis. The use of Granulocyte colony-stimulating factor (G-CSF) is 
recommended during pregnancy when neutropenia is severe 
(below 0.5 to 1.0 × 10^9/L) or prolonged. In a retrospective 
study on 38 pregnancies in 21 women with chronic neutrope
nia, G-CSF was demonstrated to be safe for mothers as well as 
for newborns without any documented teratogenicity [39].

Furthermore, pregnant women with FA might have com
promised immune system due to the possible iron overload 
along with elevated estrogen levels during pregnancy and in 
some cases being splenectomized [40,41]. It is preferable that 
splenectomized patients be on antibiotics prophylaxis such as 
penicillin [42]. To note, screening for Hepatitis viruses, includ
ing Hepatitis B and C in addition to human immunodeficiency 
virus (HIV) and rubella should be offered to all women prior to 
their pregnancy. Moreover, it is recommended that these 
splenectomized patients be on aspirin therapy to prevent 
any life-threatening thromboembolic events. Like all non-FA 
splenectomized patients, splenectomized FA females should 

be managed in the same way and receive the necessary 
vaccinations since they can be prone to severe infections 
secondary to S. pneumoniae, H. influenzae type b, and 
N-meningitidis [43]. At the postpartum stage, the Hb and 
ferritin level of the mother should be checked and if abnormal, 
iron chelation therapy should be reinitiated to achieve normal 
range. Finally, bone health should also be considered and 

Figure 1. Summary of the most common maternal and fetal outcomes seen during pregnancy in Fanconi Anemia patients.

Table 2. Summary of the practical recommendations throughout pregnancy.

Pre-Conception:
1-Evaluate iron overload status and ensure adequate management of iron 

overload [38,41,42]
2-Assess cardiac status and manage accordingly [39,43]
3-Check viral status (Hepatitis B, Hepatitis C and HIV) and provide proper 

vaccination (Hepatitis B, Pneumovax, seasonal influenza) [38]
4-Offer genetic counseling if not previously done (preferably to be done 

before pregnancy or at any time during pregnancy)
5-Prevention of folate deficiency (frequent in this population of patients) 

before 1st trim by careful oral supplementation (risk of neural tube defect)
6-Perform a multidisciplinary clinical evaluation and a roundtable discussion 

among physicians and patient regarding the potential risks
7-Evaluate the severity of anemia and plan a treatment strategy according to 

the patient clinical status
During Pregnancy:
1–Monitor cardiac, hepatic and thyroid function [41,43–45]
2-Blood transfusions should be evaluated according to need
3-Stop iron chelation at least till 3rd trimester
4-Serial ultrasound to monitor growth restriction, fetal distress or hydrops 

fetalis [42,46]
5-Splenectomized patient should be considered for aspirin therapy [41]
6-Screen for gestational diabetes [47]
7-Regular folic acid supplementation is recommended in all mothers to 

prevent superimposed megaloblastic anemia.
During Labor and Delivery:
1-Optimize patient for vaginal Vs. Cesarean Delivery (Cesarean Delivery for 

high risk and poorly controlled patients) [35,42]
2-Epidural anesthesia with Cesarean Delivery [35]
Postpartum:
1-Restart Iron chelation if ferritin is elevated [38,39,42]
2-Supplement with calcium and Vitamin D [38]
3–Monitor Hb level
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calcium with vitamin D supplementation should be part of the 
postpartum management. Table 2 summarizes practical 
recommendations throughout pregnancy in FA patients 
[36,40,40,40,41,44,44,45–50].

4. Pregnancy after HSCT in Fanconi anemia

The number of cases in the literature reporting successful 
pregnancies for FA patients following HSCT is relatively low 
[51]. This is because, despite attenuation of conditioning, 
HSCT can cause substantial gonadal damage and germ cell 
injury and can induce secondary infertility [52–55].

An early 2004 report described the case of a 17-year-old FA 
patient who was transplanted from her HLA-matched sibling. 
Secondary amenorrhea was apparent at 18 months post- 
transplant, and the patient had two natural pregnancies and 
delivered two healthy children [56]. Another successful preg
nancy of a 19-year-old FA patient who underwent an HLA- 
matched sibling HSCT was described in 2006. Regular men
struation was observed at 6 months post-transplant and the 
patient went on to conceive naturally 48 months post- 
transplant and delivered a healthy child [17]. Another success
ful pregnancy in a FA patient who underwent HLA-matched 
sibling bone marrow transplant was reported in 2007. The 
patient was conditioned with Cyclophosphamide 20 mg/kg, 
with a total body irradiation (TBI) over 4 days (4 Gy total dose) 
and antithymocyte globulin (60 mg/kg total dose) [18]. The 
procedure was successful, with no development of any graft- 
versus-host disease. She entered puberty spontaneously aged 
12 years and became pregnant naturally at 13 years and 
16 years post-transplant and delivered two healthy children.

Cases of natural pregnancy and delivery in FA patients after 
an unrelated HSCT have also been reported. In 2011, Yabe 
et al. reported the first successful pregnancy in an FA patient 
who received a transplant from an unrelated donor, after 
being on a fludarabine-based preparative regimen [57]. This 
case report was one of the first to suggest that the addition of 
fludarabine at 180 mg/m2 to intensify the preparative regimen 
does not affect fertility in FA patients [57].

Follow-up studies in the literature also aimed at describing 
fertility in post–transplant FA patients. A retrospective study 
involving FA female patients transplanted in 15 centers from 
1976 to 2008 [11]. 285 transplanted females were identified, of 
whom 101 patients were aged 16 years or over. From these 
101 patients, 10 became pregnant. Transplantation median 
age was 12 years (range 5- 19 years). In 8 of patients, the 
donors were HLA matched siblings, while the remaining two 
patients had an unrelated matched bone marrow. All patients 
received cyclophosphamide with or without irradiation. Five 
patients had spontaneous puberty development after HSCT, 
while the other 5 were diagnosed with ovarian failure during 
their follow-up visit. Among those with ovarian failure, 2 
patients spontaneously recovered, and 3 received hormonal 
replacement therapy. Pregnancy occurred from 4 to 16 years 
after HSCT. No spontaneous abortion was reported across all 
patients. Preterm deliveries were seen in 3 patients, and 2 
patients had a cesarean section. Normal growth and develop
ment were seen in all 14 newborns [11].

It is important to underline that because there is an 
increased sensitivity to DNA-damaging agents in FA, the 
use of an attenuated conditioning regimen before HSCT is 
necessary to avoid fatal toxicity [56]. However, FA patients 
who have undergone HSCT may still present with toxicity 
levels that are comparable to that of patients who have 
been transplanted for other diseases given conventional 
conditioning regimens. A major association between sever
ity of toxicity after HSCT and severity of FA has been shown 
by Guardiola et al. [58]. Sterility was found to be among the 
most frequent toxicities observed after HSCT [53,54]. 
Therefore, the risk of permanent secondary amenorrhea 
and sterility appears to be higher in female patients grafted 
for FA. Therefore, all patients must be aware and presented 
with all potential risks before HSCT. Current regimens use 
fludarabine, which can decrease toxicity and improve 
engraftment. The use of fludarabine and low-dose cyclopho
sphamide has also shown favorable outcomes. In the case 
of HSCT from an HLA-unrelated donors, most centers are 
currently using fludarabine, low-dose cyclophosphamide 
and TBI 2 Gy [58–62].

Based on the above-mentioned case reports and observa
tions, a successful and viable pregnancy is now possible in 
most, if not all FA patients after undergoing HSCT. However, 
long-term follow up of FA patients following allogeneic HSCT 
must always include a replacement therapy, regular hormonal 
assessment, and patient educational information on fertility 
and puberty. Counseling before, during and after HSCT is also 
another important factor to be taken into consideration.

5. Fertility in male FA patients

Fertility in male with FA is also affected and reduced. There are 
limited data regarding this matter; however, few cases have 
been reported in the literature [63]. Male FA patients will have 
a severely decreased spermatogenesis, which is commonly 
associated with non-obstructive azoospermia (NOA) and 
Sertoli cell-only syndrome (SCOS) [64]. Reduced fertility is 
diagnosed late in the workup of male FA patients because 
congenital abnormalities, childhood cancer, or even only cyto
penia are among the major manifestations that lead to the 
diagnosis of FA in male patients.

However, in rare occasions, male patients who presented 
with decreased spermatogenesis were found to have FA 
[65,66]. Hence, FA should be a differential diagnosis in the 
workup of reduced fertility in males. The reason behind 
reduced fertility in FA males is mainly due to defect in the 
double strand breaks repair that affect male meiosis, increase 
germ cells apoptosis, and significant sex chromosome synapsis 
defect. Moreover, in the era of NGS and whole-exome sequen
cing, it has been demonstrated that the heterozygous loss-of- 
function variants in Fanconi anemia complementation group 
M (FANCM) was correlated to the onset of azoospermia in 
males, secondary to NOA and SCOS [67].

When studying male FA-affected mice, a rapid decline in 
their fertility was noticed along with the gradual decrease in 
spermatogonial stem cells (SSCs) in the seminiferous tubules 
via apoptotic pathways when compared to non-FA mice 
[68]. Additionally, FA mice display very strong sub-fertile 
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phenotypes with a rapid abrasion of primordial germ cells 
[69,70]. In addition to spermatogenesis defect, male FA 
patients may present some genital abnormalities such as 
micropenis, undescended testes, small testes, or hypospa
dias. All of these are also major factors contributing to the 
reduced fertility in FA males [63].

Hence, cryopreservation of gametes early in life along with 
in vitro fertilization (IVF) approach might be an effective solu
tion to bypass subfertility in males with FA. Finally, early 
diagnosis, suitable follow-up, and genetic counseling should 
be the corner stone in the management of fertility in male 
patients affected with FA.

6. Expert opinion

Improved understanding of the pathophysiology of FA 
along with the advances seen in the management of 
patients with FA have led to females reaching childbearing 
age. HSCT has become an essential part of the curative- 
intent treatment approach of FA patients. The option of 
bone marrow transplant should be explored with every 
patient, taking into consideration the harm versus the ben
efit for FA patients. The timing of HSCT is also essential, 
since the better outcome is seen in patients who do not 
have an advance disease. Therefore, whenever possible, 
transplant should be offered early in the course of 
treatment.

Nonetheless, fertility and ovarian function preservation 
should be important parts in this management. Although it 
is reported in the literature that spontaneous successful preg
nancy is possible following an allogeneic transplantation for 
patients with FA as mentioned in the review; however, many 
women develop chemotherapy-induced premature ovarian 
insufficiency (POI) which is of concern as it can be associated 
with important psychosocial issues as well as infertility. Hence, 
the importance of including fertility specialists in the care of 
FA patients early in-life, preferably by the time the female 
reaches childbearing age. In addition, temporary ovarian sup
pression by administering a gonadotropin-releasing hormone 
agonist (GnRHa) or mature oocyte cryopreservation should be 
offered for all FA women specially before receiving che
motherapy conditioning. Moreover, a multidisciplinary care 
should be offered, including all specialties in charge of the 
patient, before proceeding to HSCT. The chemotherapy con
ditioning regimens should be discussed prior to HSCT along 
with less myeloablative regimens if possible, specifically for 
patients who could not undergo cryopreservation. Further 
research is still needed to opt for the ideal conditioning regi
men for HSCT such as the use of low-intensity chemotherapy, 
biological agents, or even gene therapy to minimize therapy- 
related adverse effects and prevent chemotherapy-induced 
POI with securing a good outcome. Finally, due to the rarity 
of the disease and the limited number of pregnant FA 
patients, clinical trials are almost impossible to implement. 
Hence, the importance of a general consensus among the 
multiple specialties in charge of treating FA patients to reach 
the ultimate management with the available data and expert 
experience.

7. Conclusions

In conclusion, improvement in the management of patients 
with FA has prolonged survival of women to reach childbear
ing age. Routine obstetrical care along with multidisciplinary 
approach among different specialists taking care of the preg
nant patient is strongly recommended for all patients before, 
during and after pregnancy. Having a national consensus and 
management recommendations for pregnancy in patients 
with FA is highly needed to improve outcome.
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