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   In this review, we pres ent a clin i cal case report and dis cus sion to out line the impor tance of long - term spe cifi c Fanconi 
ane mia (FA) mon i tor ing, and we dis cuss the main aspects of the gen eral man age ment of patients with FA and clin i cal 
com pli ca tions. While sev eral nontransplant treat ments are cur rently under eval u a tion, hema to poi etic stem cell trans plan-
ta tion (HSCT) remains the only ther a peu tic option for bone mar row fail ure (BMF). Although HSCT out comes in patients 
with FA have remark ably improved over the past 20 years, in addi tion to the mor tal ity intrin sic to the pro ce dure, HSCT 
increases the risk and accel er ates the appear ance of late malig nan cies. HSCT offers the best out come when performed 
in opti mal con di tions (mod er ate cytopenia shifting to severe, prior to trans fu sion depen dence and before clonal evo lu-
tion or myelodysplasia / acute mye loid leu ke mia); hence, an accu rate sur veil lance pro gram is vital. Haploidentical HSCT 
offers very good out comes, although long - term effects on malig nan cies have not been fully explored. A mon i tor ing plan 
is also impor tant to iden tify can cers, par tic u larly head and neck car ci no mas, in very early phases. Gene ther apy is still 
exper i men tal and offers the most encour ag ing results when performed in early phases of BMF by infus ing high num bers 
of corrected cells with out genotoxic effects. Patients with FA need com pre hen sive mon i tor ing and care plans, coor di-
nated by cen ters with exper tise in FA man age ment, that start at diag no sis and con tinue through out life. Such long - term 
fol low - up is essen tial to detect com pli ca tions related to the dis ease or treat ment in this set ting.  

   LEARNING OBJECTIVES 
    •  Review mod ern man age ment of Fanconi ane mia and poten tial clin i cal com pli ca tions of the dis ease 
   •  Emphasize impor tance of long - term mon i tor ing plan of patients with FA mainly focused on malig nan cies  

  Introduction 
 Fanconi ane mia (FA) is a rare, mul ti sys tem, genetic dis or-
der, char ac ter ized by bone mar row fail ure (BMF); somatic 
malformations; can cer pre dis po si tion, mainly for acute 
mye loid leu ke mia (AML) and epi the lial can cers of the head 
and neck; and exqui site sen si tiv ity to proinfl ammatory 
cyto kines and alkylating agents. 1,2  

 FA is caused by biallelic inactivating muta tions in 1 of the 
23 genes of the FA / BRCA DNA repair path way. 3,4  In addi-
tion to DNA repair, FA pro teins are involved in numer ous 
func tions, includ ing alde hyde detox i fi  ca tion, 5  infl am ma-
tory cyto kine hyper sen si tiv ity, 6,7  cell cycle reg u la tion via 
the p53 / p21 path way, 8  and oxi da tive phos phor y la tion. 9,10

Disruption of these func tions con trib utes to the exhaus-
tion of hema to poi etic stem cells (HSCs), lead ing to BMF. 
In this review, we pres ent a case report that out lines the 
impor tance of a long - term spe cifi c mon i tor ing plan, and 
we dis cuss the main aspects of the gen eral man age ment 
of patients with FA. 

 CLINICAL CASE 
  A new born native of Bangladesh, born from unre lated 
par ents, with a peri na tal his tory of intra uter ine growth 
retar da tion and small ges ta tional age, presented at 15 
days of life with duo de nal ste no sis requir ing duo de nal -
 jeju num sur gi cal anas to mo sis. Clinical phe no type also 
included fail ure to thrive, micro ceph aly, tri an gu lar vis-
age, hypotelorism, microphthalmia, and right kid ney 
ectopia. Diepoxybutane anal y sis, rou tinely performed 
as a screen ing pro ce dure in our insti tu tion for all  new-
borns with mul ti ple con gen i tal malformations, was pos-
i tive, and a homo zy gous muta tion c.1788T > A p. Tyr596X 
in the    FANCG  gene inherited by each het ero zy gous 
par ent was detected. The patient received a diag no sis 
of FA at 1 month of age in the absence of hema to logic 
abnor mal i ties and ini ti ated the mon i tor ing plan used in 
our cen ter. 1   
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Diagnosis, man age ment, and fol low-up postdiagnosis
Diagnosis of FA should always be suspected in the pres ence of 
BMF with or with out asso ci ated clas si cal malformations and in 
young patients with de novo BMF, pos i tive fam ily his tory for BMF, 
spon ta ne ous chro mo somal breaks, or unbal anced 1q, 3q, or 7q 
trans lo ca tions found dur ing the diag nos tic workup for myelo-
dysplasia (MDS) or acute mye loid leu ke mia (AML).1 Furthermore, 
the pres ence of early-onset tumors in sites clas si cal for FA and 
exces sive tox ic ity after stan dard-dose che mo ther apy should 
also trig ger sus pi cion of an under ly ing FA diag no sis.1 Diagnostic 
con fir ma tion with the chro mo somal fra gil ity test after expo sure 
to DNA cross-linking agents (diepoxybutane or mito my cin C) is 
man da tory since this anal y sis still rep re sents the gold stan dard 
for the diag no sis of FA. Mosaicism can occur as a con se quence of 
molec u lar events (back muta tion, intra genic cross over, gene con-
ver sion, com pen sat ing dele tions/inser tion, or gain-of-func tion  
muta tions), gen er at ing a cor rec tion of a FA muta tion in a hema-
to poi etic stem cell or in a lym pho cyte pro gen i tor. In this case, 
the chro mo somal fra gil ity test on periph eral blood may be neg-
a tive, but if the sus pi cion of FA per sists, the test should be per-
formed on “nonblood” chro mo somes (skin fibro blasts or hair 
fol li cles). If pos i tive, it leads to the iden ti fi ca tion of a mosaic FA.1

Next-gen er a tion sequenc ing has proven to be effi cient and 
accu rate in the diag no sis of FA and other inherited mar row fail-
ures11 and is now part of the rou tine diag nos tic workup. The next-
gen er a tion sequenc ing approach has some dif fi cul ties related 
to the inter pre ta tion or even to the incon clu sive ness of results, 
which may require more com pre hen sive tools such as whole- 
exome or whole-genome sequenc ing.1,12 Complementation anal-
y sis may still be valu able as a postmolecular func tional con fir ma-
tory test in dubi ous cases.

After diag no sis, patients with FA should undergo base line 
exten sive multiorgan assess ment (Table 1) prior to enter a mon i-
tor ing plan designed with fol low-up by a hema tol ogy oncol ogy 
cen ter spe cial iz ing in inherited bone mar row fail ure syn dromes.1 
The goal for the BMF mon i tor ing plan is to inter cept the best 
time for hema to poi etic stem cell trans plan ta tion (HSCT) and 

to eval u ate the degree of cytopenia, the pres ence of mar row 
 dys plas tic fea tures or MDS or AML, the pres ence and type of 
cyto ge netic abnor mal i ties, and infec tions, trans fu sion loads, 
types of avail  able donors, avail abil ity of stem cells, and effi cacy 
of nontransplant treat ment1,13 (Figure 1).

Regarding the risk of head and neck squa mous cell car ci-
no mas, patients should be encour aged to avoid alco hol and 
tobacco and to main tain good oral hygiene. The oral cav ity 
should be exam ined every 6 months by an expert in oral can cers. 
A large Ger man study14 showed that brushing of vis i ble lesions 
and cytol ogy anal y sis are highly sen si tive (97.7%) and spe cific 
(84.5%) to identify pre ma lig nant and malig nant lesions. The addi-
tion of DNA ploidy anal y sis to cyto logic exam i na tion increased 
the sen si tiv ity and spec i fic ity to 100% and 92.2%, respec tively. 
Importantly, 63% of malig nant lesions were detected at an early 
stage and were cur able only with sur gery, indi cat ing that this is 
an effec tive tool for early diag no sis of can cers of the oral cav ity.14

Patients with muta tions in FANCD1/BRCA2 or FANCN/PALB2 
need spe cific can cer screen ings (ie, brain mag netic res o nance 
imag ing and kid ney ultra sound) because of increased risk of 
medul lo blas toma, Wilms tumor, and other can cers.1

In Table 2, we sum ma rize the can cer screen ing guide lines of 
the Amer i can Association of Cancer Research and Fanconi Ane-
mia Research Fund.15,16

Follow-up for other extra-hema to logic man i fes ta tions is also 
included in the Fanconi Anemia Research Fund guide lines, most 
recently updated in 2020 (Table 2).16

Clonal evo lu tion
Patients with FA have a 30% to 40% cumu la tive risk of mye loid 
malig nan cies by age 40 years.17,18 These often arise from clonal 
kar yo type abnor mal i ties and unbal anced trans lo ca tions, lead ing 
to gains or losses of chro mo somes. Some cyto ge netic changes 
pre dict neg a tive out comes, and their iden ti fi ca tion is impor tant 
to decide the tim ing of HSCT19,20 (Figure 1).

Gain of chro mo some 1q is the most com mon abnor mal ity 
in FA; it can occur with out MDS/AML and does not nec es sar-

Table 1. Workup for patients with FA after diag no sis

Soon after diag no sis:

Hematologic eval u a tion
• FBC with dif fer en tial count
• Serum immu no glob u lin lev els, periph eral blood immunophenotyping, response to vac cines
• Bone mar row aspi ra tion for mor phol ogy and cyto ge netics and immunophenotyping
•  Trephine bone mar row biopsy (defi  ni tion of hema to poi etic cel lu lar ity, abnor mal local i za tion of mye loid pro gen i tors, increased blasts on spe cific 

CD34 and CD117 staining)

Extensive extra-hema to logic eval u a tion
• Liver, kid ney, heart, uri nary tract, gas tro in tes ti nal tract, skel e ton, hear ing and visual func tion eval u a tion
• Endocrinologic eval u a tion (thy roid, glu cose tol er ance, pitu i tary gland func tion, gonads in postpubertal sub jects)
• Psychological eval u a tion
• Brain mag netic res o nance imag ing with angi og ra phy for pitu i tary gland and Moyamoya syn drome
• Assessment for can cers typ i cally asso ci ated to FA with spe cial atten tion to oral cav ity

Chromosomal fra gil ity tests in sib lings and pos si bly in rel a tives

HLA typ ing of the patient, healthy sib ling, and par ents

Search of HLA-matched unre lated donor if no healthy HLA-matched sib ling is found in the fam ily

Modified from Dufour.1

FBC, full blood count; HLA, human leu ko cyte anti gen.
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ily indi cate impending trans for ma tion.18 Conversely, mono somy 
7/del(7q) is con sid ered a marker of trans for ma tion, requir ing 
urgent HSCT.18 Other cyto ge netic changes indi cat ing a poor 
prog no sis are gain of chro mo some 3q, fre quently pre ced ing 
mono somy 7/del(7q),21,22 and RUNX1 abnor mal i ties, includ ing 
cryp tic trans lo ca tions, that also indi cate imme di ate HSCT.23

An urgent HSCT is also needed in case of overt MDS/AML, 
and the most atten tion should be paid to pre vent this con di-
tion since it has been shown that trans plants performed with 
active MDS/AML have a sig nifi  cantly lower over all sur vival (OS) 
vs those performed in com plete remis sion.24 These find ings 
rein force the need for an accu rate mon i tor ing plan to inter cept 
the “momen tum” and sug gest that a cytoreductive approach, 
with stand ing the risks of unde sired tox ic ity, should not be 
avoided because of the fear of neg a tive toxic effects dur ing 
post-HSCT.

Regarding pre-HSCT che mo ther apy, the FLAG regimen 
(fludarabine 30 mg/m² daily, cytarabine 1 g/m² twice daily for 
five days plus G-CSF), followed by HSCT in the aplastic phase 
(with out waiting for hema to poi etic recov ery), described in a 
French-Brazilian study, led to a 3-year pro gres sion-free sur vival 
and OS of 53% and 53%, respec tively, although there was a high 
rate of fun gal and viral infec tions.25

FA diagnosis  

Normal FBC + 
no cytogene�c 
abnormali�es + 
no MDS/AML Mild cytopenia  + 

no cytogene�c 
abnormali�es + 
no MDS/AML 

Moderate  
cytopenia  + 
no cytogene�c 
abnormali�es or no 
poor-risk 
cytogene�c 
abnormali�es  

 

 
Severe  cytopenia  
or MDS but <10% 
blasts or poor risk 
cytogene�c 
abnormali�es  

 

MDS >10% 
blasts or 
AML 

 

FBC  every  6 
months, 
annual BM 
evalua�on  

FBC  every  3 
months, 
BM evalua�on 
every 6 months   

FBC  every 6 weeks,  
BM evalua�on 
every 3-4  months   

HSCT (MRD, MUD, or 
haplo if clinical trials) 

Chemotherapy followed 
by HSCT 

Moderate cytopenia/shi�ing to 
severe 

 

Cytopenia shi�ing
to severe/poor

risk cytogene�cs 

Figure 1. Postdiagnosis hematologic monitoring and decision-making process. Modified from Dufour.1 BM, bone marrow; FBC, full 
blood count; haplo, haploidentical donor; MRD, matched related donor; MUD, matched unrelated donor.

CLINICAL CASE (Con tin ued)
At the age of 3 years, the patient devel oped a mild cytopenia 
(neu tro phils 1.1 × 109/L and plate lets 100 × 109/L). Bone mar row 
assess ment showed cel lu lar ity of 70% (tre phine biopsy), no 
dys plas tic signs, and nor mal kar yo type.

According to our insti tu tional pro to col1 (Figure 1), he received  
com plete blood counts every 3 months and bone mar row eval-
u a tion every 6 months. Both remained sta ble over the fol low ing 
2 years.

At the age of 6 years, plate lets declined to 70 × 109/L. At the 
next con trol 3 months later, they sud denly dropped to 7 × 109/L. 
At this point in time, mar row cyto ge netic anal y sis showed a 
com plex abnor mal ity (46, XY, add(21)(q22)7/46,XY[]5) and a 
RUNX1 break age in 34 of 100 nuclei ana lyzed by fluo res cence in 
situ hybrid iza tion.

This mon i tor ing pro gram enabled the iden ti fi ca tion of an 
unex pected con di tion that required urgent HSCT. No human 
leu ko cyte anti gen–matched fam ily donor was avail  able, and 
the poor prog no sis cyto ge netic anom a lies cre ated a major 
tim ing con cern in iden ti fy ing a suit able matched unre lated 
donor.
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Table 2. Long-term fol low-up of extra-hema to logic man i fes ta tions in trans plants related to under ly ing dis ease in patients with FA

Organ or sys tem affected Adverse effects Causes Follow-up

General Short stat ure
Primary or sec ond ary can cer

FA, HSCT
FA, HSCT, cGVHD

Annual
Dermatology skin can cer  
screen ing every 6–12 months
Oral self-exam i na tions (or with  
par ents’ assis tance) once a month
Oral cav ity exam i na tion every  
6 months

Annual HNSCC exam i na tion by 
an oto lar yn gol o gist begin ning in 
early ado les cence

Annual gyne co logic eval u a tion

MRI to detect breast can cer from 
age 20

Annual esophagoscopy/coloscopy 
from age 20

Abdominal ultra sound annu ally to 
detect liver/kid ney tumors or  
neu ro blas toma

Increased screen ing for patients 
with cGVHD and BRCA2 muta tion

Skin Pigmentation, dry ness, thick en ing FA, cGVHD Annual

CNS Side effects of radi a tion
Moyamoya syn drome
Congenital malformations

HSCT
FA

Annual

Eyes Cataract, ret i ni tis
Very dry eyes (sicca syn drome)

HSCT
cGVHD

Annual
As needed

Ear, nose, and throat Sinusitis, very dry mouth (sicca 
syn drome)
Hearing loss

cGVHD
FA HSCT

As needed
Annual

Heart Congenital anom a lies
Iron over load

FA
Transfusions

As needed
As needed

Lungs Side effects of HSCT HSCT, GVHD As needed

Liver Chronic liver dis ease 
(transaminitis) or cho le sta sis
Iron over load

HSCT, GVHD
Transfusions

As needed
As needed

Kidneys and gen i to uri nary sys tem Congenital anom a lies
Chronic renal insuf fi ciency

FA
HSCT

As needed
As needed

GI tract Congenital anom a lies
Failure to thrive, func tional prob-
lems (eg, mal ab sorp tion)

FA
FA, GVHD

As needed
As needed

Endocrine Diabetes
Hypothyroidism

FA, GVHD (ste roids)
FA, HSCT

Annual, if pres ent as needed
Annual

Gonadal Virilization
Infertility, early men o pause

Androgen treat ment
FA, HSCT

As needed
Annual

Musculoskeletal Hand and arm abnor mal i ties
Hip dys pla sia

FA
FA

As needed
As needed

Psychological Psychosocial issues (eg, anx i ety, 
depres sion)

FA, GVHD, HSCT As needed

Modified from Fanconi Anemia Research Fund guide lines16 and Walsh et al.15

CNS, cen tral ner vous sys tem; GI, gas tro in tes ti nal; HNSCC, head and neck squa mous cell car ci noma; MRI, mag netic res o nance imag ing.
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HSCT indi ca tions
HSCT is the only cure for BMF, but in addi tion to the mor tal ity 
intrin sic to the pro ce dure, it is also known to increase the risk 
and accel er ate the appear ance of late malig nan cies.26,27 There-
fore, indi ca tions for trans plant should be care fully weighed, 
based on a thor ough eval u a tion of risks and ben e fits.

Established indi ca tions for HSCT in FA include severe cytope-
nia or pro gres sion of mod er ate cytopenia, poor prog no sis cyto-
ge netic aber ra tions, and overt MDS/AML.1,13,28

Special atten tion is warranted for BRCA2 patients, who, due 
to the extremely high occur rence of AML (cumulative incidence 
[CI] of 80%) and solid can cers (CI of 97%) within the first 10 years 
of age,29 may be con sid ered for pre emp tive HSCT. The opti mal 
time for HSCT is when cytopenia shifts from mod er ate to severe, 

prior to trans fu sion depen dency, prob a bly before andro gen 
ther apy, and before clonal evo lu tion.1,13

Over the past 20 years, the out come of HSCT in patients 
with FA has improved dra mat i cally because of reduc tion of 
the doses of alkylating agents and irra di a tion, the intro duc-
tion of fludarabine, and the use of recip i ent T-cell deple tion 
(TCD) that improved engraft ment and graft-vs-host dis ease 
(GVHD) rates.30 In the dif fer ent donor set tings, OS peaks 
from 84% to 95% and above, with var i able rates of post-HSCT  
malig nan cies.

Tables 3 to 5 sum ma rize the out comes of the larg est cohort of 
patients with FA who under went trans plan ta tion from matched 
related donor (MRD), matched unre lated donor (MUD), and alter-
na tive donor (AD).

Table 3. Outcome of the larg est cohort of patients with FA who under went trans plan ta tion from a matched related donor

Reference Patients (n)
Prevalently 
using con di-
tion ing

Follow-up aGVHD cGVHD TRM/NRM OS Malignancies, 
No. (%)

Pasquini  
et al45 (2008)

148 Cy  ±  ATG  ±  Bus
TAI, TLI, TBI + 
Cy  ±  ATG

5 years  
(cen sored)

19% (grades 
II-IV)

20% at  
5 years

17.5% (over all) 78% (IRR)
81% (no IRR)

4/148 (2.7%)

Peffault de 
Latour et al26 
(2013)

211 (post 
1999)

Flu + ATG  ±  IRR 6 years 36% (grades 
III-IV)

20% at  
5 years

14% 76% at 5 years 15-year CI  
15% over all

Benajiba  
et al46 (2015)

20 Flu + Cy 2 years 15% (grades 
III-IV)

10% exten sive
15% lim ited

5% 95% at 2 
years

0

Bonfim et al47 
(2019)

91 Cy + ATG 3–7 years 11% (grades 
II-IIV)

23.5% 7% 95% at 5 
years

1/43 (2.3%)

Bernard et al48 
(2021)

42 Flu-Cy-
alemtuzumab

74.4 months 6.1% (grades 
II-IV) over all

2.4% over all 13.8% over all 85.4% at 5 
years

3/82 (3.6%) 
over all

Modified from Pierri et al.13

ATG, antithymocyte glob u lin; Bus, busul fan; Cy, cyclo phos pha mide; Flu, fludarabine; IRR, irra di a tion in con di tion ing reg i men; NR, not reported; TAI, 
thoraco-abdom i nal irra di a tion; TBI, total body irra di a tion; TLI, total lymph node irra di a tion; TRM/NRM, trans plant-related mor tal ity/nonrelapse  
mor tal ity.

Table 4. Outcome of the larg est cohort of patients with FA who under went trans plan ta tion from matched unre lated donors

Reference Patients (n) Conditioning  
reg i mens Follow-up aGVHD cGVHD TRM/NRM OS Secondary  

malig nan cies

Wagner et al49 
(2007)

98 No Flu
(Cy ±  Bus   ±  ATG + 
IRR)
Yes Flu
(Flu + 
Cy  ±  ATG  ±  IRR  ±  Bus)

3 years 16% Flu + TCD
70% No Flu
No TCD

31% 47% Flu
81% no Flu 
at 3 years

52% Flu
13% no Flu
at 3 years

NR

Peffault de Latour 
et al26 (2013)

176 post-1999 Flu ATG  ±  IRR 6 years 36% (grades 
III-IV)

16% at  
5 years

27% at 5 
years

64% at  
5 years

15 years CI 
15% over all

Bernard et al48 
(2021)

23 Flu-Cy-
alemtuzumab or 
ATG

74.4 months 6.1% over all 2.4%
over all

13.8% over all 95.7% at  
5 years

NR

Bonfim et al34 
(2022)

51 Flu-Cy-ATG 5 years 16% 27% NR 83% NR

Modified from Pierri et al.13

ATG, antithymocyte glob u lin; Bus, busul fan; Cy, cyclo phos pha mide; Flu, fludarabine; IRR, irra di a tion in con di tion ing reg i men; NR, not reported;  
TAI, thoraco-abdom i nal irra di a tion; TBI, total body irra di a tion; TLI, total lymph node irra di a tion; TRM/NRM, trans plant-related mor tal ity/nonrelapse  
mor tal ity.
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CLINICAL CASE (Con tin ued)
Due to time con straints in rela tion to severe cytopenia and 
cyto ge netic abnor mal i ties, the patient under went HSCT from 
his haploidentical mother with the TCD plat form in use in our 
cen ter (α/β/CD19 deple tion) at the age of 6 years.

Conditioning reg i men included fludarabine 120 mg/m2, 
cyclo phos pha mide 1200 mg/m2, 200 cGy sin gle-dose total body 
irradi a tion pretransplant antithymocyte glob u lin (ATG) (Grafalon; 
Neovii Biotech) 4 mg/kg/d for 3 days, and rituximab (200 mg/m2) 
on day −1.

The patient received >8 × 106/kg CD34 cells/kg, <1 × 105/kg  
T cell receptor (TCR) αβ, and <2 × 105/kg CD19 cells according to 
the pro to col in use at our cen ter.31 No posttransplantation phar-
ma co logic immu no sup pres sion was admin is tered.

The posttransplant course was uncom pli cated with out 
acute GHVD (aGVHD) and chronic GVHD (cGVHD). Presently, 
at the age of 11 years, at 5 years post-HSCT, the boy is well 
(Karnofsky score of 100%) and under a sur veil lance plan, with-
out com pli ca tions related to HSCT or the under ly ing dis ease.

Haploidentical HSCT in FA
In patients lacking a stan dard donor, haploidentical HSCT is a 
prom is ing strat egy. This pro ce dure offers vir tu ally all  patients the 
chance of an HSCT with a fast acces si bil ity. The use of mega-
doses of HSCs and the deple tion from the graft of alloreactive 
donor T lym pho cytes13,32 sig nifi  cantly reduced the inci dence of 
graft rejec tion and of GVHD ini tially observed. Table 6 sum ma-

Table 5. Outcome of the larg est cohort of patients with FA who under went trans plan ta tion from alter na tive donors

Reference Patients 
(n) Donor type

Prevalently 
using  
con di tion ing

Follow-up aGVHD cGVHD TRM/NRM OS Malignancies, 
No. (%)

MacMillan  
et al50 (2015)

130 73 MUD (TCD)
39

1–2 MM (no TCD) 
CB 18

1Ag MM
Unrelated (TCD)

Flu + Cy +  
ATG + TBI (in 
the most 
recent 
patients) 
with thy mic 
shielding

7.7 years 20% (grades 
II-IV)

10% NR 58% at  
5 years

11/130 (8.4%)

Mehta et al51 
(2017)

45 25 MUD
14 MMUD
6 MMRD
All TCD

Bu-Flu-Cy-
ATG

41 months 6.7% (0 
grades III-IV)

3/45 (6.7%) 
lim ited, 0 
exten sive

NR 80% at  
3 years

1/45 (2.2%)

Ebens et al52 
(2018)

57 All TCD
32 (m)MUD BM
20 (m)MUD UCB
2 MMRD
1 8/8 HLA paren-
tal BM

1 MMSD UCB +  
BM boost

Flu-Cy-TBI-
ATG

6.2 years 12% grades 
II-IV

4/57 (7%) NR 86% at  
5 years

NR

Zubicaray  
et al35 (2021)

123 MMUD (all  TCD) Flu-Cy-TBI-
ATG

44.8 
months

41% grades 
II-IV

5% lim ited
10%
exten sive

NR 62% at  
2 years

NR

Modified from Pierri et al.13

ATG, antithymocyte glob u lin; BM, bone mar row; Bus, busul fan; CB, cord blood; Cy, cyclo phos pha mide; Flu, fludarabine; HLA, human leu ko cyte 
anti gen; IRR, irra di a tion in con di tion ing reg i men; MM, mismatched; MMRD, mismatched related donor; MMUD, mismatched unre lated donor; MUD, 
matched unre lated donor; NR, not reported; TBI, total body irra di a tion; TRM/NRM, trans plant-related mor tal ity/nonrelapse mor tal ity; UCB, unre lated 
cord blood.

rizes the out comes of the larg est cohorts of patients with FA who 
under went trans plan ta tion from haploidentical donors.

Currently, 2 plat forms for TCD are used. In one, the TCR αβ+ 
cells are depleted via graft manip u la tion, whereas in the other, 
spe cific T-cell sub pop u la tions (e.g., TCR γδ+) that have graft 
pro tec tive and graft-vs-leu ke mia (GVL) effects are retained.32 A 
cohort of 24 patients with FA who under went trans plan ta tion 
with this plat form showed a 2-year event-free sur vival (EFS) of 
86.3% and grade I to II aGVHD and cGVHD of 17.4% and 5.5%, 
respec tively.33 However, since this TCD sys tem is expen sive, 
tech ni cally demand ing, and inac ces si ble in many countries, 
other groups pre fer to use strat e gies based on posttransplant 
cyclo phos pha mide (PTCY) at a reduced dose to limit the sever ity 
of mucositis. In a Brazilian study, a sub group of patients in whom 
serotherapy (ATG or alemtuzumab) was added to this plat form 
displayed an OS of 82% but acute grade II to IV and mod er ate 
to severe cGVHD rates of 28% and 26%, respec tively.34 Delayed 
immune recon sti tu tion and viral reactivation remain major con-
cerns in this set ting.

A recent com par a tive Euro pean Society for Blood and  Marrow 
Transplantation study35 reported supe rior 2-year OS (80%) and 
EFS (86%) in patients receiv ing haploidentical HSCT with in vivo 
TCD com pared with those who received haplo trans plant with 
ex vivo TCD (2-year OS 60%, EFS 56%), who in turn had a far 
lower grade II aGVHD (17%) com pared with those with in vivo 
TCD (40%).

With the aim to ensure engraft ment and improve immune 
recon sti tu tion in patients with FA who under went trans plan-
ta tion from an haploidentical donor, an ongo ing clin i cal trial 
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(NCT04784052) is eval u at ing a radi a tion-free, reduced-inten sity 
pre par a tive reg i men containing JSP191 (ahumanized mono clo nal 
anti body that tar gets CD117 and causes stem cell death). This is 
in com bi na tion with rabbit anti-thymocyte globuline, cyclo phos-
pha mide, fludarabine, and rituximab, followed by an infu sion of 
αβ+ TCD donor stem cells.

Nontransplant ther apy
The syn thetic andro gens oxymetholone and danazol were 
shown to pro duce a tran sient hema to logic response in two-
thirds of patients, ren der ing this treat ment a rea son able option 
in patients who can not access HSCT at a given time, pro vid ing 
them a bridge until the pos si bil ity of a trans plant occurs.36

Metformin, a drug approved by the US Food and Drug Admin-
istration for treat ment of dia be tes mellitus, gen er ated a hema to-
logic response in 4 of 13 evaluable patients in a median time of 
84.5 days in a phase 1 clin i cal trial.37

The effect on hema to poi e sis of quer ce tin, a fla vo noid poly-
phe nol with anti ox i dant prop er ties and cel lu lar effects, includ-
ing transforming growth fac tor β inhi bi tion, is under eval u a tion 
in an ongo ing phase 1 trial by a Cincinnati group (clinicaltrials  .gov 
NCT01720147) in patients with FA. A pre lim i nary report of this trial 
described 12 indi vid u als treated with oral quer ce tin for 16 weeks, 
with excel lent tol er ance and com pli ance and a defi  nite trend 
toward periph eral blood reactive oxygen species reduc tion.38 An 
ongo ing phase 2 trial (NCT03476330) is eval u at ing the effi cacy of a 
max i mum daily dose of quer ce tin (4000 mg/d) in reduc ing buc cal 
micronuclei, a sur ro gate marker of DNA dam age with sus cep ti-
bil ity to squa mous cell car ci noma in patients with FA post-HSCT.

The thrombopoietin mimetic small mol e cule eltrombopag 
recently proved to be effec tive in restor ing trilineage hema-
to poi e sis in acquired severe aplastic ane mia.39,40 Eltrombopag 
improves mar row func tion in severe aplastic ane mia through a 
dif fer ent mech a nism. In addi tion to fun da men tal stim u la tion of 
HSCs, eltrombopag has impor tant immu no mod u la tory prop er-
ties (decreases inter feron γ, tumor necro sis fac tor α, and trans-
forming growth fac tor β effects), and it pro motes tol er ance (by 
increas ing reg u la tory B and T cells) with a par al lel impair ment 
of den dritic cell mat u ra tion and mac ro phage activ ity. Further-
more, eltrombopag favors cel lu lar iron mobi li za tion, decreas ing 
iron over load with a poten tial ben e fit on hema to poi e sis.39 Due 
to its abil ity to improve repair of dou ble-strand DNA breaks,41 it 

is now under eval u a tion in a pro spec tive phase 1/2 clin i cal trial 
(NCT03204188) in patients with FA. Preliminary results show that 
the 4 evaluable patients who have reached the 6-month assess-
ment end point displayed mar row response, and 2 of them 
displayed mono- and bilineage periph eral blood responses42 
with out seri ous adverse events.

Gene ther apy in FA
At pres ent, gene ther apy (GT) in FA is avail  able only for the FA-A 
geno type. Collection and cor rec tion of a suf fi cient num ber of 
HSPCs from patients with FA are the major obsta cles to the effi-
cacy of GT in this dis ease.43

In a recent update of the larg est phase 1/2 Span ish long-term 
fol low-up len ti vi rus clin i cal trial,44 the 4 of 8 evaluable patients 
who were infused with low num bers of corrected cells or in 
advanced BMF showed BMF pro gres sion requir ing alter na tive 
treat ment. However, 2 patients receiv ing higher doses of cor-
rected CD34+ cells improved the peripheral blood cell counts. 
No genotoxic effect has appeared so far after GT.

Currently, GT in FA is an exper i men tal treat ment that offers the 
best results if performed in the early stage of BMF and when sig-
nifi  cant num bers of corrected CD34+ cells are infused. Trials using 
gene editing tech niques are likely to be performed in the future.

Conclusion and future direc tions
FA is a very het ero ge neous dis or der with the main morbidities of 
BMF and increased can cer risk. No defin i tive treat ment is avail  able 
so far. HSCT is the only option cur rently capa ble of cur ing BMF, 
although it increases the risk of late malig nan cies already inher ent 
in the dis ease. HSCT out comes have remark ably improved over 
the past 20 years, thanks to the strat e gies aimed at reduc ing com-
pli ca tions, mainly GVHD, a major deter mi nant of posttransplant 
tumors. In this respect, the advent of haploidentical HSCT, with in 
vivo and ex vivo strat e gies for TCD, offers a higher acces si bil ity to 
this treat ment and encour ag ing out comes.

HSCT pro vi des the best results when performed in opti mal 
con di tions and intercepted by a tai lored life time mon i tor ing 
plan starting at diag no sis and performed in cen ters spe cial iz ing 
in BMF dis or ders.

A mon i tor ing plan should also be applied to pre vent the evo lu-
tion of solid tumors, mainly epi the lial can cers of the head and neck 
and gen i tal areas, that cur rently have no sat is fac tory treat ment.

Table 6. Outcome of the larg est cohort of patients with FA who under went trans plan ta tion from haploidentical donors

Reference Patients 
(n)

Prevalently using 
con di tion ing  
reg i men

Follow-up aGVHD cGVHD TRM/NRM OS Malignancies, 
%

Bonfim et al53 
(2017)

26 Flu-mini TBI  ±  ATG +  
PTCY

30 months 75% no ATG
14.2% ATG

83% no ATG
14.2% ATG

41.6% no ATG
21.4% ATG

72.6% at 1 
year

NR

Ayas et al54 (2019) 19 Flu-mini TBI-ATG +  
PTCY

38.3 + 5.8 
months

Grades III-IV 
15.7%

Extensive in 1 
patient (5.3%)

5.2% 89.2% + 7.2% 
at 5 years

None

Bonfim et al34 
(2022)

49 Flu-mini TBI-ATG or 
alemtuzumab

3.8 years Grades II-IV 
28%

26% 8/49 (16.3%) 82% at 2 
years

4%

Strocchio et al33 
(2021)

24 Flu-CY-mini TBI
Alfa/beta/CD19 
deple tion

5.2 years Grades I-II 
17.4%

5.5% 0 100% at 5 
years

4.1%

ATG, antithymocyte glob u lin; Cy, cyclo phos pha mide; Flu, fludarabine; NR, not reported; PTCY, posttransplantation cyclo phos pha mide; TBI, total 
body irra di a tion; TRM/NRM, trans plant-related mor tal ity/nonrelapse mor tal ity.

http://clinicaltrials.gov
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Progress in the under stand ing of the biol ogy of the dis ease 
will help to develop new ther a peu tic strat e gies aimed to coun-
ter act the numer ous dysregulated func tions of FA cells.
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