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   Fanconi ane mia (FA) has long been con sid ered a severe inherited bone mar row fail ure (BMF) dis or der of early child hood. 
Thus, man age ment of this mul ti sys tem dis or der has pre vi ously been unfa mil iar to many hema tol o gists spe cial iz ing in the 
care of ado les cents and young adults (AYA). The increased diag no sis of FA in AYA patients, facil i tated by widely avail  able 
germline geno mic test ing, improved long - term sur vival of chil dren with FA fol low ing matched sib ling and alter na tive 
donor hema to poi etic stem cell trans plan ta tion (HSCT) performed for BMF, and expanding need in the near future for 
long - term mon i tor ing in patients achiev ing hema to logic sta bi li za tion fol low ing ex vivo gene ther apy are all  rea sons why 
man age ment of FA in AYA pop u la tions deserves spe cifi c con sid er ation. In this review, we address the unique chal lenges 
and evi dence - based prac tice rec om men da tions for the man age ment of AYA patients with FA. Specifi c top ics addressed 
include hema to logic mon i tor ing in AYA patients yet to undergo HSCT, man age ment of mye loid malig nan cies occur ring 
in FA, diag no sis and man age ment of nonhematologic malig nances and organ dys func tion in AYA patients with FA, and 
evolv ing con sid er ations for the long - term mon i tor ing of patients with FA under go ing gene ther apy.  

   LEARNING OBJECTIVES 
    •  Delineate the unique med i cal chal lenges fac ing ado les cents and young adults with Fanconi ane mia 
   •  Provide updated approaches for the man age ment of hema to logic dis ease in ado les cents and young adults with 

Fanconi ane mia  

  Introduction 
 Fanconi ane mia (FA) is an inherited bone mar row fail ure 
(BMF) dis or der caused by path o genic var i ants in 1 of 23 
genes 1  that result in defec tive repair of DNA inter strand 
crosslinks, geno mic insta bil ity, cell cycle dysregulation, and 
cell death or trans for ma tion. In most affected indi vid u als, 
includ ing patients with biallelic muta tions in    FANCA ,  FANCC , 
and  FANCG  account ing for over 80 %  of cases, 2  FA is inher
ited in an auto so mal reces sive pat tern, although dis tinct 
inher i tance pat terns and spe cifi c geno type - phe no type cor
re la tions are known ( Table 1 ). 

 BMF in FA results from selec tive attri tion of CD34  +   hema
to poi etic stem cells (HSCs) that sig nifi   cantly pre cedes the 
devel op ment of clin i cal cytopenias. This path o phys i  ol ogy 
cre ates a unique chal lenge for autol o gous CD34  +   HSC col
lec tion for gene ther apy appli ca tions. 3  HSC loss results 
from many fac tors, includ ing excess DNA dam age from 
endog e nous reac tive alde hydes, infl am ma tory cyto kines 
released dur ing typ i cal child hood infec tions, and abnor mal 
telo mere short en ing. 4,5  Recently, nat u ral killer cell  medi
ated immune destruc tion through FA HSC upregulation of 
nat u ral killer group 2 D ligand expres sion has been impli
cated as a key mech a nism driv ing HSC attri tion. 6  

 Early stud ies suggested that 75 %  of patients with FA 
were diag nosed due to evolv ing BMF in the fi rst decade 
of life, lead ing to ini tial impres sions that FA was pri mar ily 
an early pedi at ric dis or der. 7  However, these stud ies mostly 
com prised patients with clas sic, severe  FANCA ,  FANCC , 
and  FANCG  muta tions. Recently expanded use of next 
 gen er a tion sequenc ing (NGS) to iden tify germline pre dis
po si tion in ado les cents and young adults (AYA) with BMF 
and mye loid malig nan cies (MMs) is now diag nos ing FA in 
older patients with dis tinct phe no types. Improvements in 
long  term sur vival fol low ing matched sib ling and alter na
tive donor HSC trans plan ta tion (HSCT) in chil dren with FA 
and the advent of gene ther apy that ame lio rates but does 
not fully cor rect hema to logic defi   cits have led to the need 
for increas ing edu ca tion and prac tice guide lines for hema
tol o gists spe cial iz ing in the care of AYA patients with FA. 

 CLINICAL CASE 
  A 20  year  old man pres ents to the stu dent health cen
ter at his uni ver sity with increased fatigue and bruis
ing. Medical his tory is sig nifi   cant for a ven tric u lar sep tal 
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defect repair in early child hood and what he describes as 
slightly low blood counts detected on a sports clear ance eval
u a tion when he was 16 years old. Physical exam reveals only 
short stat ure (height 63 inches/160 cm) and a white patch on 
his left buc cal mucosa. Laboratory eval u a tion reveals a nor
mal white blood cell count and dif fer en tial, mac ro cytic ane
mia (mean corpuscular volume [MCV], 105 fL; hemo glo bin, 
8.5  g/dL) and throm bo cy to pe nia (plate lets, 33 000/µL). He is 
admit ted to the nearby uni ver sity hos pi tal, where hema tol ogy 
per forms a bone mar row aspi rate and biopsy, reveal ing hypo
cellularity (20%) multilineage dys pla sia and no excess blasts 
by mor phol ogy. Metaphase cyto ge net ics and fluo res cence in situ 
hybrid iza tion reveal a gain of chro mo some 3q (20% by fluo res
cence in situ hybrid iza tion). Chromosome stress test ing reveals 

increased break age upon expo sure to diepoxybutane. NGS 
revealed biallelic path o genic muta tions in FANCA.

Diagnosis of FA in ado les cence and young adults
Any AYA patient (up to age 40 years) who pres ents with BMF 
or MM asso ci ated with 1q, 3q, or 7q copy num ber abnor mal i
ties/trans lo ca tions or unusual solid tumors for age (oral, 
head/neck, gen i tal) should undergo a diag nos tic eval u a tion for 
FA. Screening should include at min i mum a chro mo some stress 
test performed on periph eral blood lym pho cytes exposed to 
DNA crosslinking agents diepoxybutane and mito my cin C. This 
screen ing by chro mo somal stress test remains the gold stan dard 
in diag nos ing FA. A pos i tive test should trig ger NGS test ing and 

Table 1. Genes asso ci ated with Fanconi ane mia

Gene % of FA cases Inheritance Population dis tri bu tion and unique phe no types

FANCA 45-60 AR Founder muta tions: Middle Eastern, North Afri can, Span ish Romani, Afri ka ner, 
Sicilian
Mutationspe cific dis ease sever ity

FANCC 10-15 AR Founder muta tions: Ash ke nazi, Saudi, north ern Europe
Exon 15 muta tions: more severe phe no type
c.67delG: milder phe no type

FANCG 5-10 AR Founder muta tions: SubSaharan Africa, Japan, Korea
Severe hema to logic dis ease

FANCB 1-2 XL VACTERLH com mon

FANCD1/BRCA2 1-4 AR High leu ke mia risk: mye loid and lym phoid
Early child hood solid tumors: brain, Wilms, neu ro blas toma
Aplastic BMF uncom mon
Carriers: risk of breast, ovar ian, pros tate, pan cre atic can cer

FANCD2 3-5 AR Sequencing chal leng ing due to pseudogenes

FANCI 1-4 AR VACTERLH com mon

FANCJ/BRIP1 1-4 AR Carriers: increased breast/ovar ian can cer risk

FANCL 1-2 AR Founder muta tions: India, Pakistan
VACTERLH com mon

FANCM <2 AR Lower risk of con gen i tal anom a lies and BMF
Earlyonset can cer risk

FANCN/PALB2 <2 AR Severe clin i cal pre sen ta tion
High leu ke mia risk
Early child hood solid tumors: brain, Wilms, neu ro blas toma
Carriers: breast and pan cre atic can cer risk

FANCQ/ERCC4 <2 AR Overlap with xeroderma pigmentosum

FANCR/RAD51 <2 AD Congenital anom a lies com mon
BMF and can cer not yet reported

FANCS/BRCA1 <2 AR Severe solid tumor and leu ke mia risk
Congenital anom a lies
BMF not yet reported
Carriers: risk of breast, ovar ian, pros tate, pan cre atic can cer

FANCE, FANCF, 
FANCO, FANCP, 
FANCT, FANCU, 
FANCV, FANCW, 
FANCY

<2 AR Rare cases only

Data derived from Fanconi Anemia Clinical Care Guidelines.2

AD, auto so mal dom i nant; AR, auto so mal reces sive; VACTERLH, ver te bral, anal, car diac, tracheoesophageal fis tula, esoph a geal atre sia, renal, limb, 
hydro ceph a lus; XL, Xlinked.
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sen si tive copy num ber anal y sis of the 23 genes asso ci ated with 
FA. Notably, 1 mech a nism resulting in delayed onset of hema to
logic abnor mal i ties in patients who pres ent with FA at older ages 
is rever tant hema to poi etic clonal evo lu tion resulting in elim i na
tion of 1 FAasso ci ated muta tion.8 Such mosa i cism can result in 
equiv o cal or even nor mal results on bloodbased chro mo some 
stress and NGS test ing. Thus, in AYA patients with a high clin i cal 
sus pi cion for FA (Table 2) but in whom periph eral blood screen
ing is nor mal or equiv o cal, screen ing results should be con firmed 
using skin fibro blasts. Once a main stay of FA clas si fi ca tion, com
ple men ta tion group test ing is now used only in sit u a tions where 
NGS is equiv o cal in assigning sub clas si fi ca tion due to var i ants of 
uncer tain sig nifi  cance.

Hematologic sta tus of AYA patients with FA
In a recent sin gleinsti tu tion study of young adults with FA (age 
range 1837 years at last fol lowup), Wang et al.9 dem on strate 
that AYA patients with FA have quite var i able hema to logic func
tion. Of 52 adults, 8 (15%) had nor mal blood counts with out 
prior HSCT, and 31% of the total cohort over all had not required 
HSCT. Patients with FANCA muta tions had decreased like li hood 
of requir ing HSCT com pared to those with other geno types 
(57% vs 83%),9 con sis tent with known mild phe no types and later 
onset of malig nan cies con veyed by some FANCA muta tions.10 
Twentyseven (52%) had under gone HSCT for BMF at a median 
age of 10.5 years, and 9 (13%) had under gone HSCT for MM at a 
median age of 15.4 years.9 While the trend toward higher like
li hood of pre sen ta tion with MM vs BMF in AYA patients is con
sis tent with ear lier reg is try stud ies, the increased per cent age 
of AYA patients who have maintained nor mal blood counts or 
exhibit only mild BMF in the Wang et al.9 cohort with out ever 
requir ing HSCT may reflect improved diag no sis of patients with 
milder phe no types.911

These find ings empha size that HSCT is not nec es sar ily inev i
ta ble in FA and should not be performed in the absence of BMF 
or MM. This lack of inev i ta bil ity also cre ates a chal lenge for ex 
vivo gene ther apy, because while autol o gous col lec tion for 
FA gene ther apy is ide ally performed at a young age prior to 
onset of HSC attri tion and sub se quent severe BMF,12 pro ceed ing 
to genemod i fied autol o gous HSC infu sion should not be done 
prior to BMF onset as some patients will not ulti mately require 
stem cell ther apy. This tem po ral dis con nect between col lec tion 
and infu sion will make reim burse ment mod els for com mer cial i
za tion of FA gene ther apy chal leng ing. For AYA patients with FA 

who have not under gone suc cess ful HSCT, adherence to hema
tologic malignancy screening is recommended as outlined in 
the Fanconi Anemia Clinical Guidelines2 and in Table 3.

Therapy for severe BMF in AYA patients with FA
Several groups have published data dem on strat ing infe ri or ity 
of HSCT out comes for AYA vs young chil dren with FA for BMF 
indi ca tions. In European Society for Blood and Marrow Trans
plantation (EBMT) published out comes of adults with FA under
go ing HSCT through 2014,13 4year over all sur vival (OS) for the 64 
patients receiv ing HSCT for BMF was only 48%, much infe rior to 
out comes in youn ger pedi at ric cohorts where OS now exceeds 
80% to 90%.1 These find ings are com pa ra ble to prior Center for 
International Blood and Marrow Transplant Research and mul ti
cen ter ana ly ses of matched sib ling donor and alter na tive donor 
out comes,14 as well as a pro spec tive mul ti cen ter study of low
dose busul fan base con di tion ing for alter na tive donor HSCT,15 
which all  dem on strate poorer out comes for patients ≥10 vs 
those under 10 years old.

One prac ticechang ing con se quence of this agebased dic
hotomy in HSCT out comes is a rec om men da tion to avoid giv ing 
ther a pies long term that fore stall onset of severe bone mar row 
fail ure but do not defin i tively fix hema to poi e sis, as the con
se quence of delaying HSCT until the AYA period may result in 
poorer out comes. Thus, strat e gies such as andro gen ther apy,16 
metformin,17 and eltrombopag (NCT03206086) should be used 
in young chil dren only as bridg ing ther apy while com plet ing 
diag nos tics and iden ti fy ing opti mal HSCT donors, or in patients 
inel i gi ble for HSCT due to lack of fea si ble donors or comorbidi
ties. In con trast, use of these sup port ive strat e gies is rea son able 
for newonset BMF occur ring in AYA patients, as these indi vid u als 
are already at high agebased risk for HSCT com pli ca tions. While 
early data on use of metformin and eltrombopag hold prom ise, 
data supporting the use of andro gen ther apy are the most exten
sive. Indeed, AYA patients with FA may exhibit sta ble hema to
poi etic func tion on andro gen ther apy for many years.18 For AYA 
patients with FA unre spon sive to these approaches with good 
organ func tion, novel HSCT strat e gies test ing riskadapted alkyla
tor dos ing are cur rently in clin i cal tri als (NCT02143830) to reduce 
rates of severe toxicities respon si ble for poor OS in AYA patients.

Hematologic malig nancy man age ment in patients with FA
Most myelodysplastic syn drome (MDS) and acute mye loid leu
ke mia (AML) cases that arise in patients with FA occur in AYA 
patients.19 Rarely, cases of lym phoma and Tcell acute lym pho
blas tic leu ke mia have also been seen,20,21 although these are 
mostly lim ited to rare genetic sub types. MDS/AML in FA has char
ac ter is tic cyto ge netic abnor mal i ties, although not all  abnor mal
i ties are clear indi ca tors of malig nant trans for ma tion.22 Gain of 
chro mo some 1q is the most com mon abnor mal ity in FA and was 
once thought to not nec es sar ily rep re sent MDS trans for ma tion.2 
Recently, how ever, +1q has been shown to trig ger a spe cific path
way driv ing leu ke mo gen e sis (Figure 1), starting with MDM4 trip
li ca tion, which downregulates p53 path ways that in turn res cues 
BMF but also drives clonal dom i nance enabling AML devel op
ment.23 Prognostic sig nifi  cance of the sim i larly com mon chro mo
some 3q gain remains con tro ver sial, whereas chro mo some 7q 
loss rep re sents a late step, sig nal ing immi nent AML trans for ma
tion.24 In gen eral, genespe cific somatic muta tions are less com
monly seen in FA com pared to other BMF  syn dromes, although 

Table 2. Factors that should trig ger high clin i cal sus pi cion  
for FA in ado les cent and young adult patients presenting  
with bone mar row fail ure or mye loid malig nan cies

Clinical fea tures

• Positive fam ily his tory of bone mar row fail ure
• Longstand ing cytopenias
• Characteristic con gen i tal abnor mal i ties includ ing VACTERLH, café 

au lait, short stat ure, micro ceph aly
• Myeloid malig nancy with +1q, +3q, or −7/del7q cyto ge net ics or FISH
• Excessive tox ic ity with che mo ther apy
• Unusual solid tumor for young adults (oral, head/neck, liver,  

stom ach, gen i tal)

FISH, fluo res cence in situ hybrid iza tion.
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Table 3. Screening rec om men da tions for ado les cent and young adult patients with Fanconi ane mia

Specialty/type of screen ing Frequency of fol low-up screen ing

Hematology
 CBC mon i tor ing
 Bone mar row biopsy/aspi rate with cyto ge net ics

PreHSCT: Every 3-4 months
PostHSCT: At least annu ally
PreHSCT: Yearly*
PostHSCT: only if clin i cally indi cated

Endocrinology
 Endocrinology con sul ta tion
 Thyroid func tion
 Growth axis
 25OH vita min D and cal cium
 DXA scan
 Fasting glu cose
  Oral glu cose tol er ance test  

Lipid pro file
 Gonadal func tion mon i tor ing

Yearly
Yearly if nor mal
Screen young ado les cents with short stat ure
Yearly
Every 5 years
Yearly
If indi cated based on fasting glu cose
Every 3 years if nor mal
Yearly

Head/neck can cer screen ing
 Dental/oral sur gery assess ments
 Nasolaryngoscopy
 Audiology

Every 6 months
Every 6 months
Based on symp toms

Dermatologic can cer screen ing Yearly. Initiate by age 18

Gynecologic screen ing
 External and cer vi cal exams

Yearly. Initiate by age 13

Breast can cer screen ing
 Mammogram, ultra sound, or MRI

Yearly. Age of ini ti a tion depends on geno type

Gastroenterology screen ing
 Esophagogastroduodenoscopy
 Colonoscopy

Only if indi cated based on symp toms

Hepatology
 Liver func tion tests
 Liver ultra sound
 MRI for liver iron con cen tra tion

Yearly
Every 3-5 years if nor mal
If his tory of chronic red cell trans fu sions

Pulmonary
 Spirometry, dif fus ing capac ity

Every 1-2 years postHSCT

Based on the Fanconi Anemia Clinical Care Guidelines.2

CBC, complete blood count; DXA, dualenergy Xray absorptiometry; MRI, mag netic res o nance imag ing.

*More fre quent bone marrow (BM) screen ing recommended in patients with highrisk acquired cyto ge netic lesions.

Figure 1. Schematic of leukemic transformation pathways in patients with Fanconi anemia.
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the excep tions are cryp tic RUNX1 muta tions, occur ring in up to 
20% of patients with FA, that reverse HSC qui es cence through 
abro gat ing cell cycle check points, resulting in restored hema to
poi etic out put but pro mo tion of malig nant trans for ma tion.25,26

For patients with earlystage MDS with out excess blasts such 
as the one in our case, most cen ters rec om mend pro ceed ing 
directly to HSCT with best avail  able donor.27 Prior to the year 
2000, even earlystage MDS con veyed dis mal prognosis in FA, 
with 5year OS <25%.28 Subsequently, improved out comes have 
been made pos si ble by Tcell deple tion strat e gies such as CD34 
selec tion and TCRαβ deple tion to limit graftver sus host dis ease 
(GvHD) and by use of lowinten sity reg i mens to reduce organ 
tox ic ity.29,30 Posttransplant cyclo phos pha mide has also proven to 
be an effec tive method of in vivo Tcell deple tion for patients 
with FA under go ing HSCT with haploidentical donors.31 Unfortu
nately, 5year OS for patients with MDS/AML (30%50%) remains 
con sid er ably lower than for patients with BMF (Table 4) in recent 
stud ies owing nota bly not just to relapse but also to ongo
ing high rates of nonrelapse mor tal ity.13,3234 Whether increased 
nonrelapse mor tal ity is driven by dis tinct path o phys i  ol ogy of 
MDS/AML in FA or is con founded because MDS/AML occurs in 
AYA patients, whereas BMF occurs in youn ger patients, remains 
uncer tain.

Pretransplant cytoreduction in patients with FA and advanced 
MDS/AML remains con tro ver sial. Intensive AML ther apy has been 
asso ci ated with prolonged aplasia and sig nifi  cant tox ic ity,35 
although 1 recent series sug gests improved out comes in patients 
exhibiting preHSCT com plete remis sion.32 Sequential strat e
gies of fludarabine/cytarabinebased che mo ther apy followed 
by HSCT sev eral weeks later regard less of aplasia sta tus may 
improve relapsefree sur vival.27 Combination azacytidine/vene
toclax as pretransplant cytoreduction is cur rently being tested 
in a com bined safety/effi cacy bas ket trial that includes patients 
with FA and MDS/AML (NCT05292664).

Hematologic mon i tor ing in patients with FA  
who have received prior gene ther apy
Ex vivo autol o gous gene ther apy may soon be a com mer cially 
avail  able option for patients with FA, although to date, tri als have 
been lim ited to patients with a FANCA geno type. The  tre men dous 

poten tial of this approach is tied to the elim i na tion of con di
tion ing from this plat form.12 If effi ca cious, autol o gous HSC gene 
cor rec tion avoids not only GvHD but also long and shortterm 
che mo ther apy radi a tion toxicities seen after allo ge neic HSCT. 
However, while effects on restor ing health of HSC based on in 
vitro assays have been prom is ing,36 hema to poi etic res to ra tion in 
clin i cal tri als has been some what incon sis tent. In the FANCOLEN1 
study,12 despite impres sive per cent ages of genecorrected leu ko
cytes, gene ther apy did not halt pro gres sive throm bo cy to pe nia. 
In a recent pre sen ta tion of 12 patients under age 6 at the time of 
treat ment on the RPL102 study, hema to poi etic sta bi li za tion was 
achieved in 7 of 12 patients, but blood counts failed to nor mal
ize in any patient.37 Thus, for AYA patients who receive this ther
apy on clin i cal tri als or if made com mer cially avail  able, we would 
con tinue to rec om mend annual bone marrow (BM) screen ing and 
rou tine complete blood count (CBC) mon i tor ing, as patients may 
remain at risk for devel op ing severe BMF or MM.

CLINICAL CASE (con tin ued)
After under go ing unre lated donor stem cell trans plant with 
TCRαβ deple tion, our patient remains engrafted with 100% 
donor chi me rism and no evi dence of relapse 3 years post
HSCT. He is plan ning to tran si tion care to an adult hema tol
ogy cen ter in another city. At his final visit, he asks about his 
malig nancy risks and about other sub spe cialty care he needs 
to reestablish.

Solid tumors in AYA patients with FA
Most solid tumors in patients with FA will occur between age 20 
and 40 years, although excep tions include liver tumors asso ci
ated with andro gen use that have been seen in youn ger patients 
and child hood can cers (Wilms, brain, neu ro blas toma) asso ci
ated with rare FANCD1 and FANCN sub types.2 Notably, nearly 
onethird of AYA patients are diag nosed with FA because of a 
pre ced ing malig nancy diag no sis.2

AYA patients should thus undergo rou tine screen ing as rec
ommended in the FA clin i cal care guide lines (Table 3). Recent 

Table 4. Recent stud ies reporting hema to poi etic stem cell trans plant out comes for patients with Fanconi ane mia  
and pre-HSCT evo lu tion to mye loid malig nan cies

Reference Patients (n) Era of HSCT Conditioning Survival

Mitchell et al. (2014)35 MM: 21 1988-2011 Various All MM: 5year OS 33%

Bierings et al. (2018)13 Total: 199
MM: 54

1991-2014 Various MDS: 4year OS 48%
AML: 4year OS 17%

Giardino et al. (2020)32 MM: 74 1999-2016 Various All MM: 5year OS 42%
5year EFS 39%

Bernard et al. (2021)33 Total: 82
MM: 11

1999-2018 Most fludarabine + cyclo phos pha mide All MM: 5year OS 40%

Mehta et al. (2017)15 Total: 45
MM: 11

2009-2014 Lowdose busul fan + cyclo phos pha mide, 
fludarabine, ATG

MDS: 3year OS 63.6%

Chattopadhyay et al. (2023)34 Total: 60
MM: 10

1990-2021 Lowdose busul fan + fludarabine All MM: 5year OS 46%

ATG, antithymocyte glob u lin; EFS, eventfree survival.
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updates from the US National Cancer Institute FA cohort show 
that the cumu la tive inci dence of solid tumors by late adult hood 
(age 60) is 18% to 24%, with head/neck squa mous cell car ci
noma (SCC) being the most com mon type, followed by basal 
cell and SCC skin can cers, and vulva/vag i nal/cer vi cal can cers in 
females.38 Median age of onset for these malig nan cies was over 
30 years of age, a full decade later than the median age of leu
ke mia onset. Head/neck and skin can cers were the only solid 
tumors seen in ado les cents. These find ings par al lel those seen 
in Wang et al.,9 where 19% of patients devel oped solid tumors, 
80% of which were SCC. In the National Cancer Institute cohort, 
ear lier onset of solid malig nan cies was seen in patients with prior 
HSCT. Whether HSCT is the driver of ear lier can cer occur rence or 
ear lier tumor onset sim ply par al lels ear lier onset of BMF, neces
si tat ing HSCT in patients with more severe phe no types, remains 
uncer tain. Supporting the hypoth e sis that geno type may be the 
pri mary driver of age of tumor onset, 60% patients with severe 
FANCA var i ants impacting func tion of exons 27 through 30 devel
oped a solid tumor by age 40 years.38

Prevention of solid tumors in FA is a crit i cal focus of ongo ing 
research. New brush biopsy tech niques mea sur ing aneu ploidy 
have shown high sen si tiv ity/spec i fic ity in diag nos ing early oral 
dys pla sia in FA.39 A longenroll ing study (NCT03476330) with 
data yet to be released is assessing whether daily sup ple men
ta tion of the fla vo noid quer ce tin, which possesses anti ox i dant, 
antiinflam ma tory, and anti neo plas tic prop er ties, can achieve 
the pri mary end point of reduc ing buc cal micronuclei for ma tion, 
a marker of malig nant trans for ma tion risk. In vitro stud ies sug
gest com bi na tion ther apy of quer ce tin and mammalian target 
of rapamycin (MTOR) inhi bi tion may pro vide syn er gis tic reduc
tion in DNA dam age.40 Skin can cer pre ven tion strat e gies include 
basic sun avoid ance, avoid ance of GvHD postHSCT, and avoid
ance of med i ca tions such as voriconazole that may increase skin 
can cer risk. Whether human pap il lo ma vi rus (HPV) drives devel
op ment of head/neck and anogenital can cer in FA has long been 
debated. While we still rec om mend HPV vac ci na tion to elim i nate 
this risk fac tor, a recent com pre hen sive sequenc ing study of FA
asso ci ated SCC vs spo rad i cally occur ring SCC dem on strates 
that unlike in spo radic SCC, most FASCCs arise in the absence 
of HPV genome mark ing. Instead, FASCCs arise from TP53 loss 
and copy num ber alter ations in other SCC driver muta tions.41

Organ dys func tion mon i tor ing in AYA patients with FA
In young chil dren with FA, sur gi cal inter ven tion is often required 
for con gen i tal anom a lies, includ ing the ver te bral, anal, car diac, 
tracheoesophageal fis tula, esoph a geal atre sia, renal, limb/digit, 
and hydro ceph a lus com plex; hypo spa dias; and struc tural ear 
abnor mal i ties. AYA patients with FA may need ongo ing post sur
gi cal fol lowup for these con gen i tal anom a lies.

In addi tion, all  AYA patients with FA need ongo ing endo cri
nol ogy care because of high rates of ana tomic pitu i tary stalk 
abnor mal i ties and other hor mone changes. Short stat ure in FA 
may be driven in up to 25% of cases by growth hor mone (GH) 
defi ciency. GH replace ment can help patients with FA achieve 
ade quate adult height, and although early lit er a ture raised 
malig nancy risk con cerns, such risks for GH use in FA have not 
been proven. AYA patients with FA also have high rates of hypo
thy roid ism (30%40%) and oste o po ro sis (up to 50%), and dia
be tes (both type 1 and 2) occurs in 10% to 17% of patients.9,38 

In con trast, few patients have pul mo nary com pli ca tions unless 
induced by HSCT.

Finally, repro duc tive health remains an unmet chal lenge in FA. 
Both delayed and pre co cious puberty may occur and require 
hor monal inter ven tion. Testicular fail ure and pre ma ture ovar ian 
fail ure occur in over 40% of adults with FA.2 Most males have a 
reduc tion in sperm counts, and women often reach men o pause 
in their 20s or 30s, even with out prior HSCT. A large ret ro spec tive 
study of gonadal func tion postHSCT in FA dem on strates that lon
gi tu di nal track ing of inhibin B lev els in males and antiMullerian 
hor mone in females may be bet ter pre dic tors of tes tic u lar and 
ovar ian fail ure than tra di tional mark ers like fol li clestim u lat ing  
hor mone.42 Biologic path ways that could be exploited to pro
vide new approaches to improve fer til ity in patients with FA are 
only begin ning to be explored.43

Conclusions
Improved out comes for pedi at ric patients with FA and increased 
diag no sis of FA in older patients with late symp tom onset are 
driv ing an increased need for multispecialty pro vid ers for AYA 
patients with FA. Increased rec og ni tion of patients with lateron
set hema to logic man i fes ta tions and the advent of gene ther
apy, which sta bi lizes but does not fully restore hema to poi etic 
func tion, mean that many AYA patients with FA may not require 
allo ge neic HSCT but will still need longterm hema to logic mon
i tor ing. Furthermore, new tech niques to pre vent, diag nose, and 
treat solid malig nan cies will hope fully soon lead to decreased 
mor bid ity and mor tal ity. The com plex, longterm screen ing and 
treat ment needed by AYA patients with FA require enhanced 
care mod els cen tered on a med i cal home with FA exper tise, 
ensur ing effi cient and dura ble access to care.
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