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WHAT DO APLASTIC ANEMIA, PNH, AND  “ HYPOPLASTIC ”  LEUKEMIA HAVE IN COMMON ? 

     The clin i cal and lab o ra tory eval u a tion of patients 
with suspected hypocellular mar row fail ure 
    Siob á n   Keel  1  and  Amy   Geddis  2
1     University of Washington, Seattle, WA ; and   2  Seattle Children ’ s Hospital, Seattle, WA  

   The over lap in clin i cal pre sen ta tion and bone mar row fea tures of acquired and inherited causes of hypocellular mar row 
fail ure poses a sig nifi   cant diag nos tic chal lenge in real case sce nar ios, par tic u larly in nonsevere dis ease. The dis tinc tion 
between acquired aplastic ane mia (aAA), hypocellular myelodysplastic syn drome (MDS), and inherited bone mar row fail-
ure syn dromes presenting with mar row hypocellularity is crit i cal to inform appro pri ate care. Here, we review the workup 
of hypocellular mar row fail ure in ado les cents through adults. Given the lim i ta tions of rely ing on clin i cal stig mata or fam-
ily his tory to iden tify patients with inherited eti  ol o gies, we out line a diag nos tic approach incor po rat ing com pre hen sive 
genetic test ing in patients with hypocellular mar row fail ure that does not require imme di ate ther apy and thus allows time 
to com plete the eval u a tion. We also review the clin i cal util ity of mar row array to detect acquired 6p copy number-neu tral 
loss of het ero zy gos ity to sup port a diag no sis of aAA, the complexities of telo mere length test ing in patients with aAA, 
short telo mere syn dromes, and other inherited bone mar row fail ure syn dromes, as well as the lim i ta tions of somatic muta-
tion test ing for muta tions in mye loid malig nancy genes for dis crim i nat ing between the var i ous diag nos tic pos si bil i ties.  

   LEARNING OBJECTIVES 
   •    Frame a com pre hen sive clin i cal and lab o ra tory eval u a tion of hypocellular mar row fail ure based on dis ease sever ity 
  •    Recognize that acquired 6p CN - LOH in the con text of hypocellular mar row fail ure favors a diag no sis of aAA 
  •    Recognize that germline muta tions in  SAMD9 ,  SAMD9L , and  GATA2  are enriched among young patients with MDS 

with chro mo some 7 abnor mal i ties 
  •    Recognize the clin i cal util ity and lim i ta tions of telo mere length test ing by fl ow - FISH in dis crim i nat ing between 

causes of hypocellular mar row fail ure  

  CLINICAL CASE 
  A 28 - year - old woman seeks treat ment for fatigue and easy 
bruis ing. Complete blood count reveals a hemo glo bin of
10   g / dL, abso lute neu tro phil count of 1.5    ×    10 9  / L, plate let
count of 45    ×    10 9  / L, and an abso lute retic u lo cyte count of 
70 000 /  µ L. Marrow aspi rate is hypocellular for age with 
no frank mor pho logic dys pla sia. Trephine biopsy spec i men 
shows an esti mated mar row cel lu lar ity of 30 %  and no retic-
ulin fi bro sis. Flow cytometry shows nor mal mye loid mat u ra-
tion and no abnor mal or expanded mye loid blast pop u la tion.  

 Defi ning hypocellular mar row fail ure, the dif fer en tial 
diag no sis, and ratio nale for workup 
 Hypocellular mar row fail ure is char ac ter ized by periph eral 
cytopenia(s) and bone mar row cel lu lar ity deemed low for 

age and results from acquired and inherited causes that can 
over lap in clin i cal pre sen ta tion and bone mar row fea tures. 
For the pur pose of this manuscript and to avoid ambi gu ity, 
we restrict the term  aplastic ane mia  to the immu no log-
i cally medi ated dis ease entity, acquired aplastic ane mia 
(aAA). Our workup cen ters on clas si fy ing patients as hav-
ing hypocellular mar row fail ure requir ing urgent ther apy, 
includ ing dis ease defi ned as severe by mod i fi ed Camitta ’ s 
cri te ria 1  ( Table 1 ) or nonsevere hypocellular mar row fail ure, 
which we defi ne as cytopenia(s) and a hypocellular mar-
row for age and not meet ing cri te ria for severe dis ease and 
who do not require urgent ther apy. 

 Causes of hypocellular mar row fail ure are shown in 
 Table 2 . aAA is bimodal in its age at pre sen ta tion, is most 
com monly idi o pathic, and accounts for most patients with 
severe dis ease.   3  Rarely and enriched among pedi at ric pre-
sen ta tions, aAA is due to an under ly ing inborn error in 
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immu nity such as X-linked lymphoproliferative dis or der.4 Accu-
rate diag no sis of patients with nonsevere hypocellular mar row 
fail ure is clin i cally more chal leng ing and requires con sid er ation 
of hypocellular myelodysplastic syn drome (MDS) with or with-
out an under ly ing clas si cal inherited bone mar row fail ure syn-
drome or inherited mye loid malig nancy pre dis po si tion syn drome 
(IBMFS/MMP). Among the most com mon clas si cal IBMFSs, Fan-
coni ane mia (FA), short telo mere syn dromes, and Shwachman-Di-
amond syn drome (SDS) may pres ent with hypocellular mar row 
fail ure. While rare and in con trast to MDS in the elderly, child hood 
MDS is most com monly hypocellular,5 and also, approx i ma tely 15% 
of adults with MDS have a hypocellular mar row.6 Further com pli-
cat ing the diag no sis, patients with IBMFS/MMP (eg, muta tions in 
GATA27) may have cytopenias and mega kar yo cytic atypia with-
out overt malig nant clonal dis ease that can be mis taken for MDS. 
Important diag nos tic pos si bil i ties to con sider in young per sons 
with hypocellular MDS char ac ter ized by chro mo some 7 abnor-
mal i ties are GATA2 defi ciency8,9 and SAMD9/9L dis or ders.10 While 
IBMFS/MMP may be suspected based on per ti nent his tory and 
phys i cal exam find ings (Table 3), cryp tic pre sen ta tions of these 
dis or ders are increas ingly rec og nized and thus war rant con sid-
er ation even in the absence of these clues.3 Last, in all  patients, 
the poten tial of a revers ible cause—namely, med i ca tion-induced 
hypocellular mar row fail ure—should be excluded.

The cor rect diag no sis of hypocellular mar row fail ure is clin-
i cally par a mount. Patients with severe aAA are treated with 
either hema to poi etic stem cell trans plant (HSCT) or immu no sup-
pres sive ther apy (IST) with equine antithymocyte glob u lin and 
cyclo spor ine with or with out the addi tion of a thrombopoietin 
recep tor ago nist.11 Marrow fail ure due to IBMFS/MMP or MDS is 
unlikely to respond to IST, and HSCT may be indi cated. Recog-
nition of a her i ta ble dis or der has impor tant impli ca tions to the 
selec tion of an appro pri ate con di tion ing reg i men, eval u a tion of 
poten tial related stem cell donors, and sur veil lance for hema to-
poi etic and nonhematopoietic com pli ca tions, as well as coun sel-
ing for fam ily mem bers.

Clinical and lab o ra tory eval u a tion of hypocellular  
mar row fail ure
A diag nos tic approach to hypocellular mar row fail ure is shown 
in Figure 1. Notably, since mar row cel lu lar ity can be patchy, it 
is crit i cal that the biopsy spec i men be of ade quate size (aim 
for 2 cm) and qual ity to ensure it is rep re sen ta tive. Numerous 
guide lines detailing the recommended and suggested ini tial  
lab o ra tory stud ies of hypocellular mar row fail ure exist.12–14 Our 
recommended and suggested lab o ra tory stud ies are listed 

Table 1. Severe hypocellular mar row fail ure clas si fi ca tion  
cri te ria

Marrow cel lu lar ity

<25% or
25%-50% with <30% resid ual hema to poi etic cells

AND cytopenias (at least 2 of 3)

Absolute neu tro phil count <500 × 109/L
Platelets <20 × 109/L
Absolute retic u lo cyte count <60 × 109/L

The immu no log i cally medi ated dis ease, severe aAA, accounts for the 
major ity of severe hypocellular mar row fail ure.

in Table 3. A tai lored his tory and phys i cal exam i na tion can be 
help ful in iden ti fy ing the under ly ing cause (Table 4), par tic u larly 
doc u men ta tion of prior com plete blood counts as longstanding 
cytopenias or mac ro cy to sis can indi cate a her i ta ble cause. As 
IBMFS/MMP can occur with out clin i cal stig mata or fam ily his tory, 
an unre mark able his tory and exam i na tion do not reli ably exclude 
these dis or ders; the pres ence of select dis ease fea tures should 
raise clin i cal sus pi cion (Table 5). If an MDS-defin ing cyto ge netic 
abnor mal ity is absent, the dis tinc tion between aAA and hypo-
cellular MDS is based on mor pho logic fea tures (dys pla sia and in-
creased blasts).15 Notably, cyto ge netic abnor mal i ties can occur 
in aAA. Trisomy 8 and del(13q) are seen in aAA, where both carry 
a favor able prog no sis and are asso ci ated with response to IST.16,17 
Hypocellular MDS, par tic u larly among young patients, should 
prompt con sid er ation of an under ly ing IBMFS/MMP.

Diagnostic test ing in hypocellular mar row fail ure requir ing 
ther apy (Figure 1A) is done simul ta neously, rather than sequen-
tially, to allow defin i tive treat ment to start expe di tiously to limit 
trans fu sions and the risk of seri ous infec tion. We aim to ini ti ate 
treat ment within approx i ma tely 3 weeks of pre sen ta tion, which 
allows time to com plete diag nos tic stud ies and donor eval u a-
tions. Evaluation of hypocellular mar row fail ure not requir ing 
urgent ther apy can typ i cally pro ceed in a more step wise fash ion 
(Figure 1B). There are clin i cal set tings where genetic test ing for 
IBMFS/MMP may not be per ti nent (eg, elderly patient with mul-
ti ple comorbidities and no poten tially affected fam ily mem bers 
in whom test ing would not inform the patient’s or fam ily’s care).

CLINICAL CASE (Con tin ued)
Old records are requested and doc u ment sev eral nor mal 
past com plete blood counts. Medical his tory and exam i na-
tion are unre mark able. Chromosomal break age stud ies return 
unre mark able. Telomere length test ing falls in the 30th age- 
adjusted per cen tile.

Chromosomal break age test
Given the impact a diag no sis of FA has on treat ment and sur veil-
lance strat e gies, a chro mo somal break age test is indi cated in 

Table 2. Differential diag no sis of hypocellular mar row fail ure

Acquired Inherited

aAA Classical IBMFS/MMP
Fanconi anemia
Short telo mere syn dromes
Shwachman-Diamond Syndrome
GATA2 defi ciency
SAMD9/SAMD9L dis or ders

Anorexia nervosa

Hypocellular myelodysplastic 
syndrome

Inborn errors of immu nity (eg, X-linked 
lymphoproliferative dis or der)

Medications/tox ins

This table is not exhaus tive and is intended to cap ture the more com-
monly encoun ter enti ties that can pres ent as aplastic ane mia. In our 
clin i cal expe ri ence, the IBMFSs/MMPs listed here are not always  
char ac ter ized by hypocellular mar rows. Gelatinous deg ra da tion of the 
bone mar row also may be seen in anorexia nervosa.2
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Table 3. Suggested ini tial lab o ra tory eval u a tion of hypocellular mar row fail ure

Study Source Diagnosis
Implications for  
treat ment

Peripheral blood

Flow cytometry for PNH PB aAA IST

Chromosomal break age test ing PB FA HSCT
Modified con di tion ing

Telomere lengths by flow-FISH PB STS HSCT
Modified con di tion ing

Immunoglobulins, lym pho cyte sub sets, natural killer 
cell func tion

PB Inborn error of immu nity, GATA2 defi ciency   
syn drome, XLP

HSCT
Modified con di tion ing
Infection pro phy laxis

Pancreatic isoamylase PB SDS

HLA typ ing on patient and full sib lings PB Severe aAA or MDS HSCT
Donor test ing

Bone mar row

Morphologic review of mar row BM MDS, GATA2 defi ciency—mega kar yo cytic atypia

Routine kar yo type BM MDS, IBMFS/MMP HSCT

FISH
includ ing −7/del, −5/del, +8, del(q20)

BM MDS, IBMFS/MMP HSCT

Chromosome geno mic array BM 6p CN-LOH in aAA; germline CNAs in 
IBMFS/MMP; risk strat i fi ca tion of NK MDS, 7q 
LOH in SAMD9/9L dis or ders

Somatic multigene genetic test ing for muta tions in 
mye loid malig nancy genes

BM See text for complexities

Cultured skin fibro blasts

Germline multigene genetic test ing Fibroblasts* IBMFS/MMP HSCT
Modified con di tion ing
Donor test ing

Studies recommended in all  patients are bolded.
*When clin i cally pos si ble, cul tured skin fibro blasts are the recommended DNA source for germline test ing.
BM, bone mar row aspi rate; NK, nor mal kar yo type; PB, periph eral blood; PNH, par ox ys mal noc tur nal hemo glo bin uria.

all  patients with hypocellular mar row fail ure. Abnormal test re-
sults should be followed with genetic test ing of a germline tis sue 
source to try to iden tify the caus a tive muta tion as this pro vi des 
addi tional prog nos tic infor ma tion regard ing can cer and other 
risks as well as facil i tates car rier test ing for fam ily mem bers.18 
Breakage stud ies allow diag no sis of patients whose muta tions 
are missed by stan dard genetic test ing and inform the func tional 
con se quence of genetic var i ants that might oth er wise be of un-
clear clin i cal sig nifi  cance. This test ing is performed by cul tur ing 
either periph eral blood lym pho cytes or skin fibro blasts in the 
pres ence of DNA cross-linking agents and com par ing the num-
ber of chro mo somal breaks, includ ing rearrangements, gaps, en-
doreduplications, and exchanges, to con trols under base line and 
stim u lated con di tions. Results are reported as both the num ber 
of cells with abnor mal breaks and the num ber of breaks per cell. 
Although periph eral blood lym pho cytes are the most acces si-
ble source of tis sue for break age and genetic stud ies, lym pho-
cytes are sus cep ti ble to the phe nom e non of somatic mosa i cism 
resulting from expan sion of hema to poi etic stem cells that have 
under gone molec u lar rever sion that cor rects the FA phe no type. 
This is esti mated to occur in approx i ma tely 10% to 25% of pa-
tients with FA.19 Somatic rever sion may be suspected if fra gil ity 

test ing performed on lym pho cytes shows 2 pop u la tions of cells, 
some appearing nor mal and oth ers with mul ti ple breaks per cell. 
Negative results should be con firmed in cul tured fibro blasts if FA 
is strongly suspected. Breakage stud ies on fibro blasts can also 
be con sid ered when stud ies in lym pho cytes fail due to severe 
leu ko pe nia or poor growth in cul ture.

Complexities of telo mere length test ing
The short telo mere syn dromes are a group of genetic dis or ders 
that are caused by muta tions in com po nents of the telomerase 
enzyme and other telo mere main te nance genes. Telomere length 
test ing by flow cytom e try and fluo res cence in situ hybrid iza tion 
(flow-FISH) is the gold stan dard because of its high repro duc ibil-
ity. It mea sures sin gle-cell telo mere length using a fluorescently 
labeled probe that hybrid izes to telo mere DNA. Clinical test ing 
is performed on a periph eral blood sam ple, and avail  able assays 
report results in total lym pho cytes and granulocytes (so called 
2-panel test ing) or granulocytes and total lym pho cytes and lym-
pho cyte sub sets (naive T cells, mem ory T cells, B cells, nat u ral 
killer cells), so-called 6-panel test ing. Two-panel test ing appears 
suf fi cient for the ini tial diag nos tic workup of a patient with hypo-
cellular mar row fail ure.20
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CBC, retic, and marrow cellularity consistent
with non-severe hypocellular marrow failure

(not requiring urgent therapy)

 

Pancytopenia & 
hypocellular marrow  

1 wk 

2 wk 

3 wk 

Monitor 

Nonsevere aAA Skin biopsy to culture 
fibroblasts 

Panel-based NGS testing for IBMFS/MMP 
on fibroblast DNA 

& syndrome specific testing   6 wk 

Initial work-up to include: 
- History and physical examination Table 4)
- Cytogenetics (routine karyotype, FISH, and array) on BM 
- PNH screen on PB 
- Chromosomal breakage study on PB 
- Telomere length by flow-FISH Laboratory work-up underway 

  Does not reliably distinguish among causes of hypocellular marrow failure; may provide some prognostic information. 
  Serum pancreatic isoamylase for Shwachman-Diamond Syndrome 
  If MDS-defining finding present. 

• Consider targeted capture or WES of myeloid 
malignancy genes (include BCOR/BCORL) on BM  

Positive or  
PNH/6p CN-LOH negative 

Initial work-up 

Negative and  
PNH or 6p CN-LOH positive 

IBMFS/MMP and/or hypocellular MDS  or aAA 

• There are clinical settings where genetic testing
IBMFS/MMP may not be pertinent  

Figure 1. Diagnostic approach to hypocellular marrow failure based on severity. (A) Diagnostic approach to severe hypocellu-
lar marrow failure requiring therapy—time-limited. (B) Diagnostic approach to nonsevere hypocellular marrow failure not requiring  
therapy—not time-limited. Time-limited indicates the urgency to get the workup completed before starting therapy. BM, bone mar-
row aspirate; PB, peripheral blood; PNH, paroxysmal nocturnal hemoglobinuria.

Normal morphology and cytogenetics?  

CBC, retic, and marrow cellularity c/w 
severe aplastic anemia 

Pancytopenia & 
hypocellular marrow  

1 wk 

2 wk 

3 wk 

Initiate therapy  
(IST or HSCT) 

Initial work-up to include: 
- History and physical examination (see Table 4)
- Cytogenetics (routine karyotype, FISH, and array) on BM 
- PNH screen on PB 
- Chromosomal breakage test on PB  
- Telomere length by flow-FISH 
- Pancreatic isoamylase  
- HLA typing on patient and full siblings 

Laboratory work-up and HLA 
typing underway 

Severe aAA 
-PNH or 6p CN-LOH 
further supports diagnosis 

positive 

IBMFS/MMP 

Rapid panel-based NGS 
testing for IBMFS/MMP 

 of patient & related 
donor on PB  

Consider 
hypocellular MDS  No 

Consider underlying IBMFS/MMP  

Yes 

Initial work-up 

   If severe lymphopenia, MDS, or suspicion for IBMF/AL-MDS obtain a skin biopsy to culture  
skin fibroblasts in case needed for chromosomal fragility testing or germline genetic testing. 

   If clinical suspicion of Shwachman-Diamond Syndrome. 
  Is an MDS-defining finding present? 

Negative or   
PNH or 6p CN-LOH positive 
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Table 4. Focused med i cal his tory and phys i cal exam i na tion

Questions Supportive infor ma tion Implications

Presentation Duration of symp toms Prior CBC/diff Inherited vs acquired

Bleeding Platelet count, coag u la tion stud ies Transfusion require ments

Fatigue Hemoglobin, pulse oximetry, CXR Transfusion require ments

S/Sx of infec tion Fever, respi ra tory symp toms Identify and treat infec tions

Medical his tory Adrenal hypo pla sia SAMD9

Ataxia Brain MRI SAMD9L

Atypical infec tions Immunologic test ing, vac ci na tion his tory SDS, GATA2, STS, SAMD9/9L

Birth his tory Birth weight, ges ta tional age, IUGR, ane mia DBA, FA, SAMD9/9L, SDS, STS

Cancer or leu ke mia Type of che mo ther apy and toxicities IBMFS, sec ond ary MDS

Congenital malformations Echo, abdom i nal US, brain MRI, x-rays FA

GI (diar rhea, dif fi culty swallowing) LFTs, abdom i nal US, endos copy aAA, SDS, STS, PNH

Growth Growth chart FA

Hearing loss Audiogram FA, GATA2

Nutrition (vegan, weight loss, sup ple ments) B12/MMA/HC, ceru lo plas min/cop per B12, folate, cop per defi ciency

Pulmonary dis ease (TE fis tula, fibro sis,  
pneu mo nia, alve o lar proteinosis)

CXR, CT, PFTs, bron chos copy FA, GATA2, STS, SAMD9/9L

Renal dis ease (con gen i tal anom aly, dark urine) Urinalysis, renal US FA, PNH

Skeletal dys pla sia, skel e tal abnor mal i ties X-rays SDS, FA, DBA

Family his tory Ancestry Founder muta tions in cer tain 
pop u la tions

Consanguinity Autosomal reces sive dis or ders

Full sib lings Potential mar row donors

Marrow fail ure, MDS, leu ke mia, can cer IBMFS

Examination find ings Syndromic facies IBMFS

Microcephaly STS, SAMD9/9L

Leukoplakia STS

Hepatomegaly SDS

Abnormal thumbs, radial abnor mal i ties FA

Nail dys pla sia STS

Lymphedema GATA2

Café-au-lait spots FA

Reticulated pig men ta tion on neck STS

Warts GATA2

CBC/diff, com plete blood count with dif fer en tial; CT, com put er ized tomog ra phy; CXR, chest x-ray; GI, gas tro in tes ti nal; IUGR, intra uter ine growth 
retar da tion; GATA2, GATA2 defi ciency; HC, homocysteine; LFT, liver function testing; MMA, methylmalonic acid; mag netic res o nance imag ing;  
PFT, pul mo nary func tion test; S/Sx, signs/symp toms; SAMD9/9L, SAMD9/SAMD9L dis or ders; TE, tracheoesophageal fis tula; US, ultrasound.

Telomere length (TL) assess ment is recommended in the ini tial 
diag nos tic workup of hypocellular mar row fail ure. TL assess ment 
is use ful in rul ing out a diag no sis of a con sti tu tional short telo mere 
syn drome upfront in patients with mar row fail ure. Lymphocyte 
telo mere length above the age-adjusted 50th per cen tile has a 
100% neg a tive pre dic tive value in iden ti fy ing a clin i cally mean ing-
ful muta tion in a short telomere syndrome (STS) gene in pedi at-
ric and adult patients.21 Among patients youn ger than 40 years, a 
lym pho cyte telo mere length below the age-adjusted first per cen-
tile strongly supports a diagnosis of a STS but lack specificity.21,22 
Telomere lengths below the age-adjusted first per cen tile have 

been reported in patients with other IBMFSs, includ ing FA and 
SDS,21,23 and so con sid er ation of the clin i cal pre sen ta tion and addi-
tional genetic test ing results are nec es sary to estab lish the cor rect 
diag no sis. In a pre dom i nantly pedi at ric and youn ger adult cohort 
of patients youn ger than 40 years (0–31 years; median, 14 years) 
presenting with idi o pathic mar row fail ure, all  of the patients with 
immu no ther apy-respon sive mar row fail ure had lym pho cyte telo-
mere lengths above the age-adjusted first per cen tile.21 Nearly half of 
the patients with genet i cally con firmed short telo mere syn dromes 
older than 40 years have telo mere length mea sure ments above 
the age-adjusted first per cen tile, and so telo mere lengths above 
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Table 5. Features of select inherited bone mar row fail ure and inherited MDS/leu ke mia pre dis po si tion syn dromes that  
may pres ent as aplastic ane mia

Syndrome Congenital find ings Malignancy risk Screening test Genetics Other hints

Fanconi anemia Ear abnor mal i ties, heart defects, short 
stat ure, skin pig men ta tion (café-
au-lait spots or hypopigmentation), 
skel e tal anom a lies (thumbs, arms), 
TE fis tula, tri an gu lar facies, uro gen-
i tal defects

AML, MDS, GYN CA, 
head and neck 
CA, and oth ers

Increased chro mo-
some break age

FANCA, C, G account 
for 95% of cases

Sensitivity to  
che mo ther apy

GATA2 defi ciency Lymphedema, immu no de fi ciency 
with atyp i cal  
myco bac te rial infec tions

AML, MDS GATA2 Megakaryocyte 
atypia, pedi at ric 
MDS with mono-
somy 7, del7q, tri-
somy 8, der(1;7)

SAMD9/SAMD9L 
dis or ders

MIRAGE (SAMD9): MDS, infec tion, 
restric tion of growth, adre nal hypo-
pla sia, gen i tal phe no types, and 
enter op a thy

Ataxia-pan cy to pe nia syn drome 
(SAMD9L): cer e bel lar atro phy and 
white mat ter hyperintensities, gait 
dis tur bance, nys tag mus

AML, MDS SAMD9, SAMD9L Pediatric MDS with 
mono somy 7, 
del7q, or CN-LOH 
7q

Short telo mere 
syn dromes

Young adults: infec tions, nail dys tro-
phy, oral leukoplakia, skin hyper-
pig men ta tion

Adults: emphy sema, early hair 
graying, immune defi ciency, liver 
fibro sis/cir rho sis, mac ro cy to sis, 
pul mo nary AVMs and HPS

AML, MDS
Rectal ade no car-

ci noma, SCC 
anus/oral cav-
ity/tongue

Short telo mere lengths 
(cor re lates with 
phe no type)

DKC1, RTEL1, TERT, 
TERC, TINF2, 
RTEL1 account for 
major ity of cases

Shwachman-
Diamond 
Syndrome

Pancreatic insuf fi ciency (can improve 
with age), skel e tal abnor mal i ties

AML, MDS Low pan cre atic 
isoamylase (>3 years 
old) and low fecal 
elas tase (pediatric 
and adult patients)

SBDS, SRP54, ELF1, 
DNAJC21

Isolated neutropenia, 
somatic muta tions 
in EIF6 and TP53

AML, acute myeloid leukemia; AVM, arteriovenous malformations; CA, cancer; GYN CA, gynecological cancers; HPS, hepatopulmonary syndrome; 
SCC, squamous cell carcinoma; TE, tracheoesophageal fis tula.

this thresh old do not exclude the diag no sis of a short telo mere 
syn drome in older patients and requires diagnosis here addi tional 
clin i cal and genetic infor ma tion.21,22 Telomere length assess ment in 
var i ous causes of hypocellular mar row fail ure are shown in Figure 2.

CLINICAL CASE (Con tin ued)
Marrow kar yo type returns 46,XX. Microarray on the mar row 
aspi rate sam ple iden ti fied copy number-neutral loss of het ero-
zy gos ity of 6p in 10% of the cells. Flow cytometry on periph eral 
blood did not iden tify any glycosylphosphatidylinositol (GPI)-
defi cient pop u la tions.

Diagnostic util ity of select genetic abnor mal i ties  
in hypocellular mar row fail ure
Acquired copy number-neutral loss of het ero zy gos ity of 
chro mo some arm 6p and chro mo somal microarray test ing on 
plat forms includ ing sin gle-nucle o tide poly mor phism probes
More than 70% of patients (and over 60% of pedi at ric patients) with 
aAA have clonal hema to poi e sis with somatic muta tions detected 
by whole-exome sequenc ing or sin gle-nucle o tide poly mor phism 

array early in the course of their dis ease.24,25 Clonal hema to poi e sis 
does not equate to malig nancy and reflects an acquired genet-
ic change in a hema to poi etic stem cell, allowing for com pet i tive 
out growth of the mutated hema to poi etic stem cell’s prog eny. The 
2 most com mon somatic muta tions in aAA are muta tional inac ti-
va tion of PIGA and the loss of HLA class I alleles. The clin i cal util ity 
of detecting PIGA loss or the func tional con se quence of a detect-
able par ox ys mal noc tur nal hemo glo bin uria clone in hypocellular 
mar row fail ure is cov ered in Education Session entitled “When 
does a PNH clone have clinical significance?”26 PIGA loss is most 
com monly diag nosed by flow-cytometric anal y sis to detect cells 
lacking GPI-linked pro teins. This study is more sen si tive when per-
formed on a periph eral blood sam ple com pared with a bone mar-
row aspi rate sam ple as the GPI-linked pro teins typ i cally assessed 
are most highly expressed on periph eral blood cells. Thus, test ing 
on periph eral blood as opposed to a mar row sam ple for a par ox-
ys mal noc tur nal hemo glo bin uria clone is recommended.27

Loss of HLA class I alleles occurs either through a loss-of-func tion 
muta tion in 1 of the HLA class I genes or, more com monly, through 
the loss of 1 paren tal HLA hap lo type through the acqui si tion of 
copy number-neutral loss of het ero zy gos ity of chro mo some arm 
6p (6p CN-LOH) involv ing the human leu ko cyte anti gen locus. A 
prevailing hypoth e sis is that the loss of HLA class I alleles dis rupts 
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Figure 2. Utility of telomere length testing in the diagnosis of hypocellular marrow failure. The red circles denote patients with 
bone marrow failure secondary to a genetically confirmed diagnosis of a short telomere syndrome. The blue circles denote patients 
with presumed idiopathic acquired aplastic anemia based on response to treatment with IST. The green circles denote patients with 
bone marrow failure due to an underlying genetically confirmed inherited bone marrow failure syndrome apart from a short telomere 
syndrome (LIG4, RUNX1, GATA2). The black circles denote patients diagnosed with a short telomere syndrome at >40 years of age. 
BMF, bone marrow failure. Based on data from Alder et al.21

anti gen pre sen ta tion, allowing non dom i nant clones to evade the 
immune sys tem. An anal o gous path o phys i  ol ogy may con trib ute 
to posttransplant relapse in haploidentical HSCT recip i ents, in 
whom the relapsed dis ease has acquired loss of the HLA hap lo-
type that dif fered from the donor’s hap lo type, thus damp en ing 
the graft-ver sus-leu ke mia effect.26,28,29 In aAA, the HLA alleles spe-
cifi  cally lost through 6p CN-LOH vary across age and eth nic ori gin 
of patients. That said, stud ies report a bias of the miss ing HLA 
allele in 6p CN-LOH to par tic u lar HLA types. This, together with 
the find ing that the HLA allele is com monly involved across the 
6p CN-LOH reported in aAA, sug gests the find ing is linked to the 
path o gen e sis of aAA and not merely a sec ond ary event. Although 
addi tional stud ies are needed to clar ify the impact of acquired 6p 
CN-LOH on response to IST, the pres ence of 6p CN-LOH appears 
to be diag nos ti cally infor ma tive in distinguishing patients with 
immune-medi ated mar row fail ure from those with inherited bone 
mar row fail ure con di tions.30–33 Acquired 6p CN-LOH appears to be 
rel a tively spe cific for aAA, occur ring in less than 1% of patients 

with MDS or in nor mal aging.30,34,35 The prev a lence of clonal 6p 
CN-LOH among pedi at ric and adult patients with aAA is approx-
i ma tely 10% to 13%.24,33,36 Constitutional 6p homo zy gos ity is not 
enriched among patients with aAA.

Clinical test ing for 6p CN-LOH requires chro mo somal microar-
ray anal y sis (CMA). Outside of detecting 6p CN-LOH, addi tional 
ratio nale supporting inclu sion of CMA in the workup of hypocel-
lular mar row fail ure includes that this test ing can be performed 
on DNA extracted from resid ual cell pel lets, aspi rate smears, 
touch preps, or for ma lin-fixed, par af fin embed ded tis sues. Cells 
obtained from patients with hypocellular mar row fail ure may 
not grow well in cul ture for kar yo typic anal y sis. In addi tion to 
detecting CN-LOH, CMA can iden tify microdeletions and micro-
duplications beyond the res o lu tion of con ven tional kar yo type 
and FISH,37 poten tially pro vid ing a ratio nale for closer clin i cal sur-
veil lance for malig nant clonal evo lu tion. In addi tion, CMA may 
detect copy num ber alter ations (CNAs) missed by some targeted 
next-gen er a tion sequenc ing (NGS)–based test ing. Causative 
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CNAs have been reported in a num ber of IBMFs/MMPs, includ ing 
FA and oth ers.38,39 In 1 cohort study of patients with suspected 
inherited bone mar row fail ure, CMA iden ti fied germline path o-
genic CNAs in 16.4% (11/67) of patients tested.40

Somatic muta tion test ing for muta tions in mye loid  
malig nancy genes
The pro file of somatic muta tions iden ti fied by NGS strat e gies 
in aAA, pedi at ric MDS, hypocellular MDS in adults, and IBMFS/
MMP dif fers from one another. An under stand ing of this con text-
depen dent clonal land scape and its dynam ics con tin ues to pro-
vide impor tant insights into malig nant and non ma lig nant clonal 
evo lu tion and, in select set tings, offers prog nos tic insights. This 
has been recently reviewed.40–42 The cur rent diag nos tic util ity of 
NGS pan els and whole-exome sequenc ing for somatic muta tions 
in mye loid malig nancy genes to reli ably dis tin guish among these 
hypocellular mar row fail ure syn dromes in the clinic remains unclear. 
A spe cific somatic muta tional land scape that can reli ably iden tify 
bona fide MDS (in the absence of defin i tive mor pho logic or cyto-
ge netic find ings) for clin i cal prac tice in this set ting has not been 
established. Approximately 25% to 30% of patients with aAA have 
clonal muta tions in genes that are asso ci ated with both mye loid 
malig nancy and with aging, includ ing ASXL1, DNMT3A, JAK2, and 
TP53. These muta tions are pres ent at low var i ant allele fre quency 
sim i lar to what is seen in age-related clonal hema to poi e sis, and 
these genes can also be mutated in adult hypocellular MDS.24,43,44 
In addi tion, although muta tions in the epi ge netic mod i fier genes, 
BCOR and BCORL1, appear sub tly enriched in aAA com pared with 
hypocellular MDS, both dis eases can carry these muta tions, and 
so this find ing is not suf fi cient to dis tin guish between these dis or-
ders.44 In con trast to typ i cal adult MDS, muta tions in the spliceo-
some com plex (ie, SF3B1, SRSF2, ZRSR2, U2AF1) are rare across 

refrac tory cytopenia of child hood,9,11 adult hypo plas tic MDS,44,45 
and aAA,24,44 so this find ing is also not infor ma tive diag nos ti cally. 
When fea si ble, this test ing can be con sid ered for its poten tial 
prog nos tic value.46 As exam ples, the acqui si tion of biallelic TP53 
muta tions is asso ci ated with devel op ment of leu ke mia in SDS,47 
and in aAA, BCOR and BCORL1 muta tions are asso ci ated with re-
sponse to immu no sup pres sion and a favor able prog no sis.24

CLINICAL CASE (Con tin ued)
Based on her workup, the patient was diag nosed with nonse-
vere aAA and is being followed by serial blood counts.

Conclusion
The eval u a tion of hypocellular mar row fail ure (Figure 3) is based 
on dis ease sever ity and aims to dis tin guish among the inherited 
and acquired causes to inform opti mal patient care.
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