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   Diamond - Blackfan ane mia (DBA) is an inherited bone mar row fail ure syn drome, char ac ter ized as a rare con gen i tal bone 
mar row ery throid hypo pla sia (OMIM#105650). Erythroid defect in DBA results in erythroblastopenia in bone mar row as 
a con se quence of mat u ra tion block ade between the burst forming unit – ery throid and col ony forming unit – ery throid 
devel op men tal stages, lead ing to mod er ate to severe usu ally mac ro cytic aregenerative ( < 20    ×    10 9  / L of retic u lo cytes) 
ane mia. Congenital malformations local ized mostly in the cephalic area and in the extrem i ties (thumbs), as well as short 
stat ure and car diac and uro gen i tal tract abnor mal i ties, are a fea ture of 50 %  of the DBA - affected patients. A sig nifi   cant 
increased risk for malig nancy has been reported. DBA is due to a defect in the ribo somal RNA (rRNA) mat u ra tion as a 
con se quence of a het ero zy gous muta tion in 1 of the 20 ribo somal pro tein genes. Besides clas si cal DBA, some DBA - like 
dis eases have been iden ti fi ed. The rela tion between the defect in rRNA mat u ra tion and the ery throid defect in DBA has 
yet to be fully defi ned. However, recent stud ies have iden ti fi ed a role for  GATA1  either due to a spe cifi c defect in its 
trans la tion or due to its defec tive reg u la tion by its chap er one HSP70. In addi tion, excess free heme - induced reac tive oxy-
gen spe cies and apo pto sis have been impli cated in the DBA ery throid phe no type. Current treat ment options are either 
reg u lar trans fu sions with appro pri ate iron che la tion or treat ment with cor ti co ste roids starting at 1 year of age. The only 
cura tive treat ment for the ane mia of DBA to date is bone mar row trans plan ta tion. Use of gene ther apy as a ther a peu tic 
strat egy is cur rently being explored.  

   LEARNING OBJECTIVES 
   •    Recognize a case of DBA 
  •    Manage ane mia and poten tial clin i cal com pli ca tions of DBA  

  CLINICAL CASE 
  The fam ily described below is an excel lent illus tra tion of 
the var i ous issues that are encoun tered in the diag no sis 
and treat ment of Diamond  Blackfan ane mia (DBA) due to 
incom plete pen e trance.  

 The fam ily is the larg est of the 417 DBA fam i lies reg is
tered in the French DBA reg is try (  Observatoire Français 
de l’Anémie de BlackfanDiamond) and includes 3 gen
er a tions of affected patients ( Figure 1 ). In this fam ily, the 
mode of inher i tance is famil ial, as is the case for 45 %  of the 
DBA  affected patients reg is tered in the dif fer ent reg is tries 
around the world. In 55 %  of indi vid u als, DBA is the result of 
spo radic or de novo inher i tance. Interestingly, in the illus
trated fam ily, all 4 chil dren, 2 girls and 2 boys, devel oped 

DBA with dif fer ent phe no types (Figure 1). Of note, in the 
1980s, no DBA gene had been iden ti f ed, and ste roids were 
started fol low ing DBA diag no sis in all  instances, which is 
not the recommended treat ment cur rently: ste roids should 
be ini ti ated only after the f rst year of life. 1  

   1. The child, UPN#1447, at age 2.3 years with nor mal white 
and plate let cell counts, was ini tially diag nosed with 
tran sient erythroblastopenia of child hood (TEC) on the 
basis of an iso lated severe normochromic, mac ro cytic 
mean cor pus cu lar vol ume (MCV    =    91.4 fL) aregenerative 
(7.5    ×    10 9  / L retic u lo cytes) ane mia (hemo glo bin (Hb) level 
at 79   g / L) with erythroblastopenia documented on the 
bone mar row smear (1 %  of total eryth ro blasts [Eb, nor
mal 5 %   30 % ]). Bone mar row cel lu lar ity was nor mal with 
no signs of dys pla sia. Parvovirus B19 serol ogy was neg a
tive for both immu no glob u lin M and immu no glob u lin G. 
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The patient recov ered with no treat ment except for a short 
course of ste roid treat ment (for a few weeks) with no red cell 
blood trans fu sions. At the same time, increased expres sion 
of hemo glo bin F (HbF) at 9% (nor mal <2% at 6-24 months of 
age) along with a sig nif  cantly ele vated eryth ro cyte aden o
sine deam i nase (eADA) activ ity at 5.95 nmol/min/mg Hb (or 
U/g Hb) (nor mal: 1.50 ± 0.2) has been reported. UPN#1447, ini
tially diag nosed with TEC, has been fnally diag nosed with 
DBA after the iden ti f ca tion of a RPS19 gene muta tion. In ret
ro spect, the asso ci a tion of pure red blood cell hypo plas tic 
ane mia, in con junc tion with an increased per cent age of HbF 
and eADA activ ity, and response to ste roid was in accor dance 
with this diag no sis.1,2 However, it is to be noted some cli ni
cians con sider TEC to be one of the DBA phe no types with 
a low pen e trance.3 TEC and DBA should be dif fer en ti ated, 
but it is some times very dif f cult to dis crim i nate between 
the 2 phe no types as only the time course of the evo lu tion 
of ane mia can clearly dis tin guish between them (see Table 1 
for dif fer en tial diag no sis between TEC and DBA). In order to 
be cau tious, we rec om mend a molec u lar screen ing and the 
care ful fol lowup of any child with TEC or inform the par ents 
to bring back the child for fur ther eval u a tion in case of recur
rence of the ane mia (Table 2).

 2. UPN#1821 was the sec ond child of the fam ily, a girl born 2 years 
later. In con trast to UPN#1447, UPN#1821 exhibited a 2month
old, severe ane mia with a nadir of 20 g/L Hb. The ane mia was 
normochromic and mac ro cytic (high MCV of 114.8 fL), which is 
clas si cal for DBA, and with a mod est degree of regen er a tion 

(60 × 109/L retic u lo cytes). The char ac ter is tic erythroblastope
nia was noted on the bone mar row smear with only 1% of Eb. 
UPN#1821 exhibited fea tures of fetal eryth ro poi e sis with HbF 
at 18% and a large increase in eADA activ ity at 5 nmol/min/mg 
Hb. A val gus foot defor mity was noted as the only con gen i tal 
malformation. UPN#1821 received a reg u lar dose of 2 mg/kg/d 
of ste roid for a month, which allowed for trans fu sion inde pen
dency, and was sub se quently maintained on lowdose ste roid 
ther apy (0.1 mg/kg/d). However, she became later ste roid 
resis tant, and she is cur rently being reg u larly trans fused every 
3 weeks (Table 2).

 3. UPN#1822 was diag nosed with DBA at 1 month of age. Surpris
ingly at this time, the bone mar row smear did not exhibit the 
char ac ter is tic DBA erythroblastopenia with 31% of ery throid 
pre cur sors. However, a large increase in eADA activ ity of 
4 nmol/min/mg Hb was noted. Posterior hypo spa dias was no
ticed. He received an ini tial dose of ste roid at 2 mg/kg/d, and 
the dose was grad u ally decreased to 0.2 mg/kg/d, which en
abled the sta bi li za tion of the Hb level. The ste roid treat ment 
lasted for 18 years and 10 months, at which point the patient 
became ste roid inde pen dent and main tains a rea son able Hb 
level with no need for ste roids (Table 2).

 4. Finally, UPN#1213, the fourth child of this fam ily, was also a 
DBAaffected patient. He was diag nosed at 1 month and 3 
weeks of age with erythroblastopenia with 4% of Eb in the bone 
mar row. Like his sib lings, his eADA activ ity was increased to 
4.38 nmol/min/mg Hb. Hypospadias was once again noticed. 
He was treated with an ini tial dose of 2 mg/kg/d of ste roid,  

Figure 1. Family tree of the described DBA family.
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which nor mal ized the Hb level. He is now 32 years old and 
still under go ing ste roid ther apy at 10 mg per day. At the last 
fol lowup, he exhibited a mod er ate mac ro cytic (MCV at 105.9 
fL) ane mia with an Hb level at 108 g/L with 38.6 × 109/L retic u lo
cytes, in con junc tion with nor mal white blood cell and plate let 
counts (Table 2).

Clinical and bio log i cal pre sen ta tion of DBA: take-home 
mes sage 
DBA is usu ally char ac ter ized by a mod er ate to severe, mac ro cytic 
aregenerative ane mia. The other cell lin e ages are usu ally nor mal, 
but on occa sion, neutropenia, throm bo cy to pe nia, and, in some 
instances, even thrombocytosis may be noted at the time of diag no
sis. The erythroblastopenia (<5% of ery throid pre cur sors) in an oth
er wise nor mal bone mar row (no dys pla sia and nor mal cel lu lar ity) on 
the bone mar row smear or pure hypo plas tic ane mia on bone mar
row biopsy can con frm the diag no sis. Bone mar row exam i na tion is 
man da tory to avoid mis di ag no sis. Erythroblastopenia is the con se
quence of block ade in ery throid dif fer en ti a tion between the burst 
forming unit-ery throid and col ony forming unit-ery throid pro gen

i tor stages.4 The other bio log i cal fea tures include increased eADA 
activ ity, which is ele vated in 90% of the nontransfused patients with 
DBA and the per sis tence of fea tures of fetal eryth ro poi e sis (high HbF 
per cent age). They should both be mea sured at diag no sis before 
trans fu sion or at least 3 months fol low ing trans fu sion (Table 3). In 
50% of the patients with DBA, var i ous malformations are reported 
mostly in the cephalic area and the extrem i ties, with the clas si cal 
but rare triphalangeal thumbs (Table 4).1,5

Going back to the herein reported cases, the molec u lar 
screen ing of the pro band (UPN#1447) and her sis ter (UPN#1821) 
and 2 broth ers (UPN#1822 and UPN#1213) iden ti fed a het ero zy
gous 4-base pair dele tion near the donor splice site of exon 2 in 
the RPS19 gene (NM_001022.3: c.71 + 3_71 + 6del; p.?). This var i ant 
has indeed been found in the puta tive TEC case (UPN#1447), and 
it should have been enough to rule out TEC. This alle lic var i a tion 
was found in the nonanemic (Hb 121 g/L; 78.4 × 109/L retic u lo cytes) 
mother, who is con sid ered a socalled silent phe no type, another 
dis tinct fea ture of DBA. In addi tion, the mother exhibited a nor mal 
MCV (96 fL) and an ele vated eADA level (4.21 nmol/min/mg Hb). 
Silent DBA phe no type indi vid u als could be either the  par ent or 

Table 1. Differential diag no sis between DBA and tran sient TEC

Characteristic DBA TEC

Median age at diag no sis 2 months >1 year

Inheritance Sporadic (55%) or dom i nant (45%) Not inherited

Congenital anom a lies In 50% None

Pu re red blood cell aplasia (bone mar row 
biopsy) or erythroblastopenia (bone 
mar row aspi ra tion)

Yes Yes

Hb level Low Low

Reticulocyte count <20 × 109/L <20 × 109/L

MCV Usually high Normal

eADA activ ity Normal to high Normal

HbF Normal to high Normal

Al lelic var i a tion in a RP gene or another 
gene involved in DBAlike cases

70 % to 80% of the patients with 
DBA

No muta tion found

Table 2. Phenotype of the 4 patients with DBA

Characteristic UPN#1447 UPN#1821 UPN#1822 UPN#1213

Age, mo* 27.6 2 1 1.8

Hb, g/L* 79 20 NA NA

MCV, fL* 91.4 114.8 NA NA

Reticulocyte count, × 109/L* 7.5 60 NA NA

eADA, nmol/min/mg Hb* 5.95 5 4 4.38

HbF, %* 9 18 NA NA

Bone mar row 1% total Eb 1% total Eb 31 4

Congenital abnor mal i ties None Valgus foot Posterior hypo spa dias Hypospadias

Hb  at the last fol lowup, g/L 110 90 NA 108

Tr eatment at the last fol
lowup

Tr eatment inde pen dence 
(deceased)

Transfusion Treatment inde pen dence Steroid

*At pre sen ta tion.
NA, not avail  able.
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a sib ling of a DBA pro band: they are not ane mic but may exhibit 
a mac ro cy to sis, an ele vated eADA, and/or a muta tion in a ribo
somal pro tein (RP) gene. Patients with the “silent phe no type” 
have a risk of DBA com pli ca tions such as malig nan cies and may 
trans mit the dis ease as dem on strated in this fam ily: the mother 
has trans mit ted the var i ant to all 4 of her off spring, reinforcing the 
dom i nant inher i tance in this fam ily. DBA has been diag nosed in 2 
mem bers of the third gen er a tion in this fam ily. UPN#1822 expe
ri enced a fetal loss (UPN#1660) in utero at 23 weeks +3 days of 
a female nondysmorphic fetus exhibiting a severe intra uter ine 
growth retar da tion (weight: 436.5 g, which is between the 5th 
and the 10th per cen tiles; head cir cum fer ence: 18 cm, 5th per cen
tile; height [ver tex/coc cyx]: 20 cm, 50th per cen tile for 23week 
amen or rhea) with oligohydramnios but with out hydrops fetalis. 
Interestingly, the pla centa exhibited defects in the ves sels with 
ste no sis, and some villi were hypovascularized. However, no 
erythroblastopenia was noted. The same alle lic var i a tion has been 
iden ti fed in this fetus. We assume that the major growth retar
da tion in rela tion with DBA may be the ori gin of the fetal death 
in utero (Table 5). Hydrops fetalis is a fea ture of DBA, and its fre
quency is likely underestimated. Since our descrip tion of the frst 
case of spo radic fetal loss due a muta tion in the RPS19 gene,6 we 
sub se quently iden ti fed addi tional fetal cases mostly in asso ci a
tion with the RPS19 gene and also in asso ci a tion with the RPL15 
gene.7 These fnd ings rein force, as we stated ear lier,8 that major 
com pli ca tions can occur dur ing preg nancy and the impor tance of 
the fol lowup of the mother and her off spring dur ing preg nancy 
with puta tive aspi rin treat ment in order to pre vent the pla centa 
vas cu lar com pli ca tions as noted in our case.8

In addi tion to UPN#1822, UPN#1821 also had 5 off spring, 
among them twins (UPN#779, UNP#1114, UPN#1264, UPN#1573, 
UNP#1574) (Figure 1). Prenatal diag no sis was declined, and out 
of the 5 chil dren, only 1 boy was affected by DBA and car ried 
the same famil ial alle lic var i a tion in the RPS19 gene. UNP#1264 
was born at a nor mal ges ta tional time of 40 weeks with nor mal 
men su ra tion but a con junc ti val and skin pal lor, tachy car dia, and 

sys tolic heart mur mur due to ane mia at 120 g/L (nor mal value 
>140 g/L), which decreased to 75 g/L at day 18 after birth. He 
was trans fused with 70 mL of red blood cells. He has since been 
reg u larly trans fused every 3 to 4 weeks. He did not pres ent any 
con gen i tal abnor mal i ties. After 1 year as recommended, ste
roid ther apy was started, but there was no response. Chelation 
ther apy with deferasirox was started but had to be interrupted 
due to liver tox ic ity. Deferoxamine treat ment (1000 mg/d) by 
nightly infu sion over 10 hours, 5 out of 7 days, was started to 

Table 4. Malformations iden ti fied in DBA from Willig et al5

Craniofacial Hypertelorism

Broad, flat nasal bridge

Cleft pal ate

High arched pal ate

Microcephaly

Micrognathia

Microtia

Lowset ears

Low hair line

Epicanthus

Ptosis

Ophthalmologic Congenital glau coma

Strabismus

Congenital cat a ract

Neck Short neck

Webbed neck

Sprengel defor mity

KlippelFeil defor mity

Thumbs Triphalangeal

Duplex or bifd

Hypoplastic

Flat thenar emi nence

Absent radial artery

Urogenital Absent kid ney

Horseshoe kid ney

Hypospadias

Cardiac Ve ntricular sep tal 
defect

Atrial sep tal defect

Co arctation of the 
aorta

Co mplex car diac 
anom a lies

Other mus cu lo skel e tal Growth retar da tion

Syndactyly

Neuromotor Learning dif f cul ties

Table 3. Diagnosis cri te ria of DBA (from the inter na tional 
con sen sus con fer ence1)

Diagnosis cri te ria Age less than 1 year

Ma crocytic ane mia with no other sig nif  cant 
cytopenias

Reticulocytopenia

No rmal mar row cel lu lar ity with a pau city of 
ery throid pre cur sors

Su pporting 
cri te ria

 Major Gene muta tion described in “clas si cal” DBA

Positive fam ily his tory

 Minor Elevated eADA activ ity

Congenital anom a lies described in “clas si cal” DBA

Elevated HbF

No  evi dence of another inherited bone mar row 
fail ure syn drome
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man age iron over load. Stem cell trans plan ta tion was con tem
plated, and the sib lings were tested for the known famil ial alle
lic var i a tion, which was not found in any of them. Unfortunately, 
none of them was HLA iden ti cal. He is cur rently 6 years old 
and has been recently under gone trans plan ta tion with a fully 
matched unre lated donor.

DBA treat ment: take-home mes sage
DBA treat ment in 2021 still relies on either chronic blood trans fu
sions (Hb con cen tra tion to be maintained >90 g/L) with opti mal 
iron che la tion ther apy started when the fer ri tin level is >500 µg/L 
or treat ment with cor ti co ste roids.911 The cor ti co ste roids (pred
ni sone or pred nis o lone) are to be intro duced only after the frst 
year of life in order to enable the max i mal growth because short 
stat ure is part of the malformative syn drome. The cor ti co ste
roids are intro duced at a dose of 2 mg/kg/d, and their eff cacy 
is usu ally seen starting at 2 weeks fol low ing ini ti a tion of ther
apy, reflected by increased retic u lo cyte count and Hb level. If 
there is no response to ste roid ther apy after 1 month, there is no 
rea son to con tinue this ther apy. In case of eff cacy, the cor ti co
ste roid should be grad u ally decreased to a min i mum dose that 
can main tain the Hb level above 90 g/L. The max i mal con tin u
ous cor ti co ste roid dose must be <0.3 mg/kg/d (<0.5 mg/kg/d 
in the countries where access to trans fu sions is dif f cult or dan
ger ous). In case of corticoresistance or corticodependence (>0.3 
[or >0.5 mg/kg/d]), trans fu sions with iron che la tion are cur rently 
the only alter na tive option of treat ment,911 and hema to poi etic 
stem cell trans plan ta tion (HSCT) is indi cated fol low ing the avail
abil ity of either an HLAiden ti cal sib ling in whom DBA or the 
silent phe no type has been excluded1215 or with a fully matched 
(10/10) unre lated donor.14,16 HSCT should be performed ide ally 
before the age of 5 years and cer tainly <10 years to avoid HSCT 
com pli ca tions. HSCT is also indi cated in patients with clonal 
evo lu tion.1215 An alter na tive source of hema to poi etic stem cells 
should be con sid ered as exper i men tal approaches but may be 
indi cated for patients with clonal evo lu tion. HSCT cures ane mia 
and pre vents the risk of myelodysplastic syn drome (MDS) and 
leu ke mia, but patients with DBA still need to be care fully mon i
tored for the risk of posttransplant solid tumors.17

Last, leu cine has been found to be effec tive in small num ber 
of patients with DBA.18 New ther a peu tic options such as gene 

ther apy are prob a bly the most prom is ing option,19,20 along with 
other targeted ther a pies.21 Recently, some inno va tive ther a pies 
have been pro posed such as cal mod u lin inhib i tors16 and met
formin,22 and it is likely that other new ther a peu tic options will 
emerge from trans la tional research (trial NCT03966053 with tri
fluo per a zine).2326

Genetics in DBA: take-home mes sage
An alle lic var i a tion, always in a het ero zy gous state in a RP, is found 
in approx i ma tely 70% to 80% of the DBAaffected cases.2730 
Mutations in 20 RP genes have been iden ti fed (Figure 2). The 
most fre quently mutated gene and the one iden ti fed in our 
clin i cal case is the RPS19 gene, which accounts for 25% of DBA 
cases glob ally.31 Large dele tions in these RP genes have been 
found in approx i ma tely 20% of the DBA cases, mostly in RPS17, 
RPL35a, and RPS19 genes.32 Thus, at least 70% of the patients 
with DBA carry an alle lic var i a tion, includ ing a large dele tion in 
only 8 RP genes, namely, RPS19, RPL5, RPS26, RPL11, RPL35a, 
RPS10, RPS24, and RPS17 (Figure 2). Multiple path o genic RP 
muta tions in a patient with DBA have not been reported to 
date. Phenotypic/geno typic cor re la tion is not read ily evi
dent, although it is well established that patients with DBA 
car ry ing a RPS19 gene muta tion exhibit less malformation 
com pared with oth ers but appear to exhibit a more severe 
hema to logic phe no type and are fre quently man aged by a 
trans fu sion pro gram.33 Neutropenia is more fre quently asso
ci ated with RPL35a,34 car diac anom a lies with RPS24,35 cleft 
pal ate with RPL5, and thumbs anom a lies with RPL1136 gene 
muta tions. Other RP genes have been found to be mutated 
in small sub sets of DBAaffected patients, each affect ing <1% 
of DBA cohorts (Figure 2). A muta tion in a RP gene involved in 
DBA is asso ci ated with defec tive ribo somal RNA (rRNA) mat
u ra tion, which is con sid ered the sig na ture fea ture of the DBA 
dis ease, and its doc u men ta tion con frms the path o ge nic ity of 
alle lic var i a tion of unknown sig nif  cance. DBAlike dis ease is 
respon si ble for ane mia with erythroblastopenia and a cer tain 
degree of ste roid response but with the absence of a defect in 
rRNA mat u ra tion. These DBAlike dis eases are related to EPO37 
and GATA-138,39 gene muta tions. The DBA and DBAlike dis eases 
con sti tute the DBA syn drome. Despite erythroblastopenia and 
a cer tain degree of ste roid response, ADA2 def ciency related 

Table 5. Mode of DBA rev e la tion take-home mes sage

Median age at 2 months; neo na tes (16% of the cases); hydrops fetalis

Aregenerative usu ally mac ro cytic ane mia

Erythroblastopenia in an oth er wise normocellular bone mar row

Malformations in par tic u lar cleft pal ate, thumbs anom a lies, heart and uro gen i tal tract anom a lies

Short stat ure, includ ing intra uter ine growth retar da tion

eADA ele va tion

Fetal eryth ro poi e sis fea tures (ele vated HbF per cent age after 6 months)

Complications of preg nancy

Malignancies

Very rarely aplastic ane mia
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to CECR1 or ADA2 gene muta tions is not con sid ered to belong 
to DBA syn drome (Figure 2).30,40,41

The DBA fam ily we described has been affected by malig nan
cies. The mother, who rep re sents a DBA silent phe no type, was 
diag nosed with breast can cer that was rap idly fatal. The oldest 
off spring, UNP#1447, car ry ing the famil ial RPS19 alle lic var i a tion but 
never need ing any treat ment, was diag nosed at age 36 years with 
a rec tal ade no car ci noma and passed away fol low ing 16 months 
of treat ment. These obser va tions point to the fact that iden ti fy
ing patients with DBA (and not misdiagnosing them with TEC) is 
impor tant and that the socalled silent DBA phe no types should 
be con sid ered in patients with DBA in their fol lowup, par tic u larly 
for the risk of malig nan cies. A recent study established a risk of 
5% for malig nan cies in nontransplanted patients with DBA in the 
National Cancer Institute cohort17 and in the Amer i can DBA reg is
try42,43 with an observed/expected ratio of 4.8 for any malig nancy, 
44.7 for colon car ci noma, 9.4 for lung can cer, 42.4 for oste o genic 
sar coma, 352 for MDS, and 28.8 for acute mye loid leu ke mia.42,43 
However, com pared with the other inherited bone mar row fail
ure syn dromes, the observed/expected ratio is lower for DBA.17 
To date, there are no guide lines for MDS/acute mye loid leu ke mia 
and solid tumor screen ing, except recent pre lim i nary rec om men
da tions on colo rec tal car ci noma,44 but this may be warranted and 
is cur rently being discussed among DBA coop er a tive groups.

In con clu sion, DBA is a fas ci nat ing and com plex ery throid 
dis or der, as illus trated from the study of the DBA fam ily we 

described. Progress is being made in our under stand ing of the 
molec u lar basis for DBA, path o phys i  ol ogy of the dis ease, and 
devel op ing and pur su ing new ther a peu tic options. We antic i
pate that these advances will enable bet ter clin i cal man age ment 
of the patients with DBA in the com ing years.
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