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NEUTROPENIA: DOING MORE WITH LESS

     Diagnosis and ther a peu tic deci sion - mak ing 
for the neutropenic patient 
     James A.   Connelly  1  and  Kelly   Walkovich  2
1 Department of Pediatrics, Vanderbilt University Medical Center, Nashville, TN; and  2 Department of Pediatrics, University of Michigan, Ann Arbor, MI 

   Determining the cause of a low neu tro phil count in a pedi at ric or adult patient is essen tial for the hema tol o gist ’ s clin i-
cal deci sion - making. Fundamental to this diag nos tic pro cess is establishing the pres ence or lack of a mature neu tro phil 
stor age pool, as absence places the patient at higher risk for infec tion and the need for sup port ive care mea sures. Many 
diag nos tic tests, eg, a periph eral blood smear and bone mar row biopsy, remain impor tant tools, but greater under stand-
ing of the diver sity of neutropenic dis or ders has added new empha sis on eval u at ing for immune dis or ders and genetic 
test ing. In this arti cle, a struc ture is pro vided to assess patients based on the mech a nism of neutropenia and to pri or i tize 
test ing based on patient age and hypoth e sized path o phys i  ol ogy. Common med i cal quan da ries includ ing fever man age-
ment, need for growth fac tor sup port, risk of malig nant trans for ma tion, and cura tive options in con gen i tal neutropenia 
are reviewed to guide med i cal deci sion - mak ing in neutropenic patients.  

  LEARNING OBJECTIVES 
   •    Recognize the different pathophysiologic mechanisms of neutropenia 
  •    Evaluate the cause of neutropenia 
  •   Assess the infectious and malignancy risk in neutropenia patients  
  •    Provide directed therapy and supportive care to neutropenia patients    

 Introduction 
   Neutropenia, defi ned as an abso lute neu tro phil count (ANC) 
 < 1500 /  µ L after the fi rst year of life, is a com mon abnor mal-
ity confronting the hema tol o gist. Establishing the cor rect 
diag no sis and dif fer en ti at ing benign vs severe path o logic 
mech a nisms of neutropenia are crit i cal to inform med i cal 
deci sion - mak ing regard ing infec tious risk, the util ity of sup-
port ive care mea sures, the pos si bil ity of malig nant trans-
for ma tion, and cura tive approaches. This arti cle pro vi des 
a diag nos tic algo rithm for eval u a tion of the pedi at ric and 
adult neutropenic patient followed by evi dence - based 
approaches, where avail  able, or expert con sen sus rec om-
men da tions on the man age ment of med i cal com pli ca tions. 
Additionally, the com plex ity inher ent to diag nos ing and 
man ag ing neutropenia is illus trated via a patient case. 

 CLINICAL CASE 
  A 16 - year - old gen er ally healthy Afri can Amer i can ado les-
cent boy is referred for an ANC of 1200 /  µ L inci den tally iden-
ti fi ed on labs obtained as part of a sports - related phys i cal. 
He has no his tory of recent, recur rent, or unusual infec tions 

and no com plaints concerning for an under ly ing rheuma-
tologic con di tion or malig nancy. He takes no med i ca tions 
and denies rec re a tional drug use. His mother denies any 
fam ily his tory of malig nancy, bone mar row fail ure (BMF) 
syn dromes, or immu no de fi  ciency from the mater nal side 
of the fam ily. His height is in the 10th per cen tile; weight is 
in the 10th per cen tile. The phys i cal exam is unre mark able, 
includ ing a detailed oral, skel e tal, and skin assess ment. 
A review of his periph eral smear is con sis tent with mild neu-
tropenia; neu tro phils are nor mal in mor pho logic appear-
ance. Hemoglobin level, plate let counts, mean cor pus cu lar 
vol ume, and the remain der of dif fer en tial are unre mark able. 
A repeat com plete blood count (CBC) obtained within 
1 month of the refer ral redemonstrates an ANC of 1100 /  µ L. 
The patient remains in excel lent health and as such is coun-
seled that his ANC result is most likely sec ond ary to the 
absence of the Duffy anti gen, a phe no type most often seen 
in indi vid u als of Afri can, Carib bean, Middle Eastern, and / or 
West Indian descent. 1  Return instruc tions are pro vided. 

Author com men tary:  This ado les cent is healthy, with an 
inci den tal fi nd ing of neutropenia dur ing a well - child exam i-
na tion. There are no other CBC abnor mal i ties, and the ANC 
is sta ble on repeat exam i na tion. There are no concerning 
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find ings on his tory or phys i cal exam to sus pect a con gen i tal 
disorder or under ly ing malig nancy that would impair  neu tro phil 
pro duc tion dur ing this ini tial visit. Individuals with Duffy-null 
(Fy[a−b−]) sta tus have a lower neu tro phil count but are at no 
increased risk of infec tions and should not be labeled as neu-
tropenic. Providing edu ca tion for concerning signs and symp-
toms of an evolv ing mar row pro cess with return instruc tions is 
an appro pri ate action.

Neutropenia clas si fi ca tion by path o phys i  ol ogy
Classically, the degree of neutropenia is subdivided into mild 
(ANC of 1000-1499/µL), mod er ate (ANC of 500-999/µL), or 
severe (ANC <500/µL), with the term “agran u lo cy to sis” reserved 
for patients with an ANC <200/µL and an absence of neu tro phil 
pre cur sors on bone mar row exam i na tion. This clas si fi ca tion sys-
tem is applied to noninfants only because neo na tes have an ele-
vated ANC dur ing the first 2 weeks of life followed by a lower 
ANC limit of 1000/µL until 1 year of age. Although this orga ni za-
tion is instruc tive for indi vid u als with a decreased capac ity for 
neu tro phil pro duc tion, in which the risk for infec tion increases 
as the ANC falls below 1000/µL and the dura tion of neutropenia 
length ens, it is not as valu able for predicting infec tious risk for 
other mech a nisms of neutropenia. It also fails to rec og nize the 
eth nic dif fer ences in the ANC sec ond ary to Duffy-null sta tus that 
fre quently result in an ANC <1500/µL.1

An alter na tive approach is to clas sify neutropenia by the 
path o phys i  ol ogy driv ing the decreased periph eral blood ANC.2 
The advan tage of this clas si fi ca tion sys tem is that it pro vi des a 
frame work to inter pret the periph eral blood ANC in the con text 
of diag nos tic inves ti ga tions such as a bone mar row  exam i na tion 
and pro vi des insights into man age ment. Central to this approach 
is appre ci at ing whether the neutropenic patient has a decreased 
or nor mal bone mar row reserve because cir cu lat ing neu tro phils 
account for only 3% to 5% of the total body neu tro phil count and 
there fore may not reflect the abil ity to mobi lize mye loid cells in 
response to exter nal threats.

Patients may have hin dered pro lif er a tion and/or  mat u ra tion of 
their neu tro phils from intrin sic defects or extrin sic fac tors result-
ing in decreased mar row reserves. Intrinsic defects in myelopoi-
esis stem from germline path o genic var i ants, eg, ELANE-related 
neutropenia, or somatic genetic alter ations, eg, acquired myel-
odysplastic syn drome (MDS), that have a neg a tive impact on the 
effi ciency or devel op ment of mye loid pro gen i tors into func tional 
poly mor pho nu clear neu tro phils. These patients are at high risk for 
infec tion with out sup port ive and/or defin i tive care and may have 
a risk of pro gres sion to MDS and acute mye loid leu ke mia (AML).

In con trast, patients with extrin sic lim i ta tions on myelopoi-
esis have exter nal pres sures that inhibit an oth er wise nor mal 
bone mar row from ade quately pro duc ing neu tro phils either 
through injury to or phys i cal obscu ra tion of the mar row niche, 
eg,  neu ro blas toma or fibro sis or nutri tional deficiencies. These 
patients are also at increased risk of infec tion; how ever, many 
of the exter nal pres sures are treat able with prompt rec og ni tion.

Patients with a nor mal mar row reserve can have neutropenia 
through 3 dif fer ent mech a nisms: inef fec tive traf fick ing, immune-
medi ated destruc tion, or increased con sump tion. For patients 
with inef fec tive traf fick ing, neu tro phils mature appro pri ately but 
are either unable to egress from the mar row, eg, due to defects 
in the CXCL12/CXCR4 axis, as in warts, hypogammaglobulinemia, 
infec tions, myelokathexis (WHIM) syn drome, or are stored inef-

fi ciently, as seen in inap pro pri ate seques tra tion of neu tro phils 
within the mar gin ated splenic pool in hypersplenism.3 Immune-
medi ated destruc tion is com mon after infec tions or drug insults, 
can be driven by T- and B-cell auto im mu nity (eg, pri mary auto-
im mune neutropenia) as well as innate immune cell  inflam ma tory 
cyto kine pro duc tion (eg, chronic idi o pathic neutropenia), or 
may man i fest sec ond ary to broader immune syn dromes (eg, 
sec ond ary auto im mune neutropenia).4 Increased con sump tion is 
typ i cally driven by height ened demand dur ing infec tions.

Differential diag no sis and eval u a tion of neutropenia
Most patients presenting for eval u a tion of neutropenia will have 
benign causes. The most likely eti  ol o gies are pri mar ily driven by 
age (Table 1), high light ing the impor tance of an age-focused his-
tory. For neo na tes, it is impor tant to assess the mater nal health 
with regard to any mater nal hyper ten sion/pre eclamp sia asso-
ci ated with restricted pla cen tal blood flow and sub se quent 
reduced neo na tal bone mar row pro duc tion as well as known 
auto im mu nity,5 eg, sys temic lupus erythematosus or prior preg-
nan cies com pli cated by known antineutrophil immu no glob u lin 
G (IgG) antibodies that may cross the pla centa and result in allo-
immune or isoimmune neutropenia. Significant com pli ca tions at 
deliv ery, eg, the prolonged rup ture of mem branes with chorio-
amnionitis or neo na tal sep sis, can exhaust neu tro phil supplies, 
resulting in prolonged neutropenia. Additionally, pre ma ture 
infants are more likely to have neutropenia as the pro duc tion of 
neu tro phils occurs pri mar ily dur ing the third tri mes ter.6

For infants and chil dren with benign eti  ol o gies, includ ing pri-
mary auto im mune neutropenia due to the devel op ment of anti-
neutrophil autoantibodies, symp toms are usu ally lacking, and 
the dis cov ery of neutropenia is inci den tal. Additional ques tions 
to screen for more concerning or revers ible eti  ol o gies of neu-
tropenia include detailing the pres ence or absence of recur rent 
fevers, oral ulcers, gin gi vi tis, den tal infec tions, recur rent or deep-
seated pyo genic infec tions, coli tis, and nutri tional deficiencies 
sec ond ary to restric tive diets (eg, veg an ism or extended total 
par en teral nutri tion use) or mal ab sorp tion. Care should be taken 
to assess for recent infec tion as tran sient postinfectious neutro-
penia is com mon. The med i ca tion his tory should be reviewed for 
com monly offending agents used in chil dren, eg, anti ep i lep tics 
and anti bi ot ics, as with drawal, close mon i tor ing, or tran si tion to 
an alter nate agent may be indi cated.

Further fea tures ele vat ing con cern for an under ly ing inborn 
error of immu nity,7 such as a per sonal or fam ily his tory of pan cre-
atic insuf fi ciency, malig nancy (espe cially mye loid and lym phoid), 
early edentulism or abnor mal teeth, early graying, liver or lung 
fibro sis, myco bac te rial infec tions, warts, lymphedema, non ma-
lig nant lymphoproliferation, vas cu li tis/stroke, auto im mu nity, or 
child hood death from infec tion should be solicited because 
many con gen i tal neutropenias or syn dromes inclu sive of neutro-
penia pres ent in the first years of life but may have an incom plete 
spec trum of symp toms.

For ado les cents and young adults, a his tory sim i lar to infants 
and chil dren should be obtained with addi tional screen ing ques-
tions related to rheumatologic dis or ders since the inci dence of 
sec ond ary auto im mune neutropenia increases with age. Addi-
tional his tory ques tions aimed at assessing risk for eat ing dis-
or ders, eg, anorexia nervosa, or rec re a tional drug use should 
be com pleted. Neutropenia sec ond ary to the use of cocaine 
adul ter ated with levamisole is documented,8 as are cases of 
aplastic ane mia sec ond ary to ecstasy (3,4-methylenedioxymeth-
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amphetamine) and inhal ing glue.9,10 Alcoholism can also result 
in neutropenia from impaired granulopoiesis.11 Many of the BMF 
syn dromes pres ent with clin i cally sig nifi  cant cytopenias in the 
sec ond and third decades of life, so like youn ger chil dren, a full 
his tory should be obtained to screen for under ly ing eti  ol o gies 
that may have been pre vi ously qui es cent.

For adults, acquired eti  ol o gies, par tic u larly drug expo sures, 
remain the most likely eti  ol ogy, and thus a care ful review of 
the patient’s med i ca tion expo sures is crit i cal. Nutritional defi-
ciencies are also com mon, eg, cop per defi ciency sec ond ary 
to gas tric bypass.12 Relative to pedi at ric patients, both auto-
im mu nity and malig nancy are more likely in adults, so focused 
ques tions regard ing arthral gias, arthri tis, rashes, fatigue, unex-
plained fevers, bone pain, weight loss, and night sweats should 
be included in the his tory.

The phys i cal exam eval u a tion for all  patients should focus 
on the oral cav ity to assess for aphthous ulcers, gin gi vi tis, and 
den tal abnor mal i ties sig nal ing clin i cally sig nifi  cant neutropenia 
as well as on the assess ment of height, skel e tal abnor mal i ties, 
skin changes (eg, albi nism, malar rash, vit i ligo, cuta ne ous vas-
cu li tis, fol lic u li tis, warts, eczema), nail anom a lies, lymph ade nop-
a thy, and hepatosplenomegaly, which are poten tial clues to an 
under ly ing eti  ol ogy.

Diagnostically, all  patients ben e fit from a CBC and dif fer en tial, 
a mea sure ment of liver and renal func tion, and a direct review 
of the periph eral blood smear to ensure a lack of pseudoneutro-
penia due to in vitro leu ko cyte aggre ga tion (due to ethylenedi-
aminetetraacetic acid or cold agglu ti nins). The remain der of the 
diag nos tic eval u a tion should be tai lored to both the age and pre-
senting clin i cal fea tures of the patient (Table 2). An impor tant fac-
tor in deter min ing risk of infec tion in patients with a low periph eral 
ANC is the pres ence or absence of a bone mar row reserve pool of 
mature mye loid cells. Although a bone mar row biopsy can pro vide 
this infor ma tion, it usu ally is not indi cated in the ini tial eval u a tion if 
the his tory and phys i cal are nonconcerning for bone mar row dys-
func tion. Alternative meth ods to assess for a bone mar row reserve 
include documenting a rise in the ANC either dur ing an infec tious 
epi sode, although fail ure to increase the ANC may be a false-neg-
a tive in the set ting of a viral infec tion, or through a granulocyte 
col ony-stim u lat ing fac tor (G-CSF) stim u la tion test in which an ANC 
is mea sured before and 4 to 6 hours after a sin gle dose.

For neo na tes, screen ing for mater nal IgG antineutrophil anti-
bodies may assist in secur ing a diag no sis of alloimmune or 
isoimmune neutropenia. For infants and chil dren, antineutro-
phil antibodies can be assessed to lend sup port to a suspected 
diag no sis of auto im mune neutropenia of infancy; how ever, the 

Table 1. Etiologies of neutropenia by mech a nism and age

Neonates Infants/chil dren Adolescents and young adults Adults

Decreased bone mar row reserve
Intrinsic defects in 

myelopoiesis
-  Inborn errors of 

myelopoiesis (eg, ELANE-
related neutropenia)

-  Inborn errors of 
myelopoiesis (eg, SDS, 
ELANE-related neutropenia, 
GATA2 haploinsufficiency)

-  Inborn errors of myelopoiesis 
(eg, GATA2 haploinsufficiency, 
BMF syn dromes)

- Acquired MDS
-  Inborn errors of 

myelopoiesis (eg, GATA2 
haploinsufficiency)

Extrinsic lim i ta tions on 
myelopoiesis

- Maternal hyper ten sion
- Prematurity
- Viral infec tion
-  Infiltration of the mar row 

space (eg, neu ro blas toma, 
osteopetrosis)

- Viral infec tion
- Nutritional deficiencies
- Medications
-  Infiltration of the mar row 

space (eg, acute leu ke mia)

- Viral infec tion
- Medications
- Idiopathic aplastic ane mia
-  Nutritional deficiencies (eg, 

anorexia nervosa)
- Drug abuse
- Alcoholism

- Medications
- Viral infec tion
-  Nutritional deficiencies (eg, 

vita min B12 defi ciency, cop-
per defi ciency)

-  Idiopathic aplastic ane mia
-  Infiltration of the mar row 

space (eg, T-LGL, fibro sis, 
mye loma)

-  Thymoma with pure WBC 
aplasia

- Drug abuse
- Alcoholism

Normal bone mar row reserve
Ineffective traf fick ing -  Inborn errors of immu nity 

(eg, WHIM syn drome)
-  Inborn errors of immu nity 

(eg, WHIM syn drome)
-  Inborn errors of immu nity (eg, 

WHIM syn drome)
- Hypersplenism

- Hypersplenism

Immune-medi ated  
destruc tion

-  Postinfectious anti body-
medi ated neutropenia

- Isoimmune neutropenia
- Alloimmune neutropenia

-  Postinfectious anti body-
medi ated neutropenia

-  Autoimmune neutropenia 
of infancy

-  Drug-related anti body-
medi ated neutropenia

-  Postinfectious anti body- 
medi ated neutropenia

-  Drug-related anti body- 
medi ated neutropenia

-  Primary auto im mune 
neutropenia

-  Autoimmune neutropenia 
asso ci ated with inborn errors 
of immu nity

-  Drug-related anti body-
medi ated neutropenia

-  Postinfectious anti body-
medi ated neutropenia

-  Autoimmune neutropenia 
asso ci ated with auto im mune 
dis or ders

-  Primary auto im mune 
neutropenia

-  Cytokine-induced apo pto-
sis (eg, chronic idi o pathic 
neutropenia)

Increased con sump tion - Neonatal sep sis - Bacterial infec tion - Bacterial infec tion - Bacterial infec tion

WBC, white blood cell.
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absence of such antibodies does not pre clude the  diag no sis.  
If an anti body is not detected, though, the neutropenia is 
often referred to as chronic idi o pathic neutropenia of child-
hood.13 Additionally, pos i tive antineutrophil antibodies do not 
guar an tee the absence of other eti  ol o gies, includ ing severe con-
gen i tal neutropenia (SCN).14 Secondary to con cerns regard ing the 
poor sen si tiv ity and spec i fic ity of avail  able assays, the mea sure-
ment of antineutrophil antibodies is not uni formly prac ticed by 
hema tol o gists. Test per for mance can be improved by includ ing 
both the granulocyte immu no flu o res cence test and the granulo-
cyte agglu ti na tion test and by repeat ing the assay.15

Depending on the solicited his tory, screen ing for pan cre-
atic insuf fi ciency with isoamylase, fecal elas tase, and a pan cre-
atic ultra sound and/or skel e tal imag ing may be use ful because 
many patients with Shwachman-Diamond syn drome (SDS) have 
clin i cally sub tle pan cre atic or skel e tal defects.16 Other screen ing 
tests for BMF, eg, telo mere length (short telo mere syn dromes), 
chro mo somal break age (Fanconi ane mia), or ADA2 enzyme 
activ ity (a defi ciency of ADA2), may be appro pri ate. Similarly, 
screen ing for under ly ing immune defi ciency with quan ti ta tive 
Igs and enu mer a tion of lym pho cyte sub sets and func tion or for 
auto im mune dis ease with an anti nu clear anti body (ANA) may be 
of value. Evaluation with folate, vita min B12, and cop per is rec-
ommended in all  older adult patients with suspected nutri tional 
deficiencies.

For adults, ANA, rheu ma toid fac tor, eryth ro cyte sed i men ta-
tion rate (ESR), and C-reac tive pro tein (CRP) tests are valu able to 
screen for auto im mune dis ease. Screening for HIV and for T-cell 
large gran u lar lym pho cyte leu ke mia (T-LGL) is recommended 
even in patients with out lym pho cy to sis or a his tory of auto im-
mune dis ease.17 Depending on the his tory, addi tional tests such 
as a serum pro tein elec tro pho re sis or imag ing may be warranted.

Regardless of age, if a sat is fac tory eti  ol ogy of the neutropenia 
is not deter mined or other key phys i cal anom a lies or his tory ele-
ments prompt con cern for an under ly ing dis or der, then a bone 
mar row aspi rate and biopsy to assess myelopoiesis and evi dence 
of clonal evo lu tion is warranted. Additionally, given the increased 

rec og ni tion of neutropenia with inborn errors of hema to poi e sis 
and immu nity and lim i ta tions in the clin i cal clas si fi ca tion of dis-
ease,18 genetic sequenc ing is increas ingly being uti lized to secure 
a molec u lar diag no sis.19 Confirmation of a genetic diag no sis is 
valu able because it facil i tates bio log i cally ratio nal and per son-
ally tai lored prog nos ti ca tion, sup port ive care, and ther apy. For 
patients with neutropenia, it can offer spe cific insights into the 
util ity of G-CSF and the risk of trans for ma tion to malig nan cies 
and inform deci sions related to donor selec tion and con di tion-
ing reg i mens for hema to poi etic stem cell trans plant (HSCT). In 
some cases, par tic u larly in patients with neutropenia as part of 
an inborn error of immu nity, the genetic diag no sis may iden tify 
an exploit able molec u lar path way that is amenable to targeted 
ther apy. For fur ther infor ma tion on the inter sec tion between neu-
tropenia and inborn errors of immu nity, the read ers are directed 
to the accom pa ny ing arti cle “Understanding Neutropenia Sec-
ondary to Intrinsic or Iatrogenic Immune Dysregulation” by Dr. 
Walkovich. Patients with suspected benign causes of neutrope-
nia should have repeat CBCs every few months to mon i tor for 
res o lu tion of neutropenia. If the neutropenia does not resolve 
in an expected time frame based on the suspected mech a nism, 
reassessment is warranted. This may include repeat genetic test-
ing if the ini tial test ing was conducted more than 2 years ear lier 
to account for newly dis cov ered inborn errors of hema to poi e sis 
and immu nity.

CLINICAL CASE (Con tin ued)
Four years later at age 20, the patient returns prior to a planned 
sur gi cal pro ce dure to remove his wis dom teeth and is con-
cerned his neutropenia may place him at risk of infec tion. He is 
clin i cally doing well, but a CBC is nota ble for an ANC of 1000/µL 
and a plate let count of 90 000/µL. Given the new throm bo cy-
to pe nia, a bone mar row biopsy is performed that dem on strates 
hypocellularity (50%) and mild mye loid and mega kar yo cyte dys-
pla sia. Karyotyping reveals a small del(20q) clone but no abnor-

Table 2. Laboratory eval u a tion of neutropenia by age

Neonates Infants/chil dren Adolescents and young adults Adults

Recommended for all  patients
CBC with dif fer en tial
Liver and renal func tion
Peripheral blood smear

CBC with dif fer en tial
Liver and renal func tion
Peripheral blood smear

CBC with dif fer en tial
Liver and renal func tion
Peripheral blood smear

CBC with dif fer en tial
Liver and renal func tion
Peripheral blood smear
HIV anti body screen ing
T-LGL flow cytom e try

To be con sid ered based on patient-spe cific his tory
Maternal antineutrophil antibodies Antineutrophil antibodies

Vitamin B12, folate, 
cop per

Amylase iso en zymes
Fecal elas tase
Telomere length
Chromosomal break age
ADA2 enzyme activity
IgG/A/M/E
T/B/NK sub sets

Vitamin B12, folate, cop per
HIV
Urine drug screen
Amylase iso en zymes
Fecal elas tase
Telomere length
Chromosomal break age
ADA2 enzyme activity
ANA, ESR, CRP
IgG/A/M/E
T/B/NK sub sets

Vitamin B12, folate, cop per
Urine drug screen
ANA, rheu ma toid fac tor
ESR, CRP
Amylase iso en zymes
Fecal elas tase
Telomere length
Chromosomal break age
ADA2 enzyme activity
IgG/A/M/E
T/B/NK sub sets

T/B/NK, T cell/B cell/nat u ral killer cell.
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mal blast pop u la tion by flow cytom e try. The com pre hen sive 
mar row report men tions the pos si bil ity of SDS, but there is no 
his tory of diar rhea, and an inherited neutropenia next-gen er a-
tion sequenc ing (NGS) panel is neg a tive for path o genic var i-
ants. Given the lack of mor pho log i cal evi dence of MDS or AML, 
it is recommended that the patient be followed closely with 
monthly CBCs and a repeat bone mar row in 3 months.

Author com men tary: Unlike his first visit, there are sev-
eral fea tures dur ing this eval u a tion concerning for a con gen i-
tal neutropenia dis or der. His mar row aspi ra tion dem on strated 
hypocellularity and cel lu lar dys cra sias, and his cyto ge net ics 
iden ti fied a com mon and likely benign clonal hema to poi e-
sis seen in SDS. The phy si cian rec og nized the asso ci a tion of 
del(20q) with SDS but assumed that a lack of ste at or rhea and a 
neg a tive NGS panel was suf fi cient to rule out SDS. However, the 
clas sic pre sen ta tion of diar rhea and neutropenia is only seen 
in approx i ma tely 50% of SDS patients.15 It is also impor tant to 
review the genes pres ent in NGS pan els to ascer tain whether 
they incor po rate suspected genes of inter est. SBDS may not 
be included on some NGS pan els sec ond ary to the pres ence 
of a pseudogene (SBDSP1), requir ing high-qual ity map ping and 
infor mat ics or other approaches, such as Sanger sequenc ing, 
for dif fer en ti a tion. Additional genes (EFL1, DNAJC21, SRP54) 
have recently been dis cov ered to be asso ci ated with SDS and 
may not yet have been added to some pan els. A high sus pi cion 
of SDS should prompt other screens to detect pan cre atic exo-
crine insuf fi ciency, includ ing serum pan cre atic isoamylase level 
and fecal elas tase tests, and an abdom i nal ultra sound to eval-
u ate for pan cre atic atro phy/fatty replace ment. The phy si cian 
should have ordered these tests to help deter mine a clin i cal 
diag no sis of SDS. The patient’s mar row find ings are com mon 
for SDS, but as the diag no sis is still unknown in this patient, 
close fol low-up as pre scribed by the phy si cian is appro pri ate.

Therapeutic deci sion-mak ing for the neutropenic patient
Following iden ti fi ca tion of the neutropenic patient and eval u a-
tion for an under ly ing cause, chal lenges arise regard ing treat-
ment deci sions, mon i tor ing for infec tion and/or MDS and AML, 
and, for some dis or ders, con sid er ation of cura tive options, eg, 
HSCT. Unfortunately, for many neutropenic dis or ders and com-
pli ca tions the evi dence to sup port med i cal deci sion-mak ing is 
lacking or reli ant on expe ri ence gained in onco logic neutrope-
nic patients. The devel op ment of neutropenia reg is tries such as 
the Severe Chronic Neutropenia International Registry (SCNIR) 
and the Shwachman-Diamond Syndrome Registry has pro vided 
impactful data to close this infor ma tion gap, but much guid ance 
on clin i cal deci sion-mak ing still depends on expert and con sen-
sus opin ion. Knowing this lim i ta tion in the field, the fol low ing 
dis cus sion on treating the neutropenic patient is based on evi-
dence where avail  able but also observes stan dard treat ment 
prac tices in which expert con sen sus has been achieved and 
areas of ongo ing man age ment debate among hema tol o gists.

Management of fever
Historically, fevers have been treated aggres sively, even in well- 
looking patients, over con cerns that signs of inflam ma tion may 
be dimin ished with out infil trat ing neu tro phils and that the risk of 
not treating an occult bac ter emia will lead to poor out comes. 
However, fre quent hos pi tal admis sions and anti bi otic use may 

lead to harm ful con se quences, includ ing aller gic reac tions, an 
increase in bac te rial resis tance to anti bi ot ics, hos pi tal-acquired 
infec tions, large costs to the health care sys tem, and a decreased 
qual ity of life for patients with chronic neutropenia. This care-
ful bal ance must be weighed for each neutropenic patient who 
pres ents with fever, and the approach will dif fer if the patient 
is a known neutropenic patient or pres ents with newly iden ti-
fied neutropenia in the con text of fever. Additional fac tors such 
as the pos si bil ity of neu tro phil dys func tion, the dura tion of the 
neutropenia, the sta tus of vac ci na tions, the pres ence of a cen-
tral venous cath e ter, and any con cur rent immune defects related 
to the under ly ing dis or der or immu no sup pres sive med i ca tions 
must also be con sid ered in deter min ing the risk of bac ter emia in 
the neutropenic patient.

Fever man age ment in the newly diag nosed neutropenic 
 patient
The iden ti fi ca tion of iso lated neutropenia in a pre vi ously healthy 
patient presenting with fever is chal leng ing, as the abil ity to 
mount neu tro phil immu nity to lower the risk of bac ter emia is 
likely unknown. Several stud ies have exam ined the risk of severe 
bac te rial infec tion (SBI) in pre vi ously healthy chil dren who pres-
ent with fever and neutropenia, and the major ity have dem on-
strated these patients to be at low risk, with a sim i lar prev a lence 
of bac te rial blood and uri nary tract infec tions (UTIs) as nonneu-
tropenic patients presenting with fever.20 The larg est study, 
conducted at the Bos ton Children’s Emergency Department, 
US, eval u ated the out comes of 1888 pedi at ric patients who pre-
sented for eval u a tion of unsus pected and iso lated neutropenia.21 
For febrile infants <3 months of age, the SBI rate was 6.2%, which 
was sim i lar to the SBI rate of 7% reported in a prior study of non-
neutropenic infants.22 SBI was very rare in chil dren over 3 months 
of age (2.0%; 1 bac ter emia, 15 UTIs, 0 men in gi tis), with the sin-
gle case of bac ter emia presenting with obvi ous clin i cal signs of 
sep tic shock in a 9-month-old with Streptococcus pneumoniae. 
A study in Barcelona, Spain, eval u ated 190 well-appearing febrile 
and unsus pected neutropenia patients and dem on strated an 
SBI in 4 patients (2.1%; 2 UTIs, 2 pneu mo nias), but 101 patients 
(53.2%) were admit ted, and 48 (47.5%) received broad-spec trum 
anti bi ot ics.23 A case con trol study com pared pedi at ric patients 
>3 months of age who presented with fever and unsus pected 
neutropenia with an age-matched con trol group with out neutro-
penia. SBIs were iden ti fied at a higher rate in the con trol group 
(19 vs 6 patients), which may be explained by the asso ci a tion of 
viral infec tions with fever and neutropenia (Assaf Harofeh Medi-
cal Center, Israel).24 Two addi tional stud ies dem on strated sim i lar 
low SBI rates in only 1 of 52 (1.9%) patients aged 1.5 to 36 months 
(Children’s Hospital of Wisconsin, US) and in 0 of 51 well-appear-
ing chil dren but in 5 of 17 (30%) who appeared ill (Dana-Dwek 
Children Hospital, Israel).25,26 Higher rates of bac te rial infec tions 
have been reported in stud ies focused on hos pi tal ized neutro-
penic patients (12.7%-14.9%, with 1 study dem on strat ing 0%),27 
which may have resulted from the admis sion of sicker patients 
and the infec tious envi ron ment of the pop u la tion, as bru cel lo-
sis and rick ett sia, bac te rial infec tions known to be asso ci ated 
with neutropenia, were reported eti  ol o gies in 3 out of 4 of these 
 inpa tient-only stud ies.28-31

The con clu sion from these stud ies is that the risk of bac te rial 
infec tion in the out pa tient set ting for the well-appearing pedi-
at ric patient with iso lated and unsus pected neutropenia is low 
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and sim i lar to patients with nonneutropenic fever. Screening for 
bac te rial infec tion, includ ing a blood cul ture, a uri nal y sis with 
urine cul ture, and, for symp tom atic patients, a chest x-ray, is 
suggested, but aggres sive man age ment includ ing admis sion 
and empiric anti bi ot ics may not be nec es sary for all  patients. 
Patients who are unwell, have addi tional cytopenias that raise 
con cern for malig nancy or BMF, have other con sti tu tional fea-
tures, have a his tory of infec tions, or have a fam ily his tory of 
hema to logic malig nan cies or cytopenias should enact more 
aggres sive mea sures includ ing admis sion for empiric anti bi-
ot ics that include Pseudomonas spp. and gram-neg a tive cov-
er age. Similarly, adults who pres ent with severe neutropenia 
(ANC <500/µL) are more likely to have seri ous dis or ders such as 
under ly ing malig nancy and should be admit ted for eval u a tion for 
SBIs.17 Medications asso ci ated with the sup pres sion of myelopoi-
esis that are not of vital impor tance should also be discontinued 
because drug-induced agran u lo cy to sis can lead to fatal ity with 
con tin ued expo sure.32

Fever man age ment in the established neutropenic patient
The approach to the patient with known neutropenia is often less 
chal leng ing, as the eti  ol ogy of the neutropenia and the his tory 
of infec tious com pli ca tions may guide man age ment. Disorders 
such as pri mary auto im mune neutropenia and chronic idi o pathic 
neutropenia typ i cally have ade quate bone mar row stor age 
pools of neu tro phils to respond to infec tion and there fore pres-
ent a low risk for SBIs. In a study of 43 pedi at ric patients with 
pri mary auto im mune or chronic idi o pathic neutropenia, there 
were 133 emer gency room encoun ters for fever with no patients 
iden ti fied as hav ing a true bac te rial infec tion (Texas Children’s 
Cancer and Hematology Centers, US).33 In the Ital ian Neutrope-
nia Registry, over the course of 9.5 years they iden ti fied only 1 
blood stream infec tion in 38 patients with auto im mune neutro-
penia and 2 blood stream infec tions in 23 idi o pathic neutropenia 
patients.34 For the pedi at ric patient with auto im mune or chronic 
idi o pathic neutropenia, if a rise in the neu tro phil count can be 
dem on strated dur ing times of infec tion and there is no his tory 
of severe infec tions, eval u a tion by the child’s pri mary care phy si-
cian should be suf fi cient, with emer gency room vis its lim ited to 
when the patient appears unwell.35

Adults with pri mary auto im mune and chronic idi o pathic neu-
tropenia usu ally do not develop severe infec tions, although they 
may suf fer from recur rent sto ma ti tis and respi ra tory infec tions.35 
This was dem on strated in a French Severe Chronic Neutropenia 
Registry report in which adult patients with pri mary auto im mune 
and chronic idi o pathic neutropenia had low rates of SBIs at 3.85 
per 100 patient-years.36 Secondary auto im mune neutropenia in 
both chil dren and adults is often asso ci ated with addi tional cyto-
penias, immune defects, or immu no sup pres sive med i ca tions 
and car ries a higher risk of infec tion. The Ital ian Neutropenia 
Registry reported SBIs in 10 of 26 (40%) patients with sec ond-
ary auto im mune neutropenia, which is sig nifi  cantly higher than 
in the 11.8% of patients with pri mary auto im mune neutropenia, 
over the course of 15 years.37 Extra cau tion should there fore be 
taken in patients with sec ond ary auto im mune neutropenia who 
pres ent with fever, includ ing con sid er ation of fun gal and other 
atyp i cal infec tions related to addi tional T-cell immu no de fi ciency.

Disorders of impaired myelopoiesis, includ ing SCN, will lead 
to an impaired abil ity to mount neu tro phil immu nity in the set-
ting of infec tion. For patients with a poor response to G-CSF, an 

emer gent eval u a tion for any fever is nec es sary sec ond ary to the 
risk of bac te rial sep sis. However, patients who have con sis tent 
ANCs above 1000/µL are at low risk of infec tion,13 and man age-
ment of fever may be based on the clin i cal appear ance of the 
patient, with unwell patients eval u ated in the emer gency room 
and well patients eval u ated in out pa tient clin ics.

Indications for G-CSF
The use of G-CSF is mainly employed in patients with defec tive 
myelopoiesis and has proven to be a life sav ing inter ven tion in 
patients with SCN. The SCNIR rec om mends a starting dose of 
5  µg/kg/d for patients with SCN with esca la tion to 10  µg/kg/d 
and then an increase by incre ments of 10  µg/kg/d at 14-day inter-
vals while the ANC remains below 1000/µL.38 The main te nance 
dose of G-CSF for SCN is var i able depending on the genetic dis-
or der as well as the spe cific path o genic var i ant within the gene, 
with a median dose of 7.3  µg/kg/d needed to achieve an ANC 
between 1000 and 1500/µL.39 Higher ANCs are not nec es sary in 
most patients, and maintaining the smallest effec tive dose avoids 
the con se quences of higher dos ing, includ ing bone pain, spleno-
meg aly, and the o ret i cal higher selec tive pres sure for hema to poi-
etic clones more respon sive to G-CSF.40 For cyclic neutropenia, 
the dose is much lower, typ i cally 1 to 3  µg/kg/d given every 1 to 
3 days, which short ens the dura tion of the neutropenic period 
and effec tively elim i na tes sep sis and death from sep sis based on 
out come data from the SCNIR.13 Granulocyte-mac ro phage-CSF 
treat ment is inef fec tive in most forms of con gen i tal neutropenia, 
as, unlike G-CSF, it is unable to induce nic o tin amide phosphori-
bosyl trans fer ase-depen dent granulopoiesis.41

G-CSF use in acquired causes of neutropenia is typ i cally guided 
by the patient his tory and is likely safe, as no defin i tive asso ci a tion 
with G-CSF use and can cer devel op ment has been established in 
this patient pop u la tion.35 G-CSF treat ment for pri mary auto im mune 
and chronic idi o pathic neutropenia should not be deter mined 
based on the detec tion of antineutrophil antibodies but rather is 
recommended for patients with severe neutropenia with recur-
rent infec tions or sto ma ti tis.42 As mye loid pro duc tion is rel a tively 
pre served in these con di tions, small doses of 0.5 to 3  µg/kg/d 
of G-CSF given every 1 to 3 days can be used to increase the 
ANC to a tar get main te nance of 1000 to 1500/uL.43 In the French 
Severe Chronic Neutropenia Registry, the use of G-CSF pro vided 
a clin i cal ben e fit in adult patients with pri mary auto im mune or 
chronic idi o pathic neutropenia in 23 of 24 and 20 of 26 rou tinely 
sched uled and spo radic G-CSF cohorts, respec tively.36 Intermit-
tent dos ing of G-CSF may be required in patients who pres ent 
with severe infec tion or in the set ting of sur gi cal pro ce dures at 
high risk for infec tion or poor wound healing.44 G-CSF is almost 
always given in patients with suspected drug-induced agran u-
lo cy to sis, although evi dence supporting this rec om men da tion is 
lacking,35 and may also be used in patients with only mod er ate 
drug-induced sup pres sion of myelopoiesis in whom con tin u a tion 
of the offending agent is nec es sary.

Role of immune sup pres sion in auto im mune neutropenia
Immune sup pres sion to treat pri mary auto im mune and chronic 
idi o pathic neutropenia is not recommended for chil dren due to 
poor response and low infec tious risk and has lim ited suc cess in 
adults.44 In the French Severe Congenital Neutropenia Registry, 
response to com monly used immu no sup pres sant agents (gluco-
corticosteroids, meth o trex ate, cyclo spor ine) was observed in half 
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of the adult patients with pri mary auto im mune or chronic idi o-
pathic neutropenia, but the response was mostly par tial and was 
lost upon taper ing or discontinuing the treat ment.36 In the SCNIR, 
almost all  of the 48 adult patients with auto im mune or chronic idi o-
pathic neutropenia on immune mod u la tion (glucocorticosteroids, 
gamma glob u lin, meth o trex ate, cyclo spor ine) discontinued this 
ther apy with out resump tion once placed on G-CSF.42 Additional 
reports have also been published dem on strat ing the low response 
rate and high relapse rate with glucocorticosteroids, gamma glob-
u lin, cyclo spor ine, and rituximab.45 However, treat ment with these 
agents may be con sid ered if patients fail to respond to G-CSF.

In con trast, although rarely requir ing treat ment,  sec ond ary 
auto im mune neutropenia often responds to the immune sup pres-
sion used to treat other auto im mune symp toms.17 LGL-asso ci ated 
neutropenia is often severe and requires treat ment. G-CSF can 

increase the neu tro phil count but is asso ci ated with the exac er-
ba tion of spleno meg aly and the acute flare of joint symp toms 
while cyclo phos pha mide, meth o trex ate, and cyclo spor ine can 
be effec tive.46

Monitoring con gen i tal neutropenia patients at risk  
for MDS/AML
Many con gen i tal neutropenia dis or ders impose a risk of trans-
for ma tion to a mye loid malig nancy (see Table 3). The mech a-
nism of leu ke mo gen e sis in these dis or ders is still actively under 
inves ti ga tion and is unique to each dis or der. As knowl edge of 
leu ke mo gen e sis in these dis or ders increases, the abil ity to pre-
dict and detect early malig nant cells will hope fully be a nat u ral 
con se quence. Historic and cur rent rec om men da tions are to per-
form fre quent (every 3-4 months) CBCs and annual bone mar row 

Table 3. Congenital neutropenia dis or ders at risk for MDS/AML

Disease, gene, and inher i tance 
pat tern Risk of MDS/AML Common somatic alter ations

Additional infor ma tion includ ing 
nonhematologic fea tures

ELANE SCN
ELANE, AD

15%-20%51; increased inci dence 
of MDS/AML in patients on high 
doses of G-CSF with poor  
neu tro phil response.54

CSF3R, RUNX1, ASXL1, SUZ12, 
EP300, mono somy 7, tri somy 
21.75

Acquired CSF3R muta tions  
com mon (approx i ma tely 50%) in 
patients with out MDS/AML.75

Cyclic neutropenia
ELANE, AD

AML rarely reported.76 CSF3R, mono somy 7, tri somy 21 in 
the 1 patient with AML.76

Acquired CSF3R muta tions rarely 
iden ti fied in patients with out 
MDS/AML.76

HAX1-SCN
HAX1, AR

MDS/AML reported, but inci-
dence of leu ke mia not pre cisely 
reported.77

Somatic alter ations not published. Acquired CSF3R muta tions  
com mon (approx i ma tely 45%) in 
patients with out MDS/AML.75

G6PC3 defi ciency
G6PC3, AR

AML rarely reported.78 T(8;21)(q22;q22) iden ti fied by kar-
yo type in one patient.78

Inflammatory bowel dis ease, 
con gen i tal heart and uro gen i tal 
defects, and endo crine dis or-
ders. Acquired CSF3R muta tions 
iden ti fied in patients with out 
MDS/AML.75

X-linked neutropenia
WAS GOF, XL

MDS/AML rarely reported.79 Somatic alter ations not published. Acquired CSF3R muta tions 
iden ti fied in patients with out 
MDS/AML.75

Glycogen stor age dis ease 
type 1b

G6PT1, AR

4% with MDS/AML in the SCNIR.80 Monosomy 7. Short telo meres also 
reported.81

Hypoglycemia, hepa to meg aly, and 
entero co li tis.

Poikiloderma with neutropenia
USB1, AR

MDS/AML reported, but inci-
dence of leu ke mia not pre cisely 
reported.82 Myelodysplastic 
changes in most patients.

Somatic alter ations not published. Poikiloderma, nail dys tro phy, and 
pal mar/plan tar hyper ker a to sis.

SDS
SBDS, AR

20%-30%83,84; patients also at risk 
of BMF.16

Biallelic TP53, RUNX1, SETBP1, 
BRAF, NRAS, ETNK1, alter ations 
in chro mo somes 3, 5, 7, and 
20.85

Pancreatic exo crine insuf fi ciency, 
skel e tal abnor mal i ties. Somatic 
alter ations not asso ci ated with 
MDS/AML include i(7)(q10), 
del(20q), and EIF6 muta tions.

GATA2 haploinsufficiency
GATA2, AD

80%86; occur rence typ i cally in later 
ado les cence and early adult-
hood and may be presenting 
fea ture.

Monosomy 7, tri somy 8, ASXL1, 
der(1;7)(q10;p10).87

Warts, lymphedema, panniculitis, 
deaf ness, infec tion, and pul mo-
nary alve o lar proteinosis.

SAMD9/SAMD9L GOF dis or der
SAMD9 or SAMD9L, AD

Risk of MDS and AML unknown. 
Patients also at risk of BMF that 
may spon ta ne ously resolve.88

Monosomy 7, del(7q), RUNX1, 
SETBP1, ETV6.89

SAMD9: adre nal hypo pla sia, 
growth restric tion, gen i tal 
abnor mal i ties, enter op a thy, 
infec tions.

SAMD9L: neu ro logic symp toms, 
infec tions.

AD, auto so mal dom i nant; AR, auto so mal reces sive, GOF, gain of func tion; XL, X-linked.
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 aspi ra tion and biop sies to mon i tor for cytopenias and mor pho-
logic changes concerning for MDS/AML devel op ment in con gen i-
tal neutropenias sec ond ary to muta tions in ELANE, HAX1, G6PC3, 
SBDS, WAS (X-linked neutropenia), and GATA2.43 However, data 
are needed to inform sur veil lance prac tices and their effect on 
out comes for patients with con gen i tal neutropenia.

CLINICAL CASE (Con tin ued)
The patient undergoes CBCs every 3 to 4 months and 2 sur veil-
lance bone mar row exam i na tions over the fol low ing year. His 
CBCs con tinue to show mild neutropenia and throm bo cy to pe-
nia, and his bone mar row results are con sis tent with find ings 
from his first exam i na tion. At the age of 22, he undergoes another 
bone mar row biopsy, which dem on strates an i(7)(q10) clone on 
cyto ge net ics and a TP53 path o genic var i ant in a somatic NGS 
panel. There con tin ues to be no mor pho logic or flow cytomet-
ric evi dence of increas ing dys pla sia or an abnor mal blast count. 
Genetic test ing is revisited, and Sanger sequenc ing of the SBDS 
locus identifies 2 path o genic muta tions inde pen dently inherited 
from each par ent. The pres ence of a chro mo some 7 abnor mal-
ity and a new TP53 clonal hema to poi e sis raises the con cern for 
a malig nancy, and the patient is referred for HSCT con sul ta tion.

Author com men tary: The phy si cian was  able to diag nose 
SDS in this patient with genetic test ing, but this case illus trates 
the com plex ity of clin i cal sequenc ing in that NGS tech nol ogy 
has sev eral short com ings, includ ing the inabil ity to dif fer en ti ate 
genes from pseudogenes with out excel lent map ping and ana lyt-
ics and to iden tify deep intronic var i ants. In most clin i cal sce nar-
ios, chro mo some 7 aber ra tions raise the con cern for MDS/AML. 
But sim i lar to del(20q), i(7)(q10) is a somatic change that does not 
have an impact on tumor sur veil lance machin ery. TP53 muta tions 
increase cel lu lar fit ness in SDS, but at the expense of decreased 
tumor sur veil lance, and likely increase the risk of MDS/AML within 
the clone. However, TP53 clonal hema to poi e sis is com mon in 
SDS with out malig nancy, and iden ti fi ca tion by itself is not an indi-
ca tion for HSCT. After dis cus sions with experts in SDS, a deci sion 
is made for con tin ued close mon i tor ing that includes CBCs every 
3 to 4 months and annual bone mar row mon i tor ing only.

Curative approach with HSCT for con gen i tal neutropenia
Absolute and pos si ble indi ca tions to pro ceed to trans plant 
depend on the under ly ing genetic con di tion, but com mon 
causes to pro ceed to HSCT include poor response to G-CSF, 
recur rent and severe infec tions, BMF, and trans for ma tion to a 
mye loid malig nancy. The approach to HSCT is not uni form within 
or between genetic dis or ders, but each trans plant method shares  
unique obsta cles to suc cess  in neutropenic patients. The risk 
of bac te rial and fun gal infec tion is higher early in trans plant due 
to pre ced ing neutropenia that rap idly declines with the dis con-
tin u a tion of G-CSF. Evaluation for occult infec tion pretransplant 
with sinus, chest, abdo men, and pel vis imag ing is employed, 
with more inva sive mea sures such as bron chos copy or biopsy 
indi cated for areas concerning for infec tion. Bacterial and mold 
pro phy laxis at the start of con di tion ing ther apy is ini ti ated to 
mit i gate the very early neutropenia in these patients.

Chimerism anal y sis to dif fer en ti ate between resid ual and 
engrafted donor hema to poi e sis is impor tant for all  HSCTs but 

has spe cial con sid er ations in con gen i tal neutropenia. The mea-
sure ment of hematopoietic progenitor cell (HPC) chi me rism is 
dif fi cult in the clin i cal set ting, and typ i cally, the mea sure ment of 
mature mye loid cells in the periph eral blood is used as a sur ro-
gate for HPC engraft ment. However, mye loid mark ers, such as 
CD33, that are pres ent on neu tro phils will not be an accu rate 
proxy for HPC chi me rism because recip i ent HPCs will have a 
sig nifi  cant dis ad van tage com pared to donor HPCs in con trib ut-
ing to the periph eral blood neu tro phil pool. Therefore, markers 
weakly expressed or absent on neutrophils, such as CD14 (mono-
cytes), CD56 (natural killer cells), CD19 (B cells), CD34 (HPCs), 
and CD3 (T cells), should be included in measuring peripheral 
blood chimerism, particulalry in disorders such as GATA2 haplo-
insufficiency, which affect multiple cell lineages.

The impact of par tial chi me rism and long-term out comes 
for patients with con gen i tal neutropenia is poorly under stood, 
in large part because myeloablative reg i mens have dom i nated 
early trans plant approaches, and lit er a ture reports have not rou-
tinely focused on this trans plant result or relied on neu tro phil-
spe cific mark ers for chi me rism reporting. Mixed chi me rism has 
been shown to cure the neutropenia in con gen i tal neutropenia 
patients.47 Although the per cent age required to elim i nate the 
risk of bac te rial infec tion and G-CSF inde pen dence is uncer tain, 
from anec dotal reports and expe ri ence it is likely 20% to 30% 
HPC donor chi me rism.47

The more dif fi cult ques tion is whether the per sis tence of recip-
i ent hema to poi e sis fol low ing expo sure to che mo ther apy will con-
tinue to pres ent a risk for mye loid malig nan cies post trans plant. 
Our cur rent under stand ing of leu ke mo gen e sis in each dis or der pro-
vi des the o ret i cal hypoth e ses, but prolonged fol low-up in patients 
with mixed chi me rism will be required to answer this ques tion 
defin i tively. In patients with ELANE SCN, a mar row micro en vi ron-
ment with high lev els of G-CSF pro vi des a com pet i tive set ting to 
select out clones with enhanced response to G-CSF. However, in 
the posttransplant set ting with abla tion of the neutropenia defect 
by donor HPCs, the selec tive envi ron ment driven by high lev els of 
G-CSF is elim i nated. If this pos tu late is cor rect, the risk of malig-
nant trans for ma tion should also be min i mized, if not abolished, 
with donor hema to poi e sis. In patients with SDS, the leu ke mo gen-
e sis hypoth e sis is less reli ant on exter nal pres sures for hema to-
poi e sis but depen dent on indi vid ual cell fit ness through reliev ing 
ribo somal stress through TP53 muta tions. Whether the reduc tion 
of rep li ca tive and inflam ma tory stress through donor hema to poi-
e sis is suf fi cient to pre vent leu ke mo gen e sis in recip i ent stem cells 
under ribo somal stress needs fur ther study. As leu ke mia may not 
be a com mon event in posttransplant patients, research eval u at-
ing clonal dynam ics with a par tic u lar focus on CSF3R in SCN and 
TP53 in SDS will be incred i bly valu able to under stand ing hema to-
poi e sis dynam ics in the mixed-chi mera patient.

Graft rejec tion for both malig nant and non ma lig nant indi ca-
tions in con gen i tal neutropenia is rel a tively high com pared to 
other com pa ra ble con di tions. Several hypoth e ses have been 
gen er ated to explain this phe nom e non, includ ing  com pe tent 
lym pho cyte immu nity pre ced ing con di tion ing ther apy, an inflam-
ma tory micro en vi ron ment induced from recur rent infec tion, 
alter ations in the bone mar row niche sec ond ary to the under ly-
ing defect or high expo sure to G-CSF,48 and prior expo sure to for-
eign blood prod ucts in patients with BMF. Serotherapy is almost 
stan dard today for non ma lig nant trans plant to help address 
con cerns for increased alloreactivity, but ques tions regard ing 
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the mar row niche are more dif fi cult and will require con tin ued 
research in this area, par tic u larly if pre- and posttransplant mar-
row aspi ra tion sam ples are avail  able for study.

Congenital neutropenia patients who prog ress to malig nancy 
pres ent the most chal leng ing and most con tro ver sial sce nario for 
cli ni cians. First, the diag no sis of trans for ma tion is not straight for-
ward because dif fer en ti at ing hema to poi etic dys cra sias pres ent 
in many inborn errors of hema to poi e sis from dys plas tic clones 
can be dif fi cult even for expe ri enced hematopathologists. This 
was illus trated in a study of SDS patients with MDS/AML who 
under went a cen tral path o logic review that showed a 56% dis-
crep ancy from the orig i nal pathol ogy report.49 Clonal hema to-
poi e sis is also com mon in con gen i tal neutropenia, and some of 
these changes are not believed to be induc ers of leu ke mo genic 
changes. Knowledge of path o logic clonal hema to poi e sis is key 
in interpreting these find ings.

Second, cytoreductive che mo ther apy to reduce blast counts, 
as is typ i cally done for de novo AML, can be incred i bly toxic to 
con gen i tal neutropenia patients who have dif fi culty recov er ing 
neu tro phils for infec tion erad i ca tion and tis sue repair or who 
have under ly ing organ dys func tion from the under ly ing genetic 
defect or recur rent infec tions.50 As such, recent approaches often 
elim i nate cytoreductive ther apy com pletely or have adopted 
reg i mens used in med i cally frag ile patients to bridge the patient 
while awaiting iden ti fi ca tion of a suit able bone mar row donor. 
Driving blast pro duc tion with G-CSF has been dem on strated in 
SCN, and judi cious use fol low ing che mo ther apy is warranted. The 
admis sion of all  patients fol low ing che mo ther apy to mon i tor for 
infec tion and insti tu tion of G-CSF for evi dence of severe bac te rial 
or fun gal dis ease is a com mon approach to bal ance these risks. 
G-CSF is not recommended post HSCT for patients with SCN and 
malig nancy with out severe infec tion, but whether G-CSF use fol-
low ing trans plant increases the risk of relapse is unknown.

HSCT out comes for SCN
HSCT for SCN is conducted for G-CSF refrac to ri ness or the devel-
op ment of MDS/AML. Patients with ELANE muta tions at high risk 
of pro gres sion to AML, includ ing p.G214R, p.C151Y, and p.C223ter, 
may be con sid ered for pre emp tive HSCT, but data to inform 
the risks and ben e fits of this prac tice are cur rently lacking.51,52 
Some groups also con sider high-dose G-CSF (>15 µg/kg/d) as an 
indi ca tion to offer trans plant because patients on higher G-CSF 
doses with decreased ANC response have shown an increased 
fre quency of leu ke mia devel op ment.53,54 This approach has not 
been uni ver sally adopted sec ond ary to the desire to avoid HSCT 
expo sure to the major ity of patients on high-dose G-CSF who 
will not develop malig nancy.

Most lit er a ture on HSCT for SCN is based on case reports 
and small case series that have dem on strated good out comes 
in patients with out malig nancy (over all sur vival [OS], approx i ma-
tely 90%; event-free sur vival [EFS], approx i ma tely 75%) despite 
high rates of graft fail ure (approx i ma tely 20%).55 Historical out-
comes with malig nancy have been less suc cess ful, with an OS of 
approx i ma tely 45% and an EFS of approx i ma tely 40%, but many 
cases were transplanted prior to the adop tion of mod ern prac-
tices to avoid inten sive cytoreductive ther apy prior to trans plant. 
A larger report of 136 SCN patients from the Euro pean Society 
for Blood and Marrow Transplantation dem on strated a 3-year OS 
and EFS of 87% and 77% for patients with out malig nancy and 
79% and 64% with malig nancy.56 Graft rejec tion was 10% for the 

entire cohort, but relapse was only seen in 2 of 14 (14%) patients. 
An Amer i can Society of Hematology abstract from the Euro pean 
branch of the SCNIR reported out comes on 51 patients after the 
2001 implementation of guide lines to avoid induc tion che mo ther-
apy and dem on strated an OS of 77.8% and 83.3% in SCN patients 
treated with and with out malig nancy.57 Despite the fact that not 
all  patients with SCN and sec ond ary malig nancy pro ceed to 
HSCT in remis sion, the reported relapse rates are much lower in 
com par i son to de novo MDS/AML (10%-15% vs 25%-40% for MDS 
and 40%-50% for AML).55,56,58-60 The rea son for reduced relapsed 
rates may be sec ond ary to the growth restraint on malig nant 
cells afforded by the germline defect, a fea ture reflected in some 
case reports of SCN patients with “indo lent” AML.61 Although 
reported OS between myeloablation (MA) and reduced inten-
sity con di tion ing (RIC) is sim i lar in SCN patients, myeloablative 
(MA) con di tion ing is recommended for patients with under ly ing 
malig nancy for elim i na tion of the malig nant clone.

HSCT out comes for SDS
HSCT for SDS is conducted in patients with BMF or hema to logic 
malig nancy. Unlike some patients with SCN, the con sen sus is to 
not per form HSCT pre emp tively in this dis or der. Early expe ri-
ence in HSCT dem on strated high nonrelapse trans plant mor tal-
ity, as shown in a recent long-term out come study reporting that 
21% of patients died from tox ic ity.62 This real i za tion prompted 
many cli ni cians to use RIC for all  SDS patients with BMF.63,64 In a 
study by the Center for International Blood and Marrow Trans-
plant Research, early deaths were seen in 4 of 13 (31%) SDS BMF 
patients receiv ing a MA con di tion ing reg i men com pared to  
4 of 26 (15%) early deaths in patients receiv ing RIC.65 This report 
showed a 5-year OS of 72% in patients with BMF and graft rejec-
tion in 3 of 39 patients (8%). The larg est study to date published 
by the Severe Aplastic Anemia Working Party of the Euro pean 
Society for Blood and Marrow Transplantation on 61 patients 
(1988-2016) with BMF dem on strated a 5-year OS of 70.7% with a 
graft fail ure rate of 13%.62 OS with RIC and MA was iden ti cal, but 
the seg re ga tion of con di tion ing ther apy by indi ca tion (BMF vs 
leu ke mia) was not pro vided, and the authors con cluded that MA 
reg i mens should be reserved for malig nant trans for ma tion only.

Transplant sur vival for SDS patients who develop malig nancy 
are abys mal across lit er a ture reports. A mul ti cen ter study focused 
on malig nant trans plant out comes dem on strated a 3-year OS 
of 51% and 11% for patients with MDS and AML, respec tively.49 
This result is in con trast to recent SCN out comes for malig-
nancy, indi cat ing a higher degree of resis tance to trans plant, 
per haps in part related to increased che mo ther apy resis tance 
from mutated TP53, as seen in other can cers.66 The impor tance 
of sur veil lance was suggested by an improved 3-year OS of 62% 
vs 28% in patients who had reg u lar bone mar row eval u a tion, 
but reg u lar CBCs had poor sen si tiv ity in iden ti fy ing mar row dis-
ease.49 Although early detec tion may pro vide an incre men tal 
improve ment in sur vival, novel approaches to avoid exces sive 
tox ic ity from con di tion ing ther apy while pre vent ing relapse are 
clearly needed for SDS patients who develop malig nancy.

Gene ther apy and other poten tial treat ment modal i ties 
for con gen i tal neutropenia
As our under stand ing of the mech a nism of neutropenia and leu-
ke mia for ma tion evolves, new ther a peu tic modal i ties have been 
tested in pre clin i cal mod els with a pri mary focus on increas ing 
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neu tro phil mat u ra tion and pro duc tion. Investigative ther a pies 
include nic o tin amide to increase the expres sion of G-CSF and 
G-CSF recep tors in SCN,67,68 neu tro phil elas tase inhib i tors to 
pre vent the unfolded pro tein response from mutated ELANE,69,70 
and gene editing to repair mutated ELANE or reduce trans la tion 
of the ELANE gene.71-73 Nicotinamide has been used in a small 
clin i cal trial with pos i tive results, but other modal i ties have 
only reported results in the pre clin i cal set ting. The use of small- 
mol e cule inhib i tors to pro mote non sense sup pres sion in 
patients with ter mi na tion SBDS muta tions (c.183-184TA > TC) 
has also dem on strated prom ise in reduc ing apo pto sis and 
increas ing neu tro phil mat u ra tion in bone mar row pro gen i-
tor cells.74 Inhibition of EIF6, a pro tein removed by SBDS to 
advance ribo some for ma tion, is also an attrac tive ther a peu tic 
tar get for SDS treat ment but still requires pre clin i cal inves ti-
ga tion.

Summary
The diag no sis and man age ment of the neutropenia patient are 
sig nifi  cantly aided by clas si fy ing dis or ders into the pres ence or 
absence of ade quate bone mar row reserves. Patients with inef-
fi cient myelopoiesis have a lower thresh old to ini ti ate empiric 
treat ment for fever and may require mon i tor ing for trans for-
ma tion into a mye loid malig nancy. Intact myelopoiesis patients 
with ade quate mar row neu tro phil reserves are at much lower 
risk of these com pli ca tions despite a low periph eral blood ANC. 
G-CSF is com monly used for poor neu tro phil pro duc tion and 
may pro vide a ben e fit in some sce nar ios of competent neu-
tro phil pro duc tion. HSCT offers an oppor tu nity for cure in con-
gen i tal neutropenias, but ques tions regard ing the indi ca tions, 
the impor tance of posttransplant chi me rism, and the tech-
niques to reduce tox ic ity and malig nant relapse in SDS limit 
the opti mi za tion of patient selec tion, con di tion ing approaches, 
and out comes. Gene editing may pro vide an alter na tive option 
to HSCT to cure the neutropenia, but the anal o gous ques tion 
to HSCT chi me rism of resid ual uncor rected hema to poi etic 
stem and pro gen i tor cells resulting in con tin ued can cer risk is 
unknown. Continued col lab o ra tive research in clin i cal reg is tries 
and basic sci ence inves ti ga tion are nec es sary to answer these 
ques tions and pro vide addi tional evi dence for impor tant clin i-
cal deci sions for neutropenic patients.
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