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   Hypereosinophilic syn dromes (HES) are a het er og e nous group of rare dis or ders with clin i cal man i fes ta tions rang ing from 
fatigue to life - threat en ing endomyocardial fi bro sis and throm bo em bolic events. Given the broad dif fer en tial diag no sis 
of HES, a com pre hen sive approach is needed to iden tify poten tial sec ond ary (treat able) causes and defi ne end - organ 
man i fes ta tions. Classifi cation by clin i cal HES sub type is also use ful in terms of assessing prog no sis and guid ing ther apy. 
Corticosteroids remain the main stay of ini tial ther apy in the set ting of acute, life - threat en ing  PDGFR  muta tion - neg a tive 
HES. Whereas the recent avail abil ity of eosin o phil - targeted ther a pies with extraor di nary effi  cacy and lit tle appar ent tox-
ic ity is chang ing the treat ment par a digm, espe cially for idi o pathic HES and over lap syn dromes, ques tions remain unan-
swered regard ing the choice of agent, impact of com bi na tion ther a pies, and long - term effects of eosin o phil deple tion. 
This review pro vi des a case - based dis cus sion of the dif fer en tial diag no sis of HES, includ ing the clas si fi  ca tion by clin i cal 
HES sub type. Treatment options are reviewed, includ ing novel eosin o phil - targeted agents recently approved for the 
treat ment of HES and / or other eosin o phil - asso ci ated dis or ders. Primary (mye loid) dis or ders asso ci ated with hypereosin-
ophilia are not be addressed in depth in this review.  

   LEARNING OBJECTIVES 
    •  To describe the het ero ge ne ity of clin i cal pre sen ta tions of hypereosinophilia 
   •  To dis cuss the approach to targeted ther apy of hypereosinophilic syn drome  

  CLINICAL CASE 
  A 38  year  old pre vi ously healthy woman presented with 
inter mit tent but intense pru ri tus with out rash. The pru ri tus 
ini tially involved only her ankles but sub se quently spread 
up her legs with accom pa ny ing angioedema of the thighs 
and but tocks that prevented her from being  able to wear 
pants. Antihistamines were inef fec tive, and a short course 
of solumedrol pre scribed for sinus i tis did not relieve the 
pru ri tus or swell ing. A der ma tol o gist pre scribed oral 
and top i cal anti bi ot ics for pre sumed fol lic u li tis with out 
improve ment. One year after the onset of the symp toms, 
a com plete blood count was performed and revealed ane
mia, throm bo cy to pe nia (plate lets 34 000), and eosin o philia 
(14.0    ×    10 9  / L). She was referred to  hema tol ogy.  

 Differential diag no sis and ini tial eval u a tion 
 Eosinophilia, defi ned as an abso lute eosin o phil count 
(AEC)  > 0.45    ×    10 9  / L, is quite com mon, occur ring in 1 %  to 
2 %  of the gen eral pop u la tion. 1  In con trast, hypereosino

philia (HE; AEC  ≥ 1.5    ×    10 9  / L) is extremely rare, with an esti
mated inci dence of 0.315 to 6.3 per 100 000 in the United 
States. 2  The poten tial eti  ol o gies of eosin o philia (includ ing 
HE) are var ied and include aller gic, infec tious, neo plas
tic, genetic, and immune dis or ders ( Table 1 ). Moreover, 
clin i cal symp toms are extremely het ero ge neous. Derma
tologic, pul mo nary, and gas tro in tes ti nal man i fes ta tions 
are most fre quently reported, but any organ sys tem can 
be affected, and pro gres sion can occur over time with
out effec tive ther apy. 3  A care ful and com plete his tory and 
phys i cal exam i na tion, includ ing prior com plete blood 
counts (if avail  able), med i ca tion and travel his tory, assess
ment of can cer risk fac tors, and fam ily his tory, is essen tial 
to nar row the dif fer en tial. Initial lab o ra tory and diag nos
tic test ing should include com plete blood count with 
dif fer en tial, rou tine chem is tries, serum immu no glob u lin 
lev els, B12 and tryptase, and assess ment of lym pho cyte 
clonality and phe no type. If there is a pos si ble his tory of 
Strongyloides  expo sure, no mat ter how remote, sero logic 
test ing should be performed and / or empiric iver mec tin 
(150    µ g / kg    ×    1 dose) admin is tered to pre vent  poten tially 
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fatal hyperinfection syn drome. Bone mar row biopsy and 
chest/abdo men/pel vis imag ing should be strongly con sid
ered in any patient with AEC ≥1.5 × 109/L and no clear sec ond ary 
cause of the HE. Additional test ing, includ ing test ing for par a
sitic infec tions other than Strongyloides, should be guided by 
the clin i cal his tory and dis ease man i fes ta tions.

CLINICAL CASE (Con tin ued)
A bone mar row biopsy spec i men was hypercellular with 
increased eosin o phils and plasma cells. Testing for FIP1L1::PDG-
FRA was neg a tive. She was treated with pred ni sone 60 mg daily 
for pre sumed idi o pathic throm bo cy to pe nic pur pura with clin i cal 
and hema to logic improve ment. However, as the pred ni sone was 
tapered, the eosin o philia, pru ri tus, and edema returned. She was 
referred to Mayo Clinic for fur ther eval u a tion, which included an 
inde ter mi nate sero logic test for Strongyloides. She was treated 
with 2 doses of iver mec tin and a 2week course of albendazole. 
During this time, the pred ni sone was slowly tapered despite 
a ris ing AEC, peaking at 26.0 × 109/L on pred ni sone 5 mg every 
other day, and recur rent symp toms. The pred ni sone dose was 
increased to 25 mg daily, and hydroxy urea ther apy (500 mg twice 
daily) was ini ti ated. This was inef fec tive, and she was referred to 
the National Institutes of Health for fur ther eval u a tion.

Table 1. Disorders asso ci ated with marked eosin o philia

Category Examples Comments

Atopic dis or ders Asthma; atopic der ma ti tis; chronic 
rhinosinusitis

Typically cause mild to mod er ate eosin o philia

Drug hyper sen si tiv ity Varied; drug rash, eosin o philia, and sys temic 
symp toms; eosin o philiamyal gia syn drome

Can occur with any drug or sup ple ment;  
man i fes ta tions range from asymp tom atic 
eosin o philia to lifethreat en ing com pli ca tions40

Infection and infes ta tion Helminth infec tion (espe cially those with a  
tis sue inva sive phase)
Fungal infec tions
Viral infec tion (HIV, COVID19)
Ectoparasite infes ta tion
Protozoal infec tion (lim ited to Sarcocystis and 
Cystoisospora)
Tuberculosis (rare)

Most com mon eti  ol ogy world wide; 
Strongyloides infec tion should always be  
con sid ered due to world wide dis tri bu tion  
and the poten tial for fatal dis sem i na tion with 
ste roid ther apy41

Autoimmune and immunodysregulatory  
dis or ders

Inflammatory bowel dis ease, sar coid o sis, IgG4 
dis ease

Clinical sequelae of eosin o philia may or may 
not be pres ent and can be dif fi cult to   
dis tin guish from the man i fes ta tions of the 
under ly ing dis or der

Neoplasia Leukemia, lym phoma, solid tumors (espe cially 
ade no car ci noma)

Although any leu ke mia/lym phoma can pres ent 
with HE/HES, pre–Bcell acute lym pho blas tic 
leu ke mia can be par tic u larly dif fi cult to  
diag nose

Inborn errors of immu nity Omenn syn drome, DOCK8 defi ciency,  
LoeysDietz syn drome

Usually diag nosed in child hood, recur rent or 
unusual infec tions com mon42

Rare hypereosinophilic syn dromes Eosinophilic mye loid neo plasms, lym pho cytic 
var i ant HE/HES, idi o pathic HE/HES, famil ial 
HE/HES, sin gleorgan HE/HES, and other  
over lap dis or ders

See Figure 2 for addi tional details

Other Radiation, hypoadrenalism, cho les terol emboli, 
admin is tra tion of IL2

COVID19, coronavirus dis ease 2019; HIV, human immu no de fi ciency virus.

At the time of refer ral, she complained of fatigue, swell ing, 
and extreme pru ri tus. Physical exam i na tion revealed sym met
ric nonpitting edema of the thighs and exco ri a tions pre dom i
nantly on the lower legs. Laboratory test ing was nota ble for AEC 
3.01 × 109/L; plate lets 114 000; mark edly ele vated IgG, IgM, and IgE; 
and nor mal serum B12 and tryptase. Computed tomog ra phy (CT) 
scan was nota ble for bor der line spleno meg aly and min i mal dif
fuse lymph ade nop a thy. Repeat bone mar row again showed only 
increased eosin o phils. Mast cells were not increased, and test ing 
for D816V KIT was neg a tive. Tcell recep tor test ing by poly mer ase 
chain reac tion showed a clonal pat tern, and flow cytom e try was 
nota ble for an aber rant CD3–CD4+CD10+ Tcell pop u la tion, con
sis tent with a diag no sis of lym pho cytic var i ant hypereosinophilic 
syn drome (HES). Bcell clonality stud ies were neg a tive. She was 
started on inter feron α 1 mU daily with res o lu tion of eosin o philia, 
plate lets >50 k and symp tom atic  improve ment.

Definition and clas si fi ca tion of HES
The defi  ni tion of HES has evolved over time since Chusid’s land
mark descrip tion of 14 patients with idi o pathic HE and var ied clin
i cal man i fes ta tions in 1975.4 Whereas the cur rent World Health 
Organization defi  ni tion uses the term HES to describe only idi
o pathic HE with clin i cal man i fes ta tions,5 a recently updated 
con sen sus defi  ni tion pro vi des a broader approach that rec og
nizes the over lap in clin i cal pre sen ta tion between idi o pathic and 
other types of HES, the imper fect sen si tiv ity and spec i fic ity of 
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avail  able diag nos tic test ing, and the iden ti fi ca tion of new eti 
ol o gies of HES over time6 (Table 2). In this con sen sus defi  ni tion, 
a diag no sis of HE requires AEC >1.5 × 109/L on 2 exam i na tions at 
least 1 month apart (to exclude lab o ra tory error but allow diag
no sis with out a delay of 6 months) and/or tis sue HE (to rec og
nize the arbi trary nature of the AEC cut off in the set ting of clear 
eosin o philmedi ated dis ease). HES is defined as HE with evi
dence of endorgan dys func tion attrib ut  able to the eosin o philia, 
irrespective of the cause. To address the het ero ge ne ity of dis or
ders included in this umbrella defi  ni tion of HES and help guide 
diag nos tic pro ce dures and ther a peu tic choices, the fol low ing 
clin i cal sub types have been pro posed (Table 3)7: (1) mye loid 
HE/HES (suspected or proven eosin o philic mye loid neo plasm, 
includ ing those asso ci ated with rearrangements of PDGFRA and 
other recur rent molec u lar abnor mal i ties), (2) lym pho cytic var i ant 
HE/HES (pres ence of a clonal or phe no typ i cally aber rant Tcell 
pop u la tion that pro duces cyto kines that drive the eosin o philia), 
(3) over lap HES (sin gleorganrestricted eosin o philic dis or ders 
and clin i cally defined eosin o philic syn dromes that over lap in 
pre sen ta tion with idi o pathic HES; ie, eosin o philic gas tro in tes ti
nal dis or ders, eosin o philic granulomatosis with polyangiitis), (4) 
asso ci ated HE/HES (in the con text of a defined dis or der, such 
as a hel minth infec tion, neo plasm, immu no de fi ciency, or hyper
sen si tiv ity reac tion), (5) famil ial HE/HES (occur rence in >1 fam
ily mem ber exclud ing asso ci ated HE/HES), and (6) idi o pathic 
HE/HES (unknown cause and exclu sion of other sub types).

Lymphocytic var i ant HES (LHES) was first described in 1994 in 
a 30yearold man with pru ri tus and cough and a large CD2+CD3–

CD4+ Tcell pop u la tion that pro duced inter leu kin (IL) 4 and IL5 
in response to stim u la tion.8 Since that time, other sur face phe
no types have been described, and there have been sev eral 
infor ma tive case series describ ing the clin i cal and lab o ra tory 
find ings of patients with LHES.911 Equally fre quent in males and 
females, LHES most often pres ents with der ma to logic man i fes
ta tions. That said, any organ sys tem can be involved, and some 
patients with asymp tom atic HE have clonal aber rant Tcell pop
u la tions indis tin guish able from those with symp tom atic LHES. 
Serum IgM, IgE, and serum and thy mus and acti va tionreg u lated 
chemokine lev els are ele vated in most patients with LHES and 
can pro vide use ful diag nos tic clues.12 Whereas the gold stan dard 
for diag no sis of LHES is iden ti fi ca tion of a clonal and/or aber
rant pop u la tion of T cells pro duc ing type 2 cyto kines, intra cel
lu lar flow cytom e try is not avail  able at most cen ters, and the 
diag no sis most often relies on a com pat i ble clin i cal pic ture and 
dem on stra tion of a clonal and/or aber rant Tcell pop u la tion in 

the periph eral blood. Expanded sur face phenotyping is often 
nec es sary to dem on strate and/or con firm the aber rant pop u la
tion.12,13 It is impor tant to rec og nize that the sur face phe no type 
of the clonal pop u la tion in LHES can be indis tin guish able from 
that seen in Tcell malig nan cies (espe cially angioimmunoblastic 
Tcell lym phoma and cuta ne ous Tcell lym phoma).14 Thus, LHES 
is a diag no sis of exclu sion. Moreover, pro gres sion of LHES to a 
lym phoid malig nancy occurs in approx i ma tely 10% of patients, 
some times after many years of sta ble dis ease.1517 Consequently, 
at a min i mum, patients with LHES should undergo assess ment for 
occult lym phoma at diag no sis and in the set ting of an increase in 
size of the clonal Tcell pop u la tion or devel op ment of resis tance 
to pre vi ously effec tive ther apy.

Approach to ther apy
Despite the dif fer ences in defi  ni tions, the gen eral approach to 
HE is very sim i lar between World Health Organization and the 
con sen sus group (Figure 1). Since sec ond ary causes of eosin
o philia, such as hel minth infec tion, typ i cally require a dif fer ent 
ther a peu tic approach, these should be con sid ered early in the 
diag nos tic pro cess. If an under ly ing eti  ol ogy is iden ti fied or 
highly suspected, spe cific treat ment should be ini ti ated. Primary 
(clonal/neo plas tic) eosin o philia is also impor tant to iden tify 
early due to prog nos tic and ther a peu tic impli ca tions.18 Finally, 
the pres ence and sever ity of clin i cal man i fes ta tions should be 
assessed as this will affect both the nature and urgency of ther
a peu tic inter ven tion. For exam ple, care ful mon i tor ing with out 
ther apy may be appro pri ate for asymp tom atic HE with out evi
dence of endorgan involve ment (hypereosinophilia of unde ter
mined sig nifi  cance),19 whereas urgent inter ven tion is needed in 
the con text of myo car di tis or throm bo em bo lism.

Prednisone remains the main stay of ther apy in the acute 
set ting for severe and/or lifethreat en ing man i fes ta tions 
of HES. If the eosin o philia does not dra mat i cally decrease 
within 24 to 48 hours, addi tional ther apy should be con sid
ered depending on the suspected clin i cal sub type (ie, imati
nib for patients with clin i cal find ings sug ges tive of a mye loid 
neo plasm, cyclo phos pha mide for patients with man i fes ta tions 
sug ges tive of eosin o philic granulomatosis with polyangiitis). 
The use of eosin o philtargeting bio log ics in the acute set
ting remains con tro ver sial but is supported by case reports 
and small series.20 Once the patient is sta ble, fur ther eval u a
tion should focus on the iden ti fi ca tion of the most likely clin
i cal sub type (Table 3). With the excep tion of patients with 
mye loid HES,18 most patients with symp tom atic HES respond  

Table 2. Definitions of hypereosinophilic syn drome

WHO defi  ni tion of HES Consensus defi  ni tion

AEC >1.5 × 109/L for greater than 6 months AEC >1.5 × 109/L on 2 exam i na tions at least 1 month apart and/or  
tis sue HE

Evidence of endorgan man i fes ta tions Organ dam age and/or dys func tion attrib ut  able to tis sue HE and   
exclu sion of other con di tions as a major rea son for organ dam age

“Idiopathic”—exclu sion of reac tive HE, lym pho cytic var i ant HES,  
CELNOS, WHOdefined malig nan cies, eosin o philiaasso ci ated MPNs,  
or AML/ALL with rearrangements of PDGFRA, PDGFRB, FGFR1, or  
PCM1-JAK2

Includes mul ti ple clin i cal clas si fi ca tions, includ ing idi o pathic, pri mary 
(clonal/neo plas tic), sec ond ary (pre sumed cyto kine driven—includ ing 
lym pho cytic var i ant), and hered i tary

ALL, acute lymphocytic leukemia; AML, acute myeloid leukemia; CELNOS, chronic eosinophilic leukemianot otherwise specified; MPN, 
myeloproliferative neoplasm; WHO, World Health Organization.
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rap idly to  cor ti co ste roid ther apy, although tox ic ity and resis
tance limit the util ity of this ther apy in the long term.3 Conven
tional sec ondline agents, includ ing hydroxy urea and inter feron 
α, are fraught with sim i lar issues but have advan tages in select 
pop u la tions/clin i cal HES sub types (Tables 3 and 4).

CLINICAL CASE (Con tin ued)
Over the next 4 years, she remained rel a tively sta ble on inter
feron α ther apy with par tially con trolled symp toms, AEC <1.0 to 
2.0 × 109/L, but was unable to taper pred ni sone below 12.5 mg 
daily with out sig nifi  cant wors en ing. Her clonal Tcell pop u
la tion increased to approx i ma tely 30% of total lym pho cytes, 
prompting repeat CT scan and bone mar row, which were 
unchanged, and pos i tron emis sion tomog ra phy (PET)/CT scan, 

which showed no evi dence of lym phoma. She was enrolled on 
a phase 2 pla cebocon trolled trial of benralizumab.

Eosinophil-targeted ther a pies and HES
The avail abil ity of bio log ics targeting IL5 (mepolizumab and 
reslizumab) and its recep tor (benralizumab), all  of which are 
approved by the US Food and Drug Administration for the 
treat ment of asthma, has pro foundly altered the approach to 
the treat ment of idi o pathic, lym pho cytic, and over lap var i ants 
of HES. Whereas cor ti co ste roids are still recommended as ini
tial ther apy in most cases, eosin o philtargeting bio log ics have 
shown excel lent safety and effi cacy pro files in the treat ment of 
HES,2123 lead ing to the recent approval of mepolizumab for HES 
and eosin o philic granulomatosis with polyangiitis and the ini ti
a tion of phase 3 tri als of benralizumab for the same indi ca tions. 
Of note, mepolizumab and reslizumab cause mat u ra tional arrest 

Table 3. Initial assess ment of the patient with hypereosinophilia

All patients with con firmed HE Comments

Comprehensive his tory and phys i cal exam i na tion Including prior eosin o phil counts, med i ca tions, travel/expo sure his tory

Complete blood count with dif fer en tial and smear* Dysplastic eosin o phils, other lin e age involve ment, and/or pres ence of 
mye loid pre cur sors are sug ges tive of (but not diag nos tic for) MHES

Routine chem is tries, includ ing liver func tion tests* To assess end organ involve ment

Quantitative serum immu no glob u lin lev els IgE lev els are typ i cally ele vated in a vari ety of con di tions (ie, LHES, 
EGPA, par a sitic infec tions, and some immunodeficiencies); IgM lev els 
are ele vated in LHES and epi sodic angioedema and eosin o philia

Serum tryptase and B12 lev els Elevated serum B12 lev els can be seen in many mye loid neo plasms; 
ele vated serum tryptase is near uni ver sal in PDGFRA and KIT-asso ci ated 
dis ease

T and Bcell recep tor rearrangement stud ies*; lym pho cyte phenotyping 
by flow cytom e try* (see Carpentier et al11)†

Clonal and/or aber rant Tcell pop u la tions are char ac ter is tic of LHES  
and some types of lym phoma. Clonal B cells are sus pi cious for Bcell 
neo plasm, includ ing pre–Bcell acute lym pho blas tic leu ke mia in   
chil dren/ado les cents.

Serum tro po nin,* elec tro car dio gram, and echo car dio gram If abnor mal, car diac MRI should be con sid ered

Chest/abdo men/pel vis CT* To assess for spleno meg aly, lymph ade nop a thy, asymp tom atic  
pul mo nary involve ment, and occult neo plasms

Biopsy of affected tis sues (if pos si ble)* Cardiac tis sue involve ment can be patchy, lim it ing the util ity of car diac 
biopsy

Selected patients with HE/HES

Pulmonary func tion tests* Any patient with suspected pul mo nary involve ment or abnor mal  
find ings on chest CT

Bone mar row aspi rate and biopsy* All patients with AEC >5.0 × 109/L and/or fea tures sug ges tive of LHES or 
MHES; patients with clear diag noses, such as EGPA or par a sitic infec tion, 
may not need bone mar row test ing despite AEC >5.0 × 109/L

Testing for BCR::ABL1, FIP1L1::PDGFRA, and trans lo ca tions/muta tions 
involv ing PDGFRB, JAK2, FGFR1, and KIT

Testing should be guided by results of ini tial test ing and bone mar row 
exam i na tion; all  patients with ele vated serum tryptase and/or B12 lev els 
should be tested for FIP1L1::PDGFRA

NGS mye loid panel; targeted or wholeexome sequenc ing; other 
genetic test ing

Depending on ini tial eval u a tion

PET scan,* EBV viral load Particularly in patients with suspected LHES

Other test ing for sec ond ary causes As indi cated by clin i cal his tory and phys i cal exam i na tion

*Can be dra mat i cally affected by cor ti co ste roid ther apy.
†Not all  patients with LHES will have clonal or aber rant Tcell pop u la tions detect able by rou tine test ing.
CT, com puted tomog ra phy; EBV, EpsteinBarr virus; EGPA, eosin o philic granulomatosis and polyangiitis; MHES, mye loid var i ant hypereosinophilic  
syn drome; MRI, mag netic res o nance imag ing; NGS, nextgen er a tion sequenc ing; PET, pos i tron emis sion tomog ra phy.
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in the bone mar row with dra matic but incom plete reduc tion of 
blood and tis sue eosin o philia. In con trast, benralizumab, an afu
cosylated mono clo nal anti body to IL5 recep tor α, tar gets eosin
o phils, baso phils, and their pre cur sors for anti bodydepen dent  
cellmedi ated cyto tox ic ity, resulting in com plete (or near  
com plete) deple tion in all  tis sues stud ied to date. Although 
defin i tive data are lacking, what lit tle infor ma tion is avail  able 
concerning the effi cacy of these agents in mye loid forms of HES 
is dis cour ag ing.22,24,25

Other agents that directly or indi rectly decrease blood and 
tis sue eosin o philia are in devel op ment for HES and/or approved 
for select eosin o philic indi ca tions (Table 4). These include liren
telimab (an afucosylated anti body to Siglec8 that depletes 
eosin o phils and baso phils and inhib its mast cell acti va tion),26 
dupilumab (a mono clo nal anti body to IL4 recep tor α approved 
for asthma, atopic der ma ti tis, chronic rhinosinusitis, and eosin
o philic esophagitis that blocks IL4 and IL13 sig nal ing and 
eotaxinmedi ated tis sue migra tion of eosin o phils),27 and dex
pramipexole (an orally avail  able small mol e cule that causes mat
u ra tional arrest and eosin o phil deple tion through an unknown 
mech a nism).28

CLINICAL CASE (Con tin ued)
After an ini tial response to benralizumab, inter feron α was dis
continued. Two weeks later, eosin o philia and severe symp
toms returned. Benralizumab was discontinued, and she was 
started on pred ni sone 60 mg in addi tion to inter feron α. She 
sub se quently devel oped acute sen so ri neu ral hear ing loss 
that resolved with ces sa tion of inter feron α and a pred ni sone 
burst. Cyclosporine was added. Due to per sis tent symp toms 
and inabil ity to taper pred ni sone below 20 mg daily, she was 
enrolled on a phase 3 pla cebocon trolled trial of mepolizumab. 

Her symp toms improved, and she was  able to taper  pred ni sone 
to 9 mg daily, at which point she devel oped cough and short
ness of breath requir ing hos pi tal admis sion. Evaluation was 
nota ble for groundglass infil trates, dif fuse lymph ade nop a
thy, and spleno meg aly. Lymph node biopsy (approx i ma tely  
10 years after her ini tial diag no sis) revealed angioimmunoblastic  
Tcell lym phoma. She was treated with CHOPR (cyclophospha
mide, doxorubicin hydrochloride, vincristine sulfate [Oncovin], 
prednisone, and rituximab) with tran sient response. Romidep
sin was added, but she devel oped rightsided heart fail ure and 
died of respi ra tory fail ure.

Predictors of response to targeted ther apy
There is cur rently lit tle avail  able infor ma tion to guide the ini tial 
choice of bio logic for a patient with HES. Although AEC has been 
shown to pre dict response to IL5/IL5 recep tor targeting agents 
in patients with asthma, nei ther serum IL5 lev els nor eosin o phil 
count at ini ti a tion of treat ment were found to pre dict response 
to mepolizumab in the phase 3 trial in patients with PDGFRA
neg a tive, cor ti co ste roidrespon sive HES,29 and nei ther his toric 
peak nor base line AEC predicted response to benralizumab in 
a phase 2 trial in patients with PDGFRAneg a tive, treat ment
refrac tory HES.22 The only con sis tent find ing across tri als has 
been dif fer ences across clin i cal HES sub types, with decreased 
response rates and/or increased relapse rates in patients with 
lym pho cytic var i ant HES22,25,3032 (Figure 2). That said, responses 
to the dif fer ent bio log ics targeting the IL5 axis are var i able, and 
a lack of response to one agent does not pre clude suc cess with 
another.32

Potential risks of eosin o phil deple tion
Over the past 10 to 15 years, it has become increas ingly appar
ent that eosin o phils play an impor tant role in homeo static 
pro cesses, includ ing tis sue remodeling, tumor sur veil lance,  

Figure 1. Initial approach to the patient with hypereosinophilic syndrome.
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Table 4. Selected ther a peu tic agents for the treat ment of hypereosinophilic syn dromes

Class Selected agents Target Comments

CS Oral pred ni sone and equiv a lents
Topical CS (ie, swallowed 
budesonide)

NA Firstline ther apy in most types 
of HES; although most patients 
respond ini tially, tox ic ity and  
resis tance are lim it ing long term
May be suf fi cient in sin gleorgan 
eosin o philic dis or ders, such as 
eosin o philic esophagitis, and 
eosin o philic der ma ti tis

Cytotoxic Hydroxyurea
Methotrexate
Cyclophosphamide

Dividing cells Conventional sec ondline ther apy 
for idi o pathic HES* and some 
MHES; can be used at high dose to 
rap idly lower counts; inex pen sive 
but sig nifi  cant tox ic ity
Steroidspar ing agent most   
com monly used in EGPA and other 
rheumatologic over lap dis or ders*
Mostly used for ste roidrefrac tory 
or lifethreat en ing EGPA

Immunomodulatory Interferon α
Cyclosporine

Conventional sec ondline ther apy 
for LHES and some idi o pathic HES; 
sub stan tial tox ic ity*
Alternative sec ondline agent, 
espe cially in LHES; renal tox ic ity is 
a sig nifi  cant prob lem*

Biologics Mepolizumab*
Reslizumab
Benralizumab
Dupilumab
Lirentelimab

IL5
IL5
IL5 recep tor
IL4 recep tor
Siglec8

Approved for the treat ment of HES 
and EGPA at 300 mg monthly19,21

Likely to be com pa ra ble to 
mepolizumab; approved for 
asthma with weightbased dos ing
In phase 3 tri als for HES; approved 
for asthma
Blocks tis sue eosin o philia but 
may cause periph eral eosin o philia 
and, rarely, eosin o philic com pli
ca tions; approved for chronic 
rhinosinusitis, atopic der ma ti tis, 
and, most recently, eosin o philic 
esophagitis
Depletes eosin o phils and pre vents 
mast cell degran u la tion; in clin i cal 
devel op ment

Tyrosine kinase inhib i tors Imatinib
Ruxolitinib

Multiple
JAK

Approved for the treat ment of 
HES; near 100% effi cacy in PDGFR
asso ci ated mye loid neo plasms; 
some effi cacy in other HES with 
mye loid fea tures17

Approved for sev eral mye loid 
dis or ders typ i cally asso ci ated 
with JAK2 muta tions; case reports 
sug gest that it may be use ful in 
JAK2asso ci ated HES and LHES

Novel targeted Dexpramipexole Causes mat u ra tional arrest at 
eosin o philic promyelocyte stage 
via unknown mech a nism

In clin i cal devel op ment for HES; 
phase 2 study prom is ing

*Mepolizumab, which is approved for the treat ment of HES, has bet ter effi cacy and lower tox ic ity but is expen sive and not avail  able in all  countries.
†Primary out come of the phase 3 trial of mepolizumab for PDGFRAneg a tive, ste roidrespon sive HES in adults: reduc tion of dis ease flares over a 
32week period in patients receiv ing mepolizumab and sta ble back ground ther apy com pared with those receiv ing pla cebo and sta ble back ground 
ther apy.21 Dual pri mary out comes of the phase 3 trial of mepolizumab for relaps ing or treat mentrefrac tory EGPA in adults: total accrued weeks of 
remis sion, defined as a Birmingham vas cu li tis score of 0 on less than 4 mg pred ni sone daily for 52 weeks, and pro por tion of par tic i pants in remis sion 
at weeks 36 and 48.23

CS, cor ti co ste roid; EGPA, eosin o philic granulomatosis and polyangiitis; MHES, mye loid var i ant hypereosinophilic syn drome.
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met a bolic func tion, and immu no reg u la tion.33 Although this has 
led to the o ret i cal con cerns about the effects of longterm ther
apy with bio log ics and other agents that sig nifi  cantly reduce 
eosin o phils in blood and tis sue, data to date sug gest that eosin
o phil deple tion in humans is safe.25,3437 Importantly, there have 
been no reports of an increased inci dence of malig nancy or 
auto im mune dis ease related to eosin o phil deple tion, and even 
sub tle immu no logic con se quences dem on strated in murine 
mod els, such as impaired vac cine responses, have not been rep
li cated in human stud ies.22,34,38,39 This lack of sig nifi  cant tox ic ity is 
likely due, at least in part, to the redun dancy and com plex ity of 
the human immune sys tem, which raises poten tial con cerns as 
the num ber of targeted ther a pies and bio log ics increases and  
the use of com bi na tion ther a pies becomes more com mon. It is 
also impor tant to note that toxicities may be restricted to spe
cific pop u la tions or clin i cal set tings (ie, patients exposed to hel
minth infec tion, infected with coronavirus dis ease 2019, or at 
high risk of auto im mune dis ease), for which there are lit tle to no 
pro spec tive data to date.

Conclusions
Whereas eosin o philia is com mon in the gen eral pop u la tion, HES 
are a het ero ge neous and com plex group of rare dis or ders with 
clin i cal man i fes ta tions that span the range of med i cal subspe
cialties. Comprehensive clin i cal eval u a tion is nec es sary both 
to assess endorgan man i fes ta tions and deter mine the most 
likely eti  ol ogy and/or clin i cal sub type of HES, as this infor ma
tion has impor tant ther a peu tic and prog nos tic impli ca tions. 
Although cor ti co ste roids con tinue to be firstline ther apy in 
most sit u a tions, novel targeted ther a pies are rap idly replacing 
con ven tional cyto toxic and broad immu no sup pres sive agents 
as sec ondline agents of choice for the treat ment of eosin o phil
asso ci ated clin i cal man i fes ta tions. Despite the lack of safety sig
nals to date, vig i lance and pro spec tive stud ies are needed to 

con firm the safety of these agents over the long term and to 
assess the impact of blocking mul ti ple lin e ages and/or path ways 
on homeo static pro cesses.
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