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ANXIETY PROVOKING CONSULTATIONS: MAST CELLS AND EOSINOPHILS

     Available and emerg ing ther a pies for bona fi de 
advanced sys temic mastocytosis and pri mary 
eosin o philic neo plasms 
     Jason   Gotlib  
 Division of Hematology, Stanford Cancer Institute / Stanford University School of Medicine, Stanford, CA 

   The his tor i cally poor prog no sis of patients with advanced sys temic mastocytosis (AdvSM) and pri mary eosin o philic neo-
plasms has shifted to increas ingly favor able out comes with the dis cov ery of druggable tar gets. The multikinase / KIT 
inhib i tor midostaurin and the highly selec tive KIT D816V inhib i tor avapritinib can elicit marked improve ments in mea-
sures of mast cell (MC) bur den as well as rever sion of MC - medi ated organ dam age (C - fi nd ings) and dis ease symp toms. 
With avapritinib, the achieve ment of molec u lar remis sion of    KIT  D816V and improved sur vival com pared with his tor i cal 
ther apy sug gests a poten tial to affect dis ease nat u ral his tory. BLU - 263 and bezuclastinib are KIT D816V inhib i tors cur-
rently being tested in tri als of AdvSM. In the new World Health Organization and International Consensus Classifi cations, 
the cat e gory of  “ mye loid / lym phoid neo plasms with eosin o philia and tyro sine kinase (TK) gene fusions ”  is inclu sive of 
rearrangements involv ing  PDGFRA ,  PDGFRB ,  FGFR1 ,  JAK2 ,  FLT3 , and  ETV6::ABL1 . While the suc cess ful out comes with ima-
tinib in  FIP1L1::PDGFRA  - pos i tive cases and  PDGFRB  - rearranged neo plasms have become the  “ poster chil dren ”  of these 
dis or ders, the responses of the other TK - driven neo plasms to small - mol e cule inhib i tors are more var i able. The selec tive 
FGFR inhib i tor pemigatinib, approved in August 2022, is a prom is ing ther apy in aggres sive  FGFR1  - driven dis eases and 
high lights the role of such agents in bridg ing patients to allo ge neic trans plan ta tion. This review sum ma rizes the data for 
these approved and inves ti ga tional agents and discusses open ques tions and future pri or i ties regard ing the man age-
ment of these rare dis eases.  

   LEARNING OBJECTIVES 
    •  Summarize the effi  cacy and safety data for targeted ther apy of advanced sys temic mastocytosis and pri mary 

eosin o philic neo plasms 
   •  Discuss the impact of these novel agents on cur rent treat ment algo rithms and how they shape future man age-

ment pri or i ties  

  CLINICAL CASE 
 A 61 - year - old man with sys temic mastocytosis with chronic 
myelomonocytic leu ke mia (SM - CMML) presented with 
severe fatigue and a 30 - pound weight loss over the prior 
6 months. He did not respond to PEG - inter feron - alfa - 2a. For 
sev eral months, his paracenteses require ment increased 
to twice weekly for a vol ume of 10 to 15    L. Examination 
was nota ble for tem po ral wast ing and marked atro phy of 
mus cles in the bilat eral supraclavicular regions. Imaging 
fi nd ings of hepatosplenomegaly were not pal pa ble on 
exam i na tion due to his marked asci tes. Laboratory stud-
ies revealed a white blood cell count of 17.8    ×    10 9  / L (51 %  
mono cytes), hemo glo bin of 11.9     g / dL, plate let count of 

106    ×    10 9  / L, albu min of 2.3   g / dL (nor mal, 3.5 - 5.0   g / dL), and 
serum tryptase level of 416   ng / mL (nor mal,  < 11.5   ng / mL). 
The bone mar row biopsy spec i men revealed 30 %  mast 
cells, increased mono cytes, and 8 %  blasts / blast equiv-
a lents; kar yo type revealed del(13q). Next - gen er a tion 
sequenc ing revealed  KIT  D816V and  TET2  Q243X muta-
tions (var i ant allele fre quen cies of 11 %  and 44 % , respec-
tively). The patient was referred for man age ment. 

 Advanced sys temic mastocytosis 
 Systemic mastocytosis (SM), defi ned by established 
World Health Organization (WHO) cri te ria, is divided into 
nonadvanced forms (indo lent SM [ISM], bone mar row 
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mastocytosis, smol der ing SM) and advanced SM var i ants 
(aggres sive SM [ASM], SM with an asso ci ated hema to logic 
neo plasm [SM-AHN], and mast cell leu ke mia [MCL]).1-3 ASM is 
defined by ≥1 C-find ings (neo plas tic mast cell [MC]–related 
organ dam age). Diagnostic cri te ria for SM-AHN include the 
pres ence of SM and an asso ci ated (mye loid) neo plasm (most 
com monly CMML),4 and MCL is his to path o log i cally defined by 
≥20% MCs on a bone mar row (BM) aspi rate.1-4 Advanced SM 
(AdvSM) var i ants carry a poor prog no sis (typ i cally less than 
4 years),5-9 and the worst out comes are observed in patients 
with MCL (eg, <6 months to ~2 years).5,10-13 In both the Interna-
tional Consensus Classification (ICC) and WHO fifth edi tion,1,2 
mod i fi ca tions to cur rent minor diag nos tic cri te ria include 
addi tion of CD30 as an immu no his to chem i cal marker of SM, 
and an acti vat ing muta tion in KIT besides D816V may also 
qual ify. In the ICC,1 “AHN” is changed to “AMN” (asso ci ated 
mye loid neo plasm), and a core biopsy spec i men may be used 
to diag nose MCL if the aspi rate is a dry tap. While bone mar-
row mastocytosis is maintained as a sub type of ISM in the ICC,1 
it is a dis tinct sub type from ISM in the WHO clas si fi ca tion.2

Using high-sen si tiv ity assays such as dig i tal drop let poly mer-
ase chain reac tion (PCR) and allele-spe cific PCR, KIT D816V can 
be detected in ~95% of patients with AdvSM.14,15 Compared with 
nonadvanced SM, AdvSM var i ants are more fre quently char ac-
ter ized by multilineage involve ment by KIT D816V and a com-
plex, multimutated genetic land scape, best exem pli fied by 
SM-AHN.16-18 SRSF2, ASXL1, and RUNX1 (S/A/R panel) are high-risk 
muta tions,19,20 but other mye loid muta tions are com monly iden-
ti fied (eg, TET2, DNMT3A, JAK2, NRAS, CBL, EZH2),15 some of 
which have been incor po rated into prog nos tic scor ing sys tems 
based on clin i cal, lab o ra tory, and molec u lar fea tures.6-9

Historically, ther apy of AdvSM has consisted of off-label use 
of PEG-inter feron (IFN) α ± cor ti co ste roids or cladribine. Studies 
eval u at ing these agents have often consisted of an admix ture of 
patients with nonadvanced and AdvSM with over all responses in 
the range of 30% to 50% using het er og e nous response cri te ria and 
var i able reporting of bio mark ers of response, includ ing changes 
in BM MC bur den and serum tryptase level.21-24 Imatinib was 
approved by the US Food and Drug Administration (FDA) in 2005 
for patients with ASM with out KIT D816V or unknown muta tion 
sta tus, an exceed ingly rare patient pop u la tion. While exon 17 KIT 
D816V is an imatinib-resis tant muta tion, the drug can be effec tive 
in patients with SM with exon 8 to 11 muta tions/juxtamembrane 
var i ants such as F522C, which is asso ci ated with a well-dif fer en ti-
ated SM phe no type.25 Acute mye loid leu ke mia (AML)–type induc-
tion che mo ther apy has been used in patients with kinet i cally 
aggres sive or refrac tory/relapsed dis ease to the afore men tioned 
ther a pies. For patients with SM-AHN, in whom AHN-directed 
ther apy is required, hydroxy urea has been used to con trol leu-
ko cy to sis and spleno meg aly. Hypomethylating agents are com-
monly employed when the AHN is a higher-risk myelodysplastic 
syn drome (MDS) or MDS/mye lo pro lif er a tive neo plasm (MPN). 
A ret ro spec tive anal y sis of allo ge neic hema to poi etic stem cell 
trans plan ta tion (HSCT) revealed a 3-year over all sur vival of 57% 
among 57 patients, with a diag no sis of MCL and reduced inten-
sity (vs myeloablative) con di tion ing being iden ti fied as adverse 
prog nos tic fac tors.26 These data were derived before the use of 
KIT inhib i tors; there fore, the role of trans plant in the mod ern KIT 
inhib i tor era is not well defined.

The ratio nale for KIT inhi bi tion in AdvSM is based on the high 
fre quency of the KIT D816V muta tion and its pres ence in cells 

from both the MC and AHN com part ments.14,15,27,28 The expe ri-
ence with midostaurin and avapritinib has val i dated this clin i cal 
strat egy but has also revealed chal lenges of KIT inhib i tor mono-
therapy. In par tic u lar, patients with SM-AHN and/or cases with a 
com plex molec u lar land scape are vul ner a ble to AHN pro gres sion 
or trans for ma tion to sec ond ary AML.4,5,22-24

Midostaurin
Midostaurin (Novartis) is a multikinase/KIT inhib i tor that tar-
gets not only D816V-mutated KIT but also wild-type (WT) KIT, 
PDGFRα/β, VEGFR2, and FLT3.29 Based on an encour ag ing 
 par tial response to midostaurin in a patient with SM-MDS/MPN-
unclas si fi able30 and an over all response rate (ORR) of 69% in 
an inves ti ga tor-ini ti ated trial,31 the drug was eval u ated in a 
global registrational, phase 2, sin gle-am, open-label study of 
89 evaluable patients with AdvSM with ≥1 C-find ings. The ORR 
was 60% (45% major responses) by (mod i fied) Valent and 
Cheson cri te ria.32 The Euro pean Medicines Agency (EMA) and 
FDA performed post hoc ana ly ses of the trial using International 
Working Group–Myeloproliferative Neoplasms Research and 
Treatment-Euro pean Competence Network on Mastocytosis 
(IWG) response cri te ria. The EMA and FDA iden ti fied IWG ORRs 
of 28% and 17%, respec tively, the dif fer ence reflecting the 
FDA’s deci sion not to include the cat e gory of “clin i cal improve-
ment” in their cal cu la tion of response rate.33,34 Midostaurin elic-
ited a median best per cent reduc tion of serum tryptase level 
and BM MC bur den by −58% and −59%, respec tively; reduced 
spenomegaly; and elicited a sig nifi  cant reduc tion in symp toms 
(using the Memorial Symptom Assessment Scale) except for 
nau sea and vomiting, which are com mon midostaurin-related 
adverse events.32,35 The median pro gres sion-free sur vival was 
14.1 months, and the over all sur vival (OS) was 28.7 months.32 
These data led to midostaurin’s approval for advanced SM in 
2017 by the FDA and EMA. Additional real-world cohorts of 
AdvSM patients have cor rob o rated midostaurin’s activ ity, 
includ ing an anal y sis that showed that a ≥25% reduc tion in KIT 
D816V RNA expressed allele bur den was the stron gest var i able 
asso ci ated with prolonged sur vival.36-39 A ret ro spec tive reg is-
try anal y sis also con firmed the supe rior sur vival of midostaurin 
com pared with cladribine.40

Avapritinib
Avapritinib (BLU-265; Blueprint Medicines) was designed as a 
highly selec tive, type 1 inhib i tor of D816V-mutated KIT.41 It exhib-
its a 10-fold lower 50% inhib i tory con cen tra tion (IC50)  com pared 
with midostaurin in an assay of KIT D816V kinase activ ity (0.27 
vs 2.9 nM). Avapritinib’s restricted tar get pro file also includes 
plate let-derived growth fac tor recep tor alpha (PDGFRα) with 
 neg li gi ble activ ity against WT KIT; the drug received FDA 
approval in 2020 for adults with an unresectable or met a static 
gas tro in tes ti nal stro mal tumor har bor ing a PDGFRA exon 18 
muta tion, includ ing the D842V muta tion.42

Avapritinib’s FDA approval in 202143 as first-line ther apy for 
adults with AdvSM (recommended plate let count ≥50 × 109/L) 
was based on the phase 1 EXPLORER study44 and an interim 
anal y sis of the phase 2 PATHFINDER study.45 The centrally adju-
di cated EXPLORER study consisted of a dose esca la tion phase 
eval u at ing doses of 30 to 400  mg daily in patients with AdvSM 
with ≥1 eli gi ble organ dam age find ing by IWG cri te ria. The sub-
se quent dose expan sion phase eval u ated 2 dos ing cohorts of 
200  mg and 300  mg daily. Ultimately, 200  mg daily was cho-
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sen as the recommended phase 2 dose based on a com pos ite 
anal y sis of safety/tol er a bil ity, phar ma co ki net ics, effi cacy, and 
bio mark ers of response, includ ing dynamic changes in BM MC 
bur den and serum tryptase lev els. Table 1 shows the over all rates 
of response by mod i fied IWG cri te ria, AdvSM var i ant, prior ther-
apy and midostaurin expo sure, and S/A/R muta tion sta tus in the 
EXPLORER study (n = 69 evaluable patients)44 and from an interim 
anal y sis of PATHFINDER (n = 32 evaluable patients).45 Figure 1 
high lights the marked decreases in mea sures of MC dis ease from 
the EXPLORER study, includ ing BM MC bur den, serum tryptase 
level, and KIT D816V var i ant allele frac tion from BM using dig i-
tal drop let PCR with a limit of detec tion of 0.17%. Importantly, 
a com plete molec u lar remis sion (CMR) was achieved in 30% 
of patients, which rep re sents a new response bench mark for 
AdvSM. Reversion of MC skin lesions and sig nifi  cant improve-
ment in symp toms using the AdvSM Symptom Assessment Form 
were also observed.44-46

An anal y sis of pooled out comes in 53 patients treated with 
an avapritinib starting dose of ≤200  mg daily revealed an ORR 

of 72% (com plete response [CR]/CR with par tial hema to logic 
recov ery [28%] + par tial response [PR] [28%] + clin i cal improve-
ment [15%]).47 The ORR among the 31 patients who had received 
prior ther apy was 71%, includ ing a CR/CR with par tial hema to-
logic recov ery rate of 19%.48 Overall sur vival at 12 and 24 months 
was 80% and 65%, respec tively, and the median OS sur vival was 
not reached in this pre vi ously treated pop u la tion with a median 
fol low-up of 17.7 months.48 In 2022, the EMA granted approval 
for avapritinib in patients with AdvSM exposed to at least 1 prior 
sys temic ther apy.49

Long-term out comes
The esti mated pro gres sion-free sur vival rates were 84% at 
12 months and 63% at 24 months in the EXPLORER response- 
evaluable pop u la tion (n = 53).44 During a median fol low-up of 
23 months, 14 (20%) exhibited dis ease pro gres sion, includ ing 
6 patients (9%) with trans for ma tion to sec ond ary AML. There 
was no con sis tent pat tern of base line or on-treat ment mye loid 
muta tions, changes in the var i ant allele fre quency of spe cific 

Table 1. Response rates to avapritinib in the EXPLORER and PATHFINDER stud ies

Characteristic Phase 1 EXPLORER Phase 2 Interim PATHFINDER

Response evaluable, n 53 32

AdvSM sub type, n

 ASM 3 2

 SM-AHN 37 26

 MCL 13 4

ORR by mod i fied IWG cri te ria, % (CR + CRh + PR + CI) 75 75

Best response, %

 CR 15 0

 CRh 21 19

 PR 34 31

 CI 6 25

 SD 23 13

 PD 0 3

 NE 2 9

ORR by sub type, %

 ASM 100 100

 SM-AHN 76 81

 MCL 69 25

ORR by any prior ther apy, %

 Yes 69 74

 No 86 78

ORR by midostaurin his tory, %

 Prior midostaurin 59 82

 Midostaurin naive 83 67

ORR by S/A/R comutation sta tus, %

 Yes 74 71

 No 77 80

CI, clin i cal improve ment; CRh, com plete remis sion with par tial hema to logic recov ery; NE, not evaluable; PD, pro gres sive dis ease; S/A/R, SRSF2, 
ASXL1, RUNX1; SD, sta ble dis ease.
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genes, or resis tance muta tions in KIT in patients with or with-
out clin i cal pro gres sion.50

In the EXPLORER over all AdvSM safety pop u la tion, the 
median OS was not reached with a median fol low-up dura tion 
of 23 months.44 Patients with S/A/R muta tions or a base line 
muta tion-adjusted risk score ≥2 exhibited shorter sur vival.44 
Among all  patients with AdvSM, the esti mated 24-month OS 
rate was 76% and 100%, 67%, and 92% for ASM, SM-AHN, and 
MCL sub types, respec tively.44 The com par a tive sur vival rates 
from the global midostaurin trial were 53% for all  patients 
with AdvSM and 86%, 49%, and 26% for patients with ASM, 
SM-AHN, and MCL, respec tively.32 The esti mated median OS 
for all  patients with AdvSM was 46.9 months in a pooled anal y-
sis of patients from EXPLORER and PATHFINDER ini ti ated with 
avapritinib ≤200  mg daily.47 Compared with a his tor i cal cohort 
of patients with AdvSM treated with best avail  able ther apy, 
avapritinib-treated patients exhibited sig nifi  cantly improved 
sur vival (adjusted haz ard ratio, 0.48; 95% con fi dence inter val, 
0.29-0.79; P  =  .004), lon ger dura tion of treat ment (23.8 vs 5.4 
months; P  <  .001), and a 60% greater mean dif fer ence in the 
per cent max i mum decrease in lev els of serum tryptase.51 An 
indi rect treat ment com par i son found that avapritinib improved 
sur vival com pared with midostaurin.52

Avapritinib: adverse events
In the pooled out comes from the over all safety pop u la tion of 131 
avapritnib-treated patients,47 the most com mon  nonhematologic 
adverse events (AEs) (all  grades %/grade ≥3%) were periph-

eral/periorbital edema (81%/4%), diar rhea (34%/<1%),  nau sea 
(31%/3%), fatigue/asthe nia (28%/7%), and cog ni tive effects 
(25%/2%).41 Hematologic AEs consisted of neutropenia 
(17%/16%), ane mia (44%/27%), and the grouped terms throm bo-
cy to pe nia/plate let count decreased (50%/30%). In EXPLORER, 
intracranial bleed ing (ICB; eg, intraparenchymal hem or rhage, 
sub dural hema toma) emerged as an AE of spe cial inter est that 
occurred in 9 (13%) patients, with 7 of these cases devel op ing 
in the set ting of throm bo cy to pe nia (plate let count <50 × 109/L). 
Asymptomatic cases (n = 5, grade 1) were detected by prespeci-
fied  pro to col mag netic res o nance imag ing of the brain; 2 events 
were grade 2, and one each was grade 3 and grade 5 (asso ci-
ated with head trauma). Mitigation pro ce dures (eg, exclu sion of 
patients with a starting plate let count <50 × 109/L, dose hold and 
reduc tion for emer gent throm bo cy to pe nia reaching this thresh-
old, plate let trans fu sions, increased blood count sur veil lance) led 
to a decrease in ICB in the interim PATHFINDER anal y sis, with only  
1 patient (1.6%) expe ri enc ing a grade 2 sub dural hema toma in 
the set ting of pro gres sive throm bo cy to pe nia.45 The recom-
mended fre quency of plate let count mon i tor ing is detailed in the 
avapritinib pre scrib ing insert.

Emerging KIT inhib i tors
BLU-263 and bezuclastinib
BLU-263 (Blueprint Medicines) has com pa ra ble selec tiv ity and 
potency to avapritinib but lim ited brain pen e tra tion poten tial, 
which may mit i gate cog ni tive changes and ICB. It is cur rently 
being eval u ated in the phase 2/3 HARBOR study (NCT04910685) 

Figure 1. Phase 1 EXPLORER Study: Avapritinib effects on measures of mast cell burden. Waterfall plots are shown for bone marrow 
mast cell burden, serum tryptase level, spleen volume, and KIT D816V variant allele fraction. A, other antineoplastic therapy; M, prior 
midostaurin exposure; MAF, mutant allele fraction; VAF, variant allele fraction.
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CLINICAL CASE (Con tin ued)
The patient was started on avapritinib 200  mg daily. After 4 
months, he became paracentesis inde pen dent. By 6 months, the 
albu min had increased to 4.8  g/dL, and the patient had gained 
30 pounds and no lon ger exhibited mus cle wast ing. In addi tion, 
the serum tryptase level nor mal ized to 10.1  ng/mL and the BM 
biopsy spec i men showed no mast cell aggre gates. He exhibited 
a 38% improve ment in total symp tom score on the AdvSM Symp-
tom Assessment Form. Due to per sis tence of periorbital edema 
and achieve ment of a com plete remis sion, the avapritinib dose 
was decreased to 100  mg daily. After 3 years of fol low-up, he 
main tains a com plete remis sion; the BM shows no evi dence of 
MC aggre gates and blasts are not increased. The serum tryptase 
level remains nor mal. The del(13q) abnor mal ity and TET2 muta-
tion per sist, but the KIT D816V muta tion is no lon ger detect able.

Primary eosin o philic neo plasms
The WHO major cat e gory of “mye loid/lym phoid neo plasms with 
eosin o philia and rearrangement of PDGFRA, PDGFRB, or FGFR1 or 
with PCM1-JAK2” has had its title changed to “mye loid/lym phoid 
neo plasms with eosin o philia and tyro sine kinase gene fusions” in 
both the fifth edi tion of the WHO clas si fi ca tion of hematolymphoid 
tumors and the International Consensus Classification (ICC).1,2 The 
mod i fi ca tion in nomen cla ture reflects the com mon molec u lar 
theme of rearranged, con sti tu tively acti vated tyro sine kinases. 
These TK gene fusions (and asso ci ated chro mo somal breakpoints) 
involve PDGFRA (the most com mon fusion, FIP1L1::PDGRA, is 
cryp tic; oth er wise, breakpoint 4q12), PDGFRB (5q31~q33), FGFR1 
(8p11), JAK2 (9p24), FLT3 (13q12), and ETV6::ABL1. ETV6::ABL1 pre-
senting as Philadelphia chromosome-like acute lymphoblastic 
leukemia (which should be dis tin guished from this cat e gory of TK 
gene fusions) can also rarely pres ent as de novo T-cell acute lym-
phoblastic leukemia or a mye loid neo plasm.55,56

of patients with ISM.53 Substantial clin i cal inter est exists in eval-
u at ing BLU-263 in patients with AdvSM as monotherapy or as 
sequenced ther apy with AHN-directed agents given the con cern 
about the poten tial for throm bo cy to pe nia-emer gent ICB in this 
patient pop u la tion with avapritinib.

Bezuclastinib (CGT9486; Cogent Biosciences) is a type I TK 
inhib i tor with activ ity against muta tions in KIT exons 9, 11, 17, and 
18, includ ing D816V.54 Its tar get pro file avoids other kinases such 
as WT KIT, PDGFRα, PDGFRβ, wild-type KIT, VEGFR2, and CSF1R 
and exhib its lim ited blood-brain bar rier pen e tra tion and no cen-
tral ner vous sys tem toxicities in pre clin i cal stud ies. The drug is 
cur rently being eval u ated in a phase 2, open-label clin i cal trial 
(APEX; NCT04996875) of AdvSM in which patients are first ran-
dom ized to 1 of 4 doses of the drug in a dose opti mi za tion stage, 
followed by dose expan sion at the recommended phase 2 dose. 
A phase 2/3 study of bezuclastinib in ISM/smol der ing SM has 
also been ini ti ated (NCT05186753).

AdvSM and KIT inhib i tors: open ques tions and future 
direc tions
Avapritinib, midostaurin, or enroll ment in clin i cal tri als should 
be con sid ered the first-line treat ment option for AdvSM. While 
avapritinib is not rec om mend for patients with plate let count 
<50 × 109/L, it may oth er wise merit pre ferred sta tus. The drug 
can gen er ate molec u lar remis sions of KIT D816V, and recent 
data indi cate more favor able long-term out comes com pared 
with his tor i cal treat ments, includ ing midostaurin. The major 
chal lenge of these KIT inhib i tors is the AdvSM var i ant SM-AHN, 
in which prog no sis is usu ally driven by the AHN, and the pres-
ence of a com plex muta tional land scape beyond KIT D816V 
may pro mote pro gres sion and resis tance. In this regard, how to 
sequence KIT inhi bi tion with AHN-targeted ther apy is a major 
focus of clin i cal trial devel op ment in AdvSM. Table 2 high lights 
some of the major chal lenges and open ques tions that have 
emerged in the era of KIT inhib i tors.

Table 2. Major ques tions and future chal lenges with KIT inhib i tors in AdvSM

• What are the most pre dic tive bio mark ers of prolonged response and sur vival?

•  Will response cri te ria based on pure path o logic cri te ria (eg, BM MC bur den, serum tryptase level, blood counts), with out confounding by  
lin ger ing C-find ings, bet ter pre dict long-term end points such as over all sur vival?

• How do we define and har mo nize molec u lar eval u a tion of MRD?

• Is time-lim ited treat ment with KIT inhib i tors fea si ble in patients who achieve a min i mum dura tion of com plete molec u lar remis sion of KIT D816V?

• What is the clin i cal impact of KIT inhib i tors on the nat u ral his tory of the AHN com po nent?

•  Does the pres ence of an AHN or multimutated molec u lar pro file abro gate the poten tial ben e fits of molec u lar remis sion of KIT D816V or neg a tive 
MRD?

• How do we sequence KIT inhib i tors and AHN-directed ther apy in patients with SM-AHN?

• What is the opti mal role and tim ing of allo ge neic HSCT in the era of KIT inhib i tors and who are most appro pri ate can di dates for trans plant?

• How do we use KIT inhib i tors as a cytoreduction strat egy before transplant?

• Should KIT inhib i tors be con tin ued after trans plant only in patients with detect able KIT D816V?

•  Will KIT inhib i tors with less CNS pen e tra tion (eg, BLU-263, bezuclastinib) per mit their use with ther apy for high-risk AHN (eg, HMA ± venetoclax) or 
with inten sive induc tion che mo ther apy in KIT D816V-pos i tive AML?

• Is there a role for cladribine + selec tive KIT inhib i tors in patients with AdvSM with refrac tory/relapsed or rap idly pro gres sive dis ease?

CNS, cen tral ner vous sys tem; HMA, hypomethylating agent; MRD, measurable resid ual dis ease.
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Eosinophilia is not an invari able fea ture of these neo plasms 
but can serve as a use ful pre-diagnostic check point to think 
about these dis ease enti ties. At the time of writ ing, there have 
been 8 PDGFRA part ner fusion genes char ac ter ized, over 30 
for PDGFRB, 16 for FGFR1, 3 for JAK2, and 7 for FLT3 (Table 3).55-57  
In some cases besides the cyto ge net i cally invis i ble FIP1L1:: 
PDGFRA, stan dard cyto ge net ics and/or fluo res cence in situ 
hybrid iza tion (FISH) may not be  able to iden tify the TK gene 
fusion. Integrated geno mic ana ly ses, includ ing chro mo-
somal microarrays, whole-genome sequenc ing, and/or RNA 
sequenc ing, may be nec es sary to uncover small dele tions or 
inver sions resulting in cryp tic fusion genes.58

The clin i cal pre sen ta tion of myeloid/lymphoid neoplasms 
with eosinophilia (MLN-eo) with TK gene fusions can be highly 
com plex. One should deter mine whether the dis ease involves 
the BM and periph eral blood (PB) only, extramedullary dis ease 
(EMD) only, or both BM/PB and EMD. If clin i cally suspected, 
imag ing (pref er a bly pos i tron emis sion tomog ra phy/com puted  

tomog ra phy) should be under taken to iden tify EMD so it can 
be seri ally followed dur ing treat ment. Second, the pres ence 
of chronic phase (CP) or blast phase (BP) dis ease should be 
char ac ter ized in the BM/PB. The pres ence of EMD rep re sents 
a BP com po nent. Last, the dis ease lin e ages of the BM/PB and 
EMD com po nents should be char ac ter ized. The most com mon 
CP pre sen ta tions of MLN include mye loid neo plasms: MPN or 
MDS/MPN (CMML or MDS/MPN-unclas si fi able) with or with out 
eosin o philia. The BM may exhibit an atyp i cal (usu ally inter sti-
tial) infil trate of MCs in the absence of the KIT D816V muta tion. 
BP dis ease in the BM/PB and/or EMD may pres ent as AML, 
B- or T-cell leu ke mia/lym pho blas tic lym phoma, or a mixed-
phe no type acute leu ke mia. Importantly, the dis ease lin e age 
in the BM/PB can be dif fer ent from the EMD; there fore, biopsy 
of the EMD for lin e age ascer tain ment may be help ful but not 
always pos si ble. In some cases, we have seen tan dem involve-
ment of the BM/PB by both a chronic mye loid neo plasm and 
B- or T-cell acute lymphoblastic leukemia. If patients have 

Table 3. Tyrosine kinase fusion genes and poten tial targeted ther a pies in mye loid/lym phoid neo plasms with eosin o philia

Tyrosine kinase gene Most com mon part ner  
fusion gene

Other part ner fusion genes and chro mo some 
breakpoint

Tyrosine kinase inhib i tors with 
established or poten tial activ ity

PDGFRA (4q12) FIP1L1 (4q12) BCR (22q11) 
KIF5B (10p11) 
TNKS2 (10q23) 
CDK5RAP2 (9q33)

ETV6 (12p13)
STRN (2p24)
FOXP1 (3p14)

Imatinib

PDGFRB (5q31 ~ 33) ETV6 (12p13) SPTBN1 (2p16) 
PDE4DIP (1q22) 
WDR48 (3p22) 
GOLGB1 (3q12) 
DIAPH1 (5q31) 
KANK1 (9p24) 
CEP85L (6q22) 
GIT2 (12q24) 
HIP1 (7q11)
NIN (14q24) 
ERC1 (12p13)
DTD1 (20p11) 
MYO18A (17q11) 
NDE1 (16p13). 
CPSF6 (12q15) 
CCDC88C (14q32)

TPM3 (1q21)
SPDR (2q32)
GOLGA4 (3p22)
PRKG2 (4q21)
TNIP1 ((5q33)
SART3 ((12q23)
CCDC6 (10q21)
NDEL1 (17p13)
GPIAP1 (11p13)
SPECC1 (17p11)
TRIP11 (14q32)
RABEP1 (17p13)
MPRIP (17p11)
TP53BP1 (15q22)
BIN2 (12q13)

Imatinib

FGFR1 (8p11) ZMYM2 (13q12) FGFR1OP (6q27) 
LRRFIP1 (2q37) 
SQSTM1 (5q35) 
TRIM24 (7q34) 
HERV-K (19q13) 
BCR (22q11) 
CPSF6 (12q15)

CNTRL (9q33)
RANBP2 (2q13)
CUX1 (7q22)
TPR1 (1q25)
FGFR1OP2 (12p11)
MYO18A (17q11)
TFG (3q12)

Pemigatinib
Futibatinib
Midostaurin
Ponatinib

JAK2 (9p24) PCM1 (8p21) ETV6 (12p13)
BCR (22q11)

Ruxolitinib
Fedratinib
Pacritinib
Momelotinib

FLT3 (13q12) ETV6 (12p13) SPTBN1 (2p16) 
TRIP11 (14q32) 
LYN (8q12) 

GOLGB1 (3q12)
NTRK3 (15q25)
SYK (9q22)

Gilteritinib
Midostaurin
Sorafenib
Sunitinib

ABL1 (9q34) ETV6 (12p13) Dasatinib
Nilotinib
Imatinib
Bosutinib
Ponatinib
Asciminib
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received prior treat ment, only cyto ge netic, FISH, or molec u lar  
evi dence of a TK fusion gene may be evi dent as a marker to 
fol low dur ing sub se quent ther apy. The het ero ge neous pre-
sen ta tions of MLN with TK fusion genes are shown in Figure 2. 
Their het ero ge ne ity may reflect the TK fusion gene, its part-
ner, or the pres ence of addi tional cyto ge netic or molec u lar 
abnor mal i ties (eg, RUNX1 muta tion in patients with FGFR1 
fusions).

Imatinib in PDGFRA and PDGFRB TK gene fusions
FIP1L1::PDGFRA is the pro to typic fusion TK gene and is almost 
always asso ci ated with eosin o philia. An increase in the vita-
min B12 and/or serum tryptase level often accompanies the 
find ing of atyp i cal, inter sti tial MCs in the BM.59-61 Most patients 
are male who pres ent with a chronic mye loid neo plasm with 
eosin o philia; how ever, rare cases of AML or T-cell ALL, as well 
as iso lated or con cur rent EMD, have been reported.62 FIP1L1:: 
PDGFRA results from a sub mi cro scopic dele tion of 800 kb on 
chro mo some 4q12 and is not detected by stan dard karyotyp-
ing.59 FISH for the CHIC2 dele tion63 or reverse  tran scrip tion 
PCR is used to iden tify the fusion and for serial mon i tor ing; 
false-neg a tive cases using FISH have been reported and 
there fore PCR should be employed in such cases with high 
clin i cal sus pi cion.64

Studies have con firmed the deep and dura ble responses of 
FIP1L1::PDGFRA-pos i tive dis ease to imatinib at starting doses 
of 100  mg daily.65-68 In patients with known or pos si ble car-
diac involve ment with eosin o phils, con com i tant ini ti a tion of 
cor ti co ste roids (eg, pred ni sone 1  mg/kg for 7-10 days) with 
imatinib is recommended to mit i gate poten tial com pli ca tions 
from heart fail ure/car dio genic shock. Complete  hema to logic  

remis sions are achiev able in >95% of patients and can achieved 
within sev eral weeks; com plete FISH and/or PCR responses 
are typ i cally observed within 3 to 6 months. In patients achiev-
ing FISH or PCR neg a tiv ity, main te nance dos ing of 100  mg 
3 times a week or weekly can main tain deep responses.69 
Similar to chronic myeloid leukemia, increas ing expe ri ence 
is accu mu lat ing with imatinib dis con tin u a tion and the con-
cept of treat ment-free remis sion in FIP1L1::PDGFRA- pos i tive  
cases. In case series, hema to logic and/or molec u lar relapse 
has been documented in <6 months, but in some cases, 
molec u lar remis sions have been maintained for more than 5 
years.70-73 In a ret ro spec tive French series, the relapse-free sur-
vival rate of patients who discontinued imatinib was 57% after 
a median fol low-up of 58 months (range, 25-100 months).74 
Relapses occurred after a median of 10 months (range, 4-23), 
consisting of hema to logic (n = 18, 90%) or iso lated molec u lar 
relapses (n = 2, 10%). Imatinib was suc cess fully resumed in 17 
of 20 (85%) relapsed patients, with com plete hema to logic 
remis sion within 1 month in all  cases and molec u lar responses 
within 12 months in all  tested patients.74 In mul ti var i able anal-
y sis, dura tion of prior imatinib ther apy treat ment was a sta-
tis ti cally sig nifi  cant fac tor for relapse while time to imatinib 
ini ti a tion showed a trend for sig nifi  cance. After a mean fol low-
up of 80 months, the 1-, 5-, and 10-year over all sur vival rates 
of imatinib-treated patients in this cohort were 99%, 95%, and 
84%, respec tively.74

In another study, 12 patients with FIP1L1::PDGFRA who 
achieved a CMR were followed after imatinib dis con tin u a tion.75 
Median time of treat ment and median time of CMR before ima-
tinib dis con tin u a tion were 80 months (range, 43-175 months) 
and 66 months (range, 37-174 months), respec tively. A molec u lar 

BM/PB: Chronic Phase*
No EMD

BM/PB: Chronic Phase*
with EMD

BM/PB: Blast Phase
No EMD

BM/PB: Blast Phase
with EMD EMD Only

Treated, no morphologic
or radiologic evidence

of disease;
+ Cytogenetic/FISH, or 
molecular evidence of
FGFR1 rearrangement

Figure 2. Clinical presentations of MLN with eosinophilia and tyrosine kinase gene fusions. *BM/PB can present with a concurrent 
chronic myeloid neoplasm as well as acute lymphoblastic leukemia/lymphoma (B- or T-cell lineage) or mixed-phenotype acute  
leukemia.
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relapse was observed in 4 patients between 10 and 24 months. A 
sec ond CMR was achieved in 3 patients after 3, 4, and 21 months. 
Eight patients (62%) are in ongo ing CMR (median, 17 months; 
range, 3-71 months). Molecular relapse-free sur vival was 91% at 12 
months and 65% at 24 months.75 No sig nifi  cant dif fer ences were 
iden ti fied between patients with and with out molec u lar relapse 
regard ing dose and dura tion of imatinib ther apy or prior dura-
tion of CMR. Further pro spec tive stud ies are needed to bet ter 
define pre dic tive fac tors for treat ment-free remis sion in these 
patients.

For patients with fusion tyro sine kinases involv ing PDGFRB, start-
ing doses of imatinib 100 to 400  mg daily are recommended.55-57 A 
main te nance dose of 100  mg daily can be con sid ered in patients 
achiev ing hema to logic and molec u lar remis sions fol low ing an 
induc tion dose of 400  mg daily. Long-term treat ment out comes 
with imatinib are sim i lar to the expe ri ence with FIP1L1::PDGFRA.76 
Long-term fol low-up (median, 10.2 years) of PDGFRB-rearranged 
patients treated with imatinib for a median dura tion of 6.6 years 
showed a 96% response rate and a 10-year over all sur vival rate 
of 90%.77 None of the patients achiev ing a com plete cyto ge netic 
(n = 13) or molec u lar (n = 8) remis sion lost their response or exhib-
ited pro gres sion to blast phase dis ease.77

Imatinib monotherapy can be effec tive in de novo pre sen ta-
tions of blast phase dis ease with PDGFRA or PDGFRB fusion TK 
genes. In a case series of 17 patients in blast phase and/or with 
EMD, 15 patients treated with imatinib only achieved dura ble com-
plete hema to logic and molec u lar remis sions.78 Two of 17 patients 
(12%) died after a median fol low-up of 65 months. While these 
data are encour ag ing, an alter nate approach may be to com bine 
lin e age-spe cific induc tion che mo ther apy + imatinib with con sid-
er ation of allografting patients in first complete remission.

Primary resis tance is not a clin i cal con cern. Although uncom-
mon, sec ond ary resis tance almost always defaults to 2 canon i-
cal muta tions: PDGFRA T674I or PDGFRA D842V. Although these 
muta tions have exhibited var i able sen si tiv ity to tyrosine kinase 
inhibitors (TKIs) in vitro, clin i cal responses have been under-
whelming.79-83 However, avapritinib’s activ ity against PDGFRA 
D842V in patients with GIST42 augurs prom ise for sim i lar ben e fit 
in the con text of FIP1L1::PDGFRA.

JAK2, FLT3, and ETV6::ABL1 TK gene fusions
In sev eral case series, patients have been treated with ruxolitinib 
for JAK2 gene fusions or with FLT3 inhib i tors (midostaurin, suni-
tinib, sorafenib, gilteritinib) for gene fusions involv ing FLT3.84-86 
Hematologic and cyto ge netic remis sions have been described 
with JAK2 or FLT3 inhib i tors in both TK-driven neo plasms, but 
they tend not to be dura ble.79-85 Since JAK2- and FLT3-targeting 
TKIs in these dis eases have gen er ally not pro vided suf fi cient dis-
ease con trol, the intent should be to use them as a cytoreduc-
tive bridge to HSCT. This was recently dem on strated in an infant 
with ETV6::FLT3 MLN who achieved a mor pho logic, immuno-
phenotypic, and cyto ge netic remis sion with gilteritinib before 
pro ceed ing to trans plant.87 In patients with CP pre sen ta tions 
of ETV6::ABL1-pos i tive dis ease, the lim ited expe ri ence to date 
sug gests that the sec ond-gen er a tion TKIs nilotinib and dasatinib 
may elicit more dura ble com plete remis sions than imatinib.86

FGFR1 inhib i tors in MLN with FGFR1 gene fusions
Patients with FGFR1-rearranged MLN-eo exhibit an aggres-
sive dis ease course.88,89 Individuals with chronic phase dis ease 

exhibit a cumu la tive rate of trans for ma tion to blast phase at  
12 months approaching 50%, and 1-year OS of patients presenting 
with blast phase dis ease is 30%.89 Hydroxyurea and multikinase 
inhib i tors with anti-FGFR1 activ ity (eg, ponatinib, midostau-
rin) in CP and lin e age-spe cific induc tion  che mo ther apy ± TKI in 
BP can lead to par tial response (PR) or short-lived com plete 
response (CR), but cyto ge netic responses (CyR) are rare.90-92 
Allogeneic HSCT is the only treat ment modal ity that has been 
shown to pro duce long-term remis sions in MLN with a FGFR1 
fusion gene.93

Futibatinib is a selec tive inhib i tor of FGFR1-4 that was eval-
u ated in a patient with a PCM1::FGFR1 fusion.94 Futibatinib at a 
dose of 20  mg daily (dose reduced to 16  mg daily after 3 months 
for a grade 2 bul lous rash) pro duced a dura ble, com plete hema-
to logic and cyto ge netic remis sion that was ongo ing after >18 
months of ther apy. Futibatinib is cur rently being eval u ated in a 
phase 2 study of MLN as well as solid tumors (NCT04189445).

The most mature data are avail  able for pemigatinib 
(INCB054828), a selec tive inhib i tor of FGFR1-3. It has received 
reg u la tory approval for adult patients with pre vi ously treated, 
unresectable, locally advanced, or met a static cholangiocar-
cinoma with an FGFR2 fusion or other rearrangements.95 The 
ongo ing FIGHT-203 study eval u at ing pemigatinib is a phase 2, 
mul ti cen ter trial enroll ing adults with MLN-eo with a FGFR1 fusion 
TK gene. Initially, patients had to have received ≥1 prior ther-
apy with a starting dose of pemigatinib 13.5  mg daily in 3-week 
cycles (2 weeks on, 1 week off). With amend ments, patients 
with out prior ther apy were also eli gi ble and the starting dose 
was mod i fied to 13.5  mg daily on a con tin u ous sched ule. The pri-
mary end point is CR rate; sec ond ary end points include over-
all response (ORR [CR + PR]), com plete CyR or par tial CyR, and 
safety.96 All pri mary and sec ond ary end points were inves ti ga-
tor assessed and also adju di cated ret ro spec tively by a Central 
Review Committee (CRC) with CRC-defined cri te ria based on 
local lab and radio logic results and cen tral review of his to pa thol-
ogy and stan dard karyotyping/FISH.

Thirty-four patients were enrolled and treated (1 sub ject with-
out an FGFR1 rearrangement was excluded from the effi cacy 
anal y sis). The aver age num ber of prior ther a pies was 1.6 (range, 
0-6); 3 patients had under gone prior trans plant and 5 patients 
were treat ment naive.96 The lon gest dura tion of pemigatinib 
expo sure was 192 weeks with a median dos ing dura tion of 29 
weeks. Patients com pleted a median of 10.0 treat ment cycles 
(range, 2-65). At data cut off (Decem ber 31, 2020), treat ment was 
ongo ing in 18 patients (53%); rea sons for treat ment dis con tin-
u a tion (n, %) included bridg ing to trans plant (n = 6, 18%), pro-
gres sive dis ease (n = 5, 15%), adverse event (n = 3, 9%), phy si cian 
deci sion (n = 1, 3%), and patient deci sion (n = 1, 3%).96

The base line fea tures of the 33 patients with FGFR1-rear-
ranged MLN have been pre vi ously reported.96 Two patients had 
treated MLN with FGFR1 with a per sis tent cyto ge netic abnor mal-
ity only (no mor pho logic evi dence of dis ease), and the remain-
ing patients had CP (n = 18) or BP (n = 13) dis ease. Among these 31 
patients, CR rates per inves ti ga tor and CRC assess ments were 
64.5% and 77.4%, respec tively; among the 33 patients evaluable 
for CyR, com plete CyR rates were 72.7% and 75.8%, respec tively 
(Figure 3).

The most com mon treat ment-emer gent adverse events 
(TEAEs) were hyperphosphatemia (68%), alo pe cia (59%), 
diar rhea (50%), sto ma ti tis (44%), and ane mia (35%). Grade 
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≥3 TEAEs in ≥10% of patients were ane mia (18%) and pain 
in extrem ity and sto ma ti tis (both 12%). Dose mod i fi ca tions 
due to any TEAE included dose inter rup tion (65%), reduc-
tion (59%), and dis con tin u a tion (12%: due to car diac fail ure, 
 mul ti ple-organ dys func tion, increased alka line phos pha tase, 
and calciphylaxis).96

While Kaplan-Meier median dura tions of CR and ORR had 
not been reached in the over all effi cacy pop u la tion, clin i cal 
and cyto ge netic responses in BP dis ease were less fre quent 
and less dura ble than in patients with CP dis ease. The most 
fre quent rea son for treat ment dis con tin u a tion was bridg ing 
to trans plant, which was achieved in 23% of BP patients.96 
Taken together, these data indi cate that pemigatinib can pro-
duce dura ble and high rates of com plete clin i cal and cyto-
ge netic responses, most of whom had progressed on prior 
ther apy. Pemigatinib may be a use ful option for patients inel-
i gi ble for trans plant or may facil i tate bridg ing to trans plant 
in eli gi ble patients. Pemigatinib was approved by the FDA on 
August 26, 2022, for relapsed or refrac tory MLN with FGFR1  
rearrangement.

Chronic eosin o philic leu ke mia
In both the new ICC and WHO clas si fi ca tions,1,2 diag nos-
tic cri te ria for chronic eosin o philic leu ke mia (CEL) require 
both abnor mal BM mor phol ogy (eg, dys plas tic mega kar yo-
cytes with or with out dys plas tic fea tures in other lin e ages 
or increased blasts ≥5% in the bone mar row and/or ≥2% in 
the periph eral blood) as well as dem on stra tion of a clonal 
cyto ge netic abnor mal ity and/or somatic muta tion(s). In the 
absence of a clonal cyto ge netic abnor mal ity and/or somatic 
muta tion(s) or increased blasts, the afore men tioned BM 
find ings are suf fi cient in the pres ence of per sis tent eosin o-
philia, for which other causes have been excluded. The focus 

on  abnor mal BM his to pa thol ogy97 is intended to dis tin guish 
CEL from idi o pathic hypereosinophilic syn drome and hyper-
eosinophilia of unknown sig nifi  cance. The ICC also requires 
per sis tent PB hypereosinophilia (eosin o phil count ≥1.5 × 109/L 
and  eosin o phils ≥10% of white blood cells)1 while the WHO 
specifies the hypereosinophilia should endure for at least  
4 weeks from the prior require ment of 6 months.2 The WHO 
also removed the CEL dis ease qual i fier “NOS.”2 Notably, CEL 
is still included among the BCR::ABL1-neg a tive MPNs, not 
MDS/MPNs, despite dys plas tic mar row find ings being a core 
his to path o logic fea ture of these neo plasms.

CEL lacks recur rent cyto ge netic and/or molec u lar genetic 
abnor mal i ties such as BCR::ABL1 or TK gene fusions asso ci-
ated with MLN-eo. Case reports and series have anno tated 
non spe cific abnor mal i ties, includ ing del(13q), del(20q), tri-
somy 8, mono somy 7, and com plex kar yo types.98 In some CEL 
cases, next-gen er a tion sequenc ing (NGS) pan els have uncov-
ered gene muta tions that are pro mis cu ous among mye loid 
neo plasms (eg, DNMT3A, ASXL1, TET2, EZH2, SETBP1, CBL, 
SF3B1, among oth ers).99 It may not always be pos si ble to dis-
tin guish whether some var i ants are driv ers of eosin o philia or 
clonal hematopoiesis of indeterminate potential muta tions. 
Rarely, NGS may uncover poten tial druggable tar gets or 
path ways, such as the JAK-STAT sig nal ing axis. In 1 study, the 
STAT5B N642H muta tion was iden ti fied in 27 of 1715 (1.6%) cases 
referred for eosin o philia.100 Somatic inser tion/dele tion muta-
tions (p.L583_A586delinsS) within exon 13 of the pseudokinase 
domain of JAK2 have also been described in patients with a 
diag no sis of both CEL and poly cy the mia vera,101 and a somatic 
acti vat ing JAK1 R629_S632delinsSA muta tion was iden ti fied in 
another patient with long-stand ing CEL.102

CEL car ries a poor prog no sis, with a median OS in the range 
of 1 to 2 years in 2 case series.98,103 No con sen sus stan dard 

Figure 3. FIGHT-203 Trial: Rates of complete clinical and cytogenetic response with pemigatinib. Responses to pemigatinib were 
adjudicated by local investigators and according to a central review committee. Central FISH was given priority over local cytoge-
netic results during CRC adjudications. aIn the 2 patients with treated MLN with no morphologic evidence of disease but persistent 
cytogenetic abnormality, cytogenetic responses were adjudicated, but clinical responses were not.
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 front line treat ment exists for CEL. Corticosteroids, hydroxy urea, 
PEG-IFN-α, and imatinib can improve leu ko cy to sis and hyper-
eosinophilia, but responses tend not to be dura ble. PEG-IFN-α 
can elicit hema to logic and cyto ge netic responses, as well as 
rever sion of end-organ dam age, includ ing in patients who are 
relapsed/refrac tory to cor ti co ste roids and hydroxy urea.55,56 In the 
absence of a tyro sine kinase tar get, hema to logic improve ment 
with empiric use of imatinib may reflect non spe cific myelosup-
pression, and responses tend to be short-lived. Anti–inter leu kin 
5 and anti–inter leu kin 5 recep tor antibodies (mepolizumab and 
benralizumab, respec tively), which dem on strate activ ity in idi-
o pathic hypereosinophilic syn drome and lym pho cyte var i ant 
hypereosinophilia, are gen er ally not active in pri mary eosin o-
philic neo plasms.104,105 As BM dys pla sia is a prominent fea ture of 
bona fide CEL, the role of hypomethylating agents should be 
fur ther explored in these cases.

Novel agents in pri mary eosin o philic neo plasms:  
open ques tions and future pri or i ties
Imatinib has reversed the once poor sur vival of patients with 
PDGFRA and PDGFRB fusions into “good-risk” dis eases. Despite 
the avail abil ity of TK inhib i tors in MLN with rearranged FGFR1, 
JAK2, FLT3, and ABL1, responses to targeted agents are usu ally 
par tial and less dura ble. Their nat u ral his to ries gen er ally remain 
poor and should be dis tin guished from the very favor able expe ri-
ence with imatinib in PDGFRA- and PDGFRB-rearranged dis ease. 
The use of pemigatinib as a bridg ing agent to trans plan ta-
tion in MLN with FGFR1 fusions exemplifies the approach that 
will need to be con sid ered more broadly in MLN, espe cially in 
the BP of dis ease, where TKI response is often short-lived. For 
patients with CEL, the results of NGS may pro vide druggable 
tar gets in rare instances, but oth er wise a treat ment back bone 
with hypomethylating agents or PEG-IFN-α or enroll ment in clin-
i cal tri als of novel agents is recommended with an eye toward 
trans plan ta tion when fea si ble. Table 4 high lights out stand ing 
ques tions and future pri or i ties for the treat ment of pri mary 
eosin o philic  neo plasms.
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FGFR1-rearranged MLN. Off-label use: ruxolitinib, fedratinib, pacri-
tinib, and momelotinib for JAK2-rearranged MLN; midostaurin 
and ponatinib for FGFR1-rearranged MLN;  midostaurin, sorafenib, 
sunitinib, and gilteritinib for FLT3-rearranged MLN; and imati-
nib, dasatinib, nilotinib, bosutinib, ponatinib, and asciminib for  
ETV6::ABL1-rearrranged MLN.
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