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The FGFR1 N546K mutation confers resistance to pemigatinib

in MLN-ZMYM_Z2::FGFR1
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TO THE EDITOR

Myeloid/lymphoid neoplasms with fibroblast growth factor
receptor 1 (FGFRT) gene fusions (MLN-FGFRT) are rare haemato-
logical neoplasms characterized by an aggressive clinical course
and poor prognosis [1]. In the World Health Organization (WHO)
and the International Consensus Classification (ICC) of myeloid
and lymphoid neoplasms, MLN-FGFR1 represents a specific
subtype within the category “myeloid/lymphoid neoplasms with
eosinophilia and tyrosine kinase fusion genes” (MLN-TK [WHO] or
M/LN-eo-TK [ICC]) [2, 3].

The genetic hallmark of MLN-FGFR1 are reciprocal transloca-
tions involving chromosome band 8p11 that result in the fusion of
variable partner genes with FGFR1, most commonly ZMYM2 (MLN-
ZMYM2:FGFR1), t(8;13)(p11.2,q12), and BCR (MLN-BCR:FGFRI),
1(8;22)(p11.2;,q11.2), leading to ligand-independent constitutive
activation of the FGFR1 tyrosine kinase domain (TKD) through
N-terminal dimerization domains of the partner genes. To date, 20
FGFR1 fusion partners have been identified [4]. The initial clinical
phenotype is often characterized by a myeloid neoplasm in
chronic phase (CP) variably associated with eosinophilia and
occasionally accompanied by an extramedullary disease (EMD,
histologically manifesting as T-cell lymphoma, rarely B-cell
lymphoma or myeloid sarcoma) or a primary blast phase (BP) in
the bone marrow (BM) of myeloid, lymphoid, or mixed phenotype.
CP disease generally shows rapid progression into secondary BP
within 1-2 years [4].

There are only a few reports describing usually partial and non-
durable responses to currently available TKIs [4, 5]. Moreover,
durable complete morphologic or molecular remissions are only
rarely achieved following intensive chemotherapy for lymphomas
or acute leukemias in patients with BP. In eligible patients, early
allogeneic hematopoietic cell transplantation (allo-HCT) during CP
or following remission induction after intensive chemotherapy is
therefore recommended for all patients to improve long-term
outcome [4, 6].

Pemigatinib (INCB054828) is a selective, orally available,
reversible FGFR1-3 inhibitor, initially approved for advanced,
treatment-refractory FGFR2-rearranged cholangiocarcinoma. In
phase 2, the open-label FIGHT-203 study, which enrolled 47
patients with MLN-FGFR1, pemigatinib induced an overall
complete response in 74% of patients (96% in CP and 44% in
BP) and a 73% complete cytogenetic response (CCyR) rate. The
median duration of complete response was not reached
(27.9 months to not reached) [7]. Based on the interim results of
the FIGHT-203 study, the FDA granted approval for pemigatinib in
2022 for relapsed or refractory MLN-FGFR1. However, no

mechanisms of acquired resistance to pemigatinib in MLN-FGFR1
have been described to date.

Here, we report an MLN-ZMYM2::FGFR1 in CP and concurrent
myeloid EMD at multiple sites. The patient achieved a rapid but
short-term response to pemigatinib, with subsequent progression
of a myeloid EMD associated with the acquisition of a TKD
mutation in FGFRT exon 12 affecting the hotspot amino acid
residue 546 (FGFR1 N546K).

The 64-year-old male patient presented with a two-month
history of jaw pain and progressive cervical lymphadenopathy. He
had no significant past medical history. A positron emission
tomography (PET) scan demonstrated hypermetabolic hilar,
mediastinal, and cervical lymphadenopathy (Fig. 1Ai, ii), along
with a metabolically active soft tissue lesion on the left dorsal
thoracic wall (Fig. 1Aiii, iv). Bone involvement was noted in the
pelvis and the left dorsal sixth rib. Blood counts and differential
were within normal ranges. A cervical lymph node biopsy revealed
infiltration by myeloid blasts (CD33+, CD34+, CD117+, MPO+,
CD71+) accompanied by marked eosinophilia (Fig. 1Bi-viii).
Cytogenetics from BM aspirate cells revealed a t(8;13)(p11;q12)
[161,46,XY[4] karyotype. Fluorescent in situ hybridization (FISH)
confirmed a rearrangement of FGFR1 (Fig. 1Bix), and reverse-
transcriptase polymerase chain reaction (RT-PCR) identified an in-

frame ZMYM2:FGFR1 fusion transcript (ZMYM2 exon 16
(ENST00000610343.5) fused to FGFR1 exon 10
(ENST00000447712.7);  ZMYM2-Ex16-F1:  GACAGAATATGTTC-
CAGTGCCT, FGFR1_Ex10-R1: AGCTCATA CTCAGAGAMCCC,

ZMYM2-Ex16-F2: CTGTGCCTGTGTATATCCCRGTT, FGFR1_Ex10-R2:
GTGATGGCCGAACCAGAAGMA). The final diagnosis was MLN-
ZMYM2::FGFR1 with myeloid EMD at multiple sites.

After informed consent, the patient was enrolled in the phase 2
FIGHT-203 study [7]. Pemigatinib 13.5 mg once daily (two weeks
on/one week off) was well tolerated, and induced a rapid,
complete haematological response and CCyR. However,
ZMYM2::FGFR1 fusion transcripts remained detectable by droplet
digital polymerase chain reaction (ddPCR).

Following the third cycle, he developed left-sided thoracic pain
and dyspnea. Imaging studies revealed left-sided pleural effusion
and osteolytic destruction of the fifth and sixth rib consistent with
progressive myeloid sarcoma. Biopsy of the soft tissue mass
confirmed CD34+ blasts and a rearrangement of FGFRI.

To explore potential resistance mutations to pemigatinib,
Sanger sequencing (FGFR_P1_F: CTGACTCCAGTGCATCCATGAACG;
FGFR_P1_R: TGCACTTC TTGGAGGCCAGATAC; FGFR_P2_F: GAA-
TACTGCTACAACCCCAGCC; FGFR_P2_R:  CTGAGGAGCACGTA-
GAGCTC) of the FGFR1 TKD using cDNA from the progressive
myeloid sarcoma was performed. A missense mutation in FGFR1
exon 12 was identified (FGFRT Chr8: g.38417331G>T
(GRCh38.p13), c.1638C>A, ENST00000447712.7 (NM_023110.3),
p.Asn546Lys), resulting in an asparagine-to-lysine substitution at
position 546 (p.N546K) (Fig. 2A).
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Fig. 1 Radiologic and histologic features at diagnosis. A PET-CT imaging. i, ii Representative PET-CT images demonstrating FDG-avid
hypermetabolic cervical lymphadenopathy (red squares). iii, iv PET-CT images highlighting a hypermetabolic lesion of the left dorsal thoracic
wall consistent with myeloid sarcoma (orange squares). B Morphologic, immunohistochemical, and cytogenetic characterization. i, ii
Histopathology showing sheets of immature myeloid cells with prominent nucleoli and numerous eosinophil precursors. iii Strong CD33
expression by immunohistochemistry. iv Subset of blasts positive for myeloperoxidase (MPO). v CD14 expression indicating partial
myelomonocytic/monoblastic/histiocytic differentiation. vi CD117 expression marking blasts and mast cells. vii CD71 positivity, suggesting an
erythroid lineage component. viii Ki-67 immunoreactivity indicating high proliferative activity. ix FISH using a break-apart probe
demonstrating FGFR1 rearrangement. CD cluster of differentiation, FDG fluorodeoxyglucose, FGFR1 fibroblast growth factor receptor 1, FISH

fluorescent in situ hybridization, PET-CT positron emission tomography-computed tomography.

FGFR1 N546K has been reported as an activating mutation in
central nervous system tumors and Ewing’s sarcoma [8-10]. It
enhances FGFR1 KD autophosphorylation and promotes cellular
transformation [11]. In contrast to the FGFR1 V561M gatekeeper
mutation, which sterically hinders ATP-competitive inhibitor
binding, the N546K mutation confers resistance to multiple TKls
(e.g., ponatinib, dovitinib, PD173074, and BGJ-398) by increasing
FGFR1's affinity to ATP [12]. Structural analyses of the homologous
FGFR2 N549D/K mutations suggest disruption of stabilizing
hydrogen bonds, which shift the kinase into an active conforma-
tion [13].

In cell viability assays (Supplementary Materials), the FGFR1
N546K mutation markedly reduced sensitivity to the FGFR1
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inhibitors pemigatinib and fexagratinib (pemigatinib: WT vs.
N546K, —58% vs. —2%; fexagratinib: WT vs. N546K, —66% vs.
4%), with N546K-expressing cells maintaining substantially higher
viability than FGFR1 wild-type controls (Fig. 2B). In contrast,
futibatinib and tinengotinib retained appreciable activity against
the N546K variant (futibatinib: WT vs. N546K, —70% vs. —24%;
tinengotinib: WT vs. N546K, —67% vs. —41%), although their
efficacy remained reduced relative to wild-type cells (Fig. 2B).
Collectively, these findings demonstrate that FGFR1 N546K confers
resistance to pemigatinib and fexagratinib and identify futibatinib
and tinengotinib as potential therapeutic options capable of
partially overcoming the FGFR1 N546K resistance mutation.
Notably, these experiments were performed using wild-type and
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Fig. 2 Molecular profiling of FGFR1 at clinical resistance, sensitivity of FGFR1 N546K to FGFR1 inhibitors, and longitudinal monitoring of
the ZMYM2::FGFR1 fusion. A ZMYM2::FGFR1 fusion and FGFRT mutation. Schematic representation of the breakpoints in ZMYM2 and FGFR1
involved in the fusion transcript. The FGFRT exon 12 sequence (amino acids 538-554) is shown, highlighting the ¢.1638C>A point mutation
(red) identified in DNA isolated from the progressive thoracic wall myeloid sarcoma. B Sensitivity of the FGFR1 N546K mutation to FGFR1
inhibitors. Cell viability of NCI-H1581 cells stably transduced with either FGFR1 wild-type or FGFR1 N546K mutant following treatment with
multiple FGFR inhibitors. The mean of four independent biological replicates is depicted + standard error of the mean. Statistical significance
calculated by a two-sided Student’s t-test is indicated. C Longitudinal monitoring of ZMYM2::FGFR1 transcript levels. Droplet digital PCR
(ddPCR) tracking of ZMYM2::FGFR1 transcript levels in bone marrow (BM) and peripheral blood (PB) over the disease course. BM bone marrow,
cDNA complementary DNA, ddPCR droplet digital polymerase chain reaction, FGFR1 fibroblast growth factor receptor 1, PB peripheral blood,

ZMYM2 Zinc Finger MYM-Type Containing 2.

mutant FGFR1 rather than the ZMYMZ2:FGFR1 fusion protein;
therefore, the observed inhibitor sensitivities may not fully reflect
the fusion-specific signaling context or drug responsiveness in
MLN-ZMYM2::FGFR1, warranting further investigation in fusion-
based model systems.

The patient was taken off study and received local radiotherapy
(5%x4Gy) to the progressive myeloid sarcoma, followed by
induction chemotherapy (mitoxantrone, idarubicin, etoposide,
cytarabine). Subsequently, he underwent HLA-matched allo-HCT
with a reduced-intensity conditioning regimen (fludarabin, treo-
sulfan, thiotepa) and received cyclosporine and mycophenolate
mofetil as graft-versus-host disease (GvHD) prophylaxis. Following
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allo-HCT, the patient achieved a complete response and remained
in a CCyR (Fig. 2Q).

Six months after allo-HCT, he developed left leg swelling.
Imaging  studies and  ddPCR  (ZMYM2:FGFR1 Fwd:
CTATCCCTGTGCCTGTGTATATC, ZMYM2:FGFR1_Ex10 probe: 5'-
FAM-TGCTGACTC/ZEN/CAGTGCATCCATGAA-3IABKFQ;
ZMYM2::FGFRT Rev: GATGGCCGAACCAGAAGAA, Fig. 2C) con-
firmed clinical and molecular relapse. To leverage the graft-
versus-leukemia effect, he received 5-azacytidine followed by
nivolumab, which led to a marked decline of ZMYM2:FGFR1
transcript levels in the peripheral blood after the first cycle and a
clinical response (Fig. 2C) [14]. However, he developed severe
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refractory gastrointestinal GvHD and succumbed to his disease 19
months after the initial diagnosis and 12 months post-allo-HCT.

In summary, we identified an acquired FGFR1 N546K TKD
mutation conferring resistance to pemigatinib in a patient with
MLN-ZMYM2::FGFR1. While the pivotal FIGHT-203 trial established
pemigatinib as an effective treatment option with high response
rates and durable remissions, particularly in MLN-FGFRT in CP, our
findings illustrate that resistance mutations such as FGFR1 N546K
may emerge [7]. Our observation highlights the importance of
screening for TKD mutations in patients with MLN-FGFR1 on TKI at
the time of disease progression, similar to BCR::ABL1-positive CML.
Further research is required to define the frequency of FGFR1 TKD
mutations and to assess the efficacy of alternative FGFR1
inhibitors, e.g., futibatinib or tinengotinib, to overcome TKD-
associated resistance [15].

Khalid Shoumariyeh ('™, Stefan Haug?®, Juliana Schwaab®,

Julie K. Pfeil %>, Jannis Stappenbeck’, Annette Schmitt-Graeff®,
Nicole Naumann*, Greta Waltemode', Robert Zeiser®'?,
Cornelius Miething @', Wolf-Karsten Hofmann®,

Manja Meggendorfer 7, Sven Diederichs >,

Justus Duyster ' and Andreas Reiter*

'Department of Medicine I, Medical Center — University of Freiburg,
Faculty of Medicine, University of Freiburg, Freiburg, Germany.
2German Cancer Consortium (DKTK), Partner Site Freiburg, a
partnership between DKFZ and University Medical Center Freiburg,
Freiburg, Germany. Institute of Epidemiology and Prevention,
Faculty of Medicine and Medical Center - University of Freiburg,
Freiburg, Germany. *University Hospital Mannheim, Heidelberg
University, Mannheim, Germany. *Division of Cancer Research,
Department of Thoracic Surgery, Medical Center - University of
Freiburg, Faculty of Medicine, University of Freiburg, Freiburg,
Germany. SUniversity of Freiburg, Freiburg, Germany. “MLL Munich
Leukemia Laboratory, Munich, Germany.

®email: khalid.shoumariyeh@uniklinik-freiburg.de

REFERENCES

1. Metzgeroth G, Steiner L, Naumann N, Liibke J, Kreil S, Fabarius A, et al. Myeloid/
lymphoid neoplasms with eosinophilia and tyrosine kinase gene fusions: reeva-
luation of the defining characteristics in a registry-based cohort. Leukemia.
2023;37:1860-7.

2. Arber DA, Orazi A, Hasserjian RP, Borowitz MJ, Calvo KR, Kvasnicka H-M, et al.
International consensus classification of myeloid neoplasms and acute leukemias:
integrating morphologic, clinical, and genomic data. Blood. 2022;140:1200-28.

3. Khoury D, Solary E, Abla O, Akkari Y, Alaggio R, Apperley JF, et al. The 5th edition
of the World Health Organization classification of haematolymphoid tumours:
myeloid and histiocytic/dendritic neoplasms. Leukemia. 2022;36:1703-19.

4. Reiter A, Metzgeroth G, Cross NCP. How | diagnose and treat myeloid/lymphoid
neoplasms with tyrosine kinase gene fusions. Blood. 2025;145:1758-68.

5. Chen J, Deangelo DJ, Kutok JL, Williams IR, Lee BH, Wadleigh M, et al. PKC412
inhibits the zinc finger 198-fibroblast growth factor receptor 1 fusion tyrosine
kinase and is active in treatment of stem cell myeloproliferative disorder. Proc
Natl Acad Sci USA. 2004;101:14479-84.

6. Hernandez-Boluda J-C, Pereira A, Zinger N, Gras L, Martino R, Nikolousis E, et al.
Allogeneic hematopoietic cell transplantation in patients with myeloid/lymphoid
neoplasm with FGFR1-rearrangement: a study of the Chronic Malignancies
Working Party of EBMT. Bone Marrow Transplant. 2022;57:416-22.

7. Verstovsek S, Kiladjian J-J, Vannucchi AM, Patel JL, Rambaldi A, Shomali WE, et al.
Pemigatinib for myeloid/lymphoid neoplasms with FGFR1 rearrangement. NEJM
Evid. 2025;4:EVID0a2500017.

8. Rand V, Huang J, Stockwell T, Ferriera S, Buzko O, Levy S, et al. Sequence survey of
receptor tyrosine kinases reveals mutations in glioblastomas. Proc Natl Acad Sci
USA. 2005;102:14344-9.

9. Jones DTW, Hutter B, Jager N, Korshunov A, Kool M, Warnatz H-J, et al. Recurrent
somatic alterations of FGFR1 and NTRK2 in pilocytic astrocytoma. Nat Genet.
2013;45:927-32.

10. Agelopoulos K, Richter GHS, Schmidt E, Dirksen U, von Heyking K, Moser B, et al.
Deep sequencing in conjunction with expression and functional analyses reveals
activation of FGFR1 in Ewing sarcoma. Clin Cancer Res. 2015;21:4935-46.

SPRINGER NATURE

11. Lew ED, Furdui CM, Anderson KS, Schlessinger J. The precise sequence of FGF
receptor autophosphorylation is kinetically driven and is disrupted by oncogenic
mutations. Sci Signal. 2009;2:ra6.

12. Yoza K, Himeno R, Amano S, Kobashigawa Y, Amemiya S, Fukuda N, et al. Bio-
physical characterization of drug-resistant mutants of fibroblast growth factor
receptor 1. Genes Cells. 2016;21:1049-58.

13. Byron SA, Chen H, Wortmann A, Loch D, Gartside MG, Dehkhoda F, et al. The
N550K/H mutations in FGFR2 confer differential resistance to PD173074, doviti-
nib, and ponatinib ATP-competitive inhibitors. Neoplasia. 2013;15:975-88.

14. Apostolova P, Kreutmair S, Toffalori C, Punta M, Unger S, Burk A-C, et al. Phase Il
trial of hypomethylating agent combined with nivolumab for acute myeloid
leukaemia relapse after allogeneic haematopoietic cell transplantation-lmmune
signature correlates with response. Br J Haematol. 2023;203:264-81.

15. Tangermann C, Ghosh A, M Ziegler, Faccinetti F, Stappenbeck J, Carus Sahin Y
et al. Saturation mutagenesis identifies activating and resistance-inducing FGFR
kinase domain mutations. Nat Genet. 2025. https://doi.org/10.1038/s41588-025-
02431-8.

AUTHOR CONTRIBUTIONS

KS contributed to conception of the study, performed data analyses and
interpretation and wrote the manuscript; SH performed data analyses and
interpretation; JSc helped with the conception and design of the study and data
interpretation; JKP and JSt performed the cell viability assays, data analyses and
interpretation; ASG performed histologic analyses; NN performed Sanger Sequencing,
data analyses and interpretation; GW, RZ, CM, WKH, and JD helped with the
conception and design of the study and with manuscript preparation; MM performed
data analyses and interpretation; SD helped with the conception and design of the
study and data interpretation; AR contributed to the conception of the study,
performed data analyses and interpretation, and helped with manuscript prepara-
tion. All authors approved the final version of the manuscript.

FUNDING
Open Access funding enabled and organized by Projekt DEAL.

COMPETING INTERESTS

JSc and AR received research funding from Incyte. RZ received speaker fees from
Novartis, Sanofi, Medac, Neovii, and Therakos. SD receives research funding from
BioMarin and is co-owner of siTOOLs Biotech GmbH, Martinsried, unrelated to this
work. KS, SH, JKP, JSt, ASG, NN, GW, CM, WKH, MM, and JD have no financial or other
relationships that might lead to a conflict of interest.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541375-026-02890-w.

Correspondence and requests for materials should be addressed to
Khalid Shoumariyeh.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2026

Leukemia


http://orcid.org/0000-0001-7969-1972
http://orcid.org/0000-0001-7969-1972
http://orcid.org/0000-0001-7969-1972
http://orcid.org/0000-0001-7969-1972
http://orcid.org/0000-0001-7969-1972
http://orcid.org/0009-0001-1015-5052
http://orcid.org/0009-0001-1015-5052
http://orcid.org/0009-0001-1015-5052
http://orcid.org/0009-0001-1015-5052
http://orcid.org/0009-0001-1015-5052
http://orcid.org/0000-0001-6565-3393
http://orcid.org/0000-0001-6565-3393
http://orcid.org/0000-0001-6565-3393
http://orcid.org/0000-0001-6565-3393
http://orcid.org/0000-0001-6565-3393
http://orcid.org/0000-0003-4699-3805
http://orcid.org/0000-0003-4699-3805
http://orcid.org/0000-0003-4699-3805
http://orcid.org/0000-0003-4699-3805
http://orcid.org/0000-0003-4699-3805
http://orcid.org/0000-0002-9038-3265
http://orcid.org/0000-0002-9038-3265
http://orcid.org/0000-0002-9038-3265
http://orcid.org/0000-0002-9038-3265
http://orcid.org/0000-0002-9038-3265
http://orcid.org/0000-0001-7901-4752
http://orcid.org/0000-0001-7901-4752
http://orcid.org/0000-0001-7901-4752
http://orcid.org/0000-0001-7901-4752
http://orcid.org/0000-0001-7901-4752
http://orcid.org/0000-0001-7325-7753
http://orcid.org/0000-0001-7325-7753
http://orcid.org/0000-0001-7325-7753
http://orcid.org/0000-0001-7325-7753
http://orcid.org/0000-0001-7325-7753
mailto:khalid.shoumariyeh@uniklinik-freiburg.de
https://doi.org/10.1038/s41588-025-02431-8
https://doi.org/10.1038/s41588-025-02431-8
https://doi.org/10.1038/s41375-026-02890-w
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The FGFR1 N546K mutation confers resistance to pemigatinib in MLN-ZMYM2::FGFR1
	To the Editor
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




