
OPEN ACCESS

ll
Review

Clinical development and management
of adverse events associated with FGFR inhibitors
Vivek Subbiah1,3,* and Srdan Verstovsek2
1Sarah Cannon Research Institute, Nashville, TN, USA
2Department of Leukemia, Division of Cancer Medicine, The University of Texas MD Anderson Cancer Center, Houston, TX, USA
3X (formerly Twitter): @VivekSubbiah

*Correspondence: vivek.subbiah@scri.com
https://doi.org/10.1016/j.xcrm.2023.101204
SUMMARY
Approved fibroblast growth factor receptor (FGFR) inhibitors include erdafitinib, pemigatinib, and futibatinib.
We review the most common toxicities associated with FGFR inhibitors and provide practical advice
regarding their management. Hyperphosphatemia can be managed with careful monitoring, dose reduction
or interruption, a prophylactic low-phosphate diet, and phosphate-lowering therapy. Ocular adverse events
(AEs) are managed by withholding or adjusting the dose of the FGFR inhibitor. Dermatologic AEs include
alopecia, which can be managed with minoxidil, and dry skin, which can be treated with moisturizers.
Hand-foot syndrome can be prevented by lifestyle changes and managed with moisturizing creams, urea,
or salicylic acid. Among gastrointestinal AEs, diarrhea may be managed with loperamide; stomatitis can
be managed with baking soda rinses, mucosa-coating agents, and topical anesthetics; and dry mouth
may be alleviated with salivary stimulants. Most FGFR inhibitor-associated toxicities are manageable with
prophylactic measures and treatments; proactive monitoring is key to ensuring optimal clinical benefits.
INTRODUCTION

Genetic alterations in the fibroblast growth factor receptor

(FGFR) gene family, including activating fusions or rearrange-

ments, amplifications, and mutations, are associated with onco-

genesis in a wide variety of malignancies.1–3 The oncogenic po-

tential of FGFR alterations has prompted development of several

small-molecule FGFR inhibitors for treatment of neoplasms,

including urothelial carcinoma (UC) and cholangiocarcinoma

(CCA). Erdafitinib is approved for treatment of locally advanced

or metastatic UC with FGFR2 or FGFR3 alterations that has pro-

gressed on platinum-based chemotherapy.4 Pemigatinib and fu-

tibatinib are approved for previously treated, unresectable,

locally advanced or metastatic CCA with FGFR2 fusions or other

rearrangements (futibatinib is approved only for intrahepatic

CCA).5,6 In August 2022, pemigatinib was additionally approved

for treatment of relapsed or refractory myeloid/lymphoid neo-

plasms (MLNs) with FGFR1 rearrangement,5,7 based on prom-

ising and durable clinical activity in the FIGHT-203 study.8

Infigratinib was approved by the US Food and Drug Administra-

tion (FDA) for treatment of CCA with an FGFR2 fusion or other

rearrangement;9 however, distribution of infigratinib was discon-

tinued in March 2023.10 Other FGFR inhibitors, including dera-

zantinib, rogaratinib, and RLY-4008, are being investigated for

a variety of cancers.11–13

For any therapeutic agent, demonstrated efficacy must be

balanced against associated on-target toxicities to optimize clin-

ical benefits. Commonly encountered on-target toxicities asso-

ciated with FGFR inhibitors include hyperphosphatemia and
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nail, eye, dermatologic, and gastrointestinal toxicities.14–18 Close

monitoring of and addressing adverse events (AEs) associated

with FGFR inhibitors in the clinical trial setting has been reviewed

previously;19,20 however, there remains an unmet need for prac-

tical insights into AEmanagement in a real-world setting. This re-

view provides a comprehensive assessment of AEs associated

with FGFR inhibitors and best practices for monitoring and man-

aging AEs to maintain efficacy and improve patient outcomes

according to our real-world clinical experience and review of

the literature and prescribing information.

Overview of FGFR alterations in cancer
An analysis of 355,813 solid tumors using next-generation

sequencing found that FGFR1–FGFR4 short variants and

gene rearrangements were present in 2.7% and copy number

alterations in 4.2% of tumor samples.2 FGFR1 was the most

frequently altered gene (3.6%), followed by FGFR2 (1.7%),

FGFR3 (1.3%), and FGFR4 (0.2%). The cancers with the high-

est frequency of FGFR alterations include CCA (short variants,

2.3%; gene rearrangements, 8.6%), bladder cancer (short var-

iants, 14.0%; gene rearrangements, 2.8%), and urinary cancer

(short variants, 14.4%; gene rearrangements, 2.6%).2 Among

patients with CCA, FGFR alterations are almost always found

in intrahepatic CCA (iCCA). One molecular profiling study

found FGFR2 alterations in 20 of 158 iCCA tumor samples

and 0 of 37 extrahepatic CCA tumor samples, whereas

another found alterations in genes in the FGF pathway,

including FGFR2 and FGFR3, in 13% of iCCA and 5%

of extrahepatic CCA samples.21,22 Another study in 6,130
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Table 1. Summary of TEAEs: Approved FGFR inhibitors

Erdafitinib BLC2001 (N = 99)a,14 Pemigatinib FIGHT-202 (N = 146)b,24 Futibatinib TPU-TAS-120-101 (N = 170)c,17

AE, n (%) Any grade Grade R 3 AE, n (%) Any grade Grade R 3 AE, n (%) Any grade Grade R 3

Hyperphosphatemia 76 (77) 2 (2) hyperphosphatemia 88 (60) 0 hyperphosphatemia 138 (81) 38 (22)

Stomatitis 57 (58) 10 (10) alopecia 72 (49) 0 diarrhea 56 (33) 1 (1)

Diarrhea 50 (51) 4 (4) diarrhea 68 (47) 4 (3) constipation 54 (32) 2 (1)

Dry mouth 45 (46) 0 fatigue 62 (42) 7 (5) nausea 48 (28) 0

Decreased appetite 38 (38) 0 dysgeusia 59 (40) 0 fatigue 43 (25) 9 (5)

Dysgeusia 37 (37) 1 (1) nausea 58 (40) 3 (2) vomiting 43 (25) 2 (1)

Fatigue 32 (32) 2 (2) constipation 51 (35) 1 (1) AST increased 41 (24) 9 (5)

Dry skin 32 (32) 0 stomatitis 51 (35) 8 (5) ALT increased 40 (24) 17 (10)

Alopecia 29 (29) 0 dry mouth 49 (34) 0 abdominal pain 33 (19) 5 (3)

Constipation 28 (28) 1 (1) decreased appetite 48 (33) 2 (1) alopecia 33 (19) 0

Hand-foot syndrome 23 (23) 5 (5) vomiting 40 (27) 2 (1) decreased appetite 32 (19) 3 (2)

Anemia 20 (20) 4 (4) dry eye 37 (25) 1 (1) dry mouth 30 (18) 0

Asthenia 20 (20) 7 (7) arthralgia 36 (25) 9 (6) asthenia 27 (16) 7 (4)

Nausea 20 (20) 1 (1) abdominal pain 33 (23) 7 (5) stomatitis 26 (15) 5 (3)

Dry eye 19 (19) 1 (1) hypophosphatemia 33 (23) 18 (12) anemia 23 (14) 9 (5)

Onycholysis 18 (18) 2 (2) back pain 29 (20) 4 (3) dry skin 22 (13) 0

ALT increased 17 (17) 2 (2) dry skin 29 (20) 1 (1) PPES 22 (13) 6 (4)

Paronychia 17 (17) 3 (3) pain in extremity 28 (19) 3 (2) increased blood

creatinine

20 (12) 0

Blurred vision 17 (17) 0 edema, peripheral 26 (18) 1 (1) arthralgia 19 (11) 0

Nail dystrophy 16 (16) 6 (6) weight decreased 24 (16) 3 (2) hypercalcemia 19 (11) 2 (1)

Urinary tract infection 16 (16) 5 (5) headache 23 (16) 0 dysgeusia 18 (11) 0

Vomiting 13 (13) 2 (2) urinary tract infection 23 (16) 4 (3) decreased weight 17 (10) 1 (1)

Hyponatremia 12 (12) 11 (11) dehydration 22 (15) 5 (3)

Hematuria 10 (10) 2 (2) hypercalcemia 22 (15) 3 (2)

Dyspnea 8 (8) 2 (2) PPES 22 (15) 6 (4)

Nail disorder 8 (8) 3 (3) anemia 21 (14) 5 (3)

Acute kidney injury 6 (6) 2 (2) epistaxis 20 (14) 0

Cataract 6 (6) 2 (2) pyrexia 20 (14) 1 (1)

Colitis 5 (5) 2 (2) asthenia 19 (13) 2 (1)

General deterioration

in physical health

5 (5) 4 (4) dizziness 19 (13) 1 (1)

Keratitis 5 (5) 3 (3) myalgia 18 (12) 2 (1)

Aphthous ulcer 4 (4) 2 (2) hyponatremia 16 (11) 8 (5)

GGT increased 3 (3) 2 (2) blood creatinine

increased

16 (11) 2 (1)

(Continued on next page)
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patients with iCCA found FGFR2 alterations present in 11.6%

of patient samples.23

FGFR inhibitors approved or in clinical development
Several FGFR inhibitors are approved for use in UC or CCA

and now in FGFR1-rearranged MLN; more are in clinical devel-

opment. Treatment-emergent AEs for these compounds are

presented in Table 1 (approved compounds) and Table 2 (com-

pounds in development).

Erdafitinib, an inhibitor of FGFR1–FGFR4,14 has been approved

for treatment of locally advanced or metastatic UC with suscepti-

ble FGFR2 orFGFR3 genetic alterations that progressed during or

following prior platinum-basedchemotherapy.4 In a phase II study

of erdafitinib in patientswith locally advancedand unresectable or

metastatic UC and FGFR alterations (N = 101), the objective

response rate (ORR) was 40% (including 4 complete responses

[CRs]), median progression-free survival (PFS) was 5.5 months,

and median overall survival (OS) was 11.3 months.26

Pemigatinib is a potent inhibitor of FGFR1, FGFR2, and

FGFR327 approved for previously treated, unresectable, locally

advanced or metastatic CCA with FGFR2 fusion or other rear-

rangement and relapsed or refractory MLNs with FGFR1 rear-

rangement.5,28,29 In the primary analysis of the FIGHT-202 study

(N = 146),15,24 ORR in patients with CCA and FGFR2 fusions or

rearrangements was 35.5% (including 3 CRs), median PFS

was 6.9 months, and median OS was 21.1 months.15 In a recent

analysis of pemigatinib for treatment of MLN with FGFR1 rear-

rangements in FIGHT-203 (N = 34), the CR rate per investigator

was 64.5%, and the complete cytogenic response rate per

investigator was 72.7%.8

The FGFR1–FGFR4 inhibitor infigratinib30 is approved for adults

with previously treated, unresectable, locally advanced or meta-

static CCA with FGFR2 fusion or other rearrangement9 but has

been withdrawn from distribution for CCA.10 In the pivotal phase

II trial of infigratinib in patients with FGFR2 fusion or other rear-

rangement (N = 108), ORR was 23.1% (including 1 CR), median

PFS was 7.3 months, and median OS was 12.2 months.15

The irreversible FGFR1–FGFR4 inhibitor futibatinib is also

approved for adults with previously treated, unresectable, locally

advanced or metastatic iCCA with FGFR2 gene fusions or other

rearrangements.6 In the phase II FOENIX-CCA2 study in patients

with previously treated, FGFR inhibitor-naive, locally advanced

or metastatic unresectable iCCA and FGFR2 fusions or rear-

rangements (N = 103), the ORR was 41.7%, median PFS was

9.0 months, and median OS was 21.7 months.31 Other FGFR in-

hibitors, such as derazantinib,12 rogaratinib,18 and RLY-4008,11

are in clinical development (Table S1).

Overview of tolerability and AEs in clinical trials of FGFR
inhibitors
Clinical studies for each of the FGFR inhibitors were reviewed for

safety and tolerability data to provide an overview of AEs

requiring dose adjustments and leading to study discontinuation.

Available recommendations regarding management of these

AEs from the prescribing information of licensed FGFR inhibitors

are shown in Table 3.

In the BLC2001 phase II study of erdafitinib in 99 patients with

previously treated advanced UC and alterations in FGFR3 or
Cell Reports Medicine 4, 101204, October 17, 2023 3



Table 2. Summary of TEAEs: FGFR inhibitors not yet approved

Derazantinib ARQ 087–101 (N = 29)a,25
Rogaratinib

16443 (N = 126)b,18

AE, n (%) Any grade Grade R 3 AE, n (%) Any grade Grade R 3

Dry mouth 13 (44.8) 0 hyperphosphatemia 77 (61) 1 (1)

Nausea 13 (44.8) 0 diarrhea 65 (52) 3 (2)

Fatigue 10 (34.5) 1 (3.4) decreased appetite 48 (38) 3 (2)

Asthenia 10 (34.5) 2 (6.9) fatigue 42 (33) 12 (10)

Dysgeusia 9 (31.0) 0 nausea 37 (29) 2 (2)

Vomiting 9 (31.0) 1 (3.4) constipation 33 (26) 1 (1)

Alopecia 7 (24.1) 0 anemia 26 (21) 9 (7)

Vision blurred 7 (24.1) 1 (3.4) dry mouth 26 (21) 0

Diarrhea 6 (20.7) 0 alopecia 25 (20) 0

ALT increased 6 (20.7) 1 (3.4) arthralgia 25 (20) 0

Dry eye 5 (17.2) 1 (3.4) dysgeusia 25 (20) 0

Decreased appetite 5 (17.2) 0 urinary tract infection 22 (17) 8 (6)

AST increased 5 (17.2) 1 (3.4) increased AST 21 (17) 1 (1)

Conjunctivitis 4 (13.8) 0 back pain 21 (17) 2 (2)

Anemia 3 (10.3) 0 dyspnea 20 (16) 8 (6)

Dry skin 3 (10.3) 0 stomatitis 19 (15) 0

Pruritus 3 (10.3) 0 increased ALT 18 (14) 2 (2)

Visual acuity reduced 3 (10.3) 0 increased blood creatinine 18 (14) 2 (2)

Dizziness 2 (6.9) 0 dry skin 18 (14) 0

Dermatitis 2 (6.9) 0 increased lipase 18 (14) 10 (8)

Flatulence 2 (6.9) 0 cough 17 (13) 1 (1)

Headache 2 (6.9) 0 hypercalcemia 17 (13) 3 (2)

Neuropathy peripheral 2 (6.9) 0 pyrexia 17 (13) 0

Photophobia 2 (6.9) 0 vomiting 16 (13) 2 (2)

Somnolence 2 (6.9) 0 dry eye 14 (11) 0

Thrombocytopenia 2 (6.9) 0 insomnia 14 (11) 0

Stomatitis 2 (6.9) 1 (3.4) abdominal pain 13 (10) 1 (1)

Leukopenia 1 (3.4) 1 (3.4) increased amylase 13 (10) 3 (2)

Upper gastrointestinal hemorrhage 1 (3.4) 1 (3.4) asthenia 13 (10) 1 (1)

hemoptysis 13 (10) 3 (2)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; FGFR, fibroblast growth factor receptor; TEAE, treatment-emergent adverse event.
aTEAEs related to treatment occurring in patients (N = 29) receiving derazantinib for unresectable iCCA with FGFR2 fusion.25

bTEAEs occurring in patients (N = 126) receiving rogaratinib for advanced cancers.18
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FGFR2, 13% of patients discontinued because of an AE.14 Dose

reductions occurred in 56% of patients, most frequently

because of stomatitis (16%) and hyperphosphatemia (9%).

AEs followed a similar pattern in the phase I study of erdafitinib

in patients with advanced solid tumors,32 with the most

commonly reported treatment-emergent AEs (TEAEs) being hy-

perphosphatemia (65%), asthenia (55%), dry mouth (45%), nail

toxicity (35%), constipation (34%), decreased appetite (32%),

and dysgeusia (31%). Dose interruptions were required in 45%

of patients, 17% had dose reductions, and 5% discontinued

treatment because of TEAEs.

In the FIGHT-202 phase II study of pemigatinib among 146 pa-

tients with previously treated, locally advanced or metastatic

CCA, 9% discontinued treatment because of an AE, most
4 Cell Reports Medicine 4, 101204, October 17, 2023
frequently intestinal obstruction (n = 2) and acute kidney injury

(n = 2).24 Dose interruptions because of AEs were reported in

42% of patients, most frequently for stomatitis (n = 11), palmar-

plantar erythrodysesthesia syndrome (PPES; n = 8), arthralgia

(n = 7), fatigue (n = 6), and abdominal pain (n = 4). Dose reductions

because of AEs occurred in 14% of patients, most frequently for

stomatitis (n = 5), PPES (n = 5), arthralgia (n = 5), asthenia (n = 2),

and onychomadesis (n = 2).24 TEAEs were generally similar

among patients with FGFR1-rearranged MLN treated with pemi-

gatinib in FIGHT-203 and patients in the FIGHT-202 study: hyper-

phosphatemia (68% and 60%, respectively), alopecia (59% and

49%, respectively), diarrhea (50% and 47%, respectively), and

stomatitis (44% and 35%, respectively).8,24 Anemia was reported

in 35% of patients in FIGHT-203 versus 14% in FIGHT-202,24



Table 3. Dose modification schemes for adverse reactions

Adverse reaction Dose modification

Erdafitinib4

Hyperphosphatemia

Limit daily phosphate intake to 600–800 mg for all patients

Serum phosphate 5.6–6.9 mg/dL Maintain current dose of erdafitinib.

Serum phosphate 7.0–9.0 mg/dL Withhold erdafitinib and assess serum phosphate concentration weekly. When the concentration is

<5.5 mg/dL (or % the patient’s baseline concentration), restart the same dose of erdafitinib. If the

hyperphosphatemia lasted >1 week, then erdafitinib dose may be reduced.

Serum phosphate >9.0 mg/dL Withhold erdafitinib and assess serum phosphate concentration weekly. When the concentration is

<5.5 mg/dL (or % the patient’s baseline concentration), restart erdafitinib 1 dose level lower than the

previous dosage.

More than 10.0 mg/dL or significant

alteration in baseline renal function

or grade 3 hypercalcemia

Withhold erdafitinib and assess serum phosphate concentration weekly. When the concentration is

<5.5 mg/dL (or% the patient’s baseline concentration), restart erdafitinib 2 dose levels below the previous

dosage.

Central serous retinopathy (CSR)/retinal pigment epithelial detachment (RPED)

Grade 1: asymptomatic; clinical, or

diagnostic observations only

Withhold erdafitinib until resolution. Resume at 1 dose level lower if CSR/RPED resolves within 4 weeks.

Consider re-escalating dose if no CSR/RPED recurrence for a month. If CSR/RPED remains stable for 2

consecutive eye exams but has not resolved, then resume erdafitinib at the next lower dose level.

Grade 2: visual acuity 20/40 or better

or%3 lines of decreased vision from

baseline

Withhold erdafitinib until resolution. May resume at 1 dose level lower if CSR/RPED resolves within

4 weeks

Grade 3: visual acuity worse than

20/40 or >3 lines of decreased vision

from baseline

Withhold erdafitinib until resolution. May resume at 2 dose levels lower if CSR/RPED resolves within

4 weeks. Consider permanent discontinuation if CSR/RPED recurs.

Grade 4: visual acuity 20/200 or

worse in the affected eye

Permanently discontinue erdafitinib.

Other adverse reactions

Grade 3 Withhold erdafitinib until resolution to grade 1 or baseline. Then, erdafitinib may be resumed at 1 dose level

lower.

Grade 4 Permanently discontinue erdafitinib.

Pemigatinib5

Hyperphosphatemia

Serum phosphate >7 to %10 mg/dL Start phosphate-lowering therapy; measure serum phosphate levels weekly. Withhold pemigatinib if levels

do not return to <7 mg/dL within 2 weeks of initiating phosphate-lowering therapy. After the first

occurrence, resume pemigatinib at the same dose when phosphate levels are <7mg/dL; after subsequent

recurrences, resume pemigatinib at a lower dose level.

Serum phosphate >10 mg/dL Start phosphate-lowering therapy; measure serum phosphate levels weekly. Withhold pemigatinib if levels

do not return to %10 mg/dL within 1 week of initiating phosphate-lowering therapy. When phosphate

levels are <7 mg/dL, resume pemigatinib at 1 dose level lower. If serum phosphate >10 mg/dL recurs

following 2 dose reductions, permanently discontinue pemigatinib.

Retinal pigment epithelial detachment (RPED)

Continue pemigatinib if RPED is stable on serial examination and asymptomatic. Withhold pemigatinib if

RPED is worsening on serial examination or symptomatic. Resume pemigatinib at a lower dose if RPED is

improved on subsequent examination and asymptomatic. Consider permanently discontinuing

pemigatinib, based on clinical status, if examination does not improve or symptoms persist.

Other adverse reactions

Grade 3 Withhold pemigatinib until resolution to grade 1 or baseline. If resolution occurs within 2 weeks, resume

pemigatinib at 1 dose lower. If resolution does not occur within 2 weeks, permanently discontinue

pemigatinib. If grade 3 AEs recur after 2 dose reductions, permanently discontinue pemigatinib.

Grade 4 Permanently discontinue pemigatinib.

(Continued on next page)
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Table 3. Continued

Adverse reaction Dose modification

Futibatinib6

Hyperphosphatemia

Serum phosphate R5.5 to

%7 mg/dL

Initiate phosphate-lowering therapy and continue futibatinib at the current dose.Monitor serumphosphate

levels weekly.

Serum phosphate >7 to%10 mg/dL Initiate or adjust phosphate-lowering therapy. Monitor serum phosphate levels weekly and reduce

futibatinib to the next lower dose. If the serum phosphate concentration resolves to %7 mg/dL within

2 weeks after dose reduction, continue at this reduced dose. If serum phosphate concentration does not

reach %7 mg/dL within 2 weeks, further reduce futibatinib to the next lower dose. If serum phosphate

concentration does not reach %7 mg/dL within 2 weeks after the second dose reduction, withhold

futibatinib until serum phosphate concentration is % 7 mg/dL and resume at the dose prior to treatment

interruption.

Serum phosphate >10 mg/dL Withhold futibatinib until serum phosphate concentration is %7 mg/dL and resume futibatinib at the next

lower dose; initiate or adjust phosphate-lowering therapy and monitor serum phosphate levels weekly.

Permanently discontinue futibatinib if serum phosphate concentration does not reach %7 mg/dL within

2 weeks following 2 dose interruptions and reductions.

RPED

Continue futibatinib at the current dose and continue periodic ophthalmic evaluation. If RPED resolves

within 14 days, continue futibatinib at the current dose. If RPED does not resolve within 14 days, withhold

futibatinib until RPED resolves, then resume futibatinib at previous or lower dose.

Other adverse reactions

Grade 3 Withhold futibatinib until toxicity resolves to grade 1 or baseline. For hematologic toxicities resolving within

1 week, resume futibatinib at the dose prior to dose interruption. For other adverse reactions, resume

futibatinib at the next lower dose.

Grade 4 Permanently discontinue futibatinib.

Starting dose

Dose reductions

First Second Third Fourth Fifth

Erdafitiniba,4 9 mg QD (three 3-mg

tablets)

8 mg QD (two 4-mg

tablets)

6 mg QD (two 3-mg

tablets)

5 mg QD (one

5-mg tablet)

4 mg QD (one

4-mg tablet)

discontinue

erdafitinib

Pemigatinib5 13.5 mg (one 13.5-mg

tablet) QD for first 14 days

of each 21-day cycle

9 mg (one 9-mg tablet)

QD for first 14 days of

each 21-day cycle

4.5 mg (one 4.5-mg

tablet) QD for first

14 days of each

21-day cycle

discontinue

pemigatinib

Futibatinib6 20 mg QD (five 4-mg

tablets)

16 mg QD (four 4-mg

tablets)

12 mg QD (three

4-mg tablets)

discontinue

futibatinib

QD, once daily.
aPatients may also start at 8 mg QD and, if needed, decrease dosage from there.
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whichmay be related to the patients’ underlying hematologic ma-

lignancy. Grade 3 or greater TEAEs occurring in 10% or more of

patients in FIGHT-203 were anemia (18%) and pain in an extrem-

ity and stomatitis (both 12%).8 Hypophosphatemia (12%) was the

only grade 3 or greater TEAE occurring in 10%ormore of patients

in FIGHT-202.24

In the CBGJ398X2204 phase II study of infigratinib among 108

patients with previously treated, unresectable, locally advanced

or metastatic CCAwith an FGFR2 fusion or other rearrangement,

15% permanently discontinued treatment because of an AE,

most commonly because of subretinal fluid, fatigue, or increased

blood creatinine concentration (2 patients each).15 Dose inter-

ruptions because of AEs were reported in 64% of patients.

Dose reductions because of AEs occurred in 60% of patients,

most frequently hyperphosphatemia (n = 28) and stomatitis

(n = 13). The AE profile of infigratinib was similar in the phase I

study in patients with solid tumors harboring FGFR alterations,
6 Cell Reports Medicine 4, 101204, October 17, 2023
where hyperphosphatemia (74%), constipation (40%), and

decreased appetite (40%) were the most frequently reported

TEAEs, 59% of patients experienced a dose adjustment or inter-

ruption because of an AE, and 14% had an AE leading to treat-

ment discontinuation.33

Dose interruptions and reductions because of treatment-

related AEs (TRAEs) were reported in 50% and 54% of 103 pa-

tients with iCCA receiving futibatinib in FOENIX-CCA2, respec-

tively; 2% of patients discontinued because of TRAEs.31 In the

phase Ib FIDES-02 study of derazantinib in patients with solid

tumors, 19% of patients had dose interruptions or reductions

because of TRAEs, and 8% discontinued because of TRAEs.34

In the phase I study of rogaratinib in 126 patients with advanced

FGFR-altered cancers, 32% had a dose reduction and 6 discon-

tinued treatment because of TRAEs.18 In preliminary results from

a phase I/II study of RLY-4008 in patients with advanced solid

tumors, the most common AEs were stomatitis (48%), PPES



Eye disorders

3-24%Vision blurred
Management: usually resolves without 
intervention, otherwise dose can be withheld 
or reduced. Seek an urgent ophthalmologic 
evaluation if symptomatic

4-21%Central serous retinopathy

21-52%Diarrhea

Management: diet, loperamide, 
atropine/diphenoxylate

Oral disorders

18-46%Dry mouth

7-58%Stomatitis

Management: dietary and lifestyle 
modifications, baking soda rinses, 
mucosa-coating agents, topical 
anesthetics

Management: good oral 
hygiene, systemic and topical 
salivary stimulants, intraoral 
topical agents

Dermatologic AEs

10-32%Dry skin

19-49%Alopecia

Management: minoxidil, 
hair camouflaging

Management: moisturize with 
unscented preparations; urea- 
and salicylic acid-containing 
preparations may be helpful

60-81%Hyperphosphatemia

Management: withholding 
FGFR inhibitor, low-phosphate diet, 
phosphate-lowering therapy

20-61%Nail toxicities

Management: take extra 
care of nails, avoid 
exacerbating factors

5-33%Hand-foot syndrome

Management: avoid exacerbating 
factors as much as possible; use heavy 
creams and/or urea; topical steroids 
may be used for grade ≥2 PPES

Figure 1. Common AEs associated with FGFR inhibitors and their management

AE, adverse event; FGFR, fibroblast growth factor receptor; PPES, palmar-plantar erythrodysesthesia syndrome.
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(46%), and dry mouth (31%).11 In a phase I study of RLY-4008,

minimal hyperphosphatemia and diarrhea were observed, which

is consistent with the FGFR2-selective mechanism of RLY-

4008.35

Common AEs associated with licensed FGFR inhibitors
and their practical management
Tables 1 and 2 show the most common TEAEs associated with

erdafitinib,14 pemigatinib,24 futibatinib,17 derazantinib,25 and

rogaratinib.18 Some toxicities particularly common to FGFR in-

hibitors include hyperphosphatemia, nail toxicities, eye toxic-

ities, dermatologic AEs (including PPES), and gastrointestinal

AEs (Figure 1). Photographic examples of some of these com-

mon toxicities are shown in Figure S1.

Hyperphosphatemia and hypophosphatemia
Hyperphosphatemia is one of the most frequently reported

AEs in clinical trials of FGFR inhibitors, occurring as a TEAE
in 77% of patients receiving erdafitinib in BLC2001,14 60%

of patients receiving pemigatinib in FIGHT-202,24 and 77%

of patients receiving infigratinib in NCT0215096715 and as a

TRAE in 85% of patients receiving futibatinib in FOENIX-

CCA2.31 Considering FGFR involvement in phosphate homeo-

stasis via feedback mechanisms involving FGF23, klotho, and

1,25-dihydroxyvitamin D,19,36 the high incidence of hyper-

phosphatemia is an expected on-target AE of FGFR inhibition

and an FGFR inhibitor class effect.36,37 Median time to onset

of hyperphosphatemia was 8 days with infigratinib (interquar-

tile range, 8–15)15 and 15 days for pemigatinib (95% confi-

dence interval, 8–47) and derazantinib (confidence interval

not available).24,25

Whereas hyperphosphatemia was the most common toxicity

in all FGFR inhibitor trials, in most cases it was mitigated with

appropriate management. In FIGHT-202, although hyperphos-

phatemia was the most frequently occurring TEAE (60%),

all events were grade 1–2; patients were managed with a
Cell Reports Medicine 4, 101204, October 17, 2023 7
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low-phosphate diet and received concomitant phosphate

binders (18%) and diuretics (1%), 1 patient (1%) had a dose

reduction, and 2 patients (1%) had a dose interruption.24 In the

CBGJ398X2204 study with infigratinib, no patients discontinued

treatment because of hyperphosphatemia. Most patients (81%)

took a phosphate binder either prophylactically (48%) or after the

first dose of infigratinib (32%).15 Hyperphosphatemia was the

most frequent grade 3 TRAE in the FOENIX-CCA2 study of futi-

batinib in CCA, reported in 30% of patients, and was resolved

with adequate management over a median of 7 days.31 Differ-

ences in hyperphosphatemia severity may possibly be attributed

to the different inhibitory profiles and mechanisms of action of

FGFR inhibitors; erdafitinib, pemigatinib, and infigratinib are

reversible FGFR inhibitors,27,30,38 whereas futibatinib is an irre-

versible inhibitor.39

Hypophosphatemia was a notable TEAE in FIGHT-202 (pemi-

gatinib) and CBGJ398X2204 (infigratinib), occurring in 10% and

22%of patients, respectively.15,24 This could possibly be a result

of treatment for management of hyperphosphatemia symptoms

(e.g., continued use of a low-phosphate diet or phosphate

binders during the pemigatinib off-treatment week or negative

feedback on phosphate homeostasis).24

Given the frequency of hyperphosphatemia and hypophos-

phatemia seen with FGFR inhibitors, proactive management

may be key to minimize the need for dose reductions and drug

discontinuation.

Practical strategies for hyperphosphatemia and

hypophosphatemia management

Hyperphosphatemia can be managed via monitoring, a low-

phosphate diet, phosphate-lowering therapy, and withholding

or reducing the FGFR inhibitor. Information on low-phosphate di-

ets is widely available and should be discussed with the patient

using a multidisciplinary approach.40 The phosphate pyramid is

a useful tool to illustrate the phosphate content of various foods

to patients.41 Examples of high-phosphate foods and low-phos-

phate alternatives are shown in Table S2. Patients should be

educated to look for ‘‘hidden’’ phosphates in additives as well

as concomitant medications.42 Boiling, which reduces the phos-

phate content of food, can also be suggested as the preferred

cooking technique.40

Serum phosphate concentrations should be monitored

throughout treatment at regular intervals.4–6 For serum phos-

phate levels greater than 7 mg/dL, the FGFR inhibitor may be

withheld or the dose reduced or permanently discontinued,

and phosphate-lowering therapy should be introduced.4–6 For

serum phosphate levels greater than 5.5 mg/dL for pemigatinib,

a low-phosphate diet should be initiated;5 for futibatinib, phos-

phate-lowering therapy should be started.6 Readily available

and traditional phosphate-lowering therapies include antacids,

such as calcium carbonate (500 mg [chewable] or 600 mg

[elemental]) tablets 3 times per day, and sevelamer hydrochlo-

ride.43 If a patient has hypercalcemia and hyperphosphatemia,

then sevelamer is preferred. If a patient has only hyperphospha-

temia with no elevation in calcium levels, then calcium carbonate

may be used. When initiating phosphate binders, the lowest

possible dose should be used to mitigate development of hypo-

phosphatemia.19 Acetazolamide may also be used to reduce

hyperphosphatemia.44
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To manage hypophosphatemia in patients with cancer, focus

on the underlying cause first.45 Hypophosphatemia is postulated

to arise because of prophylactic low-phosphate diets or phos-

phate binders,24 and thus first steps may be eliminating phos-

phate binders and returning to a higher-phosphate diet. If this

approach fails, then oral phosphate formulations with either

sodium or potassium phosphate salts can be used. In chronic

cases where phosphate is not being absorbed through the

gastrointestinal tract, parenteral phosphate replacement may

be necessary.45

Nail toxicities
Changes in the nails are a known on-target toxicity of FGFR in-

hibitors and were reported in the pivotal trials of erdafitinib, pe-

migatinib, infigratinib, and futibatinib.14,15,24 In the BLC2001

study of erdafitinib in patients with advanced UC, the following

nail toxicities were reported (grade R3 events in parentheses):

onycholysis 18% (2%), paronychia 17% (3%), nail dystrophy

16% (6%), and nail disorder 8% (3%).14 In FIGHT-202 in patients

with CCA treated with pemigatinib, nail discoloration occurred in

10% of patients (1% gradeR3), onychoclasis in 6% (1%), paro-

nychia in 7% (1%), and nail disorder in 3% (1%).24 In the

CBGJ398X2204 study of infigratinib in patients with CCA, nail

discoloration occurred in 18% of patients (0% grade R3), ony-

chomadesis in 16% (0%), nail disorder in 15% (0%), and ony-

cholysis in 12% (0%).15 In the phase I dose-expansion study of

futibatinib, onycholysis occurred in 6% of patients, nail disorder

in 5%, and paronychia in 4%; all nail toxicities were grade 1 or 2

in severity, apart from 1 case of grade 3 onychalgia.17

Practical strategies for nail toxicity management

Physicians should advise patients receiving FGFR inhibitors that

they may experience changes to their nails while on treatment.

Nails may darken or develop white streaks or ridges, or they

may become brittle, dry, and cracked and may lift up from the

nailbed.

Patients should be advised to take special care of nails to

reduce the chance of infection and nail loss. They should gently

trim or file nails and not trim too close to the nail bed. Patients

should not obtain professional manicures or pedicures unless

approved by their health care team. Moisturizing lotions and

creams should be used to keep nails and cuticles healthy.

Gloves should be worn while working around the house or

yard. Patients should not use nail-strengthening products

because they may irritate their skin or nails. Artificial nails may

contribute to the growth of fungal infections and may mask nail

changes caused by cancer treatment and thus should be

avoided. Patients should be asked to report any redness, pain,

or other changes that occur around their cuticles to the health

care team. If nails appear infected, then cultures should be

sent for bacterial sensitivity, and patients should initiate antibi-

otics and obtain a dermatology referral.

Eye toxicities
Ocular AEs, ranging from dry eye to serious retinal disorders, are

other on-target toxicities of FGFR inhibitors. FGFR inhibition in-

terferes with downstream mitogen-activated protein kinase

(MAPK)-mediated signaling, dysregulation of which has been

associated with retinopathy.46 Therefore, the mechanism
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underlying FGFR inhibitor-associated retinopathy may, in part,

involve abrogation of MAPK signaling. Supporting this, retinop-

athy is commonly associated with inhibitors of the MAPK

pathway, including extracellular signal-regulated kinase (ERK)

inhibitors and MAPK kinase (MEK) inhibitors.46 Central serous

retinopathy occurred in 21%of patients (3%gradeR3) receiving

8 mg continuous erdafitinib in BLC2001 (N = 99).14 Most (76%)

central serous retinopathy AEs resolved following dose interrup-

tion or reduction or administration of concomitant medications;

all unresolved events were grade 1 or 2. Three patients discon-

tinued because of central serous retinopathy. Ocular AEs other

than central serous retinopathy were reported in 52% of patients

(5% grade R3). The most common other ocular AEs were dry

eye (19%), blurry vision (16%), increased lacrimation (11%),

and conjunctivitis (9%).

In the FIGHT-202 study of pemigatinib, 4%of patients had AEs

related to serous retinal detachment because of subretinal fluid

accumulation.24 Most events were grade 1 or 2; the sole grade

3 event was considered unrelated to treatment. One patient

experienced treatment dose interruption related to serous retinal

detachment. Other ocular AEs reported in FIGHT-202 included

dry eye in 25% of patients (1% grade R3) and keratitis and

blurred vision in 2% (1%) each.24 Among 466 patients in clinical

trials of pemigatinib, retinal pigment epithelial detachment

(RPED) occurred in 6% of patients (1% grade R3).5 Among pa-

tients whose pemigatinib dose was reduced because of RPED,

87.5% experienced resolution or improvement to grade 1.

In CBGJ398X2204 with infigratinib, treatment-emergent cen-

tral serous retinopathy-like and RPED-like events occurred in

17% of patients (1% grade R3).15 Other ocular TEAEs included

dry eye in 34% (1% grade R3), blurred vision in 21% (0%), ble-

pharitis in 11% (0%), and trichiasis in 11% (0%).15 In the

NCT02052778 phase I dose-expansion study with futibatinib,

retinal disorders were reported in 8% of patients; all were grade

1–2.31

In a recent retrospective case series of 146 patients with solid

tumors treated with FGFR inhibitors, 20 (13.7%) showed FGFR

inhibitor-associated retinopathy.46 Median time to subretinal

fluid detection was 21 days; median time to resolution was

64 days. Retinopathy occurred at the same time for both eyes,

and the FGFR inhibitor dose was not associated with subretinal

fluid detection. No patient interrupted or discontinued treatment

solely because of retinopathy. In all cases, the fluid was self-

limiting and did not require intervention. Analysis of the location

and number of fluid foci per eye showed that they were predom-

inantly bilateral, unifocal, and relatively symmetric between both

eyes (Figure S2). Six of 20 patients (30%) reported symptoms at

the time of fluid accumulation. At fluid accumulation, 11 eyes

(28%) had decreased vision; the median change from baseline

in best-corrected visual acuity was �0.1. The median change

in best-corrected visual acuity from baseline to resolution of fluid

was 0.46 The case series authors recommended that patients

receiving FGFR inhibitors with new visual symptoms should

obtain an ophthalmic assessment with optical coherence to-

mography (OCT).

Practical strategies for eye toxicity management

Prescribing information for erdafitinib, pemigatinib, and futibati-

nib recommends comprehensive eye examinations, including
OCT, before treatment initiation and frequently for the first

few months thereafter.4–6 Patients should be urgently referred

for ophthalmologic evaluation when they develop visual symp-

toms, and the FGFR inhibitor may be withheld, its dose modi-

fied, or discontinued according to the prescribing information

for each drug. Follow-up every 3 weeks is recommended

for patients with symptoms who continue FGFR inhibitor

treatment.4–6

A baseline ophthalmologic evaluation before starting FGFR in-

hibitors is recommended for all patients, along with education

regarding the potential for ocular toxicities. Because these

AEs are on-target toxicities associated with FGFR inhibitors,

they require proactive management. Ocular toxicities can be

managed by dose modification with the goal of maintaining treat-

ment compliance and, thus, benefit. Although some serious

ocular toxicities require discontinuation of FGFR inhibitor

treatment (e.g., grade 4 RPED), others (e.g., subretinal fluid accu-

mulation) can typically be resolved by dose interruption or

reduction.

Dermatologic AEs: Hand-foot syndrome/PPES
PPES is a common toxicity associated with FGFR inhibitors and

other tyrosine kinase inhibitors and is distinct from the hand-foot

syndrome observed with cytotoxic agents such as capecitabine

and doxorubicin. PPES occurring with FGFR inhibitors is charac-

terized by focal calluses, hyperkeratosis, erythema, and fissures

foundmostly on fingers and toes.47 PPES occurred in 23%of pa-

tients (5% grade R3) in the BLC2001 study of erdafitinib,14 in

11% in the FIGHT-202 study of pemigatinib (4% grade R3),24

and in 33% of patients (6% grade R3) in the CBGJ398X2204

study of infigratinib.15 As of May 2019, 13% of patients (4%

grade R3) in the phase I dose-expansion study with futibatinib

had reported PPES.17 Two patients discontinued erdafitinib

treatment,14 5 patients had a pemigatinib dose reduction,24

and 5% had a futibatinib dose reduction because of PPES (not

reported for infigratinib).17

Practical strategies for PPES management

Patients receiving FGFR inhibitors who develop PPES should

limit exposure of hands and feet to heat sources, keep showers

or baths in warm water short, and use warm instead of hot water

when washing dishes. Cold water may be applied to hands and

feet to provide relief. Patients should try to avoid pressure and

rubbing of the skin and should avoid wearing tight socks or

gloves. Patients should avoid contact of the hands and feet

with hard surfaces, such as while walking barefoot or playing

sports, or using their hands with tools such as knives, hammers,

or gardening tools. Patients should take short walks and alter

their exercise routine so that they do not spend extended time

on their feet.

Patients may use thick creams, including those containing

lanolin, to keep their skin moisturized. Moisturizing lotions may

be used, but creams are better.

Management of PPES involves use of keratolytic agents, such

as 40% urea and/or salicylic acid, to exfoliate hyperkeratotic cal-

luses in the case of grade 1 or higher symptoms, along with

cushioning of the affected areas with gel inserts or use of soft

shoes. Grade 3 or higher PPES can be managed with supportive

measures such as cortisone creams and topical antibiotics.
Cell Reports Medicine 4, 101204, October 17, 2023 9
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Other dermatologic AEs
Dermatologic changes have been frequently reported in clinical

studies of FGFR inhibitors.14,15,17,24 However, the mechanisms

underlying FGFR inhibitor-associated dermatologic toxicities

are not fully understood.47 In the BLC2001 study of erdafitinib,

dry skin was reported in 32% of patients (0% grade R3) and

alopecia in 29% of patients (0% grade R3).14 Two patients

discontinued treatment because of skin events.14 In the

FIGHT-202 study with pemigatinib, alopecia was reported in

49% of patients (0% grade R3) and dry skin in 20% of patients

(1% grade R3).24 In the phase II study of infigratinib, alopecia

was reported in 38% of patients (0% grade R3) and dry skin in

23%of patients (0% gradeR3).15 In the phase I dose-expansion

study of futibatinib, 19% of patients experienced alopecia (0%

grade R3), and 13% had dry skin (0% grade R3); 1 patient dis-

continued because of grade 2 eczema.17

Practical strategies for dermatologic AE management

Patients treated with FGFR inhibitors are not helped by the pre-

ventive measures often used for alopecia during chemotherapy

treatment, such as scalp cooling or compression.48 Prophylactic

or reactive use of topical minoxidil is recommended instead. Hair

camouflaging methods also may be used. Alopecia typically re-

verses when treatment is discontinued.

Dry skin can be ameliorated with moisturizing lotions and

creams. Patients should be advised to minimize exposure to fra-

granced detergents and soaps. Urea preparations and salicylic

acid preparations may be helpful. Low-potency topical steroids

may be used for grade 3 dry skin.

Specific guidance on managing alopecia and dry skin is not

addressed in the prescribing information of any of the licensed

FGFR inhibitors. Patients should consult with a health care pro-

fessional when they experience progressive or intolerable skin

disorders. When needed, the generic advice on managing grade

3 or 4 AEs bywithholding doses, reducing the dose, or discontin-

uing treatment for each drug should be followed.4–6

Gastrointestinal AEs
Gastrointestinal AEs are common with FGFR inhibitors. Diarrhea

may be mediated by FGFR4 signaling, for which FGFR inhibitors

have varying degrees of selectivity.19 Inhibition of FGF19/

FGFR4-mediated signaling upregulates conversion of cholesterol

to bile acid in the liver, leading tomodified bile acidmetabolism.49

Bile acid metabolism imbalance has been demonstrated to in-

crease intestinal water secretion, increase mucosal permeability,

and stimulate peristalsis, which therefore may result in diarrhea.50

In the BLC2001 study of erdafitinib, stomatitis was reported in

58%of patients (10%gradeR3), diarrhea in 51% (4%), drymouth

in 46% (0%), decreased appetite in 38% (0%), dysgeusia in 37%

(1%), constipation in 28% (1%), nausea in 20% (1%), and vomit-

ing in 13% (2%).14 Stomatitis was one of the most common grade

R3 AEs with erdafitinib and led to a dose reduction in 16 pa-

tients.14 In the FIGHT-202 study of pemigatinib, dysgeusiawas re-

ported in 40% of patients (0% grade R3), diarrhea in 47% (3%),

stomatitis in 35% (5%), dry mouth in 34% (0%), nausea in 40%

(2%), decreased appetite in 33% (1%), and constipation in 35%

(1%).24 Five patients had a dose reduction and 11 had a dose

interruption because of stomatitis.24 In the CBGJ398X2204 study

of infigratinib, treatment-emergent stomatitiswas reported in 55%
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of patients (15% grade 3), dysgeusia in 31% (0%), constipation in

30% (1%), dry mouth in 25% (0%), diarrhea in 24% (3%),

decreased appetite in 22% (1%), and vomiting in 21% (1%).15

In the dose-expansion study with futibatinib as of June 2019, diar-

rheawas reported in 33%of patients (1%grade 3), constipation in

32% (1%), nausea in 28% (0%), vomiting in 25% (1%), abdominal

pain in 19% (3%), decreased appetite in 19% (2%), dry mouth in

18% (0%), stomatitis in 15% (3%), and dysgeusia in 11% (0%).17

Three patients discontinued treatment because of gastrointestinal

TRAEs (onewith grade 3 oral mucositis, onewith grade 3 vomiting

and grade 1 diarrhea and nausea, and one with grade 2 diarrhea,

fatigue, anorexia, and nail detachment).17

Practical strategies for gastrointestinal AE

management

Baking soda rinses can be used to ameliorate stomatitis: half

a teaspoon (about 2.5 g) baking soda mixed with 8 fluid oun-

ces (about 240 mL) of warm water, swished around the mouth

for 30 s, then spat out. The rinse may also be gargled for

several seconds prior to spitting. Patients should rinse every

2 or 3 h while they are awake, including after meals and at

bedtime, but not more than 6 times a day. Mucosa-coating

agents are available by prescription. These should be

swished around the inside of the patient’s mouth to coat it.

Swallowing these agents may help soothe the throat, but

they may be spat out if the patient feels nauseous. Topical

anesthetics in the forms of thick liquids, gels, or sprays may

also be useful.

Dietary and lifestyle modifications can also help. Patients

should choose soft, moist foods that are easy to swallow and

avoid rough-textured, acidic, tart, and spicy foods that may

cause irritation. They should also avoid extremely hot and cold

foods. Patients should cut foods into small bites to reduce chew-

ing. If use of spoons or forks causes pain, blended meals may be

drunk from a cup. Foods can be pureed or liquefied using a

blender. Drinking liquids through a straw can help avoid painful

areas in the mouth.

For patients with diarrhea, loperamide is available without a

prescription and is usually the medication used to treat diar-

rhea. Patients should take 2 capsules at the first sign of diar-

rhea, followed by 1 capsule after each loose stool. Unless

directed otherwise, patients should not exceed 16 mg per

day and should reduce or eliminate treatment if they experience

constipation. Second-choice treatment is atropine/diphenoxy-

late, which requires a prescription. Patients should take 1 tablet

by mouth every 6 h as needed. Common adverse effects

include drowsiness, constipation, and dizziness. Patients may

alternate between loperamide and atropine/diphenoxylate

because they do not interact and can be used together safely.

Patients should contact their care team if they are taking these

medicines as directed and symptoms are not controlled or if

they have trouble swallowing pills. While having diarrhea, pa-

tients should stop taking stool softeners and laxatives and

should maintain a low-fiber diet. Patients could start with the

BRAT (bananas, rice, applesauce, toast) diet and then progress

to foods low in fiber, such as skinless chicken, scrambled eggs,

crackers, and white bread.

For patients with dry mouth, emphasize the importance of

good oral hygiene and regular dental visits. Systemic and topical
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salivary stimulants and intraoral topical agents, such as chewing

gums, and saliva stimulants and substitutes can ameliorate

symptoms. High-fluoride toothpaste may be helpful to prevent

cavities.47

Dosing schedules
During the development of a number of these agents, at-

tempts were made to find the optimal balance between effi-

cacy and tolerability by altering the dosing schedule, with

varying outcomes. In the phase I study of erdafitinib, contin-

uous daily dosing and intermittent dosing (7 days on/7 days

off) were investigated.32 Erdafitinib at 10 mg daily on the inter-

mittent dosing schedule was found to have clinical activity

with a manageable safety profile. The phase II study in pa-

tients with advanced UC was initiated with the 10-mg intermit-

tent regimen and a 6-mg continuous regimen, which was

amended during an interim analysis to just a continuous

dosing regimen of 8 mg per day,14 and this dose was

approved.4 Pemigatinib was also investigated at continuous

and intermittent dosing schedules (14 days on/7 days off) in

its first-in-human study.48,51 Pharmacokinetics, pharmacody-

namics, and clinical data were combined to determine that

13.5 mg once daily on the intermittent schedule should be

investigated in phase II,24,48,51 and this dose was approved.5

The phase I study of infigratinib examined dosing on a contin-

uous or 3-weeks-on/1-week-off schedule. Safety profiles

were similar between the groups, but fewer patients experi-

enced AEs requiring dose adjustments or interruptions with

the intermittent schedule (50%) than the continuous schedule

(74%).33 The intermittent dosing schedule was taken into the

phase II study and is the approved schedule.9,15 Futibatinib

was investigated in a once-daily continuous and 3-times-

a-week continuous dosing regimen in its phase I study.

Although the safety profile was consistent across the dosing

schedules, once-daily dosing was selected for phase II

studies based on a closer correlation between serum phar-

macokinetics and pharmacodynamics (serum phosphate

levels) with this schedule compared with the thrice-weekly

schedule.52 Clearly, each FGFR inhibitor requires individual-

ized dosing to balance efficacy, pharmacokinetics, and safety.

Conclusions
FGFR inhibitors have similar but distinct safety profiles, depend-

ing on their activity toward specific FGFRs; differential inhibition

of specific FGFRs may influence the frequency and severity of

side effects. For example, the degree of hyperphosphatemia

may be related to the strength of inhibition of FGFR1, while the

incidence and severity of diarrhea may be a function of FGFR4

inhibition.19 Therefore, adverse management strategies need

to be individualized to each patient and the treatment they are

receiving. Early consultation and involvement of specialists

(e.g., ophthalmologists, dermatologists) during treatment to

manage and mitigate FGFR inhibitor-associated AEs may

benefit patients’ quality of life and outcomes. Most FGFR inhib-

itor-associated AEs are manageable with appropriate prophy-

lactic measures and treatment; however, proactive monitoring

is key tominimizing the need for dose reduction and allowing pa-

tients to continue treatment.
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Supplementary Table 1. Overview of FGFR inhibitors 

 CR/PR/SD/PD, % 
Median PFS, (95% 
CI), mo 

Median OS, (95% 
CI), mo 

Erdafitinib, approved in the United States for metastatic or locally advanced urothelial cancer with FGFR2 or FGFR3 alteration, that has progressed on 
platinum-based chemotherapy(Janssen Oncology, 2022) 
IC50 for FGFR1, 2, 3, and 4 = 1.2, 2.5, 3.0, and 5.7 nM(Perera et al., 2017) 

Phase I    

CR100845 
Open-label, multicenter, phase I, dose-escalation and confirmation study in 
patients with advanced or refractory solid tumors (NCT01703481)(Tabernero et 
al., 2015) 
(N = 65; data shown are for patients with FGF/FGFR alterations [n = 23]) 

0/22/70/9 NR NR 

Phase II    

BLC2001 
Open-label, multicenter, phase II study in patients with locally advanced and 
unresectable or metastatic urothelial carcinoma with FGFR alterations 
(NCT02365597)(Loriot et al., 2019) 
(N = 99) 

3/37/39/18 5.5 (4.2-6.0) 13.8 (9.8-NR) 

Phase III    

CR108401 
Open-label, randomized, multicenter study comparing erdafitinib with vinflunine 
or docetaxel, or pembrolizumab in patients with advanced urothelial carcinoma 
with selected FGFR aberrations (NCT03390504)(ClinicalTrials.gov, 2022) 
(N = 631 – estimated) 

Trial ongoing Trial ongoing Trial ongoing 

Pemigatinib, approved in the United States, Europe, Japan, China, and Canada for adults with previously treated, unresectable locally advanced or 
metastatic CCA with an FGFR2 fusion or other rearrangement(Incyte Corporation, 2022) 
IC50 for FGFR1, 2, 3, and 4 = 0.4, 0.5, 1.0, and 30.0 nM(Liu et al., 2020) 

Phase I    

FIGHT-101 
Open-label, phase I/II, dose-escalation study in patients with advanced solid 
malignancies and progression following prior therapy with no further effective 
standard therapy available (NCT02393248)(Subbiah et al., 2022) 
(N = 128) 

0/9.4/31.3/38.3 NR NR 

FIGHT-102 
Open-label, phase I, multisite study in Japanese patients with advanced 
malignancies (NCT03235570)(Kuboki et al., 2019) 
(N = 25) 

0/6.3/56.3/37.5 NR NR 

Phase II    



FIGHT-202 
Multicenter, open-label, single-arm study in patients with previously treated, 
locally advanced or metastatic cholangiocarcinoma with or without FGF/FGFR 
rearrangements (NCT02924376)(Abou-Alfa et al., 2020; Javle et al., 2021a) 
(N = 108 with FGFR2 rearrangements) 

0/4/36/60 7.0 (6.1-10.5) 17.5 (14.4-22.9) 

FIGHT-203 
Multicenter study in adult patients with MLN with FGFR1 rearrangements 
(NCT03011372)(Gotlib et al., 2021) 
(N = 34) 

77.4/NR/NR/NR NR NR 

Phase III    

FIGHT-302 
Open-label, randomized, active-controlled, multicenter, global study comparing 
the efficacy and safety of first-line pemigatinib with gemcitabine-cisplatin in 
patients with advanced CCA with FGFR2 rearrangements 
(NCT03656536)(Bekaii-Saab et al., 2020) 
(N = 432 – target enrollment) 

Trial ongoing Trial ongoing Trial ongoing 

Futibatinib, approved in the United States for previously treated, unresectable locally advanced or metastatic iCCA with FGFR2 gene fusions or other 
rearrangements(Taiho Oncology, 2022) 
IC50 for FGFR1, 2, 3, and 4 = 1.8, 1.4, 1.6, and 3.7.nM(Sootome et al., 2020) 

Phase I/II    

FOENIX-CCA2 
First-in-human, phase I/II, dose-escalation and expansion study in patients with 
advanced solid tumors harboring FGF/FGFR aberrations (NCT02052778)(Goyal 
et al., 2023; Meric-Bernstam et al., 2021)  
(N = 201; 83 with CCA) 

Overall: 0/13.7/37.6/48.7 
 

NR 
 

NR 
 

Phase III    

FOENIX-CCA3 
Phase III, randomized, open-label, multicenter study comparing futibatinib with 
gemcitabine plus cisplatin as first-line therapy in patients with advanced, 
metastatic or unresectable intrahepatic cholangiocarcinoma harboring FGFR2 
rearrangements (NCT04093362)(Borad et al., 2020) 
(N = 216 – estimated) 

Trial ongoing Trial ongoing Trial ongoing 

Derazantinib, not yet approved 
IC50 for FGFR1, 2, 3, and 4 = 4.5, 1.8, 4.5, 34 nM(Hall et al., 2016) 

   

Phase I    

ARQ 087-101 
Multicenter, phase I/II, open-label study of derazantinib in patients with 
advanced solid tumors with FGFR genetic alterations, including iCCA with 
FGFR2 fusion (NCT01752920)(Mazzaferro et al., 2019) 

0/20.7/62.1/17.2 5.7 (4.0-9.2) NR 



(N = 29 [patients with iCCA and FGFR2 gene fusion only]) 

FIDES-02 
Multicohort, open-label, phase Ib/II study of derazantinib plus atezolizumab in 
patients with advanced solid tumors (NCT04045613)(Abdul-Karim et al., 2021) 
(N = 26; n = 10 evaluable for response)  

0/0/40/60 NR NR 

Phase II    

FIDES-01 
Pivotal, open-label, single-arm phase II study of derazantinib in previously 
treated patients with inoperable or advanced iCCA and FGFR2 gene fusions, 
mutations, or amplifications (NCT03230318)(ClinicalTrials.gov, 2021; Droz Dit 
Busset et al., 2021; Javle et al., 2020) 
(N = 103) 

0/21/54/25 7.8 (5.5-8.2) 15.5 (11.8-21.9) 

Rogaratinib, not yet approved 
IC50 for FGFR1, 2, 3, and 4 = 1.8, <1, 9.2, 1.2 nM(Grunewald et al., 2019) 

   

Phase I    

16443 
Phase I, dose-escalation and expansion study of rogaratinib in patients with 
advanced solid tumors (NCT01976741)(Schuler et al., 2019) 
(n = 126; n = 100 evaluable for response) 

1/14/56/29 3.1 (2.0-3.4) NR 

FORT-2 
Phase Ib/2 study of rogaratinib plus atezolizumab in patients with first-line 
cisplatin-ineligible advanced/metastatic urothelial carcinoma with FGFR1/3 
overexpression (NCT03473756)(Rosenberg et al., 2021) 
(N = 26) 

13/42/29/17 NR NR 

Phase II/III    

FORT-1 
Phase II/III, randomized, open-label study comparing rogaratinib with 
chemotherapy in patients with advanced or metastatic urothelial carcinoma with 
FGFR1/3 overexpression (NCT03410693)(Quinn et al., 2020) 
(N = 87 treated with rogaratinib, 88 treated with chemotherapy) 

NR 2.7 (1.6-4.2) 
(rogaratinib) versus 
2.9 (2.6-4.2) 
(chemotherapy) 

NR 

CCA, cholangiocarcinoma; CI, confidence interval; CR, complete response; FDA, US Food and Drug Administration; IC50, half maximal concentration; iCCA, 

intrahepatic cholangiocarcinoma; MLN, myeloid/lymphoid neoplasm; NR, not reported; OS, overall survival; PD, progressive disease; PFS, progression-free 

survival; PR, partial response; SD, stable disease. 

  



 

Supplementary Table 2. High- and low-phosphate foods 

High-phosphate food Low-phosphate food 

Milk, pudding, yogurt (from animals and from many soy varieties) Rice milk (unfortified), nondairy creamer (if no ingredients with 
the letters “phos” in their name) 

Hard cheese, ricotta, cottage cheese, fat-free cream cheese Regular and low-fat cream cheese 

Ice cream or frozen yogurt Sherbet or frozen fruit pops 

Soups made with higher-phosphate ingredients (milk, dried peas, 
beans, lentils) 

Soups made with lower phosphate ingredients (broth- or water-
based with other lower phosphate ingredients) 

Whole grains, including whole grain breads, crackers, cereal, 
rice, and pasta 

Refined grains including white bread, crackers, cereals, rice, and 
pasta 

Quick breads, biscuits, cornbread, muffins, pancakes, or waffles  Homemade refined (white) dinner rolls, bagels, or English muffins 

Dried peas (split, black-eyed), beans (black, garbanzo, lima, 
kidney, navy, pinto), or lentils 

Green peas (canned, frozen), green beans, or wax beans 

Organ meats, walleye, pollock, or sardines Lean beef, pork, lamb, poultry, or other fish 

Nuts and seeds Popcorn 

Peanut butter and other nut butters Jam, jelly, or honey 

Chocolate including chocolate drinks Carob candy, hard candy, or gumdrops 

Colas and pepper-type sodas, flavored waters, bottled teas (with 
ingredients whose names contain the letters “phos”) 

Lemon-lime soda, ginger ale or root beer, plain water 

 

  



Supplementary Figure 1. Representative images of adverse events commonly found with 

fibroblast growth factor receptor inhibitors. (A) Hand nail changes; (B) foot nail changes; 

(C) axillary calcification; (D) leg calcification. 

 

 

  



Supplementary Figure 2. Interpretive diagram of 40 eyes of 20 patients showing the 

location, size, and configuration of each fluid focus: blue = dome, yellow = splitting. 

Number represents patient number and circle designates patient had visual symptoms. 

Reproduced with permission from Francis et al. 2021.(Francis et al., 2021) 
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