
Investor Presentation



This presentation (including the accompanying oral presentation) contains forward-looking statements that involve substantial risks and uncertainties. All statements other than statements of historical

facts contained in this presentation, including statements regarding the future financial condition, results of operations, business strategy and plans, and objectives of management for future operations

of Kinnate Biopharma Inc. ("we," "us" or "our"), as well as statements regarding industry trends, are forward-looking statements. In some cases, you can identify forward-looking statements by terminology

such as “anticipate,” “believe,” “continue,” “could,” “estimate,” “expect,” “intend,” “may,” “plan,” “potentially” “predict,” “should,” “will” or the negative of these terms or other similar expressions. We

have based these forward-looking statements largely on our current expectations and projections about future events and trends that we believe may affect our financial condition, results of

operations, business strategy and financial needs.

These forward-looking statements are subject to a number of risks, uncertainties and assumptions, including, among other things: our ability to successfully complete our ongoing clinical trial and for that

trial to produce positive results, the timing of the initiation, progress and potential results of our preclinical studies, additional clinical trials and our research programs; our ability to advance additional

product candidates into, and successfully complete, preclinical studies and clinical trials with those additional product candidates; the timing or likelihood of regulatory filings and approvals; the

negative impacts of the COVID-19 pandemic; our estimates of the number of patients who suffer from the diseases we are targeting and the number of patients that may enroll in our clinical trials; the

commercializing of our product candidates, if approved; our ability and the potential to successfully manufacture and supply our product candidates for clinical trials and for commercial use, if

approved; future strategic arrangements and/or collaborations and the potential benefits of such arrangements; our estimates regarding expenses, future revenue, capital requirements and needs for

financing and our ability to obtain capital; the sufficiency of our existing cash and cash equivalents to fund our future operating expenses and capital expenditure requirements; our ability to retain the

continued service of our key personnel and to identify, hire and retain additional qualified professionals; the implementation of our business model, strategic plans for our business and product

candidates; the scope of protection we are able to establish and maintain for intellectual property rights, product candidates and our pipeline; our ability to contract with third-party suppliers and

manufacturers and their ability to perform adequately; the pricing, coverage and reimbursement of our product candidates, if approved; and developments relating to our competitors and our

industry, including competing product candidates and therapies.

These and other risks, uncertainties, assumptions and other factors are described in greater detail in our filings we have made and will make with the Securities and Exchange Commission, including,

without limitation, under the heading “Risk Factors” in our Quarterly Report on Form 10-Q for the fiscal quarter ended September 30, 2021. New risk factors emerge from time to time and it is not possible

for our management to predict all risk factors, nor can we assess the impact of all factors on our business or the extent to which any factor, or combination of factors, may cause actual results to differ

materially from those contained in, or implied by, any forward-looking statements. You should not rely upon forward-looking statements as predictions of future events. Although we believe that the

expectations reflected in the forward-looking statements are reasonable, we cannot guarantee future results, levels of activity, performance or achievements. Except as required by law, we undertake

no obligation to update publicly any forward-looking statements for any reason after the date of this presentation. In addition, statements that “we believe” and similar statements reflect our beliefs and

opinions on the relevant subject. These statements are based upon information available to us as of the date of this presentation, and while we believe such information forms a reasonable basis for

such statements, such information may be limited or incomplete, and our statements should not be read to indicate that we have conducted an exhaustive inquiry into, or review of, all potentially

available relevant information.

Certain information contained in this presentation relates to or is based upon our internal estimates and research and from academic and industry research, publications, surveys and studies conducted 

by third parties, including governmental agencies. Information that is based on estimates, forecasts, projections, market research or similar methodologies is inherently subject to uncertainties and actual 

events or circumstances may differ materially from events and circumstances that are assumed in this information. While we believe that the data we use from third parties are reliable, we have not 

separately verified this data. Further, while we believe our internal research is reliable, such research has not been verified by any third party. Any projections, assumptions and estimates of our future 

performance and the future performance of the markets in which we operate are necessarily subject to a high degree of uncertainty and risk.

Disclaimer



Multiple clinical and pre-clinical assets targeting validated oncogenic drivers

Lead RAF program targets large population not served by current approved RAF inhibitors

• IND clearance by FDA, Phase I initiated

FGFR program targets significant unmet need of resistance to current FGFR inhibitors

• GLP tox studies completed, IND filing expected in H1 2022

Multiple other compounds in pipeline, including CDK12 inhibitor

• All programs developed in house with IP & commercial rights fully retained

Productive Kinnate Drug Discovery Engine powered by structure-based drug discovery, translational 

research and patient-driven precision medicine

• 3 Years from inception to initial IND clearance
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Kinnate: Kinase Inhibitors for Genomically Defined Cancers
Striving to Expand the Promise of Precision Medicine in Oncology
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Well-Funded with $348M on Hand*

*Cash and cash equivalents & investments as of September 30, 2021, excludes $34M cash in the China JV

• Experienced management team responsible for multiple approved precision oncology drugs

• Strong scientific collaborations and KOL relationships with leading academic and medical centers

• Diverse board with broad experience across biopharma



Limitations of Current Targeted Therapies Drive Clinical Need 
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Our Research and Development Programs Will Focus on Three Patient Populations

Overcome acquired resistance mutations to existing targeted therapies, 

potentially improving the durability of response
• Example:  KIN-3248, our FGFR2/3-targeting small molecule kinase inhibitor

Target known oncogenic drivers in cancers that are not addressed by 

approved therapies
• Example:  KIN-2787, our Class II and Class III BRAF-targeting small 

molecule kinase inhibitor

Treat non-responders to approved therapies by identifying genomic drivers 

of intrinsic resistance through advanced technologies
• Example: KIN004, our selective CDK12 kinase inhibitor
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Substantial Opportunity in Targeted Therapies for Oncology

All Cancer Patients Cancer Patients 

adequately treated 

with targeted 

therapies

Source: Marquart JAMA ONOCLOGY 2018 https://pubmed.ncbi.nlm.nih.gov/29710180/; data available in USPIs for targeted cancer therapies approved in the US

https://pubmed.ncbi.nlm.nih.gov/29710180/


Kinnate Drug Discovery Engine
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Patient Driven Precision Medicine: Defining emerging patient 

populations. Guided by premier cancer centers such as MGH and 

prominent KOLs

Structure Based Drug Discovery: 

Identifying compounds with 

high probability of success 

Translational Research: Biomarker-driven approach to 

predict and increase the likelihood of therapeutic response

Since company funded in March 2018

• >5200 NCEs generated

• >220 unique in vitro assays developed

• 17+ xenograft models

• 17 provisional patent applications filed across 

14 families

• 1 IND cleared in 2021 & 1 expected in H1 2022



Kinnate Pipeline
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Multiple programs advancing into clinical stage

Multiple undisclosed targets in Research Stage

Target, 

Program
Discovery

Lead 

Optimization

IND-

Enabling
Phase 1 Phase 2 Phase 3

Next Anticipated 

Milestones

RAF

KIN-2787
Initial Clinical Data in mid 

2022

FGFR2/3 

KIN-3248
IND H1 2022

Initiate Phase 1 in H1 2022

CDK12

KIN004



Kinnate Team
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Creators of Multiple Marketed Drugs and High Value Exits

Nima Farzan

CEO, Board Member

• CEO PaxVax (BLA 

approval, M&A exit)

• Novartis – global & 

US commercial and 

development roles

Rob Kania, PhD

SVP, Drug Discovery
• Led Pfizer Cancer 

Chemistry group

• Co-inventor of 13 DCs

• Co- Inventor of Inlyta 

(axitinib), Xalkori

(crizotinib), Lorbrena

(lorlatinib)

• Wuxi NextCode, GRAIL, 

Puma & Amgen

• Led Amgen’s early 

oncology program

Richard Williams, MD

CMO

Neha Krishnamohan

CFO

• Goldman Sachs 

Health Care 

Investment Banking

• Advised on over 

$100B in transactions

Mark Meltz

COO & GC

• Led $3.5B Corporate 

Development 

Transactions

• Public company GC 

(Audentes)

• Novartis,  Biogen, 

PaxVax, Audentes

Ken Kobayashi, MD

SVP, Clinical Development
• FDA, NCI/CTEP,

Novartis, J&J, AZ, DSI 

& Pfizer

• 28 investigational 

agents into clinic

• Lead reviewer on 3 

NDAs at FDA



Kinnate Board of Directors & Scientific Collaborators
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Leaders in the Field of Precision Oncology

Jim Tananbaum
Board Member 

Foresite

Michael Rome

Board Member 

Foresite

Carl Gordon
Board Member 

Orbimed

Keith Flaherty
Board Member 

Independent  - MGH

Helen Sabzevari

Board Member 

Independent

Laurie Smaldone
Board Member 

Independent

Dean Mitchell

Board Chairman 

Independent

Melissa Epperly

Board Member 

Independent

Board of Directors* Scientific Advisory Board

• Professor, Harvard Medical School

• Director of Clinical Research, MGH 

Cancer Center

• Director, MGH Termeer Center for 

Targeted Therapy

• Loxo co-founder; RAF expert

• Chief, Surgical Oncology

• PDAC expert

• Associate Professor, Harvard 

Medical School

• Scientific Director, MGH Termeer

Center for Targeted Therapy

• RAF & FGFR expert

• Co-Director San Diego Center 

for Precision Immunotherapy 

• Assoc. Dir, Translational Science

Keith Flaherty Andy Lowy

Ryan Corcoran

Ezra Cohen

• Head of the Division of Solid 

Tumor Oncology Memorial 

Sloan Kettering Cancer 

Center

Luis Diaz

• Director of Center for  

Integrated Diagnostics at 

MGH

• Professor Pathology at 

Harvard Medical School

John Iafrate

*List excludes Nima Farzan, Kinnate CEO

• Co-Founder, Kinnate

• Novartis, CrownBio, Samumed, 

Moores UCSD Cancer Center

• Contributions: Braftovi, Mektovi, 

LXH254, Zykadia, Tabrecta, EGF816

Eric Murphy, PhD
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Kinnate Expansion into Greater China
Joint Venture Established with Experienced China Investor OrbiMed Asia Partners

• $35M Series A Financing of a new China JV based in Shanghai

• Investor OrbiMed Asia Partners brings tremendous expertise and connections in China to the JV

• OrbiMed Private Investments and Foresite Capital also participated in round

• Kinnate is the majority shareholder of the China JV

• JV has exclusive license to develop, manufacture and commercialize Kinnate’s RAF, FGFR and CDK12 product 

candidates in Greater China (mainland China, Hong Kong, Taiwan, and Macau) 

• JV may obtain rights to other Kinnate pipeline candidates in Greater China, as well as pursue other candidates

• Kinnate retains customary termination rights on license of IP

• Potential to accelerate enrollment of programs through global trial recruitment

• Veteran biopharmaceutical industry executive Wenn Sun, Ph.D. is Executive Chair of the China JV

• Founder/President of Precision Medicine Asia (PREMIA), an oncology clinical genomic data company

• Founder and Managing Partner of OxOnc Development, a venture company that, along with  Pfizer 

Oncology, co-developed XALKORI in patients with ROS1 genetic alterations in Asia, including China 

• Head of Strategic Alliances for GSK Oncology



RAF Program

KIN-2787



• Approved Class I BRAF inhibitors 

include Vemurafenib, Dabrafenib, 

Encorafenib

• The Class II and Class III BRAF mutants 

represent a patient population with 

unmet need

• Kinnate’s approach targets dimer 

signaling in these patient populations 

while minimizing MAPK pathway 

rebound in normal wild type signaling

12

The RAF Opportunity
Targeting BRAF Mutant Populations Without Approved Precision Therapies



1. BRAF Inhibitor binds to BRAF Target

2. BRAF + CRAF heterodimerize, recruited to RAS

3. Transactivation of CRAF via RAS binding

4. MEK and ERK activation

5. Elevated growth promoting signaling
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Inhibition of Both RAF Kinases in Dimer is Required
Otherwise Transactivation drives MAPK signaling and Pathway Activation

Adapted from:  S. Heidorn SJ et. al., Kinase-Dead BRAF and Oncogenic RAS 

Cooperate to Drive Tumor Progression through CRAF. Cell 140: 209-221, 2010
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Growth Signaling

Approved 

RAF inhibitors

RAS RAS

BRAF CRAF

MEK

ERK

2 3

1

5

1

2

3

4
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• Why approved BRAF inhibitors can cause squamous cell carcinoma 

(SCC) in skin cells

• Why Class I BRAF inhibitors are often combined with a MEK inhibitor

• Paradoxical activation from BRAF with altered drug binding 

site due to asymmetric dimerization or CRAF in heterodimer

• Need molecule that can inhibit second kinase active site



Optimal Target Coverage & Equivalent / Persistent Inhibition of 
Both RAF Kinases in Dimer is Required to Avoid Paradoxical 
Activation

Inadequate Exposure in 

Monomer or Dimer Setting

Paradoxical Activation

Optimal Profile

Kinase Inhibitor

• Paradoxical activation occurs when 

the non-inhibited RAF molecule in the 

RAF dimer is activated

• This can occur when the RAF 

molecule is in a homodimer (BRAF-

BRAF) or a heterodimer conformation 

(BRAF-CRAF), depicted in the figure 

on the left

• Can occur:

▪ As drug concentrations 

approach & dip below 

effective levels 

▪ If the inhibitor does not bind 

to 2nd molecule in the dimer 

in an equipotent manner

▪ Adequate target exposure is 

not achieved

14
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KIN-2787 Displays a Highly Selective RAF Kinase Profile

Kinome Profiling 10-point Dose Response

▪ Kinome profiling @ 1µM across >600 enzymatic assays at Reaction Biology Corp (372 WT, 23 atypical, 258 MT)

▪ Follow-up 10 pt dose response enzymatic assays (right table) for known BRAF inhibitor off-targets

KIN-2787

Kinase 
KIN-2787 
IC50 (nM) 

CRAF 0.573 

BRAF V600E 1.53 

ARAF 2.41 

BRAF 3.46 

DDR1 108 

PDGFRB 445 

p38alpha 1230 

EPHA2 >3000 

KDR >3000 

LCK >3000 

SRC >3000 
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Dimer Inhibition Demonstrated Across Several Cell Lines
While Maintaining Selectivity Against Non BRAF Mutated Cells

▪ Clear differentiation from MEK inhibitors that do not differentiate against WT (wild type)

▪ Novartis’ LXH-254 has similar profile in cells, but suffers from sub-optimal exposure in vivo

KIN-2787

Note: More potent inhibition is reflected by a lower EC50 number presented in nM concentration

BRAF 

Status
Tumor Cell Line Lineage

MAPK Pathway 

Alteration(s)

pERK Inhibition EC50 (nM)

Pfizer
Binimetinib

Novartis

LXH-254
Kinnate

KIN-2787

Class I
A-375 Melanoma BRAFV600E 7 171 67

Colo800 Melanoma BRAFV600E 6 242 112

Class II

BxPC-3 Pancreatic BRAFindel(VTAPTP) 3 32 51

OV-90 Ovarian BRAFindel(NVTAP) 4 24 26

NCI-H2405 NSCLC BRAFindel(LNVTAP) 6 5 10

Class III
WM3629 Melanoma BRAFD594G, NRASG12D 5 6 9

CAL-12T NSCLC BRAFG466V 3 19 18

Wild Type

MIA PaCa-2 Pancreatic BRAFWT , KRASG12C 3 340 685

NCI-H358 NSCLC BRAFWT , KRASG12C 1 153 351

CHL-1 Melanoma BRAFWT , NRASWT 5 291 580



Unlike LXH254, KIN-2787 Did Not Show Pathway Rebound
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Due to Potent Dimer Inhibition & Improved Target Exposure

KIN-2787

• No pathway rebound was observed with KIN-2787 in WM3629 (Class III, BRAFD594G/NRASG12D) 

xenografts compared to >400% pERK levels observed with LXH254 at 48 hours post-dose

> 200% pERK

characterized 

as Pathway 

Rebound



Improved Solubility Increases In Vivo Target Exposure
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Increased Target Exposure Prevents Pathway Rebound & Lowers Necessary Dose

Relevant 

physiological 

pH

KIN-2787

Improved aqueous solubility, lower clearance in vivo, higher free fraction, and increased drug 

exposure all enhance the likelihood that KIN-2787 may achieve greater target coverage in the 
clinical setting

Feature Parameter 
Novartis 
LXH254 

Kinnate 
KIN-2787 

In vitro drug 
solubility 

Aqueous Solubility (µM) 
pH = 7.4 
pH = 4.5 
pH = 2.0 

 
8 
7 
50 

 
29 
196 
312 

In vivo mouse 
pharmacology 

100 mg/kg per oral dose 
Clearance (mL/min/kg) 
AUC / dose (ng*h/mL) 

 
10 

1123 

 
8 

3335 

 

KIN-2787 has 

shown ~8x more 

free fraction in 

human



▪ KIN-2787 (60 mg/kg QD) and LXH254 (200 mg/kg QD) both demonstrated tumor regressions

▪ 200 mg/kg LXH254 is >4-fold increased free drug exposure relative to the highest clinical dose (600 mg BID)
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Tumor Regressions Achieved Across All Classes of Mutation 
at Lower Doses Than LXH254

Head to Head Data Shows Benefit from Target Exposure & Limited Pathway Activation & Rebound

BxPC-3 (BRAF Class II) WM3629 (BRAF Class III)A375 (BRAF Class I)

KIN-2787

Note: Reflects freebase formulation of KIN-2787; Both KIN-2787 and LXH254 were administered daily
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Sensitivity to BRAF Inhibition in BRAF Mutation-Driven Cancers
Spectrum of Sensitivity Will be Directly Evaluated in our FIH Trial

Less Sensitive Expected Sensitivity More Sensitive 

BRAF Class I:

Refractory to prior 

RAFi therapy

BRAF Class I:

BRAFi-Naive patients

BRAF Class III:

SNVs

BRAF Class II:

Indels + SNVs

BRAF Class II:

Gene Fusions

▪ Diverse mechanisms 

drive resistance

▪ Dimer-dependent 

resistance presents 

KIN-2787 

monotherapy 

opportunity

▪ Applicable in NSCLC 

and Melanoma

▪ KIN-2787 shows in 

vitro activity & in vivo 

tumor regressions

▪ Applicable in PTC 

and others

▪ KIN-2787 sensitivity 

likely predicated on 

identity of co-

occurring upstream 

RAS activation* 

▪ More sensitive in 

Melanoma than 

other cancer types

▪ KIN-2787 shows 

substantial in vitro 

activity & in vivo 

tumor regressions

▪ More sensitive in 

NSCLC / Melanoma

▪ KIN-2787 shows 

substantial in vitro 

activity & in vivo

tumor regressions

▪ CR** reported in 

BRAF gene fusion-

driven case treated 

with PLX8394

▪ More sensitive in 

NSCLC

KIN-2787

▪ FIH study design enables flexibility to enrich for cancer types and mutation classes with early activity  

* e.g. EGFR amplification, KRAS mutation, NF1 loss

** CR: Complete regression



KIN-2787 Development Plan: Phase 1 Trial
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Well Positioned for Expedited POC

Phase I/Ib Phase II

KIN-2787

Dose ExpansionDose Escalation

Dose 

escalation 

to MTD / 

RP2D

Cohort 1

Melanoma
BRAF Class II & Class III*

*Enriched for 

patients with tumors 

and mutations of 

interest based on 

observed activity

Cohort 2

NSCLC
BRAF Class II & Class III*

BRAF mutations

Safety & Tolerability

PK/PD

Cohort 3

Other Solid Tumors
BRAF Class II & Class III*

2021 2022 2023

▪ Dose Escalation phase with 6 US sites; Phase 1 initiated at multiple sites; First Patient Dosed



FIH Study: Patient Selection Strategy
Phase 1 Trial Patient Inclusion Criteria for Dose Escalation and Dose Expansion

Study Part Population (Advanced or Metastatic cancers)

A. Dose Escalation 
(n=25)

Patients with any of the following:

• Class I (BRAFV600) mutant positive cancer, or

• Class II BRAF mutant positive cancer, or

• Class III BRAF mutant positive cancer

B. Dose Expansion
(3 cohorts,

n=25 each)

#1 Melanoma (BRAF Class II or Class III mutations)

#2 NSCLC (BRAF Class II or Class III mutations)

#3 Other solid tumors (BRAF Class II or Class III mutations)  

ex. Pancreatic, PTC, ovarian

22

KIN-2787

▪ Initiate Dose Escalation at 50 mg/day (25 mg BID) in Dose Level 1

▪ Single patient cohorts for first two Dose Levels
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Guardant360 ® analysis of ~143,000 ctDNA positive samples from cancer patients with advanced or metastatic 

disease

▪ 2.2% of ctDNA positive patients had BRAF Class II or III

45

27

28

% of Oncogenic BRAF Alterations

BRAF

Class I

Class II

Class III

Across all tumor types, liquid biopsy analysis in GuardantINFORMTM identified that the majority of patients with 

BRAF alterations have Class II & III alterations versus previous public sources 

based on smaller sample set showed a minority

Pan-Cancer Prevalence of Patients Bearing BRAF Alterations
Majority of oncogenic BRAF alterations (~55%) are Class II or III
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BRAF Class II & III Alterations are Common Across Tumor Types

white labels indicate the # of patients
Figure includes tumor types with:

• ≥ 130 tested patients & ≥ 2% BRAF Class II/III or

• ≥ 1,000 tested patients & ≥ 1% BRAF Class II/III

A broad survey identified many 

tumor types with BRAF Class II & III 

occurrence rates > 1%

Tumor types with >100 patients each 

with BRAF Class II & III alterations in 

GuardantINFORMTM:

• NSCLC

• Colorectal

• Breast

• Prostate

• Melanoma

• Cholangiocarcinoma

BRAF Class II & III alterations represent 

a sizable unmet need across a 

variety of tumor types
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Class II & III Population Across Tumor Types is Greater than 
Class I But Without Any Approved Drugs

 -

 5,000

 10,000

 15,000

 20,000

 25,000

 30,000

 35,000

 40,000

 45,000

 50,000

Class I Class II & Class III

NSCLC Melanoma

*US, EU5 and Japan; Stages IIIb and IV for NSCLC and Stage IV for Melanoma

** Stage IIIb and IV NSCLC in Urban Markets only

• 2020 sales of the 3 approved products 

for Class I BRAF alterations were $1.8B

▪ 20% growth from 2019 sales

• Substantial opportunities for growth

▪ Class II & III may have higher pricing, 

in-line with newer drug launches

▪ Class II & III drug may not require 

combination therapy and/or have 

better profile

▪ Broader use of NGS identifying more 

Class II & III patients

▪ Additional tumor types with 

significant prevalence

3 0

Kinnate calculations based on 2021 Kantar data and data generated from 2021 genomic landscape study with Guardant Health utilizing GuardantINFORM™

Patients with BRAF alterations for NSCLC & Melanoma*

Approved Products:

27k
25k

46k

China**
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BRAF Program Opportunities for Expansion
Opportunities to Expand Beyond Current Target of ~46k patients

Additional Tumor Types with significant BRAF Class II or Class III 

alteration prevalence:

15,000

5,200 4,750

2,400
1,600 1,400

BreastColorectal Prostate OvarianPancreatic Cholangio-

carcinoma

Assumes unresectable or advanced metastatic disease. Kinnate calculations based on Kantar data, 2021 DRG data and data generated from 2021 genomic landscape 

study with Guardant Health utilizing GuardantINFORM™

• Additional opportunities in various cancer types 

beyond NSCLC & Melanoma with Class II / Class III 

alterations

• Earlier treatment lines and less advanced disease 

settings

▪ 2,700 patients have Stage IIIa NSCLC with 

Class II & Class III alterations

▪ 3,200 patients have Stage III Melanoma with 

Class II & Class III alterations

• Class I BRAF alterations, including both first line and 

second line for intrinsic and acquired resistance

▪ 27,000 patients have advanced NSCLC and 

Melanoma with Class I alterations + China

▪ ~25% of acquired resistance may be dimer 

based

• Expanding into other geographies with high disease 

burden (e.g. South Korea, Australia, Canada)



FGFR2/3 Program

KIN-3248



▪ Acquired resistance limits clinical benefit of approved 

& In-development FGFR inhibitors

▪ KIN-3248 is a potent & highly-selective, covalent FGFR 

inhibitor that targets:

▪ FGFR2 & FGFR3 driver alterations in ICC & UC, and 

other tumor types

▪ Known & predicted ‘on target’ FGFR2 & FGFR3 

kinase domain mutations that confer clinical 

resistance (e.g. gatekeeper & molecular brake)

▪ FGFR1, R2 & R3 isoforms, thereby reducing 

opportunities for bypass resistance

Kinnate FGFR2/3 Inhibitor Program
KIN-3248 Directly Targets FGFR2 & FGFR3 Driver Alterations and Acquired Resistance Mechanisms

28
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Irreversible
(Futibatinib) 

(n=10)

Reversible
(Erdafitinib, Pemigatinib etc.) 

(n=13)

N550H

N550D

V565I

V565F

E566A

N550K

N550T 0

V565L

C492F

GatekeeperMolecular Brake

Meaningful On-Target Acquired Resistance to FGFR Inhibitors

Adapted from:  Goyal et al.,  Landscape of Acquired Resistance to Selective FGFR Inhibitors in FGFR2 Fusion or Rearrangement+ Cholangiocarcinoma.  EORTC-NCI-AACR Symposium 

(October 2020).   Analysis includes Reversible FGFR inhibitor treated patients (n=13) and Irreversible FGFR inhibitor treated patients (n=10; all patients received futibatinib)

67% of FGFRi-treated ICC Patients Developed FGFR2 Kinase Domain (KD) Mutations at Progression

Alteration Frequency (%)

FGFR Inhibitor Treatment

Table 1. Baseline characteristics and outcomes of 
patients (n=46)

Acquired resistance to selective fibroblast growth factor inhibitors (FGFRi) in FGFR2 fusion 
positive intrahepatic cholangiocarcinoma (ICC) has been shown to be polyclonal and limits the 
efficacy of this class of drugs1-4. FGFRi achieve a 20-37% objective response rate (ORR) and 
7.5-8.3 month duration of response in this population5-8, and defining mechanisms of 
resistance is essential for future drug development. We present the largest multi-institutional 
study of clinically acquired resistance to FGFRi in cholangiocarcinoma (CCA).

References
1. Goyal L, et al. Polyclonal Secondary FGFR2 Mutations Drive Acquired Resistance to FGFR Inhibition in Patients with FGFR2 Fusion-Positive Cholangiocarcinoma. Cancer Discov. 2017.
2. Goyal L, et al. TAS-120 Overcomes resistance to ATP-competitive FGFR inhibitors in patients with FGFR2 fusion-positive intrahepatic cholangiocarcinoma. Cancer Discov. 2019.
3. Krook MA, et al. Tumor heterogeneity and acquired drug resistance in FGFR2-fusion-positive cholangiocarcinoma through rapid research autopsy. Cold Spring Harb Mol Case Stud. 2019.
4. Krook MA, et al. Efficacy of FGFR Inhibitors and Combination Therapies for Acquired Resistance in FGFR2-Fusion Cholangiocarcinoma. Mol Cancer Ther. 2020.

Landscape of  Acquired Resistance to Select ive FGFR Inhib i tors in 

FGFR2 Fusion or  Rear rangement+ Cholangiocarcinoma
Lipika Goyal¹, Islam Baiev¹, Karen Zhang², William Harris3, Thomas Karasic4, Nevena Damjanov4, Jennifer Stanton1, Jordan Maurer1, Bruce Lin5, 

James Cleary6, John D. Gordan2, Mitesh Borad7, Kabir Mody8, Rachna T. Shroff9, Robin Katie Kelley², Nataliya V. Uboha10

1Massachusetts General Hospital Cancer Center, Boston, MA; 2University of California, San Francisco, San Francisco, CA; 3University of Washington, Seattle Cancer Care Alliance, Seattle, WA; 
4University of Pennsylvania Abramson Cancer Center, Philadelphia, PA; 5Virginia Mason Medical Center, Seattle, WA; 6Dana-Farber Cancer Institute, Boston, MA; 7Mayo Clinic, Phoenix, AZ; 

8Mayo Clinic, Jacksonville, FL; 9University of Arizona Cancer Center, Tucson, AZ; 10University of Wisconsin Carbone Cancer Center, Madison, WI

RESULTSBACKGROUND

Figure 1. Patients eligible for study

RESULTS

Inclusion criteria for the study
• FGFR2 fusions or rearrangement positive advanced cholangiocarcinoma
• Treated with a selective FGFRi on a clinical trial
• Had at least one post-progression tumor biopsy or circulating tumor DNA (ctDNA) analysis 

after progression on their first FGFRi

Exclusion criteria
• Pts with intervening anti-cancer treatment between progression on first FGFRi and post-

progression sample

Tissue genotyping was performed prospectively as part of routine clinical care using 
institutional or commercial assays. ctDNA analysis was performed prospectively as a routine 
part of clinical care using Guardant360, a commercially-available plasma sequencing platform 
of up to 73 genes including the FGFR2 coding region9. This multi-institutional study was 
performed using the Massachusetts General Hospital Institutional Review Board (IRB) protocol 
number 2016P000597, and each participating institution collected data using IRB-approved 
protocols.

MATERIALS AND METHODS

SUMMARY OF RESULTS

• On-target resistance with acquired mutations in the FGFR2 kinase domain 
emerges over time in pts experiencing clinical benefit from FGFRi, suggesting 
FGFR pathway dependence in these pts

• Detection of pathogenic non-FGFR2 alterations at progression on FGFRi was 
more common on irreversible inhibitors, suggesting a role of alternative 
pathways in development of resistance on covalently-binding inhibitors

• Mutation of the FGFR2 cysteine 492 residue, a residue which is critical for the 
binding of the irreversible inhibitor to the FGFR2 kinase domain, was rarely 
detected in this small series

• Further study of acquired resistance patterns to FGFRi is needed to inform 
the development of the next generation of inhibitors and combination 
strategies

CONCLUSIONS

We thank the patients, their families, research personnel, and collaborating 
institutions that participated in this study.
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Table 2. FGFR inhibitors received and timing of progression samples

• Progression-free survival on first FGFRi was longer in pts who developed 
monoclonal FGFR2 KDmuts compared to polyclonal FGFR2 KDmuts (11.2 v 7.2 
months, respectively, p=0.02)

• Pts with clinical benefit were more likely to develop FGFR2 KDmuts upon 
progression compared to pts with primary resistance (22/33=67% vs 1/13=8%, 
p=0.00032)

• Among pts who received clinical benefit (n=33), pts who progressed on a 
reversible vs irreversible FGFRi both developed FGFR2 KDmuts at progression 
at a frequency of 67%, however detection of new pathogenic non-FGFR2 
alterations were more common on the irreversible FGFRi (7/11=64% vs 
1/6=17%, p=0.064)

• Among pts treated with a reversible inhibitor that developed an FGFR2 KDmut
at progression (n=13), the most common mutations involved the molecular 
brake N550 residue (7/13 =54%), the gatekeeper V565 residue (6/13 =46%), 
and/or L617 (3/13=23%)

• In pts treated with an irreversible inhibitor (n=10), the most common 
mutations involved N550 (8/10=80%), V565 (7/10=70%), and/or E565A 
(3/10=30%)

• Among pts who developed an FGFR2 KDmut on ctDNA analysis at progression, 
33% vs 70% developed polyclonal mutations among those treated with 
reversible vs irreversible inhibitors, respectively (p=0.087)

• Only 1 patient (4%) treated with an irreversible inhibitor developed a mutation 
in FGFR2 C492

• Among pts (n=14) who had both tumor biopsy and ctDNA analysis at 
progression, FGFR2 KDmuts were identified in both in 29% of pts and in ctDNA 
only in 71%

Patient Characteristics N %

FGFR2 Fusion 45/46 98%

FGFR2 Rearrangement 1/46 2%

Age at Initial Diagnosis (Years)

 31/46 67%
< 50 15/46 33%

Median Age 55 (range=26-82)

Sex

Male 18/46 39%
Female 28/46 61%

Disease Diagnosis

ICC 46/46 100%

CA19-9 at Time of Initial Diagnosis of Disease

<35 U/mL 17/39 44%

Stage at the Time of Initial Diagnosis

Resectable 14/46 30%
Locally Advanced 4/46 9%
Primary Metastatic 28/46 61%

Response to First FGFRi in Patients with FGFR2 Fusion or 
FGFR2 Rearrangement

ORR 19/46 41%
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Patients Evaluated 
for Study

(n=50)

Eligible Patients:
FGFR2 Fusion or 

Rearrangement+ CCA
(n=46)

Received 
Irreversible FGFRi

as First FGFRi
(n=26)

Received 
Reversible FGFRi

as First FGFRi
(n=20)

Figure 5. Correlation between clinical benefit on first FGFR inhibitor and development of FGFR2 and non-FGFR2 alterations at progression

Figure 3. Monoclonal* vs. polyclonal** FGFR2 resistance at 
progression on FGFR inhibitors in patients with FGFR2 fusions or 
FGFR2 rearrangement who also had ctDNA analysis performed 
(n=46)

Figure 2. FGFR2 (iiib isoform) mutational mapping Figure 4. Spectrum of FGFR2 kinase domain mutations detected at progression in patients with 
FGFR2 fusions or rearrangements on their first FGFRi in either tissue or ctDNA (n=23)*

CLINICAL BENEFIT defined as a partial response of any 
d ra ion or able di ea e for   mon h

FGFR2 KDmut: kinase domain mutation in FGFR2 
(mutations known not to confer resistance excluded, such 
as K715R)

Non-FGFR alteration: Pathogenic alteration in a gene 
other than FGFR2 that was detected on post-progression 
ctDNA analysis but not baseline ctDNA analysis

*Selection bias results in a higher frequency of clinical benefit than 
reported in FGFRi trials as post-progression analyses for resistance 
were often ordered in patients who were candidates for additional 
therapy

Monoclonal
11

24%

Polyclonal
12

26%

No FGFR2 KDmut Detected
23

50%

First FGFR Inhibitor Received by Patient N %

Reversible

Pemigatinib 7/46 15%

Infigratinib 4/46 9%

ATP-Competitive Inhibitor NOS 4/46 9%

Derazantinib 3/46 7%

Debio1347 2/46 4%

Irreversible

Futibatinib 26/46 57%

Time Lapse Between Radiographical Progression and Collection of 
Progression Sample

Patients with ctDNA Sample Collected at Progression (n=44/46)

Guardant Collected Within 1-30 Days Before PD 3/44 7%

Guardant Collected Within 1-30 Days After PD 34/44 77%

Guardant Collected Within 31-60 Days After PD 3/44 7%

Patients with Biopsy Tissue Collected at Progression (n=26/46)

Tissue Collected Within 1-30 Days Before PD 2/26 8%

Tissue Collected Within 1-30 Days After PD 17/26 65%

Tissue Collected Within 31-60 Days After PD 3/26 12%

Yes

33
72%

No

13
28%

Patients Who Received Clinical Benefit from First FGFR Inhibitor

Reversible Irreversible

• All patients (n=46) had an FGFR2 fusion or 
rearrangement

• All patients had a post-progression ctDNA
analysis (n=44), post-progression biopsy (n=26), 
or both (n=24)

• 28 patients had a paired baseline and post-
progression ctDNA analysis

• Only patients who had a paired baseline and 
post-progression ctDNA analysis were included 
for determination of detection of a new non-
FGFR2 alterations
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Did Patients with Clinical Benefit Treated on an 
Irreversible FGFRi Develop an FGFR2 KDmut?

Yes

10
67%

No

5
33%

N=15

Did Patients with No Clinical Benefit Treated on an 
Irreversible FGFRi Develop a Pathogenic Non-FGFR2 

Alteration?

Yes

3
33%

No

6
67%

N=9

Did Patients with No Clinical Benefit Treated on 
an Irreversible FGFRi Develop an FGFR2 KDmut?

No

11
100%

N=11

Did Patients with Clinical Benefit Treated on an Irreversible
FGFRi Develop a Pathogenic Non-FGFR2 Alteration?

Yes

7
64%

No

4
36%

N=11

5.    Javle M, et al. Phase II Study of BGJ398 in Patients With FGFR-Altered Advanced Cholangiocarcinoma. J Clin Oncol. 2018.
6.    Abou-Alfa GK, et al. Pemigatinib for previously treated, locally advanced or metastatic cholangiocarcinoma: a multicentre, open-label, phase 2 study. Lancet Oncol. 2020.
7.    Goyal L, et al. FOENIX-CCA2: A phase II, open-label, multicenter study of futibatinib in patients (pts) with intrahepatic cholangiocarcinoma (iCCA) harboring FGFR2 gene fusions or other rearrangements. ASCO 2020.
8. Mazzafero V, et al. Derazantinib (ARQ 087) in advanced or inoperable FGFR2 gene fusion-positive intrahepatic cholangiocarcinoma. Br J Cancer. 2019.
9. Kim ST, et al. Prospective blinded study of somatic mutation detection in cell-free DNA utilizing a targeted 54-gene next generation sequencing panel in metastatic solid tumor patients. Oncotarget 2015.

Did Patients with Clinical Benefit Treated on a 
Reversible FGFRi Develop an FGFR2 KDmut?

Yes

12
67%

No

6
33%

N=18

Did Patients with Clinical Benefit Treated on a Reversible
FGFRi Develop a Pathogenic Non-FGFR2 Alteration?

Yes

1
17%

No

5
83%

N=6

Did Patients with No Clinical Benefit Treated on a 
Reversible FGFRi Develop a Pathogenic Non-FGFR2 

Alteration?

Yes

2
100%

N=2

Did Patients with No Clinical Benefit Treated on 
a Reversible FGFRi Develop an FGFR2 KDmut?

Yes

1
50%

No

1
50%

N=2

Table 3. Frequency of FGFR2 kinase domain mutations detected at 
progression on a reversible vs. irreversible FGFRi

*Multiple patients developed polyclonal FGFR2 KD mutations at progression, including more than one 
alteration at the same residue (i.e. both N550K and N550D in the same post-progression sample)

Reversible
(n=13)

Irreversible
(n=10)

FGFR2 KDmuts
Detected*

N
Frequency of 

Alteration
N

Frequency of 
Alteration

N550D 3/13 23% 3/10 30%

N550H 3/13 23% 3/10 30%

N550K 2/13 15% 7/10 70%

N550T 1/13 8% 0/10 0%

V565F 4/13 31% 3/10 30%

V565I 2/13 15% 1/10 10%

V565L 0/13 0% 3/10 30%

E566A 1/13 8% 3/10 30%

L618V 2/13 15% 0/10 0%

L618F 1/13 8% 0/10 0%

C492F 0/13 0% 1/10 10%

M538I-M539L 0/13 0% 1/10 10%

L552F 1/13 8% 0/10 0%

L619V 1/13 8% 0/10 0%

Q621L 1/13 8% 0/10 0%

L634V 0/13 0% 1/10 10%

K642R 1/13 8% 0/10 0%

K660M 1/13 8% 1/10 10%

H684L 1/13 8% 0/10 0%

K715R 1/13 8% 0/10 0%

PD = Progressive Disease

Excluded patients
• N=3 received 

intervening 
therapies

• N=1 Treated with 
FGFRi off-trial

(n=13/23)

(n=10/23)

Monoclonal (11.2 Months)
Polyclonal (7.2 Months)

p=0.02

*The 23 out of 46 patients that developed an FGFR2 kinase domain mutation at progression were analyzed for this graph

*Monoclonal: The development of n=1 FGFR2 kinase domain mutation at progression
**Polyclonal: The development of >1 FGFR2 kinase domain mutation at progression

Table 1. Baseline characteristics and outcomes of 
patients (n=46)

Acquired resistance to selective fibroblast growth factor inhibitors (FGFRi) in FGFR2 fusion 
positive intrahepatic cholangiocarcinoma (ICC) has been shown to be polyclonal and limits the 
efficacy of this class of drugs1-4. FGFRi achieve a 20-37% objective response rate (ORR) and 
7.5-8.3 month duration of response in this population5-8, and defining mechanisms of 
resistance is essential for future drug development. We present the largest multi-institutional 
study of clinically acquired resistance to FGFRi in cholangiocarcinoma (CCA).
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3. Krook MA, et al. Tumor heterogeneity and acquired drug resistance in FGFR2-fusion-positive cholangiocarcinoma through rapid research autopsy. Cold Spring Harb Mol Case Stud. 2019.
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RESULTS

Inclusion criteria for the study
• FGFR2 fusions or rearrangement positive advanced cholangiocarcinoma
• Treated with a selective FGFRi on a clinical trial
• Had at least one post-progression tumor biopsy or circulating tumor DNA (ctDNA) analysis 

after progression on their first FGFRi

Exclusion criteria
• Pts with intervening anti-cancer treatment between progression on first FGFRi and post-

progression sample

Tissue genotyping was performed prospectively as part of routine clinical care using 
institutional or commercial assays. ctDNA analysis was performed prospectively as a routine 
part of clinical care using Guardant360, a commercially-available plasma sequencing platform 
of up to 73 genes including the FGFR2 coding region9. This multi-institutional study was 
performed using the Massachusetts General Hospital Institutional Review Board (IRB) protocol 
number 2016P000597, and each participating institution collected data using IRB-approved 
protocols.

MATERIALS AND METHODS

SUMMARY OF RESULTS

• On-target resistance with acquired mutations in the FGFR2 kinase domain 
emerges over time in pts experiencing clinical benefit from FGFRi, suggesting 
FGFR pathway dependence in these pts

• Detection of pathogenic non-FGFR2 alterations at progression on FGFRi was 
more common on irreversible inhibitors, suggesting a role of alternative 
pathways in development of resistance on covalently-binding inhibitors

• Mutation of the FGFR2 cysteine 492 residue, a residue which is critical for the 
binding of the irreversible inhibitor to the FGFR2 kinase domain, was rarely 
detected in this small series

• Further study of acquired resistance patterns to FGFRi is needed to inform 
the development of the next generation of inhibitors and combination 
strategies

CONCLUSIONS
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Table 2. FGFR inhibitors received and timing of progression samples

• Progression-free survival on first FGFRi was longer in pts who developed 
monoclonal FGFR2 KDmuts compared to polyclonal FGFR2 KDmuts (11.2 v 7.2 
months, respectively, p=0.02)

• Pts with clinical benefit were more likely to develop FGFR2 KDmuts upon 
progression compared to pts with primary resistance (22/33=67% vs 1/13=8%, 
p=0.00032)

• Among pts who received clinical benefit (n=33), pts who progressed on a 
reversible vs irreversible FGFRi both developed FGFR2 KDmuts at progression 
at a frequency of 67%, however detection of new pathogenic non-FGFR2 
alterations were more common on the irreversible FGFRi (7/11=64% vs 
1/6=17%, p=0.064)

• Among pts treated with a reversible inhibitor that developed an FGFR2 KDmut
at progression (n=13), the most common mutations involved the molecular 
brake N550 residue (7/13 =54%), the gatekeeper V565 residue (6/13 =46%), 
and/or L617 (3/13=23%)

• In pts treated with an irreversible inhibitor (n=10), the most common 
mutations involved N550 (8/10=80%), V565 (7/10=70%), and/or E565A 
(3/10=30%)

• Among pts who developed an FGFR2 KDmut on ctDNA analysis at progression, 
33% vs 70% developed polyclonal mutations among those treated with 
reversible vs irreversible inhibitors, respectively (p=0.087)

• Only 1 patient (4%) treated with an irreversible inhibitor developed a mutation 
in FGFR2 C492

• Among pts (n=14) who had both tumor biopsy and ctDNA analysis at 
progression, FGFR2 KDmuts were identified in both in 29% of pts and in ctDNA 
only in 71%

Patient Characteristics N %

FGFR2 Fusion 45/46 98%

FGFR2 Rearrangement 1/46 2%

Age at Initial Diagnosis (Years)

 31/46 67%
< 50 15/46 33%

Median Age 55 (range=26-82)

Sex

Male 18/46 39%
Female 28/46 61%

Disease Diagnosis

ICC 46/46 100%

CA19-9 at Time of Initial Diagnosis of Disease

<35 U/mL 17/39 44%

Stage at the Time of Initial Diagnosis

Resectable 14/46 30%
Locally Advanced 4/46 9%
Primary Metastatic 28/46 61%

Response to First FGFRi in Patients with FGFR2 Fusion or 
FGFR2 Rearrangement

ORR 19/46 41%
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Figure 5. Correlation between clinical benefit on first FGFR inhibitor and development of FGFR2 and non-FGFR2 alterations at progression

Figure 3. Monoclonal* vs. polyclonal** FGFR2 resistance at 
progression on FGFR inhibitors in patients with FGFR2 fusions or 
FGFR2 rearrangement who also had ctDNA analysis performed 
(n=46)

Figure 2. FGFR2 (iiib isoform) mutational mapping Figure 4. Spectrum of FGFR2 kinase domain mutations detected at progression in patients with 
FGFR2 fusions or rearrangements on their first FGFRi in either tissue or ctDNA (n=23)*

CLINICAL BENEFIT defined as a partial response of any 
d ra ion or able di ea e for   mon h

FGFR2 KDmut: kinase domain mutation in FGFR2 
(mutations known not to confer resistance excluded, such 
as K715R)

Non-FGFR alteration: Pathogenic alteration in a gene 
other than FGFR2 that was detected on post-progression 
ctDNA analysis but not baseline ctDNA analysis

*Selection bias results in a higher frequency of clinical benefit than 
reported in FGFRi trials as post-progression analyses for resistance 
were often ordered in patients who were candidates for additional 
therapy

Monoclonal
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24%

Polyclonal
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26%

No FGFR2 KDmut Detected
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50%

First FGFR Inhibitor Received by Patient N %

Reversible

Pemigatinib 7/46 15%

Infigratinib 4/46 9%

ATP-Competitive Inhibitor NOS 4/46 9%

Derazantinib 3/46 7%

Debio1347 2/46 4%

Irreversible

Futibatinib 26/46 57%

Time Lapse Between Radiographical Progression and Collection of 
Progression Sample

Patients with ctDNA Sample Collected at Progression (n=44/46)

Guardant Collected Within 1-30 Days Before PD 3/44 7%

Guardant Collected Within 1-30 Days After PD 34/44 77%

Guardant Collected Within 31-60 Days After PD 3/44 7%

Patients with Biopsy Tissue Collected at Progression (n=26/46)

Tissue Collected Within 1-30 Days Before PD 2/26 8%

Tissue Collected Within 1-30 Days After PD 17/26 65%

Tissue Collected Within 31-60 Days After PD 3/26 12%

Yes

33
72%

No

13
28%

Patients Who Received Clinical Benefit from First FGFR Inhibitor

Reversible Irreversible

• All patients (n=46) had an FGFR2 fusion or 
rearrangement

• All patients had a post-progression ctDNA
analysis (n=44), post-progression biopsy (n=26), 
or both (n=24)

• 28 patients had a paired baseline and post-
progression ctDNA analysis

• Only patients who had a paired baseline and 
post-progression ctDNA analysis were included 
for determination of detection of a new non-
FGFR2 alterations
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Did Patients with Clinical Benefit Treated on an 
Irreversible FGFRi Develop an FGFR2 KDmut?

Yes

10
67%

No

5
33%

N=15

Did Patients with No Clinical Benefit Treated on an 
Irreversible FGFRi Develop a Pathogenic Non-FGFR2 

Alteration?

Yes

3
33%

No

6
67%

N=9

Did Patients with No Clinical Benefit Treated on 
an Irreversible FGFRi Develop an FGFR2 KDmut?

No

11
100%

N=11

Did Patients with Clinical Benefit Treated on an Irreversible
FGFRi Develop a Pathogenic Non-FGFR2 Alteration?

Yes

7
64%

No

4
36%

N=11
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Did Patients with Clinical Benefit Treated on a 
Reversible FGFRi Develop an FGFR2 KDmut?

Yes

12
67%

No

6
33%

N=18

Did Patients with Clinical Benefit Treated on a Reversible
FGFRi Develop a Pathogenic Non-FGFR2 Alteration?

Yes

1
17%

No

5
83%

N=6

Did Patients with No Clinical Benefit Treated on a 
Reversible FGFRi Develop a Pathogenic Non-FGFR2 

Alteration?

Yes

2
100%

N=2

Did Patients with No Clinical Benefit Treated on 
a Reversible FGFRi Develop an FGFR2 KDmut?

Yes

1
50%

No

1
50%

N=2

Table 3. Frequency of FGFR2 kinase domain mutations detected at 
progression on a reversible vs. irreversible FGFRi

*Multiple patients developed polyclonal FGFR2 KD mutations at progression, including more than one 
alteration at the same residue (i.e. both N550K and N550D in the same post-progression sample)

Reversible
(n=13)

Irreversible
(n=10)

FGFR2 KDmuts
Detected*

N
Frequency of 

Alteration
N

Frequency of 
Alteration

N550D 3/13 23% 3/10 30%

N550H 3/13 23% 3/10 30%

N550K 2/13 15% 7/10 70%

N550T 1/13 8% 0/10 0%

V565F 4/13 31% 3/10 30%

V565I 2/13 15% 1/10 10%

V565L 0/13 0% 3/10 30%

E566A 1/13 8% 3/10 30%

L618V 2/13 15% 0/10 0%

L618F 1/13 8% 0/10 0%

C492F 0/13 0% 1/10 10%

M538I-M539L 0/13 0% 1/10 10%

L552F 1/13 8% 0/10 0%

L619V 1/13 8% 0/10 0%

Q621L 1/13 8% 0/10 0%

L634V 0/13 0% 1/10 10%

K642R 1/13 8% 0/10 0%

K660M 1/13 8% 1/10 10%

H684L 1/13 8% 0/10 0%

K715R 1/13 8% 0/10 0%

PD = Progressive Disease

Excluded patients
• N=3 received 

intervening 
therapies

• N=1 Treated with 
FGFRi off-trial

(n=13/23)

(n=10/23)

Monoclonal (11.2 Months)
Polyclonal (7.2 Months)

p=0.02

*The 23 out of 46 patients that developed an FGFR2 kinase domain mutation at progression were analyzed for this graph

*Monoclonal: The development of n=1 FGFR2 kinase domain mutation at progression
**Polyclonal: The development of >1 FGFR2 kinase domain mutation at progression

Reversible FGFRi

(Erdafitinib, 

Pemigatinib, etc)

Irreversible FGFRi

(Futibatinib)

FGFR2 Kinase Domain Mutation



30

KIN-3248 Displays a Selective & Differentiated Kinase Profile
KIN-3248

KIN-3248 Profiling erdafitinib Profiling

▪ Kinome profiling @ 1µM across 322 kinases at Carna Biosciences Corp 

▪ Erdafitinib is approved for treatment of FGFR2 and FGFR3 alteration-driven urothelial cancer 
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KIN-3248 is Differentiated in Enzymatic Assays
Overcomes FGFR2 & FGFR3 Gatekeeper and Molecular Brake Resistance Mutations

V565F

N550H

Gatekeeper

Molecular Brake

KIN-3248

Note: Ratios <10x = equivalent kinase inhibition of either the resistance mutations or corresponding WT kinase. Ratios > 

10x = substantial loss of activity against the indicated resistance mutations compared to the corresponding WT kinase

▪ KIN-3248 showed inhibition of the gatekeeper and molecular brake mutations when compared to the FDA 

approved and clinical candidate FGFR inhibitors

Kinase 

Domain

Kinase 

Domain 

Alteration

Janssen 

erdafitinib

IC50 (nM)

Incyte 

pemigatinib

IC50 (nM)

Taiho 

futibatinib

IC50 (nM)

Kinnate

KIN-3248

IC50 (nM)

FGFR1 WT - 0.2 0.4 2.1 3.9

FGFR2 WT

FGFR2 V565F

FGFR2 N550H

-

Gatekeeper

Mol. Brake

0.15

330

4.1

0.4

>500

19.8

1.4

>500

36.4

5.3

20.8

22.8

FGFR3 WT

FGFR3 V555M

FGFR3 K650M

-

Gatekeeper

Activ. Mut.

0.7

137

3.5

1.5

>500

20

5.3

324

8.3

9.7

24.3

4.6

Ratios of Resistance Mutations Compared to Wild Type (WT) (Fold Difference in IC50)

R2 V565F / WT

R2 N550H / WT

Gatekeeper

Mol. Brake

2200X

27X

1250X

50X

385X

31X
4X

4X

R3 V555M / WT

R3 K650M / WT

Gatekeeper

Activ. Mut.

188X

5X

>333X

13X

61X

1.6X
3X

0.5X



KIN-3248 is Active Against FGFR2 Resistance Mutations in ICC
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Inhibition of key mutations that drive resistance to first generation FGFR inhibitors

KIN-3248 inhibits the growth of FGFR2 fusion-positive 

ICC cells harboring secondary resistance mutations

KIN-3248 prevents the outgrowth of clinically-relevant 

FGFR2 resistance clones

**Note: Analysis includes Kinnate-generated data for clonal competition & cellular sensitivity experiments, apart from data for RLY-4008’s profile that was abstracted from Relay’s S1 public SEC filing 

(https://www.sec.gov/Archives/edgar/data/0001812364/000119312520192936/d904779ds1a.htm#rom904779_12)

Resistant

Sensitive

• Additional preclinical studies conducted in ICC FGFR2 fusion models show that 

infigratinib is resistant to N550K and V565F mutations (data not shown)
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KIN-3248 is also Active Against FGFR3 Resistance Mutations in UC
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KIN-3248 inhibits the growth of FGFR3 fusion-positive UC cells harboring secondary resistance mutations
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▪ KIN-3248 showed inhibition of both FGFR3 gatekeeper, molecular brake and activation loop 

resistant mutations when compared to the FDA approved and clinical candidate FGFR 

inhibitors
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KIN-3248 is Efficacious Against Primary FGFR2 & FGFR3 
Oncogenic Driver Alterations In Vivo
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FGFR3 Fusion+ Urothelial CancerFGFR2 Amplified / Fusion+ Gastric Cancer

• Continuous daily dosing of KIN-3248 is well-tolerated and effective in the treatment of FGFR2- and FGFR3-

driven human cancer cell line-derived tumors in vivo
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Tumor growth inhibition (TGI) was calculated as follows: TGI = (1 – (TVf-TVi)treated / (TVf-TVi)control)) x 100%, where TVf is the final tumor volume and TVi is the initial tumor volume.
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KIN-3248 is Efficacious Against Secondary, Acquired FGFR2 
Gatekeeper Resistance Mutation In Vivo
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• The gatekeeper mutation limits efficacy of 

approved and clinical stage FGFR inhibitors,

pemigatinib and futibatinib, respectively

• Consistent with in vitro findings, KIN-3248 led 

to tumor growth inhibition and regressions in 

a FGFR2 amplified / V565L gatekeeper 

mutation-positive gastric cancer patient-

derived xenograft model

• Acquired secondary resistance mutation 

following treatment with AZD4547 (pan-FGFRi) 

Tumor growth inhibition (TGI) was calculated as follows: TGI = (1 – (TVf-TVi)treated / (TVf-TVi)control)) x 100%, where TVf is the final tumor volume and TVi is the initial tumor volume.

KIN-3248



KIN-3248 Expected Clinical Development Plan
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Dose ExpansionDose Escalation

IND enabling + GLP Tox. Phase I/Ib Phase II

FGFR2/3 alterations 

all tumor types 

Safety & Tolerability

PK/PD

Cohort 1: ICC*

FGFR2 alterations

Cohort 2: UC*

FGFR2 & FGFR3 

alternations

*Opportunity to 

enrich for patients 

with secondary 

FGFR resistance 

mutations

Dose 

escalation 

to MTD / 

RP2D

2021 2022 2023 2024

KIN-3248



FGFR Market Opportunity
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Analysis includes mutations that are annotated as at least Likely Oncogenic in oncokb.org and rearrangements including fusions, intergenic 

and intragenic events.  Unknown frame fusions were included, but out-of-frame fusions were not included. 
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Occurrence Rates of FGFR2 & FGFR3 Alterations by Tumor Types

• KIN-3248 has been designed to target both 

FGFR2 and FGFR3 alterations which includes 

fusions, mutations (indels and SNVs) and other 

rearrangements which are likely oncogenic 

drivers of tumors

• While patients with solid tumors do have 

FGFR2/3 amplifications, they are often not the 

primary drivers of tumors

• FGFR alterations are most common in Bladder 

cancer (UC) and ICC which are our primary 

focus

• They have also been found in other tumor 

types like endometrial, breast etc. 

Data generated from AACR GENIE Project Data: Version 10.0-public Powering Precision Medicine Through An International Consortium. Cancer Discov 7(8): 818-831, 

2017 (https://genie.cbioportal.org/)

https://genie.cbioportal.org/


FGFR Market Opportunity – UC & ICC Patients in US, EU & Japan
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Patients in US/EU/JP w/ Stage IV

Cancer

Patients with Acquired Resistance

UC Patients*

ICC Patients*

67%

Patients with Active Disease

26k

18k

Opportunities for Growth

• FGFR alterations have been found in other 

tumors (e.g. breast)

• NGS technologies identifying additional patients 

with FGFR alterations

• Geographic expansion (e.g. China)

Kinnate calculations based on Kantar data and data generated from AACR GENIE Project Data: Version 10.0-public Powering Precision Medicine Through An 

International Consortium. Cancer Discov 7(8): 818-831, 2017 (https://genie.cbioportal.org/); Adapted from: Goyal et al., Landscape of Acquired Resistance to Selective FGFR 

Inhibitors in FGFR2 Fusion or Rearrangement+ Cholangiocarcinoma. EORTC-NCI-AACR Symposium (October 2020).

*Reflects FGFR2 or FGFR3 Alterations

https://genie.cbioportal.org/


Kinnate Discovery Engine

Research Capabilities

KIN004 – CDK12 Program



Cancer Biology & Genomics Drives Drug Discovery Opportunities
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Our Approach:  Our Kinnate Discovery Engine, fueled by our small molecule 
structure-based drug design capabilities and translational research 

strategies, will serve as the foundation for continued success

Continued Advancements of our Understanding of Disease Reveal our Next Generation Drug Targets

Our Focus: We remain focused on validated oncogenic drivers that 
directly inform patient selection strategies and are associated with 

enhanced probabilities of technical, clinical & regulatory success

Not Kinnate’s Focus: ‘Pure-play’ Immuno-oncology approaches, tumor 
micro-environment directed strategies, microbiome-based therapies, 

cellular therapies & cancer vaccines, and biology that is non-tractable with 

current technology



▪ CDK12, a RNA polymerase II C-Terminal Domain 

(CTD) kinase, is an essential regulator of various DNA 

damage response (DDR) genes

▪ Inhibition of CDK12 sensitizes tumors to DNA 

damaging agents and induces synthetic lethality in 

both DDR-deficient and the greater unmet need in 

DDR-proficient tumors

▪ CDK12-mutant ovarian and prostate cancers 

demonstrate an accumulation of large Tandem 

Duplications (TDs) resulting in accumulation of fusion-

induced neoantigens (FINAs) in cancer cells

41

CDK12 Inactivation Impairs DNA Damage Response and 
Induces Tandem Duplications



   

   

   

    

    

  
   

     

     

     

          

       
          

Program Has Demonstrated Selective CDK12 Inhibition
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▪ KIN004 demonstrated selective CDK12 inhibition compared to highly homologous CDK2, CDK7 

and CDK9 family members

▪ Structure-based design enabled by Kinnate proprietary co-crystal structure

Kinome Profile – KIN004KIN004

Co-Crystal Structure
CDK Family Selectivity – KIN004

KIN004

Kinase 
KIN004 

IC50 (nM) 

CDK12 97 

CDK2 5104 

CDK7 3913 

CDK9 3952 

Ratios (Fold Difference in IC50) 

CDK12/CDK2 >50X 

CDK12/CDK7 >40X 

CDK12/CDK9 >40X 

 



Tumor Regressions Demonstrated with Selective Inhibition of CDK12
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In Vivo Efficacy – HCC70 (BRCAWT) In Vivo Efficacy – OVCAR3 (BRCAWT)

KIN004

Note: HCC70 breast tumors (left) and OVCAR-3 ovarian tumors (right) represent BRCA 1/2 WT cancers that were 

DDR-proficient and were not sensitized to PARP inhibitor treatment



• Multiple compounds advancing to the clinic

• Lead RAF program in unserved population – Phase I initiated

• FGFR program targeting  resistance

• R&D pipeline of additional undisclosed discovery programs

• Productive Kinnate Drug Discovery Engine

• Experienced management team

• Strong scientific collaborations

• Diverse board with biopharma expertise
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Kinnate: Kinase Inhibitors for Genomically Defined Cancers
Striving to Expand the Promise of Precision Medicine in Oncology

Programs

People

Platform


