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Summary and conclusions

 ▪ �The SUMMIT trial has reported encouraging activity of neratinib in patients with HER2-mutant 
biliary cancers, with especially promising tumor responses in patients with cholangiocarcinoma 
or gallbladder cancer.

 ▪ �The major observed toxicities were manageable gastrointestinal AEs and were consistent with 
expectations.

 ▪ �Limitations of the study are the small sample size and inclusion of patients with poor ECOG 
performance status, leading to a high proportion of non-evaluable patients.

 ▪ �In the HER2-mutant breast and HER2-mutant lung cohorts of SUMMIT,11,12 addition of 
trastuzumab to neratinib prolonged and deepened responses; the same approach should be 
explored for HER2-mutant biliary cancer.
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Table 3. Incidence of treatment-emergent adverse events (≥15%)
HER2-mutant biliary tract cancer cohort (n=25)

Adverse event, n (%) All grades Grade 1 or 2 Grade 3 or 4

Patients with at least 1 adverse event, n (%)

Diarrhea* 14 (56) 8 (32) 6 (24)#

Vomiting 12 (48) 11 (44) 1 (4)

Fatigue 10 (40) 10 (40) 0

Nausea 10 (40) 10 (40) 0

Abdominal pain 8 (32) 6 (24) 2 (8)

Decreased appetite 7 (28) 7 (28) 0

Constipation 6 (24) 6 (24) 0

Aspartate aminotransferase increased 4 (16) 3 (12) 1 (4)

Dehydration 4 (16) 2 (8) 2 (8)

Dizziness 4 (16) 4 (16) 0

Dry mouth 4 (16) 4 (16) 0

Pyrexia 4 (16) 4 (16) 0

All 25 patients had at least one adverse event (AE); 16 (64%) had one or more serious AEs, two (8%) had serious treatment-related AEs, and five (20%) had treatment-emergent 
AEs and/or clinical progression leading to treatment discontinuation. *Diarrhea was the most common AE. Loperamide prophylaxis was used as follows: oral 12 mg days 1–14,  
8 mg days 15–18; as needed thereafter; #There was no grade 4 diarrhea. Two patients had a grade 5 AE: one died because of general deterioration and one because of sepsis.

Targeting HER2 mutation-positive advanced biliary tract cancers with neratinib: Final results from the phase 2 SUMMIT 
‘basket’ trial
James J. Harding,1 Sarina Piha-Paul,2 Ronak H. Shah,1 James M. Cleary,3 David Quinn,4 Irene Braña,5 Victor Moreno,6 Mitesh Borad,7 Sherene Loi,8 Iben Spanggaard,9 James Ford,10 Daniel DiPrimeo,11 Michael F. Berger,1 Lisa D. Eli,11 Funda Meric-Bernstam,2 David B. Solit,1 Ghassan K Abou-Alfa1

1Memorial Sloan Kettering Cancer Center, New York, NY; 2MD Anderson Cancer Center, Houston, TX; 3Dana Farber Cancer Institute, Boston, MA; 4USC Norris Cancer Hospital, Los Angeles, CA; 5Vall d’Hebron University Hospital, Vall d’Hebrón Institute of Oncology, VHIO, Barcelona, Spain; 6START MADRID-FJD, Hospital Fundación Jiménez Díaz, Madrid, Spain; 7Mayo Clinic, Scottsdale, AZ;
8Peter MacCallum Cancer Centre, Melbourne, Australia; 9University Hospital Rigshospitalet, Copenhagen, Denmark; 10Stanford Cancer Institute, Stanford, CA; 11Puma Biotechnology Inc, Los Angeles, CA

Background

 ▪ �HER2 mutations are infrequent genomic events in biliary tract cancers (BTCs) and are associated 
with poor overall survival (OS) in patients with metastatic disease.1

 ▪ �HER2 overexpression is associated with an increased risk of disease recurrence in patients with 
resected BTC.2 There is limited data on targeting HER2 in BTC harboring activating somatic HER2 
mutations.

 ▪ �Neratinib, an irreversible, pan-HER, oral tyrosine kinase inhibitor (TKI), interferes with constitutive 
receptor kinase activation3–5 and has demonstrated activity in several HER2-mutant solid 
tumors.6–8

 ▪ �SUMMIT is an open-label, single-arm, multi-cohort, phase 2, ‘basket’ trial of neratinib in patients 
with solid tumours harbouring oncogenic HER2 somatic mutations (NCT01953926).

 ▪ �In the initial study report from SUMMIT, the antitumor activity of neratinib appeared to be 
dependent on both histology and mutation. One of the first seven patients enrolled in the HER2-
mutant BTC cohort achieved a partial response (PR), meeting Simon two-stage criteria for cohort 
expansion.8

 ▪ �Here, we report the final results of the expanded HER2-mutant BTC cohort in SUMMIT.

Results

Genomic analysis

 ▪ �Archival or pre-treatment formalin-fixed, paraffin-embedded (FFPE) tumor tissue was required 
for study entry. Plasma was collected before treatment, on treatment (every other cycle), and at 
treatment discontinuation.

 ▪ �Tumor DNA was extracted from FFPE tissue or plasma and sequenced using Memorial Sloan 
Kettering-Integrated Mutation Profiling of Actionable Cancer Targets (MSK‑IMPACT)9 or MSK-
ACCESS.10

 ▪ �Custom targeted HER2 single-gene sequencing was performed in select cases using plasma 
samples. Somatic alterations were annotated with OncoKB (version date December 24, 2021).

Statistics

 ▪ �Baseline characteristics, activity, and safety were summarised in the safety analysis set (all patients 
receiving at least one neratinib dose).

 ▪ �The Clopper-Pearson method was used to calculate ORR and CBR 95% confidence intervals (CIs). 
Kaplan-Meier methodology was used to determine PFS estimates with 95% CIs.

 ▪ �All statistical analyses were performed using SAS (version 9.4; SAS Institute Inc., Cary, NC, USA) or 
the survival package (version 3.1-12) from R (version 4.0.2).

Figure 1. SUMMIT multi-histology ‘basket’ study design: Neratinib monotherapy cohorts

Figure 6. Polyclonal resistance to neratinib in 71-year-old woman with adenosquamous 
carcinoma of the gallbladder harbouring HER2-amplified/S310F mutation

Figure 5. OncoPrint of co-occurring genomic alterations (n=23)

Figure 4. Lollipop diagram of the HER2 gene annotated with centrally confirmed 
mutations and tumor responses (n=23)

Figure 2. Waterfall plot for 19 patients with RECIST-evaluable disease

Figure 3. Treatment and response assessment

• Prior treatment with any 
pan-HER TKI (eg, lapatinib, 
afatinib, dacomitinib, neratinib)

• Symptomatic or unstable brain 
metastases

HER2-mutant tumors

Key exclusion criteria

• Documented HER2 mutation 
(CLIA/CAP/commercial test)

• ECOG status of 0 to 2

Key inclusion criteria

Neratinib 
monotherapy 
(240 mg/day)a

aLoperamide prophylaxis: oral 12 mg days 1–14, 8 mg days 15–18; as needed thereafter

Primary endpoint
• Objective response rate at first (8 weeks) 

post-baseline tumor assessment (ORR8)

Secondary endpoints
• ORR (confirmed)
• Duration of response (DoR)
• Clinical benefit rate (CBR)
• Progression-free survival (PFS)
• Safety
• Biomarkers

Simon 2-stage design
• If ≥1 response in first evaluable 7 patients, 

expand cohort to Stage 2 (N=18)
• If ≥4 responses in Stage 2, expand or 

breakout

Biliary tract

Colorectal

Endometrial

Gastroesophageal

Lung

Cervical

Breast HR+ and HR–

Ovarian

Salivary

Bladder

Solid tumors (NOS)

100

Baseline Cycle 5 Cycle 7 EOT

Va
ria

nt
 a

lle
le

 fr
eq

ue
nc

y 
(%

)

ERBB2 N259T

BRCA2 R2520*

ERBB2 S310F

TP53 E343Gfs*2 

Pre-treatment 12-week best response 24-week progression

Pre-treatment
ERBB2 S310F
ERBB2 AMP

TP53 E343Gfs*2

Post-treatment
TP53 E343Gfs*2

BRCA R2520*

0 30

PR by RECIST

Weeks on neratinib

Progression

Baseline
ERBB2 S310F
ERBB2 AMP

TP53 E343Gfs*2

Cycle 5
ERBB2 S310F
ERBB2 AMP

TP53 E343Gfs*2
BRCA R2520*

End of treatment
ERBB2 S310F
ERBB2 AMP

TP53 E343Gfs*2
BRCA R2520*

Cycle 7
ERBB2 S310F
ERBB2 AMP

TP53 E343Gfs*2
BRCA R2520*
ERBB2 N259T

TGFBR1 L193S

CD79A P55L

GLI1 E259G

MALT1 G141_F143dup

RAD51B L321R

APC S142T

RBM10 M731I

MST1R F594I

MLL2 E1159Q

CSF3R A300V

CHEK2 S50T

SMAD4 S504R

ERCC2 K634M

APC Q2605H

ATM L2715R

KEAP1 E117V

Baseline
Cycle 5

Cycle 7 EOT
Pre-tx

Post-tx

Plasma
MSK-ACCESS

Tissue
MSK-IMPACT

TP53 E343Gfs*2

ERBB2 S310F

BRCA2 R2520*

ERBB2 N259T

A

B

C
ERBB2 AMP

90
80
70
60
50
40
30
20
10
1

0.2
0.1

0

A. Cross-sectional and treatment course imaging showing tumour response and progression (purple arrow)
B. serial cfDNA
C. paired paired-tissue next-generation sequencing. Memorial Sloan Kettering-Integrated Mutation Profiling of Actionable Cancer Targets; tx = treatment.

Present

Absent

Not covered

Pre-treatment (Pre-tx)
Post-treatment (Post-tx)
Plasma

This patient had a confirmed PR on neratinib after disease progression on gemcitabine plus cisplatin, FOLFOX, and FOLFIRI

−40
−20
0
20

% Change tumor

0
5
10

PFS

0
5
10
15

OS

Assay
Best overall response

96%

57%

22%

17%

17%

17%

17%

13%

13%

13%

9%

9%

4%

4%

ERBB2
TP53
CDKN2A
ERBB3
SMAD4
STK11
BRCA2
ATM
RBM10
BRCA1
NF1
PIK3CA
KRAS
BRAF

Alterations
Deep deletion
Amplification

Splice site (putative driver)

Missense mutation (putative driver)
Missense mutation (unkown significance)
Truncating mutation (putative driver)

Assay
MSK−ACCESS
MSK−IMPACT

Best overall response
NE
PD
PR
SD

OncoPrint is annotated with objective response, central next-generation sequencing confirmation assay best tumor shrinkage, PFS, and OS. 
NE = not estimable.

0 200

L2
53

V
V65

9E
R67

8Q
T73

3I
L7

55
S
D76

9Y
G77

6C

V77
7L

V84
2I

H87
8Y

D27
7Y
S31

0F
/Y

400 600 800 1000 1200

Partial response

Progressive disease

Stable disease

Not evaluable

Best radiographic response

Receptor L Furin-like Receptor L GF_Recep_IV P_Kinase_Tyr

c d e b a e b

d
a

c

Letters within circles indicate matching samples, i.e., patients with more than one mutation.

0

–50

–100

50

B
es

t c
ha

ng
e 

fr
om

 b
as

el
in

e 
(%

)

Gallbladder

Ampulla of vater
Cholangiocarcinoma

Tumour type

Partial response

Progressive disease
Stable disease

Best overall response

Six patients who were not evaluable are not depicted. Dotted line at –30% indicates partial response

*
*

*

*

*
*

Gallbladder

Ampulla of vater
Cholangiocarcinoma

Tumour type

0 10 20 30 40 50 60 70 80 90

V842I

S310F

S310F

L755S

V777L

S310F

R678Q

S310Y

S310F; V777L

S310F

R678Q

V777L

V842I

S310F

S310Y

D769Y

L755S

T733I

G776C; H878Y

S310F

V777L

V777L

V659E

S310F

S310F

* Clinical progression

Partial response

Progressive disease
Stable disease

Best overall response

Duration of treatment (weeks)

Time on treatment and response assessment for all 25 study patients

Table 1. Baseline demographics

Table 2. Efficacy summary

HER2-mutant biliary cohort (n=25)

Median age, years (range) 65 (49–78)

Female sex, n (%) 13 (52)

ECOG performance status, n (%)
0 / 1 / 2 6 (24) / 17 (68) / 2 (8)

Tumor site, n (%)
Cholangiocarcinoma

Intrahepatic
Extrahepatic

Gallbladder
Ampulla of Vater

11 (44)
6 (24)
5 (20)

10 (40)
4 (16)

M1 stage at enrollment, n (%) 25 (100)

Patients with prior surgery, n (%) 16 (64)

Patients with prior radiation, n (%) 5 (20)

Median no. of prior systemic regimens (range) 2 (0–7)

Prior systemic therapy, n (%)
Gemcitabine-based
Platinum-based
Fluoropyrimidine-based 
None

24 (96)
23 (92)
18 (72)

1 (4)

ECOG = Eastern Cooperative Oncology Group. Data cut-off: Jan 22, 2021.

Efficacy endpointa HER2-mutant biliary cohort (n=25)

Objective response at first assessment (Week 8), n/N, % 2/18 (11.1)

Objective response (confirmed),b n
CR
PR
Objective response rate, % (95% CI)

4
0
4

16.0 (4.5–36.1)

Best overall response, n (%) 5 (20.0)

DOR for each responder, months 3.0, 3.6, 3.7, 4.7

Clinical benefit,c n
CR
PR
SD ≥16 weeks
Clinical benefit rate, % (95% CI)

7
0
4
3

28.0 (12.1–49.4)

Median PFS,d months (95% CI) 2.8 (1.1–3.7)

Median OS, months (95% CI) 5.4 (3.7–11.7)

aResponse is based on investigator tumor assessments per RECIST v1.1; bObjective response rate is defined as either a complete or partial response that is confirmed no less 
than 4 weeks after the criteria for response are initially met; cClinical benefit rate is defined as confirmed CR or PR or SD for at least 16 weeks (within ± 7-day visit window); 
dKaplan-Meier analysis. CR = complete response; DOR = duration of response; PFS = progression-free survival; PR = partial response; OS = overall survival; SD = stable disease.

Methods
Study design

 ▪ �The design of the SUMMIT multi-histology ‘basket’ study is shown in Figure 1.


