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ABSTRACT

ACCOMPANYING CONTENT

PURPOSE Presently, to our knowledge, there are no approved targeted therapies for @ Appendix
neuregulin 1 gene fusion—positive (NRG1+) cholangiocarcinoma. Zenocutuzumab, [/} Data Sharing
a HER2 x HER3 bispecific antibody, is approved for previously treated, advanced/ Statement

metastatic NRG1+ non—small cell lung cancer and pancreatic adenocarcinoma.
Here, we report results for 22 patients with NRG1+ cholangiocarcinoma in the
eNRGy trial.

METHODS eNRGy is a single-arm, phase II study of zenocutuzumab in advanced NRG1+
solid tumors. Patients were age 18 years and older and previously treated with or
unsuitable for standard therapy. Zenocutuzumab 750 mg was administered
intravenously once every 2 weeks. The primary end point was investigator-
assessed overall response rate (ORR; RECIST v1.1). Secondary end points in-
cluded duration of response (DOR), clinical benefit rate (CBR), progression-free
survival (PFS), and safety.
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RESULTS As of July 31, 2025, 22 patients (median age 57.5 years) with advanced NRG1+
cholangiocarcinoma were enrolled and had received a median of 1.0 (range, 0-6)
prior therapies. In the 18 patients with tumor subtype data available, all had
intrahepatic cholangiocarcinoma. Three patients did not meet the protocol-
defined criteria for inclusion in the efficacy analysis. Seven of 19 patients
achieved a response, resulting in an ORR of 36.8% (95% CI, 16.3 to 61.6). The
median DOR was 7.4 months and the median time to response was 1.9 months.
The CBRwas 57.9% (95% CI, 33.5 to 79.7). Median PFS was 9.2 months (95% CI,
3.9 to 11.1). Most treatment-related adverse events (TRAEs) were grade 1 and 2,
and the most common were diarrhea (27.3%), fatigue (18.2%), and nausea
(13.6%). One patient had a grade 3 TRAE of anemia. No patients discontinued
treatment due to an AE.

CONCLUSION Zenocutuzumab demonstrated clinically meaningful and durable antitumor

activity with a favorable safety profile in patients with advanced NRGi+
Creative Commons Attribution

cholangiocarcinoma. Non-Commercial No Derivatives
4.0 License
INTRODUCTION factor receptor 3 (HER3), inducing HER2:HER3 dimerization

and activation of the phosphoinositide 3-kinase (PI3K)-

Genomic translocations that result in constitutive activation
of proteins involved in growth factor signaling pathways can
drive oncogenesis.* These fusion proteins create therapeutic
vulnerabilities, and drugs targeting them have transformed
the treatment landscape of multiple malignancies. Neu-
regulin 1 (NRG1) gene fusions are rare molecular drivers in
solid tumors.>? Their oncogenic potential results from the
NRG1 fusion protein binding to human epidermal growth

ASCO  Journal of Clinical Oncology*

protein kinase B (AKT)-mammalian target of rapamycin
(mTOR) and mitogen-activated protein kinase (MAPK)
signaling pathways.>4"¢ In vitro and in vivo models of NRG1
fusion—positive solid tumors demonstrate that blocking
NRG1 fusion signaling is sufficient to lead to apoptosis and
tumor shrinkage.~#7""* NRG1 fusion frequency is reported
in <1% of patients across various tumor types, including
cholangiocarcinoma.>*>*
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CONTEXT

Key Objective

Is zenocutuzumab safe and effective in patients with cholangiocarcinoma harboring an NRG1 fusion?

Knowledge Generated

Zenocutuzumab was well tolerated and active in patients with advanced NRGT+ cholangiocarcinoma. Seven of 19 (36.8%)
achieved an objective response, with a median duration of response of 7.4 months, median time to response of 1.9 months,
clinical benefit rate of 57.9% (11/19 patients with objective response or stable disease of at least 24 weeks), and median
progression-free survival of 9.2 months. Most treatment-related adverse events (AEs) were grade 1 and 2, and no patients

discontinued treatment due to an AE.

Relevance (R.G. Maki)

This trial demonstrates that NRG1 EGF-like fusion proteins are driver alterations in a portion of cholangiocarcinomas, and
that such alterations are targetable. This less common mechanism of ligand blockade of a receptor tyrosine kinase is
clinically relevant and opens new ways to treat this biologically unique solid tumor subtype.*

*Relevance section written by JCO Associate Editor Robert G. Maki, MD, PhD, FACP, FASCO.

Cholangiocarcinoma is a rare, aggressive cancer of bile duct
epithelial cells, and patients with advanced disease have
limited treatment options.” In the current treatment
paradigm, first-line therapy for patients with advanced
disease typically consists of gemcitabine/cisplatin che-
motherapy in combination with PD-1 blockade.’®'7 After
first-line therapy, a major clinical challenge is limited
efficacy of second-line cytotoxic chemotherapy regimens.*®
Compared with best supportive care, second-line folinic
acid, fluorouracil, and oxaliplatin improved median overall
survival (0S) by only 0.9 months, with a 5% overall re-
sponse rate (ORR) and 4-month median progression-free
survival (PFS).* Given the modest efficacy of second-line
chemotherapy, a significant advance has been the devel-
opment of targeted therapies for cholangiocarcinoma pa-
tients with tumors harboring actionable alterations such as
FGFR2 rearrangements, IDH1 mutations, BRAF V600E
mutations, and HER2 amplification.?°-23

Zenocutuzumab is a humanized full-length immunoglobulin
G1 (IgG1) bispecific antibody targeting HER2 and HER3 which
prevents NRG1:HER3 binding and blocks HER2:HER3 dimer-
ization, thereby suppressing tumor cell proliferation and
survival through the PI3K pathway.® Additionally, zen-
ocutuzumab mediates antibody-dependent cellular cytotox-
icity, leading to tumor cell elimination.”?* Zenocutuzumab
(Bizengri) is approved by the US Food and Drug Adminis-
tration (FDA) for previously treated patients with advanced/
metastatic non—small cell lung cancer (NSCLC) and pan-
creatic adenocarcinoma harboring an NRG1 fusion (NRG1 +).>
The ORRs were 28% in patients with NRG1+ NSCLC (n = 81)
and 40% in patients with NRG1+ pancreatic adenocarcinoma
(n = 30).2° Among 204 patients with NRG1+ solid tumors who
received zenocutuzumab, adverse events (AEs) were pri-
marily grade 1 and 2, with the most common treatment-

2 | © 2026 by American Society of Clinical Oncology

related AEs (TRAEs) being diarrhea (18%), fatigue (12%),
and nausea (11%).

The eNRGy trial is an ongoing, single-arm, multicenter,
global study evaluating efficacy and safety of zenocutuzumab
in NRG1+ solid tumors. Interim results through January 31,
202/, were published.?® We report updated results for 22
patients with NRG1+ cholangiocarcinoma from the eNRGy
trial.

METHODS
Study Design

The eNRGy trial is the phase II portion of an ongoing
phase I/II, open-label, multicenter, global study (Ap-
pendix Fig A1, online only). The trial includes 65 sites
across 18 countries.

Eligible patients received zenocutuzumab 750 mg intrave-
nously once every 2 weeks in 4-week cycles until progres-
sion, death, unacceptable toxicity, or consent withdrawal.
The first infusion was administered over 4 hours, with
subsequent infusions administered over 2 hours in the
absence of infusion-related reactions (IRRs) 2grade 2.
Premedication for IRR prevention included antipyretics,
antihistamines, and glucocorticoids. Doses could be delayed
up to 14 days for AE resolution. Zenocutuzumab could
continue after disease progression if patients were consid-
ered to have ongoing clinical benefit per investigator as-
sessment and sponsor approval.

The eNRGy trial follows International Council for Harmo-
nisation Good Clinical Practice guidelines, the Declaration of
Helsinki, and local regulations. Written informed consent
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was obtained. The protocol was approved by institutional
review boards or ethics committees at each center.

Patients

Eligible patients were age 18 years and older with locally
advanced, unresectable or metastatic solid tumor(s) with
documented NRG: fusions, Eastern Cooperative Oncology
Group (ECOG) performance status of 0-2, adequate organ
function, and measurable disease (RECIST v1.1) or evaluable
disease. Patients must have received appropriate prior
standard therapy, or were considered unlikely to tolerate or
derive meaningful benefit from standard of care. Patients
were not required to have progression at study entry. NRG1
fusions were identified through tissue next-generation se-
quencing (NGS; DNA or RNA). Patients with NRG1 fusions
that appeared to be nonfunctional, for example, not in-
frame or lacking the epidermal growth factor domain,
were not eligible for the trial (Appendix Methods).

End Points

The primary end point of the eNRGy trial is investigator-
assessed ORR (complete [CR] or partial response [PR]) per
RECIST v1.1. Secondary end points include duration of re-
sponse (DOR), clinical benefit rate (CBR), time to response
(TTR), and PFS by investigator assessment; ORR, DOR, CBR,
TTR, and PFS by blinded independent central review (BICR);
safety; OS; and pharmacokinetic profile. CBR was defined as
the proportion of patients with CR, PR, or stable disease
(SD) 224 weeks. Exploratory analyses evaluated pharma-
codynamic effects of zenocutuzumab on tumor biomarkers,
including carcinoembryonic antigen (CEA) and carbohydrate
antigen (CA 19-9).

Assessments

Tumor assessments were performed at baseline and every
8 weeks until progression (computed tomography or mag-
netic resonance imaging). Responses were confirmed
>/, weeks after initial response. Treatment-emergent AEs
were those occurring from treatment initiation up
through 30 days after the last study treatment dose or
data cutoff, whichever occurred first. AEs were graded
per Common Terminology Criteria for Adverse Events
(CTCAE) v4.03.

Statistical Analysis

The primary efficacy set included patients who received at
least one dose of zenocutuzumab, had no co-occurring
known oncogenic driver alterations (Appendix Methods),
and had no previous exposure to anti-HER3 targeting an-
tibodies. Safety was analyzed in patients who received at
least one zenocutuzumab dose (safety analysis set).

Although the study initially did not plan a dedicated chol-
angiocarcinoma cohort, the basket cohort defined prespecified

Journal of Clinical Oncology

criteria for clinically relevant activity in a select tumor type
corresponding to at least five objective responses for a cohort
of 20 patients. This corresponds to a two-sided Clopper-
Pearson 95% CI of 8.7 to 49.1. Accordingly, the ORR and
other dichotomous end points were reported with 95% exact
CIs. Time-to-event end points, including PFS and OS, were
estimated using the Kaplan-Meier method, with 95% CIs
determined via the Brookmeyer-Crowley method. As a sen-
sitivity analysis to assess the robustness of analysis results,
ORR and PFS were also evaluated using safety analysis set
(intention-to-treat population).

RESULTS
Patient Population

Between September 25, 2019, and July 31, 2025 (data cutoff),
22 patients with NRG1+ cholangiocarcinoma were enrolled
(Fig 1). Three patients did not meet protocol-defined criteria
for inclusion in the primary efficacy population due to prior
anti-HER3 antibody exposure (n = 2) or a co-occurring
oncogenic driver mutation (n = 1; Fig 1; Appendix Table
A1). Among all 22 patients, median age was 57.5 years
(range, 23-82), with 17 patients (77.3%) younger than
65 years and six patients (27.3%) younger than 40 years
(Table 1). Most patients were White (n = 15; 68.2%); 12
patients (54.5%) were female. ECOG PS scores were mostly
0-1. Twenty patients (90.9%) received prior systemic ther-
apy (median 1.0 lines [range, 0-6]). All 22 patients had ad-
enocarcinoma histology. All tumors with available anatomic
subtype data (18/18) were intrahepatic cholangiocarcinoma;
none were extrahepatic cholangiocarcinoma.

NRG1 fusions were typically identified by RNA NGS. Majority
of patients (13/22; 59.1%) had both DNA and RNA NGS
testing results available for analysis (Table 1). Only 28.6% (4/
14) of DNA tests identified NRG1 fusions. All (21/21) RNA NGS
tests reported NRG1 fusions.

Median zenocutuzumab duration of exposure was 9.4 months
(range, 1.0-32.9). Reasons for discontinuation included
disease progression (n = 15; 78.9%), physician decision
(n =2;10.5%), consent withdrawal (n = 1; 5.3%), and lost to
follow-up (n = 1; 5.3%). No discontinuations were due to
AEs or death. Two patients remain on zenocutuzumab.

Efficacy
Antitumor Response

Per investigator assessment, 7 of 19 patients had a confirmed
objective response (all PR), yielding an ORR of 36.8% (95%
CI, 16.3 to 61.6; Table 2; Fig 2A). At data cutoff (median study
follow-up of 9.7 months [range, 1.2-32.9]), median DOR was
7.4 months (95% CI, 4.6 to not estimable [NE]; range,
£4.6-11.1) for confirmed responders (Table 2; Fig 2B). Five of
seven responders (71.4%) had responses lasting more than 6
months. Responses occurred early with a median TTR of
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Received zenocutuzumab
(safety analysis set)
(N = 22)

Assessed for response by
investigator and BICR
(primary efficacy set)

(n=19)

Excluded from primary efficacy analysis
but included in safety analysis

Received anti-HER3 antibody
| Co-occurring oncogenic driver mutation (KRAS mutation, n = 1)

(n=3)

(seribantumab, n = 2)

FIG 1. Enrollment and analysis for patients with NRG7+ cholangiocarcinoma. BICR, blinded independent central review; HER,
human epidermal growth factor receptor; NRGT+, neuregulin 1 fusion—positive.

1.9 months (range, 1.2-5.5; Table 2; Fig 2B). Radiologic tumor
reduction occurred in 14 of 19 patients (73.7%; Fig 2A).
Additionally, four patients had SD for at least 24 weeks,
resulting in a CBR of 57.9% (95% CI, 33.5 to 79.7; Table 2).

Assessment of efficacy by BICR was consistent with inves-
tigator assessment (Table 2), with an ORR of 36.8%, in-
cluding one CR. Two patients excluded from the efficacy
analysis (due to prespecified criteria of a co-occurring KRAS
mutation and prior exposure to anti-HER3 therapy) had PRs
by BICR (Appendix Table A1).

Survival Outcomes

Per investigator assessment, median PFS was 9.2 months
(95% CI, 3.9 to 11.1; Table 2, Appendix Fig A2A). At data cutoff
(median survival follow-up time of 14.4 months [range, 1.7-
34.1]), 5 of 19 patients (26.3%) had died; median OS was not
reached (range, 16.1 months-NE; Table 2, Appendix Fig A2B).
Kaplan-Meier estimates of PFS at 12 months was 17.4%
(95% CI, 3.4 to 40.6), OS at 12 months was 82.6% (95% CI,
55.2 t0 94.1), and OS at 24 months was 54.2% (95% CI, 16.5
to 81.2).

Response by Fusion Partner

Eleven different NRG1 fusion partners were observed in
the cholangiocarcinoma cohort (Appendix Table A2 and
Fig A3). Most common fusion partners (=1 patient) reported
in the primary efficacy population were RBPMS (n = 5;
26.3%) and ATP1B1 (n = 4; 21.1%; Table 1). Per investigator
assessment, PRs were observed in patients with ATP1B1
(n = 2), ALB, FBLN2, FN1, SDC4, and TNC (n = 1 each; Ap-
pendix Table A2).

Response by Treatment History

Seventeen of 19 patients in the primary efficacy set received
at least one prior line of systemic therapy. Responses oc-
curred in 6 of 17 patients with at least one prior line (35.3%)
and one of two patients with no prior lines (50.0%; Appendix

4 | © 2026 by American Society of Clinical Oncology

Table A3). Among patients who achieved a PR with zen-
ocutuzumab after prior therapy, all received prior platinum-
based chemotherapy, typically gemcitabine/cisplatin (n =
5) as first-line treatment in the metastatic setting and one
patient received gemcitabine/cisplatin in combination with
durvalumab. All patients who were previously treated either
progressed on prior platinum-based chemotherapy or dis-
continued it due to toxicity.

Treatment Beyond Progression

Six patients continued zenocutuzumab after initial pro-
gression per investigator assessment of continued clinical
benefit. These patients all had oligoprogression, defined as
progression in <3 lesions and <2 sites. Among the six patients,
median duration of zenocutuzumab before progression was
11.1 months (range, 3.5-12.9) and beyond progression was
2.6 months (range, 1.8-20.0) as of data cutoff (Appendix Fig
A4). Two patients remained on zenocutuzumab for more than
1year after progression: one patient elected to continue for an
additional 1.2 years for clinical benefit of slowed disease
growth and avoidance of chemotherapy-related toxicities
(prior best response: SD)?%; and one patient, with treatment
ongoing as of February 2026, received microwave ablation
four times to a focal lesion(s) in addition to zenocutuzumab
for an additional 2 years beyond progression (prior best re-
sponse: PR).

Exploratory Analyses of Serum Biomarkers

CA 19-9 declined in 100% of patients with evaluable CA 19-9
levels (16/16), including 11 patients (68.8%) with >50%
reduction (Appendix Fig A5). Median time to first 50% re-
duction was 0.94 months for patients with PR and
1.87 months for SD. Nine (81.8%) patients achieving >50%
reduction in CA 19-9 remained on zenocutuzumab for more
than 6 months. CEA declined in 90.9% of patients with
evaluable CEA levels (10/11; Appendix Fig A6). Seven of 11
evaluable patients (63.6%) had >50% reduction in CEA.
Median time to first 50% reduction was 1.86 months for
patients with PR and 0.95 months for SD.
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TABLE 1. Characteristics of Patients With NRGT-+ Cholangiocarcinoma
in the eNRGy Trial

TABLE 1. Characteristics of Patients With NRGT+ Cholangiocarcinoma
in the eNRGy Trial (continued)

NRGT+ CCA (safety

Demographics and Prior Therapy analysis set; n = 22)?

NRGT+ CCA (safety

Demographics and Prior Therapy analysis set; n = 22)?

Age, years, median (range) 57.5 (23-82) 2 5(22.7)
<65, No. (%) 17 (77.3) 3 1 (4.5)
<40, No. (%) 6 (27.3) 4 3 (13.6)

Sex, female, No. (%) 12 (54.5) =5 1(4.5)

Race, No. (%)° Type of prior systemic therapy, No. (%)

White 15 (68.2) Chemotherapy? 20 (90.9)
Asian 2(9.1) Immunotherapy 5 (22.7)
Black 0 (0) Targeted therapy" 3 (13.6)
Other 1 (4.5) Other therapy 1 (4.5)

Not reported 4(18.2) |
ECOG PS, No. (%)° Abbreviations: CCA, cholangiocarcinoma; ECOG, Eastern Cooperative
0 14 (63.6) Oncology Group; HER3, human epidermal growth factor receptor 3;

] 7 @18 NGS,_next generation sequencing; NRG1+, neuregulin 1 fu_s.ion—
positive; PS, performance status; VEGF, vascular endothelial growth
2 145 factor.

Histologic diagnosis, No. (%) aPercentages may not total 100 because of rounding.
Adenocarcinoma 22 (100.0) bRace was reported by the patient.

Anatomic location, No. (%) :PS. scor(?s on ECOG scale range from 0 (no dISt‘:\bIhty) to5 (death)..
Intrahepatic 18 (318) This pat.lent was exclu_ded from efficacy analysis due to co-occurring

oncogenic driver mutation.
Not reported 4(182)

Time since initial diagnosis, months, median
(range)

12.6 (2.3-64.8)

Time since diagnosis of metastatic disease,
months, median (range)

10.8 (1.6-64.8)

Stage at screening, No. (%)

s 1 (4.5)
\Y% 21 (95.5)
CNS metastasis, No. (%) 1(45)
Visceral metastases, No. (%) 20 (90.9)
KRAS status, No. (%)
Wild-type 21 (95.5)
Mutation 1 (4.5)
NGS method, No. (%)’
DNA
NRG1 identified 4(18.2)
NRG1 not identified 10 (45.5)
Not performed/unknown 8 (36.4)
RNA®
NRGT identified 21 (95.5)
NRGT not identified 0
Not performed 1(45)
NRG1 fusion partner, No. (%)
ATP1B1 5(22.7)
RBPMS 5(22.7)
VTCN1 4(18.2)
Other fusion partnerf 8 (36.4)
Prior lines of systemic therapy, median (range) 1.0 (0-6)
Prior lines of systemic therapy, No. (%)?
0 2(9.1)
1 10 (45.5)

(continued in next column)

Journal of Clinical Oncology

°RNA NGS includes RNA sequencing and whole-transcription
sequencing.

fOther fusion partners that were identified in single tumors were ALB,
CFH, FBLN2, FN1, NOTCH2, SDC4, TNC, and TNFSF15.

9The majority of patients received standard-of-care gemcitabine/
cisplatin as first-line systemic therapy; of the two patients who did not
receive prior systemic therapy, one patient received microwave ablation
of a liver lesion and one was treatment-naive.

"Prior targeted therapy included anti-VEGF therapy (n = 1) and anti-
HER3 therapy (n = 2).

iBased on investigator-conducted retrospective chart review, December
2025.

Exploratory Efficacy Analyses

Post hoc intention-to-treat ORR, DOR, and PFS analyses of
the entire 22 patient cholangiocarcinoma cohort (safety
analysis set) demonstrated consistency with the primary
efficacy subset (n = 19; Appendix Table A4). Other explor-
atory analyses are described in Appendix Results.

Pharmacokinetic Profile

The pharmacokinetic profile of zenocutuzumab showed no
apparent differences between cholangiocarcinoma and other
tumor types (Appendix Results, Table A5 and Fig A7).

Safety
Zenocutuzumab exposure and safety data were analyzed in
22 patients with NRG1+ cholangiocarcinoma who received at

least one dose of zenocutuzumab (Table 3). Median duration
of exposure was 9.4 months (range, 1.0-32.9), with 14
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TABLE 2. Efficacy Results of Zenocutuzumab in Patients With NRGT+ Cholangiocarcinoma (primary efficacy set) in the eNRGy Trial

NRG1+ CCA (primary efficacy set; n = 19)

Efficacy Parameter

Local Investigator Assessment

BICR Assessment

ORR, % (95% Cl)

36.8 (163 to 61.6)

36.8 (163 to 61.6)

Complete response, No.

0 1

Partial response, No.

7 6

DOR, median, months (95% CI; range)

7.4 (4.6 to NE; 4.6-11.1)

12.9 (2.8 to NE; 2.8-12.9)

TTR, median, months (range)

1.9 (1.2-5.5)

39 (1.85.9)

CBR, % (95% Cl)

57.9 (33.5 to 79.7)

63.2 (38.4 to 83.7)

PFS

Events, No. (%) 15 (78.9) 12 (63.2)
Censored, No. (%) 4(21.7) 7 (36.8)
Median PFS, months (95% CI) 9.2 (39to 11.1) 7.4 (3.6 to NE)
6-month PFS rate, % (95% CI) 64.7 (37.7 to 82.3) 64.7 (37.7 to 82.3)
(

12-month PFS rate, % (95% CI)

17.4 (3.4 to 40.6)

30.3 (9.4 to 54.7)

0s

Events, No. (%)

5 (26.3)

Median OS, months (95% CI)

NR (16.1 to NE)

12-month OS rate, % (95% CI)

82.6 (55.2 to 94.1)

24-month OS rate, % (95% Cl)

54.2 (165 to 81.2)

NOTE. Analyses were based on confirmed objective responses according to RECIST 1.1. Analyses of DOR and TTR were performed in patients with
a confirmed objective response. CBR was defined as the proportion of patients with CR, PR, or SD of at least 24 weeks; PFS is the time from the date
of treatment start to the date of event (defined as the first documented progression or death due to any cause).

Abbreviations: BICR, blinded independent central review; CBR, clinical benefit rate; CR, complete response; DOR, duration of response; NE, not
estimable; NR, not reached; NRG1+, neuregulin 1 fusion—positive; ORR, overall response rate; OS, overall survival; PFS, progression-free survival,

PR, partial response; SD, stable disease; TTR, time to response.

patients (63.6%) receiving >6 months of treatment and
eight patients (36.4%) receiving >12 months of treatment.
Three patients experienced a single IRR (composite term,;
grade 1, n = 2; grade 2, n = 1), one of whom had an infusion
interruption (ie, infusion paused then restarted the same
day). There were no serious IRRs, and all patients completed
the infusion. Two additional patients experienced non—
treatment-related infusion interruptions. No cytokine re-
lease syndrome was observed. AEs causing dose delays were
reported in seven patients (31.8%), among whom two pa-
tients (9.1%) experienced AEs related to treatment.

Overall, 22 patients (100%) reported at least one AE re-
gardless of attribution during the study (Table 3). Most TRAEs
were grade 1 and 2, and the most common were diarrhea
(27.3%), fatigue (18.2%), and nausea (13.6%). Grade 3 and 4
AEs were reported in 10 patients (45.5%); there were no grade
5 AEs. TRAEs were reported in 14 patients (63.6%); of these,
only one was grade 3 (anemia). No patients discontinued
treatment due to an AE. Five patients experienced at least one
serious AE; none were considered related to study drug.

DISCUSSION
In recent years, the introduction of effective targeted

therapy has transformed the treatment landscape for
cholangiocarcinoma patients with actionable molecular

6 | © 2026 by American Society of Clinical Oncology

alterations. Approximately 40% of intrahepatic chol-
angiocarcinoma cases harbor targetable mutations, and
there remains a great need to identify safe and effective
therapeutic targets.>°-32

Recently, NRG1 fusions have emerged as actionable onco-
genic drivers with FDA approval of zenocutuzumab.?? In this
cholangiocarcinoma cohort, zenocutuzumab produced early
and durable antitumor activity with an ORR of 36.8%, me-
dian TTR of 1.9 months, and median response duration of
7.4 months. These data were corroborated by BICR assess-
ment. Responses occurred within the first two treatment
cycles, which is clinically meaningful as early disease sta-
bilization can reduce symptom burden and potentially
improve patient quality of life. Most patients (71.4%)
maintained responses for more than 6 months. Despite
majority of patients receiving zenocutuzumab as second
line, median PFS was 9.2 months, and 24-month OS es-
timate was 54.2%. Although cross-trial comparisons are
inherently limited, especially given the modest sample size,
these outcomes compare favorably with standard second-line
chemotherapy regimens (ORR of approximately 5%*9) and
appear to demonstrate activity comparable with targeted
therapies directed against tumors harboring FGFR2 fu-
sions, HER2 overexpression, and BRAF V600E or KRAS
G12C mutations.?#"3® Collectively, these findings suggest
that inhibiting NRG1 binding to HER3 and preventing HER2/
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FIG 2. Efficacy of zenocutuzumab in NRGT+ cholangiocarcinoma per investigator assessment. (A) A waterfall plot of the maximum
percentage change from baseline in the tumor burden of the target lesion (sum of the longest diameters) according to investigator
assessment. The upper and lower limits of the gray shading indicate 20% growth and 30% shrinkage of target lesions, respectively.
Excludes patients with nonmeasurable disease or who discontinued treatment early without any postbaseline tumor assessments. (B) A
swimmer plot of prior therapy and subsequent outcomes with zenocutuzumab, including TTR, duration of exposure, and patient status at
the data cutoff date in 19 patients in the primary efficacy population according to investigator assessment. Reason for discontinuation of
last prior treatment regimen included progression (47.4%), completed treatment (15.8%), toxicity (15.8%), and other (10.5%). 2One patient
was stage lllb at diagnosis and underwent two surgical resections followed by adjuvant chemotherapy each time before starting
zenocutuzumab. This was the only patient to receive all prior systemic therapy only in the adjuvant setting; all other patients received prior
systemic therapy only in the metastatic setting. ®Slight variation in bar colors may be observed, which is due to overlapping bars where
dates overlapped and/or were missing from the available prior history data. °Due to a missing prior therapy end date, the prior therapy bar
continues to the start of zenocutuzumab; however, this patient did meet inclusion criteria 6a for the required prior treatment interval. CR,
complete response; NE, not evaluable; NRGT+, neuregulin 1 gene fusion—positive; PD, progressive disease; PR, partial response; SD, stable
disease; TTR, time to response.
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TABLE 3. Treatment-Emergent AEs Among All Patients With Cholangiocarcinoma Who Received Zenocutuzumab

Regardless of Attribution (n = 22)

Treatment-Related (n = 22)

Event, No. (%) Any Grade Grade 3 or 4 Any Grade Grade 3 or 4
Any AE 22 (100) 10 (45.5) 14 (63.6) 1 (4.5)
Serious AE 5(22.7) 4(18.2) 0 0
AE leading to discontinuation 0 0 0 0
AE leading to dose delay 7(31.8) 4(18.2) 2 (9.7) 0
AE leading to death 0 0 0 0
AEs occurring in =10% of patients
Anemia 10 (45.5) 3 (13.6) 2(9.1) 1 (4.5)
Diarrhea 10 (45.5) 0 6 (27.3) 0
Fatigue 8 (36.4) 0 4(18.2) 0
Nausea 7 (31.8) 0 3 (13.6) 0
Abdominal pain 6 (27.3) 2 (9.7) 0 0
Cough 6 (27.3) 0 0 0
Hypomagnesemia 6 (27.3) 1(4.5) 0 0
Alanine aminotransferase increased 5 (22.7) 1 (4.5) 1(4.5) 0
AST increased 5(22.7) 2 (9.7) 1(4.5) 0
Decreased appetite 5(22.7) 0 0 0
Dyspnea 5(22.7) 1(4.5) 1(4.5) 0
Ascites 3(13.6) 0 0 0
Back pain 3(13.6) 0 1(4.5) 0
Blood alkaline phosphatase increased 3(13.6) 0 0 0
Dry skin 3 (13.6) 0 1(4.5) 0
Vomiting 3(13.6) 0 1(4.5) 0
AEs of special interest
IRR® 3 (13.6)° 0 1 (4.5) 0
Left ventricular dysfunction 1 (4.5)° 1 (4.5° 0 0
ILD/pneumonitis 0 0 0 0

Abbreviations: AE, adverse event; ILD, interstitial lung disease; IRR, infusion-related reaction.
2IRR is a composite term describing AEs that developed within 24 h of study drug administration and were reported as a sign or symptom of an IRR,

as judged by the investigator.

"The three IRRs in the cholangiocarcinoma cohort occurred with zenocutuzumab infusions 1, 5, and 11.
°Grade 3 pulmonary edema that was nonserious, considered unrelated to zenocutuzumab, and led to a dose delay.

HER3 dimerization and subsequent activation of down-
stream signaling pathways in NRG1 fusion—driven chol-
angiocarcinomas can yield clinically meaningful and durable
benefit. These data further substantiate the role of NRG1
fusions as potent oncogenic drivers.

Clinical benefit was observed across subgroups, including in
patients with and without prior chemotherapy exposure, and
in patients with various NRG1 gene fusion partners. Among 17
previously treated patients, six patients achieved PRs on
zenocutuzumab. This observation supports the notion that
NRG1 fusions remain actionable oncogenic drivers, even in
advanced, refractory disease. Similarly, in this cohort of 22
patients with cholangiocarcinoma, 11 different NRG1 fusion
partners were represented. Responses were observed in
patients with six different fusion partners. Of note, subgroup
analyses from the overall trial showed consistent efficacy
across NRG1 fusion partners.2¢

8 | © 2026 by American Society of Clinical Oncology

Importantly, six patients who eventually developed oligo-
progressive disease were continued on zenocutuzumab
postprogression due to ongoing clinical benefit as deter-
mined by the investigator. Notably, one patient received
localized microwave ablation to an isolated growing escape
lesion and continued on zenocutuzumab treatment, given
ongoing response at other metastatic sites. This pragmatic
approach may prolong benefit and warrants prospective
evaluation.

Exploratory biomarker dynamics were consistent with
radiologic findings. More than 60% of evaluable patients
exhibited >50% reductions in CA 19-9 and CEA levels,
typically within 1 month of treatment initiation, sug-
gesting an early biological response. Of 11 patients
achieving 250% reductions in CA19-9 levels, nine (81.8%)
remained on zenocutuzumab for more than 6 months.
Although exploratory, these tumor marker trends provide
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orthogonal data to support zenocutuzumab antitumor
activity.

Several notable demographic characteristics were observed
in patients with NRG1+ cholangiocarcinoma enrolled in
this trial. Median age in this cohort (57.5 years) lies within
the expected range for intrahepatic cholangiocarcinoma in
Western populations.3® However, 27% of patients were
younger than 40 years, echoing data in pancreatic cancer
suggesting high NRG:1 fusion incidence in younger pa-
tients.** Histologic distribution was also notable: among
tumors with available data, all (18/18) were intrahepatic
cholangiocarcinoma. This pattern mirrors the molecular
epidemiology of several other targetable alterations, such
as FGFR2 fusions and IDH1 and BRAF V600E muta-
tions, which are also found predominantly in intrahepatic
cholangiocarcinoma.?°-23:3%:41

The growing number of targetable alterations observed in
intrahepatic cholangiocarcinoma underscores the impor-
tance of comprehensive molecular profiling in all patients
with cholangiocarcinoma. Importantly, several studies have
demonstrated that combining RNA-based NGS with DNA-
based NGS assays improves fusion detection.'#3*4%4> Among
patients in our cohort, 100% (21/21) of RNA NGS tests iden-
tified NRG1 fusions, while only 28.6% (4/14) of DNA tests
reported NRG: fusions. RNA-based assays are particularly
helpful in detecting NRG: fusions due to the large size of NRG1
introns and the diverse range of fusion partners.** Combined
DNA/RNA testing is increasingly performed in clinical prac-
tice. Either upfront combined DNA/RNA testing or reflex RNA
testing for patients without an identified driver on DNA se-
quencing are reasonable approaches to facilitate access to
targeted therapy.

Zenocutuzumab was generally well tolerated. Incidence of
grade 3 and 4 TRAEs was low, no grade 5 events occurred, and
no patients discontinued therapy due to treatment-related
toxicity. This favorable safety profile contrasts sharply with
standard chemotherapy-based regimens, which typically
have higher rates of treatment-related toxicity.'6:17:19:43
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This analysis has several limitations. A 22-patient cohort is
relatively small. However, because NRG1 fusions are reported
in <1% of patients with cholangiocarcinoma, this is a
challenging population to study in large numbers. It is also
unknown whether NRG1 + cholangiocarcinoma has a distinct
natural history compared with other cholangiocarcinomas
without NRG:i fusions. Importantly, efficacy of zen-
ocutuzumab in cholangiocarcinoma mirrors the antitumor
activity that was previously observed in pancreatic adeno-
carcinoma and lung cancer.?® As most patients in this trial
had preserved performance status, the trial population may
be healthier than the general cholangiocarcinoma pop-
ulation. However, the favorable safety profile suggests that
patients with a more marginal performance status may be
able to tolerate zenocutuzumab. An additional limitation is
that this study reflects a single-arm experience, which can
introduce bias because of the lack of a comparator arm.
Furthermore, because efficacy data on therapies adminis-
tered after zenocutuzumab are unavailable, OS results may
be confounded. Nonetheless, the consistent and durable
antitumor activity and corroborating biochemical responses
support NRG1 fusions as actionable therapeutic targets in
cholangiocarcinoma.

In looking forward, additional real-world analyses could
provide validation of these results and potentially generate
knowledge for other tumor contexts that have not been
captured by the current study. Other areas for future study
include use with co-occurring driver alterations, and use in
combination with other agents, especially given the favor-
able safety profile.

In conclusion, zenocutuzumab demonstrated -clinically
meaningful and durable activity with a favorable safety
profile in patients with advanced NRGi1 fusion-—positive
cholangiocarcinoma. These data underscore the need for
routine, comprehensive genomic profiling that incorporates
RNA-based fusion detection to identify eligible patients.
Zenocutuzumab represents a promising targeted therapy for
this rare, molecularly defined subset of cholangiocarcinoma
with limited treatment options.
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APPENDIX
Methods

NRG1 Fusion Assessment

Patients in the eNRGy study were enrolled on the basis of a locally documented
functional NRGT gene fusion identified through a molecular assay such as next-
generation sequencing (NGS)-based assays (DNA or RNA). Broad global site par-
ticipation was required due to difficulty in identifying and enrolling patients with these
rare molecular alterations. Given the rarity of NRGT fusions, enrollment continued for
5 years (2019-2025) to enable a sufficient patient sample size. Study eligibility criteria
limited enrollment to patients with functional NRGT gene fusions confirmed in certified
laboratories, and who had exhausted or were unsuitable for standard therapies.

Before enrollment, patient-specific pathology reports for the NRG7 gene fusion were
reviewed by a sponsor's translational scientist and then by an NRG7 fusion review
team at Memorial Sloan Kettering Cancer Center to assess functionality, after which
the patient could be enrolled in the study. NRGT fusion functionality was assessed by
the presence of an EGF-like domain, the in-frame status for both the fusion partner
and NRGT, 3’ direction, and the identification of the fusion partner in the nucleic acid
sequence.

For the data analyses in the eNRGy study, the final decision about NRGT fusion
functionality was made by retrospective evaluation of pathology reports by an in-
dependent reviewer. This reviewer, who was blinded to patient outcome, assessed
NRG1 functionality and the presence of other genetic tumor alterations. Tumors
harboring co-occurring activating drivers such as KRAS were excluded from the
efficacy analysis because constitutive downstream MAPK pathway activation could
confer primary resistance to zenocutuzumab in NRGT fusion—positive cancers. This
final assessment of the independent reviewer was used to define the patients in-
cluded in the primary efficacy set.

Criteria

NRG1 fusion functionality criteria: Presence of an EGF-like domain, in-frame status,
3’ NRG1 direction, and partner identification.

TABLE A1. Response in Patients Not Included in Efficacy Analysis

Prespecified other gene alterations: ALK, BRAF, EGFR, IDHT (for chol-
angiocarcinoma only), KRAS, MET, NRAS, RET, and ROST. Note: these comutations
could be enrolled in the trial. However, per protocol, patients harboring these other
alterations were excluded from efficacy analyses.

Primary efficacy set: Comprises NRG7+ cholangiocarcinoma patients who
received >1 infusion of study treatment at 750 mg once every 2 weeks, had a
documented functional NRGT gene fusion based on NGS testing, lacked co-occurring
known driver mutations, and had not been previously exposed to anti-HER3 targeting
antibodies.

Results

Additional Exploratory Efficacy Analyses

When available, positron emission tomography (PET)-computed tomography (CT)
was assessed at baseline, then 8 weeks and 16 weeks after first treatment for
patients with fluorodeoxyglucose (FDG)-positive disease. An exploratory analysis of
metabolic overall response rate (ORR) according to Positron Emission Tomography
Response Criteria in Solid Tumors (PERCIST 1.0) in the four patients with FDG-
positive disease at baseline was performed, and the ORR was 75% (95% CI, 19.4
to 99.4).

Pharmacokinetics

The pharmacokinetic profile of zenocutuzumab has been previously described.?®
However, the pharmacokinetic profile of zenocutuzumab in patients with chol-
angiocarcinoma has not been previously reported. In light of this, we analyzed
population pharmacokinetic data from 164 patients with solid tumor treated with
zenocutuzumab 750 mg once every 2 weeks, including 11 patients (6.7%) with
cholangiocarcinoma. Serum concentration-time profiles (Appendix Fig A7) and key
steady-state exposure metrics (Appendix Table A5) were consistent across tumor
types, showing no apparent pharmacokinetic differences for cholangiocarcinoma
compared with other tumor types.

Investigator-Assessed

BICR

Efficacy Analysis Exclusion

Duration of Response or Stable

Duration of Response or Stable

Patient Reason Response Disease (months) Response Disease (months)

1 Prior anti-HER3 antibody therapy SDP 37 PR 7.5
(seribantumab)

2 Prior anti-HER3 antibody therapy SD 37 SD 3.7
(seribantumab)

8 Co-occurring oncogenic driver SD 14.6 PR 12.72

mutation (KRAS mutation)

|
Abbreviations: BICR, blinded independent central review; NA, not applicable; PR, partial response; SD, stable disease.

2Indicates censoring.
bPatient treated beyond progression.

© 2026 by American Society of Clinical Oncology
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TABLE A2. Response by Fusion Partner in Patients With Cholangiocarcinoma

Investigator-Assessed BICR
ORR ORR

Fusion Partner n/N % (95% CI) DOR (range), Months n/N % (95% CI) DOR (range), Months
RBPMS 0/5 0 (0 to 52.2) - 1/5 20.0 (0.5 to 71.6) 3.7
ATP1B1 2/4 50.0 (6.8 to 93.2) 4.6-6.2% 1/4 25.0 (0.6 to 80.6) 2.8
VTCN1 0/2 0 (0 to 84.2) - 1/2 50.0 (1.3 to 98.7) 3.9
ALB 11 100 (2.5 to 100) 1.1 11 100 (2.5 to 100) 12.9
CFH 0/1 0 (0 to 97.5) - 0/1 0 (0 to 97.5) =
FBLN2 1 100 (2.5 to 100) 5.4 11 100 (2.5 to 100) 9.1°
FNT 1/1 00 (2.5 to 100) 9.57 1/1 100 (2.5 to 100) 5.9
NOTCH?2 0/1 0 (0 to 97.5) - 0/1 0 (0 to 97.5) -
SDC4 1/1 100 (2.5 to 100) 74 0/1 0 (0 to 97.5) -
TNC 11 100 (2.5 to 100) 74 /1 100 (2.5 to 100) 3.8%
TNFSF15 0/1 0 (0 to 97.5) - 0/1 0 (0 to 97.5) -

|
Abbreviations: —, not applicable; BICR, blinded independent central review; CR, complete response; DOR, duration of response; ORR, overall
response rate (CR + PR); PR, partial response.

2Denotes censored duration of response.

TABLE A3. Response by Treatment History in Patients With Cholangiocarcinoma

Investigator-Assessed BICR
ORR ORR
Prior Lines of Systemic Therapy n/N % (95% CI) DOR (range), Months n/N % (95% CI) DOR (range), Months
0 1/2 50.0 (1.3 to 98.7) 9.5 1/2 50.0 (1.3 to 98.7) 59
>1 6/17 35.3 (14.2 t0 61.7) 4.6-11.1 6/17 353 (14.2t0 61.7) 2.8-12.9

Abbreviations: BICR, blinded independent central review; CR, complete response; ORR, overall response rate (CR + PR); PR, partial response.
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TABLE A4. Post Hoc Intention-to-Treat Sensitivity Analysis

Cleary et al

Efficacy Parameter

NRG1+ CCA (safety analysis set; n = 22)

Investigator-Assessed

BICR

ORR, % (95% Cl)

31.8 (13.9 to 54.9)

40.9 (20.7 to 63.6)

Complete response, No.

0

1

Partial response, No.

7

8

DOR, median, months (95% Cl; range)

7.4 (4.6 to NE; 4.6-11.1)

7.5 (2.8 to NE; 2.8-12.9)

PFS

Events, No. (%)

18 (81.8)

59.1)

Median PFS, months (95% Cl)

8.5 (3.7 to 11.1)

13
7.7 (4210 14.7)

6-month PFS rate, % (35% Cl)

60.0 (35.7 to 77.6)

12-month PFS rate, % (95% Cl)

206 (5.8 t0 41.6)

(
(
69.3 (44.0 to 84.9)
31.6 (11.2 to 54.6)

NOTE. Analyses were based on confirmed objective responses according to RECIST 1.1. Analyses of DOR were performed in patients with a
confirmed objective response. PFS is the time from the date of treatment start to the date of event (defined as the first documented progression or

death due to any cause).

Abbreviations: BICR, blinded independent central review; DOR, duration of response; NE, not estimable; NRGT+, neuregulin 1 fusion—positive; ORR,

overall response rate; PFS, progression-free survival.

TABLE A5. Summary of Selected Steady-State Exposure Metrics Based on Final Population Pharmacokinetic Model Simulations for NRGT+
Patients Who Received 750 mg Once Every 2 Weeks Dosing

Tumor Type, No. (%) Statistic Crmaxss (rg/mL) Ctroughss (ng/mL) Cavgss (ng/mL) AUCss (ng*h/mL)
Cholangiocarcinoma, 11 (6.7) GeoMean 233 24.2 73.6 24,700
5th Pct 152 5.34 36.9 12,400
95th Pct 448 93.1 169 56,600
Non-small cell lung cancer, 93 (56.7) GeoMean 308 448 105 35,400
5th Pct 220 15.9 63.6 21,400
95th Pct 428 929 171 57,400
Pancreatic adenocarcinoma, 35 (21.3) GeoMean 253 27.5 81.5 27,400
5th Pct 186 5.23 42.0 14,100
95th Pct 405 86.1 156 52,400
Other, 25 (15.2) GeoMean 281 364 922 31,000
5th Pct 182 11.9 51.0 17,100
95th Pct 456 82.2 153 51,300

Abbreviations: AUCss, area under concentration-time curve at steady state; C,,4ss, average concentration at steady state; Craxss, maximum
concentration at steady state; Cyoughss, trough concentration at steady state; GeoMean, geometric mean; Pct, percentile.

© 2026 by American Society of Clinical Oncology
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Phase 2, Global, Multicenter Trial of Zenocutuzumab

Inclusion criteria
Age =18 years
Advanced or metastatic Treatment plan
NRG i

: i NSI;)CI-I?(; tl:-zrr?t-?:;usiona Zenocutuzumab 750 mg Follow-u

P g d . once every 2 weeks, 4-week cycle Di P ival
NSCLC rogressed on prior or - (2-hr® IV infusion with - isease/surviva
PDAC unsuitable for standard therapy follow-up every

L premedication®) until PD,
Other solid tumors ECOGPS <2 unacceptable toxicity, withdrawal, 3 months for up

(including death to 2 years

cholangiocarcinoma) Exclusion criteria .
Anti-HER3 targeting antibody

exposure
Another oncogenic driver

Tumor assessment once every 8 weeks

End Points

Primary end point Secondary end points
ORR using RECIST v1.1 per investigator assessment DOR, CBR, TTR, PFS per investigator assessment
ORR, DOR, CBR, TTR, PFS per BICR

FIG A1. Overview of the eNRGy trial design. °NRGT gene fusion status was determined by NGS in FFPE (fresh or <2 years) in a CLIA-certified
laboratory. PTo mitigate potential IRRs, the initial infusion was administered over a period of 4 hours. Premedication included antipyretics,
antihistamines, and glucocorticoids. AEs were assessed from the date of the first zenocutuzumab dose up to 30 days after the last dose and
graded using CTCAE v4.03. AE, adverse event; BICR, blinded independent central review; CBR, clinical benefit rate; CLIA, Clinical Laboratory
Improvement Amendments; CTCAE, Common Terminology Criteria for Adverse Events; DOR, duration of response; ECOG PS, Eastern Cooperative
Oncology Group performance status; FFPE, formalin-fixed paraffin-embedded; IRR, infusion-related reaction; IV, intravenous; NGS, next-generation
sequencing; NRGT, neuregulin 1; NSCLC, non—small cell lung cancer; ORR, overall response rate; OS, overall survival; PD, progressive disease;
PDAC, pancreatic adenocarcinoma; PFS, progression-free survival; TTR, time to response.
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FIG A2. Kaplan-Meier plots for patients with NRG1+ cholangiocarcinoma in the primary efficacy set. (A) PFS (investigator
assessment) where PFS was the time from date of start of treatment to the date of event defined as the first documented
progression or death due to any cause. (B) OS. + indicates censoring. Median duration of follow-up was 14.4 months (range, 1.7-

34.1) at data cutoff. OS, overall survival; PFS, progression-free survival.
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FIG A3. Distribution of fusion partners of NRG7 in patients with evaluable cholangiocarcinoma. (A) A
Circos plot showing fusion partners and their location for the primary efficacy set (n = 19). (B) The fusion
partners for patients not eligible for the primary efficacy set (n = 3).
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FIG A4. Duration of treatment swimmer plot for six patients from the primary efficacy set who continued zenocutuzumab beyond pro-
gression (investigator assessment). DoT, duration of treatment; PD, progressive disease.
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FIG A5. Best percent change from baseline in CA19-9 over time (investigator assessment). CA19-9, car-
bohydrate antigen; NE, not evaluable; PD, progressive disease; PR, partial response; SD, stable disease.
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FIG A6. Best percent change from baseline in biomarker CEA over time (investigator assessment). CEA,
carcinoembryonic antigen; NE, not evaluable; PR, partial response; SD, stable disease.
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FIG A7. Observed zenocutuzumab concentrations versus time after last dose in the eNRGy trial for NRGT+
patients receiving 750 mg once every 2 weeks by tumor type (semi-log). h, hours; NRG1+, neuregulin 1

fusion—positive; NSCLC, non—small cell lung cancer.
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