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W Check for updates

Human epidermal growth factor receptor 2 (HER2, also known as ERBB2)
signaling promotes cell growth and differentiation, and is overexpressed
inseveral tumor types, including breast, gastric and colorectal cancer.

HER2-targeted therapies have shown clinical activity against these tumor types,
resulting in regulatory approvals. However, the efficacy of HER2 therapiesin
tumors with HER2 mutations has not been widely investigated. SGNTUC-019
isanopen-label, phase 2 basket study evaluating tucatinib, a HER2-targeted
tyrosine kinase inhibitor, in combination with trastuzumab in patients with
HER2-altered solid tumors. The study included a cohort of 31 heavily pretreated
female patients with HER2-mutated metastatic breast cancer who were also
HER2 negative per local testing. Hormone receptor (HR)-positive patients
alsoreceived fulvestrant. The overall response rate (primary endpoint) was
41.9% (90% confidence interval (Cl): 26.9-58.2). Secondary endpoints of
duration of response and progression-free survival were 12.6 months (90%
Cl:4.7 tonot estimable) and 9.5 months (90% CI: 5.4-13.8), respectively. No

new safety signals were detected. Responses were observed across various
HER2mutations, including mutations in the tyrosine kinase and extracellular
domains. The chemotherapy-free regimen of tucatinib and trastuzumab
showed clinically meaningful antitumor activity with durable responses and
favorable tolerability in heavily pretreated patients with HER2 mutations. These
datasupport further investigation of HER2-targeted therapiesin this patient
population. ClinicalTrials.gov registration: NCT04579380.

HER2 is a member of the epidermal growth factor receptor family of
four related tyrosine kinases. When activated, HER2 signals through
the phosphoinositide 3-kinase (PI3K) and mitogen-activated protein
kinase (MAPK) pathways to promote cell growth and differentiation.
Intumorsinwhich HER2 is overexpressed or amplified (HER2-positive,
HER2"), activation resultsin uncontrolled cell proliferation, inhibition
of apoptosis and metastasis' ®. HER2 is a validated, actionable target,
with HER2-targeted therapies showing clinical activity that resulted
in regulatory approvals for the treatment of patients with HER2"
breast, gastric and colorectal cancers’™.

Recently, with the increased utilization of genomic profiling
through next-generation sequencing (NGS), there has been a grow-
ing interest in HER2 (also known as ERBB2) somatic mutations as
oncogenic drivers, in the absence of HER2" disease, in multiple solid
tumors. Inbreast cancer, approximately 2-5% of tumors harbor HER2
mutations' ., HER2-mutated (HER2-mut) breast cancer is more fre-
quently associated with lobular histology and heavily pretreated
patients with metastatic disease’”**. HER2-targeted agents have shown
clinical activity in HER2-mut metastatic breast cancer (MBC) in basket
trialsand case reports®>. However, there are currently no treatments
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that have been approved by the US Food and Drug Administration
(FDA) or the European Medicines Agency specifically for patients with
HER2-mut MBC.

Tucatinib is an oral tyrosine kinase inhibitor that is highly selec-
tive for HER2 (ref. 28) and approved in multiple geographic regions for
treatment of previously treated HER2* MBC (combined with trastu-
zumab and capecitabine)™*~* and previously treated HER2" metastatic
colorectal cancer (combined with trastuzumab)'. In addition, preclini-
cal data have shown that tucatinib in combination with trastuzumab
has antitumor activity in HER2-mut patient-derived xenograft tumor
models of multiple solid tumors, suggesting that patients with activat-
ing HER2 mutations may derive clinical benefit from the combination®.
SGNTUC-019 (NCT04579380) is an open-label phase 2 basket study
evaluating tucatinibin combination with trastuzumab in patients with
HER2-altered solid tumors. Here we report results of the efficacy, safety
and exploratory biomarker analyses from the HER2-mut MBC cohort of
tucatinibin combination with trastuzumab (and fulvestrant in patients
who have hormone-receptor-positive (HR") disease).

Results

Patient characteristics

The first patient was enrolled in the basket study on 18 January 2021,
andthelast patient enrolled on 14 April 2023. Thirty-one patients were
enrolledinthe HER2-mut MBC cohort from September 2021 to Decem-
ber 2022. Patients with HER2-mut MBC were enrolled if they had meas-
urable disease, had progressed during or after at least one previous
line of systemic therapy in the locally advanced or metastatic setting,
and had progressed during or were intolerant of the most recent line
of systemic therapy; patients with HER2* MBC were excluded. Demo-
graphics and baseline characteristics of patients with HER2-mut MBC
areshowninTable 1. The median age was 64.0 years (range 43-76 years).
Tumor histology was 58% lobular and 42% ductal. Most patients were
HR' (87%).Seven patients (23%) had stage IV disease at initial diagnosis.
The median number of previous lines of therapy in any setting was 4
(range 1-10) and 3 (range 1-7) in the locally advanced or metastatic
setting. Seventeen patients (55%) had previously received fulvestrant
before enrollment.

Patient dispositionis summarizedin Fig. 1. As of the data cutoff (1
November 2023), the median duration of follow-up was 15.0 months
(90% Cl:13.1-17.5). Nine patients remain on study treatment, 10 are in
long-term follow-up and 12 are off study. Of the 22 patients who dis-
continued study treatment, 20 discontinued because of progressive
disease and one patient each stopped treatment because of investi-
gator decision or patient decision. No patient discontinued all study
treatments because of a treatment-emergent adverse event (TEAE).
Ofthe12 patients that were off study, 11 were off study owing to death.

Efficacy

The confirmed objective response rate (CORR) per investigator assess-
ment was 41.9% (90% CI: 26.9-58.2; Table 2), including 2 confirmed
complete responses. Patients with HR* or HR" MBC had a cORR of 44.4%
(12 out 0f27;90% C1:28.0-61.8) and 25.0% (1 out of 4;90% Cl:1.3-75.1),
respectively. Of the 31 patients, 13 were classified with ductal histology
and 18 were classified with lobular histology. cORR was similarin both
groups: 5 out of 13 for ductal histology (38.5% (90% Cl: 16.6-64.5))
and 8 out of 18 for lobular histology (44.4% (90% Cl: 24.4-65.9)). The
median duration of response (DOR) was 12.6 months (90% CI: 4.7 to
not estimable), and the median time to first response was 1.4 months
(range1.2-6.2). The disease control rate was 80.6% (90% Cl: 65.3-91.2).
Tumor size decreased in 22 patients (73%) of the 30 with abaseline and
atleast one post-baseline assessment (Fig. 2).

The median progression-free survival (PFS) was 9.5 months
(90% Cl: 5.4-13.8), with an estimated 6 month PFS of 65.0% (90% Cl:
48.3-77.5) and an estimated 12 month PFS of 45.0% (90% ClI:
28.8-60.0; Fig.3a). The median overall survival (OS) was 20.1 months

Table 1| Patient demographics and baseline characteristics
of the HER2-mut MBC cohort

Characteristics Total (N=31)

Median age, years (range) 64.0 (43, 76)
Age category, n (%)

<65years 16 (52)

>65years 15 (48)
Sex, n (%)

Male 0

Female 31(100)
Ethnicity, n (%)

Hispanic, Latino or Latina, or of Spanish origin 2(6)

Not Hispanic, Latino or Latina, or of Spanish origin 24 (77)

Unknown 1(3)

Not reportable 4(13)
Race, n (%)

Asian 11(35)

Black or African American 1(3)

White 15 (48)

Not reportable 4(13)
ECOG performance status score, n (%)

0 19 (61)

1 12 (39)
Hormone receptor status

Negative 4(13)

Positive 27 (87)
Tumor type histology

Ductal 13 (42)

Lobular 18 (58)
TNM stage at time of diagnosis

| 5(16)

I 6(19)

Il 13 (42)

v 7(23)
History of metastatic disease

Yes 31(100)

No 0

Number of previous systemic therapy regimens, median 4 (1,10)

(range)

Number of previous systemic therapy regimens in the 3(1,7)

locally advanced or metastatic setting, median (range)

(90% CI:15.9 to not estimable; Fig. 3b), with an estimated 12 month OS
of 74.2% (90% Cl: 58.6-84.7).

Safety

The median treatment duration with tucatinib was 9.0 months (range
0.7-24.4); with trastuzumab, 9.0 months (range 0.7-24.4); and with
fulvestrant, 7.4 months (range 0.9-24.4). TEAEs were reported in all
patients (Table 3 and Extended Data Table 1). The most common TEAEs
werediarrhea (20 patients, 65%), nausea (11,35%), vomiting and pruritus
(9,29%), and infusion-related reaction (8, 26%; Table 3). Among the
20 patients reported to have diarrhea, 4 patients (13%) had maximum
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31 with HER2-mutant metastatic breast cancer

31 eligible for efficacy and safety assessments

9 on treatment

22 discontinued from study treatment

« 20 progressive disease

- 1investigator decision

- 1 patient decision (non-adverse event)

10 in follow-up

12 off study
« 11 death
- 1 patient withdrawal

Fig.1| CONSORT diagram of the SGNTUC-019 study. Flow diagram detailing patients enrolled in the SGNTUC-019 study (NCT04579380) HER2-mutated MBC cohort.

severity of grade 3, while 12 patients (39%) and 4 patients (13%) had
gradelandgrade2diarrhea, respectively. Themedian time toresolu-
tion was 7.0 days (range 1-530) for any-grade diarrhea and 2.0 days
(range 1-4) for grade >3 diarrhea. The other most common grade >3
events wereincreased levels of alanine aminotransferase and hyperten-
sion, with 3 patients (10%) reported for each. A total of 8 patients (26%)
had serious TEAEs, of which 3 (10%) were related to tucatiniband none
were related to either trastuzumab or fulvestrant.

No TEAEs resulted in the discontinuation of all study treatments.
Tucatinib was discontinued because of TEAEs in 2 patients (6%), includ-
inganeventofincreased aspartate aminotransferase (grade 4) and an
event of pseudocirrhosis (grade 2). There were no discontinuations
of trastuzumab or fulvestrant due to TEAEs. TEAEs resulted in dose
reduction of tucatinib in 7 patients (23%) and fulvestrant in 1 patient
(3%). No TEAEs resulted in death. All 11 deaths (35%) were related to
disease progression.

Exploratory biomarker analyses

Among the 31 patients enrolled in the HER2-mut MBC cohort, 28
had evaluable central immunohistochemistry (IHC) results, 27 had
evaluable central fluorescence in situ hybridization (FISH) results, 24
had evaluable central tissue-based NGS results and 29 had evaluable
blood-based NGS results. Responses were observed in patients with
arange of HER2 mutations, including mutations in both the tyrosine
kinase and the extracellular domains (Fig. 2a). A listing of individual
responses and HER2 mutations as determined by local and central
testing is found in Extended Data Table 2.

HER?2 alterations and response. Among patients with a mutation
identified by local testing (n = 28), central blood-based NGS (n=23)
or central tissue-based NGS (n =20), HER2 mutations (both single
nucleotide variants and insertions and deletions (indels)) were most
often located exclusively in the tyrosine kinase domain or exclusively
in the extracellular domain. Depending on the type of assay used,
69.6-85.0% of patients had mutations exclusively in the tyrosine kinase
domain and 15.0-21.4% of patients had mutations exclusively in the
extracellular domain (Fig. 2a and Extended Data Table 3). The range of
response rates across assays was 36.4-41.2% in patients with mutations
exclusively in the tyrosine kinase domain and 50.0-66.7% in patients
with mutations exclusively in the extracellular domain (Fig. 2a and
Extended Data Table 3).

Table 2| Summary of responses in the HER2-mut MBC cohort

Total (N=31)

Best overall response?, n (%)

CR 2(6.5)

PR 11(35.5)

SD 12(387)

PD 4(12.9)

Not available® 2(6.5)
CORR, n (%) 13 (41.9)

90% CI° for cORR (26.9,58.2)
Median duration of objective response® (months) 126 (4.7,-)
(90% CI)°
Disease control rate®, n (%) 25 (80.6)

90% CI° for disease control rate (65.3,91.2)
Median PFS (months) (90% CI)f 9.5(5.4,13.8)
Median OS (months) (90% CI)f 201(15.9,-)

Cl, confidence interval; cORR, confirmed objective response rate; CR, complete response;
OS, overall survival; PFS, progression-free survival; PR, partial response; SD, stable disease;
PD, progressive disease. In the case of SD, follow-up measurements must have met the SD
criteria at least once after study entry at a minimum interval of 5weeks. *Confirmed best
overall response assessed per Response Evaluation Criteria in Solid Tumors (RECIST) v1.1.
PIncludes patients whose disease assessments were not evaluable and patients with no
post-baseline response assessment. “Two-sided 90% exact Cl, computed using the Clopper-
Pearson method®. “As estimated using Kaplan-Meier methods. °Disease control defined

as confirmed CR or confirmed PR or SD. ‘Calculated using the complementary log-log
transformation method*'.

The most commonly mutated amino acid residues in the HER2-mut
MBC cohort were at amino acid residues Leu755 (a tyrosine kinase
domainresidue) and Ser310 (an extracellular domainresidue). Depend-
ingonthetypeofassay used, 40.0-47.8% of patients had amutation at
Leu755,and 15.0-26.1% of patients had amutation at Ser310 (Extended
Data Fig. 1 and Extended Data Table 4). As this analysis was based on
the presence or absence of anindividual mutation, some patients had
co-occurring HER2 mutations. The range of response rates across
assays was 33.3-37.5% in patients with amutationin Leu755and 50.0-
66.7% in patients with a mutation in Ser310 (Extended Data Fig. 1and
Extended Data Table 4).
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Fig. 2| Response to study treatment and HER2 biomarker assessments.

a, Maximum percentage reduction in the sum of the diameters of target lesions
perinvestigator and HER2 biomarker assessments. Only patients who had
baseline and post-baseline target lesion measurements are included (n = 30).

The asterisks indicate patients that were excluded from any analysis of local
results because their eligibility (HER2-negative status and HER2 mutations) was
determined by central blood-based NGS (B-NGS). T-NGS denotes tissue-based
NGS testing by central lab assay. In all assays, ‘ND’ (not determined) indicates that
there was no assay result, which may have been due to failed assay, failed quality

control or no assay run due to sample issues, and ‘NE’ denotes non-evaluable. In
the ‘Amp’ (amplification) panel, ‘central’ indicates overall HER2-amplification
status as determined by IHC with FISH reflex, both by central lab testing;
whereas ‘local’ denotes local testing results. In the ‘Domain’ panel, patients had
mutations exclusively in the domains indicated (that is, the tyrosine kinase (TK)
or extracellular domains of HER2). The dashed line at 20% indicates progressive
disease (PD). The dashed line at —=30% indicates the threshold for a partial
response (PR). D, ductal; L, lobular. b, Duration of treatment of patients in the
HER2-mut MBC cohort.

Results showed aroughly equal distribution of patients who were
HER2-low (IHC 1+ or IHC 2+/FISH-negative, n =12) and those without
HER2 expression (IHC 0, n =14). Based on central testing, the response
rate was 50.0% (6 out of 12; 90% Cl: 24.5-75.5) in HER2-low patients
and 42.9% (6 out of 14; 90% Cl: 20.6-67.5) in patients without HER2
expression.

HER2 assay agreement. In current practice, multiple types of assay
are used to identify HER2 alterations. To determine whether patient

outcomes were impacted by this variability, results were analyzed
among patients with sufficient samples available for standard-
ized central testing. The percentage agreement for detection of
HER2 mutations (detected versus not detected) was 76.9% (90% ClI:
59.5-89.4, n=26) between local and central blood-based NGS,
and 85.7% (90% CI: 67.1-96.0, n = 21) between local and central
tissue-based NGS (Fig. 2a, Extended Data Fig. 1 and Extended Data
Table2). There was 100% agreement between any local test for HER2
overexpression or amplification status versus central blood-based
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Fig. 3| Kaplan-Meier curves for PFS and OS per investigator in the HER2-mut MBC cohort. The vertical lines indicate censoring.

NGS (90% CI:89.1-100, n = 26) and central tissue-based NGS (90% ClI:
86.7-100, n = 21) (Fig. 2a).

Concomitant non-HER2 alterations. Additional concomitant
non-HER?2 alterations (that is, amplified and/or with mutations or
indels) identified using central tissue-based and blood-based NGS
are shown in Extended Data Figs. 2 and 3. Owing to the small dataset
(24 and 29 evaluable results in the tissue-based and blood-based NGS
data, respectively), we examined genes that were altered in at least
25% of patientsinagiven assay. Inthe tissue-based NGS dataset, CDH1,
characteristic of invasive lobular carcinoma, and PIK3CA were the only
genes altered in at least 25% of patients. Responses were observed in
patients with and without alterations in CDHI and PIK3CA. Response
rates among patients with and without CDHI alterations were 62.5% (9
out of 15;90% Cl: 36.0-80.9) and 22.2% (2 out of 9; 90% CI: 4.1-55.0),
respectively. Response rates among patients with and without PIK3CA
alterations were 25.0% (2 out of 8; 90% Cl: 4.6-60.0) and 56.3% (9 out
of 16; 90% Cl: 33.3-77.3), respectively. In the blood-based NGS data-
set, only PIK3CA was altered in at least 25% of patients. Patients with

and without alterations in PIK3CA showed responses of 36.4% (4 out
of 11; 90% CI: 13.5-65.0) and 44.4% (8 out of 18; 90% CI: 24.4-65.9),
respectively.

Discussion
Over the past 25 years, monoclonal antibodies, antibody-drug conju-
gates and tyrosine kinase inhibitors targeting HER2 have been devel-
oped that have resulted in notable improvements in PFS and OS for
patients with HER2* MBC”®13%*34 |n the past decade, the use of NGS
assays to molecularly profile and identify other potential targetable
alterations in patients with MBC has increased substantially*. HER2
somatic mutations occurinabout2-5% of all patients with breast can-
cer, with a higher prevalence in the advanced disease setting'®",
However, the benefit of using HER2-targeted therapies in patients with
HER2-mut MBC, inthe absence of HER2" disease, is not well established;
early data using HER2-targeted agentsin this patient population have
shown evidence of clinical activity®.

In the SGNTUC-019 study, the combination of tucatinib and
trastuzumab (with fulvestrant in patients with HR" disease) is active
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Table 3 | The most common TEAEs in the HER2-mut MBC
cohort

Preferred term Total (N=31)
Anygrade,n(%) Grade 23 n(%)
Any TEAE 31(100) 15 (48)
Diarrhea 20 (65) 4(13)
Nausea 11(35) 0
Vomiting 9(29) 0
Pruritus 9(29) 0
Infusion-related reaction 8(26) 0
Back pain 7(23) 2(6)
Cough 7(23) (0]
Edema peripheral 7(23) 0
Chills 6(19) 0]
Pyrexia 6 (19) 0
Appetite decreased 6 (19) 2(6)
Fatigue 6(19) 1(3)
Arthralgia 6 (19) 1(3)
Dry skin 6 (19) 0
Alanine aminotransferase increased 5(16) 3(10)
Aspartate aminotransferase increased 5(16) 2(6)
Hypertension 5(16) 3(10)
Constipation 4(13) 0
Insomnia 4(13) 0
Blood creatinine increased 3(10) 0
Anemia 3(10) (0]
Abdominal pain 3(10) 0
Dyspnea 3(10) 0
Headache 3(10) 0
COVID-19 3(10) 0
Stomatitis 3(10) 0
Dizziness 3(10) (0]
Gastroesophageal reflux disease 3(10) 0
Blood bilirubin increased 3(10) 0
Myalgia 3(10) 0
Onychoclasis 3(10) 0

TEAESs reported in 210.0% of the patients who received at least a single dose of the study drug
are listed here. The events are reported as per the preferred terms in the Medlical Dictionary for
Regulatory Activities. °Grade >3 TEAEs not listed here included acute kidney injury, cellulitis,
chronic kidney disease, hepatic function abnormal, hydronephrosis, hypokalemia, influenza,
sepsis and systemic inflammatory response syndrome; each was reported in one patient (3%).

in patients with heavily pretreated HER2-mut MBC, with a cORR of
41.9%. Moreover, the responses were durable, with a median DOR of
12.6 months. Theresponse to study treatment occurred early, with the
mediantimetofirst response of 1.4 months corresponding with the first
tumor assessment on treatment. In addition, the median PFS and OS
were 9.5 months (90% CI: 5.4-13.8) and 20.1 months (90% CI: 15.9 to not
estimable), respectively. This clinically meaningful activity was seen
despite patients having been heavily pretreated with amedian of four
previous lines of systemic therapy in any setting and three previous
lines in the locally advanced or metastatic setting. This further adds
to the datafrom the SUMMIT trial, which showed that HER2 mutations
are potentially actionable targets in MBC; treatment with neratinibin
combination with fulvestrant and trastuzumab for patients with HR",

HER2-mut MBC (n = 57) showed similar clinical activity (CORR, 39%,
and median PFS, 8.3 months)”.

In patients with tumor tissue available, central testing showed
that almost all patients either were HER2-low (IHC 2+/FISH-negative
or IHC 1+) or lacked expression of HER2 (IHC 0). Responses to study
treatment were similar in both patient populations, suggesting that
the HER2 mutation is an oncogenic driver in those patients.

The combination of tucatinib and trastuzumab, with fulves-
trant for HR' patients, was well tolerated and consistent with the
established safety profile of the combination®*”. Diarrhea was the
most commonly reported adverse event; however, most events were
gradelinseverity and manageable with standard clinical care, with a
grade 3 occurrence of 13%. Furthermore, antidiarrheal prophylaxis
was not required on the study and no discontinuations of tucatinib
occurred because of diarrhea. By contrast, grade 3 diarrheaoccurred
in 53% (30 out of 57) of patients receiving the combination of ner-
atinib, fulvestrant and trastuzumab in the SUMMIT trial, despite the
patients receiving loperamide prophylaxis”. Only two patients (6%)
discontinued tucatinib because of TEAEs, but remained on trastu-
zumab. No patients discontinued all study treatments because of an
adverse event, highlighting the tolerability of this chemotherapy-free
approach in patients with previous exposure to multiple lines of
therapy and associated toxicities.

Exploratory biomarker analyses showed responses in patients
harboring a variety of HER2 mutations. There was evidence of clinical
activity in patients with mutations in the tyrosine kinase domain and
extracellular domain of HER2, specifically with mutations at Leu755
and Ser310, two of the most frequently mutated amino acids in HER2
in multiple cancers, including breast cancers®**’. Moderate-to-strong
agreement between local and central test methods was observed, sug-
gesting that both tissue-based and blood-based NGS may be used to
identify patients harboring HER2 mutations who may respond to treat-
ment with tucatinib and trastuzumab. Finally, a variety of concomitant
non-HER2genomic alterations were observed, including alterationsin
CDHI and PIK3CA. Clinical activity was observed across patients with
a wide variety of alterations; however, larger datasets are required
to draw any conclusions about the impact of concomitant non-HER2
mutations on response.

One limitation of this analysis is the small size of the cohort (31
patientsintotal) and lack of acomparator arm. In addition, the duration
of follow-up was short; therefore, the OS data areimmature with rela-
tively few events and should be interpreted with caution. Conclusions
based on the exploratory biomarker data are also limited by the rela-
tively smallsize of the cohortand the availability of dataacross multiple
central testing methods (24 patients with evaluable tissue-based NGS
and 29 with blood-based NGS). Conclusions may also be affected by
assay differences between tissue-based and blood-based NGS, notably
by differencesin the set of genes included in each assay panel, as well
as differential timing of tissue and blood collection in many cases.

Insummary, the combination of tucatinib and trastuzumab (with
fulvestrant in HR" disease) was well tolerated and clinically active in
patients with previously treated HER2-mut MBC. These results sup-
portfurtherinvestigation of HER2-directed therapiesin patients with
HER2 mutations.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butions and competinginterests; and statements of dataand code avail-
ability are available at https://doi.org/10.1038/s41591-024-03462-0.
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Methods

Inclusion and ethics

Thestudy was conducted inaccordance withregulatory requirements,
the International Council for Harmonisation Good Clinical Practice
guidelines and the Declaration of Helsinki. All patients provided writ-
ten informed consent. The protocol was approved by institutional
review boards and ethics committees accordingto the practiceateach
participating study site (Supplementary Information).

Patients and study design

SGNTUC-019 (NCT04579380) is an open-label, phase 2 basket study of
patients with previously treated, locally advanced, unresectable or met-
astatic HER2-altered solid tumors. The breast cancer cohort comprised
patients with HER2-mut locally advanced or metastatic disease, without
evidence of overexpression or amplification of HER2, and enrolled
patients at academic hospitals or cancer centers in North America,
Europe and Asia. Patients must have progressed during or after at least
one previous line of systemic therapy in the locally advanced or meta-
static disease setting. In addition, patients must have progressed or
beintolerant of the most recentline of systemic therapy. Patients with
HR" disease must have received a cyclin-dependent kinase (CDK4/6)
inhibitor inthe metastatic setting. Patients with previous exposure to
fulvestrant were eligible. All patients were required to have evidence
of measurable disease as per Response Evaluation Criteria in Solid
Tumors (RECIST) vl.1 on baseline imaging. Patients with an Eastern
Cooperative Oncology Group (ECOG) performance statusof Oor1and
adequate baseline cardiac, hepatic, renal and hematologic function
were eligible. Patients previously treated with any systemic anticancer
therapy, radiation therapy, major surgery or experimental agent within
3 weeks of the first dose of study treatment were excluded. In addition,
patients must not have received previous HER2-directed therapy. Study
enrollment criteriadid notinclude any requirements regarding sex and/
or gender. Patient sex was based on self-identification at baseline. Full
inclusion and exclusion criteria are availablein the protocol, which has
been previously published.

Eligible patients had HER2 mutations identified by local or central
NGS. Local testing for identification of HER2 mutations could be via
archival or fresh tumor tissue or blood. Central testing was through
blood-based NGS (Guardant360 CDx Test, Guardant). HER2 muta-
tions eligible for inclusion in the cohort were prespecified. Patients
with HER2 mutations that were not prespecified were also potentially
eligible, if supported by scientific literature.

Procedures

Patients in the HER2-mut MBC cohort were treated with tucatinib
300 mg orally twice daily and trastuzumab 8 mg kg™ intravenously
then 6 mg kg every 3 weeksina21 day cycle. Patients with HR* disease
alsoreceived fulvestrant 500 mgintramuscularly once every 4 weeks
starting from cycle1day1,and once oncycle1day15. Disease response
tothestudy treatmentand the occurrence of disease progression were
determined according to RECIST v1.1, as assessed by the investigator.
Disease assessments were performed at baseline, every 6 weeks for
the first 24 weeks and then every 12 weeks until the occurrence of
documented disease progression per RECIST v1.1, death, withdrawal
of consent, loss to follow-up or study closure.

Safety was assessed by theincidence of TEAEs, graded according
to the National Cancer Institute Common Terminology Criteria for
Adverse Events v5.0, recording of concomitant medications, physical
examination findings, vital signs, laboratory tests, pregnancy test-
ing and cardiac function. Cardiac ejection fraction was assessed via
echocardiogram or a multigated acquisition scan at screening and
every 12 weeks thereafter.

For the exploratory biomarker assessments, central HER2 test-
ing was performed in a laboratory accredited by Clinical Laboratory
Improvement Amendments. Patients’ blood samples were collected

during prescreening or on day 1 of cycle 1 for central testing using a
74-gene blood-based NGS assay (Guardant360 CDx Test, Guardant).
Tumor tissue biopsies, archival or fresh (if available), were collected
duringscreening. Central HER2 testing of tumor tissue was performed
using IHC (PATHWAY HER-2, Roche), FISH (HER2 IQFISH pharmDx
Assay, Agilent) and 505-gene tissue-based NGS assay (Elio Tissue Com-
plete, PGDx).IHC and FISH results were evaluated using the American
Society of Clinical Oncology and College of American Pathologists
Breast Scoring criteria*.

Assessments

The primary endpoint was cORR, defined as the proportion of patients
with confirmed complete response or partial response according
to RECIST vl.1, per investigator assessment. Secondary endpoints
included disease control rate, DOR, PFS by investigator assessment, OS
and safety. The exploratory endpointsincluded biomarker assessments
as described in the section ‘Exploratory biomarker data assessment
and analyses’.

Statistical analysis

The HER2-mut MBC cohort aimed to enroll 30 response-evaluable
patients, a number calculated per the 90% exact Cl given a range of
expected cORR 0f 10-30%. One more patient was accrued than planned
because one patient was initially deemed not response evaluable but
was later found to be response evaluable. An interim analysis was not
planned for the HER2-mut MBC cohort. All enrolled patients received
at least one dose of tucatinib and trastuzumab and were included in
the evaluation for efficacy and safety. Two-sided 90% exact Cls for
response rates were calculated using the Clopper-Pearson method.
Median PFS and OS were estimated using the Kaplan-Meier method;
the associated 90% Cl was calculated on the basis of the complemen-
tary log-log transformation. Safety and concordance of local versus
central HER2 testing results were assessed by descriptive statistics.
Allanalyses except the biomarker analyses were performed with SAS,
version 9.4 (SAS Institute). Biomarker analyses were performed with
R, version 4.0.2 (R Core Team and the R Foundation for Statistical
Computing). Because all patients in the study cohort were female, no
sex- or gender-based analyses have been performed.

Exploratory biomarker data assessment and analyses

Central testing methods. Blood-based NGS analyses of amplifica-
tions and sequence alterations (mutations and indels) were from the
standard analysis pipelines used by Guardant (Guardant360 CDx
Test). Similarly, tissue-based NGS determination of amplifications
and sequence alterations were from internal pipelines used by PGDx
(Elio Tissue Complete). A further analysis step was the removal of syn-
onymous mutations, except those indicated as potentially affecting a
spliceregion. For blood-based NGS testing, we removed TP53fromthe
analyses as this gene’s mutations may be from clonal hematopoiesis of
indeterminate potential as opposed to reflecting tumor state.

Assignment of domains for HER2 mutation. Consistent with previous
approaches, the following definitions were used to assign mutations by
aminoacid residue number to proteinin HER2: 52-643 for the extracel-
lular domain and 694-883 for the tyrosine kinase domain®.

HER2 assay agreement. Inthe analyses of local versus central testing,
local refers to any test to determine HER2 mutations, or overexpression
or amplification status, performed at the local site. Three patients
used results from central blood-based NGS rather than local testing to
establish HER2 mutational and amplification status for eligibility. They
were excluded from these analyses, and their local results are labeled
asnot determined when data are shown.

HER2 status, defined as the final HER2 overexpression or ampli-
fication status, could be either positive, negative or not determined.
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For central IHC and FISH testing, HER2 status was determined as fol-
lows: HER2-negative status (IHC O, IHC1or IHC 2+ with FISH negative),
HER2-positive status (IHC 2+ with FISH-positive or IHC 3+ with any FISH
result) and HER2 status ‘not determined’ (IHC 2+ without evaluable
FISH results).

To determine the HER2 overexpression or amplification status
across assays, pairwise comparisons were performed using datafrom
patients who had results (that s, positive or negative) fromboth assays.
Theresultsare reported as percentage agreement, with two-sided 90%
exact Cls calculated using the Clopper-Pearson method*’.

HER2 mutation detection agreement was calculated using the
same methods described above for the HER2 overexpression or amplifi-
cation status. These comparisons were based on simple HER2 ‘mutation
detected’ versus HER2 ‘mutation not detected".

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Following requests and subject to review, Pfizer will provide the data
thatsupportthe findings of this study. Subject to certain criteria, con-
ditions and exceptions, Pfizer may also provide access to the related
individual de-identified participant data. See https://www.pfizer.com/
science/clinical-trials/trial-data-and-results for more information.
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Extended Data Table 1| Summary of safety events in the HER2-mut MBC cohort

Total (N =31)
TEAE n (%)
Any TEAE 31 (100)
Treatment-related 30 (97)
Grade >3 TEAE 15 (48)
Tucatinib-related 9(29)
Trastuzumab-related 1(3)
Fulvestrant-related 0
Any serious TEAE 8 (26)
Tucatinib-related 3 (10)
Trastuzumab-related 0
Fulvestrant-related 0
TEAEs leading to discontinuation 2 (6)
Tucatinib 2 (6)
Trastuzumab 0
Fulvestrant 0
TEAEs leading to death 0

HER2, human epidermal growth factor receptor 2; TEAE, treatment emergent adverse event.
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Extended Data Table 2 | Listing of responses, histology, and HER2 mutations by local and central testing

Response Histology Local Testing Central Blood-Based NGS Central Tissue-Based NGS

CR Ductal (G778 mutation no mutation found INDEL V777 G778insGSP

CR Lobular L755P/S mutation INDEL L755 T759del INDEL L755 T759del
Central blood-based NGS INDEL _P780_Y781insGSP,

PR Ductal used for enrollment SNV V773M INDEL V777 G778insGSP
Central blood-based NGS

PR Lobular used for enrollment SNV S310F SNV S310F

PR Lobular L755P/S mutation SNV L755S no valid results

PR Lobular L755P/S mutation SNV L755S SNV L755S

PR Ductal L755P/S mutation SNV L755S SNV L755S

PR Ductal L869R mutation no mutation found no valid results

PR Ductal S310F/Y mutation no mutation found SNV S310Y

SNV_D211H, SNV_E698V,
SNV_S310Y, SNV_T733],

PR Lobular S310F/Y mutation SNV V697L no mutation found
PR Lobular S310F/Y mutation SNV S310F no mutation found
PR Lobular T7331 no valid results SNV T7331
SNV_E717K, SNV_T733],

PR Lobular T862S SNV T862S SNV T862S

Central blood-based NGS
SD Lobular used for enrollment SNV L755S no mutation found

D769Y,
SD Lobular V777L/M mutation SNV D769Y, SNV V777L SNV D769Y, SNV V777L
SD Ductal L755P/S mutation no mutation found SNV L755S
SD Lobular L755P/S mutation SNV L7558 no valid results
SD Lobular L755P/S mutation SNV L7558 no valid results
SD Lobular S310F/Y mutation SNV S310F no valid results
SD Ductal S310F/Y mutation SNV S310F SNV S310F
SD Lobular T7331 SNV T7331 SNV T7331

V777L mutation, SNV_L755S, SNV_V777L,
SD Lobular L755P/S mutation SNV V777M SNV L755S, SNV V777L
SD Lobular V777L/M mutation no mutation found SNV G727A, SNV V777L
SD Ductal V777L/M mutation SNV _V777L no valid results
SD Lobular V777L/M mutation SNV V777L SNV V777L
PD Ductal A775, Y772 mutation INDEL A775 G776insY VMA INDEL E770 A771insAYVM

SNV_E717D, SNV_E992K,
SNV_L726I, SNV_L755S,

PD Ductal L755P/S mutation SNV T733L SNV_T733R no valid results
PD Ductal L755P/S mutation SNV L7558, SNV _S310Y SNV L755S

PD Ductal S310F/Y mutation no mutation found no mutation found
NE Ductal L755P/S mutation SNV L755S SNV L755S

NV Lobular L755P/S mutation no valid results SNV L755S

CR, complete response; del, deletion; ZER2, human epidermal growth factor receptor 2; INDEL, insertion and
deletion; ins, insertion; ND, not determined; NE, non-evaluable (post-baseline assessment is not evaluable); NGS,
next-generation sequencing; NV, not available (patient has no post-baseline response assessment); PD, progressive
disease; PR, partial response; SD, stable disease; SNV, single nucleotide variant.

Each row includes the best response from one patient and mutations detected by local and central testing.
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Extended Data Table 3 | HER2 altered domains: prevalence and response rates

Prevalence
% (n/N)

Response Rate
% (n/N)

Mutations Limited

Mutations Limited

Mutations Limited

Mutations Limited

90% CI: 65.6-95.8%

90% CI: 4.2-34.4%

90% CI: 21.2-63.6%

A to TyrKin Domain to Extracell Domain to TyrKin Domain to Extracell Domain
ssay
Local 78.6% (22/28) 21.4% (6/28) 36.4% (8/22) 50.0% (3/6)
oca
90% CI: 62.0-90.2% 90% CI: 9.8-38.0% 90% CI: 19.6-56.1% 90% CI: 15.3-84.7%
BNCS 69.6% (16/23) 17.4% (4/23) 37.5% (6/16) 50.0% (2/4)
i 90% CI: 50.4-84.8% 90% CI: 6.2-35.5) 90% CI: 17.8-60.9% 90% CI: 9.8-90.2%
T-NGS 85.0% (17/20) 15.0% (3/20) 41.2% (7/17) 66.7% (2/3)
90% CI: 13.5-98.3%

B-NGS, blood-based NGS testing by central lab assay; Extracell, extracellular domain of HER2; HER2, human
epidermal growth factor receptor 2; Local, local testing results; NGS, next-generation sequencing; T-NGS, tissue-
based NGS testing by central lab assay; TyrKin; tyrosine kinase domain of HER?2.
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Extended Data Table 4 | HER2 L755 and S310 mutations: prevalence and response rates

90% CI: 21.7-60.6%

90% CI: 4.2-34.4%

90% CI: 11.1-71.1%

Prevalence Response Rate
% (n/N) % (n/N)
L755 Mutation(s) S310 Mutations(s) L755 Mutation(s) S310 Mutations(s)
Assay
Cocal 42.9% (12/28) 21.4% (6/28) 33.3% (4/12) 50.0% (3/6)
oca
90% CI: 26.9-60.0% 90% CI: 9.8-38.0% 90% CI: 12.3-60.9% 90% CI: 15.3-84.7%
e 47.8% (11/23) 26.1% (6/23) 36.4% (4/11) 50.0% (3/6)
) 90% CI: 29.6-66.5% 90% CI: 12.0-45.1% 90% CI: 13.5-65.0% 90% CI: 15.3-84.7%
40.0% (8/20) 15.0% (3/20) 37.5% (3/8) 66.7% (2/3)
T-NGS

90% CI: 13.5-98.3%

B-NGS, blood-based NGS testing by central lab assay; HER2, human epidermal growth factor receptor 2; Local,
local testing results; NGS, next-generation sequencing; T-NGS, tissue-based NGS testing by central lab assay.
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Animals and other organisms

Dual use research of concern

Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration

Study protocol
Data collection

Outcomes

Plants

NCT04579380

The SGNTUC-019 protocol has been previously published (DOI: 10.1200/JC0.23.00606) and is available at this link: https://
ascopubs.org/action/downloadSupplement?doi=10.1200%2FJC0O.23.00606&file=protocol_JCO.23.00606.pdf

Data were collected from September 2021 to December 2022 at 67 academic research or cancer treatment centers in North
America, Europe and Asia.

The primary endpoint was confirmed objective response rate, defined at the proportion of patients with confirmed complete
response or partial response according to RECIST v1.1, per investigator assessment.

Secondary endpoints included disease control rate (confirmed complete or partial response, or stable disease per investigator
assessment), duration of response (confirmed complete or partial response per investigator assessment) progression-free survival by
investigator assessment, and overall survival.

Safety endpoints included type, incidence, severity, seriousness and relatedness of treatment-related adverse events, and were
graded according to the NCI-CTCAE 5.0. Treatment duration and discontinuations were also assessed.

Exploratory endpoints included concordance of HER2 alterations as detected by different testing methodologies and identification of
tumor-specific alterations associated with resistance to tucatinib.

Seed stocks

Novel plant genotypes

Authentication

Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
Bgsbc(;ﬁ)ﬁé”c;r(;j/ authenticationprocedures for-each-seed-stock-tised-ornovel-genotype-generated.-bescribe-any-experiments-used-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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