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Mutations in ERBB2 (encoding HER2) occur in 2% to 4% of non-small cell lung

cancer (NSCLC) and confer poor prognosis. ERBB-targeting tyrosine kinase
inhibitors, approved for treating other HER2-dependent cancers, are ineffective in HER2-mutant
NSCLC due to dose-limiting toxicities or suboptimal potency. We report the discovery of zongertinib
(Bl 1810631), a covalent HERZ2 inhibitor. Zongertinib potently and selectively blocks HER2, while
sparing EGFR, and inhibits the growth of cells dependent on HERZ oncogenic driver events, including
HERZ2-dependent human cancer cells resistant to trastuzumab deruxtecan. Zongertinib displays
potent antitumor activity in HER2-dependent human NSCLC xenograft models and enhances the
activities of antibody-drug conjugates and KRASC12C inhibitors without causing obvious toxicities.
The preclinical efficacy of zongertinib translates in objective responses in patients with HER2-
dependent tumors, including cholangiocarcinoma (SDC4-NRG1 fusion) and breast cancer (V777L
HERZ2 mutation), thus supporting the ongoing clinical development of zongertinib.

HERZ2-mutant NSCLC poses a challenge in the clinic due to limited options for tar-
geted therapies. Pan-ERBB blockers are limited by wild-type EGFR-mediated toxicity. Zongertinib
is a highly potent and wild-type EGFR-sparing HERZ inhibitor that is active in HER2-driven tumors

in the preclinical and clinical settings.

INTRODUCTION

The ERBB family receptor tyrosine kinases (RTK) are
important for normal development and physiology (1-3). In
humans, the ERBB family includes the following members:
EGFR, also referred to as HER1 (encoded by EGFR), HER2
(encoded by ERBB2), HER3 (encoded by ERBB3), and HER4
(encoded by ERBB4). These receptors form homodimers and
heterodimers upon ligand activation. HER2 lacks a known li-
gand but is the preferred dimerization partner of other family
members. The MAPK and PI3K/AKT pathways constitute the
two major signaling pathways downstream of ERBB family
receptors (2).
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Aberrant activation of ERBB family members through
various mechanisms plays a crucial role in the development
and progression of a variety of cancer types (2). Overexpres-
sion of HER2, due to ERBB2 amplification, occurs in ~20%
of human breast cancers and is associated with an aggressive
phenotype and a historically poor prognosis (4). Monoclonal
antibodies, including trastuzumab and pertuzumab, display
clinical benefit in patients with HER2-positive breast cancer
(5, 6). More recently, trastuzumab emtansine (T-DM1; 7) and
trastuzumab deruxtecan (T-DXd; 8), two antibody-drug con-
jugates (ADC), have demonstrated clinical efficacy, leading to
their approval for patients with HER2-positive breast cancer
resistant to trastuzumab (9). T-DXd is also approved for pa-
tients with HER2-low metastatic breast cancer, HER2-positive
stomach cancer, and HER2-mutated lung cancer who have re-
ceived prior systemic therapy. More recently, T-DXd received
accelerated approval from the FDA for treatment of patients
with unresectable or metastatic HER2-positive (IHC3*) solid
tumors who received prior treatment and have no satisfactory
alternative treatment option.

In addition to overexpression, ERBB family members can
be aberrantly activated by oncogenic mutations (10, 11).
Mutational activation of HER2 occurs in many types of solid
tumors, including non-small cell lung cancer (NSCLC). These
mutations increase the kinase activity by either favoring an ac-
tive conformation or inducing homodimerization or heterodi-
merization of members of the ERBB family of RTKs (11). HER2
mutations occur within 2% to 4% of NSCLC and have emerged
as important oncogenic drivers (10, 12-16). The most com-
monly found mutation in NSCLC is a 12 base pair (bp) inser-
tion in ERBB2 exon 20 that results in the duplication of amino
acids YVMA in HER2 (HER2YYMA, ref. 15). HER2 mutations are
associated with aggressive disease progression and poor clinical
outcomes (10, 17) in response to chemotherapy and immuno-
therapy (18). Several pan-ERBB inhibitors, including afatinib

OF2 | CANCER DISCOVERY XXX 2024

AACRlJournals.org

¥20Z 48qWaAON 6 U0 }sanb Aq Jpd-90£0-12-P9/99E905€/90£0-72-0D"0628-65 1 2/85 L L0 L/10p/spd-ajoie/Aianodsipiaoues/Bio sieuinolioeey/:djy woy papeojumoq


http://AACRJournals.org
mailto:birgit.wilding@boehringer-ingelheim.com
mailto:ralph.neumueller@boehringer-ingelheim.com

Zongertinib Structure First Disclosure

(19-21), poziotinib (22-26), neratinib (27), and pyrotinib (28),
have been investigated in patients with HER2-mutant NSCLC
but have shown limited efficacy in clinical studies. Pan-ERBB
inhibitors block all ERBB family members, share common
on-target and potentially dose-limiting adverse effects, in-
cluding skin rashes (29) and diarrhea, due to inhibiting wild-
type (WT) EGFR and thus are hampered in developing their
full potential clinical activity in HER2 exon 20-dependent tu-
mors (30). ADCs have demonstrated clinical activity in HER2
mutation-driven tumors. T-DM1 was shown to be an active
agent in a subset of patients with HER2-mutant lung cancer
(31). T-DXd displayed activity in patients with HER2-mutant
NSCLC (32, 33). The results from the DESTINY-Lung01 and
-Lung02 trials resulted in the FDA approval of T-DXd, repre-
senting a new standard-of-care treatment for patients with
previously treated HER2-mutant NSCLC. However, treatment
of patients with NSCLC with T-DXd is also associated with
treatment-related adverse events (AE), including interstitial
lung disease or pneumonitis (34). Therefore, there exists a crit-
ical unmet medical need for selective, orally available, and well-
tolerated HER2 tyrosine kinase inhibitors (TKI) that effectively
target HER2 mutants while preserving EGFR¥T activity.

ERBB signaling can also be aberrantly activated through
alterations in their ligands. In addition to increased expres-
sion, fusions of the neuregulin-1 (NRGI) gene, although very
rare, have been clinically documented (35). These fusions re-
tain the EGF-like domain in the extracellular portion and are
competent to engage with HER3 and HER4, triggering onco-
genic signaling through HER2-, HER3-, or HER4-containing
heterodimers (33, 36).

ERBB signaling activates the MAPK and PI3K pathways.
Hyperactivation of these pathways drives neoplastic transfor-
mation and tumor maintenance. The MAPK signal transducer
KRAS is frequently mutated in various types of carcinomas
(37, 38). In NSCLC, the substitution of glycine 12 with cyste-
ine (G12C) is a common KRAS mutation, occurring in ~13%
of cases (38). Downstream KRAS mutations represent a resis-
tance mechanism to EGFR inhibition (39). On the other hand,
adaptive activation of RTKs, including EGFR and HER2, has
been shown to confer resistance to KRAS inhibition in preclin-
ical studies (39, 40). Coinhibition of EGFR has been shown to
potentiate the effect of KRASS!2€ inhibitors, including sotora-
sib and adagrasib, that are approved for the treatment of hu-
man NSCLC with KRASS!2¢ mutations. The reported overall
response rate (ORR) for KRASS!2€ varies between 28% and 53%
(40-43) depending on the compound, dosing schedule, and
clinical phase, but resistance invariably occurs (40, 44-48).

To address the limitations of conventional pan-ERBB in-
hibitors and improve therapeutic outcomes for patients with
HER2-driven tumors, we have identified and optimized TKIs
that effectively inhibit WT HER2 and HER2 oncogenic vari-
ants with high selectivity over EGFR¥T. We recently reported
the discovery of two probe compounds, BI-4142 and BI-1622,
which possessed the desired potency and selectivity, but were
not suited for clinical development (49). Here, we report the
discovery and characterization of zongertinib (BI 1810631),
a clinical candidate optimized for use in patients with the
promise of fulfilling the unmet medical need of a specific
and well-tolerated therapy tailored to HER2-mutant NSCLC
and other HER2-dependent malignancies. Zongertinib is a

potent covalent HER2 inhibitor that spares EGFR¥T and is
both efficacious and tolerated as monotherapy or in combi-
nation with HER2-targeting ADCs or KRASS!2€ inhibitors in
preclinical studies. Additionally, we describe the preliminary
single-agent clinical activity of zongertinib in patients with
HER2 mutations. As such, zongertinib represents a promising
treatment option for patients with HER2-dependent cancers.

RESULTS

We set out to develop an EGFRY-sparing HER2 inhibitor
clinical candidate with improved properties over previously
described TKIs (a manuscript describing the multiparameter
optimization for a clinical candidate with improved properties
compared with BI-4142 and BI-1622 is in preparation; 49).
This led to the discovery of zongertinib (Fig. 1A-C; Supple-
mentary Figs. S1A, S1B, S2A, and S2B), which displayed high
potency against HER2YYMA and selectivity against EGFR¥T in
a phosphorylation assay in HEK cells (Fig. 1A). These findings
were recapitulated in proliferation assays using Ba/F3 cells en-
gineered to be dependent on EGFR¥T or HER2YYMA, in which
the compound displayed ~100-fold EGFR¥T-sparing activity.
Zongertinib is a covalent inhibitor that forms a covalent bond
between its acrylamide moiety and cysteine 805 of HER2. We
confirmed the relevance of covalent binding in the activity of
zongertinib using an engineered Ba/F3 cell line dependent on
HER2YYMACEOSS 'in which cysteine 805 is replaced by serine and,
therefore, can no longer form a covalent bond with zongertinib.
The antiproliferative ICsy value of zongertinib was increased
from 16 nmol/L in the HER2YY™A Ba/F3 cell line to 554 nmol/L
in the HER2YYMACS0SS By /E3 cell line. The importance of the
covalent binding in the activity of zongertinib was further sub-
stantiated by the reduced potency observed with BI-3999, an
acetamide-matched pair compound of zongertinib that is un-
able to form a covalent bond with HER2, in which equivalent
potency in Ba/F3 HER2YYMA cells was observed to that measured
for zongertinib in the HER2YYMAC80SS cell line. Additionally, zon-
gertinib shows an antiproliferative effect in other HER2YYMA- a5
well as HER2¥T-dependent human cancer cell lines, whereas it
maintains a high selectivity in an EGFRYT-dependent human
cancer cell line (Fig. 1A). Note: As human cancer cell lines car-
rying the HER2YYMA variant are not available, we utilized
mechanistic models engineered to be dependent on HER2YMA
(PC-9: oncogene swap by viral expression of HER2YYMA and
subsequent EGFR knockout (KO); PC-9 cells carry the EGFRY!1
variant; NCI-H2170: HER2YYMA knock-in; 49).

We collected a set of non-GMP CMC (chemistry, manu-
facturing and controls) and pharmacokinetic (PK) data to
evaluate zongertinib further. Zongertinib exhibited kinetic
solubility of <0.001 mg/mL at pH levels 4.5 and 6.8, which
translated into comparable solubility (<0.001 mg/mL) also in
fasted state-simulated intestinal fluid and somewhat improved
solubility (0.03 mg/mL) in fed state-simulated intestinal fluid
(Fig. 1B). The permeability of zongertinib in Madin-Darby ca-
nine kidney cells (MDCK) assays was good, with specific BCRP
(breast cancer resistance protein)-mediated efflux observed
(efflux ratio MDCK BCRP = 18). Zongertinib was highly
bound to plasma protein across species and showed low clear-
ance across species in an in vitro hepatocyte stability assay
(Fig. 1B). Although the low clearance suggested a promising
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Figure 1. Zongertinib is a highly selective covalent HER2 inhibitor. A, Potency of zongertinib and the noncovalent matched pair binder BI-3999
in a cellular phosphorylation assay using HEK cells and antiproliferative assays using Ba/F3 and human cancer cell lines. B, Physicochemical parameters
and in vitro DMPK of zongertinib. CLiy, intrinsic clearance; d, dog; f,, fraction unbound; FaSSIF, fasted state-simulated intestinal fluid; FeSSIF, fed state-
simulated intestinal fluid; h, human; m, mouse; PPB, plasma-protein binding; r, rat. PPB data were obtained using the methods reported in the Methods
section. C, Chemical structures of zongertinib and the noncovalent matched pair binder BI-3999. D, Kinase selectivity profile of zongertinib: Phylogenetic
tree for protein kinases with the size and color of nodes indicating inhibition at 1 pmol/L in in vitro kinase assays. The kinase assays reported in the figure
were performed as single measurements. E, ICsg values of zongertinib in a set of selected kinases in a biochemical kinase assay, n=1.F, Summary of the
prediction of zongertinib PK and therapeutic dose in human. AUCss, tau 24 hours, AUC at steady state at a dosing interval of 24 hours; DMPK, x; F, oral bioavail-
ability; ko, absorption rate constant;; tmax, time of maximum plasma concentration; Vss, volume of distribution at steady state.
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in vivo PK profile, zongertinib also showed low solubility and
high permeability, which might result in dissolution rate-
limited absorption. We therefore investigated in vivo mouse
PK after oral administration of 3 and 100 mg/kg to confirm
dose linearity in this dosing range. The mouse PK studies after
iv. and oral dosing showed dose linearity in the tested dose
range, low in vivo clearance, and good oral bioavailability.
With the in vitro and in vivo clearance correlation confirmed in
the mouse model, we investigated the i vivo PK additionally
in rat, dog, and minipig models and confirmed a good in vitro
and in vivo correlation and moderate to good oral bioavailabil-
ity across species (Supplementary Fig. S1B).

Zongertinib showed high selectivity against a broad panel
of kinases. It achieved >80% inhibition of only two [HER4
and BMX (in addition to HER2)] out of 397 kinases in a sin-
gle-point (at 1 pmol/L) inhibition assay (Fig. 1D). Kinases
that were inhibited with >50% at 1 pmol/L as well as kinases
with a cysteine homologous to C805 of HER2 were addition-
ally tested in full dose-response curves (Fig. 1E). The results
confirmed that zongertinib had high potency for HER2 while
showing excellent selectivity over other kinases, with greater
than 25-fold selectivity (ICsg) over EGFR (Fig. 1E).

A comprehensive PK profiling of zongertinib in vitro and
in vivo, using mouse, rat, dog, and minipig models (data avail-
able in Supplementary Fig. S1B), enabled prediction of human
PK parameters (Fig. 1F). By conducting a regression analysis
of the predicted in vitro clearance obtained from hepatocyte
incubation and the corresponding in vivo plasma clearance, a
low plasma clearance of 1.5 mL x minutes™ x kg™! for zon-
gertinib in humans was predicted. Moreover, zongertinib
was predicted to exhibit a low volume of distribution (Vi) of
0.3 L x kg™, an absorption rate constant of 0.9 hour™!, and an
oral bioavailability of 41%. The PK plasma profile of zongerti-
nib was simulated using the predicted human PK parameters.

As human cancer cell lines carrying the HER2YYMA variant
are not available, we utilized the abovementioned mechanis-
tic models engineered to be dependent on HER2YYM? (49) for
predicting the human dose. These predicted human effica-
cious exposures were incorporated into a PK/tumor growth
inhibition (TGI) model using PC-9 HER2YYMA tumor growth
kinetics obtained from prior in vivo xenograft experiments
(49). The exposure of a human dose of 40 mg twice a day was
estimated to be sufficient to achieve TGI >100% in patients.

We compared the selective activity on HER2YYMA over
EGFR¥T of zongertinib in Ba/F3 survival inhibition assay
with those of >70 TKIs, including EGFR inhibitors and pan-
ERBB inhibitors, in preclinical development or approved for
clinical use [see (49) for the full list]. We quantified the differ-
ence between the potency on HER2YYMA and that on EGFRWT
of these inhibitors using a selectivity index [see (49) for de-
tails]. Zongertinib showed a high selectivity (Fig. 2A), further
underlining the EGFR¥T-sparing activity.

The selectivity of zongertinib was compared with the
pan-ERBB blocker poziotinib in Ba/F3 cell models engineered
to be dependent on HER2YYMA EGFRYT, or an EGFR on-
cogenic mutant (EGFR!? or EGFRI!1%.1790M) " Consistent
with the screen result, zongertinib displayed better selec-
tivity than poziotinib in inhibiting HER2YYM4 over EGFRWT
and EGFRY!" (Fig. 2B). The potency of zongertinib against
a panel of HER2-mutant variants found in patients with

cancer was then assessed. Using Ba/F3 cell models engi-
neered to be dependent on EGFRWT, HER2¥T, and various
HER2 variants, we found that zongertinib had a strong an-
tiproliferative activity (in the single-digit or low double-digit
nanomolar range) against HER2VT and all tested HER2 vari-
ants while maintaining a selectivity window versus EGFRWT
(Fig. 2C). This analysis was extended to a wider array of HER2
variants spanning the extracellular, transmembrane, and tyro-
sine kinase domains and other mutations (Supplementary Fig.
S3A; Supplementary Table S1) using a previously published
protocol (50). We found that zongertinib possesses strong an-
tiproliferative activity against all tested variants but did not in-
hibit cells dependent on EGFRI858RT790M ' EGFRLSSSRI790MC797S
and KRASS?P| which were used as controls.

These studies were further extended to assess the potency
of zongertinib to inhibit the proliferation of a panel of hu-
man cancer cell lines with different dependencies on EGFR
or HER2 (Fig. 2D). We found that zongertinib displayed
high potency (ICso <100 nmol/L) against all cell lines de-
pendent on HER2, including engineered lines expressing
HER2YYMA (NCI-H2170 HER2YYMA [Cso = 20 nmol/L; PC-9
EGFRKO HER2YYMA 1C5, = 19 nmol/L), cell lines harbor-
ing an NRG1 gene fusion [MDA-MB-175-VII with a DOC4
(TENM4)-NRG1 fusion], or cell lines expressing high levels of
HER2W¥T (AUS56S, BT-474, HCC1419, HCC1954, NCI-H2170,
and OE19). Zongertinib was not active in A431, HCC4006,
and HT11S cell lines, for which HER2 is not an oncogenic
driver. Of note, the A431 cell line is dependent on EGFRYT
(A431 EGFRYT ICs( >5,000 nmol/L). These studies in cancer-
derived cell lines confirmed the selectivity and potency of zon-
gertinib for HER2 versus EGFR, including mutant variants
and cell lines driven by high levels of HER2VT (Fig. 2D).

The effect of zongertinib on HER2 phosphorylation and
downstream pathway modulation was assessed in cancer cell
lines (Fig. 2E and F; Supplementary Fig. S3B and S3C). We
consistently noted a dose-dependent downregulation of HER2
downstream signaling nodes, including phosphorylated ERK
and AKT, as well as the MAPK target gene and negative feed-
back regulator DUSP6, in HER2-dependent cells treated with
zongertinib (Fig. 2E and F; additional cell lines in supplemen-
tary Fig. S3C). In a 48-hour time course experiment, zonger-
tinib reduced pHER?2 levels in NCI-N87 cells and triggered
a downmodulation of MAPK and PI3K pathway signaling.
In addition, zongertinib treatment induced a cell-cycle block
(cyclin D1 downregulation) and cell death (cleaved PARP
and caspase 3; Fig. 2E). Although zongertinib treatment re-
duced EGFR phosphorylation (presumably due to inhibiting
HER2-mediated transphosphorylation of EGFR) in HER2-
dependent cell lines expressing EGFR and high levels of HER2
(NCI-N87), it reduced phosphorylated EGFR in EGFRVT-
dependent cell lines (A431) only at high doses (>100 nmol/L;
Fig. 2F). At the transcriptional level, zongertinib induced a
time- and dose-dependent reduction of the MAPK pathway
activation score (MPAS) (51) score, a measurement of the ex-
pression of a subset of MAP kinase pathway downstream genes
(Fig. 2G-I; Supplementary Fig. S3D-S3F), thereby providing
a measure of MAPK pathway activity, in a PC-9 cell line engi-
neered to be dependent on HER2YYMA (Fig. 2G). Validating the
MPAS score result, zongertinib induced a dose-dependent re-
duction in the expression of ERK pathway targets, including
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Figure 2. Zongertinib is active on HER2 mutation or overexpression-dependent cell lines and spares EGFRWT. A, Selectivity index plot for proliferation
assay in Ba/F3 cells dependent on HER2YYMA in reference to EGFRWT. Formula for the calculation of the slectivity index is provided in (49). The screen of
TKls was conducted in a single experiment without repetition except for zongertinib (n = 3). Each dot represents one (except zongertinib, where the dot
represents the mean) indicated compound measurement. B, Dose-response curves of zongertinib and poziotinib in Ba/F3 cells dependent on HER2 and
EGFR variants. C, ICsg values for zongertinib in Ba/F3 cells dependent on EGFRWT, HER2WT, or indicated HER2 variants. Each dot represents the result
from an independent dose-response experiment using the indicated cell line. Y-axis: ICso in nmol/L. D, Antiproliferative activity of zongertinib in a panel of
cancer cells. X-axis: cell lines arranged according to oncogenic mechanism. Y-axis: ICsg in nmol/L. EGFR and HER2 status is indicated in the inset. Individ-
ual points indicate individual measurements in fully independent experiments. E, Modulation of HERZ signaling at the level of HER2 and downstream medi-
ators in NCI-N87 cells upon zongertinib treatment at different doses and time points. Plots show total protein for HER2, ERK, AKT, cyclin D1, p27, cleaved
caspase 3, and cleaved PARP as well as phosphorylated HER2 (Y1196), ERK, and AKT (5473). Actin used as the loading control is also shown. F, Modulation
of HER2 and EGFR as well as their downstream mediators in H2170 HER2YVMA MDA-MB-175-VII, NCI-N87 (all HER2-driven), and A-431 (EGFRWT-driven)
cells upon zongertinib or poziotinib treatment. Plots show total protein for HER2, EGFR, ERK, AKT, S6, and DUSPG6 as well as phosphorylated HER2, EGFR,
ERK, S6, and AKT. GAPDH used as the loading control is also shown. G, Downregulation of MPAS genes (subset of MAP kinase pathway downstream genes)
in PC-9 EGFRKO,HER2YVMA cells upon zongertinib treatment in vitro. H, Modulation of MAPK downstream genes in PC-9 EGFRX0,HER2YYMA cells upon zon-
gertinib treatment. I, Downregulation of MPAS genes in NCI-N87 cells upon zongertinib treatment in vitro. NOS, x; TNBC, x.
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DUSP6, SPRY4, ETV4, ETVS, and FOSLI (Fig. 2H). A similar
time- and dose-dependent reduction of the MPAS score was
observed in the human gastric cancer cell line NCI-N87, which
is dependent on overexpressed HER2¥T (Fig. 2I). Collectively,
these data suggest that zongertinib elicits its antiproliferative
activity by blocking HER2-mediated signaling.

The antiproliferative activity of zongertinib and BI-1622,
a structurally distinct HER2 inhibitor, was further evaluated
against a large pool of barcoded human cancer cell lines [pro-
filing relative inhibition simultaneously in mixtures (PRISM);
Fig. 3A; Supplementary Figs. S4A-S4D, SSA and SSB; Sup-
plementary Table S2; refs. 52, 53]. The expression level of
HER2 was strongly correlated with sensitivity across these
lines. Analysis of proteome and transcriptome data revealed
that HER2 mRNA and protein levels are highly correlated
across human cancer cell lines (Fig. 3B). Consistently, HER2
protein levels were highly correlated with sensitivity to zon-
gertinib (Supplementary Fig. SSA). We selected a subset of
cells for independent validation and confirmed the trend that
HER2-overexpressing cell lines displayed preferential sensitiv-
ity to zongertinib (Fig. 3C). Consistently, subsequent Western
blotting analyses confirmed high ERBB pathway activity in se-
lected sensitive cell lines (Fig. 3D), with the antibody directed
against phosphorylated tyrosine 1248 of HER2 showing the
best separation between sensitive and insensitive cell lines.

Next, we evaluated gene expression results from more than
60,000 real-world tumor samples from Tempus Al across all
major tumor indications for ERBB2 gene amplification and
HER?2 overexpression. Besides confirming well-documented
amplification frequencies of ERBB2 in cancers, including breast
and endometrial tumors (54, 55), this analysis identified HER2
overexpression in many other cancer types (Fig. 3E; Supplemen-
tary Table S3). In NSCLC, although only 1.7% of cases showed
ERBB2 amplification, 11.1% of cases with low-amplified and
8.7% of cases with diploid ERBB2 showed HER2 overexpression
(Fig. 3E). These findings suggest that besides patients whose
tumors have ERBB2 gene amplification (copy number >6) addi-
tional patients might benefit from a HER2-selective TKI.

The activity of zongertinib in vivo was assessed using mouse
xenograft models. We first tested NCI-N87 cells, which carry an
ERBB2 gene amplification. Zongertinib dose-dependently in-
hibited growth of tumors, delaying tumor growth at 2.5 mg/kg
twice a day and 5 mg/kg every day and shrinking tumors at
doses of 5 mg/kg twice a day and 10 mg/kg every day and
above (Fig. 4A). Consistent with on-target activity, zonger-
tinib suppressed HER2 phosphorylation and concurrently
markers of downstream MAPK and PI3K signaling (Fig. 4B).
Zongertinib also dose-dependently inhibited tumors formed
from PC-9 EGFRKO HER2YYMA cells, dependent on HER2YVMA
as validated by ARTi (Fig. 4C-E; ref. 56). It delayed tumor
growth at 3 mg/kg twice a day and shrank tumors at 10 mg/kg
twice a day (Fig. 4F). The ARTi system demonstrated that the
engineered PC-9 model is HER2YYMA-dependent, as a highly
validated ARTi-short hairpin RNAmir (shRNAmir) reagent was
used to knock down the HER2YYMA-ART] transgene (Fig. 4C;
ref. 56). The loss of HER2YYMA expression and downstream
signaling markers were assessed after 48 hours of in vitro dox-
ycycline treatment (Fig. 4E). Zongertinib, poziotinib, and
the EGFR inhibitor erlotinib were assessed in mice bearing a
NSCLC patient-derived xenograft (PDX) model that expressed

HER2YYMA' CTG-2543 (Fig. 4G). Erlotinib at 75 mg/kg re-
sulted in modest TGI but no regressions. Poziotinib at the
maximum tolerated dose (MTD) of 1 mg/kg every day effec-
tively shrank tumors. Zongertinib at 30 mg/kg twice a day
shrank tumors to a similar extent to poziotinib at 1 mg/kg,
whereas zongertinib at 100 mg/kg induced deeper regressions
while being well tolerated, as assessed by body weight change
(Fig. 4G; Supplementary Fig. S6A). In order to link efficacy
with biomarker modulation, we performed RNA sequencing
(RNA-seq) in a PC-9 EGFRKOHER2YWMA xenograft model
(Fig. 4H). The MPAS score (51) revealed moderate modulation
for the 3 and 5 mg/kg zongertinib treatment groups and a
more pronounced modulation for the 10 mg/kg groups. The
effect of the MAPK pathway activity modulation was consis-
tently stronger at the 6 hour versus the 2 hour time point, and
recovery of the pathway activity was observed at the 24 hour
time point (measured only for the 10 mg/kg groups). Nota-
bly, the MPAS signature modulation was comparable between
the every day and twice a day dosing schedules (Fig. 4H).
A prominent reduction of HER2 phosphorylation upon
10 or 20 mg/kg zongertinib after 2, 6, and 24 hours pro-
vided additional evidence for on-target activity in a PC-9
EGFRKO,HER2YYMA xenograft model (Fig. 4I).

Zongertinib consistently inhibits downstream signaling of
HER?2 and the proliferation of cancer cells dependent on high
expression of HER2¥T (Figs. 2-4). Antibody-based therapeu-
tics are dependent on expression of the target in tumors but
may still provide benefit, as shown by the recent accelerated
approval of Enhertu, T-DXd, in HER2-low patients. Resis-
tance to ADC therapeutics, such as T-DXd, can potentially
occur through upregulation of intracellular pathways that
decrease the activity of the payload in cancer cells that retain
HER2 expression. We speculate that the differing mechanism
of action of kinase inhibitors to antibody-based therapeutics
could offer an opportunity to address resistance, which, to
our knowledge, was not shown for an EGFR¥T-sparing HER2
inhibitor. We therefore investigated whether zongertinib
was efficacious in human cancer cells dependent on high ex-
pression of HER2WT but resistant to HER2-targeting ADCs.
To generate T-DXd-resistant models, we used the NCI-N87
model and treated tumor-bearing mice with three cycles of
T-DXd, harvested tumors that regrew, and then cultivated
tumor cells in vitro (Fig. 5A). We treated parental and T-DXd-
resistant NCI-N87 cells with deruxtecan (the T-DXd payload),
T-DXd, and zongertinib (Fig. 5B and C). Inhibition of HER2
phosphorylation in both parental and T-DXd-resistant
NCI-N87 cells was observed with zongertinib but not T-DXd
(Fig. 5B). As expected, parental NCI-N87 cells were sensitive
to both T-DXd and deruxtecan, whereas T-DXd-resistant
cells were resistant to both T-DXd and deruxtecan, with at
least a 100-fold difference in their ICsy values. Surprisingly,
both parental and resistant NCI-N87 cells were sensitive to
zongertinib, with less than a 10-fold difference in their ICs
values (Fig. 5C).

Pan-ERBB inhibitors were shown to induce increased ADC
internalization through receptor ubiquitination (57), a mech-
anism that could be driven by individual ERBB members or
a combination. It is, however, not clear whether a covalent
HER2-selective, EGFR¥T-sparing compound would serve
as a good combination partner for HER2-directed ADCs.
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Figure 3. Zongertinib activity correlates with the HER2 status in cell lines. A, Sensitivity to zongertinib in 846 cancer cell lines color-coded by HER2 expres-
sion levels using a cutoff of > TPM 250 (250 ; HER2-high). Cell lines are arranged from left to right in order of decreasing sensitivity to zongertinib. B, Correlation
analysis of HER2 protein and mRNA levels in cancer cell lines (left). Proteome- and transcriptome-wide correlation analysis of protein and mRNA levels across
cell lines. X-axis: Pearson correlation coefficients binned (right). C, Validation of PRISM screen in selected cancer cell lines spanning a spectrum of HER2
expression levels. X-axis: HER2 mRNA expression in TPM; Y-axis: |Cso in nmol/L (CellTiter-Glo assay). D, Western blot for the total and phosphorylated ERBB
members and downstream mediators in indicated cell lines from C in untreated setting (baseline). Note: p-AKT (S473). E, Prevalence of HER2 amplifications and
overexpression in indicated patient cohorts across a total of >60,000 tumor samples from Tempus Al pan-cancer gene expression records. A HERZ2 overexpres-
sion cutoff was computed using logistic regression on all HER2-amplified (CN >6) samples. Samples were then grouped by indication, and the prevalence of
ERRBZ2-amplified, HER2-overexpressed/ERBB2 low-amplified, and HER2-overexpressed/ERBB2 nonamplified cases per cohort is visualized. Indications are
ranked by the overall prevalence per cohort, and the number of cases in each cohort is indicated. CN, copy number; Dox, doxycycline; rel. expr., relative expression.
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Figure 4. Zongertinib reduces tumor growth in preclinical models with different HER2 oncogenic mechanisms. A, Growth curves of tumors derived %
from HER2WT-amplified NCI-N87 cells in mice treated with indicated doses and dosing schedules of zongertinib or the control natrosol. The mean ~
tumor volume + SEM is plotted for all in vivo experiments. B, Modulation of HER2 phosphorylation (ELISA), DUSP6 expression (QuantSeq), and AKT §

phosphorylation (5S473; ELISA) in mice engrafted with NCI-N87 tumors upon zongertinib treatment. Animals were dosed twice daily, 6 hours apart,
for 3 days; timepoints are relative to the first dose on day 3. C, Schematic outline of the cell line engineering strategy. Endogenous ERBBZ and EGFR
were knocked out in PC-9 cells while overexpressing a HER2YYMA construct containing an ARTi-RNAi target sequence. Knockdown is achieved by
doxycycline-induced expression of an ARTi-shRNA coupled to GFP. D, In vivo experiment comparing doxycyclin-induced PC-9 EGFRKO,HER2YVMA-ART{
knockdown to control treatment. E, Doxycycline-induced knockdown of HER2 in PC-9 EGFRKO,HER2YVMA-ARTI cells and concurrent downmodulation of
pERK and pAKT. F, Growth curves of tumors derived from PC-9 EGFRKC, HER2YYMA cells in mice treated with indicated doses and dosing schedules of
zongertinib or the control natrosol. G, Growth curves of tumors derived from a PDX model (CTG-2543) carrying a HER2 exon 20 insertion (HER2YVMA)
treated with indicated doses of zongertinib, the EGFR inhibitor erlotinib, the pan-ERBB inhibitor poziotinib, or the control natrosol. H, Downregulation
of MPAS gene signature in the PC-9 EGFRXO, HER2YYMA xenograft model upon zongertinib treatment. Each group contained up to five animals. Some
groups show a lower number of replicates in the case the respective samples did not pass quality control. Dosing schemata (every day and twice a
day) are highlighted on the figure. I, Modulation of HER2 phosphorylation (ELISA), DUSP6 expression (hybridization-based), and ERK phosphorylation
(ELISA) in mice engrafted with PC-9 EGFRX?, HER2YYMA tumors upon zongertinib treatment. Animals were treated once per day with the indicated
doses for 3 days, and timepoints are relative to the last dose. shRNA, short hairpin RNA.
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Figure 5. Zongertinib is a rational combination partner for HER2- and KRAS-targeted therapies. A, Schematic of the experiment for data in B and C.
T-DXd-resistant tumors are generated in vivo, harvested, and cultured in vitro and then tested for sensitivities to T-DXd, the T-DXd payload deruxtecan,
and zongertinib. B, Reduction of phosphorylated HER2 (Y1196) upon zongertinib but not T-DXd treatment in parental and T-DXd-resistant NCI-N87 cells.
C,Dose-response curves (each line represents an independent experiment) of parental and T-DXd-resistant NCI-N87 cells to indicated treatments in vitro.

D, Growth curves of tumors derived from NCI-N87 cells in mice treated with zongertinib or T-DXd individually or in combination. E, Growth curves of
tumors derived from NCI-N87 cells in mice treated with zongertinib or T-DM1 individually or in combination. F, Growth curves of tumors derived from PC-9
EGFRKO,HER2YYMA cells in mice treated with zongertinib or T-DM1 individually or in combination. G, Growth curves of tumors derived from NCI-H2122
cells in mice treated with zongertinib or adagrasib individually or in combination. H, Growth curves of tumors derived from ST-524, a KRAS612C-dependent
but HER2-independent colorectal PDX, in mice treated with zongertinib or adagrasib individually or in combination.

We therefore investigated the combination potential. The TGI
of NCI-N87 xenografts was assessed following administration
of T-DXd, zongertinib, and their combination (Fig. SD; Sup-
plementary Fig. S7A). Single-agent treatment with T-DXd at
3 mg/kg shrank tumors, but tumors started to regrow at the
end of the 21-day experiment. Tumors in mice treated with
zongertinib at 10 or 20 mg/kg/day continuously shrank more
than those in mice treated with T-DXd. Combining T-DXd with
either dose of zongertinib resulted in greater tumor shrinkage
than any single-agent treatment (Fig. 5D; Supplementary Fig.
S7A). We then investigated whether combination with zonger-
tinib would also improve the efficacy of T-DM1, another trastu-
zumab-based ADC that carries a different payload (Fig. SE).

T-DM1 at 10 mg/kg alone suppressed the growth of NCI-N87
tumors but did not shrink them. Zongertinib at S mg/kg/day
also did not shrink tumors. Combining T-DM1 with zonger-
tinib at 5 mg/kg/day reduced tumor size, but tumors re-
grew after 15 days. Consistent with the previous experiment,
treatment with zongertinib at 20 mg/kg/day induced deep and
persistent tumor shrinkage. Intriguingly, adding T-DM1 at
10 mg/kg to the first dosing of zongertinib at 20 mg/kg/day
induced an even deeper response (Fig. SE). In the mechanistic
PC-9 EGFRKO, HER2YYMA tumor model, T-DM1 at 5 mg/kg
once or zongertinib at 5 mg/kg/day (monotherapies) abolished
tumor growth, whereas the combination of T-DM1 and zonger-
tinib unexpectedly induced persistent tumor shrinkage (Fig. SF).
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Increased ERBB signaling has been suggested to act as a re-
sistance mechanism to KRAS®!?€ inhibitors (58). However, it
was not predictable how an EGFR¥T-sparing, HER2-selective
inhibitor would perform in combination with KRAS G12C
inhibitors. We therefore investigated if adding zongertinib to
KRASS12€ inhibitors could enhance the efficacy and/or reduce
resistance (Fig. 5G and H; Supplementary Fig. S7B and S7C).
We tested this using the NCI-H2122 xenograft model, which
expresses KRASS12¢ and is dependent on KRASS!2¢ but not
HER2 (Fig. 5G). As expected, zongertinib monotherapy did
not affect the growth of these tumors. Both sotorasib and
adagrasib reduced, but did not prevent, tumor growth (Fig. 5G;
Supplementary Fig. S7B). Adding zongertinib to sotorasib
further suppressed tumor growth, whereas adding zongerti-
nib to adagrasib persistently abolished tumor growth (Fig. 5G;
Supplementary Fig. S7B). We further tested the potential of
combining zongertinib with KRAS inhibitors using the col-
orectal ST-524 PDX model that expresses KRASS12€. A combi-
nation of zongertinib and adagrasib shrank tumors, whereas
neither agent alone achieved this (Fig. SH). In agreement
with this, adagrasib achieved tumor stasis in the lung cancer
ST-4341 KRASS!2¢ PDX model, with signs of outgrowth be-
yond day 50. The combination treatment of zongertinib and
adagrasib deepened the response and achieved tumor regres-
sion beyond day 60 (Supplementary Fig. S7C). Overall, these
data suggest a synergistic effect for combined HER2 and
KRASS12€ inhibition.

Clinical trial 1479-0001 (NCT04886804) is a two-part
phase I study of zongertinib in patients with advanced
or metastatic solid tumors having confirmed HER2 aber-
rations, including HER2 overexpression, ERBB2 gene am-
plification, nonsynonymous somatic ERBB2 mutations, or
gene rearrangements of either ERBB2 or NRGI. Part Ia was a
dose-escalation study with the objectives of investigating the
safety, tolerability, and PK of escalating doses of zongertinib
as monotherapy (administered orally twice a day or every day)
in patients with advanced and/or metastatic solid tumors
of any histology and of determining the MTD and/or the
recommended phase IT dose. Zongertinib showed early signs
of clinical efficacy and good tolerability. During phase Ia
(n = 61), two dose-limiting toxicities [platelet decrease G3
(360 mg every day) and diarrhea G3 (240 mg every day)] were
noted, and at data cut-off (September 29, 2023), the MTD
was not reached. Treatment-related AEs (TRAE) occurred
in 72% of the patients (G3/G4/GS5 with 10%/0%/0%, respec-
tively). Serious TRAEs were observed in 2% (n = 1; G3 AST/
ALT) of the patients. In 53 evaluable patients, the ORR and
disease control rate (DCR) were 49% and 91%, respectively.
In patients with HER2 mutations (» = 29), the ORR and
DCR were 62% and 97%, respectively. In 36 evaluable pa-
tients with NSCLC, the ORR and DCR were 58% and 97%,
respectively. The overall median duration of response was
12.7 months (95% CI, 4.2-12.7; ref. 59). Consistent with the
preclinical tolerability data, zongertinib was well tolerated,
with low rates of EGFR-mediated AEs. This study, including
the dose expansion phase in various populations of patients
with NSCLC with HER2 mutations, will be fully reported at
maturity of the data. Based on the encouraging efficacy and
tolerability data from NCT04886804, a phase III confirma-
tory study is underway (60).

As described above, zongertinib showed early signs of effi-
cacy during phase Ia, and three case studies of patients with-
out NSCLC histology and different oncogenic mechanisms
are illustrated here (Fig. 6A-C). Patient 1 with stage IV chol-
angiocarcinoma characterized by a SDC4-NRG1 fusion had
hepatectomy and received five lines of systemic treatments
before entering the trial. The patient received zongertinib at
60 mg every day and achieved partial response (PR) after two
cycles of treatment. Consistently, the level of the blood tumor
marker carbohydrate antigen 19-9 decreased upon treatment
with zongertinib (Fig. 6A). Patient 2 had stage IV breast ade-
nocarcinoma that was confirmed to have a HER2 mutation
(2329G>T p.Val777Leu, variant allele frequency (VAF) 44%)
V777L in exon 20 and PIK3CA H1047L comutation (variant
allele frequency 37%). The patient received several lines of che-
motherapy and hormonal therapy, including fulvestrant and
palbociclib, before entering the study. The patient received
zongertinib at 360 mg every day and achieved PR after two
cycles of treatment. Consistently, the cancer antigen marker
15-3 decreased (Fig. 6B). The patient has an ongoing response
in its sixth treatment cycle and tolerates the treatment well.
The third patient (Fig. 6C) is a 65-year-old woman with stage
IV ERBB2 gene-amplified breast cancer. Before entering the
study, she received six lines of therapies, including chemo-
therapy, combined with multiple HER2-targeted agents (per-
tuzumab/trastuzumab, capecitabine/trastuzumab, T-DM1,
vinorelbine, T-DXd and Teysuno/tucatinib/trastuzumab).
The patient received zongertinib in the seventh line at a daily
dose of 300 mg and achieved PR on the second cycle, which
lasted for a total of 10 cycles. Treatment was well tolerated,
with grade 1 diarrhea as the only side effect.

Together, these three cases demonstrate that zongertinib
can induce tumor regressions in heavily pretreated patients
suffering from tumors that display relevant HER2 aberra-
tions and that anecdotal clinical activity was also observed
beyond NSCLC. The clinical activity of zongertinib was ob-
served in early escalation steps in which patients also received
lower doses than the two doses (120 and 240 mg every day)
tested for dose optimization.

DISCUSSION

Our data show that zongertinib is a promising treatment
option for patients with HER2-dependent cancers. Zonger-
tinib covalently inhibits HER2 with high potency and se-
lectivity across a large panel of kinases, including EGFRYT.
In cell proliferation assays, zongertinib potently inhibits the
proliferation of not only Ba/F3 cell models dependent on
HER2W¥T or on various HER2 mutants but also human can-
cer cell lines dependent on HER2, including those express-
ing NRG1 fusions, HER2YYMA and other mutations, and
high levels of HER2¥T. Of note, much higher concentrations
of zongertinib are required to inhibit the proliferation of
Ba/F3 cell models and human cancer cell lines not dependent
on HER2, including those dependent on EGFRVT. The sen-
sitivity of a large panel of human cancer cell lines toward
zongertinib correlates with HER2¥T expression levels. These
results demonstrate that selective pharmacological inhibition
of HER2 miirrors the results of genetic inhibition of HER2, ob-
served in large-scale CRISPR-Cas9 and RNAI screens (61-64).
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Figure 6. Zongertinib reduces tumor burden in patients. A, Pre- and on-treatment CT scans of a patient having stage IV cholangiocarcinoma (baseline
panel) with a SDC4-NRG1 fusion treated with zongertinib and showing a response (day 129 panel). Quantification of the tumor marker CA19-9 in the
blood at indicated dates (x-axis; right). B, Pre- and on-treatment CT scans of a patient having stage |V breast cancer (baseline panel) with a HER2V777L
exon 20 mutation treated with zongertinib and showing a response at the first evaluation (day 38 panel). Quantification of the tumor marker CA15.3 in
the blood at indicated dates (x-axis; right). C, Pre- and on-treatment CT scans of a patient having stage |V breast cancer (baseline panel) with ERBB2 am-
plification treated with zongertinib and showing a tumor response of the locoregional recurrence (right axilla) at the first evaluation (day 37 panel).

No biomarker data are available for this patient.

In vivo, single-agent zongertinib treatment inhibits the growth
and reduces the size of tumors in cell line-derived (HER2YT-
high expression or HER2YYMA-dependent) and PDX (HER2YYMA
dependent) models.

Consistent with in vitro biochemical assay results and
cell proliferation results, zongertinib treatment time- and
dose-dependently downregulates phosphorylated HER2, as
well as downstream MAPK and PI3K signaling pathways, in
cells dependent on HER2. Zongertinib treatment reduces not
only the level of phosphorylated ERK but also the expression
of ERK target genes, such as DUSP6, SPRY4, ETV4, ETVS,
and FOSLI. Consistent with the selectivity of zongertinib in
biochemical assays in inhibiting HER2 over EGFR¥T, consid-
erably higher doses are required to reduce EGFR phosphory-
lation levels in an EGFRYT-dependent cell line.

OF12 | CANCER DISCOVERY XXX 2024

Zongertinib binds the ATP-binding site of HER2 and forms
a covalent bond with cysteine 805. As demonstrated in this
study, this covalent binding of HER?2 is critical for the high
potency of zongertinib in inhibiting cell proliferation. This
mechanism of action of zongertinib is clearly different from
that of T-DM1 and T-DXd. Although both ADCs rely on tras-
tuzumab to bind to HER2-expressing cells, they differ in the
attached cytotoxic moiety. T-DM1 utilizes a microtubule in-
hibitor, whereas T-DXd utilizes a topoisomerase I inhibitor.
Using a cell line model, we demonstrate that zongertinib
combines well with HER2-directed ADCs and potently inhib-
its the proliferation of HER2-dependent cells that have ac-
quired resistance to T-DXd. In a HER2-dependent xenograft
model, we show that adding zongertinib enhances the antitu-
mor activity of T-DXd and T-DM1. The data presented in this
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study raise the exciting possibility that zongertinib may be
effective in treating HER2-dependent tumors that are resis-
tant to these ADCs and indicate that adding zongertinib may
expand the population of patients who would benefit from
HER2-targeting ADCs.

A recent exciting development in the treatment of patients
with NSCLC is the approval of KRASS!2C inhibitors sotora-
sib and adagrasib to treat patients whose tumors express
KRASS12€| which account for about 13% of NSCLC cases.
KRAS is a major downstream mediator of ERBB signaling.
Preclinical studies have shown that cotargeting an oncogenic
KRAS mutant with EGFR more potently inhibits cells depen-
dent on that KRAS mutant than targeting the KRAS mutant
alone (58), leaving room to speculate if selective inhibition of
other ERBB members would result in a synergistic combina-
tion effect. We demonstrate in this study that zongertinib in-
hibits the growth of a KRASS!2C-dependent xenograft model
synergistically with both sotorasib and adagrasib and that a
combination of zongertinib with adagrasib induces persistent
tumor shrinkage in a PDX model, whereas neither alone can
induce this effect.

Our clinical data confirm the preclinical hypothesis that
selective HER2 inhibition while sparing EGFR¥T can permit
doses in patients, with evidence of activity in patients with tu-
mors with aberrant HER2 activation, either through expression
of a ligand fusion reported to signal through HER2 or expres-
sion of an oncogenic HER2 mutant or aberrantly high levels of
HER2. A manuscript describing the clinical results of a dose ex-
pansion clinical trial is currently in preparation for publication.

In summary, our study indicates that zongertinib is a prom-
ising treatment option for patients with HER2-dependent
solid cancers as monotherapy and as concurrent treatment
with ADC therapy or with KRAS-targeted drugs.

METHODS

Synthesis of Zongertinib (N-(1-(8-((3-methyl-4-((1-methyl-
1H-benzo[d]imidazol-5-yl)oxy)phenyl)amino)pyrimido
[5.4-d]pyrimidin-2-yl)piperidin-4-yl)acrylamide)

An overview of the synthetic routes to zongertinib and BI-3999
is shown in Supplementary Fig. S1, and graphical NMR spectra are
shown in Supplementary Fig. S2.

3-methyl-4-((1-methyl-1H-benzo[d]imidazol-5-yl)oxy)aniline
(500 mg, 1.97 mmol) and 8-chloro-2-(methylthio)pyrimidol[5,4-d]
pyrimidine hydrochloride (492 mg, 1.97 mmol) were suspended in
isopropanol, and the resulting reaction mixture stirred at 50°C for
3 hours, at which time high-performance liquid chromatography-
mass spectrometry (HPLC-MS) indicated full conversion. The re-
action mixture was concentrated under reduced pressure, and the
crude product was redissolved in dichloromethane and washed with
aqueous NaHCOj3. The organic layer was dried over Na;SO4 and con-
centrated, and the resulting crude product was purified by column
chromatography (SiO,, gradient of 0%-15% methanol in dichloro-
methane) to afford the product (840 mg).

N-(3-methyl-4-((1-methyl-1H-benzo|d]imidazol-5-yl)oxy) phenyl)-
6-(methylthio)pyrimido[5,4-d]pyrimidin-4-amine (860 mg, 90%,
1.80 mmol) was suspended in dichloromethane (30 mL), and the re-
sulting mixture was cooled to 0°C to 5°C. mCPBA (3-chloroperbenzoic
acid, 444 mg, 77%, 1.98 mmol) was added portionwise over 1 hour,
and the resulting reaction mixture was stirred at room tempera-
ture overnight, at which time HPLC-MS indicated full conversion.

The reaction mixture was diluted with dichloromethane and washed
with aqueous NaHCOj3. The organic layer was dried over Na,SO, and
concentrated, and the resulting crude product which was used direct-
ly in the next step (767 mg, crude).

N-(3-methyl-4-((1-methyl-1H-benzo[d]imidazol-5-yl)oxy)
phenyl)-6-(methylsulfinyl)pyrimido[5,4-d|pyrimidin-4-amine (5.42 g,
80%, 9.73 mmol) was dissolved in N,N-dimethyl formamide (DMF,
50 mL) and diisopropylethylamine (2.8 mL, 16 mmol). 4-Boc-amino-1-
piperidine (2.39 g, 11.9 mmol) was added, and the reaction was stirred
at 60°C overnight. Then, the reaction mixture was concentrated, and
the crude product was used directly in the next step (5.66 g, crude).

Tert-butyl (1-(8-((3-methyl-4-((1-methyl-1H-benzo[d]imidazol-5-yl)
oxy)phenyl)amino)pyrimidol[5,4-d]pyrimidin-2-yl)piperidin-4-yl)
carbamate (5.66 g, 9.73 mmol) was dissolved in dichloromethane
(100 mL) and methanol (30 mL). Four mol/L HCl in dioxane (11 mL,
44 mmol) was added, and the resulting reaction mixture was heated
to 45°C for 7 hours. HPLC-MS indicated some remaining starting
material; therefore, the reaction mixture was stirred at room tempera-
ture overnight. Four mol/L HCI in dioxane (1 mL, 0.40 mmol) was
added, and the reaction mixture was reheated to 45°C for 4 hours,
at which time HPLC-MS indicated full conversion. The reaction mix-
ture was concentrated, and the resulting crude product was purified
by column chromatography (SiO,, gradient of 0%-20% methanol in
dichloromethane) to afford the product (4.5 g, 70% purity).

1-[8-({3-methyl-4-[(1-methyl-1H-1,3-benzodiazol-5-yl)oxy|phenyl}
amino)-[1,3]diazino[5,4-d|pyrimidin-2-yl|piperidin-4-amine (4.5 g,
70%, 6.9 mmol) was suspended in dichloromethane (150 mL) and tri-
ethyl amine (4 mL, 28 mmol), and dimethylaminopyridine (115 mg,
0.941 mmol) was added. Then, acroyloyl anhydride (1.36 g, 95%,
10.3 mmol) was added, and the resulting reaction mixture was stirred
at room temperature for 1 hour, at which time HPLC-MS indicated
full conversion. The reaction mixture was diluted with dichloro-
methane (50 mL) and washed with aqueous NaHCOj3 and brine.
The organic layer was dried over Na,SO, and concentrated, and the
resulting crude product was purified by column chromatography
(Si0O,, gradient of 0%-20% methanol in dichloromethane) to afford
the product (2.49 g).

'H NMR (DMSO-dg, 500 MHz) 8 9.58 (s, 1H), 9.08 (s, 1H), 8.39
(s, 1H), 8.19 (s, 1H), 8.10 (d, 1H, J = 7.6 Hz), 7.84 (d, 1H, J = 2.2 Hz),
7.77 (dd, 1H,J = 8.8 Hz, ] = 2.2 Hz), 7.57 (d, 1H, ] = 8.8 Hz), 7.09 (d, 1H,
J=2.2Hz),7.00 (dd, 1H, ] = 2.2, 8.5 Hz), 6.89 (d, 1H, ] = 8.8 Hz), 6.20
(dd, 1H,J = 10.1, 17.0 Hz), 6.10 (dd, 1H,] = 2.2, 17.0 Hz), 5.6 (dd, 1H,
J=2.2,9.8 Hz), 4.86 (m, 2H), 3.99 (m, 1H), 3.84 (s, 3H), 3.25 (m, 2H),
2.26 (s, 3H), 1.92 (m, 2H), and 1.43 (m, 2H).

Synthesis of BI-3999 (N-(1-(8-((3-methyl-4-((1-methyl-
1H-benzo[d]imidazol-5-yl)oxy)phenyl)amino)pyrimido
[5,4-d]pyrimidin-2-yl)piperidin-4-yl)acetamide)

6-(4-aminopiperidin-1-yl)-N-(3-methyl-4-((1-methyl-1H-benzo[d]
imidazol-5-yl)oxy)phenyl)pyrimido[5,4-d]pyrimidin-4-amine (100 mg,
208 mmol) and 4-dimethylaminopyridine (2.5 mg, 0.02 mmol)
were suspended in 5 mL dichloromethane. Acetic anhydride (25 pL,
0.23 mmol) was added, and the resulting reaction mixture was stirred
at room temperature for one hour. Then, the reaction mixture was
diluted with dichloromethane and washed with aqueous NaHCOj3
and brine. Then, the layers were separated, and the organic layer was
dried over MgSO4 and concentrated. The crude product was purified
by column chromatography (SiO,, gradient of 0%-10% methanol in
dichloromethane) to afford the product (75 mg).

IH NMR (DMSO-ds, 400 MHz) & 9.58 (s, 1H), 9.07 (s, 1H), 8.39
(s, 1H), 8.17 (s, 1H), 7.88 (d, 1H, J = 7.9 Hz), 7.84 (d, 1H, J = 2.5 Hz),
7.77 (dd, 1H, ] = 2.7, 8.7 Hz), 7.57 (d, 1H, J = 8.9 Hz), 7.09 (d, 1H,
J=2.3 Hz), 7.00 (dd, 1H, J = 2.3, 8.6 Hz), 6.89 (d, 1H, ] = 8.6 Hz), 4.85
(m, 2H), 3.90 (m, 1H), 3.84 (s, 3H), 3.23 (m, 2H), 2.26 (s, 3H), 1.88 (m,
2H), 1.82 (s, 3H), and 1.38 (m, 2H).
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Kinase Panel

Kinase selectivity was investigated using the Thermo Fisher Scien-
tific SelectScreen kinase profiling services measuring single-point in-
hibition at 1 pmol/L for a broad panel of kinases and dose-response
curves for selected kinases.

Cell Lines

Cell lines used for cell proliferation assays and immunoblots
were obtained from the American Type Culture Collection (ATCC)
(AU565, BT-474, CFPAC-1, CHL-1, HCC1419, HCC1954, HCC4006,
LS513, MDA-MB-175-VII, MDA-MB-453, NCI-H2170, NCI-N87,
SK-BR-3, and SW-13), European Collection of Animal Cell Cultures
(ECACC) (HT115), Japanese Collection of Research Bioresources
Cell Bank (JCRB) (HuH-7, MKN7, and RMG-I), Deutsche Sammlung
von Mikroorganismen und Zellkulturen (DSMZ) (MFE-280, OE19,
RT-112, and SK-GT-2), Korean Cell Line Bank (KCLB) (SNU-216),
or Arterand (SUM190PT) and cultivated according to the suppliers’
recommendations, except for MDA-MB-175-VIL. All cell lines were
Mycoplasma-tested and validated by next-generation sequencing
(NGS) and short tandem repeat profiling (STR). Master cell banks
were made upon purchasing individual lines, and fresh aliquots were
used for the experiments. For proliferation assays and immunoblots
shown in Fig. 3C and D, MDA-MB-175-1II cells were kept under sup-
pliers’ recommendations for all other assays. MDA-MB-175-VII cells
were cultivated at 37°C and 5% CO, in DMEM (Sigma-Aldrich,
D4629) supplemented with 10% FBS (Gibco, 26140079), GlutaMAX
(Gibco, 35050038), and sodium pyruvate (Gibco, 11360039). Ba/F3
cell lines were generated as described previously (49). PC-9 HER2YVMA
ARTi cell lines were generated as previously described for the EGFR®!1?
variant (56) using a pMSCV-driven HER2YYMA-dsRed-ARTi con-
struct. Knockdown was induced with doxycycline in the drinking
water (2 mg/mL with 2% Sucrose). ARTi studies were conducted in
NMRI-Foxnlnu mice.

Proliferation Assay

Cells were seeded in white, sterile 96-well or 384-well culture
plates (white with white flat bottom, TC-treated; PerkinElmer,
#6005680 or #6007680). In general, seeded cells were incubated
overnight in a humidified incubator at 37°C and 5% CO,; excep-
tions were MDA-MB-453 and SW-13, which were grown at 37°C
but without CO,. 0.1% DMSO-control or serial compound dilu-
tion in triplicates was added. After 5 days of incubation with test
compounds, the cells plates were measured upon the addition of
CellTiter-Glo Luminescent Cell Viability Reagent (Promega, Cat.
No. G9243) to assess cell viability. The plates were placed on a
shaker for 5 minutes and additionally incubated for 10 minutes at
room temperature to induce cell lysis and to stabilize the lumines-
cent signal. The luminescent signal of each well was measured using
an EnSpire or EnSight multilabel plate reader (PerkinElmer). The
ICso values were calculated using Boehringer Ingelheim’s propri-
etary software MegalLab, and curve fitting was based on the pro-
gram PRISM, GraphPad Inc.

Immunoblots

Logarithmically growing cells were harvested and lysed, 14 pg
total protein was loaded per lane, and gels were transferred to
PVDF membranes (Bio-Rad, #1704157) after saturation of mem-
branes with 5% milk in TBS-T. The following primary antibod-
ies were added [all antibodies were obtained from Cell Signaling
Technology, HER2 (#4290)]: pHER2 [#6942 (p-Y1196) or #2247
(p-Y1248)|, HER3 (#12708), HER4 (#4795), pERK (#4370), ERK
(#9102), pAKT (#4058), AKT (#9272), and beta-Actin (#4967). Goat
anti-rabbit horseradish peroxidase-linked antibody was obtained

from Dako (#P0448). Enhanced chemiluminescence signal (using
GE Healthcare, #RPN2106, or Merck, #64-202BP) was detected
using X-ray films.

Simple Western Capillary Immunoassay

A total of 1 x 10° cells were plated per well in a 24-well plate. The
next day, the cells were treated with zongertinib, poziotinib, or T-DXd
for 6 hours. The cells were then washed with 1 mL of PBS and lysed
with 50 pL with RIPA lysis buffer (R2078, Sigma-Aldrich) supple-
mented with HaltTM proteinase inhibitor cocktail (1:100, Thermo
Fisher Scientific, 78438) and 0.25 pL Benzonase nuclease (Millipore,
70746). Four pL of lysate was taken for Western (WES) analysis using
12 to 230 kDa Separation Module (ProteinSimple, SM-W004). The
following antibodies were used: HER2 (1:100, Cell Signaling Technol-
ogy, 4290), pHER2-Tyr1196 (1:100, Cell Signaling Technology, 6942),
EGFR (1:100, Cell Signaling Technology, 4267), pEGFR- Tyr1068
(1:100, Cell Signaling Technology, 3777), ERK 1/2 (1:100, Cell Sig-
naling Technology, 9102), pERK 1/2 -Thr202/Tyr204 (1:100, Cell
Signaling Technology, 4370), AKT (1:100, Cell Signaling Technol-
ogy, 9272), pAKT-Ser473 (1:100, Cell Signaling Technology, 4060),
DUSP6 (1:100, Abcam, ab76310), S6 (1:100, Cell Signaling Technology,
2217), pS6 -Ser235/236 (1:100, Cell Signaling Technology, 2211),
and GAPDH (1:300, Abcam, ab9485). WES data were analyzed using
Compass for SW software (v6.1.0, ProteinSimple).

Phosphoprotein In Vivo Biomarker Analyses

pERK and pHER2 modulations in tumors were determined using
the phospho/total ERK1/2 (Meso Scale Diagnostics, K15107D) or
phospho (Tyr1248)/total ErbB2 (Meso Scale Diagnostics, K15125D)
whole-cell lysate kits, respectively, as recommended by the manu-
facturer. Briefly, tumors were homogenized in lysis buffer (Meso
Scale Discovery, product code R60TX-2) supplemented with 1:100
phosphatase inhibitor cockrail #2 (Sigma-Aldrich, product code
P5726), phosphatase inhibitor cocktail #3 (Sigma-Aldrich, prod-
uct code P0044), protease inhibitor cocktail (Roche, product code
11836170001), 1 mmol/L phenylmethanesulfonyl fluoride (Sigma-
Aldrich, product code P7626), and 0.1% SDS (Sigma-Aldrich, prod-
uct code 75746) using ReadyPrep mini grinders (Bio-Rad, product
code 163-2146) and resin tubes (Bio-Rad, product code 163-2146)
as recommended by the manufacturer. Lysates were cleared by cen-
trifugation (10 minutes, 10,000 x g) and analyzed using a MESO
SECTOR S 600 reader (Meso Scale Discovery).

Gene Expression In Vivo Biomarker Analyses

For DUSP6 modulation in tumors, RNA was isolated using RNeasy
Mini Kit (Qiagen, product code 73404). Less than 50 mg tumor
(typically around 10 mg) was homogenized in 900 pL QIAzol lysis
reagent using a TissueLyser II device (Qiagen, 1 minute, 30 Hz),
adding a 5-mm stainless steel bead per tube. All further steps of
RNA purification were carried out as specified by the manufac-
turer using 1-bromo-2-chloropropane (Sigma-Aldrich, product
code B9673) instead of chloroform. RNA samples were analyzed
using QuantiGene Singleplex Assay Kit (Invitrogen, product code
QS0013) and Singleplex RNA probes (Invitrogen, product code
QGS-200; assay IDs SA-11958 for DUSP6 and SA-10057 for TBP as
a houskeeping gene). Alternatively, RNA was analyzed by reverse
transcription and sequencing as detailed below.

Solubility

Solubility measurement of zongertinib was conducted using the
shake flask method. Samples up to a compound concentration of
~1 mg/mL were shaken in the respective solvent for 2 hours at room
temperature. After filtrating the samples, the compound concentra-
tion in the filtrate was determined using HPLC-UV.
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Determination of Bidirectional Permeability in MDCK-MDR1
and MDCK-BCRP Cells

Assessment of bidirectional permeability was conducted as de-
scribed previously (65, 66) using MDCK-MDR1 and MCKD-BCRP
cells instead of Caco-2 cells. Briefly, after reconstitution in culture
media, assay-ready frozen cells were seeded onto Transwell inserts
(#3379, Corning). The cells were cultured at 37°C and 95% relative
humidity in the presence of 5% CO, for 9 to 10 days. For perme-
ability assessment, the compounds were diluted in transport buf-
fer (128.13 mmol/L NaCl, 5.36 mmol/L KCl, 1 mmol/L MgSO,,
1.8 mmol/L CaCl,, 4.17 mmol/L NaHCOs3, 1.19 mmol/L Na,HPOy,
0.41 mmol/L NaH,POy, 15 mmol/L 2-[4-(2-hydroxyethyl)piperazin-
1-yl]ethanesulfonic acid, 20 mmol/L glucose, pH 7.4, and 0.25%
BSA) at a final compound concentration of 10 pmol/L. The incuba-
tion solution was added to the apical or basal donor compartment,
and transport buffer without test compounds was added to the op-
posite receiver compartment and incubated for up to 2 hours. Sam-
ples were taken at different time points, followed by test compound
concentration quantification by LC-MS/MS. Apparent permeability
coefficients (Ppp ap, Papp,pa) were calculated as follows:

p =9
WA O X st

p = 9u
PO X sxt

in which Q is defined as the amount of compound recovered in
the receiver compartment after the incubation time ¢, Cy as the initial
compound concentration given to the donor compartment, and s as
the surface area of the Transwell inserts. The efflux ratio is calculat-
ed as the quotient of Pypppa to Pappap (each mean of duplicates). In
both cell types, one reference compound (apafant in MDCK-MDR1
and daizein for MDCK-BCRP) as well as a low-permeable compound
(BI internal reference, Popp = 3 x 1077 cm/seconds, no efflux) were
included as assay controls. The different references, as well as tran-
sepithelial electrical resistance measurements before the permeability
assay, were used to ensure the quality of the assays.

Assessment of Plasma Protein Binding In Vitro

Binding of research compounds to plasma protein was determined
using the equilibrium dialysis method, as described previously (67).
Briefly, plasma of different species was spiked with 3 pmol/L (1% v/v
DMSO) of the test compound and dialyzed in equilibrium dialysis
cells (RED-device, Thermo Fisher Scientific) against 100 mmol/L
potassium phosphate buffer, pH 7.4, for up for 5 hours at 37°C
through a semipermeable membrane. After the incubation, donor
and acceptor compartments were precipitated, and the compound
concentrations were determined by HPLC-MS/MS. Calibration and
quality control samples were prepared using blank plasma and the
internal standard. The fraction unbound (f,,) is calculated as the ra-
tio of the compound concentration in the acceptor compartment
to the concentration in the donor compartment using technical
triplicates.

Assessment of Metabolic Stability in Hepatocytes In Vitro

The metabolic stability kinetics of the test compound was as-
sessed in a hepatocyte suspension assay. Briefly, 1 pmol/L test com-
pound (at a final DMSO concentration of 0.05% v/v) was incubated
in the presence of 1 Mio cells/mL at 37°C and 5% CO; in a humidi-
fied incubator. Samples were taken at six different time points up to
4 hours. Reactions were terminated by the addition of acetonitrile,
and precipitates were separated by centrifugation. The compound
concentration in supernatants was determined by HPLC-MS/MS,
and clearance was calculated from compound half-lives using the
well-stirred liver model. In each species incubation, two different

references (one low- and one high-stability reference), as well as a
cell-free chemical stability quality control, were included and used to
ensure the quality of the assays.

Prediction of Human PK and Therapeutic Dose

PK data (i.v. and oral administration) determined in mouse, rat,
dog, and minipig models were used to predict human PK properties
of zongertinib (see Supplementary Fig. S1B).

Human clearance was predicted based on the in vitro/in vivo cor-
relation using in vitro hepatocyte data and in vivo clearance data after
i.v. administration, according to the following equation:

Cl=axCl, vivopredicted T b

in which Cl is the total body plasma clearance in human,
Clip viopredicred 18 the predicted hepatic metabolic blood clearance from
in vitro data, and a and b are the parameters obtained from the regres-
sion analysis of the clearance values across multiple species.

Human Vi was predicted based on the mean of the measured
animal Vi values corrected for species-dependent plasma-protein
binding.

Oral bioavailability (F) was calculated using the average of the mea-
sured animal data. The absorption rate constant (k,) was predicted as
the mean k, values from mouse, rat, dog, and minipig models. The k,
values of the different species were determined by fitting the animal
data to a one-compartment PK model with first-order oral absorp-
tion, no lag time, and first-order elimination.

The predicted human dose for zongertinib was derived from
a quantitative PK/TGI model. This preclinical semi-mechanistic
mathematical model was built using input data from in vitro as-
sessment as well as in vivo data from the PC-9 HER2YYMA xenograft
efficacy experiments. Compound plasma exposure and respective
TGI data generated in mice were used to train the quantitative
model. The PK/TGI model has consistently and reliably predict-
ed tumor growth kinetics in the PC-9 HER2YYMA xenograft models
upon treatment with zongertinib. The PK/TGI model was used
to identify the required dose administered in mouse to achieve
tumor regressions in the PC-9 HER2YYMA xenograft model. Like-
wise, the human PK plasma profile of zongertinib was simulated
as a one-compartmental PK model using the predicted human PK
parameters. Predicted exposures have been further incorporated
into the PK/TGI model to estimate the required dose required to
achieve a TGI >100% in both every day as well as twice a day dosing
regimens.

NGS Library Preparation and Sequencing for Gene
Expression Profiling

Cell derived RNA samples were normalized to 100 ng/pL in
10 pL nuclease-free H,O. A measure of 500 ng of total RNA was
used as the contribution for genome-wide gene expression profil-
ing by 3" mRNA sequencing. NGS libraries were prepared using
QuantSeq 3'mRNA-Seq V2 Library Prep Kit FWD for Illumina
(Lexogen GmbH) according to the manufacturer’s protocol using
the Biomek i7 automated liquid handling workstation (Beckman
Coulter GmbH). After quality control by High Sensitivity D1000
ScreenTape on a 4200 TapeStation System (Agilent Technologies
Osterreich GmbH), individual libraries were normalized, equim-
olarly pooled, quantified using NEBNext Library Quant Kit for
Ilumina (New England BioLabs Inc., #£7630L), and sequenced on
a NextSeq 2000 or NovaSeq 6000 instrument (Illumina) using 75 bp
single-read chemistry.

Gene Expression Profiling (RNA-Seq) and Differential Gene
Expression Analysis

See the methods section of 49.
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Clinical Data

Written informed consent was obtained from all patients. Stud-
ies were conducted in accordance with recognized ethical guidelines.
Studies were approved by an Institutional Review Board.

Real-Word Clinicogenomics Data

Clinicogenomics data from Tempus Labs Inc., coving all major
cancer indications, were analyzed to explore overexpression and am-
plification prevalence across major tumor types. Tempus performed
whole-exome RNA-seq, covering ~20,000 genes on clinical forma-
lin-fixed, paraffin-embedded material from patients with cancer
using a single platform. De-identified clinical and molecular data
were analyzed from U.S. pan-cancer patient records. All statistical
analyses were performed using R software version (4.2.1). To generate
the pan-cancer HER2 overexpression threshold, a logistic regression
model was fit to predict ERBB2 diploid or ERBB2 amplified (i.e., 26
copy number) status using HER2 expression. Using the computed
threshold of 7.95 log; [transcripts per million (TPM + 1)], prevalence
of different ERBB2 alterations derived from DNA-seq (amplifica-
tions) and RNA-seq (gene expression) were plotted across tumor
indications. On independent test data, the expression cutoff for
HER2-high obtained a specificity and sensitivity of 0.92. For further
details and data, see Supplementary Table S3.

In Vivo Experiments

For the cell line-based xenograft models, mice were group-
housed (8-10 mice per cage) under pathogen-free and controlled en-
vironmental conditions (21°C # 1.5°C temperature and 55% + 10%
humidity; 12-hour light-dark cycle) and handled according to the
internal institutional, governmental, and European Union guide-
lines (Austrian Animal Protection Law, ETS-123). Animal studies
were approved by the internal Ethics Committee and the local govern-
mental committee. At 6 to 10 weeks old, female NMRI-FoxnI™ mice
(Taconic) were engrafted subcutaneously with 2.5 x 10° NCI-N87
cells, S x 10° PC-9 EGFRKCHER2YYMA cells, or § x 10° NCI-H2122
cells, respectively.

For PDX models, mice were group-housed under pathogen-free
and controlled environmental conditions (20°C-23°C temperature
and 30%-70% humidity) and handled according to institutional
guidelines. Animal studies were approved by the Institutional Ani-
mal Care and Use Committees. At 6 to 8 weeks old, female athymic
Nude-Foxnlnu (Envigo or Charles River Laboratories) were subcuta-
neously implanted with CTG-2534 or ST524 tumor fragments.

Tumor volumes were measured 2 to 3 times weekly using a cali-
per. Animals were weighed and examined daily and sacrificed based
on severity criteria, including body weight, tumor size, and tumor
necrosis. A maximum tumor size of 1,500 mm? was approved by the
Ethics Committee for all models. Mice were sacrificed in case tumor
volumes exceeded the limit between measurements. Data collection
was performed blind to the condition of the experiments as com-
pound codes were used. Data analysis was not performed blind to
the condition of the experiment.

Activity Screen of Zongertinib across HER2 Mutations
This method was previously published (50) and adapted to HER2:

Cell Lines and Culture Conditions

Ba/F3 cells were maintained in RPMI1640 medium (Thermo Fish-
er Scientific) supplemented with 10% FBS, 2 mmol/L glutamine,
1% each of penicillin and streptomycin, and mouse IL3 (20 U/mL;
Merck). The cells were used for the experiments within 10 passages
from thawing. Cell line authentication and Mycoplasma testing were
not carried out within 6 months.

MANO Method

A retroviral vector (pcx6-bleo) is utilized to enable stable integra-
tion of individual variants into the genome of the Ba/F3 cells along
with the 10 bp barcode sequences upstream of the start codon of se-
lected genes. Three clones with individual barcodes were constructed
to obrtain triplicate data for each assay (Azenta Life Sciences). The
plasmids were transduced with packaging plasmids (Takara Bio) into
HEK293T cells to produce recombinant retroviral particles. Ba/F3
cells were seeded on RetroNectin-coated (Takara Bio) plates and in-
fected with retroviruses in a medium supplemented with 20 U/mL
of IL-3. Ba/F3 cells expressing each variant were mixed in equal
amounts and treated with the indicated concentrations of BI31
(100 pmol/L-10 pmol/L or 10% DMSO) as the vehicle control. The
experiments were conducted in biological triplicate. At the end of the
drug treatment, genomic DNA was extracted from the cell lysates
using QIAmp DNA Mini Kit (Qiagen), and PCR amplification was
performed using NEBNext Q5 Hor Start HiFi PCR Master Mix (New
England Biolabs) according to the manufacturer’s instructions and
the primers shown in Supplementary Table S1. The amplicons were
purified on AMPure beads (Beckman Coulter). Quality check of the
libraries was assessed using a Qubit 2.0 fluorometer (Thermo Fisher
Scientific) and the Agilent 2200 TapeStation System (Agilent). The
libraries were then sequenced using an Illumina MiSeq system and
Reagent Kit V2 (300 cycles), and 150 bp paired-end reads were created
(the sequencing primer loaded into the MiSeq cartridge is described
in Supplementary Table S1). The barcode sequences 5'-CTAGACT-
GCCNNNNNNNNNNGGATCACTCT-3' (in which N denotes any
nucleotide) were included in the sequencing results, and the number
of each barcode in each mutant was quantified. The number of bar-
codes was used to calculate the cell viability of cells with the variants
(Supplementary Table S1). Considering the different doubling times
of the integrated cells, DMSO-treated cell mixtures were used as the
reference control for normalizing each cell clone signal. The relative
growth inhibition of each cell clone was calculated as 100 x (average
read number across triplicates)/(average read number of the DMSO
control). Variants with fewer than 100 barcode sequence reads were
excluded from the analysis. The dose-response curves were fit to the
observed cell viabilities using the drc package in R language. The
two-parameter log-logistic function LL.2 was used with the following
settings: upper (relative viability without drug) = 1, robust = “mean”,
and method = “Nelder-Mead”. The ICsq value was defined as the in-
flection point on a dose-response curve.

Statistics and Reproducibility

For in vivo experiments, animals per group were determined using
power analysis. Power analysis was performed for in vivo studies
with a two-sided test, o = 0.05 and power 0.80. Animals were ran-
domized according to tumor size at 69 to 303 mm?, tumor volume
for cell line-derived models, or at 125 to 311 mm?3 tumor volume for
CTG-2543 and 78 to 226 mm? for ST524 after fragment implanta-
tion (n = 8-10 per group). No datapoints were excluded from visual-
ization and/or analysis.

PRISM Cell Line Viability Assay

PRISM is a high-throughput multiplexed cancer cell line viability
screening platform developed by the Broad Institute of Massachu-
setts Institute of Technology and Harvard. Zongertinib and BI-1622
were tested in the PRISM assay on 931 cell lines at eight-point dose
dilutions (3-fold step dilutions) with a treatment duration of 5 days.
Note, that this collection of cell lines does not cover all HER2 on-
cogenic mechanisms (e.g., mutations). Zongertinib produced AUCs
and quality-passing 844 cell lines (713 cell lines excluding hemato-
poietic and fibroblasts), whereas BI-1622 produced data for 882
cell lines (741 cell lines excluding hematopoietic and fibroblasts).
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The minimum and maximum doses were set at 0.002286 and 5 pmol/L,
respectively. HER2-high TPM values in analysis and visualizations were
set to TPM 250 based on the logistic regression model in patient data
to compute HER2 overexpression; this cutoff does not inform patient
selection or stratification. Data processing from raw intensity values to
computed AUC values for each dose-response curve is described in the
Supplementary Methods. The analysis code is publicly available on the
code repository GitHub (https://github.com/cmap/dockerized_mts).
For further details and data, see Supplementary Table S2.

PRISM Methods

The current PRISM cell set consists of 931 cell lines representing
more than 45 lineages, including both adherent and suspension/
hematopoietic cell lines. These cell lines largely overlap with and re-
flect the diversity of the Cancer Cell Line Encyclopedia cell lines (see
https://portals.broadinstitute.org/ccle). Cell lines were grown in RPMI
10% FBS without phenol red for adherent lines and RPMI 20% FBS
without phenol red for suspension lines. Parental cell lines were stably
infected with a unique 24-nucleotide DNA barcode via lentiviral trans-
duction and blasticidin selection. After selection, barcoded cell lines
were expanded and QCed (Mycoplasma contamination test, a single-
nucleotide polymorphism test for confirming cell line identity, and
barcode ID confirmation). Passing barcoded lines were then pooled
(20-25 cell lines per pool) based on doubling time and frozen in as-
say-ready vials. Test compounds were added to 384-well plates and run
at 8-point doses with 3-fold dilutions in triplicate. These assay ready
plates were then seeded with the thawed cell line pools. Adherent cell
pools were plated at 1,250 cells per well, whereas suspension and mixed
adherent/suspension pools were plated at 2,000 cells per well. Treated
cells were incubated for 5 days and then lysed. Lysate plates were col-
lapsed together prior to barcode amplification and detection.

PRISM Barcode Amplification and Detection

Each cell line’s unique barcode is located at the end of the blas-
ticidin resistance gene and gets expressed as mRNA. These mRNAs
were captured using magnetic particles that recognize polyA se-
quences. Captured mRNA was reverse-transcribed into cDNA, and
then the sequence containing the unique PRISM barcode was ampli-
fied by PCR. Finally, Luminex beads that recognize the specific bar-
code sequences in the cell set were hybridized to the PCR products
and detected using a Luminex scanner which reports signal as a me-
dian fluorescence intensity (MFI).

PRISM Data Processing

I For each plate, we first normalized the logMFI (log, MFI) of the
DMSO wells to their median logMFI.

II. Each detection well contained 10 control barcodes in increasing
abundances as spike-in controls. A monotonic smooth p-spline
was fit for each control barcode detection well to normalize the
abundance of each barcode to the corresponding value in the
plate-wise median DMSO profiles. Next, all the logMFI values in
the well were transformed through the inferred spline function
to correct for amplification and detection artifacts.

III. Next, the separability between negative and positive control
treatments was assessed. In particular, we used the error rate
of the optimum simple threshold classifier between the control
samples for each cell line and plate combination. Error rate is a
measure of overlap of the two control sets and is defined as

FP + FN
Error =———
in which FP is false positive, FN is false negative, and n is the
total number of controls. A threshold was set between the dis-
tributions of positive and negative control logMFI values (with
everything below the threshold said to be positive and above said

to be negative) such that this value is minimized. Additionally,
we also filtered based on the dynamic range of each cell line. The
dynamic range was defined as

DR=u —u"
in which p*/~ stood for the median of the normalized logMFI
values in positive/negative control samples.

IV. We filtered out cell lines with error rates above 0.05 and a dynamic
range less than 1.74 from the downstream analysis. Additionally,
any cell line that had less than two passing replicates was also
omitted for the sake of reproducibility. Finally, we computed via-
bility by normalizing with respect to the median negative control
for each plate. Log-fold change viabilities were computed as

log viability =log, (x)—log, (4~ )
in which log, (x) is the corrected logMFI value in the treatment
and log, (p”) is the median corrected logMFI in the negative con-
trol wells in the same plate.

V. Log-viability scores were corrected for batch effects coming from
pools and culture conditions using the ComBat algorithm, as
previously described (68).

VI. We fit a robust four-parameter logistic curve to the response of
each cell line to the compound:
F(x)=b+ _ab

slog——
1 +e ECS0

with the following restrictions:

1. We require that the upper asymptote of the curve be between
0.99 and 1.01

2. We require that the lower asymptote of the curve be between
0and 1.01

3. We no longer enforce decreasing curves

4. We initialize the curve fitting algorithm to guess an upper
asymptote of 1 and a lower asymptote of 0.5

5. When the standard curve fit fails, we now report the robust
fits provided by the dr4pl R package

and compute AUC and ICsg values for each dose-response curve.
VIIL. Finally, the replicates were collapsed to a treatment-level profile
by computing the median score for each cell line.

Data Availability

The data discussed in this publication have been deposited in
NCBI’s Gene Expression Omnibus and are accessible through Gene
Expression Omnibus series accession number GSE252799 (https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE252799).
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