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Trastuzumab deruxtecan (T-DXd) showed statistically significant clinical
improvement in patients with human epidermal growth factor receptor
2-positive (HER2") gastric cancer in the DESTINY-GastricOl trial. Exploratory

results from DESTINY-GastricOl suggested a potential benefitin patients
with HER2-low gastric cancer. Spatial and temporal heterogeneity in HER2
expression or gene alteration, aninherent characteristic of gastric cancer
tumors, presents a challenge in identifying patients who may respond to
T-DXd. Specific biomarkersrelated to therapeutic response have not been

explored extensively. Exploratory analyses were conducted to assess baseline
HER2-associated biomarkers in circulating tumor DNA and tissue samples, and
toinvestigate mechanisms of resistance to T-DXd. Baseline HER2-associated
biomarkers were correlated with objective response rate (ORR) in the primary
cohort of patients with HER2" gastric cancer. The primary cohort had 64%
concordance between HER2 positivity and HER2 (ERBB2) plasmagene
amplification. Other key driver gene amplifications, specifically MET, EGFR and
FGFR2,in circulating tumor DNA were associated with numerically lower ORR.
Among 12 patients with HER2 gain-of-function mutations, ORR was 58.3% (7 of
12). ORR was consistent regardless of timing of immunohistochemistry sample

collection. Further investigations arerequired in larger studies.

Trastuzumab deruxtecan is an antibody-drug conjugate (ADC) com-
prising an antihuman HER2 antibody, a tetrapeptide-based cleavable
linker and atopoisomerase linhibitor payload'. In clinical trials T-DXd
has shown activity in a variety of cancers, including gastric and gas-
troesophageal junction (GEJ) cancer?. DESTINY-GastricOl was a pivotal
randomized study of T-DXd versus third- or later-line chemotherapy
in patients with HER2" gastric or GEJ tumors.

In the DESTINY-GastricO1 primary cohort of patients with HER2"
gastric cancer centrally confirmed as immunohistochemistry (IHC)
score 3" or IHC 2*/in situ hybridization (ISH)" using the most recent
archival or fresh biopsy tumor tissues, T-DXd significantly improved

ORR compared with physician choice of chemotherapy (TPC; ORR
51% (95% confidence interval (Cl)* 42-61%) versus 14% (95% Cl 6-26%))
and led to significantly improved overall survival (OS; median OS
12.5 months (95% C1 9.6-14.3 months) versus 8.4 months (95% Cl 6.9-
10.7 months))*. These findings supported the regulatory approval
of T-DXd by (1) the US Food and Drug Administration, (2) the Min-
istry of Health, Labor, and Welfare of Japan and (3) the European
Medicines Agency for previously treated, locally advanced or met-
astatic HER2* gastric and GEJ cancer®. T-DXd activity was also sug-
gested in the HER2-low (IHC 2*/ISH™ or IHC 1%) exploratory cohorts of
DESTINY-Gastric0O1, with a confirmed ORR (ORR lasting >4 weeks) of
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Fig.1|Sample collection scheme. Exploratory biomarker data were collected
from primary and exploratory cohorts at baseline and EoT. Tumor tissue was
selected for HER2 status and RNA-seq, and liquid biopsy was used to examine
plasmaand serum biomarkers. Plasma analysis examined ctDNA and serum
biomarkers included HER2ECD. There were 91 patients in the HER2 IHC 3"
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« Plasma HER2 amp. change®
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cohortand 28 in the HER2 IHC 2*/ISH* cohort.*Changes in plasma HER2
amplification were categorized as either baseline (alterations detected at
baseline) or acquired (alterations detected only in EoT samples). *Gene
alterations concomitant with T-DXd resistance. Amp., amplification;
CGEP, comprehensive gene expression profile.

26.3% (95% C19.1-51.2%) for IHC 2"/ISH™ and 9.5% (95% CI11.2-30.4%)
for IHC1' (ref. 5). The activity of T-DXd was further confirmed in the
phase 2 DESTINY-Gastric02 study in patients from the United States
and Europe; this study enrolled patients with HER2" status, measured
using fresh biopsy samples obtained following trastuzumab treat-
ment®. T-DXd is now recommended as a second- or third-line treat-
ment following trastuzumab treatment®’. Furthermore, T-DXd versus
second-line paclitaxel plus ramucirumab is being investigated in the
ongoing phase 3 DESTINY-GastricO4 study (NCT04704934).

Spatial heterogeneity (heterogeneous HER2 expression and con-
comitantalterations) and temporal heterogeneity (loss of HER2 expres-
sion and acquired alterations) may make it challenging to identify
patients with gastric or GEJ cancer who have the potential to respond
to T-DXd treatment. Intratumoral heterogeneity is a more common
phenomenon in HER2" gastric cancer compared with HER2" breast
cancer®’. Moreover, decreased HER2 expression following treatment
with trastuzumab or other HER2-targeted agents has been observed
in16-32% of patients'®'%, Circulating tumor DNA (ctDNA) analysisis a
noninvasive and convenient method widely used in clinics to detect
gene alterations in patients with cancer”. However, the relationship
between gene alterations in ctDNA and the efficacy of ADCs that
target specific oncoproteins has not been thoroughly evaluated. The
objective of the present analyses was to identify patients who may
benefit from treatment with T-DXd based on relevant biomarkers in
tumor or ctDNA.

Results
Relationship between baseline HER2 levels and response
All patients from DESTINY-GastricO1 (125 from the primary cohort,
42 from the exploratory cohorts) had samples available for measure-
ment of baseline HER2 status, and most patients (114 in the primary
cohort, 37 inthe exploratory cohorts) had samples available for ctDNA
analyses. However, only some tissue biopsy samples taken just before
study treatment were available for analyses (34 of 125 for the primary
cohort, 14 of 42 for the exploratory cohorts) (Fig. 1).

Univariate analysis of baseline HER2 status in the primary cohort
(IHC 3" or IHC 27/ISH*) biomarker analysis, as measured by IHC, RNA

expression, amplification copy number (CN) in ctDNA and serum HER2
extracellular domain (HER2ECD), demonstrated a consistent trend
of increased ORR in patients with higher HER2 status (Fig. 2a). In this
analysis, patients with centrally assessed tumor HER2 IHC 3" status
in the primary cohort (n=91) had higher ORR than those with HER2
IHC 2*/ISH" status (n = 28; ORR (95% CI) 58.2% (47.4-68.5%) versus 28.6%
(13.2-48.7%), respectively) (Fig. 2a). Patients with high HER2 (ERBB2)
messenger RNA (mRNA) gene expression (defined as equal to or greater
thanthe median value 0f9.72) (n =16) had higher ORR compared with
those with low HER2 mRNA gene expression (defined as below the
median value 0f9.72) (n=17): (ORR (95% Cl) 81.2% (54.4-96.0%) versus
23.5% (6.8-49.9%)) as assessed by RNA sequencing (RNA-seq). The
subset of patients with plasma HER2 amplification in ctDNA (n=71)
had higher ORR compared with those without amplification (n=38)
(ORR (95%CI) 60.6% (48.3-72.0%) versus 34.2% (19.6-51.4%)) (Fig. 2a).
Patients with high adjusted plasma copy number (apCN) for HER2
(defined by an exploratory cutoff value of >18.2 that minimized the
Pvalue estimated by log-rank test for OS; n =42) had higher ORR com-
pared with patients with low HER2apCN (defined as below the explora-
tory cutoffvalue of18.2; n = 67) (ORR (95% Cl) 78.6% (63.2-89.7%) versus
34.3%(23.2-46.9%)). Patients with high serum HER2ECD concentration
(defined as equal to or greater than the median value 0of9.72; n = 62) had
higher ORR compared with those with low serum HER2ECD (defined as
below the median value 0f 9.72; n = 56); ORR (95% Cl) 59.7% (46.4-71.9%)
versus 42.9% (29.7-56.8%) (Fig. 2a). HER2 gain-of-function (GoF) vari-
antswere detectedin11.0% (12 0f109) of response-evaluable patients.
Most patients with HER2 GoF mutations also had HER2 amplifications
(one of 13 for aneuploidy and 11 of 13 for focal amplification), and all
had HER2IHC 3" or IHC 2*/ISH" status (Extended Data Table 1). The ORR
for patients with HER2 IHC 3" status and HER2 GoF mutation was 87.5%
(seven of eight) versus 58.2% (53 of 91) for patients with HER2 IHC 3"
status inthe overall population; however, sample sizes were too small
for meaningful comparison.

In the exploratory HER2-low cohorts, the ORR of patients with
baseline HER2ECD level greater than or equal to the exploratory cut-
off value of 11.6 ng ml™ (n = 30), which minimized the P value esti-
mated by log-rank test for OS, was higher at 36.7% (95% C119.9-56.1%)
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compared with 0% (95% CI 0-30.8%) for patients with baseline
HER2ECD <11.6 ng mI™ (n=10) (Fig. 2b).

In the primary cohort, median OS (mOS) was longer in patients
with high HER2 apCN (defined as apCN equal to or greater than the
exploratory cutoff value of 18.2 that minimized the P value estimated
by log-rank test for OS) compared with patients with low HER2 apCN
(defined asapCN <18.2) (mOS (95% CI) 16.6 months (12.5 months—-not
available (NA)) versus 8.6 months (7.6-13.0 months)) (Fig. 2c). Longer
mOS was also observed in patients in the primary cohort when high
HER2apCN (>18.2) was defined as being higher than the median value
(Fig. 2d). mOS in the primary cohort was longer in patients with high
HERZ2ECD levels (defined as equal to or greater than the exploratory
cutoff value of 14.4 ng ml™, which minimized the P value estimated
by log-rank test; n = 67) compared with patients with low HER2ECD
levels (defined as <14.4 ng ml™; n =57) (mOS (95% Cl) 14.3 months
(10.8-21.2 months) versus 10.0 months (7.6-12.1 months)) (Fig. 2c).
In the exploratory cohorts, longer mOS was observed in patients
with high HER2ECD versus those with low HER2ECD (mOS (95% CI)
10.1 months (6.9 months—NA) in patients with HER2ECD >11.6 ng ml™,
the exploratory cutoff that minimized the P value estimated by
log-rank test, versus 4.3 months (3.2-8.2 months) in patients with
HER2ECD <11.6 ng ml™) (Fig. 2¢).

HER2 biomarkers in ctDNA and HER2 expression in tissue
High concordance was observed between plasma HER2 amplifica-
tion in ctDNA and HER2 tissue expression (Extended Data Table 2).
The positive predictive agreement (PPA) between tumor HER2 status
(positive, IHC 3" or IHC 2*/ISH*; low, IHC 2*/ISH” or IHC 1) and plasma
amplificationin ctDNA was 64% and the negative predictive agreement
(NPA) was 86% (Extended Data Table 2). For the fresh biopsy tissue sam-
plesused for trial enrollment, positive predictive agreement was 69%
(nine of 13) and NPA was 100% (five of five). Comparative HER2 status
between archival and fresh-tissue biopsy samples taken for exploratory
biomarker analysis is shown in Extended Data Fig. 1. In this analysis,
24.4% of patients reported a HER2 status change from archival to fresh
tissue; the HER2 status of nine of 28 patients (32.1%) was downgraded
fromHER2"to HER2™ and that of one of 13 patients (7.7%) was upgraded
from HER2™ to HER2".

ctDNA plasma HER2 apCN was associated with HER2 status
assessed in the tumor by IHC/ISH (Fig. 3a). Higher tumor HER2 levels
(HER2" assessed with IHC/ISH) were associated with higher HER2 apCN.
HER2 mRNA expression level and HER2ECD were also associated with
tumor HER2 status (HER2" assessed with IHC/ISH) (Fig. 3b,c).

Clinical activity based on time of tumor sample collection

T-DXd activity was demonstrated in the primary cohort, regardless
of the timing of tissue collection for assessment of HER2 status with
respect tothefirst treatment with trastuzumab monoclonal (Tmab)—
that is, before the first Tmab treatment versus after/during the first
Tmab treatment (Fig. 4a). The ORR in the T-DXd arm was 48.8% (40 of
82) in patients who had IHC sample collection taken at any time before
their first Tmab treatment and 56.8% (21 of 37) in patients who had
IHC sample collection taken after/during their first Tmab treatment.
In patients with IHC samples collected before the first Tmab treat-
ment, mOS was 12.1 months (95% CI 8.6-14.3 months) in the T-DXd
arm and 9.3 months (95% CI 7.0-13.6 months) in the TPC arm (haz-
ard ratio (HR) 0.76, 95% CI 0.46-1.20) (Fig. 4b). In patients with IHC
samples collected during/after the first Tmab treatment, mOS was
12.5 months (95% C18.3-21.2 months) in the T-DXd arm and 8.1 months
(95% C13.3-10.4 months) in the TPC arm (HR 0.28, 95% C10.13-0.63).

Patterns of gene variants at baseline and effects on ORR

In pretreatment analysis of genomic alterations, as determined by
ctDNA analysis, there was a high prevalence of alterations in TP53 (77%,
single nucleotide variants (SNVs) or insertions/deletions (Indels)), HER2
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quarters, the center represents the median and dots represent individual
samples.?Only HER2 plasma-detected samples are shown; all cohorts are
included except for two patients from the exploratory cohorts whose HER2

test results were missing. ®Baseline only (48 samples); all cohorts areincluded.
“Baseline only (166 samples); all cohorts are included except for two patients
from the exploratory cohorts whose HER2 test results were missing. CPM, counts

per million.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-024-02992-x

80 1

70 +

60

50 +

40 |

ORR (%)

30 1

20 +

10 +

o -

a

Number of patients 38

37

18

T-DXd

Treatment TPC
Tissue collection

for HER2 testing

Before
first Tmab

100 -

75

50

25 4

Probability of survival (%)

T-DXd

After/during
first Tmab

TPC

mOS
(95% CI), months

HR
(95% Cl), months

Before Tmab, T-DXd arm 12.1(8.6-14.3)
0.76 (0.46-1.20;
9.3 (7.0-13.6) ( )

After/during Tmab, T-DXd arm 12.5 (8.3-21.2)

0.28 (0.13-0.63)

After/during Tmab, TPC arm 8.1(3.3-10.4)

Number at risk:

Before Tmab, T-DXd arm 77

After/during Tmab, T-DXd arm
After/during Tmab, TPC arm

38
16

12
Time (months)

23

n
0]

Fig. 4| Clinical outcomes in the primary cohort according to timing of tissue
collection withrespect to first Tmab treatment. a, ORR in the study according
to tissue collected before or after/during first Tmab treatment. b, OS analyzed
over the course of the study according to tissue collected before or after/during

T T T T T T
12

Time (months)

first Tmab treatment. a, Error bars represent 95% CI; the center of error bars
indicates ORR.Includes data for the response-evaluable set (all randomized
patients who received at least one dose of study drug and had measurable tumors
based onindependent central review at baseline).

(52%, 51% amplification (amp.)), CCNE1 (28% amp.) and EGFR (28%,22%
amp.,10% SNVs/Indels) (Fig. 5a). Patients with plasma amplifications,
defined according to the Guardant Health OMNI platform, in genes
MET, EGFR and FGFR2 had numerically lower ORR (Fig. 5b). ORR was
25% (95% Cl13.2-65.1%) in patients with MET amplifications (n = 8),32.1%
(95% C115.9-52.4%) in patients with EGFR amplifications (n = 28) and
0% (95% C10-45.9%) in patients with FGFR2 amplifications (n = 6). ORR
was 55.1% (95% Cl 43.4-66.4%) in patients with low/NE blood tumor
mutation burden (bTMB) (20 mutations per megabase cutoff value,
according to the Guardant Health OMNI platform) (n=78) and 41.9%
(95% C124.5-60.9%) in patients with highbTMB (n = 31) (Fig. 5b). ORR
was 50.0% (95% C124.7-75.3%) in patients with KRAS/NRAS-activating
variants (n=16) compared with 51.6% (95% Cl 41.0-62.1%) in patients
withwild-type (WT) KRAS/NRAS (n=93) (Fig.5b). A total of nine patients
had PIK3CA GoF mutations, with an ORR of 33.3% (95% CI1 7.5-70.1%),
compared with 100 patients with WT PIK3CA, with an ORR of 53.0%
(95% C142.8-63.1%) (Fig. 5b).

Patterns of gene variants at EoT

Although there were some changes in ctDNA SNVs/Indels and
amplifications observed by the end of treatment (EoT), no common
trends were observed (Fig. 6a,b). Before receiving T-DXd treatment,

45% (37 of 82) of patients with HER2 gene expression had ctDNA ampli-
fication. However, this proportion decreased to 33% (27 of 82) at EoT.
Similar variances were observed across other genes. Some EoT samples
showed the presence of acquired TOPI variants (Fig. 6b and Extended
DataFig.2) and acquired SNVs/Indels (Fig. 6¢).

Analysis of gene expression in responders and nonresponders

Several genes were found to be differentially expressed between
responders and nonresponders following T-DXd treatment in the
primary cohort, as defined by Response Evaluation Criteria in Solid
Tumors (RECIST) (responder: complete response (CR) or partial
response (PR); nonresponder: progressive disease (PD), stable disease
(SD) or NE) (Extended Data Fig. 3). Overall, 57 genes showed higher
expressioninresponders (absolute log, fold change (FC) >1,P< 0.01),
including neighboring genes to HER2 in the HER2 amplicon
(nine additional genes). Responders had significantly higher expres-
sion of genes on chromosome 17q12-21, the chromosome locus in
which HER2is located. These genes of interest are likely to be coam-
plified with HER2, and higher expression of genes located in chromo-
some 17q12-21 was associated with better response. There was no
obvious relationship between PD-L1 RNA level and T-DXd efficacy
(log,FC-0.41, P=0.32).
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Fig. 5| Genomic alterations as determined by ctDNA. a, Landscape of genomic
alterationsinbaseline ctDNA®. b, Relationships among ctDNA-detected
alterations in key signal transduction genes (MET, EGFR, FGFR2, PIK3CA GoF,
KRAS/NRAS), tumor mutation burden and ORR. *Excluding germline, putative
clonal hematopoiesis of indeterminate potential and synonymous variants
without annotations using OncoKB. Included any amplification type (focal and

aneuploidy). Excluding two patients in exploratory cohorts because of missing
HER2 test result. Highly frequent genes (>15%) are shown. Patients were ordered
by cohort, HER2 status, BOR and OS. °bTMB cutoff value was 20 mutations

per megabase according to the Guardant Health OMNI platform. b, Error bars
represent 95% CI. BOR, best overall response; MSI, microsatellite instability; PCHG,
percentage change from baseline (tumor size by computed tomography scan).

Discussion

These exploratory biomarker analyses of patients from the primary and
exploratory cohorts of the DESTINY-GastricOltrial identified relevant
prognostic or predictive biomarkers in patients with HER2* or HER2-low
gastricand GEJ cancer treated with T-DXd. Patients with higher levels of
HER2-associated biomarkers, including HER2 IHC positivity, HER2 ISH
positivity, tumor HER2mRNA levels, plasma gene apCN and/or serum
HER2ECD, had numerically higher ORR compared with patients with
lower HER2-associated biomarkers. For example, patients with plasma
HER2 amplification in ctDNA had an ORR of 61% compared with 34%

in patients with no amplification. These results suggest that T-DXd
has activity even in patients with HER2-low tumors, which confirms
previous findings from the HER2-low DESTINY-GastricOl exploratory
cohortsin which the confirmed ORR was 26.3% (95% C19.1-51.2%) and
9.5% (95% C11.2-30.4%) in the IHC 2*/ISH” and IHC 1" cohort, respec-
tively’. However, some discordance was observed between plasma HER2
amplification and HER2 IHC positivity in tumor tissue collected before
T-DXd treatmentin the current study (Extended Data Table 2). Although
probably due to a technological limitation in detecting plasma HER2
amplification or tumor heterogeneity, it is important to note there is

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-024-02992-x

apossibility that location of metastasis is related to levels of ctDNA™.
This may also play arole in discordance between tumor and plasma
biopsy results. However, NPA was high, which may support the use
of ctDNA to guide treatment if there are no available tissue samples.
Further investigation is warranted to validate whether plasma HER2
amplification could replace tissue IHC/ISH in HER2 scoring.

In the current study, tumor HER2 mRNA level, plasma gene apCN
and HER2ECD level were all correlated with HER2 status in tumor biopsy
samples assessed with IHC/ISH. Although HER2 amplification and associ-
ated overexpressioningastricand GEJ cancer is poorly understood, our
results might provide some insights into this relationship®. Alterations
in other genes were found to overlap with HER2 amplification in our
analysis, as determined by ctDNA analysis at baseline. AlthoughbTMB did
notappear to have amajor effect onresponse to treatment, patients with
alterations in key signal transduction genes (MET, EGFR, FGFR2 or PIK3
GoF) had numerically lower ORR. There were trends for worse outcomes
inpatients with MET, EGFR and FGFR2 amplification; however, interpreta-
tionislimited by the smallnumber of patients with these alterations and
thelack of acontrolarminourstudy. It remains unknownwhether these
trends arerelated toresistance to T-DXd or are simply prognostic effects.

We found no significant relationship between PD-L1 RNA expres-
sion and T-DXd efficacy. However, given recent findings from the
KEYNOTE-811trial'®, furtherinvestigations are warranted to explore the
relationship between PD-L1IHC, HER2 IHC and the efficacy of T-DXd. Our
datasuggested there might be higher ORRin the HER2-low gastric cancer
cohort of patients with high levels of plasma HER2ECD compared with
those withlow HER2ECD levels. However, these results are not conclusive
because of the small number of patientsinthe exploratory cohorts, and
confirmation in additional HER2-low cohorts would be required for
validation. This might be provided in the ongoing DESTINY-Gastric03
(NCT04379596) and EPOC2203 (jRCT2031230477) studies, whichevalu-
ated T-DXd combinations for HER2-low gastric cancer.

HER2 ctDNA amplification was detected in approximately half of
the patients in this study (45% (37 of 82)) before T-DXd treatment and
in 33% of patients (27 of 82) by EoT. This is consistent with previous
observations for other HER2-targeting therapies for gastric cancer
such as trastuzumab and lapatinib™,

Itis unlikely that HER2 expressionis lost ona per-cell basis. Instead,
itis possible that the tumor was heterogeneous at baseline, with the
ratio of HER2-expressing to -nonexpressing cells changing during treat-
ment, which could indicate that non-HER2-amplified cells predomi-
natedinthe tumor. For these patients, switching to non-HER2-targeted
therapy may be an appropriate choice; however, further investigation
in this subgroup of patients would be required to confirm this.

Aprevioustrial of T-DXd identified several variants innonsmall cell
lung cancer, including exon 20 insertions and variants at position 310
(ref.19). In the current study, although we did not observe exon 20
insertions, there were variants at position 310. In addition, 11.0% (12 of
109) of patients had HER2 GoF variants and all patients with HER2 GoF
variantshad HER2IHC 3" or IHC 2*/ISH" status. Patients with HER2 IHC 3*
and HER2mutation had ahigher ORR (87.5%, seven of eight) than those
withHER2IHC 3" inthe overall population (58.2%, 53 of 91), suggesting
that patients with HER2 mutation may be more sensitive to T-DXd, even
in those with HER2 IHC 3" status. Analysis of ctDNA carried out at EOT
identified three cases of acquired variants in the TOPI gene (E709G,

L429R and D533G) (Extended Data Fig. 2). The TOPI1 gene encodes DNA
topoisomerase I, whichisthe direct target of deruxtecan. Patients with
triple-negative metastatic breast cancer reported variants in TOP1
with resistance to sacituzumab govitecan®. Sacituzumab govitecan
isan ADC comprising an anti-Trop2 conjugated to another DNATOP 1
inhibitor?. Of the three variantsidentified, D533G was previously found
to be resistant to DNA topoisomerase I inhibition by camptothecin®.
Structural analysis indicated that the D533 residue is in direct contact
with camptothecin whenitforms a complex with DNA and topoisomer-
ase 1(ref.22). The D533G mutation may also provide resistance to der-
uxtecan, which is a derivative of camptothecin, although this theory
needs to be confirmed by in vitro experiments. The E709G and L429R
mutants have not previously been reported and neither the effect of
these two variants on DNA topoisomerase | enzymatic activity, nor on
itsinhibition by camptothecin or deruxtecan, is known®. Although the
presence of these acquired TOPI mutations suggests that direct muta-
tions of TOP1 may contribute to T-DXd resistance through provision
of deruxtecan resistance, this appears to be arelatively rare event. In
patients with acquired deruxtecanresistance but with maintained HER2
positivity, additional therapy withaHER2-targeting ADCincorporating
adifferent payload might overcome such resistance.

Our study identified several genes with differential expression in
T-DXd responders compared with nonresponders. HER2 and several
othergenesinthe chromosome17q12-21region were expressed at higher
levelsin T-DXd responders compared with nonresponders. The expres-
sion level of those genes was associated with HER2apCN, and increased
expression levels of the genes on chromosome 17q12-21is probably due
tooverallamplification of thisregion. Ultimately, the association of these
geneswith patient outcomes may be asecondary effect of the genomic
amplification of this region and HER2 overexpression.

Results from studies in other cancer types have suggested that
identification of specific expression patterns may provide prognostic
benefit and allow for tailored therapeutic regimens®. The relation-
ship between the timing of tumor sample collection used for assess-
ment of HER2 IHC/ISH status and patient outcomes revealed that
clinically meaningful ORR was observed regardless of the timing of
sample collectionin our study (that is, before or after/during the first
Tmab treatment). HER2-targeted treatment can reduce the number
of HER2' cells (decreased HER2 expression following treatment with
trastuzumab or other HER2-targeted agents has been observed in
16-32% of patients)'°>* and, consequently, confirmation of HER2"
following trastuzumab therapy isimportant before initiating another
HER2-directed therapy. However, because the current analysis was from
a third- or later-line study, there was a period of non-HER2-targeting
therapy between the last dose of Tmab and initiation of T-DXd treat-
ment. Itis possible that HER2" cells could regrow during this period of
non-HER2-targeting therapy". As the OS results suggest, HER2 status
at baseline might be predictive of the efficacy of T-DXd. Therefore,
althoughafresh biopsy sampleis useful for second-line therapy, it may
have lower utility for third- or later-line therapy.

Limitations of these biomarker analyses include the fact that
they were either exploratory or post hoc analyses with asmall sample
size conducted in the absence of external validation and data from
a control arm. However, one strength of these exploratory analyses
is that the data are from a robustly designed clinical trial of T-DXd

Fig. 6 | Analysis of patterns of gene variants at EoT. a,b, Acquired/lost

gene alteration from baseline to EoT by comparison of the change in gene
amplification status (a) and by comparison of the change of SNV/Indel status

(b). ¢, SNVs/Indels and amplifications from EoT samples. *Top ten acquired/loss
of amplification frombaseline to EoT, including both arms, ordered by P value.
The McNemar test was used to compare change in gene amplification status
from baseline to EoT regardless of amplification type. Shown is high-frequency
amplification at either baseline or EoT in at least five patients among whom HER2
was the only significant amplification change (P = 0.0064). Multiple testing

correction was not performed. °Top ten acquired/loss of SNVs/Indels from
baselineto EoT, including both arms, ordered by P value. The McNemar test was
used to compare change in SNV/Indel status from baseline to EoT regardless

of function. Shown are high-frequency SNVs/Indels at either baseline or EoT in
atleast five patients. There were no significant SNVs/Indels. Multiple testing
correction was not performed. “The order of data is based on an algorithm aimed
at determination of mutual exclusivity. The heatmap shows potential acquired
SNVs/Indels detected only at EoT, regardless of function. C1D1, cycle 1, day 1.
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compared with chemotherapy in patients with HER2" advanced gas-
tric cancer; the analyses presented are from patients in the T-DXd
arm of the primary cohort as well as from those in the two explora-
tory cohorts, all of whom received T-DXd*. The biomarkers identified

in this analysis are being investigated and validated in additional
studies, including DESTINY-GastricO2 (ref. 6), DESTINY-GastricO3
(NCT04379596), DESTINY-GastricO4 (NCT04704934) and EPOC2203
(jRCT2031230477).
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Methods

Study design and patient demographics

DESTINY-GastricO1 (NCT03329690) was an open-label, multicenter,
randomized, phase 2 trial that included patients with HER2-expressing
advanced gastric or GEJ carcinoma that had progressed on two or more
previous lines of therapy, including fluoropyrimidine, a platinum agent
and trastuzumab®. Patients enrolled in the primary cohort had HER2"
tumors, as determined by IHC or ISH positivity (IHC 3" or IHC 2°/ISH").
Patients received either T-DXd at 6.4 mg kg every 3 weeks (n =125) or
TPC (irinotecan or paclitaxel; n = 62). Patients enrolled in the explora-
tory cohorts had HER2-low expression and were anti-HER2 treatment
naive’. Patientsin exploratory cohort 1were HER2 IHC 2*/ISH™ (n = 20)
and those in exploratory cohort 2 were HER2 IHC 1" (n = 24), and all
received T-DXd 6.4 mg kg™ every 3 weeks. The primary endpoint was
ORR by independent central review, with secondary endpoints OS,
duration of response, progression-free survival, confirmed ORR (ORR
lasting >4 weeks) and safety. Responders and nonresponders were
defined by RECIST (responder: complete response or partial response;
nonresponder: progressive disease, stable disease or NE).

Thestudy was designed and supervised by Daiichi Sankyo. Written
informed consent was provided by all patients before enrollment. An
independent ethics committee or institutional review board at each
site reviewed and approved the protocol (online only). The study was
conducted according to the study protocol, in accordance with the
principles of the Declaration of Helsinki, the International Conference
onHarmonization Guidelines for Good Clinical Practice and other local
regulations where applicable.

Sample collection and biomarker assay
Exploratory biomarker datawere collected from patients in the T-DXd
arm of the primary cohort and from the exploratory cohorts (Fig. 1).
At baseline, RNA-seq was used to examine biomarkers from tumor
biopsies for HER2 gene expression, acomprehensive gene expression
profile and an immune-related gene profile. IHC (4B5, Ventana Medi-
cal Systems, Inc.) and ISH were used to confirm HER2 expression and
genome status. Total RNA extraction was conducted using the Qiagen
RNeasy MiniKitat Labcorp. RNA-seq libraries were prepared using the
NEBNext Ultra Il Directional RNA library Prep Kit for Illumina and NEB-
Next Multiplex Oligos for Illumina according to laboratory methods,
and sequencing was performed with Illumina NovaSeq 6000 or Next-
Seqincluding 75 base pairs fromeach end (2 x 75 base pairs) performed
at Daiichi Sankyo. Sequencing reads were aligned with STAR software
(2.5.3a) to human genome reference GRCh38. The number of tran-
scripts per million and the expected countin each gene were estimated
by RNA-seq using expectation-maximization software (1.3.0). Gene
expression levels are shown as log, counts per million. For RNA-seq
data, the expression value of each gene was normalized using the voom
method, and alinear model was used to detect differentially expressed
genes between responders and nonresponders. Liquid biopsy was used
for ctDNA assay of plasma with the Guardant OMNI panel (Guardant
Health) to examine plasma HER2 amplification, HER2 copy number,
gene alterations and bTMB as provided in the Guardant Health OMNI
platform. Samples with no somatic mutations detected inany genein
the Guardant OMNI assay were excluded from ctDNA analysis. All pos-
sible germlines and clonal hematopoiesis of indeterminate potential
reported by Guardant Health OMNI platform were excluded. SNVs/
Indels were annotated using OncoKB, and unannotated variants with
low variant allele frequency (<0.2) were excluded in this analysis*.
HER?2 plasma copy number was adjusted by maximum variant
allelefractionasatumor fractionin eachindividual sample according
toaprevious publication”. HER2ECD (ng ml™) was measured inserum
samples by ADVIA Centaur HER2/neu assay (Siemens Medical Solutions
Diagnostics), a HER2-associated liquid biomarker. ctDNA analysis was
also conducted to compare genetic alterationsin patients (n = 82) who
had discontinued treatment because of progressive disease or clinical

progression betweenbaseline and EoT. The McNemar test determined
the possible acquired mutations involved with the resistance of T-DXd
among these patients.

Statistical analyses

Point estimates and two-sided 95% exact binomial Cls were calcu-
lated for ORR in each subgroup. The Kaplan-Meier method was used
to estimate median event times, with two-sided 95% Cls calculated
using Brookmeyer and Crowley methods. HRs with two-sided 95% Cls
were estimated using Cox proportional-hazards regression models.
Exploratory cutoffvalues (plasma copy number of 6.0, apCN of 18.2 and
HER2ECD of 14.4 in the primary cohort; HER2 mRNA gene expression
of 7.7 and HER2ECD of 11.6 in the exploratory cohorts) were selected
based on the most significant value (OS) for separation of patientsinto
high and low groups. The McNemar test was used to compare ctDNA
mutational status changes between baseline and EoT.

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

Data availability

Please see Supplementary Table 1for further details on data availability.
Anonymized individual participant data on completed studies and
applicable supportingclinical study documents may be made available
uponrequest at https://vivli.org/.In cases where clinical study dataand
supporting documents are provided pursuant to our company policies
and procedures, Daiichi Sankyo Companies will continue to protect
the privacy of the company and our clinical study patients. Details on
data-sharing criteria and the procedure for requesting access can be
found at this address: https://vivli.org/ourmember/daiichi-sankyo/.
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Extended Data Fig.1| HER2 status between matched archive and freshbiopsy  were collected from non-matched sites. One archive sample was collected from
samples. Freq, frequency; HER2, human epidermal growth factor receptor 2; ‘other’ as the site; this sample had a HER2 IHC status change from HER2 1+ to HER2
IHC, immunohistochemistry; ISH, in situ hybridization; T-DXd, trastuzumab 2+ /ISH-. Another archive sample was collected from liver as the site; this sample

deruxtecan. Allsamples (fresh and archival) were taken before T-DXd treatment. did not have a HER2 IHC status change (HER2 IHC 3+ to HER2 IHC 3+).
There were 41 samples included in this analysis. Two of the 41 paired samples
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Extended Data Fig. 2| TOP1 acquired mutations identified in 3 patients at end of treatment. BOR, best overall response; mo, months; PFS, progression-free
survival; PR, partial response; SD, stable disease; TOP1, topoisomerase 1.
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Extended DataFig. 3 | Differential expression of various genes in responders
and nonresponders. chr.loc, chromosome location; HER2, human epidermal
growth factor receptor 2; RECIST, Response Evaluation Criteria in Solid Tumors.
Results are ordered by statistical value, and genes in Chr 17q12 region are shown

as triangles. To identify differentially expressed genes between responder
(complete response or partial response) and nonresponder (progressive disease,
stable disease, not evaluable) defined by RECIST, moderated t-test was used
without multiple testing correction (P < 0.01, absolute log2 FC > 1).
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Extended Data Table 1| HER2 GOF variants in individual patients

Copy . .
Patient | BOR =R SRS Amp types number CEITEEE Cory Variant (VAF) Varla_nt
central number cfDNA function
cfDNA
1 CR 3+ 0_NoAmp NA NA G776V (0.08) GOF
2 SD | 2+/ISH+ 2 focal 252 4.92 V777(6F(’)71?0de' Likely GOF
D769Y (0.03) GOF
3 PR 3+ 2_focal 7.08 6.37 V777L (0.02) GOF
L755S (0.01) GOF
4 SD 3+ 2_focal 2.92 2.61 S310Y (68.17) GOF
5 SD 2+/ISH+ 2_focal 2.51 2.22 V842l (69.07) GOF
6 PR 3+ 2_focal 5.98 5.82 V777L (0.02) GOF
7 PD 2+/ISH+ 1_aneuploidy 1.71 1.86 S310Y (39.24) GOF
8 SD 2+/ISH+ 2_focal 3.33 4.22 S310F (0.02) GOF
D769Y (3.24) GOF
9 NE 3+ 2_focal 5.17 5.38
L869R (0.19) GOF
10 CR 3+ 2 focal 5.36 4.47 R678Q (96.3) GOF
G776V (4.71) GOF
D769Y (2.88) GOF
11 PR 3+ 2_focal 4.29 4.62 T7331 (1.61) Likely GOF
V777L (0.31) GOF
L755S (0.18) GOF
12 PR 3+ 2_focal 5.60 4.68 V842l (97.85) GOF
D769Y (0.01) GOF
13 PR 3+ 2_focal 4.87 4.68
V777L (0.01) GOF

Amp, amplification; BOR, best overall response; cfDNA, circulating free DNA; CR, complete response; HER2, human epidermal growth factor receptor 2; GOF, gain-of-function; ISH, in situ
hybridization; NE, not estimable; PR, partial response; SD, stable disease; T-DXd, trastuzumab deruxtecan; VAF, variant allele frequency. Variant types overlap with HER2 amplification. All
patients are from the primary cohort T-DXd arm.
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Extended Data Table 2 | Concordance of HER2 status between tissue and plasma

ctDNA in plasma
HER2 status Concordance
Amp? No Amp?

Concordance of HER2 status between tissue used for enroliment and ctDNA

HERZ2 status (central)

IHC 3+ or IHC 2+/ISH+ 73 (61, 12) 41 (29, 12) 64% (73/114) 70%

IHC 2+/ISH- or IHC 1+ 5(2, 3) 32 (16, 16) 86% (32/37) (105/151)

HERZ2 ISH (central)

Positive 17 12 59% (17/29) 70%

Negative 2 16 89% (16/18) (33/47)

Concordance of HER2 status from fresh tissue used for enroliment and plasma

HER2 status (central)

IHC 3+ or IHC 2+/ISH+ 9 (6, 3) 4(3,1) 69% (9/13) 78%

IHC 2+/ISH- or 1+ 0 5(1, 4) 100% (5/5) (14/18)

Concordance of HER2 status between tissue collected just before T-DXd treatment as exploratory and ctDNA

HER2 status (central)®

IHC 3+ or IHC 2+/ISH+ 24 3 89% (24/27) 84%

IHC 2+/ISH-or IHC 1+ 4 12 75% (12/16) (36/43)

HER2 ISH before (central)®

Positive 3 2 60% (3/5) 76%

Negative 2 10 83% (10/12) (13/17)

Amp, amplification; ctDNA, circulating tumor DNA; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; ISH, in situ hybridization; T-DXd, trastuzumab deruxtecan.
2Includes both types of Amp, focal and aneuploidy; data are shown as number of patients regardless of amplification type (focal, aneuploidy). *All samples were from archival tissue and
centrally tested for HER2 status before T DXd treatment.
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Noise and artifact removal
Volume censoring
Statistical modeling & inference
Model type and settings
Effect(s) tested

Specify type of analysis: [ | whole brain || ROI-based || Both




Statistic type for inference

(See Eklund et al. 2016)
Correction

Models & analysis

n/a | Involved in the study
D |:| Functional and/or effective connectivity

D D Graph analysis

D D Multivariate modeling or predictive analysis

Functional and/or effective connectivity
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Graph analysis

Multivariate modeling and predictive analysis

This checklist template is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The images or other third party material in this article are included in
the article's Creative Commons license, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0;
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