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HER2-related biomarkers predict clinical
outcomes with trastuzumab deruxtecan
treatment in patients with HER2-expressing
metastatic colorectal cancer: biomarker
analyses of DESTINY-CRC01
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Makito Koga 12, Koichiro Inaki12, Yusuke Kuwahara 11, Issey Takehara12,
Daniel Barrios11, Kojiro Kobayashi11, Axel Grothey13 & Takayuki Yoshino 14

DESTINY-CRC01 (NCT03384940) was amulticentre, open-label, phase 2 study
that investigated the safety and efficacy of trastuzumab deruxtecan (T-DXd) in
patients with human epidermal growth factor receptor 2 (HER2)-expressing
metastatic colorectal cancer (CRC). The present exploratory biomarker ana-
lysis aims to investigate relationships between biomarkers and clinical out-
comes in patients with HER2-positive (immunohistochemistry [IHC] 3+ or IHC
2+ and in situ hybridization [ISH] positive) Cohort A (N = 53) of DESTINY-
CRC01. Higher levels ofHER2biomarkers in baseline tissue and liquid biopsies,
including HER2 status (IHC/ISH), HER2/CEP17 ratio, HER2 ISH signals, HER2 H-
score, plasma HER2 (ERBB2) amplification status, HER2 adjusted plasma copy
number, and HER2 extracellular domain correlate with antitumor activity
(indicated by objective response rate, progression-free survival, and overall
survival) of T-DXd. Baseline circulating tumor DNA (ctDNA) analysis suggests
antitumor activity of T-DXd in patients who had baseline activating RAS,
PIK3CA, or HER2 mutations detected in ctDNA.

Colorectal cancer (CRC) is the thirdmost commonly diagnosed cancer
worldwide and the secondmost common contributor to global cancer
mortality, representing approximately 10% of all cancer cases and
deaths1. Amplification of the HER2 gene (ERBB2) occurs in approxi-
mately 5% of patients with metastatic CRC (mCRC) overall2,3, 5% of
those with RAS and BRAF wild-type tumors2,4–6, and 17% of those with
KRAS mutations2,3.

Recommended first-line and second-line treatment for mCRC is
immunotherapy for microsatellite instability high (MSI-H) tumors and

chemotherapy in combination with either anti-vascular endothelial
growth factor (VEGF) therapy or anti-epidermal growth factor receptor
(EGFR) therapy for microsatellite stable (MSS) tumors7. Third-line or
later (salvage therapy) options include regorafenib and trifluridine/
tipiracil8; however, these treatments have limited clinical benefit after
fluoropyrimidine therapy9. Targeted therapies consisting of combined
BRAF and EGFR inhibition is the standard second-line option for patients
with BRAFV600 mutant tumors7. Human epidermal growth factor
receptor 2 (HER2) overexpression and amplification in mCRC has been
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associatedwith resistance to anti-EGFR blockade and has been shown to
convey worse prognosis compared to HER2-negative tumors10,11.

HER2-targeted therapy has improved outcomes for patients with
metastatic breast cancer (mBC) and gastric cancer; however, trastu-
zumab alone is not effective in HER2-amplified mCRC12. In contrast,
dual HER2 inhibition has shown antitumor activity in patients with
pretreated HER2 overexpressing or HER2-amplified mCRC who have
not received previous HER2-targeted therapy. The phase 2 HERACLES-
A trial of trastuzumab plus lapatinib in patients with HER2-positive
KRAS exon 2 wild-type mCRC reported an overall objective response
rate (ORR) of 28% (95% CI, 14–47%)13, the combination of pertuzumab
and trastuzumab inpatientswithHER2-amplifiedmCRC in thephase2a
MyPathway study resulted in anORRof 32% (95%CI, 20–45%)14, and the
combination of trastuzumab and tucatinib in the phase 2 MOUNTAI-
NEER study resulted in an ORR of 38.1% (95% CI, 27.7–49.3%)15. How-
ever, the HERACLES-B trial, which investigated the HER2 antibody-
drug conjugate-based strategy of pertuzumab and trastuzumab
emtansine in this patient population, reported an ORR of 9.7% (95%CI,
0–28%)16. Dual HER2 blockade is therefore considered a treatment
option for patients with HER2-positive mCRC, especially those with
RAS wild-type tumors17.

Trastuzumab deruxtecan (T-DXd) is an antibody-drug conjugate
composed of a humanized immunoglobulin G1 monoclonal antibody
specifically targeting HER2, a tetrapeptide-based cleavable linker, and
a potent topoisomerase I inhibitor payload; the antibody has the same
amino acid sequence as trastuzumab18,19. T-DXd is approved in various
countries for the treatment of metastatic HER2-positive breast and
gastric cancer, HER2-low breast cancer and non–small cell lung cancer
with activatingHER2mutations20–22. The open-label, phase 2, DESTINY-
CRC01 trial in patients with HER2-expressing mCRC refractory to
standard treatment demonstrated promising and durable activity
of T-DXd, with an overall confirmed ORR of 45.3% (95% CI, 31.6–59.6%)
in patients with HER2-positive tumors and an ORR of 43.8% (95% CI,
19.8–70.1%) among patients who had previously received HER2-
targeted therapy23.

Here, we show that known biomarkers in CRC and biomarkers of
anti-HER2 therapy and the mechanism of action of T-DXd are corre-
lated with antitumor activity of T-DXd in exploratory biomarker ana-
lysis of DESTINY-CRC01. We identify intrinsic and acquired markers of
response or resistance to T-DXd and assess clinical outcomes in
patients with mCRC who have common oncogenic driver mutations.

Results
Datasets
Overall, 86 patients were enrolled in Cohort A (53 patients; immuno-
histochemistry [IHC] 3+ or IHC 2+/in situ hybridization [ISH+]), Cohort
B (15 patients; IHC 2+/ISH−), or Cohort C (18 patients; IHC 1+) between
February 23, 2018, andDecember 28, 202023. The evaluable circulating
tumor DNA (ctDNA) dataset comprised 188 samples, including
132 samples fromCohort A (52 at cycle 1 day 1; 41 at cycle 4 day 1; 39 at

the end of treatment), 26 samples from Cohort B (15 at cycle 1 day 1; 11
at the end of treatment), and 30 samples from Cohort C (18 at cycle
1 day 1; 12 at the end of treatment). The evaluable baseline HER2
extracellular domain (HER2ECD) dataset included a total of 74 samples
(49 from Cohort A; 7 from Cohort B; 18 from Cohort C), the evaluable
HER2 IHC dataset included 86 patients (53 from Cohort A; 15 from
Cohort B; 18 from Cohort C) (Fig. 1), and the evaluable HER2 ISH
dataset included 85 patients (52 from Cohort A; 15 from Cohort B; 18
from Cohort C). Baseline characteristics of the patients in each bio-
marker dataset (Supplementary Table S1) were similar to the baseline
characteristics of each cohort overall23.

Baseline genomic landscape from ctDNA in HER2-
expressing mCRC
Tumor responses measured as the best percentage change in the sum
of diameters according to baseline ctDNA genomic landscape in
Cohort A (HER2-positive; IHC 3+ or IHC 2+ and ISH+) are shown in
Fig. 2. The genomic landscape analysis of ctDNA in all cohorts (Cohort
A, Cohort B [IHC 2+ and ISH−], and Cohort C [IHC 1+]) is shown in
Supplementary Fig. S1. In Cohort A, no patients had MSI-H or baseline
BRAF V600E mutations. Baseline HER2 plasma amplification was
detected in 47 of 52 patients who had evaluable ctDNA data. Although
patients had to have RAS wild-type tumors to be included in DESTINY-
CRC01, according to the eligibility criteria, activating RAS mutations
were detected in ctDNA samples from 6 patients in Cohort A. In
addition, activating HER2 mutations and activating PIK3CA mutations
were detected in ctDNA samples from 8 and 6 patients, respectively.
Thirteen patients had a high blood tumor mutational burden (bTMB)
status ( ≥ 20 mut/Mb). Most patients had primary tumors located on
the left side and had moderately differentiated histology (Fig. 2).

Relationship between baseline tumor tissue HER2 status and
plasma HER2 amplification/adjusted plasma copy number or
HER2ECD
Across Cohorts A, B and C, plasma HER2 amplification was detectable
for 58 of 86 patients and, of those, 36 were focal and 22 were aneu-
ploidy plasma amplifications. Among 40 patients with HER2 IHC 3+
tumors, 33 (82.5%) had plasma HER2 focal amplification and 5 (12.5%)
had plasma HER2 aneuploidy amplification. Among 13 patients with
HER2 IHC 2+/ISH+ tumors, 3 (23.1%) had plasma HER2 focal amplifi-
cation and 6 (46.2%) had plasma HER2 aneuploidy amplification.
Absence of plasma HER2 focal amplification was observed in 33
patients who had HER2-low tumors (IHC 2+/ISH− or IHC 1+). Plasma
HER2 aneuploidy amplification was detected in 7 of 15 patients with
HER2 IHC 2+/ISH− tumors and in 4 of 18 patients with HER2 IHC 1+
tumors. Adjusted plasma copy number (ApCN) according to HER2
IHC/ISH status is shown in Supplementary Fig. S2. A correlation was
found betweenHER2 plasma copy number and both HER2/CEP17 ratio
(Spearman r = 0.60) and ApCN (Spearman r =0.81) (Supplementary
Fig. S3). A higher level of plasma HER2ECD was observed in patients
with HER2 IHC 3+ tumors (Supplementary Fig. S4).

Association between baseline HER2-related biomarkers and
clinical outcomes
The HER2-related biomarkers investigated included HER2 status (IHC/
ISH), H-score, ctDNA (plasma HER2 amplification), and HER2ECD.
Cutoffs for HER2 biomarker status were defined according to the
maximum value of the Youden index (Supplementary Fig. S5). Clinical
outcomes (ORR, progression-free survival [PFS], overall survival [OS])
in patients with HER2 levels above or below the cutoffs in baseline
tissue samples (IHC/ISH, HER2/CEP17 ratio, average number of HER2
ISH signals, and H-score) and liquid biopsy samples (plasma HER2
amplification status, HER2 ApCN, and HER2ECD) are shown in
Figs. 3 and 4. ORR was higher and median PFS (mPFS) and median OS
(mOS) were longer in patients with HER2 IHC 3+ versus IHC 2+/ISH+

All ctDNA
• 190 samples (C1D1, n = 85; C4D1, n = 42; EOT, n = 63)

All HER2ECD
• 435 samples

Evaluable dataset
• 188 samples (C1D1, n = 85; C4D1, n = 41; EOT, n = 62)
 – Cohort A (C1D1, n = 52; C4D1, n = 41; EOT, n = 39)
 – Cohort B (C1D1, n = 15; EOT, n = 11)
 – Cohort C (C1D1, n = 18; EOT, n = 12)

Evaluable baseline dataset
• 74 samples
 – Cohort A (n = 49)
 – Cohort B (n = 7)
 – Cohort C (n = 18)

Remove unevaluablea 

(C4D1, n = 1; EOT, n = 1)

ctDNA data set HER2ECD data set

Fig. 1 | Biomarker analysis sets. aNo somatic mutation detected. C, cycle; ctDNA,
circulating tumorDNA;D, day; EOT, end of treatment; HER2ECD, human epidermal
growth factor receptor 2 extracellular domain.
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status and with higher HER2 H-score with respect to an exploratory
cutoff (all P < 0.05). For HER2 ISH assessment, ORR was higher and
mPFS and mOS were longer in patients with higher HER2 ISH signal or
higher HER2/CEP17 ratio with respect to an exploratory cutoff (all
P <0.05). For plasma ctDNA assessment, ORR was higher and mPFS
and mOS were longer in patients with focal amplification versus those
with aneuploidy/no amplification detected and in patients with higher
HER2 ApCN with respect to an exploratory cutoff (all P <0.01). ORR
was higher in patients with higher HER2ECD with respect to an
exploratory cutoff (P = 0.023). Results were consistent when the
median value was used as the cutoff (Supplementary Fig. S6).

Association of clinical outcomes with RAS, PIK3CA, and HER2
mutation status and bTMB in patients with HER2-positivemCRC
Antitumor activity of T-DXd was observed in patients with or without
baseline activating RAS, PIK3CA, or HER2 mutations in ctDNA and
regardless of bTMB levels (Figs. 5 and 6; Supplementary Table S2). The
ORR, mPFS, and mOS in the 6 patients with activating RAS mutations
were 33.3%, 4.1 months, and 11.6 months, respectively, whereas in
patientswithout activatingRASmutations the valueswere 47.8%, 7.6, and
17.3, respectively (Figs. 5 and 6). The ORR, mPFS, and mOS in the 8
patients with activating HER2 mutations were 62.5%, 5.5 months, and
15.9 months, respectively, whereas in patients without activating HER2
mutations, the values were 43.2%, 8.3, and 15.5, respectively
(Figs. 5 and 6). TheORR,mPFS, andmOS in the 6 patients with activating
PIK3CAmutations were 33.3%, 4.1 months, and 11.6 months, respectively,
whereas in patients without activating PIK3CAmutations, the values were

47.8%, 7.3, and 17.3, respectively (Figs. 5 and 6). For the 13 patients with
high bTMB status (≥ 20 mut/Mb), ORR, mPFS, and mOS were 23.1%,
2.1 months, and 7.1 months, respectively, whereas in patients with low
bTMB, the values were 53.8%, 7.6, and 19.9, respectively (Fig. 5).

Variant allele fraction (VAF) changes (representing ctDNA clear-
ance) in patients with RAS or PIK3CA activating mutations during
T-DXd treatment are shown in Supplementary Fig. S7. RAS and PIK3CA
mutationVAFs tended todecrease at cycle 4, day 1, inpatientswho also
had a decreasing sum of target lesion diameter during T-DXd
treatment.

Plasma HER2 amplification status at disease progression
Analysis of paired ctDNA samples was performed in 29 patients in
Cohort A who discontinued T-DXd treatment because of disease pro-
gression and had detectable ctDNA at cycle 1, day 1, and at the end of
treatment. Plasma HER2 amplification (focal or aneuploidy) was
detected in 27 patients and 2 patients had no detectable plasma HER2
amplification at baseline. Nineteen of the 27 patients (70.4%) with
baseline plasma HER2 amplification had plasma HER2 amplification at
disease progression and 8 patients (29.6%) did not have detectable
plasma HER2 amplification at disease progression (Fig. 7).

Acquired gene mutations at disease progression
Acquiredmutations in several geneswereobserved inplasmactDNAat
disease progression in 12 of the 29 patients in Cohort A who dis-
continued T-DXd treatment. However, none of the mutations were
common across the patient group (Fig. 8; Table 1).
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ctDNA reduction during T-DXd treatment
A relationship was observed between ORR and the level of change in
meanVAF (mVAF), ameasureofmolecular response. Among2patients
who had complete molecular response (100% reduction in mVAF; ie,
nondetectable ctDNA), theORRwas 100% (95%CI, 15.8–100.0). Among
15 patients withmajormolecular response ( ≥ 90% to < 100% reduction
in mVAF), the ORR was 86.7% (95% CI, 59.5–98.3). Among 13 patients
with partial molecular response ( ≥ 20% to < 90% reduction in mVAF),
the ORR was 46.2% (95% CI, 19.2–74.9). Among 10 patients with
absence of molecular response ( < 20% reduction in mVAF), the
ORR was 10.0% (95% CI, 0.3–44.5). Similarly, the probability of PFS
reduction over time for all molecular response levels was lowest
among patients with absence of molecular response (Supplemen-
tary Fig. S8).

Retrospective ctDNA analysis according to clinical outcomes
(mPFS and ORR) among patients who had at least 16.4% reduction in
mVAF at cycle 4, day 1, is shown in Supplementary Fig. S9. The cutoff of
16.4% was defined according to the minimum P value of the log-rank
test for PFS.

Clinical outcomes in selected subgroups
Clinical response to T-DXd was observed in patients with HER2-
positivemCRC (Cohort A; n = 40 evaluable patients) regardless of CRC
histological grade subgroup (poorly, moderately, or well-
differentiated tumors according to locally scored histological grade)
(Supplementary Fig. S10). Three of four patients who had poorly dif-
ferentiated tumors responded to T-DXd treatment.

Because topoisomerase I inhibitors are commonly used to treat
mCRC and the payload of T-DXd is also a topoisomerase I inhibitor, an
exploratory analysis was carried out to investigatewhether the interval
from prior irinotecan therapy was associated with clinical outcomes.
All 53 patients in Cohort A (HER2-positive mCRC) had prior irinotecan
treatment; however, four patients for whom the date of the last iri-
notecan treatment was unknown were excluded from this analysis. A
clinical response to T-DXd was observed regardless of the interval
from the last irinotecan treatment. There was no clear relationship

between the interval from last irinotecan treatment and mPFS (Sup-
plementary Fig. S11).

Discussion
This exploratory biomarker analysis of patients with mCRC treated
with T-DXd in the DESTINY-CRC01 trial demonstrated an association
between HER2 expression or amplification and antitumor activity of
T-DXd. Higher ORR and longer PFS were apparent in patients with
higher expression levels of HER2 in tissue biopsy samples at baseline
and in patients with plasma HER2 focal amplification and higher levels
of HER2 ApCN and HER2ECD in liquid biopsy samples at baseline;
however, results should be interpreted with caution due to the small
number of patients. Similar findings were previously reported in the
HERACLES-A trial of trastuzumab and lapatinib dual-targeted therapy,
inwhich patients with a higherHER2 copy number achieved longer PFS
and OS24, and patients with a higher HER2 ApCN achieved higher ORR
and longer PFS25. In preclinical models, T-DXd also inhibited cell pro-
liferation in a HER2-dependent manner26. In the current trial, patients
with HER2-low expressingmCRC did not respond to T-DXd treatment,
whereas in patients with HER2-low mBC in the DESTINY-Breast04 trial
(NCT03734029), T-DXd showed superior activity over standard che-
motherapy options27. Based on the current results, HER2-positive sta-
tus defined by IHC/ISH appears to remain the most important
biomarker to predict response to T-DXd. However, the exploratory
data reported in this study, particularly the blood-based HER2-related
biomarkers, also appear to show a correlation with response to T-DXd.
Additional studies in larger populations would be required to deter-
mine the clinical relevance of these blood-based HER2 biomarkers in
guiding T-DXd treatment. The predictive value of potential biomarkers
needs to be statistically evaluated in a randomized setting; however,
the current results support further investigation of the clinical rele-
vance of HER2-related biomarkers such as plasma HER2 amplification
and HER2ECD for patients who do not have adequate tumor tissue for
measurement of HER2 IHC status.

Six patients in the current study with HER2 positive CRC were
found to harbor activating RASmutations, even though RAS wild-type
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status was an inclusion criterion for the DESTINY-CRC01 trial. One of
the patients with RASmutation (NRAS G12D) was enrolled in deviation
from the protocol. These are likely acquired mutations because all 6
patients had received anti-EGFR antibody therapy (4 cetuximab, 1
panitumumab, 1 cetuximab and panitumumab) prior to T-DXd treat-
ment and acquired RAS mutations are a known resistance mechanism
to EGFR inhibitors28. Antitumor activity of T-DXd was observed in
patients with RAS, PIK3CA, or HER2-activating mutations at baseline
and regardless of bTMB levels. Although there were signs of potential
associations—for example, a reduction in VAFs in patients with RAS or
PIK3CA mutations who achieved tumor shrinkage (Supplementary
Fig. S7)—the small number of patients with activating mutations of
RAS, PIK3CA, and HER2 and high bTMB means that interpretation of
these results is limited and further investigation to validate these
findings is warranted in a larger study, such as the DESTINY-CRC02
trial (NCT04744831). Nevertheless, the persistence of activity in
tumors with these driver mutations in the current study suggests a
potentially unique property of T-DXd in comparison to other HER2-
targeted therapies. For example, in patient-derived xenografts and
matched CRC cell lines, overexpression of mutant alleles of KRAS,
BRAF, and PIK3CA conferred resistance to the combination of trastu-
zumab and lapatinib due to sustained ERK and/or AKT activation29. In
the HERACLES-A trial, more than 85% of patients who were refractory
to HER2 blockade with trastuzumab plus lapatinib had RAS/BRAF
baselinemutations detected in liquid biopsy and, in addition, a role for
PIK3CA-AKT pathway activation was suggested as a mechanism of
acquired resistance to this dual anti-HER2 blockade30, Furthermore, in
theMyPathway trial, 13 of 57 patients (23%) withHER2-amplifiedmCRC
had activating KRAS mutation and 8 patients (14%) had activating
PIK3CA mutation. The ORR with pertuzumab plus trastuzumab in the
patients with KRAS mutation in the MyPathway trial was 8% (1 of 13
patients) compared with 40% (17 of 43 patients) in patients with wild-
type KRAS and the ORR in patients with PIK3CAmutation was 13% (1 of
8 patients) comparedwith 43% (17 of 40 patients) in patients withwild-

type PIK3CA14. The T-DXd cytotoxic payload, DXd, and its bystander
effect is unique among HER2 targeted drugs and may partly be
responsible for these differences between our study and others. The
T-DXd bystander effect that kills adjacent tumor and stromal cells, has
been described, with no potential overlapping mechanisms of resis-
tance with the HER2 signaling pathway19,31.

Analysis of on-treatment ctDNA in our study showed an associa-
tion between clinical outcomes and mVAF reduction. Higher ORR and
longer PFS were observed in patients who had a complete molecular
response (100% reduction in mVAF) and the lowest responses were
observed in patients with absence of molecular response ( < 20%
reduction in mVAF). Clinical outcomes (ORR and PFS) seemed to be
better if patients had at least a 16.4%decrease inmVAF at cycle 4, day 1,
of treatment (Supplementary Fig. S9). Although conclusions cannot be
drawn due to the small number of patients, these findings support
further investigation of the relationship between changes inmVAF and
clinical outcomes in larger trials. Among patients with mCRC under-
going first-line chemotherapy in another study, ctDNA clearance was
associated with longer PFS32. In our study of patients with HER2-
positive mCRC, 19 of 27 patients who discontinued T-DXd because of
disease progression had plasma HER2 amplification at the time of
disease progression. This might be an underestimation because of
limitations in the technology to detect HER2 plasma amplification in
ctDNA samples taken at disease progression with potentially lower
ctDNA shedding. Although acquired alterations were observed in
several genes at disease progression, including mutations in BRAF,
CASP8 (an apoptosis-related gene), and KEAP1 (a reactive oxygen
species-related gene) in our study, none were common across the
patient population. Patterns of emerging molecular alterations asso-
ciated with clinical resistance to trastuzumab and lapatinib therapy
identified in ctDNA analysis from the HERACLES-A trial suggested that
radiographic and genomic evolution patterns could be heterogeneous
between target lesions andmetastases and response toHER2 blockade
may therefore differ30.
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Subgroup analysis in the current study indicates that clinical
response toT-DXdwasobserved regardlessof thehistological gradeof
mCRC (Supplementary Fig. S10). Three of the 4 patients who had
poorly differentiated tumors responded to T-DXd, suggesting anti-
tumor activity in patients with aggressive tumors. However, inter-
pretation is limited because thenumber of patients in each histological

grade subgroup was small and histological grades used in the analysis
were scored locally using archival samples.

In conclusion, this exploratory analysis identified HER2 bio-
markers associated with antitumor activity of T-DXd in patients with
mCRC, including those with activating mutations in common mCRC
oncogenic driver genes.

Methods
Study design
This research complies with all relevant ethical regulations. Indepen-
dent ethics committees or institutional review boards at each study
site reviewed and approved the protocol23 (Supplementary Table S3).
The study was conducted in accordance with the principles of the
Declaration of Helsinki, The International Council for Harmonisation
guidelines forGoodClinical Practice, andother local regulationswhere
applicable. Written informed consent was provided by all patients
before enrollment.

DESTINY-CRC01 (NCT03384940) was an open-label, multicenter,
phase 2 trial in patients with HER2-expressing unresectable, recurrent,
or metastatic colorectal adenocarcinoma who had received and pro-
gressed on at least two previous treatment regimens including fluor-
opyrimidines, irinotecan, oxaliplatin, and anti-EGFR or anti-VEGF
antibodies. Patients had to have RAS and BRAFV600E wild-type tumors
according to local assessment. Full enrollment criteria are published23.
Patients were grouped into three cohorts according to HER2 expres-
sion assessed on archival or recent tumor tissue samples at screening
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Fig. 8 | Acquired plasma ctDNA mutations at disease progression in patients
with HER2-positive mCRC treated with T-DXd. Acquired refers to patients with
acquired mutations detected only at disease progression. Lost refers to patients
with mutations detected only at cycle 1, day 1. Maintained refers to patients with
mutations at cycle 1, day 1, and at disease progression. bTMB, blood tumor

mutational burden; CBOR, confirmed best overall response; ctDNA, circulating
tumor DNA; HER2, human epidermal growth factor receptor 2; mCRC, metastatic
colorectal cancer; PD, progressive disease; PFS, progression-free survival; PR, par-
tial response; SD, stable disease.

Table 1 | Acquired ctDNA gene mutations in patients with
disease progression (n = 29)

Patients, n Gene Mutation

3 TP53 Y234C, S241C, R273C

1 HER2 D769H

1 BRAF V600E, V600M

1 CASP8 F338fs

1 CIC T2002fs

1 GRIN2A Q201*

1 JAK1 L1114fs

1 KEAP1 F64fs

1 KMT2D L671fs

1 NOTCH2 N396fs

1 PIK3CA R88Q

ctDNA, circulating tumor DNA.
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(before treatment) by the central laboratory: Cohort A (IHC 3+ or IHC
2+/ISH+ [HER2-positive]); Cohort B (IHC 2+ and ISH−); Cohort
C (IHC 1+).

Patients were treated with T-DXd 6.4mg/kg by intravenous infu-
sion once every 3 weeks until disease progression (per investigator
assessment according to Response Evaluation Criteria in Solid Tumors
version 1.1 (RECIST 1.1), investigator decision to discontinue treatment,
pregnancy, withdrawal of consent, or death. Tumor assessment was
performed by investigators and by Independent Central Review every
6 weeks from cycle 1, day 1, until progressive disease or initiation of
new anticancer treatment. Endpoints assessed were cORR, defined as
the proportion of patients who had a confirmed best overall response
of complete response or partial response at any point from the start of
therapy until the patient was withdrawn from the study or started a
new anticancer therapy, whichever was earlier, and PFS, defined as the
time from the date of the first dose to the earliest disease progression
or death23.

The clinical cutoff date used in the current analysis wasDecember
28, 2020.

Biomarker analysis
HER2 testing. Archival or recently obtained biopsied tumor tissue was
collected at screening to assess HER2 status. IHC staining for HER2was
performed using PATHWAY anti-HER-2/neu (4B5) Rabbit Monoclonal
Primary Antibody (Ventana Medical Systems). Freshly cut 4 µm thick
formalin-fixed paraffin-embedded sections were processed on the
BenchMarkULTRAstaining platform (VentanaMedical Systems).HER2
IHC score (0, 1+, 2+, or 3+) was evaluated by trained pathologists
according to the College of American Pathologists/American Society
for Clinical Pathology/American Society of Clinical Oncology guide-
lines for gastric cancer33. H score (0–300) was automatically evaluated
by LabVantage laboratory information management system. INFORM
HER2 Dual ISH DNA probe cocktail assay (Ventana Medical Systems)
was used to provide HER2 amplification status, HER2/CEP17 ratio, and
the average number of HER2 signals33.

Circulating tumor DNA. Plasma samples for ctDNA analysis were
collected at baseline (cycle 1, day 1); cycle 4, day 1; and end of treat-
ment. Plasma ctDNA analysis to explore biomarkers of response or
resistancewas performedusing theGuardantOMNI panel byGuardant
Health, which can detect alterations in approximately 500 genes, and
bTMB. Possible germline mutations, synonymous mutations, muta-
tions that are not oncogenic (ie, considered likely oncogenic, onco-
genic, or predicted oncogenic based on oncoKB) with VAF less than
0.2, and clonal hematopoiesis of indeterminate potential (CHIP)
mutations reported by Guardant Health were excluded. The evaluable
ctDNA dataset (188 samples) was derived from the total ctDNA dataset
(190 samples), excluding those in which somatic mutation was not
detected. For cohort A, baseline ctDNA was evaluated in 52 of 53
patients.

For analysis of single nucleotide variants and insertion/deletion
mutations, PIK3CA variants were determined according to published
data34. NRAS and KRAS variants were considered mutant if there was
mutation at codon 12, 13, 59, 61, 117, or 146. HER2 variants were cate-
gorized asmutant if variants determined asGain-of-function andLikely
Gain-of-function based on OncoKB. PTEN variants were determined as
mutations of Loss-of-function and Likely Loss-of-function based on
OncoKB. bTMB ≥ 20 mut/Mb was considered high according to the
Guardant Health report. For analysis of plasma HER2 amplification,
both focal and aneuploidy amplification detected according to Guar-
dant OMNI pipeline were assessed.

ApCN was used to correct variation in plasma tumor fraction
between samples and calculated according to published methods
using the following equation25. ApCN= (observed pCN − 2 × [1 − T] / T,
where T = 2 × maxVAF[%] / 100. The maximum VAF (maxVAF) for any

variant of an individual sample was used to calculate the surrogate
tumor fraction (T).

For the analysis of molecular response, mVAF was defined as the
mean of VAF of gene mutations (single nucleotide variant/Indel)
detected at baseline that were greater than or equal to 0.3. For on-
treatment samples, only gene mutations detected at baseline were
used for mVAF calculation and were considered as 0 if VAF was less
than 0.3.

HER2ECD. BaselineHER2ECD in serumwas assessed by enzyme-linked
immunosorbent assay (ELISA; Siemens Health Diagnostics).

Statistical analysis
Receiver operating characteristic (ROC) analysis was performed using
ORR to determine the exploratory cutoff values for HER2 H-score,
HER2 ApCN, HER2/CEP17 ratio, HER2 ISH signal, and HER2ECD.
Exploratory cutoff values for each biomarker based on ROC analysis
were set at themaximumYouden index (sensitivity + specificity – 1). In
cohort A, 5 of the 52 patients did not have HER2 amplification at
baseline and the HER2 ApCN was set at a value of 2 for these patients
for ROC analysis. Point estimates and two-sided 95% exact binomial CIs
were calculated for ORR in each subgroup. The Kaplan-Meier method
was used to estimate median event times with two-sided 95% CIs cal-
culated using Brookmeyer and Crowley methods. Exploratory cutoff
values (VAF; 16.4%) were selected based on the most significant value
for PFS for separating patients into high and low groups. ORR was
compared using Fisher’s exact test.Median PFS andOSwere estimated
by Kaplan-Meier analysis and compared using log-rank test.

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

Data availability
Anonymized individual participant data (IPD) on completed studies
and applicable supporting clinical trial documents may be available
upon request at the Vivli website (https://vivli.org/members/enquiries-
about-studies-not-listed-on-the-vivli-platform/). In cases where clinical
trial data and supporting documents are provided pursuant to our
company policies and procedures, Daiichi Sankyo Companies will
continue to protect the privacy of our clinical trial participants. Details
ondata sharing criteria and the procedure for requesting access canbe
found at Vivli’s Daiichi Sankyoweb page (https://vivli.org/ourmember/
daiichi-sankyo). Individual participant data, including data diction-
aries, will be available. Documents that will be available include the
clinical trial protocol, statistical analysis plan, informed consent form,
and clinical study report. Data may be requested after the indication
has been approved by major health authorities and the study results
are published. The data will be made available to qualified science and
medical researchers upon formal request and submission of a research
proposal detailing planned analyses. De-identified IPD and relevant
clinical trial documents will be shared for the purpose of conducting
legitimate research as specified in an approved formal research pro-
posal and may be available upon request via the Vivli Data Sharing
Platform at https://vivli.org/. Additional information can be found in
Supplementary Table S4. All remaining data can be found in the article
or supplementary files.
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