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CLINICAL CANCER RESEARCH | CLINICAL TRIALS: IMMUNOTHERAPY

APhase I, Multicenter, Open-Label, First-in-Human Study
of DS-6157a in Patients with Advanced Gastrointestinal
Stromal Tumor
Suzanne George1, Michael C. Heinrich2, Neeta Somaiah3, Peter Oppelt4, Robert McLeod5,
Satoshi Nishioka5, Madan G. Kundu5, Xiaozhong Qian5, Prasanna Kumar5, Abderrahmane Laadem5,
Yvonne Lau5, Brittany P. Tran5, Maura Fallon6, Ololade Dosunmu7, Julia Shi8, and Yoichi Naito9

ABSTRACT
◥

Purpose: To evaluate DS-6157a, an antibody–drug conjugate
targeting G protein–coupled receptor 20 (GPR20), in gastrointes-
tinal stromal tumors (GIST).

Patients and Methods: In this phase I multicenter, open-label,
multiple-dose study, patients with previously treated advanced
GIST received intravenous DS-6157a on Day 1 of 21-day cycles,
with a starting dose of 1.6 mg/kg. The primary objective evaluated
the safety and tolerability of DS-6157a, while determining dose-
limiting toxicity (DLT) and the MTD. Secondary objectives includ-
ed plasma pharmacokinetics parameters, plasma antidrug antibo-
dies (ADA), and efficacy.

Results: A total of 34 patients enrolled. DS-6157a was well
tolerated, with DLTs in 4 patients (11.8%) at doses of 6.4 mg/kg,
9.6 mg/kg, and 12.8 mg/kg; the MTD was determined to be
6.4 mg/kg. Treatment-emergent adverse events (TEAE) grade ≥3

occurred in 17 patients (50.0%), including decreased platelet count
(23.5%), anemia (20.6%), decreased neutrophil count (14.7%), and
decreased white blood cell count (11.8%). Four patients (11.8%)
experienced serious adverse events related to DS-6157a. Six patients
died with 5 due to disease progression and 1 due to DS-6157a-
related TEAE. Tumor shrinkage was observed in 7 patients (20.6%),
and 1 patient (2.9%) achieved a partial response. Plasma concen-
trations and exposure of intact DS-6157a, DXd, and total anti-
GPR20 antibody all demonstrated a dose-dependent profile. No
treatment-emergent ADAs were observed.

Conclusions: Targeting GPR20 with DS-6157a was tolerated
in patients with advanced GIST with tumor shrinkage demon-
strated in KIT/PDGFRA wild-type GIST. However, the study
did not proceed further due to lower efficacy outcomes than
anticipated.

Introduction
Gastrointestinal stromal tumors (GIST) are the most common

type of sarcoma, with a reported incidence of 0.7 per 100,000 people
per year in the United States (1, 2). Notably, the incidence of GIST
has been increasing since 2000 (3). GISTs are most often located in
the stomach (�60%) and small intestine (�30%) but maymetastasize,

largely to other intra-abdominal locations (3–5). The majority of
GISTs in adults are associated with mutations in KIT (�80%) or
PDGFRA (5%–7%; refs. 6–8), resulting in ligand-independent acti-
vation of their downstream signaling pathways (9). However, in a
small percentage of adults (�7%–10%), GIST is wild-type for both
KIT and PDGFRA and such cancers are characterized by multiple
different rarer pathologic mechanisms, including mutations in
SDHx (resulting in SDH deficiency), NF1, BRAF, FGFR, and RAS
genes; additionally, gene fusions such as ETV6-NTRK3 fusion have
rarely been identified in GIST (6–11).

The orphan G protein–coupled receptor 20 (GPR20) is a 358
amino acid 7-pass transmembrane protein whose ligand has not
been identified. When exogenously expressed in HEK293 cells,
GPR20 constitutively activates its coupled G proteins without
ligand stimulation (12). GPR20 has been detected in multiple brain
regions, including the nuclei, thalamus, and putamen (12), and
represents a novel therapeutic target in GIST, as it is selectively and
abundantly expressed across different mutations (13–15). Studies in
mice have demonstrated that GPR20 is expressed in subsets of the
interstitial cells of Cajal, the pacemaker cells for peristaltic con-
tractions of the gut and the GIST cell-of-origin (16, 17). The
expression of GPR20 is regulated by FOXF1 and ETV1, which are
transcription factors that play a central role in KIT-driven GIST
initiation, proliferation, and survival (16, 18).

Antibody–drug conjugates (ADC) represent a promising treatment
strategy that uses the specificity of a mAb to selectively deliver potent
cytotoxic drugs to target antigen-expressing tumor cells (19, 20). The
ADC binds to the cell-surface antigen, and then the complex under-
goes internalization and translocation into the lysosomal compart-
ment of the cell. The ADC is then cleaved by the lysosomal enzymes
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which releases the cytotoxic drug, causing apoptosis of the tumor
cells (20).

DS-6157a is the first-in-class ADC to target GPR20 and comprises a
humanized anti-GPR20 mAb that is covalently conjugated to an
enzymatically cleavable linker, and a novel exatecan derivative (DXd)
payload at a drug-to-antibody ratio (DAR) of�8. The ADCbinding to
GPR20 followed by intracellular release of the drug inhibits DNA
topoisomerase I, resulting in apoptosis of target cells (15), and the
cleaved payload can also diffuse out of the target cells expressing
GPR20 and kill neighboring tumor cells with lower or absent GPR20
expression as a by-stander effect. Currently, the tyrosine kinase
inhibitor (TKI) imatinib is the recommended first-line treatment of
GISTwithKITmutations, either as (neo)adjuvant therapy before/after
resection of the primary tumor or in advanced disease (21–24). Other
TKIs [sunitinib (25), regorafenib (26), ripretinib (27), avapritinib (28)]
are recommended as second- or later-line treatment options (21). DS-
6157a was developed with the aim of providing a novel treatment
option to patients whose GIST is resistant to TKIs. Here, we report
results of the dose escalation phase of the first-in-human phase I study
of DS-6157a in patients with advanced GIST.

Patients and Methods
Study design

This was a phase I multicenter, open-label, multiple-dose study
(ClinicalTrials.gov identifier, NCT04276415) in patients with GIST
conducted at 5 sites in the United States and Japan. The study plan
included two phases—a dose escalation phase, and a dose expansion
phase.

DS-6157a (Daiichi Sankyo, Tokyo, Japan; supplied as a lyophilized
powder) was to be administered intravenously onDay 1 of each 21-day
cycle. The dose escalation stage was to begin with a starting dose of
1.6 mg/kg DS-6157a infused over an approximately 90-minute period
on the first day of the first treatment cycle, followed by a 21-day
observation period, during which all relevant safety data were to be
reviewed. Patients were to continue to receive DS-6157a every 3 weeks
until unacceptable toxicity, disease progression, initiation of new
anticancer treatment, death, or withdrawal of consent. If no infu-
sion-related reaction (IRR) was observed following administration on
Day 1 of Cycle 1, subsequent infusion duration could be reduced to

approximately 30 minutes based on the clinical judgment of the
investigator, but this reduced infusion rate was not mandatory.

Dose escalation was to be guided by a Bayesian logistic regression
model (BLRM), following the escalation with overdose control
(EWOC) principle (29–31). The next dose level was to be chosen by
investigators based on the dose recommendation of the BLRM, a
clinical assessment of the overall safety data, together with any
pharmacokinetics (PK), pharmacodynamics, and efficacy data avail-
able. The dose level could not be increased by more than 100% even
if the BLRM suggested an increase to a dose level greater than 100%.
The final number of dose levels evaluated in the study was to be
dependent on determination of the MTD of DS-6157a based on dose-
limiting toxicities (DLT) reported during the DLT evaluation period
(Days 1–21 of Cycle 1 in all dose escalation cohorts). Planned DS-6157a
dose levels were 1.6 mg/kg, 3.2 mg/kg, 4.8 mg/kg, 6.4 mg/kg, and
9.6 mg/kg. The human starting dose of 1.6 mg/kg was chosen on the
basis of preclinical toxicology and nonclinical pharmacology data
per International Council for Harmonisation (ICH)-S9 guideline to
ensure patient safety while affording a minimum level of efficacy (15).

The dose expansion phase was to enroll and treat patients at the
recommended dose for expansion (RDE) in 2 cohorts: Cohort 1 with
patients who received ≥1 post-imatinib treatment, and Cohort 2 with
patients who did not receive a post-imatinib treatment. However, due
to lower than anticipated efficacy in the dose escalation phase, the
study did not proceed to dose expansion.

Patients
Patients were eligible to participate in the dose escalation phase

if they were aged ≥20 years at the Japanese study sites, and aged
≥18 years at the U.S. sites; had an Eastern Cooperative Oncology
Group (ECOG) performance score of 0 or 1; left ventricular ejection
fraction (LVEF) ≥50%; and adequate renal, hepatic, and hematologic
functions. They were also required to have histopathologically
documented unresectable and/or metastatic GIST following treat-
ment with standard of care, including imatinib, and ≥ 1 measurable
lesion per RECIST v1.1. An adequate washout period for previous
treatments (major surgery, radiotherapy, systemic anticancer ther-
apies) prior to study treatment was also necessary. Evidence of
GPR20 expression was not required for enrollment into Part 1 of the
study. However, patients were required to provide consent for
collection of fresh tumor biopsy samples before and on DS-6157a
treatment for biomarker testing.

Patients were excluded from the study if they had undergone
allogeneic bone marrow or solid organ transplant within the 3 months
prior to the study, were receiving concomitant treatment withmedica-
tions known to increase the risk of Torsade de Pointes, or treatments
supporting hematologic function. Patients were also ineligible to
participate in the study if they had spinal cord compression, clinically
active central nervous system metastases, a history of cardiac disease,
corrected QT interval of >470 ms, interstitial lung disease (ILD)/
pneumonitis, impaired respiratory function, clinically significant cor-
neal disease, active human immunodeficiency virus, hepatitis B,
hepatitis C, or severe or uncontrolled systemic diseases. Patients were
excluded from the study if they had unresolved toxicities fromprevious
anticancer therapies or prior or concurrent malignancy whose natural
history or treatment had a potential to interfere with the efficacy or
safety of study treatment.

The study was conducted in accordance withGoodClinical Practice
and local regulatory requirements, and the protocol was reviewed and
approved by the relevant institutional review boards. All patients
provided written informed consent.

Translational Relevance

Gastrointestinal stromal tumors (GIST) are largely character-
ized by mutations in KIT and/or PDGFRA. The orphan receptor G
protein–coupled receptor 20 (GPR20) is highly expressed in GIST,
regardless of genotype, and presents a novel therapeutic target in
patients with limited treatment options. DS-6157a is the first
antibody–drug conjugate (ADC) targeting GPR20 and comprises
a humanized anti-GPR20 mAb that is covalently conjugated to an
enzymatically cleavable linker and a novel exatecan derivative
(DXd) payload. DS-6157a was well tolerated, with an adverse
event profile comparable to other DXd-ADC therapies. Tumor
shrinkage was observed in 7 of 34 patients enrolled, including 1
patient with a partial response to treatment, who had succinate
dehydrogenase–deficient GIST with NF1 mutation (wild-type
KIT/PDGFRA). The relationship between response to GPR20-
targeted therapy and specific molecular subtypes of GIST warrants
further investigation.
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Study endpoints
The primary objective of the dose escalation phase was to

evaluate the safety and tolerability of DS-6157a, with determination
of the MTD and/or the RDE. Secondary objectives included plasma
PK parameters of intact DS-6157a, total anti-GPR20 antibody and
cytotoxic payload (DXd), incidence of plasma antidrug antibodies
(ADA) against DS-6157a, and efficacy. In the dose expansion phase
the primary objective was to assess the safety, tolerability, and efficacy
of DS-6157a at the RDE.

Safety parameters included treatment-emergent adverse events
(TEAE), serious adverse events (SAE), adverse events of special
interest (AESI; ILD/pneumonitis and IRRs), ophthalmologic findings,
electrocardiography, LVEF (measured by echocardiogram or multi-
gated acquisition scan), physical examination, vital signs, and labo-
ratory parameters. Potential cases of ILD or pneumonitis were to be
evaluated by an independent adjudication committee. TEAEs were
summarized according to the Medical Dictionary for Regulatory
Activities v24.1 and severity graded according to NCI Common
Terminology Criteria for Adverse Events (CTCAE) v5.0. All patients
were followed for≥30 days after the last dose of study treatment during
the off-treatment period until all treatment-related toxicities resolved
or before the start of another anticancer treatment. Those patients alive
and without disease progression at the end of this period continued to
be followed-up until disease progression, start of new anticancer
treatment, death, lost to follow-up, withdrawal of consent, or inves-
tigator discretion.

DLTs were defined as grade 3 to 4 hematologic toxicities, grade 4
aspartate aminotransferase (AST) or alanine aminotransferase (ALT)
increase, and other AST/ALT abnormalities. Decline in LVEF/symp-
tomatic congestive heart failure, grade ≥2 ILD/pneumonitis, grade
3 skin toxicity lasting >7 days or grade 4 for any duration, and grade
≥3 IRR. Full details of DLTs are presented in the Supplementary
Appendix.

Blood samples for PK analysis were obtained predose on Day 1 of
Cycle 1 after the end of infusion (EOI); 2, 4, and 7 hours after EOI; and
24 hours after the start of Day 1 infusion, with additional sampling on
Days 4, 8, and 15. Similar sampling schedule was performed for Cycle
3. Analysis was conducted using validated bioanalytical assays. Plasma
PK parameters of intact DS-6157a, total anti-GPR20 antibody, and
DXd were estimated using standard noncompartmental analysis in
Phoenix WinNonlin (v8.3.4; Certara USA, Inc., Princeton, NJ) and
included maximum concentration (Cmax), time to maximum concen-
tration (Tmax), trough concentration (Ctrough), terminal half-life (t1/2),
and area under the concentration-time curve in the dosing interval
(AUCtau) after the Cycle 1 and Cycle 3 doses. Blood samples for the
determination of ADAswere obtained predose onDay 1 of Cycle 1 and
again atDay 8 of Cycle 1, with further sampling atDay 1 ofCycles 2 to 4
and every 2 cycles thereafter through the end of study visit and a 30-day
safety follow-up visit. ADAs was measured using a validated immu-
noassay. Immunogenicity was assessed as the number and percentage
of patients with detectable treatment-emergent ADAs.

Tumor samples were to be obtained by core needle biopsy for
retrospective measurement of GPR20 expression prior to the first dose
of DS-6157a in the study, with further core biopsies obtained between
Days 8 and 15 during Cycle 2 in clinically stable patients as judged by
the investigator. GPR20 protein level in tumor biopsy samples was
retrospectively examined by IHCatRocheTissueDiagnostics (Tucson,
AZ). GPR20 IHC assay was performed using the anti-GPR20 mAb
clone 04–093 OcH1L1 provided by Daiichi Sankyo Co., Ltd. with RTD
OptiView DAB detection kit on the RTD’s VENTANA Benchmark
ULTRAstaining platform.TheH-scorewas calculated according to the

following formula: H-score ¼ [(0 � %negative cells)þ (1 � %weakly
positive cells) þ (2 � %moderately positive cells) þ (3 � %strongly
positive cells)]. DXd-ADC IHC (the detection of antibody binding to
the DXd epitope in the intact ADC) was also evaluated.

Tumor responses were to be assessed according to RECIST 1.1
criteria by investigator and using computed tomography or magnetic
resonance imaging of the chest and abdominopelvic cavity, conducted
at 6-week intervals during the first 36 weeks and every 9 weeks
thereafter. Outcome measures included overall response rate [ORR;
proportion of patients with partial response (PR) or complete response
(CR)], progression-free survival (PFS; time from start of study treat-
ment to first documented radiologic progression or death from any
cause), and best percent change in target lesion.

Statistical methodology
For the dose escalation phase, theMTD/RDEwere to be determined

following a recommendation from BLRM with EWOC criteria and a
clinical assessment of the overall safety findings, together with any PK,
pharmacodynamics, and efficacy results. The recommendation of
BLRM was based on the accumulated DLT data from Cycle 1 in the
DLT-evaluable set and the prior distribution. The DLT-evaluable set
included patients who either experienced DLT in Cycle 1 or completed
Cycle 1 without DLT.

Patients were enrolled in a cohort of 3 after each dose-titration
decision. The safety analysis set comprised all patients who had any
exposure to DS-6157a, while the DLT evaluation set included all
patients enrolled in the dose escalation phase of the study who had
a DLT or who received a full dose of DS-6157a in Cycle 1 and
completed the DLT evaluation period. The PK analysis set included
patients from the safety analysis set who had ≥1 blood sample with a
measurable concentration of intact DS-6157a, total anti-GPR20 anti-
body, and DXd.

Data were summarized according to dose level. For continuous
variables, descriptive statistics included mean, standard deviation,
median, and range, while categorical data were summarized using
frequency and percentages. The Kaplan–Meier method was used to
obtain median PFS and PFS probabilities at various timepoints. No
statistical hypothesis testing was planned.

Data availability
Anonymized individual participant data on completed studies and

applicable supporting clinical study documents will be available upon
request at https://vivli.org/. In cases where clinical study data and
supporting documents are provided pursuant to our company policies
and procedures, Daiichi Sankyo Companies will continue to protect
the privacy of company and our clinical study subjects. Details on data
sharing criteria and the procedure for requesting access can be found at
this web address: https://vivli.org/ourmember/daiichi-sankyo/.

Results
Patient baseline demographics and clinical characteristics

A total of 34 patients were included in the dose escalation phasewith
a median age of 61 years (range, 29–81); 19 (56%) were male, and
almost all were White or Asian (Table 1). Representativeness of study
participants are presented in Supplementary Table S1. Nearly all
patients [n ¼ 32 (94.1%)] had previously received systemic therapy
for metastatic GIST except for 2 patients who had no prior systemic
therapy [median of 5 prior systemic anticancer regimens (range,
0–12)], with the primary tumor site mostly in the stomach or small
intestine, and the median GPR20 H-score was 168 (range, 12–273). At

DS-6157a Safety and Efficacy in GIST
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the time of data cutoff (August 17, 2022), all patients had discontinued
from the study. The primary reason for discontinuation was progres-
sive disease [18 patients (52.9)], followed by physician decision [6
patients (17.6%); Supplementary Table S2].

Safety
All 34 patients received ≥1 dose of DS-6157a; 6 dose levels were

administered, including 5 preplanned dose levels: 1.6 mg/kg (n ¼ 4),
3.2 mg/kg (n ¼ 4), 4.8 mg/kg (n ¼ 5), 6.4 mg/kg (n ¼ 13), 9.6 mg/kg
(n¼ 6), as well as a dose escalation to 12.8 mg/kg (n¼ 2). The median
number of infusions was 3.0 (range, 1–21), with a median cumulative
dose of 19.3 mg/kg per patient (range, 2.93–133.38). The median
relative dose intensity was 1.0 (range: 0.53–1.05).

TEAEs were experienced by all patients, with 32 patients (94.1%)
experiencing TEAEs related to DS-6157a (Table 2). Grade ≥3 TEAEs,
regardless of causality, were reported for 27 patients (79.4%), including
17 patients (50.0%) with DS-6157a related grade ≥3 TEAEs. The most
commonly reported related grade ≥3 TEAEs were decreased platelet
count (23.5%), anemia (20.6%), decreased neutrophil count (14.7%),
and decreased white blood cell count (11.8). SAEs were experienced
by 9 patients (26.5%), with the most common including abdominal
pain, abnormal hepatic function, and decreased platelet count (2
patients each). Four patients (11.8%) experienced SAEs related to
DS-6157a: grade 4 abnormal hepatic function, which progressed to
grade 5 (1 patient); grade 4 intestinal perforation, grade 4 decreased
neutrophil count, and grade 3 and grade 4 decreased platelet count
(1 patient); grade 4 abnormal hepatic function, grade 4 decreased
platelet count, and grade 3 renal disorder (1 patient); and grade 3
neutropenic fever and grade 3 pneumonia (1 patient). A total of 6
patients died during the study (2 were on treatment), 5 due to
disease progression and 1 due to a DS-6157a-related TEAE (inves-
tigator assessed grade 4 hepatic dysfunction occurring on Day 8 in a
patient at dose level 6.4 mg/kg that became fatal on Day 10). An
external physician reviewed the report of the grade 4 abnormal
hepatic function, which progressed to grade 5 and considered that
the patient, who had significant liver disease at baseline, died due to
septic shock secondary to biliary sepsis attributable to bactibilia
resulting from the choledochojejunostomy performed in 2007 and
more recent anastomotic obstruction.

The most frequent TEAEs included nausea [28 patients (82.4%)],
decreased appetite [21 patients (61.8%)], anemia [19 patients (55.9%)],
fatigue [17 patients (50.0%)], and constipation [14 patients (41.2%);
Supplementary Table S3]. All patients discontinued study treatment,
and TEAEs were the primary reason for treatment discontinuation
for 6 patients (17.6%), all of which were DS-6157a related. With
respect to AESIs, 1 patient (60-year-old male in the 6.4 mg/kg dose
level) was reported to have a grade 1 ILD that was later adjudicated
as a non-ILD event by the ILD adjudication committee. Four
patients (11.8%) experienced IRRs during the study, 3 of which
occurred at the 6.4 mg/kg DS-6157a dose level (one grade 3 event
and two grade 1 events), and 1 at the 9.6 mg/kg dose level (grade 1);
all were related to study treatment.

Of 31 DLT-evaluable patients, DLTs occurred in 4 patients during
the dose escalation phase at doses of 6.4 mg/kg, 9.6 mg/kg, and
12.8 mg/kg (Table 2). Of 11 DLT-evaluable patients at the 6.4 mg/kg
dose level, 1 patient (9.1%) experienced non-serious DLTs of grade 3
anemia and grade 4 decreased platelet count and a serious DLT of
abnormal hepatic function that was fatal. Of 6 DLT-evaluable patients
at the 9.6 mg/kg dose level, 1 patient (16.7%) experienced non-serious
DLTs of grade 3 anemia and grade 3 febrile neutropenia and serious
DLTs of grade 4 hepatic function abnormality and grade 4 decreased
platelet count. Two of 2 DLT-evaluable patients at the 12.8 mg/kg
experiencedDLTs: 1 experienced a seriousDLTof grade 3 neutropenic
fever and the other experienced non-serious DLTs of grade 2 nausea,
grade 2 diarrhea, grade 2 vomiting, and grade 2 dehydration. The
12.8 mg/kg dose of DS-6157a was therefore not administered to any
further patients. The DLT events at the 6.4 mg/kg and 9.4 mg/kg were
observed when additional patients were enrolled at those dose levels to
define RDE after identifying 12.8 mg/kg was not tolerable. Afterwards,
the MTD was determined to be 6.4 mg/kg at cohort review meeting of
the investigators and sponsor’s clinical and safety team, as 9.4 mg/kg
was also considered non-tolerable for long termuse due to hematologic
toxicities and nausea. No trends or clinically important changes in vital
signs, ECOG performance status, or ECGs were observed.

Table 1. Patient demographics and baseline disease
characteristics.

Patients
(n ¼ 34)

Age, median (range), years 60.5 (29–81)
Male, n (%) 19 (55.9)
Country of enrollment, n (%)

United States 18 (52.9)
Japan 16 (47.1)

Race, n (%)
White 16 (47.1)
Asian 16 (47.1)
Black/African American 1 (2.9)
Other 1 (2.9)

ECOG performance status, n (%)
0 18 (52.9)
1 16 (47.1)

Primary tumor site, n (%)
Stomach 13 (38.2)
Jejunum 5 (14.7)
Ileum 3 (8.8)
Duodenum 2 (5.9)
Rectum 2 (5.9)
Other 9 (26.5)

Metastatic site at study entry, n (%)
Liver 23 (67.6)
Peritoneum 23 (67.6)
Lung 7 (20.6)
Bone 3 (8.8)
Other 14 (41.2)

Molecular subtype per most recent genetic test results, n (%)
KIT 20 (58.8)

Exon 9 4 (11.8)
Exon 11 16 (47.1)
Exon 13 4 (11.8)
Exon 17 6 (17.6)

PDGFRA, D842V 1 (2.9)
SDH 3 (8.8)

SDHA 1 (2.9)
SDHB 2 (5.9)

NF1 2 (5.9)
Unkown 10 (29.4)

Number of prior systemic anticancer regimens, median 5.0
GPR20 H-score at baseline, median (range) 168 (12–273)
GPR20 H-score values at baseline, n (%)

0–100 5 (14.7)
>100–200 14 (41.2)
>200–300 11 (32.4)
Not evaluable 4 (11.8)
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Efficacy
Tumor shrinkage was observed in 7 patients (20.6%), of which 4

patients (11.8%) hadKIT/PDGFRAwild-typeGIST (2 SDH deficient; 1
NF1mutation; 1 SDH deficient andNF1mutation; Fig. 1). One patient
(2.9%) achieved a PR, 17 patients (50.0%) had stable disease, and 10
patients had a best overall response of progressive disease. No patients
achieved a CR (Supplementary Table S4). The patient who achieved a
PR after 2 cycles of treatment (a 29-year-old female in the 6.4 mg/kg
dose level without any prior cancer systemic therapies) had SDH-
deficient GIST diagnosed in 2020 with mutations to succinate dehy-
drogenase (SDHB) R90 (nonsense) and NF1 Y628FS�3 (Fig. 2). This
patient then achieved a complete pathologic response per investigator
assessment after surgical resection. Tumor response over time is
presented in Supplementary Fig. S1. Median PFS was 4.2 months
[95% confidence interval (CI), 1.6–6.9; Fig. 3]. On-treatment biopsies
revealed that based on DXd IHC, DS-6157a was shown to reach the
tumor target site (imaging presented in Supplementary Fig. S2).

PK
The PK analysis set included all 34 enrolled patients. Plasma con-

centrations and exposure (Cmax and AUCtau) of intact DS-6157a, DXd,
and total anti-GPR20 antibody all demonstrated a dose-dependent
profile (Fig. 4). Mean t1/2 of intact DS-6157a and total anti-GPR20
antibody was approximately 8 to 12 days for Cycle 1 (dose levels of
1.6 mg/kg–12.8 mg/kg) and 9 to 15 days in Cycle 3 (dose range of
1.6mg/kg–9.6mg/kg).With respect toDXd,mean t1/2was approximately
4 to 7 days for Cycle 1 and 5 to 8 days for Cycle 3. Total anti-GPR20
antibody and intact DS-6157a exhibited a similar PK profile, indicating

thatDS-6157a is stable incirculation.Cmax,AUCtau, andCtrough inCycle 3
(across dose levels of 1.6 mg/kg–9.6 mg/kg) were much higher for intact
DS-6157a than for DXd by 65- to 117-fold, 84- to 126-fold, and 191- to
297-fold, respectively.

As Tmax is related to infusion and sampling time, it was shorter
during Cycle 3 relative to Cycle 1, as investigators were permitted to
decrease the infusion time from 90 minutes to 30 minutes in the
absence of IRRs during Cycle 1. In general, Tmax was longer for DXd
relative to intact DS-6157a and total anti-GPR20 antibody, which is
likely due to the process of internalization of the ADC, cleavage of the
linker, and release of payload process. Mean accumulation ratios
(AUCtau, Cycle 3/AUCtau, Cycle 1) were between 1.1 and 1.7 across all
dose levels for intact DS-6157a, total anti-GPR20 antibody, and DXd.

Immunogenicity
Across all 34 enrolled patients, only 1 patient had a positive ADA

result at baseline. No treatment-emergent or treatment-inducedADAs
were detected, including in the patient who had a positive result at
baseline.

Discussion
In this open-label, phase I study evaluating DS-6157a in patients

with advanced GIST, there were 2 planned phases, a dose escalation
phase in patients inwhich theMTDand/or RDEofDS-6175awas to be
determined, and a dose expansion phase to further evaluate safety,
tolerability, and preliminary efficacy at RDE. Tumor shrinkage was
observed in only 7 patients, of which 4 patients were withKIT/PDGFRA

Table 2. Safety outcomes summary.

n (%)

DS-6157a
1.6 mg/kg
(n ¼ 4)

DS-6157a
3.2 mg/kg
(n ¼ 4)

DS-6157a
4.8 mg/kg
(n ¼ 5)

DS-6157a
6.4 mg/kg
(n ¼ 13)

DS-6157a
9.6 mg/kg
(n ¼ 6)

DS-6157a
12.8 mg/kg
(n ¼ 2)

Total
(n ¼ 34)

Patients with any TEAE 4 (100.0) 4 (100.0) 5 (100.0) 13 (100.0) 6 (100.0) 2 (100.0) 34 (100.0)
TEAEs associated with drug discontinuation 0 0 0 3 (23.1) 3 (50.0) 0 6 (17.6)
TEAEs associated with dose interruption 0 0 0 0 0 1 (50.0) 1 (2.9)
TEAEs associated with dose reduction 0 0 0 0 0 2 (100.0) 2 (5.9)
TEAEs associated with death as outcome 0 0 0 1 (7.7) 0 0 1 (2.9)

Treatment-related SAE 0 0 0 1 (7.7) 2 (33.3) 1 (50.0) 4 (11.8)
Adverse events of special interest 0 0 0 4 (30.8) 1 (16.7) 0 5 (14.7)

ILD/pneumonitis 0 0 0 1 (7.7) 0 0 1 (2.9)
IRRs 0 0 0 3 (23.1) 1 (16.7) 0 4 (11.8)

DLTs (any grade by patient) 0 0 0 1 (7.7) 1 (16.7) 2 (100.0) 4 (11.8)
CTCAE maximum grade ≥3 treatment-related
TEAEs

0 1 (25.0) 1 (20.0) 8 (61.5) 5 (83.3) 2 (100.0) 17 (50.0)

Anemia 0 1 (25.0) 1 (20.0) 3 (23.1) 1 (16.7) 1 (50.0) 7 (20.6)
Febrile neutropenia 0 0 0 0 1 (16.7) 1 (50.0) 2 (5.9)
Neutropenia 0 0 0 0 0 1 (50.0) 1 (2.9)
Intestinal perforation 0 0 0 0 1 (16.7) 0 1 (2.9)
Vomiting 0 0 0 0 0 1 (50.0) 1 (2.9)
Fatigue 0 0 0 1 (7.7) 0 1 (50.0) 2 (5.9)
Peripheral edema 0 0 0 0 0 1 (50.0) 1 (2.9)
Hepatic function abnormal 0 0 0 1 (7.7) 1 (16.7) 0 2 (5.9)
Pneumonia 0 0 0 0 0 1 (50.0) 1 (2.9)
IRR 0 0 0 1 (7.7) 0 0 1 (2.9)
Decreased lymphocyte count 0 0 0 1 (7.7) 0 0 1 (2.9)
Decreased neutrophil count 0 0 0 2 (15.4) 3 (50.0) 0 5 (14.7)
Decreased platelet count 0 0 0 3 (23.1) 4 (66.7) 1 (50.0) 8 (23.5)
Decreased white blood cell count 0 0 0 1 (7.7) 3 (50.0) 0 4 (11.8)
Muscular weakness 0 0 0 1 (7.7) 0 0 1 (2.9)
Renal disorder 0 0 0 0 1 (16.7) 0 1 (2.9)
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wild-type GIST treated at different doses. One patient with SDH-
deficient GIST with both SDHB and NF1 mutations achieved a PR per
CT scan, and then a complete pathologic response per investigator
assessment after surgical resection. However, due to lack of sufficient
number of responders during dose escalation, the dose expansion phase
was not initiated.

DS-6157a was considered tolerable, with an MTD of 6.4 mg/kg.
All 34 patients (100%) enrolled in the study experienced ≥1 TEAE
and 4 patients experienced DLTs. The most common TEAEs
included nausea, decreased appetite, anemia, fatigue, constipation,
decreased platelet count, and vomiting, which have also been observed
with other DXd-ADC therapies, including trastuzumab deruxtecan
and patritumab deruxtecan (32–34). There were no reports of
adjudicated drug-related ILD in this study. The frequency of IRRs
was comparable with the other DXd ADC agents (32–35). Two
patients experienced serious TEAEs of hepatic function abnormal-
ities: 1 patient had grade 4 abnormal hepatic function (acute hepa-

tocellular injury occurring 7 days after DS-6157a infusion); the other
had grade 4 hepatic dysfunction occurring on Day 8, which pro-
gressed on grade 5 on Day 10 after DS-6157a infusion, both of which
were considered to attribute to underlying liver disease and concur-
rent sepsis.

There were no patients that achieved a CR. One patient (2.9%)
achieved a PR and 17 patients (50.0%) had stable disease. Tumor
shrinkage was observed in 4 KIT/PDGFR wild-type patients; the
patient that achieved a PR had SDH-deficient GIST, with patho-
logic CR observed after surgical resection. Although the mecha-
nism associated with response in this patient is not fully under-
stood, it may be hypothesized that this specific molecular subtype
or the absence of prior treatment for GIST affects sensitivity to
treatment with DS-6157a. The median PFS of 4.2 months (95% CI,
1.6–6.9) in this molecularly unselected population of patients with
advanced GIST is similar to other agents evaluated in later-line
therapies in this population (26, 27), although the small numbers
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Figure 1.

Waterfall plot of the best percent change in sum of diameters from baseline in target lesions. Tumor shrinkage was observed in 7 patients, of which 4 patients had
KIT/PDGFRA wild-type GIST (2 SDH deficient; 1 NF1 mutation; 1 SDH deficient and NF1 mutation).

Figure 2.

SDH-deficient patient with pathologic
PR. A 29-year-old female patient with
SDH-deficient GIST diagnosed in 2020
without any prior cancer systemic ther-
apies, demonstrated a maximum 87%
decrease in tumor size, following treat-
ment with DS-6157a, at the MTD con-
firmed dose of 6.4 mg/kg. The target
lesion, an abdominalmass,was 150mm
at baseline (A) which decreased to
33mm in Cycle 3 anddecreased further
to 20mm4weeks later (B). The patient
discontinued from study to undergo a
surgical resection of the remaining
small lesion to become tumor-free. The
resected tumor, showed a pathologic
CR per the investigator’s assessment.
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of patients treated in the study limit the ability to make firm
conclusions. PK results from 34 patients indicate that intact DS-
6157a, total anti-GPR20 antibody, and DXd plasma concentrations
generally increased in a dose-dependent manner. In general, the total

anti-GPR20 antibody and intact DS-6157a have similar PK profiles,
indicatingDS-6157a is stable in circulation. PKparameters ofDS-6157a
were within the range of DAR 8 DXd-ADCs, such as trastuzumab
deruxtecan (36). Although DS-6157a provided benefits to some
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Kaplan–Meier curve of PFS.MedianPFS, or the time fromstart of study treatment to first documented radiologic progression or death fromany cause,was4.2months
(95% CI, 1.6–6.9).
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patients, the overall efficacy across the study was lower than expected.
As the overall efficacy targets were not met during the dose
escalation phase, the study did not proceed to the planned dose
expansion phase.

Previous studies have reported GPR20 expression in �90% of
the GIST samples analyzed, with a significant positive correlation
between GPR20 and KIT expression. Expression of GPR20 was not
different between KIT-mutant and KIT/PDGFRA wild-type GIST
but was lower in PDGFRA-mutant GIST (15, 37). This greater
understanding of GPR20 expression across different molecular
subtypes of GISTmay present an opportunity for further exploration
of GRP20 as a target for patients with either KIT/PDGFRA wild-type
SDH-deficient GISTs (accounting for the majority of this subtype) or
NF1-associated GISTs, for which there is no standard approved
therapy (38, 39). This approach may also be of benefit to patients
with GISTs harboringKITmutations relapsing after multiple lines of
TKI treatments who have few other treatment options (15). The
current study evaluated a therapy with a novel mechanism of action,
relying on GIST-specific expression of GPR20 for intracellular
delivery of a DNA-damaging cytotoxic agent to control a disease
that is generally resistant to chemotherapy (40). The PR in 1 patient
observed in this study highlights the potential vulnerability of KIT
wild-type/SDH-deficient GIST to DNA-damaging payload by a
GPR20-specific ADC. However, this observation needs to be verified
in additional GIST patients with this specific tumor biology. Of note,
SDH-deficient tumors are felt to have deficient DNA repair ability,
due to succinate inhibition of DNA repair enzymes. Targeted
delivery of DNA damaging agents to SDH-deficient GIST by GPR20
ADC may represent a novel strategy for treatment of SDH-deficient
GIST by lowering the systemic toxicities of therapy compared with
intravenous infusion of the unmodified chemotherapy drug (41, 42).
The reason for the lack of objective responses or significant tumor
shrinkage in KIT-mutant GIST is currently unknown. Whether the
resistance to the ADC downstream of KIT signaling might be due to
inefficient ADC internalization and release of the payload or insen-
sitivity to the DNA damaging payload itself need to be elucidated.
The decision made to halt study continuation was based on study
results (ORR, PFS, ORR, PK parameters, and biomarker expression)
in a molecularly unselected population of GIST.

In conclusion, the results from this study, as well as those in
literature, warrants further research of the potential for the ADC-
mediated delivery of DNA-damaging cytotoxic payloads in treating
specific subgroups of GIST patients, such as those with SDH-deficient
GIST or in potential drug combinations that addresses the resistance
mechanisms in KIT-mutant GIST.
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