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ABSTRACT
◥

Trophoblast cell surface antigen 2 (TROP2) is highly expressed
on various epithelial tumors and correlates with poor prognosis.We
developed the novel TROP2-directed antibody–drug conjugate
(ADC), datopotamab deruxtecan (Dato-DXd, DS-1062a), with a
potent DNA topoisomerase I inhibitor (DXd), and evaluated its
antitumor activity and safety profiles in preclinical models.

The pharmacologic activity andmechanismof action ofDato-DXd
were investigated in several human cancer cell lines and xenograft
mouse models including patient-derived xenograft (PDX) models.
Safety profiles were also assessed in rats and cynomolgus monkeys.

Dato-DXd bound specifically to TROP2 and was internalized
into tumor cells followedby intracellular trafficking to lysosome and
DXd release, which inducedDNAdamage and apoptosis inTROP2-
expressing tumor cells in vitro. Dato-DXd exhibited in vivo anti-
tumor activity with DNA damage induced by the accumulated DXd
in TROP2-expressing xenograft tumors, but neither isotype control
IgG-ADC nor anti-TROP2 antibody had this effect. Dato-DXd
also showed potent antitumor activity with tumor regression in
several TROP2-expressing xenograft tumors including NSCLC

PDX models. Safety profiles of Dato-DXd in rats and cynomolgus
monkeys were acceptable.

Dato-DXd demonstrated potent antitumor activity against
TROP2-expressing tumors by efficient payload delivery into tumors
and acceptable safety profiles in preclinical models. These results
suggest Dato-DXd could be a valuable treatment option for patients
with TROP2-expressing tumors in the clinical setting.
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Introduction
Antibody–drug conjugate (ADC) is an antibody conjugated with

cytotoxic drugs via a chemical linker. It is a rapidly growing cancer
therapeutic class which has a broader therapeutic window compared
with conventional cancer chemotherapeutic drugs. ADC in cancer
therapy is designed to bind to cancer-associated cell-surface antigens
and internalize into cancer cells. Then the cytotoxic drugs are released

into the cytoplasm leading to the target cell death. Although the
concept of ADC is clear and straightforward, it is still challenging to
develop an ideal ADC with the appropriate combination of antibody,
linker and cytotoxic drug, and commercially available ADCs are still
limited (1).

Recently, we developed a novel ADC technology platform with a
novel DNA topoisomerase I (Topo I) inhibitor, DXd, and a cleavable
tetrapeptide-based linker (2, 3). Trastuzumab deruxtecan (ENHERTU,
T-DXd, DS-8201), a novel HER2-directed ADC with this DXd-ADC
technology, demonstrated potent antitumor activity with acceptable
safety profiles in preclinical models and patients with HER2-positive
cancers (2, 4–8). Trastuzumab deruxtecan has received an accelerated
approval from FDA and PMDA for patients with unresectable or
metastatic HER2-positive breast cancer who have received two or
more prior anti-HER2-based regimens in the metastatic setting. The
DXd-ADC technology has desirable characteristics for ADC includ-
ing a highly potent payload (DXd) with a short systemic half-life, a
cleavable linker designed to be tumor selective which is stable in
circulation, and an average drug-to-antibody ratio (DAR) up to 8
being optimized for each target. These features enable the wide
therapeutic window of the ADC with high antitumor potency and
less systemic toxicity (9). In the preclinical setting, the DXd-ADC
technology has been effective when applied to target other cancer-
associated antigens as well (10–12). These results suggest that the
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DXd-ADC technology is widely applicable to various target anti-
gens for cancer therapy.

Trophoblast cell surface antigen 2 (TROP2), also known as
tumor-associated calcium signal transducer 2, is a 36-kDa single
pass transmembrane protein highly expressed in a variety of
epithelial cancers. Although the physiologic function of TROP2 is
still under investigation, it has been demonstrated that TROP2 is
involved in multiple intracellular signaling including MAPK and
PI3K/AKT pathways which are associated with proliferation,
migration, and invasion of cancer cells (13–15). Overexpression
of TROP2 correlates with poor prognosis in several types of cancers
including breast cancer and non–small cell lung cancer (NSCLC;
refs. 16–19). These characteristics make TROP2 an attractive target
for cancer therapy.

Sacituzumab govitecan (TRODELVY, IMMU-132), a TROP2-
directed ADC with a Topo I inhibitor SN-38 (an active metabolite
of irinotecan), has recently received an accelerated approval from the
FDA for adult patients with metastatic triple-negative breast cancer
who received at least two prior therapies for metastatic disease, based
on results from its phase I/II study (20). Sacituzumab govitecan has
shown promising efficacy in patients with several types of TROP2-
expressing cancers (21–24) and in preclinical models (25). However,
its half-life in patients is approximately 11–15 hours in plasma, and
accordingly, frequent dosing is required and the most commonly
observed side effects are neutropenia and diarrhea which are similar
to irinotecan (26).

TROP2 is also expressed in some normal epithelial tissues including
skin and esophagus (27). PF-06664178, a terminated TROP2-directed
ADC with a novel tubulin inhibitor Aur0101, induced skin rash and
mucosal inflammation as dose-limiting toxicities in phase I study in
adult patients with advanced solid tumors (28). Similar toxicity signals
were reported in preclinical studies of PF-06664178 using cynomolgus
monkeys (29). Although there is a report that TROP2 expression is
invariably upregulated in various tumor types regardless of the base-
line expression level of TROP2 in their normal tissues (30) and the
toxicologic sensitivity of ADCs depends on what payload is used,
careful drug design is essential for TROP2-directed therapy to min-
imize the risk of possible on-target toxicity in TROP2-expressing
normal tissues.

To provide a valuable therapeutic option for patients with TROP2-
expressing tumors, here we generated datopotamab deruxtecan (Dato-
DXd,DS-1062a), the novel TROP2-directedADCwith a potent Topo I
inhibitor, DXd, by applying the DXd-ADC technology platform with
the optimizedDARof 4, which is expected tomaximize the therapeutic
window. In this article, we describe the preclinical profiles of Dato-
DXd, including its mechanisms of action, antitumor activity, phar-
macokinetics, and safety profiles in rats and monkeys.

Materials and Methods
Antibodies and ADCs

Datopotamab is a human IgG1 mAb (Supplementary Fig. S1)
generated by humanization of the mouse mAb against human
TROP2, which was obtained by immunization of mice with
NCI-H322 human lung adenocarcinoma cells followed by screening
of the mAbs that internalized into tumor cells using Adv-FZ33 and
DT3C technology (31–33). Dato-DXd was synthesized according to
the procedure published previously (2). The drug distribution was
analyzed by hydrophobic interaction chromatography. Control
ADC was synthesized in the same manner as Dato-DXd using a
matched isotype control mAb with a comparable DAR.

Cell lines
The human pancreatic cancer cell lines BxPC-3 and CFPAC-1, the

human gastric cancer cell line NCI-N87, the human pharyngeal cancer
cell line FaDu, the human ovarian cancer cell line CaOV3, the human
breast cancer cell line HCC1806, and the human lung cancer cell lines
Calu-3, Calu-6, HCC827, and NCI-H2170, the Chinese hamster ovary
cell line CHO-K1 were purchased from ATCC. The human lung
cancer cell line COR-L23was purchased from the EuropeanCollection
of Authenticated Cell Cultures. The human lung cancer cell lines EBC-
1 and LK-2 were purchased from the Health Science Research
Resources Bank. All cell lines were cultured with the appropriate
media (RPMI1640 for BxPC-3, NCI-N87, HCC1806, HCC827, NCI-
H2170, COR-L23, and LK-2, EMEM or MEM supplemented with
MEM non-essential amino acids solution and 1 mmol/L sodium
pyruvate for FaDu, Calu-3, Calu-6, and EBC-1, IMDM for CFPAC-
1, DMEM for CaOV3, and F-12 for CHO-K1) supplemented with 10%
heat-inactivated FBS at 37�C and 5% CO2 atmosphere.

Binding specificity
Binding specificity of Dato-DXd was analyzed by ELISA using

recombinant His-tagged human TROP2 and EpCAM proteins (Sino
Biological Inc.). See “Supplementary Materials and Methods” for
further information.

Species cross-reactivity
Species cross-reactivity of Dato-DXd was analyzed by cell-based

ELISA using CHO-K1 cells transiently expressing FLAG-tagged
human, cynomolgus monkey, rat and mouse TROP2. See “Supple-
mentary Materials and Methods” for further information.

In vitro stability in plasma
The percent drug release of DXd from 100 mg/mL of Dato-DXd in

mouse, rat, monkey, and human plasma was evaluated at 37�C for up
to 21 days. The percent drug release (%) was calculated as the ratio of
the released DXd determined by LC/MS-MS to the hypothetical total
DXd conjugated to Dato-DXd.

Pharmacokinetics in cynomolgus monkey and xenograft model
mouse

Dato-DXd was intravenously administered at 6 mg/kg to male
cynomolgus monkeys, or at 10 mg/kg to NCI-N87 xenograft model
mice. Plasma concentrations of Dato-DXd, total antibody, and DXd,
and tumor concentrations of DXd were measured up to 21 days
postdose. The pharmacokinetic parameters were estimated by non-
compartmental analysis with Phoenix WinNonlin (Ver. 6.3, Certara).
All animal experiments performed in this study were approved by the
Institutional Animal Care and Use Committee at Daiichi Sankyo Co.,
Ltd.

Bioanalysis
All the DXd concentrations were determined with a validated LC/

MS-MS method as described previously (34, 35). The lower limit of
quantitation (LLOQ) was 0.100 ng/mL. Concentrations of Dato-DXd
and the total antibody in animal plasma were determined with a
validated ligand-binding assay method using human TROP2 protein
and anti-DXd antibody or anti-human IgG antibody as described
previously (LLOQ, 0.01 mg/mL; refs. 34, 35).

Flow cytometry
Cells were stained with mouse anti-human TROP2 mAb or isotype

control mAb and FITC-conjugated anti-mouse antibody, and then
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analyzed by a flow cytometer. The number of binding sites of mouse
anti-human TROP2 mAb were calculated using QIFI kit (DAKO
Denmark A/S) according to the manufacturer’s instructions.

Cytotoxic assay
Cells were seeded in 96-wellmicroplates at 2,000 cells per well. After

overnight incubation, Dato-DXd, datopotamab, control ADC or DXd
in the dilution range of 0.32–1,000 nmol/Lwas added to the designated
well. Cell viability was evaluated 6 days after the treatment using a
CellTiter-Glo Luminescent Cell Viability Assay (PromegaCorp.) and a
microplate reader according to themanufacturer’s instructions. All the
readings were normalized to the percentage of the value derived from
control untreated wells and the GI50 values were calculated by a
Sigmoid Emax model.

Internalization assay
The internalization assaywas conducted according to the procedure

of Austin and colleagues (36). Briefly, the detached cells were stained
with Alexa Fluor 488-labeled Dato-DXd (10 mg/mL) for 1 hour at 4�C.
After washing, the cells were incubated for 0 (preincubation), 15, 30,
60, 120, and 180 minutes at 37�C, and the washed cells were fixed with
1%paraformaldehyde overnight at 4�C in the dark. The fixed cells were
washed and treated with anti-Alexa488 antibody (10 mg/mL) for
quenching the fluorescence on the cell surface or nontreated to detect
the whole signals, and analyzed by a flow cytometer. Internalization
rate (%) was calculated using the following equation: [1 – (Na – Qa)/
(Na –Na�Qi / Ni)]� 100, Na: Mean fluorescence intensity (MFI) of
the sample at each incubation time without quenching, Qa: MFI of
sample at each incubation time with quenching, Ni: MFI of the
preincubation sample without quenching, Qi: MFI of the preincuba-
tion sample with quenching.

DXd release assay
Cells were seeded in 6-well plates at 3 � 105 cells/well. After

overnight culture, the cells were treated with 100 nmol/L Dato-
DXd and the culture media was collected after 24 hours incubation
and DXd concentration was determined.

Fluorescence imaging by confocal microscopy
The detached cells were stained, washed, and incubated in the same

manner as described in “Internalization assay.” The cells were spread
onto glass slides using a cytocentrifuge machine Cytospin 4 (Thermo
Fisher Scientific). The cells were fixed with 10% neutral buffered
formalin for 10 minutes at room temperature, permeabilized with
0.1% Triton X-100/PBS for 10 minutes at room temperature, and
stained with anti-LAMP2 mAb (Abcam) at 1 mg/mL and anti-mouse
IgGAlex Fluor Plus 555 (ThermoFisher Scientific) at 2mg/mLusing an
autostainer Bond-RX (Leica Biosystems). After mounting, the cells
with themountingmedia containingDAPI (Thermo Fisher Scientific),
fluorescent images were acquired by sequential scanning of excitations
at 405/488/555 nm and emissions at 410-485/493-555/560-635 nm
using confocal microscope TCS-SP8 STED 3X (Leica Microsystems).
Stimulated emission depletion (STED) images were also acquired by
sequential scanning of excitations at 488/555 nmand emissions at 493-
555/560-635 nm using the STED function with a 660 nm laser.

Simple Western analysis
Cells were lysed in RIPA buffer supplemented with protease and

phosphatase inhibitor cocktail (Thermo Fisher Scientific). The equal
amounts of homogenized lysates were subjected to Simple Western
analysis using the WES system (ProteinSimple) and antibodies to

detect H2AX, gH2AX, Chk1, pChk1, KAP1, pKAP1, cleaved PARP
and cleaved caspase-3, according to the manufacturer’s instructions.
See “Supplementary Materials and Methods” for further information.

Cell line–derived xenograft studies
NCI-N87 model was established by injecting 1 � 107 cells sus-

pended in saline, Calu-3 and Calu-6 models were established by
injecting 6 � 106 cells suspended in Matrigel, HCC827 model was
established by injecting 5 � 106 cells suspended in Matrigel, LK-2
model was established by injecting 1� 106 cells suspended inMatrigel/
saline (1:1), NCI-H2170 model was established by injecting 5 � 106

cells suspended in Matrigel/saline (1:1), and EBC-1 model was estab-
lished by injecting 5 � 106 cells suspended in saline, subcutaneously
into female CAnN.Cg-Foxn1nu/CrlCrlj mice (Charles River Labora-
tories, Inc.), respectively. ABS buffer containing 10 mmol/L acetate
buffer (pH 5.5) and 5% sorbitol was used for the vehicle control group
and the diluent of the test substances.

When the tumor volume reached approximately 150–300 mm3, the
tumor-bearing mice were assigned to the vehicle control group, the
treatment groups and the satellite sampling groups, and Dato-DXd or
other test substances were administered intravenously once on day 0.
The tumor volume defined as 1/2 � length � width2 was measured
twice a week. The antitumor activity was evaluated approximately
3 weeks after the administration, where tumor growth inhibition (TGI,
%) was calculated according to the formula of 100 � [1 – (average
tumor volume of the treatment group)/(average tumor volume of the
vehicle control group)], and tumor volumes were compared between
the vehicle control group and the treatment groups.

Patient-derived xenograft studies
CTG-0163, CTG-0838, and CTG-1014 studies were performed by

Champions Oncology Inc. Models were established by inoculating
tumor fragments derived from patients with NSCLC, which were
maintained in host mice, subcutaneously into female Hsd:Athymic
Nude-Foxn1nu mice (Envigo). A total of 10 mmol/L histidine buffer
(pH 6.0) containing 9% sucrose and 0.02% polysorbate 80 was used for
the vehicle control group and the diluent of the test substances.

IHC
Tumor tissues excised from cell line–derived xenograft (CDX) and

patient-derived xenograft (PDX) models were fixed in 10% neutral
buffered formalin and embedded in paraffin, and 4 mm thickness of
tissue sections were used for IHC against TROP2, gH2AX, and/or
pKAP1. See “Supplementary Materials and Methods” for further
information.

Toxicity studies in rats and monkeys
Dato-DXd was intravenously administered once every 3 weeks for a

total of 3 months to Crl:CD(SD) rats, the non-cross reactive species to
Dato-DXd, or cynomolgus monkeys, the cross reactive species.
Clinical signs, body weight, food consumption, and clinical pathology
weremonitored throughout the study. Necropsywas performed on the
day after the last administration. The reversibility of the toxic changes
was assessed in a subsequent 2-month recovery period in both rats and
monkeys.

Statistical analysis
All statistical analysis except for toxicity studies was performed

using SAS System Release 9.1.3 and 9.2 (SAS Institute Inc.). Statistical
analysis in toxicity studies was performed using TOXS (Fujitsu
Limited) for the rat study and MiTOX System (Mitsui Zosen Systems
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Research Inc.) for the monkey study. All GI50 and EC50 values were
determined by a Sigmoid Emax model. Dunnett multiple comparison
tests was used to compare the vehicle control group and the treatment
groups in CDXmodel studies, and unpaired t test was used to compare
the vehicle group and the treatment group in PDX model studies.
Spearman rank correlation coefficients were calculated by comparing
the amount of the releasedDXd and the cell-surface expression level of
TROP2 in each cancer cell line.

Results
Structure and characterization of Dato-DXd

Dato-DXd is an ADC, composed of a recombinant humanized anti-
TROP2 IgG1 mAb conjugated with a Topo I inhibitor (DXd) via a
tetrapeptide-based linker to reduced cysteine residues at the interchain
disulfide bonds of datopotamab (Fig. 1A). The tetrapeptide-based
linker is enzymatically cleavable and designed to release DXd after
proteolytic processing by lysosomal enzymes such as cathepsins (2).
On average, the target number of drug-linker to one antibodymolecule
is 4 (Fig. 1B).

To confirm the binding specificity of Dato-DXd, we assessed its
binding activity to human TROP family proteins, EpCAM (TROP1)
and TROP2, by ELISA. Dato-DXd bound to human TROP2, but no
binding was detected to human EpCAM (Fig. 1C). Appropriate
coating of both proteins on the immunoplates was confirmed by
detecting them with anti-His mAb (Supplementary Fig. S2A). We
also assessed the species cross-reactivity of Dato-DXd by cell-based
ELISA assay using CHO-K1 cells expressing human, cynomolgus
monkey, rat and mouse TROP2, respectively. Dato-DXd showed
similar binding affinity to both human and cynomolgus monkey
TROP2 with the dissociation constant (Kd) values of 0.74 and 0.65
nmol/L, respectively. On the other hand, no bindingwas detected to rat
and mouse TROP2 (Fig. 1D). Similar expression levels of transfected
genes were confirmed by anti-FLAGmAb in each cell (Supplementary
Fig. S2B). These results indicate that Dato-DXd binds specifically to
TROP2 among TROP family proteins and cynomolgus monkey is an
appropriate species for preclinical pharmacokinetic, and toxicologic
analysis of Dato-DXd with similar binding affinity to human.

We also confirmed the stability of Dato-DXd in plasma in vitro and
in vivo. The release rate of DXd from Dato-DXd in human, cyno-
molgus monkey, rat and mouse plasma ranged from 1.4% to 5.5% on
day 21 (Fig. 1E). In cynomolgus monkeys after single intravenous
administration of Dato-DXd at 6 mg/kg, there was no clear difference
in the concentration of Dato-DXd and total antibody in plasma, and a
low level of the released DXd was detected only at the limited early
timepoints (Fig. 1F). These results indicate that Dato-DXd is stable in
plasma.

Inhibition of cancer cell growth by Dato-DXd
The in vitro cell growth inhibitory activity of Dato-DXd against

several cancer cell lines from multiple tumor types were evaluated.
TROP2 expression on the cell surface of the cancer cell lines, FaDu
(Pharynx), BxPC-3 (Pancreas), Caov-3 (Ovary), NCI-N87 (Stomach),
CFPAC-1 (Pancreas), HCC1806 (Breast), COR-L23 (Lung), LK-2
(Lung), and Calu-6 (Lung) were quantitatively analyzed by flow
cytometry using QIFI kit (Table 1). Dato-DXd remarkably reduced
the cell growth of TROP2-high cell lines including FaDu, BxPC-3,
Caov-3, NCI-N87, CFPAC-1, HCC1806, and COR-L23 which
are expressing TROP2 at more than 9.7 � 104 /cell surface and had
GI50 values of 0.48–7.8 nmol/L, but did not against TROP2-low
cell lines including LK-2 and Calu-6 with less TROP2 expression

than 8.0 � 103 /cell surface and had GI50 values of >100 nmol/L
(Table 1). All of the cell lines were sensitive to DXd with GI50 values
of 0.38–2.1 nmol/L, and both of datopotamab and control ADC did
not inhibit the growth of any of the cell lines with GI50 values of
>100 nmol/L (Table 1). These results indicate that Dato-DXd is
effective in the inhibition of cancer cell growth from multiple tumor
types and that it requires TROP2 expression on the cell surface.

Internalization and intracellular trafficking of Dato-DXd in
cancer cells

An ADC is expected to internalize into cancer cells after binding to
the cell-surface antigens and then be trafficked to a lysosome for release
of its payload. The internalization of Dato-DXd and the DXd release
were evaluated in TROP2-expressing cancer cell lines in parallel with
the cell growth inhibitory activity. Dato-DXd efficiently internalized
with an average rate of 68.5% at 3 hours after binding to the cell-surface
TROP2 in all the cell lines tested (Fig. 2A). The amount of the released
DXd in the culture media at 24 hours after the Dato-DXd treatment
tended to correlate with the cell-surface TROP2 level of each cell line
(Fig. 2B). Intracellular trafficking of Dato-DXd was further analyzed
in BxPC-3 cells by confocal microscopy. Dato-DXd internalized time-
dependently, aggregated in perinuclear regions, and partly colocalized
with the lysosomal marker LAMP-2 in the cells (Fig. 2C). Similar
results on intracellular trafficking of Dato-DXd were also obtained in
NCI-N87 cells (Supplementary Fig. S3). These observations support
the expected molecular dynamics that Dato-DXd binds to cell-surface
TROP2 and internalizes into tumor cells, and is trafficked to lysosome
leading to DXd release.

Induction of DNA damage and apoptosis in cancer cells by
Dato-DXd

It is presumed the cytotoxic effect of Dato-DXd is mainly caused by
DXd because datopotamab did not inhibit the growth of cancer cells
(Table 1). DXd is an exatecan-derivative Topo I inhibitor which is
known to induceDNAdamage and apoptosis in cancer cells (2, 10). To
verify the contribution of DXd to the cytotoxic effect of Dato-DXd, we
evaluated the phosphorylation of H2AX, KAP1, and Chk1 as DNA
damage markers and the cleavage of caspase 3 and PARP as apoptosis
markers in NCI-N87 cells after the treatment with Dato-DXd. Dato-
DXd induced the phosphorylation of H2AX, KAP1 and Chk1 and the
cleavage of caspase 3 and PARP, respectively and time-dependently as
well as DXd, but neither datopotamab nor control ADC induced these
changes (Fig. 2D). These results indicate that the induction of the
DNA damage and apoptosis by the DXd released from Dato-DXd is
one of the cytotoxic mechanisms of Dato-DXd against cancer cells.

Antitumor activity and pharmacokinetic profiles of Dato-DXd in
xenograft model

Next, we evaluated the antitumor activity and the pharmacokinetic
profiles of Dato-DXd usingNCI-N87 xenograftmousemodel inwhich
TROP2 expression was detected in tumor by IHC analysis (Supple-
mentary Fig. S4A). Single-dose intravenous administration of Dato-
DXd at 10 mg/kg significantly inhibited tumor growth with the TGI of
96% (P < 0.001), but neither datopotamab nor control ADC inhibited
tumor growth at the same dose (Fig. 3A). There was no clear difference
in plasma concentration of Dato-DXd and total Ab, and a low level of
DXd in plasma was detected only at the limited early timepoints
(Fig. 3B). On the other hand, DXdwas accumulated in tumor after the
administration of Dato-DXd (Fig. 3C). Although the plasma concen-
trations of Dato-DXd and control ADC were similar (Fig. 3D), the
tumor concentration of DXd on day 1 after the administration of
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Figure 1.

Structures and characteristics of Dato-DXd.A, Schematic structure of Dato-DXd. B,DAR distribution of Dato-DXd. C,Binding specificity of Dato-DXd against human
TROP family proteins. Recombinant proteins were incubated with Dato-DXd or isotype control ADC (control ADC) and binding activities were measured by ELISA.
Each value represents the mean and SD of triplicates. D, Species cross-reactivity of Dato-DXd. CHO-K1 cells expressing human, cynomolgus monkey, rat and mouse
TROP2 were incubated with Dato-DXd and binding activities were measured by cell-based ELISA. Each value represents the mean and SD of triplicates. E, In vitro
stability of Dato-DXd in plasma. The release rate at each timepoint was calculated using themean concentration of the released DXd (N¼ 3). F, Pharmacokinetics of
Dato-DXd in cynomolgusmonkeys. Dato-DXdwas intravenously administered to cynomolgusmonkeys at the dose of 6mg/kg and the concentrations of Dato-DXd,
total antibody and DXd in plasma were determined. Each value represents the mean and SD (N ¼ 3).
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Dato-DXd was higher than that of control ADC (Fig. 3E). In accor-
dance with the accumulation of DXd in tumor, the phosphorylation of
H2AX, which is a DNA damage marker, was induced time-
dependently until day 7 in tumors treated with Dato-DXd, but not
in tumors treated with control ADC or datopotamab (Fig. 3F). Similar
results were also obtained for the phosphorylation of KAP1, which is
another DNA damage marker, in tumors treated with Dato-DXd,
control ADC and datopotamab (Supplementary Fig. S4B). These
results suggest that the treatment of TROP2-expressing tumors with
Dato-DXd leads to DXd accumulation and DNA damage in tumor
cells, and then results in tumor growth inhibition.

Antitumor activity of Dato-DXd in several NSCLC CDX and PDX
models

NSCLC is a promising target indication of Dato-DXd because high
TROP2 expression has been observed in lung cancer (64% of adeno-
carcinomas and 75% of squamous cell carcinomas; ref. 37). We
evaluated the antitumor activity of Dato-DXd in several NSCLC CDX
and PDX models. Dato-DXd significantly inhibited the growth of
TROP2-high tumors in Calu-3 model (TROP2 H-score 145) with TGI
of 85% (P< 0.001), NCI-H2170model (TROP2H-score 115) with TGI
of 95% (P < 0.001), HCC827model (TROP2 H-score 220) with TGI of
90% (P < 0.001), and EBC-1 model (TROP2 H-score 133) with TGI of
100% (P< 0.001), but did not inhibit the growth of TROP2-low tumors
in LK-2 model (TROP2 H-score 20) and Calu-6 model (TROP2 H-
score 0; Fig. 4A) in accordance with the in vitro cell growth inhibitory
activity shown in Table 1. In addition, Dato-DXd induced significant
tumor growth inhibition in TROP2-highNSCLCPDXmodels, includ-
ing CTG-0163 model (TROP2 H-score 262) with TGI of 77%
(P < 0.001), CTG-0838 model (TROP2 H-score 163) with TGI of
98% in (P < 0.001), and CTG-1014 model (TROP2 H-score 252) with
TGI of 95% (P< 0.001;Fig. 4B). Therewas no obvious bodyweight loss
or unforeseen event observed in mice treated with Dato-DXd in all
xenograft mouse models in this study. These results support the
therapeutic potential of Dato-DXd against TROP2-expressing tumors
including NSCLC.

Safety profiles of Dato-DXd
Nonclinical safety studies consisted of 3-month intermittent dose

toxicity studies in rats and cynomolgus monkeys (Table 2). In the rat
study, no deaths or life-threatening toxicities were observed at up to
200mg/kg, the highest dose tested. In themonkey study, severe toxicity
was limited to pulmonary toxicity at ≥30 mg/kg which was patholog-
ically characterized by cell infiltration, edema, and fibrosis, and the
incidence was low (1 and 2 animals of each 10 animals at 30 and

80mg/kg, respectively). Althoughmajor safety concerns in the clinical
use of Topo I inhibitors are gastrointestinal toxicity and bone marrow
toxicity, Dato-DXd induced slight intestinal or hematopoietic toxicity
in rats andmonkeys and did not pronounce severe changes even at the
maximum feasible doses, presumably due to reduced off-target toxicity
by the stable linker adopted for Dato-DXd. The histopathologic
findings in the skin and cornea, which are known to express TROP2,
were also noted at ≥30 mg/kg in monkeys. The main skin lesion was
pigmentation in the epidermis, and the corneal lesion included single-
cell necrosis and pigmentation in the epithelium. The lesions in the
skin and cornea except for the pigmentation showed reversibility after
treatment withdrawal. Therefore, the highest non-severely toxic dose
(HNSTD) for monkeys was concluded as 10 mg/kg on the basis of the
pulmonary findings. Accordingly, Dato-DXd was well tolerated in rats
and monkeys following the repeated administration corresponding to
the clinical regimen, and the nonclinical safety profile warranted
clinical investigation.

Discussion
In this study, we demonstrated the TROP2-specific antitumor

activity of Dato-DXd in preclinical models of various tumor types.
Both in vitro and in vivo studies, Dato-DXd showed potent antitumor
activity by induction of DNA damage and apoptosis in TROP2-high
tumor models but not in TROP2-low tumor models, where neither
datopotamab nor control ADC showed antitumor activity in any
TROP2 tumor models (Table 1; Figs. 2D, 3A, 3F, and 4A). In
accordance with the concept of ADC, Dato-DXd efficiently internal-
ized into TROP2-expressing cancer cells and was trafficked to lyso-
some leading to the DXd release (Fig. 2A–C). However, because there
could be unidentified factors which potentially affect the molecular
dynamics and antitumor activity of Dato-DXd in cancer cells, the
threshold of TROP2 expression level needed for Dato-DXd activity is
still under investigation. In addition, the difference in efficacy and
safety profiles from other TROP2-directed ADCs, such as sacituzumab
govitecan and PF-06664178, should be clarified in more details.

We selected a DAR of 4 for Dato-DXd as an optimal design of
TROP2-directed DXd-ADC to maximize the therapeutic window
(Fig. 1A and B). Our exploratory evaluation revealed that TROP2-
directed DXd-ADC with higher DAR (DAR 7) showed a narrower
therapeutic window due to less tolerable safety profiles in cynomolgus
monkeys comparedwith that withDARof 4. In themonkey studywith
DAR of 7, severe toxicity was observed in the skin and esophagus
(Supplementary Table S1) in which TROP2 expresses on the epithelial
cells in spite of mild skin toxicity and lack of esophagus lesion in

Table 1. In vitro cell growth inhibitory activity of Dato-DXd.

TROP2 expression Dato-DXd Datopotamab Control ADC DXd
Cell name Tumor type (No. on the cell surface) GI50 (nmol/L) GI50 (nmol/L) GI50 (nmol/L) GI50 (nmol/L)

FaDu Pharynx 4.2 � 105 0.48 >100 >100 0.42
BxPC-3 Pancreas 3.0 � 105 0.58 >100 >100 0.99
Caov-3 Ovary 2.4 � 105 0.57 >100 >100 0.77
NCI-N87 Gastric 2.0 � 105 7.8 >100 >100 2.1
CFPAC-1 Pancreas 1.8 � 105 1.2 >100 >100 1.9
HCC1806 Breast 1.4 � 105 2.5 >100 >100 0.38
COR-L23 Lung (large cell carcinoma) 9.7 � 104 0.92 >100 >100 0.67
LK-2 Lung (squamous cell carcinoma) 8.0 � 103 >100 >100 >100 1.3
Calu-6 Lung (anaplastic carcinoma) <1.7 � 103 >100 >100 >100 0.98

Note:GI50 values are represented as the averageof two independent experiments of triplicates. The valuesmore than 100nmol/L are represented as>100 in the table.

MCT FIRST DISCLOSURES

Mol Cancer Ther; 20(12) December 2021 MOLECULAR CANCER THERAPEUTICS2334

D
ow

nloaded from
 http://aacrjournals.org/m

ct/article-pdf/20/12/2329/3198758/2329.pdf by guest on 10 January 2023



Figure 2.

Dato-DXd dynamics and effects on cancer cells. A, Internalization rate of Dato-DXd. Each cancer cell line was treated with Alexa 488-labeled Dato-DXd and the
internalization rates were measured as described in Materials and Methods. Each data represent the mean and SD of three or four independent experiments.
B, Correlation between TROP2 expression and DXd release. TROP2 expression level on each cancer cell line was determined by flow cytometry. The DXd
concentration in the culture media at 24 hours after the treatment with 100 nmol/L Dato-DXd was determined by LC/MS-MS and the average of two independent
experiments of triplicates were used for correlation analysis (Spearman rank correlation coefficient: r¼ 0.60). C, Intracellular trafficking of Dato-DXd to lysosome.
BxPC-3 cells treated with Alexa 488-labeled Dato-DXd (green) were costained with anti-LAMP2 antibody (red) and DAPI (blue), and analyzed by confocal
microscopy. Bars represent 10 mm for confocal images (top) and STED images (bottom).D,DNAdamage and apoptosis induced by Dato-DXd. NCI-N87 cells treated
with Dato-DXd or controls for up to 72 hours were analyzed by Western blot analysis for DNA damage markers (gH2AX, pKAP1, and pChk1) and apoptosis markers
(cleaved PARP and caspase 3).
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monkeys treatedwithDARof 4. Although the difference in the effect of
Dato-DXd on cancer cells and normal cells is still under investigation,
it is speculated that TROP2 overexpression in cancer cells and the
tetrapeptide-based linker which is designed for tumor-selective cleav-
age (9, 38)may contribute to preferential delivery and release ofDXd in
cancer cells. In addition, rapid proliferation of cancer cells may lead to
the higher sensitivity to topoisomerase inhibitors including DXd
versus relatively static or less-proliferative normal cells (39).

Regarding the details of molecular dynamics of Dato-DXd, although
the internalization rate at 3 hours after binding to the cell-surfaceTROP2
was more than 50% in all of the cell lines analyzed here, there was
variation in the initial andmaximum rate among the cell lines (Fig. 2A).
In addition, the amount of the released DXd showed a trend of positive
correlation with the cell-surface TROP2 level in the cell lines analyzed
here (Spearman rank correlation coefficient: r ¼ 0.60); however, again
therewas variation among the cell lines aswell (Fig. 2B). These variation

Figure 3.

Pharmacokinetic and pharmacodynamic anal-
ysis of Dato-DXd in NCI-N87 xenograft mouse
model. Mice inoculated with NCI-N87 cells
were intravenously administered with Dato-
DXd, control ADC, datopotamab (10mg/kg) or
vehicle on day0.A,Antitumor activity of Dato-
DXd and controls. Each value represents the
mean and SE (N ¼ 6), and statistically signif-
icant difference compared with the vehicle
control analyzed by Dunnett multiple compar-
ison test (� , P < 0.01). Plasma concentration of
Dato-DXd, total Ab, and DXd (B), and tumor
concentration ofDXd (C) inNCI-N87 xenograft
mice treatedwithDato-DXd. Eachvalue repre-
sents the mean and SD (N ¼ 3). Plasma
concentration of ADC, total Ab or DXd on day
1 in NCI-N87 xenograftmice treatedwith Dato-
DXd, control ADC or Datopotamab (D), and
tumor concentration of DXd on day 1 in NCI-
N87 xenograft mice treated with Dato-DXd or
control ADC (E). Each value represents the
mean andSD (N¼3).F, IHC analysis for gH2AX
on NCI-N87 xenograft tumors treated with
Dato-DXd, control ADC, or datopotamab. Each
value represents the mean (red bar) and
individual data (light blue; N ¼ 3). Represen-
tative images for pretreatment tumor, tumors
treated with Dato-DXd on days 1, 3, and 7, and
tumors treated with control ADC or datopo-
tamab on day 1 were also shown.

MCT FIRST DISCLOSURES

Mol Cancer Ther; 20(12) December 2021 MOLECULAR CANCER THERAPEUTICS2336

D
ow

nloaded from
 http://aacrjournals.org/m

ct/article-pdf/20/12/2329/3198758/2329.pdf by guest on 10 January 2023



in the internalization and release of DXd might be due to the difference
in the factors related to intracellular trafficking pathways such as
clathlin- or caveolin-mediated endocytosis, or lysosomal enzyme activ-
ities (40). Recycling and turnover of the TROP2 protein could also affect
the DXd release rate. Further analysis is ongoing to clarify the detailed
dynamics of Dato-DXd in cancer cells.

In addition to the efficiency of DXd delivery into cancer cells, the
sensitivity of cancer cells to DXd can be another key factor which

defines the potency of Dato-DXd. DXd showed potent cell growth
inhibitory activity against all of the cancer cell lines across tumor types
used in this study with GI50 values of 0.38–2.1 nmol/L (Table 1). In
addition, it has been demonstrated that DXd has more potent inhib-
itory activity of Topo I than SN-38, an active metabolite of irinote-
can (2). Irinotecan is effective against a broad range of solid tumors
including colorectal, pancreatic, lung, and ovarian cancers (41), most
of which overexpress TROP2. Therefore, Dato-DXd can potentially

Figure 4.

Antitumor activity of Dato-DXd in NSCLC xenograft models.
A, NSCLC CDX mice were intravenously administered with
Dato-DXd, control ADC (10 mg/kg) or vehicle on day 0. Each
value represents the mean and SE (N ¼ 6), and statistically
significant difference compared with the vehicle control
analyzed by Dunnett multiple comparison test (�, P < 0.01).
Representative TROP2 IHC images and H-scores for eachmodel
were also shown. B, NSCLC PDX mice were intravenously
administered with Dato-DXd (10 mg/kg) or vehicle on day 0.
Each value of tumor volume represents the mean and SE (N ¼
5), and statistically significant difference compared with the
vehicle control analyzed by unpaired t test (� , P < 0.01).
Representative TROP2 IHC images and H-scores for eachmodel
were also shown.
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have greater antitumor efficacy via TROP2-directed DXd delivery
into tumor cells than conventional chemotherapy with irinotecan in
a broad range of TROP2-expressing tumors. It has also been
suggested that the sensitivity to Topo I inhibitors, such as irinotecan
and topotecan, is affected by several factors including Topo I
expression, active DNA replication and transcription, homologous
recombination deficiency, and the expression levels of DNA damage
repair (DDR)-associated genes such as PARP, ATR, and SLFN11
based on the mechanism of action (42). Ongoing exploratory
analyses are assessing if the response and resistance to DXd could
be affected by these factors.

DXd-ADCs have a short systemic half-life payload, DXd, with a
systemically stable but tumor-selective cleavable linker, which enables
preferable pharmacokinetic profiles for tumor-selective payload deliv-
ery. The pharmacokinetic profiles of Dato-DXd in cynomolgus mon-
keys were comparable with trastuzumab deruxtecan (2) and stability in
plasmawas similar to otherDXd-ADCs aswell, as shown in the in vitro
and in vivo analysis (Fig. 1E and F). The terminal elimination half-life
(T1/2) of Dato-DXd at 6 mg/kg in cynomolgus monkeys was 45.12 �
13.92 hours to be compared with the T1/2 of sacituzumab govitecan in
human at 8 and 10 mg/kg that were 14.4 � 3.3 and 11.7 � 3.3 hours,
respectively. The most common dose-limiting events related to saci-
tuzumab govitecan in patients are neutropenia (26), which was also
shown as a dose-limiting toxicity in monkeys (25). It is expected that
Dato-DXd could potentially improve the efficiency of payload delivery
into tumor cells and reduce the systemic toxicity possibly caused by
released payload in circulation based on the difference in the stability
of both drugs. In fact, Dato-DXd induced no severe hematopoietic
changes even at the maximum feasible doses of 80 mg/kg in cyno-
molgusmonkeys (Table 2)which is presumably due to the stable linker
and less payload release in circulation. This advantage in potentially
less hematotoxicity might allow the opportunity of the possible
combination therapy of Dato-DXd. For example, the combination of
Topo I inhibitors and PARP inhibitors are attractive because both
drugs are targeting theDDRpathway and promising preclinical results
have been reported (43); however, it is still challenging due to the
overlap of the hematologic side effects (42, 44, 45). For that reason,

Dato-DXd could offer improved clinical outcomes in combination
therapy with PARP inhibitors because of its less myelosuppressive side
effects. Moreover, uridine 50-diphosphate glucuronosyltransferase
(UGT)-dependent metabolism of DXd was not observed in human
liver microsomes, while the glucuronidation of SN-38, which involved
in the major dose-limiting toxicity of irinotecan (46), was affected by
UGT activity. It could also result in the different safety profiles of both
drugs in patients.

Another attractive opportunity of combination therapy for
Dato-DXd is immunotherapy because it is well known that che-
motherapy including Topo I inhibitors can enhance the effects
of immune checkpoint inhibitors (ICI; ref. 47). In preclinical
syngeneic mouse tumor models, it has been demonstrated that
DXd-ADCs including trastuzumab deruxtecan sensitize tumors to
ICIs possibly through enhanced antitumor immunity caused by the
delivered DXd payload (48, 49). A similar combination effect is
expected with Dato-DXd and ICIs and preclinical evaluation is
ongoing.

In summary, we generated Dato-DXd, a novel TROP2-directed
ADC with DXd-ADC technology, and demonstrated its potent
antitumor activity and acceptable safety profiles in preclinical
models. These results suggest that Dato-DXd could be a valuable
therapy with a potential to benefit patients with a broad range of
TROP2-expressing tumors including NSCLC in the clinical setting.
Clinical evaluation of Dato-DXd in a first-in-human phase I study
in patients with advanced solid tumors is in progress (ClinicalTrials.
gov identifier: NCT03401385).
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Table 2. Summary of nonclinical safety profiles of Dato-DXd.

Species Crl:CD(SD) rats Cynomolgus monkeys

Regimens 0, 20, 60, and 200 mg/kg 0, 10, 30 and 80 mg/kg
Intravenous, every 3 weeks for 3 months (five times in total) Intravenous, every 3 weeks for 3 months (five times in total)

No. of animals 10/sex/group (main): all dose groups 3/sex/group (main): all dose groups
5/sex/group (2-month recovery): 0 and 200 mg/kg 2/sex/group (2-month recovery): 30 and 80 mg/kg

Lethal dose >200 mg/kg >80 mg/kg
Body weight 20 mg/kg: normal 10 mg/kg: normal

≥60 mg/kg: decrease ≥30 mg/kg: decrease
Hematology ≤60 mg/kg: normal ≤80 mg/kg: normal

200 mg/kg: decreased WBC, RET, NEU, and LYM
Blood chemistry ≤60 mg/kg: normal ≤80 mg/kg: normal

200 mg/kg: decreased ALB and increased UN
Target organs and tissues ≥20 mg/kg: thymus ≥10 mg/kg: intestines

≥60 mg/kg: kidney, intestines, incisor ≥30 mg/kg: lung, cornea, skin, thymus, liver
200 mg/kg: lung, skin, bone marrow, spleen, testis,
epididymis, mammary gland, ovary, vagina

80 mg/kg: kidney, joint cartilage

STD10/HNSTD STD10: >200 mg/kg HNSTD: 10 mg/kg

Abbreviations: ALB, albumin; ADA, anti-drug antibody; HNSTD, highest non-severely toxic dose; LYM, lymphocyte; NEU, neutrophils; RET, reticulocyte; STD10,
severely toxic dose in 10% of animals; UN, urea nitrogen; WBC, white blood cell.
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