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�
 ABSTRACT 

Trophoblast cell surface antigen 2 (TROP2) is highly 
expressed in multiple cancers relative to normal tissues, sup-
porting its role as a target for cancer therapy. OBI-992 is an 
antibody–drug conjugate (ADC) derived from a novel TROP2- 
targeted antibody linked to the topoisomerase 1 (TOP1) inhib-
itor exatecan via an enzyme-cleavable hydrophilic linker, with a 
drug–antibody ratio of 4. This study evaluated and compared the 
antitumor activity of OBI-992 with that of benchmark TROP2- 
targeted ADCs datopotamab deruxtecan (Dato-DXd) and saci-
tuzumab govitecan (SG) in cell line–derived xenograft (CDX) 
and patient-derived xenograft (PDX) models. OBI-992 treatment 
exhibited statistically significant antitumor activity versus con-
trols at doses of 3 and 10 mg/kg in various CDX and PDX 
models, demonstrating comparable or better antitumor activity 
with benchmark ADCs. In a large-tumor model, longer survival 
times were observed in OBI-992-treated mice compared with 
Dato-DXd-treated mice. OBI-992 treatment induced marked 
bystander killing of TROP2-negative cells in the presence of 
nearby TROP2-positive cells in both in vitro and in vivo studies. 
In lung adenocarcinoma CDX models with overexpression of 
either P-glycoprotein (P-gp) or breast cancer resistance protein 

(BCRP) to mimic ATP-binding cassette transporter–mediated 
multidrug resistance, OBI-992 treatment maintained antitumor 
activity when Dato-DXd treatment became less effective. The 
combination of OBI-992 at suboptimal doses with either poly 
(ADP-ribose) polymerase (PARP) inhibitors or an immune 
check point inhibitor produced synergistic antitumor effects in 
mouse models. Taken together, these translational results sup-
port further development of OBI-992 as a cancer therapy. 
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Introduction 
Antibody–drug conjugates (ADC) consist of a tumor-specific 

monoclonal antibody connected via a chemical linker to a cytotoxic 
payload, allowing targeted delivery of potent cytotoxic drugs (1, 2). 
This approach improves the therapeutic index of anticancer thera-
pies and has been under intense research in recent years, with 
dozens of combinations of antibodies targeting various antigens and 
anticancer payloads leveraged in preclinical and clinical studies (1, 2). 
One target for anticancer drug delivery is trophoblast cell surface 
antigen 2 (TROP2), a transmembrane glycoprotein that is overex-
pressed in various tumor types relative to normal tissues (3, 4). 

TROP2 is involved in stem cell biology, and its upregulation in tumor 
cells promotes the activation of downstream signaling networks that 
enhance cell survival, proliferation, migration, and invasion (4–8). 
Overexpression of TROP2 correlates with poor prognosis of several 
cancers, including oral, pancreatic, gastric, gallbladder, and breast 
(9–13). 

Topoisomerase 1 (TOP1) inhibitors have long been investigated 
as cytotoxic agents. Exatecan is a potent TOP1 inhibitor that does 
not require metabolic activation and is a poor substrate for multi-
drug resistance ATP-binding cassette (ABC) transporters (14), such 
as breast cancer resistance protein (BCRP) and P-glycoprotein 
(P-gp). Exatecan has been studied as a single agent in several clinical 
trials for its safety, pharmacokinetics, and efficacy in cancer treat-
ment (15–17) and has been identified as a promising ADC 
payload (18). 

The ADC pairing of a TROP2-targeted antibody with a 
TOP1 inhibitor has demonstrated success as a cancer therapy, with 
sacituzumab govitecan (SG) as the first approved TROP2-targeted 
ADC with the TOP1 inhibitor SN-38 as the payload (19). However, 
SG has a short half-life due to its unstable linker and requires fre-
quent dosing on days 1 and 8 per 21-day treatment cycle (20). 
Furthermore, SN-38 undergoes glucuronide-mediated metabolism 
that can cause severe diarrhea or an increased risk for neutropenia 
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(21). Datopotamab deruxtecan (Dato-DXd) is an investigational 
TROP2-targeted ADC with improved pharmacokinetics and less 
frequent dosing (once every 21-day cycle) than SG. Trastuzumab 
deruxtecan and Dato-DXd use the same DXd-ADC linker/payload 
platform, and both ADCs have been linked to interstitial lung dis-
ease (22, 23). Therefore, a stable linker may improve the ADC’s 
pharmacokinetics and lowers off-target toxicities, but it may also 
increase on-target toxicities if the target antigen is also expressed in 
normal tissues. 

OBI-992 is an ADC derived from a novel anti-TROP2 antibody, 
which binds to a region distinct from that of sacituzumab and 
datopotamab, linked with exatecan via a hydrophilic enzyme- 
cleavable linker at a DAR of 4. The hydrophilic linker includes a 
protease-sensitive peptide (MCCa-PEG24-VA-PAB-exatecan) that 
is covalently bonded to cysteine residues of the antibody (T.L. 
Chang and colleagues; submitted for publication). Ex vivo serum 
stability and in vitro cytotoxicity studies demonstrated that OBI-992 
has a more stable linker and lower toxicity than Dato-DXd, war-
ranting further investigation of OBI-992 activity in vivo (24). In this 
study, we evaluated the antitumor activity of OBI-992 in cancer cell 
line–derived xenograft (CDX) and patient-derived xenograft (PDX) 
models of various types of solid tumors in comparison with SG and 
Dato-DXd. Additionally, we assessed the bystander killing effect of 
OBI-992 and OBI-992 antitumor activity in a model with over-
expression of ABC transporters, a common mechanism of ADC 
resistance. Finally, we evaluated the synergistic antitumor effects of 
combined OBI-992 with established cancer therapies. 

Materials and Methods 
Refer to Supplementary Methods for details on the character-

ization of OBI-992, liquid chromatography/tandem mass spec-
trometry (LC/MS-MS), and immunogenic cell death (ICD) assays. 

Reagents 
SG was purchased from Gilead Sciences. SN-38, MMAE, DXd, 

and exatecan were purchased from Acros Organics, BroadPharm, 
MedChemExpress, and Seedchem, respectively. P-gp inhibitor ve-
rapamil hydrochloride and BCRP inhibitor Ko143 were purchased 
from Acros Organics and TargetMol, respectively. Olaparib and 
talazoparib were purchased from Combi-Blocks and Ambeed. Di-
goxin and estrone 3-sulfate potassium salt were purchased from 
Sigma-Aldrich. 

Preparation of OBI-992 and Dato-DXd 
The OBI-992 and a control ADC (human IgG1–exatecan 

conjugate) were produced in house as described previously (T.L. 
Chang and colleagues; submitted for publication). Briefly, the 
anti-TROP2 antibody R4702 and human IgG1 isotype control 
(BE0297, BioXcell) in conjugation buffer (50 mmol/L histidine, 
20 mmol/L ethylenediaminetetraacetic acid, pH 7.0) were treated 
with tris(2-carboxyethyl) phosphine hydrochloride for 2 to 
6 hours to reduce the disulfide bond of the antibodies. The re-
duced antibodies were incubated with molecules containing 
maleimide-PEG24-VA-PAB-exatecan for 1 hour to complete the 
conjugation. Next, the conjugation buffer was replaced by stor-
age buffer [20 mmol/L sodium acetate, pH 5.0 with 0.1% (w/w) 
polysorbate 80] via ultrafiltration/diafiltration to create final 
ADC OBI-992 and control ADC solutions. Drug load distribu-
tion (DLD) of the ADC was determined by hydrophobic inter-
action chromatography, and drug–antibody ratio (DAR) was 

measured and calculated by reduced reversed-phased HPLC-UV 
(RPLC-UV). The calculation of average DAR is described in 
Supplementary Methods. The average DAR value was 3.9 for 
OBI-992 and 5.1 for the control ADC. The amino acid sequences 
of the anti-TROP2 antibody, R4702, are provided in Supple-
mentary Fig. S1A and S1B. The full chemical structure of OBI- 
992 is illustrated in Supplementary Fig. S1C. 

Dato-DXd was produced as described in the Patent US2021/ 
0386865 A1 (25). The DLD of OBI-produced Dato-DXd was 
assessed using hydrophobic interaction chromatography and then 
compared with the DLD outlined in the patent (Supplementary Fig. 
S2). The average DAR of OBI-produced Dato-DXd was determined 
by RPLC-UV as 4.1. 

Cell lines and culture 
Cancer cell lines NCI-N87 (CRL-5822), BxPC-3 (CRL-1687), 

HCC827 (CRL-2868), NCI-H1975 (CRL-5908), and MDA-MB- 
231 (HTB-26) were purchased from ATCC. Capan-1 (HTB-79) 
was purchased from AddexBio. ES-2/GFP (SC066-G) was pur-
chased from GenTarget. MC38 (ENH204) was purchased from 
Kerafast. Caco-2 (60182, C2BBe1) was obtained from BCRC. 
HCC827/ABCB1 (HC-0220) and HCC827/ABCG2 (HC-0210) 
were purchased from Creative Cell. The detailed information of 
each cell line (RRID, purchase date, passage number, and bio-
logical sex) is described in Supplementary Table S1. NCI-H1975, 
NCI-N87, BxPC-3, HCC827, and MC38 cells were cultured in 
RPMI-1640 supplemented with 10% FBS and 1% penicillin/ 
streptomycin. MDA-MB-231 and Caco-2 cells were cultured in 
DMEM supplemented with 10% FBS and 1% penicillin/ 
streptomycin. Capan-1 cells were cultured in IMDM supple-
mented with 20% FBS and 1% penicillin/streptomycin. ES-2/GFP 
cells were cultured in McCoy’s 5A medium supplemented with 
10% FBS, 0.1% sodium pyruvate, and 1% penicillin/streptomycin. 
Cells were revived from working cell banks in which cells in 
cryostock were approximately passages 4 to 20, depending on cell 
lines. Mycoplasma tests were performed after revival of the cells 
from cryostock using the Universal Mycoplasma Detection Kit 
(ATCC) to ensure all cell lines used were free of mycoplasma. 
After resuscitation, cells were passaged three to five times before 
use. For in vitro studies, cells were cultured for 1 week before 
treatment. For in vivo xenograft studies, cells were cultured for 
2 to 4 weeks before implantation. Caco-2 cells were passaged 
10 times before being used in permeability test. 

Cell-based cytotoxicity assay 
Cancer cells were seeded in a 96-well plate at a density of 

3,000 cells/well. After overnight incubation, cells were treated with 
serially diluted reagents. After treatment for 6 days, cell viability was 
analyzed using CellTiter-Glo (Promega) according to the manu-
facturer’s instructions. Briefly, the CellTiter-Glo reagent was added 
to the culture medium at a 1:1 ratio and mixed on an orbital shaker 
for 2 minutes. The plate was incubated at room temperature for an 
additional 10 minutes before luminescence signals were measured 
using SpectraMax L (Molecular Devices). IC50 values were calcu-
lated using Prism (GraphPad). 

The synergistic biologic activity was analyzed by the coefficient of 
drug interaction (CDI), which was calculated as CDI ¼ AB/(A � B). 
According to the cell viability of each group, AB is the ratio of the 
combination groups to control group, and A or B is the ratio of the 
single agent group to control group. Thus, a CDI value of <1, ¼ 1, 
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or >1 indicates that the drugs are synergistic, additive, or antago-
nistic, respectively (26). 

Flow cytometry and quantitative flow cytometry 
The TROP2 cell surface expression levels in cancer cell lines were 

determined by flow cytometry using a BD Canto II flow cytometer 
as previously described (27). Briefly, cells were stained with the 
native antibody R4702 for 30 minutes on ice and then incubated 
with antihuman IgG Fc-FITC (F9512, Sigma-Aldrich) for 30 min-
utes on ice. The signal intensities of cells were evaluated by flow 
cytometry. Positive cells were gated based on the cells stained with 
antihuman IgG Fc-FITC. For quantitative flow cytometry, cells were 
stained with AF488-conjugated mouse antihuman TROP2 antibody 
(clone 77220, R&D Systems) or an isotype control antibody. The 
number of binding sites of the antihuman TROP2 antibody on cells 
was calculated using Quantum Simply Cellular anti-Mouse IgG Kit 
(Bangs Laboratories, Inc.) according to the manufacturer’s in-
structions. In brief, the Quantum Simply Cellular calibration mi-
crospheres were coated with increasing amounts of capture 
antibody, which was the same antibody used to label cells. The 
fluorescence signals of the labeled calibration microspheres and cells 
were recorded and analyzed using the QuickCal analysis template 
(Bangs Laboratories, Inc.) to determine the antibody binding ca-
pacity value of each cell. 

IHC staining and interpretation 
Human normal tissue microarrays, FDA999w2, were obtained 

from US Biomax. Tissue microarrays included 32 organ types, with 
samples from three different individuals per organ type. Up to 
448 formalin-fixed, paraffin-embedded human late-stage tumor 
tissue samples, representing 19 cancer types [bladder cancer, cer-
vical adenocarcinoma, cervical squamous cell carcinoma (SCC), 
colorectal cancer, endometrial cancer, esophageal cancer, gallblad-
der cancer, gastric cancer, head and neck cancer, hormone receptor- 
positive (HR+) breast cancer, human epidermal growth factor re-
ceptor 2-positive (HER2+) breast cancer, non-small cell lung cancer 
(NSCLC) adenocarcinoma, NSCLC SCC, ovarian adenocarcinoma, 
pancreatic cancer, prostate cancer, renal cell carcinoma (RCC), 
small cell lung cancer (SCLC), and triple-negative breast cancer 
(TNBC)], were purchased from AMS Biotechnology. IHC staining 
of TROP2 was performed on Autostainer Dako Link48 and PT Link 
module (Dako), using rabbit antihuman TROP2 monoclonal anti-
body (SP294, Abcam) according to an in-house protocol. Briefly, the 
formalin-fixed, paraffin-embedded tissue sections were deparaffi-
nized and pretreated with EnVision FLEX Target Retrieval Solution 
High pH (K8004, Dako) at 97°C for 30 minutes. Slides were then 
transferred to an Autostainer Dako Link to block endogenous 
peroxidase for 5 minutes followed by incubation with an anti- 
TROP2 antibody or an isotype control antibody rabbit IgG 
(EPR25A, Abcam) for 1 hour. Slides were developed with the En-
Vision FLEX High pH kit (K8002, Dako). Lastly, the sections were 
counterstained with EnVision FLEX Hematoxylin (K8008, Dako) 
for 5 minutes and then mounted. 

The IHC staining results of TROP2 expression were evaluated by 
a certified pathologist. The H-score system (range from 0 to 300; ref. 
28) was used to evaluate the cytosolic/membranous expression of 
TROP2 and was calculated using the following formula: (percentage 
of cells with weak staining intensity � 1) + (percentage of cells with 
moderate staining intensity � 2) + (percentage of cells with strong 
staining intensity � 3). Representative IHC images of TROP2 low 
(1+), moderate (2+), and high (3+) expression are shown in 

Supplementary Fig. S3. The prevalence of TROP2 expression was 
calculated for each cancer type as the number of samples with an 
H-score ≥100 out of the total number of samples evaluated for that 
particular cancer type. For the comparison of TROP2 membranous 
expression in normal and tumor tissues, the percentage of viable 
cells showing membranous staining at any intensity was assessed. 

Mouse models 
The mouse studies described here were conducted at several in-

stitutions; protocols were approved by the Institutional Animal Care 
and Use Committee (IACUC) at the corresponding facilities. All the 
mouse studies using CDX models were approved by the IACUC at 
National Laboratory Animal Center in Taipei, Taiwan. The studies 
using the PDX models BR9464, GA0091, and GA6866 were ap-
proved by the IACUC at Crown Bioscience, Inc. The studies using 
the PDX models LU-01-1370, PC-07-0003, ES-06-0010, OV-10- 
0068, LU-01-1004, and LU-01-0236 were approved by the IACUC at 
WuXi AppTec Co., Inc. For all the mouse tumor models described, 
6- to 8-week-old female mice weighing 18 to 22 g were used. In all 
studies, mice were divided into treatment groups based on tumor 
volume to achieve an equal distribution between the different dos-
ing groups. Given the variation in tumor growth, all groups con-
sisted of 3 to 10 mice to allow statistical comparisons between 
groups. 

CDX models 
NCI-N87, BxPC-3, MDA-MB-231, NCI-H1975, HCC827, 

HCC827/ABCB1(P-gp), HCC827/ABCG2 (BCRP), and Capan-1 
xenograft tumor models were established to evaluate the antitumor 
activity of OBI-992. Tumor cells (2.5–20 � 106 depending per cell 
line) suspended in Matrigel/saline (1:1) were subcutaneously in-
jected into female CAnN.Cg-Foxn1nu/CrlBltw (BALB/c nude) or 
NOD.Cg-PrkdcscidIl2rgtm1Vst/Vst mice (BioLasco Taiwan). Tumor- 
bearing mice were divided into treatment groups when the tumor 
volume reached 150 to 250 mm3 for standard xenograft models or 
450 to 550 mm3 for the BxPC-3 large-tumor model. The first 
treatment day was denoted as day 1. Tumor volume and mouse 
body weight were monitored twice weekly until the end of the study 
or at the humane endpoint. The tumor volume was calculated using 
ellipsoid equation [(major axis �minor axis �minor axis) � (π/6)]. 

OBI-992, Dato-DXd, and SG were administered via intravenous 
injection, and olaparib and talazoparib were administered by oral 
gavage. PBS served as the vehicle control and was administered 
intravenously. Antitumor activity was determined by the tumor 
growth inhibition (TGI) metric, which was calculated using the 
following formula: TGI (%) ¼ [1 � (Ti � T1)/(Ci � C1)] � 100%. 
Ti and Ci indicate mean tumor volume in the treatment and control 
group, respectively, at the end of the study. T1 and C1 indicate the 
mean tumor volume in the treatment and control groups, respec-
tively, on day 1. 

PDX models 
PDX models with TROP2 gene expression greater than 5 log2 

fragments per kilobase of transcript per million mapped reads were 
selected for investigation. RNA-seq data were sourced from the 
Crown Bioscience or WuXi Biologics databases. Breast (BR9464), 
pancreatic (PC-07-0003), ovarian (OV-10-0068), esophageal (ES-06- 
0010), gastric (GA6866 and GA0091), and non-small cell lung (LU- 
01-0236, LU-01-1004, and LU-01-1370) PDX cancer models were 
used for studying OBI-992 antitumor activity. Tumor tissues de-
rived from patients were maintained in the host mice. Tumor 
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fragments (2–3 mm in diameter or 20–30 mm3) harvested from the 
host mice were subcutaneously implanted into BALB/c nude or 
NOD.CB17-Prkdc/J (NOD/SCID) mice. Tumor-bearing mice were 
divided into treatment groups when the tumor volume reached 
150 to 200 mm3. Treatments were administered as described in the 
previous section. Mice were monitored, and tumor volume and TGI 
were calculated as described in the previous section. 

Syngeneic mouse tumor model 
MC38 mouse colon cancer cells were transduced with lentiviral 

vectors (RNAi core facility, Academia Sinica) containing human 
TROP2 cDNA to create MC38 cells with ectopic human 
TROP2 expression (MC38/hTROP cells). After transduction, 
pooled stable cell lines were selected using 2 µg/mL of puromy-
cin. Human TROP2 expression in stable cells was confirmed 
using flow cytometry. 

An MC38/hTROP2 syngeneic tumor model was used to evaluate 
the antitumor activity of OBI-992 in combination with an anti- 
mouse PD-1 antibody (clone: RMP1-14, Leinco). MC38/ 
hTROP2 cells (1 � 106 cells/mouse) suspended in Matrigel/saline 
(1:1) were subcutaneously injected into female C57BL/6NCrl mice, 
and tumor-bearing mice were divided into treatment groups when 
the average tumor volume reached 200 to 300 mm3. Mice were 
treated with a single 3 mg/kg dose of OBI-992 and/or 5 mg/kg anti– 
PD-1 twice weekly for three doses via intravenous injection. Tumor 
growth was monitored twice per week, and TGI was calculated as 
described previously. 

Bystander effect assay 
TROP2-positive BxPC-3 cells and TROP2-negative ES-2/GFP 

cells were used to evaluate OB-992 bystander killing effects. ES-2/ 
GFP cells were cultured alone or co-cultured with BxPC-3 cells at 
different ratios (0:1, 0.25:1, 0.5:1, 1:1, 2:1, 4:1 BxPC-3:ES-2/GFP) 
overnight. Serially diluted OBI-992 or control ADC (5, 2, 1, 0.5, 
0 nmol/L) was added to cultures and incubated for 6 days. ES-2/ 
GFP cell viability was evaluated by SpectraMax M2 (Molecular 
Devices). The viability of the treated groups was compared with that 
of the corresponding untreated control (0 nmol/L). To evaluate the 
in vivo bystander effects, 5 � 105 ES-2/GFP cells alone or mixed 
with 1 � 107 BxPC-3 cells were subcutaneously injected into female 
BALB/c nude mice. Tumor-bearing mice were divided into treat-
ment groups when the tumor volume reached 150 to 200 mm3. Mice 
were administered 3 mg/kg OBI-992 or control ADC intravenously. 
The mice were monitored, and tumor volume and TGI were cal-
culated as described in the previous section. The fluorescence in-
tensity of ES-2/GFP tumors was measured by IVIS Spectrum In 
Vivo Imaging System. 

RNA isolation and qRT-qPCR for the assessment of ABCB1 and 
ABCG2 expression 

Cells were lysed, and total RNA was isolated using the RNeasy 
Mini Kit (74104 QIAGEN) according to the manufacturer’s in-
structions. cDNA was prepared by reverse transcription of isolated 
total RNA using the ReverTra Ace PCR RT Master Mix with 
gDNA Remover (A1172K, TOYOBO). The cDNA was subjected to 
qRT-PCR with KAPA SYBR FAST qPCR Kit Master Mix (2�) 
ROX Low (Kapa Biosystems). The relative expression of ABCB1 
and ABCG2 mRNA was calculated by Ct (ΔΔCt) method, and the 
expression in HCC827 served as a standard control. The primer 
sets include P-gp (ABCB1): forward-5’-GCTCCTGACTATGC-
CAAAGCC-3’, reverse-5’-CTTCACCTCCAGGCTCAGTCCC-3’, 

and BCRP (ABCG2): forward-5’-TGGCTTAGACTCAAGCA-
CAGC-3’, reverse-5’-TCGTCCCTGCTTAGACATCC-3’. 

Permeability assay 
All permeability assays were conducted using Caco-2 cells seeded 

onto 12-well Transwell inserts with a 0.4-µm pore size poly-
carbonate membrane at a density of 100,000 cells per insert. The 
cells were cultured for approximately 25 days until they formed a 
confluent monolayer with tight junctions. Prior to the assay, the 
cells were washed using prewarmed PBS and preincubated at 37°C 
for 15 minutes using the incubation medium of Hank’s balanced salt 
solution with 10 mmol/L N-2-hydroxyethylpiperazine-N-2-ethane 
sulfonic acid. After removing the preincubated medium, for apical 
(AP) to basolateral (BL) permeability assays, the incubation medium 
containing 10 µmol/L TOP1 inhibitors (exatecan, SN-38, or DXd), 
digoxin, or estrone 3-sulfate with or without P-gp or BCRP inhib-
itors was added to the AP side, and incubation medium alone was 
added to the BL side, followed by incubation at 37°C for 2 hours. 
Conversely, for BL to AP permeability assays, the TOP1 inhibitors 
with or without P-gp or BCRP inhibitors were added to the BL side, 
and incubation medium alone was added to the AP side, followed by 
incubation at 37°C for 2 hours. The solutions from the AP and BL 
sides were collected at 0 and 2 hours for measurement of 
TOP1 inhibitors using LC/MS-MS. The methods and conditions of 
LC/MS-MS are described in Supplementary Methods. 

Statistical analysis 
Statistical analysis was performed using GraphPad Prism 6.01. 

Two-tailed unpaired t test was used to compare the vehicle group 
and the treatment group, as well as the OBI-992 group and 
benchmark group. The comparison was performed using the tu-
mor volume of the last time point at the end of study. Statistical 
analyses of survival curves were performed by log-rank (Mantel– 
Cox) test. 

Data availability 
The data generated in this study are available upon request from 

the corresponding author. 

Results 
TROP2 is expressed in various cancer types 

To investigate the potential therapeutic utility of OBI-992, 
TROP2 expression in human tissue samples from 19 types of 
cancer was evaluated by IHC (Fig. 1A). TROP2 prevalence 
was >80% in nearly half of the cancer types tested (Fig. 1B). Next, 
we assessed TROP2 expression at the cellular membrane in 
cancer tissues and corresponding normal tissues using IHC. Most 
of the cancer tissues tested had a higher percentage of cells with 
membrane TROP2 expression than the corresponding normal 
tissue (Fig. 1C). RCC was the only cancer type with lower 
TROP2 membrane expression than normal tissue. 

TROP2 expression was also evaluated quantitatively in cancer cell 
lines by flow cytometry–based assays (Supplementary Table S2). 
Many cancer cell lines expressed TROP2, including pancreatic 
cancer (BxPC-3 and Capan-1), lung cancer (HCC827 and NCI- 
H1975), gastric cancer (NCI-N87), and breast cancer (MDA-MB- 
231). The high levels of TROP2 expression in various cancer tissues 
and cell lines support the preclinical testing of OBI-992. 
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OBI-992 exhibited antitumor activity in CDX models 
The antitumor activity of OBI-992 relative to benchmark ADCs 

(Dato-DXd and/or SG) was evaluated in CDX models. These studies 
were conducted at various stages of OBI-992’s development. A study 
in the pancreatic cancer BxPC3 CDX model was the initial study in 
which we examined the efficacy and dosing regimen of OBI-992, 
using a weekly dosing schedule to compare OBI-992 with SG and 
Dato-DXd. The BxPC-3 cell line had the highest TROP2 expression 
levels (Supplementary Table S2) and the highest sensitivity to OBI- 
992 relative to other tested cell lines (Supplementary Table S3). Three 
doses of OBI-992, Dato-DXd, or SG were administered weekly at a 
dose of 3 mg/kg. OBI-992 and Dato-DXd treatments exhibited a 
statistically significant antitumor effect (TGI ¼ 101% and 85%, re-
spectively) compared with the vehicle control (Fig. 2A). SG treatment 
partially suppressed tumor growth (TGI ¼ 54%) that was not sta-
tistically significant relative to vehicle control. OBI-992 treatment 
showed significantly greater antitumor activity than SG treatment. 

In the following studies, OBI-992 was administered as a single 
dose on day 1, as the pharmacokinetic data indicate one dose 
providing sufficient tumor exposure (24). We analyzed OBI-992 
activity in a TROP2 high expression gastric cancer NCI-N87 CDX 
model. OBI-992 or Dato-DXd was administered as a single dose of 
3 or 1 mg/kg. Both OBI-992 and Dato-DXd inhibited tumor growth 
in a dose-dependent manner (Fig. 2B). At a dose of 3 mg/kg, both 
OBI-992 and Dato-DXd exhibited a statistically significant antitu-
mor effect (TGI ¼ 110% and 96%, respectively). At a dose of 
1 mg/kg, OBI-992 and Dato-DXd partially suppressed tumor 
growth (TGI ¼ 49% and 53%, respectively; Fig. 2B). 

The NSCLC NCI-H1975 and TNBC MDA-MB-231 CDX models 
were used to examine OBI-992 antitumor activity in cells with mod-
erate TROP2 expression (Supplementary Table S2). OBI-992 or Dato- 
DXd was administered as a single dose of 3 mg/kg in the NCI-H1975 
model and at 10 or 1 mg/kg in the MDA-MB-231 model. For both, SG 
was administered at 12.5 mg/kg twice weekly for a total of four doses. 
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Figure 1. 
TROP2 expression in various cancer tissues. A, The expression levels of TROP2 in tissue samples from 19 cancer types were analyzed by IHC. Dots indicate 
TROP2 H-score for each sample, and solid bars indicate the median H-score of each cancer type. B, TROP2 prevalence rates (x-axis) were calculated as the 
percentage of samples with TROP2 H-score ≥100. The ranking order of cancer types was based on the TROP2 prevalence rate. C, Plot of percentage of cells from 
tumor (blue) and corresponding normal tissues (gray) with TROP2 membrane expression determined by IHC. Each dot represents an individual sample. Solid 
bars indicate the median percent of TROP2-expressing cells for each tissue type. The numbers of specimens used for each cancer type are indicated in the plots. 
Representative IHC images of TROP2 high (3+), moderate (2+), and low (1+) expression are shown in Supplementary Fig. S3. Adeno, adenocarcinoma; BC, breast 
carcinoma; Ca., cancer/carcinoma; CRC, colorectal cancer; H&N, head and neck carcinoma; HER2, human epidermal growth factor receptor 2; HR, hormone 
receptor; HRPC, hormone-resistant prostate cancer; IHC, immunohistochemistry; NSCLC, non-small cell lung cancer; RCC, renal cell renal carcinoma; SCC, 
squamous carcinoma; SCLC, small cell lung carcinoma; TNBC, triple-negative breast carcinoma. 
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In the NCI-H1975 model, OBI-992 treatment resulted in statistically 
significant TGI of 96% relative to the vehicle control, whereas Dato- 
DXd and SG treatments produced partial responses (TGI ¼ 52% and 
39%, respectively) that were not significantly different from the vehicle 
control (Fig. 2C). Furthermore, the TGI of the OBI-992 treatment was 
significantly greater than those of the Dato-DXd and SG treatments. 

In the MDA-MB-231 model, OBI-992 and Dato-DXd showed 
statistically significant antitumor activity (TGI ¼ 103% and 102%, 
respectively) relative to the vehicle control at the 10 mg/kg dose 
(Fig. 2D). However, at the 1 mg/kg dose, OBI-992 showed partial 
tumor growth suppression (TGI ¼ 73%), which was statistically 
significant compared with the control, whereas Dato-DXd showed 
no significant antitumor effect (TGI ¼ 12%; Fig. 2D). In all four 
CDX models tested, the antitumor activity of OBI-992 was either 
better than or comparable to that of benchmark treatments. 

OBI-992 suppressed tumor growth in a large-tumor model 
We further examined the inhibition of tumor growth by OBI-992 

in a large-tumor BxPC-3 CDX model. For this model, the tumor 

volume (450–550 mm3) before treatment initiation was ap-
proximately 2.5-fold greater than that in the standard CDX models 
(150–200 mm3). OBI-992 or Dato-DXd was administered as a single 
dose of 10 or 3 mg/kg. Both OBI-992 and Dato-DXd treatment 
suppressed tumor growth, with OBI-992 treatment trending toward 
having a stronger effect than Dato-DXd (Fig. 2E). Comparing the 
effects of ADC treatments with the vehicle control was difficult 
because of the high tumor burden in control mice; three out of six 
control mice were sacrificed by day 14 posttreatment due to the 
tumor volume exceeding 1,400 mm3. As a result, the effect of OBI- 
992 and Dato-DXd on survival of tumor-bearing mice was inves-
tigated. Compared with the vehicle control, both OBI-992- and 
Dato-DXd-treated mice showed significantly better survival at the 
10 mg/kg dose (Fig. 2F), but only OBI-992-treated mice had sig-
nificantly better survival at the 3 mg/kg dose (Fig. 2G). Further-
more, the difference in survival between OBI-992- and Dato-DXd- 
treated mice at both doses was statistically significant, indicating 
that OBI-992 had stronger antitumor activity than Dato-DXd in this 
large-tumor model. 
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Figure 2. 
In vivo antitumor activity of OBI-992 on multiple CDX models. Mice were intravenously treated with indicated doses of drugs or vehicle control. A–E, Changes to 
tumor volume are plotted against number of days after an initial treatment dose for (A) BxPC-3 (n ¼ 5 per group), (B) NCI-N87 (n ¼ 5 per group), (C) NCI-H1975 
(n ¼ 6 per group), and (D) MDA-MB-231 CDX mice (n ¼ 5 per group) as well as for (E) BxPC3 large-tumor CDX mice (n ¼ 6 per group). TGI was calculated for 
each treatment group and is denoted on the right side of tumor growth plots. F and G, Survival curves were produced for BxPC-3 large-tumor xenograft mice 
treated with (F) 10 mg/kg or (G) 3 mg/kg OBI-992 or Dato-DXd. *, P < 0.05; **, P < 0.01; ***, P < 0.001 for treatment groups versus vehicle control, unless 
otherwise noted with a bracket. Dots and error bars indicate the mean ± SEM. All animals survived to scheduled sacrifice with two exceptions: one control animal 
in C was sacrificed on day 11 due to ulcered tumor, and two OBI-992 (10 mg/kg)-treated mice in D were sacrificed on day 17 due to body weight loss >15%. In 
large-tumor model (E, F, G), animals were sacrificed if the tumor size exceeded 1,400 mm3 or with ulcered tumor diameter larger than 15 mm. No animals died 
directly due to tumor burden. BIW � 4, twice weekly for four doses; Dato-DXd, datopotamab deruxtecan; QW � 3, once every week for three doses; SG, 
sacituzumab govitecan; TGI, tumor growth inhibition. 
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OBI-992 exhibited antitumor activity in PDX models 
We further examined the antitumor activity of OBI-992 using PDX 

models, which retain the heterogeneity and complexity of patient 
tumors. TROP2 gene expression was confirmed by RNA-seq in sev-
eral PDX models (Supplementary Table S4). First, we assessed the 
antitumor activity of OBI-992 in small-scale (n ¼ 3 per group) PDX 
models of breast (BR9464), gastric (GA0091), lung (LU-01-1370), 
pancreatic (PC-07-0003), esophageal (ES-06-0010), and ovarian (OV- 
10-0068) cancers. OBI-992 was administered as a single dose of 
10 mg/kg. In all six PDX models, OBI-992 treatment inhibited tumor 
growth, with the greatest effect in the OV-10-0068 model 
(TGI ¼ 135%), followed by the BR9464, LU-01-1370, PC-07-0003, 
GA0091, and ES-06-0010 models (TGI ¼ 106%, 105%, 103%, 101%, 
and 94%, respectively; Fig. 3A–F). The small sample size and diversity 
of PDX models lead to considerable variation in tumor sizes within 
control groups, making it difficult to evaluate statistical significance. 

Next, we compared the antitumor activity of OBI-992 with Dato- 
DXd in larger-scale (n ¼ 6 per group) PDX models of lung (LU-01- 
1004 and LU-01-0236) and gastric (GA6866) cancers. OBI-992 or 
Dato-DXd was administered as a single dose of 10 or 3 mg/kg. In 
the lung cancer LU-01-1004 model, OBI-992 or Dato-DXd treat-
ment resulted in comparable tumor growth suppression at 10 mg/kg 
(TGI ¼ 145% and 144%, respectively) and 3 mg/kg (TGI ¼ 91% and 

87%, respectively; Fig. 3G). In the other lung cancer model (LU-01-0236), 
OBI-992 treatment resulted in significantly greater growth sup-
pression than Dato-DXd at the 10 mg/kg dose (TGI ¼ 112% and 
85%, respectively; Fig. 3H). At the 3 mg/kg dose, no significant 
difference in TGI was observed between OBI-992 and Dato-DXd 
(TGI ¼ 32% and 30%, respectively; Fig. 3H). In the gastric cancer 
GA6866 model, OBI-992 and Dato-DXd treatment resulted in 
similar growth suppression at the 10 mg/kg dose (TGI ¼ 110% and 
114%, respectively; Fig. 3I). At the 3 mg/kg dose, TGI in OBI-992– 
treated mice (TGI ¼ 111%) was significantly higher than the partial 
growth inhibition produced by Dato-DXd treatment (TGI ¼ 80%; 
Fig. 3I). Overall, OBI-992 showed comparable or better antitumor 
activity than Dato-DXd across PDX models. 

OBI-992 demonstrated strong bystander killing effects 
We evaluated the bystander killing effect of OBI-992 and Dato- 

DXd using a model of TROP2-positive pancreatic BxPC-3 cells and 
TROP2-negative ES-2/GFP cells. ES-2/GFP cells alone or cultured 
with increasing ratios of BxPC-3 cells were treated with OBI-992, 
Dato-DXd, or a control ADC (human IgG1–exatecan) at increasing 
concentrations. In control ADC-treated groups, ES-2/GFP cell via-
bility was not notably affected by control ADC treatment or BxPC- 
3:ES-2/GFP co-culture ratios (Fig. 4C). OBI-992 or Dato-DXd 
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Figure 3. 
In vivo antitumor activity of OBI-992 on multiple PDX models. Mice were intravenously treated with indicated doses of drugs. Changes to tumor volume are 
plotted against number of days after an initial treatment dose for (A) BR9464 breast cancer, (B) GA0091 gastric cancer, (C) LU-01-1370 lung cancer, (D) PC- 
07-0003 pancreatic cancer, (E) ES-06-0010 esophageal cancer, (F) OV-10-0068 ovarian cancer, (G) LU-01-1004 and (H) LU-01-0236 lung cancer, and (I) 
GA6866 gastric cancer PDX mice. TGI was calculated for each treatment group and is denoted on the right side of tumor growth plots. *, P < 0.05; 
**, P < 0.01; ***, P < 0.001 for treatment groups versus vehicle control, unless otherwise noted with a bracket. Dots and error bars indicate the mean ± SEM. 
A–F, n ¼ 3 and (G–I) n ¼ 6. All animals survived to the scheduled endpoint. Dato-DXd, datopotamab deruxtecan; SEM, standard error of the mean; TGI, 
tumor growth inhibition. 
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treatment had little effect on the viability of ES-2/GFP cells in 
groups with a low ratio of BxPC-3:ES-2/GFP cells (less than 1:1). 
When the ratio of BxPC-3:ES-2/GFP cells was higher than 1:1, ES-2/ 
GFP cell viability decreased following OBI-992 or Dato-DXd 
treatment in a dose-dependent manner (Fig. 4A and B). 

The bystander effect was further examined using an in vivo CDX 
model. A mixture of ES-2/GFP and BxPC-3 cells was used to sim-
ulate a tumor with heterogenous TROP2 expression. OBI-992, 
Dato-DXd, or control ADC was administered as a single 3 mg/kg 
dose, and tumor volume and GFP intensity (to measure ES-2/GFP- 
specific tumor growth) were monitored for 2 weeks. In mice with 
only ES-2/GFP tumors, both tumor volume and GFP intensity were 
similar in mice treated with vehicle, OBI-992, Dato-DXd, or control 
ADC (Fig. 4D). In the ES-2/GFP plus BxPC-3 tumor model, tumor 
volume and GFP intensity were significantly lower with OBI-992 or 
Dato-DXd treatment than with vehicle and ADC controls (Fig. 4E). 
Although not reaching statistical significance, OBI-992 exhibited 
slightly better bystander killing effect than Dato-DXd as measured 
by GFP intensity. These data indicate that OBI-992 was able to 

suppress the growth of tumors composed of a mixture of cells 
positive and negative for TROP2 expression, suggesting that OBI- 
992 can exert bystander effects to kill neighboring TROP2-negative 
cells. 

Overexpression of P-gp and BCRP transporters had little 
impact on OBI-992 activity 

Because the multidrug resistance mechanism mediated by ABC 
transporters plays an important role in ADC resistance (29), we 
investigated the impact of ABC transporters P-gp and BCRP on 
TROP2 ADCs and their payloads. We first analyzed the perme-
ability and efflux ratio of several payloads, including exatecan (OBI- 
992 payload), DXd (Dato-DXd payload), and SN-38 (SG payload). 
Digoxin and estrone 3-sulfate are known substrates of P-gp and 
BCRP (30), respectively, and served as controls. The measured efflux 
ratios indicated that SN-38 and DXd were rapidly pumped out by 
transporters (efflux ratio >9), whereas exatecan was externalized at a 
much lower rate (efflux ratio <3; Supplementary Table S5). When 
measurements were made in the presence of P-gp or BCRP 
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Figure 4. 
Bystander killing effect with OBI-992 treatment. A–C, TROP2-positive BxPC3 cells were co-cultured with TROP2-negative ES-2/GFP cells at indicated ratios. The 
cultures were treated with serially diluted (A) OBI-992, (B) Dato-DXd, or (C) control ADC. Viability of ES-2/GFP cells was measured by the intensity of GFP 
fluorescence relative to the corresponding non-treated group (0 nmol/L). Dots and error bars indicate the mean ± SEM (n ¼ 3 independent experiments). D and 
E, CDX models of TROP2-negative ES-2/GFP cells (D) alone or (E) mixed with TROP2-positive BxPC-3 cells were treated with vehicle, 3 mg/kg OBI-992, 3 mg/kg 
Dato-DXd, or control ADC as a single dose. Tumor volume and GFP intensity are plotted against the number of days after treatment. ***, P < 0.001 for treatment 
groups versus vehicle control. Dots and error bars indicate the mean ± SEM. D, n ¼ 5 and (E) n ¼ 10. All animals survived to the scheduled endpoint. ADC, 
antibody–drug conjugate; ROI, region of interest; SEM, standard error of the mean. 
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inhibitors (verapamil or Ko143, respectively), all efflux ratios were 
reduced, indicating that P-gp and BCRP were involved in the ob-
served payload efflux (Supplementary Table S5). 

The cytotoxicity of SN-38, DXd, exatecan, and the corresponding 
ADCs was assessed using HCC827 cell lines with stable over-
expression of either P-gp (encoded by ABCB1) or BCRP (encoded 
by ABCG2) to mimic multidrug-resistant cancer cells (Supplemen-
tary Table S6). Expression levels of ABCB1 and ABCG2 were con-
firmed by qRT-PCR (Fig. 5A and B). SN-38 cytotoxicity decreased 
with BCRP overexpression, and DXd cytotoxicity decreased with 
both P-gp and BCRP overexpression. Conversely, exatecan cyto-
toxicity was not affected by P-gp overexpression and, compared 
with SN-38 and DXd, was less affected by BCRP overexpression. 
The impact of P-gp and BCRP overexpression on the cytotoxicity of 
ADCs was similar to that observed for the corresponding payload 
each ADC employs (Supplementary Table S6). Furthermore, the 
cytotoxicity of SG and Dato-DXd in cells overexpressing BCRP was 

restored by the BCRP inhibitor Ko143, whereas in cells over-
expressing P-gp, the P-gp inhibitor verapamil restored the cyto-
toxicity of Dato-DXd but did not notably affect the cytotoxicity of 
SG, as SN-38 is not a substrate of P-gp (Supplementary Table S7). 
Both P-gp and BCRP inhibitors had little effect on the cytotoxicity 
of OBI-992 in HCC827/ABCB1 and HCC827/ABCG2 cells. 

The antitumor activity of OBI-992, Dato-DXd, and SG was fur-
ther evaluated in CDX models of HCC827/ABCB1 and HCC827/ 
ABCG2 stable cell lines, as well as parental HCC827 cells. OBI-992 
or Dato-DXd was administered at 10 or 3 mg/kg as a single dose, 
and SG was administered at 12.5 mg/kg twice weekly for four doses. 
In the HCC827 model, all tested ADCs exhibited antitumor activity, 
with TGI higher than 100% at all tested doses (Fig. 5C and D). In 
the P-gp overexpressing HCC827/ABCB1 model, OBI-992 and 
Dato-DXd treatment both showed a significant antitumor effect 
compared with the vehicle control (TGI ¼ 100% and 90%, respec-
tively) when administered at a dose of 10 mg/kg (Fig. 5E). At a dose 
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Figure 5. 
OBI-992 maintained antitumor activity in both P-gp and BCRP overexpression tumor models. A, ABCB1 (encodes P-gp) and (B) ABCG2 (encodes BCRP) mRNA 
levels in HCC827, HCC827/ABCB1, and HCC827/ABCG2 cells were measured by qRT-PCR. Relative transcript levels are normalized to levels in HCC827 cells. Dots 
and error bars indicate the mean ± SEM (n ¼ 3). C–H, Mice were intravenously treated with indicated doses of drugs. OBI-992 or Dato-DXd was administered as a 
single dose on day 1, whereas SG was administered twice a week for four doses. Changes to tumor volume are plotted against number of days after an initial 
treatment dose for (C and D) HCC827 (n ¼ 5 per group), (E and F) HCC827/ABCB1 (n ¼ 6 per group), and (G and H) HCC827/ABCG2 CDX mice (n ¼ 6 per group). 
TGI was calculated for each treatment group and is denoted on the right side of tumor growth plots. *, P < 0.05; **, P < 0.01; ***, P < 0.001 for treatment group 
versus vehicle control. Dots and error bars indicate the mean ± SEM (n ¼ 5–6). All animals survived to the scheduled endpoint. BCRP, breast cancer resistance 
protein; Dato-DXd, datopotamab deruxtecan; P-gp, P-glycoprotein; SEM, standard error of the mean; SG, sacituzumab govitecan; TGI, tumor growth inhibition. 
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of 3 mg/kg, OBI-992 retained a TGI of 75% relative to the vehicle 
control, whereas Dato-DXd showed partial antitumor activity 
(TGI ¼ 48%; Fig. 5F). SG treatment had an 88% TGI in this model. 
In the BCRP-overexpressing HCC827/ABCG2 model, OBI-992 
treatment at 10 mg/kg significantly suppressed tumor growth 
compared with the vehicle control (TGI ¼ 106%), whereas the TGI 
of Dato-DXd treatment at the same dose was less than half that of 
OBI-992 (42%; Fig. 5G). At 3 mg/kg, OBI-992 also showed anti-
tumor activity, with 92% TGI versus the vehicle (Fig. 5H). There 
was no significant inhibition of tumor growth with Dato-DXd at 
3 mg/kg. SG treatment also showed a limited TGI of 33% in the 
HCC827/ABCG2 model (Fig. 5G and H). 

OBI-992 in combination with PARP inhibitors produced 
synergistic antitumor activity 

The OBI-992 payload exatecan induces cell death by causing 
DNA damage. Thus, combining OBI-992 with inhibitors of DNA 
repair mechanisms, such as PARP inhibitors, may enhance the 
antitumor activity of the ADC (31, 32). DNA damage can also be 
repaired by homologous recombination; therefore, cells bearing 
homologous recombination deficiency (HRD) may be more sensi-
tive to TOP1 and PARP inhibitors (32, 33). Accordingly, we ob-
served a synergistic effect of combined OBI-992 and PARP inhibitor 
(olaparib and talazoparib) treatment on the viability of HRD- 
positive Capan-1 cells but not HRD-negative BxPC-3 cell lines. 
(Fig. 6A and B). 

We expanded these findings by evaluating the synergistic effect of 
OBI-992 and PARP inhibitors in vivo using the HRD-positive 
pancreatic cancer Capan-1 CDX model. Tumor-bearing mice were 
administered vehicle, OBI-992 at 0.1 or 0.3 mg/kg, olaparib at 
80 mg/kg, talazoparib at 0.1 mg/kg, OBI-992 (0.1 or 0.3 mg/kg) plus 
80 mg/kg olaparib, or OBI-992 (0.1 or 0.3 mg/kg) plus 0.1 mg/kg 
talazoparib. OBI-992 was administered as a single dose, whereas 
olaparib and talazoparib were administered at 5-day on/2-day off 
cycles. Suboptimal doses of OBI-992 and PARP inhibitors allowed 
the synergistic effect of the combination therapy to be easily ob-
served. Partial inhibition of tumor growth was observed in the single 
treatment groups, with no statistically significant difference com-
pared with the vehicle control (TGI ¼ 31%–41%; Fig. 6C and D). In 
contrast, antitumor activity was statistically significant for the 
combination of OBI-992 at 0.1 or 0.3 mg/kg with either olaparib 
(TGI ¼ 83% and 98%, respectively; Fig. 6C) or talazoparib 
(TGI ¼ 97% and 103%, respectively; Fig. 6D) relative to vehicle 
control. TGI was also significantly greater with either combination 
therapy (OBI-992 plus olaparib or talazoparib) than with the cor-
responding treatments of OBI-992 or PARP inhibitors alone, further 
supporting the benefit of OBI-992 combined with PARP inhibitors. 

OBI-992 in combination with an immune checkpoint inhibitor 
produced enhanced antitumor activity 

Immune checkpoint inhibitors have been proposed for combi-
nation therapy with ADCs that use TOP1 inhibitors as payloads 
because TOP1 inhibitors can stimulate the adaptive immune system 
(31, 34). In mouse colon cancer cells transfected with human 
TROP2 cDNA (MC38/hTROP2), we found that markers of (ICD) 
were significantly elevated following treatment with OBI-992 or 
exatecan relative to untreated controls (Supplementary Fig. S4). To 
test the hypothesis that combining OBI-992 with immune check-
point inhibitors would enhance the antitumor activity of the drugs, 
we created a syngeneic mouse model using MC38/hTROP2 cells. 
With suboptimal dose(s) of OBI-992 (single 3 mg/kg dose) or an 

anti-mouse PD-1 antibody alone (5 mg/kg, twice weekly for a total 
of three doses), tumor growth was not inhibited (Fig. 6E). In 
contrast, combined treatment demonstrated significantly greater 
growth suppression (TGI ¼ 62%) than treatment with vehicle 
control or OBI-992 alone, suggesting the potential benefits of OBI- 
992 and PD-1 inhibitor combination therapy. 

Discussion 
In this study, promising preclinical results supported the clinical 

development of OBI-992, an ADC composed of a novel TROP2- 
targeted antibody coupled with a TOP1 inhibitor (exatecan) via a 
hydrophilic, enzymatically cleavable linker. Although some ADC 
therapies have already shown clinical success, there is a need for 
further optimization of their clinical utility, which can be modulated 
by the combination of antibody, linker, and payload (3). Additional 
avenues of improvement for next-generation ADCs include limiting 
systemic toxicity and treatment resistance, as well as demonstrating 
efficacious combination therapy. 

OBI-992’s potent antitumor activity was demonstrated and 
compared with benchmark ADCs in both CDX and PDX models, 
with the PDX results supporting its potential translatability to the 
clinic (Figs. 2 and 3). Considering the difference in linker/payload 
design, SG was administered twice a week at a high dose while 
OBI-992 and Dato-DXd were given as a single injection at lower 
doses. TGI by OBI-992 was consistently greater than that of SG, 
the only FDA-approved anti-TROP2 ADC, and was greater than 
or comparable to the antitumor activity of Dato-DXd. However, 
given the higher cytotoxicity of exatecan relative to SN-38 and 
DXd, it may limit OBI-992 dose that can be employed in clinical 
settings. 

Notably, antitumor activity was achieved despite the slower and 
lower level of internalization of OBI-992 compared with Dato-DXd 
and SG (T.L. Chang and colleagues; submitted for publication). The 
slow internalization of ADCs may enhance tissue penetration and 
increase tumor response, as the rapid internalization has been 
shown to limit ADC distribution in tumors (35, 36). Several other 
factors may also contribute to the antitumor activity of ADCs, such 
as stability during circulation, payload potency, and hydrophilicity 
of both the linker and the payload. Exatecan as a payload may 
explain OBI-992’s substantial bystander killing effect observed for 
mixtures of TROP2-postive and TROP2-negative cells in vitro and 
in vivo (Fig. 4), as exatecan has favorable membrane permeability 
(37). Other potential benefits of OBI-992 include higher stability in 
circulation than Dato-DXd, as shown by ex vivo serum stability, 
which may mitigate off-target toxicities (24). However, the stable 
linker with a potent payload exatecan could also increase OBI-992’s 
on-target toxicities, which may compromise clinical tolerability and 
require attentions in clinical study. 

ADC payloads, similar to traditional chemotherapy, can be sus-
ceptible to the multidrug resistance mechanism that occurs through 
enhanced drug extrusion by ABC transporter proteins (29). Two 
ABC transporters, P-gp and BCRP, are commonly overexpressed in 
treatment-resistant cancers (38, 39). Transporter-mediated treat-
ment resistance to OBI-992 could potentially be mitigated by the 
payload exatecan, which, as a free drug, has low sensitivity to P-gp/ 
BCRP overexpression. In the present study, P-gp and BCRP in-
hibitors and overexpression cell lines were used to assess the po-
tential resistance to OBI-992, SG, and Dato-DXd. In measurements 
of free payload transport across the plasma membrane, the efflux 
ratio of exatecan was the lowest overall, independent of P-gp 
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Figure 6. 
Synergistic antitumor effect of OBI-992 in combination with PARP inhibitors or anti-PD-1 antibody. A and B, In vitro cytotoxicity assay of HRD-positive Capan-1 
and HRD-negative BxPC3 cells treated with OBI-992 and/or (A) olaparib or (B) talazoparib at decreasing doses. The cell viability presented was normalized to a 
vehicle control. Dots and error bars indicate the mean ± SEM (n ¼ 3 technical replicates). The synergistic biologic activity of OBI-992 in combination with 
olaparib or talazoparib was examined using CDI as described in “Methods and Materials”; combination groups that showed synergistic effect (CDI <1) were 
labeled with an asterisk. The calculated CDI values were described in Supplementary Table S8. C and D, Capan-1 CDX mice were treated with the indicated 
suboptimal doses of OBI-992 via intravenous injection and/or (C) olaparib or (D) talazoparib by oral gavage. All animals survived to scheduled endpoint. E, 
Colon cancer MC38/hTROP2 syngeneic mice (immunocompetent B6 mice; n ¼ 6 per group) were treated with the indicated suboptimal doses of OBI-992 and/or 
anti-PD-1 via intravenous injection. The experiment was terminated on day 11 due to rapid tumor growth in the syngeneic model. No tumor rejection was 
observed in animals. C–E, Changes to tumor volume are plotted against the number of days after an initial treatment dose. TGI was calculated for each treatment 
group and is denoted on the right side of tumor growth plots. *, P < 0.05; **, P < 0.01; ***, P < 0.001 for the comparisons indicated by brackets. Dots and error 
bars indicate the mean ± SEM (n ¼ 6). Anti-PD-1, anti-programmed cell death protein 1 antibody; IC50, half-maximal inhibitory concentration; SEM, standard error 
of the mean; TGI, tumor growth inhibition. 
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activity, and least sensitive to BCRP activity (Supplementary Table 
S5). These results suggest that exatecan is not a substrate of P-gp 
and a much weaker substrate of BCRP. The cytotoxicity and in vivo 
xenograft results showed similar trends, as OBI-992 activity was 
relatively consistent, whereas the activity of SG and Dato-DXd was 
highly affected by the overexpression of BCRP and/or P-gp (Fig. 5; 
Supplementary Tables S6 and S7). These results suggest that OBI- 
992, compared with similar ADCs, may be less sensitive to multi-
drug resistance. 

Several combination therapies have been proposed for 
TOP1 inhibitor-conjugated ADCs (31). This study evaluated the 
combinations of OBI-992 with PARP inhibitors and with anti-PD- 
1 immunotherapy. The rationale for the combination with PARP 
inhibitors is that cancer cells have several pathways to repair the 
DNA damage caused by exatecan, including PARP-mediated re-
sponses and homologous recombination (32, 33). Cells deficient in 
homologous recombination (HRD positive) are dependent on 
PARP-mediated DNA repair and are thus sensitized to PARP in-
hibition. In this study, the in vitro cytotoxicity of OBI-992 plus 
PARP inhibitors (olaparib or talazoparib) was dependent on HRD, 
and this drug combination produced a significant synergistic anti-
tumor activity in an HRD-positive xenograft model (Fig. 6A–D). 
Therefore, PARP inhibition, particularly in HRD-positive tumors, 
may promote the exatecan-induced accumulation of DNA damage 
that leads to cell death. To reduce potential toxicity of OBI-992/ 
PARP inhibitor combination, dose titration and dose regimen 
(concurrent vs. sequential dosing) should be further investigated. 

The rationale for combining OBI-992 with an immune checkpoint 
inhibitor is that drug-induced ICD has the potential to activate the 
immune system to attack tumor cells; however, cells downregulate the 
immune response by expressing programmed death ligand 1 (PD-L1), 
the ligand of PD-1 (40). Furthermore, studies have shown that 
TOP1 inhibition increases PD-L1 expression, suggesting a down-
regulation of the adaptive immune response by TOP1-targeted 
treatment alone (34). This downregulation could potentially be 
blocked via an anti-PD-1 therapy, which promotes antitumor im-
munity by inhibiting the PD-1/PD-L1 immune checkpoint (40). In 
this study, both exatecan and OBI-992 treatment led to an increase in 
ICD markers (Supplementary Fig. S4). Additionally, significant TGI 
was observed with the combination treatment of OBI-992 and anti- 
PD-1 antibody in a murine colon cancer model (Fig. 6E). Together, 
these results suggest that OBI-992 treatment may induce an immune 
response that is promoted by PD-1 blockade, leading to enhanced 
tumor-directed immunity with combination therapy. 

Anti-TROP2 antibodies have received FDA approval for certain 
breast cancers (41) and are currently under clinical investigation for 
NSCLC (42). The IHC results in the present study demonstrated 
high TROP2 expression in these and additional tumor types, 

including gynecologic, esophageal, and prostate cancers. Addition-
ally, expression levels were higher in cancerous than in normal 
tissues in all tissue types except the kidney, which aligns with pre-
vious reports (4, 43). Widespread TROP2 expression, together with 
remarkably consistent OBI-992 antitumor activity across many 
cancer models, suggests that several of the cancers examined in this 
study are potential targets for OBI-992 therapy. 

In summary, OBI-992 is a clinically relevant ADC that consis-
tently exhibited equal or better antitumor activity than other 
TROP2-targeted ADCs. A strong bystander effect enabled activity 
against tumors with heterogeneous TROP2 expression. Moreover, 
OBI-992 maintained antitumor activity with the overexpression of 
P-gp or BCRP and showed synergistic activity in combination with 
PARP and immune checkpoint inhibitors. OBI-992 is under in-
vestigation in a phase 1/2 clinical trial (ClinicalTrials.gov: 
NCT06480240) for individuals with advanced solid tumors. 
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