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ABSTRACT
◥

Purpose:The tumormicroenvironment plays a key role in cancer
development and progression and is involved in resistance to
chemo- and immunotherapy. Cancer-associated fibroblast expres-
sing fibroblast-activating protein a (FAPa) is one of the predom-
inant stroma cell types and is involved in resistance to immuno-
therapy.

Experimental Design: We generated OMTX705, a novel anti-
body–drug conjugate from a humanized anti-FAP antibody linked
to a new cytolysin. Here, we studied its antineoplastic activity
in vitro and in preclinical mouse models alone and in combination
with chemotherapy as well as immunotherapy in PD-1–resistant
tumors.

Results: In Avatar models, OMTX705 showed a 100% tumor
growth inhibition and prolonged tumor regressions as single agent
and in combination with chemotherapy. Treatment rechallenge
following treatment discontinuation induced additional tumor
regression, suggesting lack of treatment resistance. In a mouse
model with a humanized immune system resistant to PD-1 inhi-
bition, OMTX705 increased tumor infiltration by CD8þ T cells,
induced complete regressions, and delayed tumor recurrence.

Conclusions: These data suggest that FAP targeting with
OMTX705 represents a novel and potent strategy for cancer
treatment, including tumors resistant to immunotherapy, and
support its clinical development.

Introduction
Solid tumors frequently exhibit a significant stromal reaction, called

desmoplasia, formed by a variety of stromal cells and dense extracel-
lular matrix. This component may represent up to 20%–60% of the
total tumormass (1). In particular, cancer-associated fibroblasts (CAF)
are frequently observedwithin the stroma of various cancers, including
breast, lung, colon, and pancreatic carcinomas (2, 3). Interacting
coordinately with the different components of the stroma, CAFs have
been associated with multiple cancer properties including neoangio-
genesis, tumor progression, metastasis, impairment of drug delivery,
and immunosuppression (3–12).

The identification of cellular and molecular targets to abrogate
stroma–tumor cell interactions is one of the most active areas in
anticancer drug development. In pancreatic ductal adenocarcinoma

(PDAC), the number of agents targeting the stroma is rapidly increas-
ing with several agents in phase III clinical development (13–17). In
addition to tumor growth inhibition, disruption of the stroma aims at
increasing intratumor drug delivery and is expected to facilitate the
activity of immunotherapy agents (17–19).

The fibroblast desmoplastic response is frequently characterized by
the induction of the cell surface protein fibroblast-activating protein a
(FAPa). FAPa is a dimeric type II serine protease of 170 kDa which is
overexpressed in more than 90% of carcinomas. FAPa has a transitory
and highly restricted expression in normal adult tissues during wound
healing and embryogenesis (20). No FAP gene expression has
been reported in healthy tissues with the exception of low-level expres-
sion in adipocytes, smooth muscle, bone marrow, and uterus (21). Its
highly focal expression in CAFs surrounding the tumor microvascu-
lature, together with its fast and efficient internalization, makes this
protein an attractive therapeutic target. Recently, studies have shown
that FAP-expressing CAFs are a nonredundant, immunosuppressive
component of the tumor microenvironment (7). Ablation of FAP-
expressing cells in PDAC allowed TNFa- and IFNg-mediated immu-
nologic control of tumor growth (7). Moreover, depletion of FAP-
expressingCAFssynergizeswith anti-PD-L1 immunotherapy inPDAC
suggesting that it may represent a relevant target to complement
immune checkpoint inhibitors (18). Unfortunately, FAP-targeted
approaches using blocking antibodies or small-molecule inhibitors
have failed in phase II trials for lack of efficacy thus far (22–24).

On the basis of this rationale, we developed a novel antibody–drug
conjugate (ADC) molecule to target FAP-expressing CAFs. We aimed
at using the FAP protein as a docking for the ADC so that, upon FAP
binding onto the CAF cell membrane, the agent is internalized and
transported to intracellular late endosome where the cytotoxic moiety
is released. The targeting of CAFs and the associated stroma modu-
lationwould then delay disease progression, increase drug penetration,
and reestablish the tumor immune response to anti-PD-1 therapy.
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Here, we report the preclinical development of OMTX705, an ADC
formed by a new humanized anti-FAPmAb (OMTX005) that has been
conjugated to a novel cytolysin, TAM470, a synthetic microtubule
inhibitor from the tubulysin family.

Materials and Methods
Cell lines

The fibrosarcoma cell line HT1080 wild-type (WT) and the stably
transfected human or murine FAP-expressing syngeneic lines (here-
after called HT1080-FAP and HT1080-moFAP) were kindly provided
by W. Rettig (Boehringer Ingelheim Pharma). Primary human CAFs
(CAF07)were purchased fromNeuromics. CHOK1SVGS-KOcell line
was obtained from Lonza Ltd. HT1080-WT and HT1080-FAP cell
lines were cultured and maintained in RPMI1640 medium supple-
mented with 10% FBS, 2 mmol/L L-glutamine, G418 (0.2 mg/mL) at
37�C and 5%CO2. CHOK1SVGS-KO cells were cultured in CD-CHO
media supplemented with 6 mmol/L L-glutamine. Primary human
CAFs were cultured in MSC-GRO VitroPlus III, low serum complete
medium (Vitro Biopharma).

In vitro viability assay
HT1080-WT and HT1080-FAP (2.5 � 103 cells/well) or CAF07

cells (1 � 104 cells/well) were seeded in a 96-well plate (100 mL
medium/well) and grown overnight at 37�C. Cells were treated with
serial dilutions (1:4) of antibodies OMTX705, OMTX005, or IgG
Kappa-TAM558 (starting at 400 nmol/L) or serial dilutions of free
drugs TAM558 and TAM470 (starting at 60 mmol/L) in 100 mL
medium and incubated for 5 days. Cell viability was analyzed by
crystal violet staining.

In vitro caspase 3/7 activity
HT1080-FAP, HT1080-WT, or CAF07 cells were seeded (10,000

cells/well) in 100 mL medium in 96-well plates and grown overnight at
37�C. Medium was removed and cells were incubated with 100 mL
medium containing either 400 nmol/L of the different antibodies
(OMTX005, OMTX705, or idiotype-TAM558), or 60 mmol/L of the
free drug (TAM470 or TAM558) for different exposure times (1, 6, 24,
and 48 hours) at 37�C. Caspase 3/7 activity was determined using
Caspase-Glo 3/7 Assay according to manufacturer's instructions
(Promega). Briefly, 50 mL of medium was removed from each well.
Then, 50 mL of Caspase-Glo substrate mix was added to the wells (1:1
ratio) and incubated for 1 hour at room temperature. Luminescence
signal, which is proportional to the caspase 3/7 activity level, was
measured using Tecan Reader.

In vivo efficacy studies in immunodeficient patient-derived
xenograft murine models

Mice were purchased from Envigo and were maintained at the
Spanish National Cancer Research Centre (CNIO) animal facility

(Association for Assessment and Accreditation of Laboratory Animal
Care International accredited) in accordance with the guidelines of the
International Guiding Principles for Biomedical Research Involving
Animals, developed by the Council for International Organizations of
Medical Sciences. All animal experiments were approved by the
Competent Authority of Comunidad de Madrid (project PROEX
104/16). Patient-derived xenograft (PDX) models used in this work
were established as described previously (25, 26). A summary of the
clinical data of the models employed is provided in Supplementary
Table S1.

Five-week-old Foxn1 nu/nu (nude) female mice were implanted
subcutaneously with 2–3 mm3 tumor pieces of Panc 007, a pancreatic
cancer PDXmodel. When tumors reached a volume of approximately
200mm3, mice were randomized into groups (in general n¼ 8/group)
and treated with different doses of OMTX705 (10–60 mg/kg) and at
different administration regimes (intravenous or intraperitoneal
once or twice a week) as single agent or in combination with gemci-
tabine (50 mg/kg). For the other PDX studies, mice were implanted
following the same procedures with the triple-negative breast cancer
(TNBC) PDXmodel (Breast 014), the lung non–small cell lung cancer
(NSCLC) PDX model (Lung 024), or the ovarian cancer PDX model
(Ovary 020) and randomized to several experimental groups (in
general n ¼ 8/group). When tumors reached a volume of approxi-
mately 200 mm3, mice were treated with 10 or 30 mg/kg OMTX705
alone or in combination with paclitaxel (7.5 mg/kg). Animals were
checked daily for any symptoms of toxicity and body weights were
measured twice a week. Tumor volumes were measured with a caliper
twice a week using the formula: [(short diameter)2� long diameter]/2.
Percent tumor growth inhibition (%TGI) values were calculated
for each treatment group (T) versus control (C) using initial (i) and
final (f) tumor measurements by the equation %TGI¼ 1� (Tf� Ti)/
(Cf � Ci).

In vivo efficacy study in mice with humanized immune system
Immunocompromised, 5–8 weeks old female mice (Taconic, NOG)

engrafted with unmatched HLA human CD34þ cells, were implanted
subcutaneously with 1–1.5 cm3 tumor fragments of the CTG-0860
NSCLC PDX model (low-passage ImmunoGraft model of human
NSCLC obtained from Champions Oncology). When tumors reached
approximately 80–200 mm3, mice were randomized into groups (10
mice/group) for OMTX705monotherapy, pembrolizumabmonother-
apy, combination of OMTX705 with pembrolizumab, or control.
OMTX705 monotherapy was administered at 20 mg/kg (twice in the
first week followed by once weekly for 2 weeks) until day 21. Pem-
brolizumab was used at the dose of 2.5 mg/kg every 5 days. On day 21,
mice treated with OMTX705 monotherapy were randomized to two
groups: one group was followed without treatment (OMTX705
3 weeks) and the other group received an additional dose of 10 mg/kg
OMTX705 (OMTX705 4 weeks). Similarly, mice with combination
treatment were randomized to two groups on day 21: one group was
treated with 2.5 mg/kg of pembrolizumab (OMTX705 3 weeks þ
pembrolizumab) and the other group was treated with 2.5 mg/kg of
pembrolizumab and 10 mg/kg OMTX705 for an additional week
(OMTX705 4 weeksþ pembrolizumab). After the fourth week, groups
treated with OMTX705 were maintained in observation without
treatment for 20 additional days. Body weights were measured twice
a week. Tumor volumes (TV) were measured with a caliper twice a
week using the formula: TV ¼ width2 � length � 0.52. %TGI values
were calculated by the formula %TGI ¼ 1 � (Tf � Ti)/(Cf � Ci).

The numbers of complete responders (CR), partial responders (PR),
and tumor-free survivors (TFS) were calculated on day 21. A PR was

Translational Relevance

OMTX705 is a novel, potent, antibody–drug conjugate that
targets fibroblast-activating protein–positive cancer-associated
fibroblasts, a critical component of the cancer stroma. The agent
exerts preclinical antitumor activity as single agent, in combination
with chemotherapy, and in tumors resistant to PD-1 inhibitors.
These data support the clinical development of this drug for cancer
treatment.
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defined as a mouse with TV ≤ 30% of TV at day 0 which persisted for
two consecutive measurements. CR was defined as a mouse with
undetectable TV for two consecutive measurements and TFS were
considered mice with a CR that persisted until the study was com-
pleted. Additional information on the methods utilized is provided in
Supplementary Materials and Materials.

Statistical analysis
Numerical data processing and statistical analysis were performed

with GraphPad Prism 7 software; values were expressed as mean� SE.
P values were calculated using one-way ANOVA followed by Tukey
multiple comparisons test. For flow cytometry and IHC expression
data, Mann–Whitney U test and Student t test methods were per-
formed, respectively, to determine P values.

Results
Generation and characterization of OMTX705 anti-FAP
conjugates

We first generated OMTX005, a humanized IgG1 mAb from a
mouse anti-FAP antibody (27). A novel cytolysin, TAM470, derived
from natural parent tubulysin A and B, was synthesized. TAM470
binds to b-tubulin and destabilizes the a-b heterodimeric form
inhibiting tubulin polymerization and microtubule depolymerization,
similarly to vinca alkaloids and colchicine (28–31). OMTX005 was
further conjugated to TAM470 through Cys-based nondirected con-
jugation using an optimized protease-cleavable linker vcPABA-(EG)3.
The structure ofOMTX705 and themain biochemical properties of the
ADC are shown in Fig. 1A andB. A mean drug–antibody ratio (DAR)
value of 3.5 was reproducibly obtained between batches, with >95%
monomer purity and 5%mean free antibody. Free/unbound drug was
below detection level and endotoxin levels were below 1 EU/mL.

The binding and internalization properties of OMTX705 were
compared with naked OMTX005 anti-FAP antibody and an iso-
type/TAM558 control ADC. Antigen recognition and binding were
evidenced in ELISA studies with immobilized recombinant FAP
(Supplementary Fig. S1A) and in flow cytometry analysis using
FAP-expressing cell lines (Supplementary Fig. S1A and S1B). Uncon-
jugated OMTX005 displayed specific binding to both human and
murine recombinant FAP proteins in a concentration-dependent
manner, with EC50 values of 0.33 and 0.25 nmol/L, respectively
(Supplementary Fig. S1A), which makes it suitable for preclinical
testing in animal models. Furthermore, OMTX705 and OMTX005
bound to HT1080-FAP and to primary CAFs with EC50 values of 76
pmol/L and 130 nmol/L, respectively (Supplementary Fig. S1B). This
indicates that the conjugation process does not affect the antigen-
binding properties of OMTX705. OMTX705 did not bind to HT1080-
WT cells. Likewise, the control isotype IgG1 kappa-TAM558 ADC did
not show binding. OMTX705 internalized quickly (<6 hours) into
primary CAFs, but not the IgG1 kappa-TAM558, suggesting that
internalization was FAP dependent. This process was active because
rapid internalization was observed at 37�C compared with incubation
at 4�C (Supplementary Fig. S1C).

OMTX705 exhibits potent and specific FAP-dependent
cytotoxic activity

The activity of OMTX705 was tested in vitro in viability assays with
primary CAFs, HT1080-FAP, and HT1080-WT cells (Fig. 1C).
OMTX705 showed a high and FAP-specific cytotoxic activity with
an IC50 of approximately 230 pmol/L in HT1080-FAP cells and a 500-
fold specificity ratio as compared with HT1080-WT cells. No activity

was foundwith the correspondingOMTX005-unconjugated antibody,
which did not have any effect in the cell lines tested. Similarly, the
isotype IgG1 kappa-TAM558 control ADC induced limited effect at
the highest concentration tested (400 nmol/L) in all cell types. Notably,
OMTX705 exhibited much lower activity in primary CAFs with IC50

value in the range of 400 nmol/L, as compared with the more
proliferativeHT1080 cells overexpressing FAP. The payloadmolecules
TAM558 and TAM470 were active in all cell types independently of
FAP expression demonstrating the lack of specificity of their cytotoxic
effect. However, while TAM470 (cytolysin payload without linker)
was very effective at all concentrations tested, with no cell viability
observed over a concentration range from 1 nmol/L to 60 mmol/L in
any cell types, unconjugated TAM558 (TAM470 with linker) showed
much lower activity (IC50 value of 1–5 mmol/L in all cell types). In
addition, caspase 3/7 activity was specifically increased after
OMTX705 treatment in HT1080-FAP cells but not in HT1080-WT
or CAF07 cells, while TAM470 and TAM558 treatments were able to
induce caspase 3/7 activity in all cell types, independently of FAP
expression (Fig. 1D). Neither isotype IgG1 kappa-TAM558 control
ADC nor OMTX005 naked antibody was able to induce caspase
activity in any of the cell types tested.

OMTX705 pharmacokinetic characterization indicates high
stability in bloodstream

Pharmacokinetic studies were performed to evaluate drug stability
in the bloodstream. Mice were treated with a single intravenous
injection of either OMTX705 or the corresponding naked antibody
OMTX005 at a dose of 25 and 150 mg. Blood samples were collected at
different time points and analyzed by a sandwich ELISA using
immobilized recombinant FAP protein and horseradish peroxidase
(HRP)-labeled anti-human IgG or anti-cytolysin for detection.
OMTX705 pharmacokinetic parameters in mice showed a linear,
dose-dependent increase in exposure and were similar to unconju-
gated antibody, with a half-life in mouse serum of 42.6 � 10.7 hours
(Fig. 1E). The pharmacokinetic profile of the ADC, detected through
recognition of the payload or the Fc region, and the unconjugated
antibody are identical, suggesting that there is no release of payload up
to 7 days after administration and thatOMTX705 is highly stable in the
bloodstream.

OMTX705 is efficacious in multiple solid tumor xenografts and
exhibits activity in combination with clinically relevant agents

OMTX705 efficacy was studied in vivo in PDX models of different
tumor types selected for their desmoplastic response, FAP expression
level, and resistance to chemo- and immunotherapy (Supplementary
Table S1). In a PDX model of pancreatic cancer (Panc 007), single
agent administration of OMTX705 at doses ranging from 20 to
60 mg/kg i.v. once weekly for four doses resulted in tumor regressions
at doses above 30 mg/kg that lasted at least 5 weeks (Fig. 2A). Similar
results were observed by intraperitoneal administration with single-
agent activity observed at 20 mg/kg (Fig. 2B). Furthermore, the
combination of OMTX705 (10 mg/kg) with gemcitabine resulted in
durable tumor regressions that lasted at least 90 days (Fig. 2B).
Treatment was well tolerated with no significant weight loss observed
(Supplementary Fig. S2A).

Next, we tested cyclic administration of OMTX705 as routinely
done in clinical practice. As shown in Fig. 2C, OMTX705 treatment
was interrupted after 2 weeks (day 16) when tumor growth inhibition
was evident. Animals were left untreated for additional 2 weeks and
treatment with OMTX705 was resumed on day 29 when tumor
regrowth was detectable. Notably, tumor responses were again
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observed at day 36 and onwards suggesting lack of resistance to
treatment in this model (Fig. 2C; Supplementary Fig. S2B).

We further evaluated OMTX705 efficacy in PDX models of other
tumor types with desmoplastic reaction, such asNSCLC andTNBC. In

the Lung 024 model, single agent OMTX705 (10 mg/kg) resulted in
growth inhibition, while paclitaxelmonotherapywas less effective. The
combination of both agents showed synergistic effects. Single agent
OMTX705 at higher dose (30 mg/kg) showed higher efficacy, with no

Figure 1.

Generation and characterization of OMTX705. A, General structure of OMTX705 ADC. Anti-FAP mAb was linked through CYS-based nondirected conjugation
to the synthetic cytolysin, TAM470, using a vcPABA-(EG)3 linker to generate OMTX705 conjugate. B, Hydrophobic interaction chromatography (HIC) and size
exclusion chromatography (SEC) profiles of OMTX705. Distribution of OMTX705 ADC species and DAR were analyzed through HIC (left). Monomer purity was
analyzed through SEC (right). Retention times are indicated for each peak. Percentage of free antibody, mean DAR, and monomer purity values are shown in
the table of right panel. C, OMTX705 shows a potent and FAP-specific cytotoxic activity. Cell viability in CAF07, HT1080-FAP, and HT1080-WT cells was
analyzed via crystal violet staining after exposure to the indicated antibodies or free drug. Cells were treated for 120 hours with a serial dilution of antibodies
(starting at 400 nmol/L) or free drugs (starting at 60 mmol/L). Mean� SD; n¼ 3. D, OMTX705 induces caspase 3/7 activity on FAP-expressing cells. Cells were
treated with 400 nmol/L of indicated antibody or 60 mmol/L of free drug for different duration. Measured luminescence is proportional to caspase activity
level. Mean� SD; n¼ 2. E, Pharmacokinetics of OMTX705. CD-1 mice received a single intravenous injection of OMTX705 or OMTX005 by tail vein as indicated.
Blood samples were obtained at different time points up to 7 days, and serum concentrations of the antibodies were determined by sandwich ELISA using
either HRP-coupled anti-human Fc (anti-Fc) or rabbit anti-TAM558 cytolysin-p153 polyclonal antibody (serum) in combination with HRP-conjugated anti-
rabbit antibody (n ¼ 3–6).
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Figure 2.

OMTX705 exhibits potent effect in immunodeficient PDX models of different solid tumors. A, Activity of single agent OMTX705 in the PDAC Panc 007 PDX model.
OMTX705was given intravenously (i.v.) onceweekly for four doses (q7dx4). Mice in the control groupswere treatedweekly with vehicle or unconjugatedOMTX005
anti-FAP antibody (a-FAP). Treatment startedonday 1 andendedonday21.B,Activity ofOMTX705 aloneor combinedwith gemcitabine in the Panc007PDXmodel.
OMTX705 was administered intraperitoneally (i.p.) once weekly, whereas gemcitabine was administered intraperitoneally weekly starting in the second week. C,
Cyclic versus continuous OMTX705 treatment. Panc 007 PDX model was treated with OMTX705 at the indicated doses and regimens. OMTX705-treated groups G1
and G4 received treatment for 2 weeks, followed by 2 weeks off treatment, and then 1 week on treatment. Groups G2 and G3 received treatment with OMTX705 at
lower dose (20mg/kg i.v. or i.p.) but without interruption.D, Lung adenocarcinoma Lung 024 PDXmodels treatedwith OMTX705 alone or combined with paclitaxel
(PTX). Paclitaxel alonewas ineffective. Combination of paclitaxel with OMTX705 at 10mg/kgwasmore effective than either drug alone at the same doses. OMTX705
alone at 30mg/kg showed higher efficacy. E,Breast cancer Breast 014 PDXmodels treatedwithOMTX705 alone or combinedwith paclitaxel. OMTX705 at 30mg/kg
demonstrated the highest tumor regression rate in thismodel, whereas paclitaxel with or without a lower dose of OMTX705was less effective. F, TGI in different PDX
models. TGI was calculated using TV measured 1 week after last dose of OMTX705. G, FAP mRNA expression in tumors from all PDX models tested. Expression of
murine versus human FAP was detected by qRT-PCR using specific primers. FAP levels are expressed with respect to GAPDH levels present in each sample. Only
murine FAP expression was found in the tumor stroma of those models.
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apparent toxicity (Fig. 2D; Supplementary Fig. S2C). Similarly, in
the TNBC PDX model Breast 014 we observed that single agent
OMTX705 at a dose of 30 mg/kg had the best efficacy, while a lower
dose (10 mg/kg) with or without paclitaxel had more limited
effects (Fig. 2E; Supplementary Fig. S2D). TGI values of single
agent OMTX705 in those models are shown in Fig. 2F. While the
agent was highly effective across all models with TGI above 80%,
including the PDX model for ovarian cancer Ovary 020, Panc 007
was the most sensitive (Fig. 2F; Supplementary Fig. S3). Intrigu-
ingly, this was the model with the highest mRNA murine FAP
expression (Fig 2G).

OMTX705 promotes immunomodulation of tumor
microenvironment and increases the effect of pembrolizumab
in immunocompetent models

To determine the potential involvement of the immune system in
the antitumoral effects of OMTX705, we implanted the FAP-
positive human NSCLC PDX model (CTG-0860) into mice in
which the immune system had been reconstituted by engraftment
with human CD34þ hematopoietic stem cells (low-passage Immu-
noGraft model, Champions Oncology). Tumor-bearing mice were
treated with either OMTX705 as single agent or in combination

with pembrolizumab. Single agent pembrolizumab was ineffective
in this model (Fig. 3A–C). However, OMTX705 at a dose of
20 mg/kg (for 3 or 4 weeks) with or without pembrolizumab caused
substantial tumor regressions by day 21 as compared with control
or pembrolizumab alone (Fig. 3A). While single agent OMTX705
and OMTX705 with pembrolizumab combination had similar TGI
on day 21, monotherapy only caused partial responses while the
combination resulted in a complete response CR in 1 of the 5 mice
treated (Fig. 3B). Notably, OMTX705 showed an overall higher
antitumor activity in mice bearing humanized immune system, with
tumor regressions seen in all animals with the dose of 20 mg/kg
weekly, whereas in the immunodeficient models the same dose
resulted in a stable disease phenotype (Fig. 2A–E).

After treatment discontinuation on day 25, mice treated with
OMTX705 alone displayed a slow but steady tumor regrowth by day
45, while animals treated with OMTX705 þ pembrolizumab combi-
nation maintained durable responses for more than 3 weeks past the
last treatment. Overall, an increase in tumor regression rate was
observed with OMTX705 þ pembrolizumab with 90% of mice in the
combination group achieving a >75% reduction in tumor burden as
compared with 65% of the animals in the OMTX705 monotherapy
group. Furthermore, 20% of mice in the combination group achieved

Figure 3.

Antitumoral effect of OMTX705 in a humanized PDX lung cancer model. A, Mice bearing NSCLC CTG-0860 PDX tumors were treated with vehicle, OMTX705
monotherapy, pembrolizumab (pembro) monotherapy, or OMTX705/pembrolizumab combination (n ¼ 10/group). On day 21, mice treated with OMTX705
monotherapy (G2) were randomized to two groups: one group was followed without treatment (G5, OMTX705 3 weeks) and the other group received an additional
dose of OMTX705 (G6, OMTX705 4 weeks). Similarly, mice with combination treatment (G4) were randomized to two groups on day 21: one group was treated with
additional dose of pembrolizumab (G7, OMTX705 3weeksþ pembrolizumab) and the other groupwas treated with pembrolizumab andOMTX705 for an additional
week (G8, OMTX705 4weeksþ pembrolizumab). B, Summary of antitumor activity on day 21. �, one-way ANOVA followed by Tukeymultiple comparisons test with
%TGI and number of animals with partial response, complete response, or tumor free in each group is shown. C, Percentage of mice with each category of tumor
regression in the different treatment groups. D, Percentage of different subtypes of CD3þ T cells in CTG-0860 PDX tumors from different groups of treatment
analyzed through FACS. Mann–Whitney U test analysis of huCD8þ (huCD3þ huCD45þmarkers) shows a significant increase in OMTX705 (P¼0.05) andOMTX705þ
pembrolizumab (P ¼ 0.015) dosed groups as compared with vehicle. i.v., intravenous; i.p., intraperitoneal.
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complete response versus 10% in OMTX705 group (Fig. 3C). Impor-
tantly, FAP expression by IHC with OMTX005 anti-FAP antibody
showed expression predominantly in the intratumoral fusiform stro-
mal cells rather than malignant epithelial tumor cells in those human-
ized models (Supplementary Fig. S4), suggesting that the antitumoral
response observed with OMTX705 is likely driven through FAP-
expressing stromal fibroblasts.

We observed a significant increase in CD8þ cytotoxic T-cell infil-
tration within tumors treated with OMTX705 as single agent (P ¼
0.05), which was further enhanced in the OMTX705 þ pembrolizu-
mab combination group (P ¼ 0.015; Fig. 3D). We also observed a
nonstatistical increase in the infiltration of CD8þCD25þ cytotoxic
memory T cells in themice treated withOMTX705þ pembrolizumab,
which experienced a delay in tumor recurrence after treatment dis-
continuation. The proportion of CD4þ Th cells and CD4þCD25þ

regulatory T (Treg) cell infiltration did not showany significant change
upon OMTX705 treatment as single agent, while it was reduced in the
OMTX705 þ pembrolizumab group. These results suggest that some
of the antitumor effect observed with OMTX705þ pembrolizumab in
this model may derive from a modulation of the tumor milieu that is
primarily dominated by recruitment of CD8þ cytotoxic with lesser
contribution from CD4þ cells.

Mechanism of OMTX705 antitumoral efficacy
To understand the mechanisms of action of OMTX705, we

performed in vivo studies to support the FAP binding results
obtained in vitro (Supplementary Fig. S1). Mice bearing the Panc
007 model were treated with weekly intravenous OMTX705 at
30 mg/kg and tumors were collected at day 3, 10, 24, or 47 after
treatment commencement. Tumors were excised and formalin-
fixed, paraffin-embedded sections were stained with an anti-
human IgG antibody to detect FAP-bound OMTX705. As shown
in Fig. 4A, OMXTX705 bound predominantly to the fusiform
intratumoral stromal cells, with no staining observed in the malig-
nant epithelial cells. Double labeling immunofluorescence studies in
HT1080-FAP cells showed that OMTX705 is internalized upon
binding and localizes in the late endosome where TAM470, the
active payload, is released through its protease-cleavable linker
(Fig. 4B; Supplementary Fig. S5).

To further elucidate its mechanism of action in vivo, Panc 007
tumors were collected at different time points after treatment with
OMTX705. IHC staining shows TAM558 payload in OMTX705-
treated tumor samples but not in vehicle-treated tumors, as expected
(Fig. 4C; Supplementary Fig. S6). In addition, a highly specific staining
of payload was observed in fusiform stromal cells from day 3, and in
tumor cells from day 10 (Supplementary Fig. S6). Furthermore, we

observed a significant decrease in Ki-67þ tumor cells at day 24 and
substantial morphologic alterations which are consistent with tumor
cell growth inhibition (Fig. 4D). This decrease in tumor cell prolif-
eration upon OMTX705 treatment also correlated with an increase in
caspase-3 staining from day 3 up to day 24. Active caspase-3–positive
staining was found only in malignant epithelial cells from OMTX705-
treated samples. No staining appeared to be detected in vehicle-treated
tumors and in stromal fibroblasts (Fig. 4D). Moreover, we observed
tumor stroma depletion as evidenced by the decrease expression of the
specific activated CAF markers aSMA and COL11A1 (Fig. 4E). This
stroma reduction was detectable at day 24, with significantly highest
depletion at day 47 (3 weeks after end of treatment; P ¼ 0.003), and
similarly correlated to tumor growth inhibition and long-lasting effect
after end of treatment (Fig. 4E).

Discussion
Targeting desmoplastic stroma is a compelling therapeutic strat-

egy in oncology because of its critical role in tumor progression and
drug resistance. Nonetheless, recent attempts to target stromal
elements have given contradicting results and, in certain occasions,
promoted worse outcomes. For instance, attempts to target aSMA-
expressing CAFs promoted increased tumor invasiveness leading to
decreased survival in tumor-bearing mice (19). Other groups have
shown that deletion of sonic Hedgehog predictably suppressed
stromal desmoplasia, but paradoxically promoted the growth of
more aggressive and undifferentiated tumors, underscoring the
need for caution when targeting CAFs and the stromal compart-
ment more broadly (32, 33).

FAP has a restricted expression in stromal CAFs and plays a pivotal
role in tumorigenesis and drug resistance (7). We exploited these
unique features to devise a novel ADC-targeting FAP in tumor stroma
fibroblasts. Previous approaches blocking FAP have failed in phase II
clinical trials due to lack of efficacy (22–24). Here, the strategy was not
aimed at blocking FAP, but at using FAP as a docking for aCAFspecific
internalization of a potent cytotoxic payload. OMTX705 is a novel
ADC formed by a new anti-FAP humanized mAb that has been
conjugated to the cytolysin TAM470, a novel microtubule inhibitor
that induces cell-cycle arrest in G2–M-phase, ultimately triggering
apoptosis (29).

Treatment with OMTX705 showed remarkable therapeutic ben-
efit, with rapid onset of action and long-lasting suppression
of tumor growth in PDXs of pancreas, lung, breast, and ovary
cancers as a single agent and with evidence of synergist effect
when combined with clinically relevant chemotherapeutic drugs.
Robust TGI was observed with once and twice weekly dosing

Figure 4.
Mechanism of action of OMTX705. A, Localization of OMTX705 in treated PDX tumors. Detection of OMTX705 binding in vivo at 48 hours after intravenous
administration using IHC staining on FFPE sections of tumor samples excised at day 10 of treatment from either vehicle- (a) or OMTX705-treated Panc 007
PDX models (b), with HRP-coupled anti-hu IgG secondary antibody. Magnification, 10�. B, Immunofluorescence staining of OMTX005 or OMTX705 in HT1080-
FAP cells analyzed by confocal microscopy. OMTX005 and OMTX705 were detected with FITC-labeled anti-human Fab antibody (green). As late endosome
marker, rabbit anti-Rab7 antibody in combination with a PE-labeled anti-rabbit antibody (red), was used. Nuclei were stained with DAPI (blue). Chromatogram
shows distribution of different fluorophore intensities of a confocal layer across the cell (red line). C, Analysis of payload versus OMTX705 distribution through
IHC staining of vehicle- versus OMTX705-treated tumor samples from Panc 007 PDX mice extracted at day 10 and 47 of treatment. OMTX705-treated tumor
stained with anti-huIgG (OMTX705) and anti-TAM558 p153 (payload) reveals the location of both OMTX705 ADC and payload. Black arrows, stromal
fibroblasts; red arrows, malignant epithelial cells. D, IHC staining in tumor samples from Panc 007 PDX mice extracted after vehicle or OMTX705 treatment.
Ki67 (left). Active caspase 3 (right). Black arrows, positive activated fibroblasts and/or immune cells. E, Graphs show level of aSMA and COL11A1 expression
detected by IHC in FFPE sections of Panc 007 PDX tumors excised at different days following vehicle or OMTX705 treatment. Graphs represent the number of
pixels on total positive surface, including weak up to strong positivity (n ¼ 10). Significant decrease in aSMA (70%) and COL11A1 (80%) expression is observed
at day 47 in OMTX705-treated versus vehicle-treated animals (P ¼ 0.003; Student t test).
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schedules. These findings have important implications for the
clinical development of OMTX705 as they offer the possibility of
greater flexibility in dosing schedules to mitigate any potential on-
target toxicities without sacrificing efficacy. Treatment was well
tolerated considering the cross-reactivity with endogenous murine
FAP. Notably, even after periods of treatment discontinuation,
OMTX705 maintained efficacy upon reintroduction with no evi-
dence of drug resistance, providing clear rationale for clinical
testing using discontinuous dosing strategies.

The absence of resistance in our models can be explained, at least in
part, by the targeting of the stroma which is a relatively genetically
stable compartment as compared with malignant cells (34), as well as
the use of a cytolysin as the effector molecule. These synthetic
analogues of the natural tubulysin are not substrate of the multidrug
resistance efflux transporters P-glycoprotein, therefore providing a
treatment that does not generate resistance upon tumor recur-
rence (29). Intriguingly, we observed that the rate of growth inhibition
was the highest in the pancreatic cancer models which correlates with
the high FAP mRNA expression in this model. These data support
future studies to investigate the potential role of FAP expression as a
biomarker of response to OMTX705.

Mechanistically, the staining pattern obtained suggests that
OMTX705 specifically targets fusiform FAPþ stromal cells sur-
rounding malignant epithelial cells, with no binding to the latter.
However, because we have not performed dual staining experi-
ments yet, this contention remains speculative at this time.
OMTX705 is rapidly internalized in FAP (þ) fibroblasts to late
endosomes where the active effector molecule is released. Impor-
tantly, while the staining of OMTX705 was predominant in stromal
cells, those do not appear to be killed by OMTX705, perhaps
because the majority are non- or low-proliferating cells. Converse-
ly, malignant epithelial cells in the vicinity, which have higher
proliferating rate as evidenced by positive Ki-67, are killed through
apoptosis upon OMTX705 treatment. These findings may suggest a
bystander effect with FAPþ tumor stroma fibroblasts acting as a
reservoir of the cytotoxic payload which, due to its lipophilic
properties, may be released locally promoting the killing of the
nearby rapidly proliferating malignant epithelial cells. A more
delayed stroma depletion, as evidenced by the decreased expression
of the CAF markers aSMA and COL11A1, was also observed
3 weeks after treatment interruption, correlating with tumor
growth inhibition and long-lasting effect after end of treatment.
In addition to this proposed mechanism of action in which
OMTX705 binding to stromal cells leads to local release of the
drug within the tumor, killing nearby malignant epithelial cells, an
alternative explanation involves the disruption of paracrine signal-
ing of stromal cells, impairing epithelial cell biology. Future studies
will be necessary to dissect which mechanism is chiefly involved in
pancreatic cancer.

FAP-expressing stromal cells are also involved in the modulation
of the antitumor immune response, adding yet another aspect to
the multiple contributions of FAP to cancer progression. Here, we
showed that OMTX705 enhanced the effect of anti-PD-1 therapy in
immunocompetent models with a robust increase in CD8þ cyto-
toxic T-cell tumor infiltration noted following OMTX705 mono-
therapy or combined with pembrolizumab. We also noted a non-
significant increase in CD8þCD25þ memory T cells following
OMTX705/pembrolizumab combination that may contribute to
the delay in tumor progression observed after treatment discon-
tinuation. These results are consistent with previous reports show-
ing that FAPþ CAFs suppress antitumor immunity through mod-

ulation of TNFa and IFNg , which are involved in CD8þ T-cell–
dependent killing of cancer cells (7, 35). Similarly, targeting of CAF
secretome using a CXCR4 inhibitor to block CXCL12 from FAPþ

cells has been shown to synergize with anti-PD-L1 therapy in a
transgenic mouse model of lung cancer (18). We also showed that
CD4þ Th cells and CD4þ CD25þ Treg infiltration did not show any
significant changes upon OMTX705 treatment as single agent, while
it was reduced in the OMTX705 þ pembrolizumab groups. These
results are consistent with previous reports showing that genetic
ablation of FAPþ cells did not alter the proportions of CD4þ T cells
or CD4þ Foxp3þ Tregs (7), suggesting that tumor cell death
induced by anti-FAP therapy does not involve a rapid increase of
effector CD4þ T cells or decrease of suppressive T cells.

Of further relevance, highly potent microtubule-depolymerizing
compounds such as TAM470 cytolysin payload have been shown to
activate dendritic cell maturation through the induction of tumor
antigen–specific T cells, adding to their direct cytotoxic antitumor
effect (36). Specifically, ADCs using tubulysin payloads displayed
higher antitumoral activity when used in immunocompetent versus
immunodeficient mice and were found to induce a potent immu-
nomodulation of lymphoid and myeloid cells (37). These observa-
tions may help to explain the increased efficacy of OMTX705 in our
model with humanized immune system, with its associated induc-
tion of CD8þ T-cell infiltration and the long-lasting antitumoral
effect presented here. While our in vivo studies using mice with
humanized immune system offered insights on the potential
involvement of the immune system in the antitumoral effects of
OMTX705, future studies with fully immunocompetent models will
be necessary to thoroughly describe the effects of this ADC in the
immune tumor microenvironment.

In conclusion, OMTX705 is a novel humanized anti-FAP anti-
body conjugated to the cytolysin TAM470, which induces marked
tumor regressions in PDX models of pancreatic, lung, breast, and
ovarian cancers. In an immunocompetent model resistant to PD-1
inhibition, OMTX705 induced complete regression and significant-
ly delayed tumor progression through likely a CD8þ T-cell–
dependent immunomodulation. Overall, these data indicate that
FAP targeting with OMTX705 represents a novel and potent
strategy for cancer treatment including solid tumors resistant to
chemo- or immunotherapy.
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