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Introduction
Complex and dynamic interactions between cancer cells and the
surrounding tumor microenvironment play an essential role in determining the malignant potential and the aggressiveness of cancer
progression (1). Multiple autocrine and paracrine communications
between tumor cells and their surrounding stromal partners including
ﬁbroblasts, stellate cells, endothelial cells, adipocytes, immune cells,
and the extracellular matrix (ECM) help the tumor cells to modify their
microenvironment in a way that supports their proliferation, growth,
survival, and metastatic properties (2). These interactions are clinically
important for cancers with abundant ﬁbrotic stroma like pancreatic
cancer, triple-negative breast cancer (TNBC), sarcoma, and ovarian
cancer, and non–small cell lung cancer is associated with resistance to
traditional chemotherapies and poor survival rates (3–5).
Several studies have revealed that activated stroma impairs the
active uptake of traditional chemotherapeutic drugs and creates an
immunosuppressive milieu in favor of tumor growth (6–9). Thus,
there has been a growing interest to develop therapeutic approaches
that target the tumor-stromal interaction to improve drug delivery.
These approaches are currently being pursued preclinically and in
early clinical trials in stroma-rich cancers to uncover new therapeutic
interventions (Fig. 1).
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antibody–drug conjugates (ADC) has the potential to improve
the outcome of patients with LRRC15-positive (LRRC15þ)
cancers of mesenchymal origin or stromal desmoplasia. Moreover, LRRC15 expression may serve as a predictive biomarker
that could be utilized in the preclinical assessment of cancer
patients to support personalized clinical outcomes. This review
focuses on the role of LRRC15 in cancer, including clinical trials
involving LRRC15-targeted therapies, such as the ABBV-085
ADC for patients with LRRC15þ tumors. This review spans
perceived knowledge gaps and highlights the clinical avenues
that need to be explored to provide better therapeutic outcomes
in patients.
One of the most studied components of the tumor microenvironment, cancer-associated ﬁbroblasts (CAF), play a crucial role in
increased tumorigenesis and resistance to therapy through a wide
range of mechanisms including ECM deposition and remodeling,
immunomodulation, promoting angiogenesis, and facilitating metabolic reprogramming of the tumor microenvironment (10–13). CAFs
are activated in the tumor microenvironment (TME) by a variety of
stimuli including inﬂammatory factors (IL1, IL6, and TNF), DNA
damage (secondary to chemotherapy or radiotherapy), physiologic
stress, and growth factors [FGF, platelet-derived growth factor
(PDGF), and TGFb; ref. 13]. Importantly, a TGFb–driven CAF gene
signature has been found to play an important role in cancer progression and immunotherapy treatment resistance (14, 15). Of interest, the protein leucine-rich repeat-containing 15 (LRRC15), has been
found to be highly expressed in TGFb–driven CAFs and serves as a
marker of this CAF subpopulation in the TME (16). In addition to
being expressed in CAFs, LRRC15 expression has also been found in
the cells of multiple tumor types (17), Thus, LRRC15 has become a
potential target for novel therapies directed at CAFs and the TME.
A variety of exciting anti-CAF therapies are under development
with targets such as FGFR, Hedgehog signaling, and TGFb (13).
However, anti-CAF therapies have not come without their difﬁculties
for anti–TGFb therapies, which often had poor outcomes in cancer
€
clinical trials, while a study by Ozdemir
and colleagues found that
depletion of a-smooth muscle actin-positive (aSMAþ) myoﬁbroblasts
resulted in multiple adverse outcomes leading to poor survival in a
pancreatic ductal adenocarcinoma (PDAC) mouse model (18, 19).
Taken together, this suggests that there is a need to develop therapies
that target speciﬁc CAF subtypes such as the LRRC15-positive
(LRRC15þ) CAF subtype. Excitingly, LRRC15-targeting antibody–
drug conjugate therapies such as ABBV-085 may offer more selective
targeting of tumor-promoting CAFs in addition to targeting LRRC15expressing cancer cells, thus leading to improved outcomes. ABBV085 has been shown to be effective in preclinical models of several
cancer types and prevented metastatic spread in an ovarian cancer
xenograft model (17, 20–22). Recent results from a ﬁrst-in-human
phase I study showed that ABBV-085 appeared safe and tolerable at a
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Abundant ﬁbrotic stroma is a typical feature of most solid
tumors, and stromal activation promotes oncogenesis, therapy
resistance, and metastatic dissemination of cancer cells. Therefore, targeting the tumor stroma in combination with standardof-care therapies has become a promising therapeutic strategy in
recent years. The leucine-rich repeat-containing protein 15
(LRRC15) is involved in cell–cell and cell–matrix interactions
and came into focus as a promising anticancer target owing to its
overexpression in mesenchymal-derived tumors such as sarcoma,
glioblastoma, and melanoma and in cancer-associated ﬁbroblasts
in the microenvironment of breast, head and neck, lung, and
pancreatic tumors. Effective targeting of LRRC15 using speciﬁc
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dose of 3.6 mg/kg every 14 days, with preliminary antitumor activity
noted in patients with osteosarcoma and undifferentiated pleomorphic
sarcoma (UPS; NCT02565758; ref. 23).

Leucine-Rich Repeat Proteins:
Integrators of Molecular Signaling
Leucine-rich repeats (LRR) are short (19–29 residue) sequence
motifs present in a large number of proteins of different structure,
function, and localization in bacteria, fungi, plants, and animals (24).
The structural arrangement of the LRR motifs in repetitive stretches of
varied length creates an adaptable framework for several protein–
protein interactions (25). LRR domains generally organize themselves
in a horseshoe structure, with the concave face comprising of parallel
b-strands and the convex face with a variable region of secondary
structures like helices. Additionally, the N-terminal part consists of a
conserved 11-residue sequence rich in leucine (25). Proteins with the
LRRs are found to be involved in versatile functions including adhesion, receptor-ligand binding, and target recognition (25–26). In
addition, most of the studied proteins with LRR motifs have well
recognized functions in the innate immune pathway (27), and in the
nervous system development (28). Among the seven classes of LRR
proteins, four types are well characterized within mammals (intracellular and extracellular; ref. 29). Reports suggested that the shortest
known LRRs contain entirely of the 20-residue repeat motif without
any other domains. Most of these LRR proteins are of gram-negative
bacterial origin essential for virulence and playing a signiﬁcant role in
the initial stages of an infection (29). Two of the most well-deﬁned
classes include the Toll-like receptors (TLR) and NOD-like receptors
(NLR) in mammals that senses the molecular determinants from
varied group of viral, bacterial, fungal, and parasite-derived components through their LRR domain (30–31). To date, polymorphisms, or
mutations in more than 30 LRR proteins have been shown to be
involved in a wide variety of human diseases including multiple
sclerosis and rheumatoid arthritis (MHC2TA; ref. 32), Legionnaires’
disease (TLR5; ref. 33) and Crohn’s disease (NOD2; ref. 34). In
addition, the LRR proteins are also important for human nervous
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system development (35) and mutations in genes encoding LRR
proteins leads to several neurological disorders including epilepsy
(LGI1; ref. 36), night blindness (NYX; ref. 37), congenital insensitivity
to pain (TRKA/NGF; ref. 38), and Tourette’s syndrome (SLITRK1;
ref. 39). In addition to the typically recognized TLRs and NLRs, most of
the 375 human LRR proteins still remain uncharacterized functionally.
Therefore, several current studies focus to identify different human
LRR proteins using the various computational and functional analyses.

Type-I LRRC15: Role in Health and
Cancer
LRRC15 is a transmembrane protein (Fig. 2A) located on chromosome 3 at 3q29 that belongs to the LRR superfamily, which is
involved in cell–cell and cell–ECM interactions (40, 41).
Role in health
Early studies on LRRC15 revealed that it is induced by b-amyloid
and that LRRC15 lacks obvious intracellular domains (17, 40). Northern blot analysis ﬁrst demonstrated high expression of LRRC15 in the
placenta while RNA in situ hybridization experiments conducted by
Reynolds and colleagues showed that LRRC15 expression is restricted
to the leading edge of migrating cytotrophoblast cells of the placenta (40, 42). Subsequent IHC analysis by Purcell and colleagues
demonstrates that LRRC15 is not normally expressed in most tissues
except for localized areas within hair follicles, tonsil, stomach (cardia
and pylorus regions only), spleen (peritrabecular region), osteoblasts,
and sites of wound healing (17). In addition, recent analysis of singlecell RNA sequencing (RNA-seq) data performed by Song and colleagues demonstrated LRRC15 expression in a subset of ﬁbroblasts and
lymphatic endothelial cells within the lung (43).
LRRC15 expression has been shown to be upregulated in C6
astrocytoma cells in response to proinﬂammatory cytokines (TNFa,
IL1b, and IFNg) and upregulated in ﬁbroblasts in response to
TGFb (16, 17, 40). Interestingly, the expression of LRRC15 at sites
of wound healing is in line with the important role that TGFb–
activated ﬁbroblasts play in the wound healing process; however,
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Figure 1.
Current development in targeting the
tumor-stromal interaction by ADCs is
being pursued preclinically and in
early clinical trials to discover novel
therapeutic interventions. PDGFR,
platelet-derived growth factor receptor; FRa, folate receptor a; CEACAM5/
6, carcinoembryonic antigen-related
cell adhesion molecules; Trop-2,
trophoblast cell surface antigen 2;
CTLA4, cytotoxic T-lymphocyte associated protein 4; TIGIT, T-cell immunoreceptor with immunoglobulin and
ITIM domains; LAG3, lymphocyte activation gene-3; CD, cluster of differentiation; CCR-2/5, C-C chemokine
receptor; SIRPa, signal regulatory protein a; VISTA, V-domain Ig suppressor
of T-cell activation; FAP, ﬁbroblast
activation protein; MFAP5, microﬁbril
associated protein 5.

Role of LRRC15 in Cancer

Figure 2.
A and B, Diagrammatical illustration of
the structure of LRRC15 (A) and its
role in promoting cancer metastasis
through activation of focal adhesion
kinase signaling (B). p-FAK, phosphorylated focal adhesion kinase; Src, steroid receptor coactivator; Pax, Paxillin.

Role in cancer
LRRC15 was reported to be highly expressed in CAFs within the
stroma of numerous solid tumors and directly expressed in mesenchymal tumors such as glioblastoma, sarcomas, and melanoma (17).
Based on our reports LRRC15 expression analysis by IHC of the
ovarian tumors on the tissue microarray from chemo-na€ve patients,
showed both stromal and cellular staining (22). Besides published
reports in other indications (e.g., sarcoma) where expression of
LRRC15 on cancer and/or stromal ﬁbroblasts was observed on treatment in na€ve patient tumor samples by IHC (23). In addition, it was
also reported that LRRC15 is regulated by TGFb (17), all of which
refers to the intrinsic nature of LRRC15 expression. In addition,
LRRC15 expression has been shown in prostate cancer, cervical cancer,
and soft-tissue sarcomas (STS; 21, 47, 48). LRRC15 has also been
identiﬁed to have a role in a rare desmoplastic small round cell tumor
originating from peritoneum in pediatric patients and in paratesticular
desmoplastic small cell tumors (42, 49). These tumors are characterized by a chimeric protein EWS-WT1 (þKTS) that functions as an
oncogenic transcription factor enhancing the expression of LRRC15.
Importantly, LRRC15 exhibits high expression levels in solid tumors
compared with normal tissues and has been shown to adhere to
components of the ECM such as ﬁbronectin (50) and collagen. The
Cancer Genome Atlas (TCGA) analysis of LRRC15 expression across
most cancer types showed genetic alteration commonly associated
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with ampliﬁcation of the gene in the patient cohorts. RNA-seq expression analysis from TCGA (https://cancergenome.nih.gov/) breast cancer cohorts showed low baseline LRRC15 expression in normal tissue
versus high differential LRRC15 expression among cancer and its
adjacent normal tissues and thus suggests it may play a role in breast
cancer progression (51, 52). In support of the role of LRRC15 in cancer
progression multiple studies in different cancer types have demonstrated elevated LRRC15 expression in metastatic tumors (48, 52–56). Using
microarray-based gene expression analysis, Klein and colleagues
showed LRRC15 as one of many signiﬁcantly upregulated genes in
tumors metastasizing to the bone in patients with breast cancer (53).
This is in line with previous work by Schuetz and colleagues demonstrating elevated expression of LRRC15 in invasive ductal carcinoma
tumors compared to their matched-pair ductal carcinoma in situ
counterparts (52). In a genome–wide gene expression proﬁling conducted by Bignotti and colleagues, LRRC15 was identiﬁed as one of
120 genes that were upregulated (≥2 fold) in omental metastases in
comparison to unmatched ovarian serous carcinoma (54). In a recent
study by Cui and colleagues, high LRRC15 expression correlated
with metastasis, poor chemotherapeutic response, and shorter overall
survival in patients with osteosarcoma (55).
In our study to identify genes that promote metastasis to bowel in
high-grade serous ovarian cancer, we executed RNA-seq of ovarian
cancer primary tumors (PT) and their corresponding bowel metastases
from 21 patients with high-grade serous ovarian, fallopian tube, and
primary peritoneal cancer (56). LRRC15 expression was found to be
signiﬁcantly increased in bowel metastases compared with their
matched PTs, indicating that LRRC15 could be a marker of highgrade serous ovarian cancer progression (56). In our attempt to
understand the function of LRRC15 in ovarian cancer metastasis we
found that knockdown of LRRC15 reduces the metastatic dissemination of ovarian cancer cells in an in vivo xenograft model (56). We
further demonstrate that LRRC15 expression leads to anoikis resistance and promotes adhesion and invasion through ECM that mimics
omentum using various complementary models of ovarian cancer (22).
Mechanistically, it was found that LRRC15 promotes metastasis upon
interaction with ﬁbronectin and b1 integrin, leading to activation of
focal adhesion kinase signaling (Fig. 2B) and suggests that it can be
implicated as a potential antitumor target, a concept further supported
by the development of ABBV-085, an LRRC15–antibody targeted drug
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whether LRRC15 plays any role in this process has yet to be determined (44). In line with other LRR proteins and given that normal
tissue expression of LRRC15 is localized to areas that make up innate
immune barriers such as the placenta, skin, activated ﬁbroblasts in
wounds, and lymphoid tissues such as the spleen; it appears that
LRRC15 may play some role in innate immunity. This role in innate
immunity is further suggested by data showing that LRRC15 impedes
adenovirus infection and recent data showing that LRRC15 impedes
SARS-CoV-2 viral entry by binding to the spike protein on the viral
envelope (41, 43). It has also been suggested that LRRC15 may play a
role in mineralized tissue biology and disease as LRRC15 has been
found to be highly expressed in carious diseased pulpal tissue and
Wang and colleagues has further demonstrated a role for LRRC15 in
regulating the osteogenic differentiation of mesenchymal stems
cells (45, 46).
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Clinical Translation: Targeted Therapy
of LRRC15
ADCs
Targeted therapy using ADCs is currently being developed based on
the principle to increase tumor drug delivery simultaneously reducing
off-target toxicities. ADCs are generally comprised of a cancertargeting mAb linked to a cytotoxic payload to elicit an antitumor
effect (60–61). In the context of stromal targeting ADCs, the antibody
must be speciﬁc for the target cell surface antigen that is selectively
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expressed in the TME. The linkers are designed to be either cleavable or
noncleavable depending on the chemical design. Following antigen
binding and internalization noncleavable linkers require lysosomal
trafﬁcking and subsequent degradation for the payload to be released
and permeate into the cell where it can then perform its cytotoxic
function (62). The drug-antibody ratio (DAR) needs cautious consideration during the development of ADCs, as a higher cytotoxic
payload per unit of the antibody may lead to greater antitumor efﬁcacy
but may also increase adverse toxicity. Attaching large linker-drugs
can make the ADC unstable with different pharmacokinetic properties, attenuated half-life, increased plasma clearance and systemic
toxicity. The rapid clearance of high DAR species will also result in
fewer ADC molecules reaching the target of interest and reduce the
efﬁcacy. The payload should be highly cytotoxic to be able to kill
tumor cells at the intracellular concentrations attainable following
tissue distribution. Usually an average of 3 to 4 payloads per
antibody molecule is achievable without compromising the biophysical and pharmacokinetic properties (60). mAbs have proven
activity in cancer treatment, with recently approved drugs like
trastuzumab deruxtecan, sacituzumab govitecan, and enfortumab
vedotin targeting HER2, Trop2, and Nectin4 respectively, providing
meaningful clinical beneﬁt in different cancer indications. Current
advancements implement numerous ADCs into preclinical and
clinical studies in both solid tumor and in hematologic cancers (63, 64). Besides, combination therapies are also explored in
several clinical trials nowadays, like combining with the standardof-care therapies (NCT03187210/NCT01476410/NCT01771107/
NCT03959085) and with checkpoint inhibitors (NCT01896999/
NCT02684292/NCT02605915/NCT02572167/NCT02581631). Nonetheless the development of ADCs still faces challenges, including
selection of patients’ and/or biomarker assessment to exploit ADCs as
its best.
ABBV-085, a humanized anti-LRRC15 ADC
ABBV-085 is an anti-LRRC15 humanized IgG1 antibody (Ab1),
consisting of hydrophobic interaction chromatography (HIC)–
enriched E2 wherein approximately two antimitotic monomethyl
auristatin E (MMAE) payloads are conjugated per antibody through
a protease cleavable valine–citrulline (vc) linker (17). The LRRC15speciﬁc mAb in ABBV-085 is used to deliver the MMAE drug payload
at high levels in the TME. Once delivered to the LRRC15þ stroma, the
cell-permeable MMAE drug diffuses into the adjacent tumor cells
where it can cause a targeted-bystander response to kill the proliferating cancer cells and eventually lead to tumor reduction. Purcell and
colleagues showed an increased growth inhibitory response by ABBV085 speciﬁcally on highly proliferative cells within a tumor stroma
compared with normal LRRC15þ mesenchymal stem cells or stromal
ﬁbroblasts, which have reduced proliferative rate, thus alleviating the
associated toxicity within areas of the normal tissue having LRRC15
expression. More importantly, efﬁcacy of ABBV-085 monotherapy
was observed in both the LRRC15 cancer-positive/stromal-positive
and LRRC15 cancer-negative/stromal-positive cancer models. In vivo
xenograft models of many solid tumor types including sarcoma, breast,
head and neck, lung, pancreatic, and glioblastoma (with ≥2þ LRRC15
positivity) showed response to ABBV-085 treatment demonstrating
ABBV-0850 s broad preclinical activity in multiple solid tumor indications (17). Promising antitumor efﬁcacy was achieved when ABBV085 was used in combination therapy with other standard-of-care
cancer therapeutics. The major observations raise the question to
clinically identify whether LRRC15 cancer-negative/stromal-positive
tumors (like head and neck, breast) or LRRC15 cancer-positive/
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conjugate (17, 21). In addition to its potential role in integrin signaling,
LRRC15 has recently been shown to promote TNBC tumor migration
and invasion by regulating the Wnt/b-catenin signaling pathway (57).
In a study by Yang and colleagues, high LRRC15 expression in CAFs
of TNBC cell lines was associated with increased cytoplasmic and
nuclear b-catenin, which drove cancer cell migration and invasion (57). Mechanistically, LRRC15 expression was demonstrated to
decrease the expression of Axin1, a protein member of the destruction complex that promotes the degradation of b-catenin, leading to
increased b-catenin levels (57). However, the precise mechanism by
which LRRC15 downregulates Axin1 has yet to be elucidated. In
addition, the authors elucidated a second mechanism for how
LRRC15-expressing CAFs promote TNBC cancer cell migration.
In their study, they found that LRRC15 expressing CAFs promoted
matrix metalloproteinase (MMP) expression in TNBC cell lines,
which further mediated migration and invasion (57). However, the
impact of LRRC15 on MMP expression may be context dependent
as LRRC15 expression in astrocytes was not associated with MMP
overexpression (50).
Additional research on LRRC15-expressing ﬁbroblasts in the lung
suggests that LRRC15 may also play a bimodal role in ﬁbroblast
collagen deposition (58). Work by Loo and colleagues demonstrates
that low LRRC15 expression in ﬁbroblasts was associated with
increased collagen production whereas high LRRC15 expression was
not (58). However, the potential implications of these results on the
role of LRRC15-expressing CAFs in tumor progression warrants
further study. Furthermore, a recent investigation using a lentiviralbased DNA barcoded and clonally tracked human carcinoma
OVCAR5 orthotopic xenotransplant model further established the
role of LRRC15 in promoting diverse clonal growth and dissemination
dynamics of tumor initiating cells from intraovarian and intraoviductal injection sites (59). This innovative in vivo barcoded clonal
competition assay demonstrated that rapid promotion of lethal system
wide OVCAR5 clones through various metastatic routes (peritoneal vs.
blood) was linked to their LRRC15 expression levels (59). As previously mentioned, a study using a murine PDAC progression model,
found a population of TGFb programmed LRRC15þ CAFs that
surround tumor islets and are absent in normal pancreatic tissues (16).
Importantly, an analogous population of LRRC15þ CAFs were also
reported in human pancreatic tumors and this LRRC15þ CAF signature was correlated with poor response to anti–programmed cell
death 1-ligand 1 (PD-L1) therapy in multiple solid tumor types (16).
These results suggest that combining therapies that target LRRC15expressing CAFs with immunotherapy could lead to improved patient
outcomes. Excitingly, the combination of the LRRC15-targeting antibody–drug conjugate (ADC) ABBV-085 with immunotherapy (anti–
PD-1) was shown to enhance antitumor activity in preclinical cancer
models (17). Thus, LRRC15-targeting therapies such as ABBV-085
could have exciting therapeutic potential in patients who are resistant
to immunotherapy.

Role of LRRC15 in Cancer
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anthracycline derivative PNU-159682 was assessed in osteosarcoma
preclinical models as anthracyclines are the standard of care in
osteosarcoma (69). LRRC15-PNU demonstrated promising results in
osteosarcoma with cure rates between 40% and 100% in osteosarcoma
xenograft models (69). These results suggest that LRRC15 ADCs can
be tailored to deliver different payloads to the TME to speciﬁcally
target varying cancer types.

Future Perspectives
Multidrug resistance (MDR) including both inherent and
acquired is the major reason for chemotherapy failure resulting in
metastatic dissemination and relapse. Multiple factors like inactivation of drugs, accelerated drug efﬂux, and adaptations in the
target cells is previously considered to be the reason behind MDR in
cancer (70). However, the surge in research arrived when reports
showed that tumor-stromal interaction is mostly responsible for the
non–cell-autonomous mechanisms of resistance and targeting the
tumor stroma, in combination with conventional standard of care,
can become a promising treatment option (71). These led to the
development of antiﬁbrotic/antistromal therapies for diagnostic
and therapeutic purposes. The future of ADCs seems promising,
as the efﬁcacy depends on the level of target expression, which is a
key parameter in predicting the probability of patient beneﬁt.
LRRC15 is an important and potentially exploitable target in solid
tumor therapy. The differential expression of LRRC15 within
selected tumors of mesenchymal origin as opposed to nonmalignant
cells enables target speciﬁcity and efﬁcacy with low toxicity.
LRRC15 may be exploitable for both diagnostic and theranostic
purposes in future. Identiﬁcation LRRC15-expressing tumor tissues
will help in determining whether LRRC15 can be a better predictive
marker and therapeutic target in the tumor types involved including
both the LRRC15 cancer-positive/stromal-positive and LRRC15
cancer-negative/stromal-positive cancer models. Future study of
LRRC15 as a predictive biomarker in deﬁned tumor types can be
implied and either the radiological or real-time imaging during
surgery can open better functional analysis and clinical outcomes
respectively. The antitumor efﬁcacy of ABBV-085 either as monotherapy or with the standard-of-care therapy are currently at an
interesting point in their development and have the potential to
improve efﬁcacy in a clinically deﬁned class of tumors with LRRC15
positivity, to achieve better outcomes. With the development of
ABBV-085 as an antistromal target, the degree of stromal/ﬁbrotic
cell death is not known and requires further investigation. Moreover, delineating the combination of ABBV-085 treatment with
immune-checkpoint inhibitors could be an effective therapy in
speciﬁc circumstances, similar to the successes as found with
combinations with conventional cytotoxic chemotherapies, thus
providing further therapeutic options for patients with LRRC15þ
cancers. TAM inﬁltration in TME leading to PD-1 inhibition opens
the future window to assess whether the therapeutic efﬁcacy of
ABBV-085 is increased in combination with the PD-1/PD-L1
immune-checkpoint inhibitors (phase II CT) in a deﬁned set of
solid tumors. There is clearly much yet to study about the optimal
application of ADCs in the treatment of mesenchymal cancers,
speciﬁcally in establishing the best combination modalities for
treating LRRC15-expressing cancers in the future.
To move forward, analysis on the expression of LRRC15 in
relation to recurrent and minimal residual disease (MRD) to date
is missing. It is widely believed that the MRD are cells that escape
resection during surgery survive in patients associated with poor
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stromal-positive tumors (like sarcoma) demonstrate preferential sensitivity to ABBV-085 treatment and whether the appropriate clinical
application of ABBV-085 as a monotherapy or in the combination
setting will beneﬁt the patients. A follow-up study was executed using
the ABBV-085 monotherapy in LRRC15þ patient-derived xenograft
(PDX) models of STS (21), including the highly chemo-refractive UPS
PDX with poor survival rate and treatment options (65). Administration of ABBV-085 monotherapy attenuated tumor growth in the
STS PDX models with positive LRRC15 expression. Having known
that tumor-associated macrophages (TAM) are associated with the
antitumor efﬁcacy of ADCs (66), IHC analysis showed strong inﬁltration of TAM in the TME of the UPS PDX model in the ABBV-085–
treated cohort (21). Since the importance of TAM inﬁltration in STS
towards the prognostic impact and in resistance to PD-1 inhibition is
well established (67–68), assessing the therapeutic efﬁcacy of combinatorial drug therapy of ABBV-085 with the programmed cell death
protein 1 (PD-1) or PD-L1 immune checkpoint inhibitors (currently
in phase II clinical trial), speciﬁcally in the STS subtypes is of interest.
Our studies have assessed the efﬁcacy of ABBV-085 in the high-grade
ovarian serous cancer using both the prevention and intervention
models of ovarian cancer xenograft. ABBV-085 treated cohort showed
a signiﬁcant regression of the metastatic spread and tumor growth.
These studies led to the testing of ABBV-085 efﬁcacy in two preclinical
PDX models of ovarian cancer with high LRRC15 expression, which
shows regression of tumor in the prevention models (22).
ABBV-085 has completed a phase I ﬁrst-in-human safety study in
sarcomas and other advanced solid tumors (NCT02565758; ref. 23). A
nonrandomized, multicenter, phase I, open-label, dose-escalation
study was performed to determine the pharmacokinetics and safety
of ABBV-085 and evaluate the suggested phase II dose, either as a
monotherapy or in combination with standard care of therapies in
patients with advanced solid tumors including sarcomas, squamous
cell carcinoma of the head and neck, and breast carcinoma
(NCT02565758). As reported by Demetri and colleagues at American
Society of Clinical Oncology (ASCO) 2019, the study at that point, had
enrolled a total of 78 patients, which included 27 patients with
advanced sarcomas (UPS; n ¼ 10), osteosarcoma (n ¼ 10), and other
sarcomas (n ¼ 7). Patients were treated in the monotherapy doseescalation (from 0.3 to 4.8 mg/kg dosed every 2 weeks) and then doseexpansion was performed at 3.6 mg/kg (23). ABBV-085 was stated to
be well tolerated with a favorable safety proﬁle relative to other MMAE
ADCs. Grade ≥3 treatment-emergent adverse events reported in 56
(72%) patients with the most common being anemia (14%, n ¼ 11).
Neuropathy and blurred vision were noted and were reported to be
manageable by reducing dose-intensity. Among the 27 patients with
sarcoma treated at the RP1bD, 4 had conﬁrmed partial responses
(15%), 8 conﬁrmed stable diseases (30%), 11 had progressive disease
(41%), and 2 were not evaluable (7%); with the median response
duration of 7.6 months [95% conﬁdence interval (CI): 5.6–9.2, conﬁrmed responders]. In UPS 4 of 10 patients had more than 30% tumor
shrinkage with two conﬁrmed responses that were durable (280 days
and 392 days at data cut-off). In osteosarcoma 2 of 10 patients had
conﬁrmed responses. While no response greater than stable disease
was reported in LRRC15 stromal-positive/cancer-negative indications.
ABBV-085 therapy was therefore reported to be generally well tolerated with a manageable safety proﬁle and encouraging signs of
antitumor activity in hard-to-treat sarcoma indications. These preliminary clinical ﬁndings suggest that LRRC15 may be a promising
new therapeutic target in select solid cancer indications. In addition,
other LRRC15-targeting ADCs have been assessed preclinically. The
ADC LRRC15-PNU consists of an LRRC15 ADC conjugated to the
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survival. Therefore, identiﬁcation of biomarkers of MRD is very
critical speciﬁcally if they are therapeutic targets such as LRRC15
and may lead to effective treatment. Despite the extensive breadth of
current knowledge, concerning the optimal sequence and practice
of treatment combinations including both the stromal-targeting
agents and the cancer-targeting agents’ prevalence of analytical gaps
still prevents such schemes from being accessible to patients. As we
continue to develop an improved understanding of the multifaceted
complex interactions between a heterogeneous milieu of cellular
components in the microenvironment, we will be able to advance
stroma-targeting strategies for more effective anticancer treatments.
Improved tailoring of treatments to speciﬁc patient subgroups and
development of novel therapeutic combinations may drive successful clinical outcomes in the future.
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