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Abstract.

Background: Approximately 30% of renal cell carcinoma (RCC) cases present with de novo metastatic disease, while 20%
to 30% of those with localized disease will develop metastases following surgical resection. Various drug classes have been
investigated to treat RCC, including cytokine-based therapies, small molecule Vascular Endothelial Growth Factor (VEGF)
tyrosine kinase inhibitors (TKIs) and antibody-based therapies. Up to 58% of patients fail to respond to primary immune
checkpoint inhibitor (ICI) therapy, and nearly all initial responders experience disease progression due to the development
of secondary resistance. Consequently, novel treatment options are being investigated.

Objective: Review the rapidly evolving ADC therapeutic landscape in metastatic RCC including recent trials, emerging
ADCs targets, and future directions for ADCs in the treatment of advanced RCC.

Methods: Literature review using the MEDLINE database on important trials and presentations from the American Society of
Clinical Oncology (ASCO), and the European Society for Medical Oncology (ESMO) conferences. Key words used included
“renal cell carcinoma,” “RCC,” “metastatic RCC,” “advanced RCC,” “antibody-based therapies,” “immunotherapy,” “clinical
trials,” and “emerging drugs.” Specifically for review of ADCs in RCC, the following search string was used with additional
review of bibliographies from retrieved papers: “((antibody drug conjugate) OR (antibody-dependent cellular cytotoxicity)
OR (chimeric antigen receptor)) AND ((kidney cancer) OR (renal cell carcinoma))”.

Results: Several promising targets including MMP14, EGFR, MCT4, CA9, MET, CDH13, B7-H3, and PSMA were identified
with relevant preclinical and clinical studies reviewed.

Conclusions: While ADCs therapeutics have not shown benefit to date for renal cell carcinoma, there are ample promising
candidates and targets for future research.
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INTRODUCTION

Renal cell carcinoma (RCC) ranks among the top
ten types of cancer in the United States with 76,080
new cases and 13,780 deaths recorded in 2021. This
equates to a lifetime risk of developing invasive RCC
of approximately 1 in 46 for males and 1 in 80 for
females [1]. Of new cases, de novo metastatic disease
comprises nearly 30% of RCC patients and another
20% of patients with localized disease develop dis-
ease recurrence following surgical treatment [2].

The research landscape for treating advanced RCC
has continually explored new drug classes, rang-
ing from small molecule-based to antibody-based
therapeutics. Recent clinical trials have demon-
strated improved outcomes using immune checkpoint
inhibitors (ICIs) in metastatic RCC. As a result, the
American Society of Clinical Oncology (ASCO) and
the European Society for Medical Oncology (ESMO)
have updated their recommendation for first-line
treatment of metastatic clear cell RCC (ccRCC) from
monotherapy with vascular endothelial growth factor
receptor (VEGF) tyrosine kinase inhibitors (TKIs),
like sunitinib, to combination therapy involving a
single ICI and TKI or dual-ICI therapy depend-
ing on a patient’s risk stratification [3, 4]. Only
patients with coexisting medical problems that pre-
clude combination treatment are recommended to
receive monotherapy with either a VEGF TKI or an
ICI [5]. Despite improved response rates to ICIs, up
to 58% of patients do not respond to first-line ther-
apy and eventual disease progression reaches 100%
due to the development of secondary resistance [6].
In addition, three other issues that have been iden-
tified in relation with ICIs relate to their increase in
cost, side effects, and lack of a prognostic biomarker
to select between ICI therapies [7-9].

In response to the limitation of ICI therapy,
antibody-drug conjugates (ADCs) are a new class
of drugs that are being explored. ADCs use an anti-
body to specifically target proteins overexpressed on
the surface of tumor cells and deliver linked cyto-
toxic drug payloads. As of December 2021, 14 ADCs
have been approved worldwide for the treatment of
hematological malignancies and solid tumors includ-
ing breast cancer and urothelial cancer [10]. Despite
this promise, ADCs to date have not been shown to
be particularly effective in the treatment of RCC.

The objective of our review is to provide a clin-
ically relevant overview of completed and ongoing
clinical trials of ADCs for metastatic RCC, includ-
ing potential future ADC candidates and targets for

metastatic RCC treatment. In addition, we review
future directions in ADC research to address clinical
challenges.

ADC overview

Antibody drug conjugates consist of three distinct
components: an antibody, a linker, and a cytotoxic
payload. There are several different strategies to
select a protein for the antibody to target including
through the use of large expression databases like
GTEx [11]. According to a review by Chia, the most
common linker-toxin used in approved ADCs today is
vedotin (patented in 2003 by Seattle Genetics), while
valine-citrulline-based linkers are also popularly used
[12]. While the cytotoxic payload is the mechanism
of ADC toxicity, the specificity of the targeting anti-
body and stability of the linker is just as important to
prevent systemic distribution of the payload. Akin to
traditional chemotherapy agents, off-target cytotoxic
payloads tend to most affect rapidly dividing tissues,
like those in the GI tract and myeloid cells. How-
ever, different payloads have been associated with
key side effects. For example, monomethyl auris-
tatin F (MMAF), the payload in the drug Enfortumab
vedotin (EV), is specifically associated with ocular
and neurologic toxicity in addition to more general
side effects [13].

Regarding ADCs used today in clinical prac-
tice, Gogia et al reviewed eleven FDA-approved
therapies and the over 100 different compounds in
various stages of clinical development. The first ADC
to receive FDA accelerated approval in 2000 was
Gemtuzumab ozogamicin, which was temporarily
withdrawn in 2010 due to safety concerns based
on a randomized clinical trial and then re-approved
in 2017, but the first ADC for solid tumors was
Ado-Trastuzumab Emtansine (TDM1) approved in
2013 for metastatic HER2-positive breast cancer after
taxane and trastuzumab therapy. Later in 2019 this
approval was extended for single agent adjuvant ther-
apy for patients with residual breast cancer disease
after neoadjuvant trastuzumab therapy based on the
phase III KATHERINE trial [14].

In the field of Urologic Oncology, EV, a Nectin-4
targeting compound with a vedotin linker deliver-
ing a monomethyl auristatin E (MMAE) payload,
was approved in 2019 for locally advanced or
metastatic urothelial carcinoma after PD-1 or PD-
L1 inhibitor and platinum-based chemotherapy. This
initial approval was based on results from a phase
II trial demonstrating an objective response rate of
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44% (12% complete response rate and 32% partial
response rate) with median response duration of 7.6
months [15]. EV’s approval was extended in 2021 to
be used in cisplatin-ineligible patients treated with
at least one other prior therapy. This approval was
further extended in April 2023 for use of first-line
combination EV and pembrolizumab for cisplatin-
ineligible patients. Results from distinct cohorts in
two trials, the combined dose-escalation and phase
1b/2EV-103/Keynote-869 trial, demonstrated objec-
tive response rates up to 68% (95% CI, 59-76%) [ 16,
17]. Results of the phase 3 EV-302 trial were recently
released with impressive overall survival improve-
ments [18]. Additionally, Sacituzumab govitecan is
an ADC previously approved in 2020 for metastatic
triple negative breast cancer that was approved in
2021 for metastatic urothelial cancer based on results
from the phase Il TROPHY trial, which demonstrated
an objective response rate of 27.7% and median PFS
of 5.4 months (95% CI, 3.5 to 7.2 months) [19]. Other
approved ADCs for solid tumors include Mirve-
tuximab soravtansine-gynx for advanced ovarian
cancer, Tisotumab vedotin-tftv for advanced cervical
cancer, and Fam-Trastuzumab deruxtecan-nxki for
advanced HER2-positive gastric cancer. These dif-
ferent therapies highlight the versatility and promise
of ADC-based therapy [20].

MATERIALS AND METHODS

Literature was searched in the MEDLINE database
on important trials and presentations from the ASCO
and ESMO conferences. Our search was restricted to
English language sources that were published since
2010. Key words used included: “renal cell carci-
noma,” “RCC,” “metastatic RCC,” “advanced RCC,”
“antibody-based therapies,” “immunotherapy,” “clin-
ical trials,” and “emerging drugs.” Specifically for
review of ADCs in RCC, the following search string
was used with additional review of bibliographies
from retrieved papers: “((antibody drug conjugate)
OR (antibody-dependent cellular cytotoxicity) OR
(chimeric antigen receptor)) AND ((kidney cancer)
OR (renal cell carcinoma))”.

To identify promising ADC therapeutic targets,
we compiled existing proteogenomic datasets for cc
RCC [21, 22]. We generated volcano plots from nor-
malized protein counts in both datasets to display
differentially expressed proteins (DEPs) in tumors
vs adjacent tissues. We applied thresholds of fold
change >2 and adjusted p value <0.05 to classify
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significant DEPs. We used our in-house surfaceome
database to select proteins with confirmed subcellular
location at the cell surface [23]. The DEPs enriched in
ccRCC from each study were compared using a Venn
diagram to highlight the overlap of proteins identi-
fied in tumors. Finally, the shared surface proteins
were ranked based on their maximal protein abun-
dance in normal tissues using the publicly available
GTEX proteome to highlight putative ADC targets
that have minimal expression in normal tissues [24].

ADC THERAPIES FOR METASTATIC RCC
Unsuccessful ADC RCC Therapies

No ADCs drugs have shown effectiveness to date
in treating RCC (Table 1). Toxicity has been observed
to be a major limitation in ADC trials for RCC.
One example is CDX-014, an ADC targeting the T
cell Immunoglobulin Mucin-1 protein with a valine-
citrulline linker delivering a MMAE payload. The T
cell Immunoglobulin Mucin-1 protein is expressed in
renal ischemia and can be a result of RCC pathogene-
sis [25, 26]. The phase I first-in-human study showed
that of the 16 studied patients that 5 had sustained
stable disease. However, the drug was significantly
limited by toxic side-effects, including 3 episodes of
hyperglycemia, 1 episode of urosepsis, and 1 episode
of multiple organ failure resulting in death [27].

The ADC drug SGN-CD70A was also limited by
its toxicity profile. It was investigated to treat RCC
in a phase 1 first-in-human study by Pal et al. The
authors report that the target protein CD-70 was
overexpressed in 72% of a 283 patient RCC series,
leading to an interest in targeting the protein with
SGN-CD70A, consisting of a peptide-based linker
and the DNA cross-linking Pyrrolobenzodiazepine
dimer compound. However, of the 18 patients with
metastatic RCC in the study, 15 (83%) were found to
have at least a Grade 3 treatment emergent adverse
event (TEAE), most commonly thrombocytopenia,
anemia, and fatigue. In addition to the high rate
of TEAEs, the clinical benefit of SGN-CD70A was
modest with 1 patient having a partial response and
13 having stable disease over the course of the study.
The authors discuss how the TEAEs found in rela-
tion to SGN-CD70A were unexpected given that the
protein is not expressed in megakaryocytes and that
CD70 itself may be involved in platelet destruction
[28], potentially signifying that the TEAEs are related
to ongoing primary metastatic RCC disease [29].
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Table 1
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Failed ADC trials to treat metastatic RCC to date

ADC Target Linker Cytotoxic Trial Phase Trial concern
agent
CDX-014 T-cell Valine-citrulline MMAE 1 Toxicity (of 16 patients, 3 episodes of
Immunoglobulin hyperglycemia, 1 episode of
Mucin-1 protein urosepsis, and one episode of
multiple organ failure resulting in
death)
SGN-CD70A CD-70 Peptide-based Pyrrolobenzodiazepine 1 Toxicity (15/18 patients at least
dimer Grade 3 TEAE)
HKT288 CDH6 Sulfur-based DM4-based 1 Toxicity (2/9 patients with significant
neurotoxicity)
AGS-16C3F ENPP3 Maleimidocaproyl MMAF 2 Lack of PES (3 of 67 patients

remained in treatment group)

HKT288, a CDH6-targeting sulfur-based linker
delivering the tubulin binder DM4 compound was
investigated after the cell-cell adhesion molecule
cadherin-6 (CDH6) was discovered to be enriched
in ovarian and renal cancers from genome-wide dif-
ferential gene expression analysis. The ADC induced
specific and durable tumor regression in ovarian and
renal cancer patient-derived xenograft (PDX) models
[30]. However, the preclinical toxicology did not pre-
dict the neurotoxicity observed in patients in a phase
1 study of HKT288. Of the 9 patients enrolled in
this study, 2 patients developed neurologic adverse
effects, including seizures, aphasia, and encephalopa-
thy which resulted in the premature termination of the
study [31].

While toxicity has been a key limitation for ADCs
in clinical trial, efficacy concerns have also been
shown in a phase II trials of an ADC targeting
the cell-surface marker ectonucleotide pyrophos-
phatase/phosphodiesterase 3 (ENPP3). This marker
initially showed great promise due to its high
surface expression in ccRCC. Comparing ccRCC,
hepatocellular carcinoma (HCC), and colon cancers
samples, elevated ENPP3 expression was most
consistently found in 285 ccRCC samples (93.7%
ENPP3 positive, 83.9% high ENPP3 expression)
[32]. The authors of this study went on to investigate
the ADC-AGSI6F consisting of an anti-ENPP3
antibody conjugated with a maleimidocaproyl linker
to the cytotoxic microtuble-disrupting MMAF agent
in a RCC xenograft model. In this preclinical study,
Donate et al. showed that AGS16F localized to
tumors, formed its active metabolite, and induced
apoptosis as indicated by an increase in blood levels
of a marker of epithelial cell death [33]. A phase II
study by Kollmannsberger et al. went on to compare
the anti-ENPP3 ADC AGS-16C3F to axitinib in pre-
viously treated metastatic RCC patients. 133 patients

were randomized 1:1 to each treatment group with
the primary endpoint of PFS. 26% of patients in
the AFS-16C3F arm had TEAEs of grade three or
higher compared to 45% in the axitinib group. At
time of study cutoff, only 3 of 67 (4.5%) of patients
remained in the ADC treatment group compared to
5 of 66 (7.6%) axitinib group most related to lack of
PFS. Mean PFS was 2.9 months in the ADC group
compared to 5.7 in the axitinib group (Hazard Ratio,
1.7 95% Confidence Interval (1.1-2.5)). Key quali-
fiers to the study were that it included less common
RCC subtypes in both arms, though, the response to
axitinib was equivocal to past studies investigating its
use in exclusively ccRCC cohorts. More troubling for
the ADC, ENPP3 expression was not a limitation as
most tissue samples expressed high level of the anti-
gen. Based on the results of the clinical trial, further
development of AGS-16C3F is not being pursued
[32].

Potential RCC Targets for Future Therapies

In an effort to find a suitable RCC target anti-
gen, two proteogenomic studies in ccRCC have been
performed on a total of 342 ccRCC tumors and
315 normal adjacent tissue [21, 22]. In-house analy-
sis of both studies revealed 64 cell-surface proteins
significantly upregulated in ccRCC compared to nor-
mal adjacent tissue (Fold change > 2 and adjusted p
value <0.05) (Fig. lA-1B). Ranking of cell-surface
proteins based on their expression in normal human
tissue using the GTEx Proteome revealed MMP14,
EGFR, MCT4 and CDH13 as the top 4 surface pro-
teins most expressed in RCC with minimal expression
in normal tissue, thereby representing promising tar-
gets for new antibody-based therapeutics (Fig. 1C)
[24]. Table 2 summarizes the targets reviewed
below.
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Fig. 1. RCC targets for antibody-based therapeutics. A) Volcano plots showing differentially expressed surface proteins from two proteoge-
nomic studies (Qu, Y., et al., Nature Communications, 2022. Clark, D., et al., Cell, 2019) B) Venn diagram showing commonly upregulated
surface proteins in both studies C) Ranking of surface proteins based on their maximal protein abundance in normal tissue using GTEx

proteome with top candidates indicated in bold.

MMPI14

MMP14 (MT1-MMP) is a cell surface metallo-
protease involved in extracellular matrix remodeling,
cancer cell invasion and metastasis formation [34].
Upregulation of MMP14 was significantly positively
correlated with poor survival prognosis in renal clear
cell carcinoma [35]. Further supporting the impor-
tance of MMP14 in RCC pathogenesis is a study by

Petrella et al. which linked the loss of the VHL tumor
suppressor, a causative mechanism for RCC, with
increased MMP14 gene and protein expression [36].
More recently a bicyclic drug conjugate that binds to
MMP14 and is covalently linked to the anti-tubulin
agent DM1 called BT1718 has been developed. Pre-
clinical testing of BT1718 demonstrated effective
killing of NSCLC tumors in vitro and in a PDX model,
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Table 2

Potential RCC Targets for future therapies

Targets Preclinical development Association to RCC

MMP14 BT1718 drug conjugate that binds to MMP14 and is Upregulation of MMP14 was correlated with poor survival
covalently linked to DM1 prognosis in RCC

EGFR Various for different cancers Demonstrated effect in targeted CAR-T Cell therapy

MCT4 AZDO0095 is a potent inhibitor of MCT4. MCT4 mediates lactate export from glycolysis, an energy

pathway highly active in RCC

CA9 Anti-CA9 ADC BAY 79-4620 Highly expressed in ccRCCs

MET Telisotuzumab-vedotin Same target as established RCC drug cabozantinib

CDH13 None to date Relation between CDH13 expression in low grade tumors

B7-H3 (CD276) MGCO18

PSMA Lutetium-177-PSMA-617

and PFS and OS

Demonstrated expression and antitumor activity in vitro and
in xenografts by targeted monoclonal antibody
Demonstrated expression with validated safety profiles in
treatment of prostate cancer

resulting in the progression of BT1718 to clinical
trials [37].

EGFR

Several members of the Human Epidermal Growth
Factor Receptor (EGFR) family have been identified
as therapeutic targets in urologic cancers. A recent
meta-analysis by Sheng et al. pooled 10 studies of
EGFR expression in renal cell carcinoma and showed
a statistical difference between EGFR expression
in RCC tissue compared to controls as well as a
higher EGFR level in patient with metastases [38].
A phase 1 nonrandomized clinical trial investigating
an EGFR-targeting valine-citrulline linker MMAE
ADC, MRGO003, in EGFR-positive advanced refrac-
tory squamous cell carcinomas of the head and neck,
nasopharyngeal cancer, and colorectal cancer showed
19 of the total 61 patients (39%) reported adverse
events grade 3 or greater with objective response
rates of 40%, 55%, and 0%, respectively. While
the drug showed less skin toxic effects compared
to US FDA EGFR-targeting monoclonal antibodies
cetuximab and panitumumab, two deaths linked to
febrile neutropenia related to MMAE were reported
demonstrating the need for careful hematological
monitoring with the drug [39]. Further supporting the
role of EGFR as a target in RCC, Zhang et al. showed
in a mouse model the potential of CAR-T cells tar-
geting EGFR in combination with an established NK
cell line (NK-92) and the TKI cabozantinib. Treat-
ment with cabozantinib promoted increased EGFR
and decreased PD-L1 membrane surface expres-
sion in RCC cells, further enhancing the efficacy of
CAR-NK-92 cells against RCC in vitro and perhaps
suggesting an interesting option to explore in EGFR-
targeting ADCs for RCC [40].

MCT4

MCT4 is a monocarboxylate transporter (MCT)
that complexes with the chaperone molecule CD147
to be expressed on cell surfaces [41]. MCT4 medi-
ates the export of lactate produced from glycolysis,
an energy pathway highly active in RCC [42, 43].
In line with this, there is significant interest in
targeting MCT4 to disrupt glycolysis and induce
apoptosis of RCC cells. MCT4 and MCT1, another
member of the MCT family, were investigated as
part of a study analyzing 180 ccRCC tissue sam-
ples resected at a single hospital between 1996 and
2013. The researchers found high expression levels
in the samples of MCT1 (89/180, 49.4%), MCT4
(143/180, 79.4%), and CD147 (143/180, 79.4%).
High expression of each protein demonstrated a sig-
nificant correlation with PFS, and MCT1 was found
to be an independent factor predicting poorer PES ina
multivariate survival analysis [44]. In support of the
focus on MCT4 as a clinical target, a selective and
potent inhibitor of MCT4, AZD0095, was recently
discovered through a phenotypic drug screen [45].
In a panel of cancer cell lines expressing MCT4,
AZDO0095 had antiproliferative activity as a single
agent. Furthermore, AZD0095 had strong antitumor
efficacy in a mouse xenograft model when combined
with VEGF inhibitors and in an immune compe-
tent murine model when combined with immune
checkpoint inhibitors. To our knowledge, no specific
MCT-ADC are currently being investigated, though,
the MCT isoforms represent an interesting target for
advanced RCC treatment [45].

CDHI3
CDHI13 is a member of the cadherin family
involved in cell-cell adhesion and cellular signal-
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ing [46]. A group led by Shao et al. investigated
whether CDH13 might serve as a target for ccRCC.
The group analyzed 553 ccRCC and 72 normal kid-
ney control samples from The Cancer Genome Atlas
database. The researchers investigated the predictive
value of CDHI13 staining and determined in their
dataset that its expression had an AUC of 0.822
(95% CI: 0.784-0.861) for diagnosing RCC. Inter-
estingly, researchers found an association between
elevated CDH13 expression with lower grade tumors
and better PFS and OS. This relationship suggests
that CDH13 expression may serve as good prognos-
tic indicator and perhaps as a target in treating ccRCC
disease [47].

A few other cell surface proteins have been recently
described as emerging therapeutic targets for RCC
which include Carbonic anhydrase 9 (CA9), MET,
B7-H3 and PSMA.

CA9

CA9 is a well-studied protein associated with
ccRCC [48]. It is upregulated in ccRCC cells and
functions to help maintain a neutral pH in spite
of excess lactic acid production as a by-product of
ccRCC’s reliance on the glycolytic. Tostain et al.
reviewed studies of the CA9 antigen and reported that
it is expressed in 94-97% of ccRCCs samples with
limited expression in other RCC sub-types and no
expression in healthy renal tissue [49-52]. Girentux-
imab is an antibody against CA9 that holds promise
for diagnostic imaging of ccRCC using molecular
PET/CT and theranostics [53, 54].

In 2012, an anti-CA9 valine-citrulline MMAE-
linked ADC (BAY 79-4620) developed by Bayer
HealthCare showed efficacy in in vitro and in vivo
studies with complete responses in several types of
tumors [55]. A safety and tolerability phase I trial
evaluating BAY 79-4620 in patients with advanced
solid tumors was discontinued due to grade 5 adverse
events in two patients (NCT01065623). No other
ADC targeting CA9 is currently being evaluated in
clinical trials.

MET

As mentioned previously when discussing the oral
TKI cabozantinib, the overexpression of the MET
receptor has been implicated in types of advanced
RCC. Telisotuzumab-vedotin (TV) is an ADC cur-
rently being investigated that also targets tissues
overexpressing the MET receptor and delivers the
same linker-microtubule disruptor as EV (vedotin-
MMAE). In the 2018 First-in-Human Phase 1, Dose

Escalation and -Expansion study of TV, 48 patients
with advanced solid tumors were enrolled into eight
cohorts. 8 Patients (17%) experience a TEAEs (grade
>=3), most commonly fatigue, anemia, neutropenia,
and hyperalbuminemia [56]. While the results of this
study were designed to evaluate toxicity and response
for non-small cell lung cancer, the shared pathway
of targeting the MET receptor may lead TV to be
investigated for use specifically in advanced RCC.

B7-H3 (CD276)

MGCOI18 is a preclinical ADC targeting B7-H3
with a valine-citrulline link DNA alkylating duo-
carmycin agent, a protein overexpressed in many
cancers [57]. Specifically in RCC, B7-H3 expression
was found in only 17.4% of 743 tumors but in 95.1%
of associated tumor vasculature samples. There was
an association between increasing B7-H3 expression
and adverse clinical outcomes with a retrospective
finding that its expression independently predicted
disease progression and cancer specific deaths [58].
Another study demonstrated in vitro and xenograft
anti-RCC activity by B7-H3 monoclonal antibodies
with no adverse effects noted in a safety assessment
with 5 administrations over 4 weeks in cynomolgus
monkeys [59]. These studies support the role of inves-
tigating B7-H3 targeting ADCs for possible treatment
of advanced RCC.

PSMA

Prostate-specific membrane antigen (PSMA) is a
transmembrane glycoprotein highly expressed on the
surface of prostate cancer epithelial cells. Despite
the specificity implied by its nomenclature, PSMA
is also expressed in the vasculature of other types
of tumors, including RCC. More specifically Bac-
cala et al. reported positive PSMA staining in
tumour-associated neovascular cells in 76.2% of
ccRCC, 31.2% of chromophobe RCC, 52.6% of
renal oncocytoma, and 21.4 % of transitional RCC
[60, 61]. To date, there have been more than a
dozen antibodies that target PSMA developed for the
treatment of prostate cancer, such as the Lutetium-
177-PSMA theranostic [62]. With validation of
safety in trials for prostate cancer, this theranos-
tic may be explored in the future for advanced
RCC.
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FUTURE DIRECTIONS IN ADC
RESEARCH

A recent review by Mahmoud et al. discussed four
key challenges to the use of antibody-based thera-
peutics: On-Target Off-Tumor Cytotoxicity, Tumor
Heterogeneity, Circulating Molecular Decoys, and
Tumor Uptake [63]. These concepts also apply to
ADCs with some specific considerations.

It is estimated that approximately 0.1% of ADC
dose administered accumulates at the target site, leav-
ing the vast majority of drug in circulation [64].
Limited tumor uptake can lead to longer retention
in blood resulting in antigen-independent uptake of
ADC by blood cells and healthy tissues, such as
lungs, and premature release of cytotoxic payloads
or inflammatory responses. When considering toxic-
ity, the main benefit of ADCs is the ability to deliver
higher doses of cytotoxic compounds directly to
pathologic tissues as opposed to standard chemother-
apy. However, side effects observed in trials show that
whether due to linkage dissolution or “on-target off-
tumor toxicity”, some of the cytoxic payload is being
delivered to non-pathologic tissues. The evidence of
this is important to consider for individual drugs as
well as when evaluating whether certain ADCs can be
used together given the profile of their cytotoxic pay-
loads. For example, administering two ADCs with
MMAF or MMAE payloads at their standard dosing
may significantly increase neurologic side effects [65,
66]. Regarding combinations with ICI therapy, data
from early breast cancer trials have not shown signif-
icant interactions between the two therapies, owing
to the different mechanisms of how the drug classes
operate [67]. Efforts to improve toxicity of ADCs
include research into miniaturized ADCs formed with
payloads coupled to single chain region fragment
(scfv) or monomeric antibody fragments to improve
payload delivery within tumors and reduce retention
in blood [68, 69].

Another important concept discussed by Mahalin-
gaiah et al. is ADC payload release and the bystander
effect. This concept describes how antigen-negative
cells can be affected by residual cytotoxic payloads
accumulating from premature release or from spilling
of killed antigen-positive cells that have internal-
ized an ADC. This feature enables the destruction
of surrounding antigen-negative tumor cells and is
especially beneficial in the treatment of tumors with
heterogeneous expression of the target. Supporting
the importance of the bystander effect, Mahmoud
et al. summarized the phenotypical differences that

can occur in a primary tumor (intratumoral hetero-
geneity) as well as primary and metastatic tumors
(intertumoral heterogeneity) due to different environ-
mental and treatment related interactions [63, 70-73].
Another important consideration of the bystander
effect is payload cell membrane permeability. Ogi-
tani et al. compared the association between ADCs
with different membrane permeability and the effects
on in vitro heterogenous tumors and found that pay-
loads need to be able to cross the cell membrane for
the bystander effect to occur [74, 75]. Thus, non-polar
payloads that can be released from ADCs by a cleav-
able linker are better equipped to produce a bystander
effect than their polar counterparts. An important sec-
ondary finding to their study regarding the safety
concerns of the Bystander effect was that antigen-
negative killing was limited to tumor adjacent cells
rather than diffusely throughout the body [75]. While
the bystander effect can possibly lead to toxic side
effects for antigen-negative normal tissue, it repre-
sents an opportunity that should be leveraged in vivo
to combat tumor heterogeneity.

Recent evidence highlights the therapeutic poten-
tial of ADCs with multiple payloads to overcome
drug resistance. Levengood et al. demonstrated the
efficacy of dual-payload ADCs in vivo, and Yamazaki
et al. extended on this work by comparing the use
of a dual-drug ADC against co-administered single-
drug ADCs in the treatment of breast cancer [76, 77].
They first used in vitro and PDX studies to investi-
gate the toxicity profile and to tune their dual-payload
ADC. Then, they investigated its use in in vivo using
mice models. They found that the dual-payload ADC
resulted in complete remission at some doses, while
the co-administered ADCs did not demonstrate sim-
ilar efficacy. Two important findings suggested by
their results are: 1) co-administration of ADCs tar-
geting the same antigen may be ineffective due to
receptor saturation and 2) payloads may demonstrate
better efficacy working in concert with each other.
These results represent further areas of research on
how to leverage the remarkable flexibility of ADCs
to improve efficacy and minimize toxicity.

CONCLUSIONS

Medical therapy for metastatic RCC has under-
gone several paradigm shifts beginning with cytokine
therapy to now consisting of mainly combination
checkpoint inhibitor-based therapies. Primary and
secondary treatment resistance are key obstacles for
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current treatments with several promising break-
throughs being researched that may further change
the therapeutic landscape. While ADCs therapeutics
have not shown benefit to date for renal cell carci-
noma compared to other solid organ tumors, there
are ample promising candidates and targets for future
research.
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