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ABSTRACT
Resiquimod (R848) and motolimod (VTX-2337) are second-generation experimental derivatives of imiqui
mod, an imidazoquinoline with immunostimulatory properties originally approved by the US Food and 
Drug Administration for the topical treatment of actinic keratosis and genital warts more than 20 years 
ago. Both resiquimod and motolimod operate as agonists of Toll-like receptor 7 (TLR7) and/or TLR8, in 
thus far delivering adjuvant-like signals to antigen-presenting cells (APCs). In line with such an activity, 
these compounds are currently investigated as immunostimulatory agents for the treatment of various 
malignancies, especially in combination with peptide-based, dendritic cell-based, cancer cell lysate-based, 
or DNA-based vaccines. Here, we summarize preclinical and clinical evidence recently collected to support 
the development of resiquimod and motolimod and other TLR7/TLR8 agonists as anticancer agents.
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Introduction

Immunotherapy with immune checkpoint blockers (ICBs) 
such as ipilimumab, which targets cytotoxic T lymphocyte- 
associated protein 4 (CTLA4), as well as nivolumab and pem
brolizumab, both of which target programmed cell death 1 
(PDCD1, best known as PD-1), has literally revolutionized 
the clinical management of a variety of tumors, including 
(but not limited to) melanoma, nonsmall cell lung carcinoma 
(NSCLC) and urothelial carcinoma, and it holds promise to 
benefit an even higher amount of patients, either alone or in 
the context of combinatorial regimens, over the next few 
years.1-8 Nonetheless, attention on alternative immunothera
peutic approaches has remained high, at least in part reflecting: 
(1) the relatively small fraction of patients responding to ICBs 
employed as single agents;9-11 (2) the considerable side effects 
associated with some ICBs, especially when combined with 
each other;12-15 and (3) the economic burden of ICB-based 
immunotherapy.16,17 Besides monoclonal antibodies that oper
ate as agonists of co-stimulatory receptors on immune effector 
cells,18-20 such immunotherapeutic agents include small mole
cules that trigger Toll-like receptor (TLR) signaling,21-29 de 
facto providing antigen-presenting cells (APCs) such as den
dritic cells (DCs)30-32 with adjuvant-like, maturation signals 
that support the initiation of anticancer immunity (rather 
than tolerance).22,33-38

TLRs are evolutionary conserved pattern recognition recep
tors (PRRs) localized at the cell surface or in endosomal com
partments, and act as key mediators of innate immunity.26,39-43 

As a family, TLRs play a crucial role in ensuring a first line of 
defense against pathogens, largely based on their ability to 
respond to conserved microbial structures commonly referred 
to as microbe-associated molecular patterns (MAMPs) by initi
ating the secretion of bioactive factors including numerous 
cytokines.40,44-47 Alongside this pristine antimicrobial func
tion, TLRs also respond to a number of endogenous cues 
commonly referred to damage-associated molecular patterns 
(DAMPs), which are critical for the detection of cell stress and 
death as immunogenic in sterile conditions.48-52 As of today, 
no less than 13 TLRs have been identified in mammals (10 in 
humans),43,53 each of which exhibits (at least some) degree of 
specificity for selected MAMPs or DAMPs.43,53,54 Thus, while 
bacterial lipopolysaccharide generally operates as a mixed 
TLR2/TLR4 agonist,55-58 CpG-rich oligodeoxynucleotides 
initiate immune signaling upon binding to TLR9.59-61 

However, while surface-exposed TLRs (i.e., TLR1, TLR2, 
TLR4, TLR5, TLR6, and TLR10) as a group recognize a panel 
of chemical entities, including (but not limited to) proteins, 
lipoproteins, and lipopolysaccharides, endosomal TLRs (i.e., 
TLR3, TLR7, TLR8, TLR9), generally respond to (both micro
bial and endogenous) nucleic acids.21,24,62 In this setting, TLR 
signaling is largely governed by ligand (1) availability, (2) 
localization, and (3) structure.43,63 On activation, all TLRs but 
TLR3 signal via a molecular mechanism involving MYD88 
innate immune signal transduction adaptor (MYD88), which 
culminates in the NF-κB-dependent or interferon regulatory 
factor 3 (IRF3)-dependent secretion of pro-inflammatory 

CONTACT Oliver Kepp captain.olsen@gmail.com; Guido Kroemer kroemer@orange.fr Equipe labellisée par la Ligue Contre le Cancer, Université de Paris, 
Sorbonne Université, INSERM UMR1138, Centre de Recherche des Cordeliers, Paris, France

ONCOIMMUNOLOGY                                        
2020, VOL. 9, NO. 1, 1–10 
https://doi.org/10.1080/2162402X.2020.1796002

© 2020 The Author(s). Published with license by Taylor & Francis Group, LLC. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://orcid.org/0000-0002-3749-2171
http://orcid.org/0000-0001-8010-0594
http://orcid.org/0000-0003-2257-8500
http://orcid.org/0000-0002-9334-4405
http://orcid.org/0000-0002-6081-9558
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/2162402X.2020.1796002&domain=pdf&date_stamp=2020-07-21


cytokines.64-66 Conversely, TLR3 obligatorily drives cytokine 
synthesis via toll like receptor adaptor molecule 1 (TICAM1, 
best known as TRIF).67,68

Over the past two decades, the potent immunostimulatory 
effects of TLRs have spurred efforts aimed at the development of 
TLR agonists as anticancer agents, especially (but not exclusively) 
for use as immunological adjuvants to DC-based,69-71 peptide- 
based,72,73 or DNA-based therapeutic vaccines.73,74 TLR7 and 
TLR8, which respond to single-stranded RNA rich in uridine 
and guanosine have been considered as promising targets in this 
sense, at least in part reflecting the notion that the TLR7 agonist 
imiquimod has been approved for use as topical standalone 
agents in subject with actinic keratosis and genital warts as 
early as in 1997.75,76 In this context, two imiquidazoline deriva
tives of imiquimod, namely resiquimod (a mixed TLR7/8 agonist 
also known as R848) and motolimod (a TLR8 agonist also known 
as VTX-2337) have been shown to mediate promising immu
nostimulatory activity in a variety of preclinical models,77,78 

including models of anticancer immunotherapy.79,80 However, 
neither of these agents has yet been approved by regulatory 
agencies for use in cancer patients. Along similar lines, a few 
third-generation TLR7/TLR8 agonists has entered clinical devel
opment for the treatment of viral infection or cancer based on 
promising preclinical results, including PF-4878691, BDC-1001, 
LHC165, NKTR-262, TQ-A3334, RO7119929, DSP-0509, 
BNT411, and NJH39581-91 However, none of these molecules 
has obtained regulatory approval for use in humans so far.

Here, we summarize recent preclinical and clinical data on 
the ability of these TLR7 and/or TLR8 agonists to (re)instate 
anticancer immunosurveillance, as we delineate the current 
portfolio of clinical trials testing resiquimod and motolimod 
in patients with cancer.

Recent preclinical developments

Since the publication of the latest Trial Watch dealing with 
experimental TLR7/TLR8 agonists for cancer therapy 
(October 2018),92 a number of preclinical studies on this 
topic have been published or presented at major international 
conferences on cancer (immune)therapy. We found the follow
ing selected reports of particular interest.

Masud Alam and collaborators (National Cancer Institute, 
Frederick, MD, USA) showed that the TH1-polarizing alarm 
high mobility group nucleosome binding domain 1 (HMGN1) 
and resiquimod synergize at driving the functional maturation 
of human monocyte-derived DCs (MoDCs) and mouse bone 
marrow-derived DCs (BMDCs),93 which is accompanied by 
NF-κB activation,92 upregulation of DC surface proteins 
including CD80, CD83, CD86, and HLA-DR, and production 
of pro-inflammatory cytokines such as interleukin (IL)-12, IL- 
1β, and tumor necrosis factor (TNF).92 Moreover, HMGN1 
and resiquimod were found to synergize at triggering the 
nuclear translocation of interferon regulatory factor 3 (IRF3) 
and IRF7,92 and hence at driving the secretion of type I IFN 
from DCs.92 Consistently, transcriptomic studies of human 
MoDCs revealed that the combination of HMGN1 and resi
quimod synergistically upregulate the expression of genes 
involved in DC maturation and the polarization of immune 
responses toward a TH1 profile.92

Ryan et al. (Washington State University, Pullman, WA, 
USA) developed an enzyme-directed immunostimulant (EDI) 
prodrug of resiquimod, which can be metabolized to the active 
drug by cancer cells and ultimately released into the tumor 
microenvironment to mediate immunostimulatory effects.94 

This agent exhibited immunostimulatory activity in a panel 
of transplantable mouse models of melanoma (B16 cells), 
prostate carcinoma (TC2 cells), and breast carcinoma (4T1 
cells).94 Lu and colleagues (University of Kansas, Lawrence, 
KS, USA) tested yet another prodrug-based nanocarrier deliv
ery system for resiquimod.92 Specifically, resiquimod was 
linked with α-tocopherol to generate a prodrug that was 
further modified with hyaluronic acid into a polymeric nano- 
suspension (HA-Toco).92 In vitro studies demonstrated that 
this delivery system prolongs the kinetics of resiquimod release 
while maintaining its immunostimulatory activity.92 When 
administered subcutaneously to rabbits, the nano-suspension 
formed a depot at the injection site, inducing localized immune 
responses without systemic expansion. This formulation also 
suppressed the growth of oral squamous cell carcinoma 
(OSCC) AT84 cells growing in immunocompetent syngeneic 
C3 H mice, correlating with the recruitment of CD8A+ and 
CD11b+ immune cells to the tumor bed.92 Finally, HA-Toco 
induced a 67% response rate (three partial remissions and one 
complete remission) in dogs spontaneously developing mast 
cell tumors.92 Lu and coauthors (Tianjin University, Tianjin, 
China) designed nanoparticles (NPs) based on polydopamine 
(PDA) loaded with resiquimod and a fluorescent agent that can 
be released by photothermal therapy, which they dubbed PDA- 
PEG-R848-CD NPs.95 Upon exposure to photothermal ther
apy, this nanomedicine not only was able to eradicate mouse 
4T1 mammary tumors established in immunocompetent 
BALB/c mice but also prevented metastatic dissemination to 
the lungs and liver and mediated abscopal effects92 on distant, 
nonirradiated lesions, suggesting a potential for combination 
with ICBs.95

Liu and collaborators (Southern Medical University, 
Guangzhou, China) found that resiquimod reversed the inhibi
tory effect of oxaliplatin, an immunogenic chemotherapeutic 
agents commonly employed for the therapy of colorectal 
carcinoma,92 on the differentiation of myeloid-derived suppres
sor cells (MDSCs) into M1-like macrophages,92 and enhanced 
its cytotoxic effect on malignant cells to limit the growth of 
mouse colorectal carcinoma CT26 cells in vivo.92 Along similar 
lines, Rodel et al. (Harvard Medical School, Boston, MA, USA) 
identified resiquimod as a potent driver of M1 macrophage 
polarization in a morphometry-based screen for drugs capable 
to reeducate macrophages, and showed that resiquimod-loaded 
β-cyclodextrin nanoparticles (CDNP-R848) efficiently deliver 
resiquimod to tumor-associated macrophages (TAMs) in 
C57BL/6 mice bearing MC38 colorectal tumors.92 Moreover, 
CDNP-R848 altered the functional orientation of TAMs toward 
an M1 phenotype in vivo, culminating only with a decrease in 
tumor growth but also with the establishment of long-term 
immunological memory.92 Taken together, these results suggest 
that chemoresistance to oxaliplatin might arise from the sup
pression of M1 differentiation in the tumor microenvironment, 
and that resiquimod constitutes a promising immunological 
adjuvant for oxaliplatin-based chemotherapy.
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Michaelis and colleagues (Oregon Health & Science 
University, Portland, OR, USA) showed that resiquimod 
induces antitumor responses and attenuates cachexia in syn
geneic orthotopic murine models of pancreatic ductal adeno
carcinoma (PDAC).92 This study revealed that resiquimod acts 
on both the host and the tumor to enable disease control. In 
particular, behavioral and molecular phenotyping on tumor- 
bearing mice delineated a resiquimod-mediated decrease in 
manifestations of cachexia,92 resulting in a nearly doubled 
overall survival for tumor-bearing mice.92 Moreover, tumors 
arising from two out of three PDAC cell lines responded to 
resiquimod with a decrease in growth and an increase in 
immune complexity, an increase in CD8+ T-cell infiltration 
and a decrease in the intratumoral frequency of 
CD4+CD25+FOXP3+ regulatory T (TREG) cells.92 Finally, stro
mal (not neoplastic) TLR7 was a prerequisite for resiquimod 
responses, which is in line with TLR7 expression by stromal 
but not epithelial tissue from patient samples.92 These data 
point to the possibility that resiquimod may be useful for the 
treatment of cachexia in patients with PDAC.

Mullins and collaborators (AstraZeneca Ltd, Cambridge, 
UK) harnessed quantitative methods including mass spectro
metry imaging to demonstrate that the lipophilic TLR7/8 ago
nist MEDI9197 (also known as 3 M-052) is retained at the 
injection site in mouse bearing syngeneic B16-OVA melanoma 
cells, resulting in limited systemic exposure.92 MEDI9197 
injection led to promoted a TH1 polarized immune response 
accompanied by activation of natural killer (NK) and CD8+ 

T cells,96 secretion of a broad range of cytokines including type 
I IFN, IL-12 and interferon gamma (IFNG) and inhibition of 
tumor growth.92 These beneficial effects could be further 
boosted by the co-administration of immunostimulatory 
antibodies92 specific for TNF receptor superfamily member 4 
(TNFRSF4, best known as OX40) and TNFRSF18 (best known 
as GITR).92

Yosuke et al. (Sumitomo Dainippon Pharma Co., Ltd, 
Osaka, Japan) showed that DSP-0509 delivered i.v. efficiently 
controls the growth of mouse tumors with high mutational 
burden, robust CD8+ T cell infiltration and a globally inflamed 
microenvironment, such as colorectal carcinoma CT26 cells, 
but not tumors with low mutational rates, limited T-cell 
recruitment, and a globally suppressive microenvironment, 
such as mammary carcinoma 4T1 cells.97 Conversely, the 
combination of DSP-0509 with ICBs targeting CTLA4 or PD- 
1 was effective in both models, consistent with an increased 
expression of genes linked to immune effector functions like 
IFNG, and a decreased in immunosuppressive cell populations 
including neutrophils and polymorphonuclear MDSCs.97 This 
study suggest that DSP-0509 can be employed to convert 
immunologically “cold,” ICB-resistant tumors into immuno
logically “hot” lesions that respond to ICBs.

Finally, Ackerman et al. (Bolt Biotherapeutics, Redwood 
City, CA, USA) developed an immune-stimulating antibody 
conjugate (ISAC) composed of a TLR7/8 agonist conjugated to 
a tumor-targeting monoclonal antibody.98 Cocultures of 
human leukocytes and cancer cell lines demonstrated that 
this ISAC can activate APCs, resulting in upregulation of 
costimulatory molecules, secretion of proinflammatory cyto
kines, as well as effector functions such as antibody-dependent 

cellular cytotoxicity (ADCC) and antibody-dependent cellular 
phagocytosis (ADCP).98 Moreover, in syngeneic tumor mod
els, ISAC administration mediated robust therapeutic effects 
coupled to the establishment of immunological memory.

Altogether, these studies suggest that considerable efforts 
are currently being dedicated to the development of delivery 
platform for TLR7/TLR8 agonists that enable robust local 
activity in the absence of systemic exposure.

Completed clinical trials

Since the publication of the latest Trial Watch dealing with 
TLR7/TLR8 agonists (October 2018),92 the results of only two 
clinical studies testing these agents for the treatment of cancer 
patients have been published in the peer-reviewed literature.

Topical resiquimod has been tested as a standalone thera
peutic intervention in 217 patients with actinic keratosis, 
a common precancerous lesion of the skin that is linked to 
excessive sun exposure,78,99,100 with the purpose of determin
ing optimal dose with respect to efficacy, safety and tolerability 
(NCT01583816).92 Patients were randomize to daily 0.01% or 
0.03% resiquimod cream in five different treatment schedules 
until skin erosion or up to 8 weeks. Complete clinical clearance 
was obtained in up 56% to 85% of patients, depending on study 
group, with maximal efficacy being observed among individual 
receiving the 0.03% formulation.92 One hundred and twenty- 
eight patients experience treatment-related adverse effects 
(TRAEs), the majority of which was mild.92

Motolimod has been tested as an adjuvant to cytotoxic che
motherapy in a Phase 2 clinical trial enrolling 195 adults with 
histologically confirmed recurrent or metastatic head and neck 
squamous cell carcinoma (HNSCC) (NCT01836029).101,102 In 
this setting, motolimod was well tolerated but failed to improve 
the therapeutic activity of the so-called “EXTREME” regimen,102 

consisting of a platinum derivative (generally carboplatin or 
cisplatin),103-107 fluorouracil and cetuximab108-110 However, 
patients with human papillomavirus (HPV)+ tumors as well as 
individuals experiencing injection site reactions upon motoli
mod administration experience improved disease outcome in 
response to the combinatorial regimen,102 suggesting that this 
approach could at least benefit specific subsets of HNSCC 
patients.

The limited number of original reports on clinical studies 
investigating TLR7 and TLR8 agonists for cancer therapy 
points to a somehow decreased interest in this therapeutic 
paradigm, potentially linked to the emergence of other promis
ing immunotherapeutic agents including ICBs,2,4 oncolytic 
viruses,111,112 and CAR T cells.113,114

Ongoing clinical trials

Since the submission of the latest Trial Watch dealing with this 
topic (October 2018),22 only 10 clinical studies involving the 
administration of TLR7 (6 studies), TLR8 (2 studies), or mixed 
TLR7/TLR8 (2 studies) agonists to cancer patients have been 
initiated (Table 1) (source https://www.clinicaltrials.gov).

At least 6 different TLR7 agonists other than resiquimod have 
recently entered clinical development. Thus, the tolerability, 
safety, pharmacodynamics, pharmacokinetics, and preliminary 
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activity profile of RO7119929 administered as standalone ther
apeutic intervention are being evaluated in patients with unre
sectable advanced or metastatic hepatocellular carcinoma 
(HCC), biliary tract cancer, or other solid tumors with predo
minant liver involvement and metastases (NCT04338685). 
Similarly, the erb-b2 receptor tyrosine kinase 2 (ERBB2, best 
known as HER2)-targeted TLR7 agonistic ISAC NJH395115,116 is 
being tested as monotherapy in patients with nonbreast HER2+ 

advanced solid neoplasms (NCT03696771). Along similar lines, 
the HER2-targeted TLR7/TLR8 mixed agonist ISAC BDC-1001 
is being evaluated in a first-in-human trials enrolling individuals 
with HER2+ breast and gastric carcinoma (NCT04278144). This 
study is planned over four distinct phases aiming at: identifying 
the maximum tolerated dose (MTD) of BDC-1001 as mono
therapy (phase 1) or combined with the PD-1 blocker pembro
lizumab (phase 2), and testing preliminary efficacy of BD-1001 
as standalone intervention (phase 3) or in combination with 
pembrolizumab (phase 4).

The Phase I/IIa dose-escalation clinical trial NCT04101357 is 
assessing the efficacy, pharmacodynamics, pharmacokinetics and 
safety of BNT411, a novel TLR7 agonist, either given as 
a monotherapy in individuals affected by advanced solid tumors 
or administered in combination with the PD-L1-targeted ICB 
atezolizumab,3,117-119 carboplatin and etoposide120,121 in patients 
with chemotherapy-naïve extensive-stage small cell lung cancer 
(ES-SCLC). The synthetic TLR7 agonist DSP-0509 is being inves
tigated for pharmacokinetic profile, tolerability, and safety upon 
intravenous administration as monotherapy or combined with 
pembrolizumab,122-124 in adults with advanced solid malignancies 
(NCT03416335). Similar approaches under clinical testing involve 
the hitherto experimental PD-1-targeting agent spartalizumab 
(also known as PDR001)125-128 and the TLR7 agonistic benzo
napthyridine LHC165,92 (NCT03301896), the PD-1-specific ICB 
nivolumab and the mixed TLR7/TLR8 agonist NKTR-262,129 

(NCT03435640), as well as nivolumab and motolimod 
(NCT04272333, NCT03906526). NCT03301896 consists of four 
dose escalation-phases followed by two expansion phases and is 
expected to include approximately 206 patients with advanced or 
metastatic solid tumors. In the context of NCT03435640, patients 
suffering from advanced solid neoplasms are planned to receive 
NKTR-262 in combination with NKTR-214 (a genetically engi
neered version of IL-2 specifically targeted to interleukin 2 recep
tor subunit beta, IL2RB)130 ± nivolumab. NCT04272333 aims at 
exploring the therapeutic profile and immunogenicity of nivolu
mab plus motolimod delivered i.t. in microdoses131-134 to patients 
with HNSCC. Finally, the pharmacokinetics, tolerance, effective
ness, dose-limiting toxicity (DLT) and MTD of the highly selective 
TLR7 agonist TQ-A3334 are being assessed in the dose-escalation 
/expansion study NCT04273815. In this setting, patients with 
NSCLC will TQ-A3334 p.o. as monotherapy or in combination 
with the multitarget receptor tyrosine kinase inhibitor 
anlotinib.135-137

The status of the following clinical trials discussed in our 
previous Trial Watches dealing with TLR7 and TLR8 agonists,22 

has changed during the past 20 months: NCT00960752 which is 
now listed as “Active, not recruiting”; NCT00821652, 
NCT00948961, NCT01294293, NCT01334177, NCT01583816 
and NCT01748747 which are listed as “Completed”; as well as 
NCT02124850, NCT02650635, NCT01094496, NCT01808950, 

and NCT01289210, which have been “Terminated”, due to spon
sor request (NCT02650635), slow enrollment (NCT01094496 and 
NCT01289210) or safety issues (NCT01808950) (source https:// 
www.clinicaltrials.gov/). To the best of our knowledge, the results 
of the aforementioned completed trials have not been released yet, 
with the exception of NCT01583816 and NCT01836029 (see 
above).

Concluding remarks

In conclusion, the development of resiquimod, motolimod and 
other TLR7/TLR8 agonists as immunostimulatory agents for use 
in cancer patients appears to stand at an impasse, at least in part 
reflecting the disappointing results obtained in recent clinical 
tests. It is tempting to speculate that the limited clinical success 
of therapeutic cancer vaccines adjuvanted with TLR7/TLR8 ago
nists may not (entirely) originate from suboptimal TLR stimula
tion, but rather reflect limitations that are intrinsic to DC-based, 
peptide-based, and DNA-based vaccines (Figure 1).138,139 The 
identification of therapeutic strategies that circumvent resistance 
mechanisms such as antigen or beta-2-microglobulin (B2 M) 
loss,140,141 the robust immunosuppressive circuitries that char
acterize most solid tumors,142-144 as well as the loss of key 
proteins that underlie cancer cell sensitivity to immune effectors, 
such as caspase 8 (CASP8) and Janus kinase 2 (JAK2),145,146 may 
therefore pave the way to novel approaches that will ultimately 
benefit from TLR7/TLR8 agonism. Additional work in this sense 
is urgently awaited.

Figure 1. Current obstacles against the development of efficacious TLR7/ 
TLR8 agonists for cancer therapy. Besides being hampered by specificity issues, 
the translation of currently available TLR7/TLR8 agonists to the clinic is limited by 
incomplete data on optimal delivery routes and administration schedules, as well 
as by the intrinsic issues associated with therapeutic cancer vaccines.
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Abbreviations

ADCC Antibody-dependent cell-mediated cytotoxicity
ADCP Antibody-dependent cellular phagocytosis
AK Actinic keratosis
APC Antigen presenting cell
DAMP Damage-associated molecular pattern
DC Dendritic cell
DLT Dose-limiting toxicity
HNSCC Head and neck squamous cell carcinoma
HPV Human papilloma virus
HSV Herpes simplex virus
ICB Immune checkpoint blocker
IFN Interferon
IL Interleukin
ISAC Immune stimulating antibody conjugate
MAMP Microbe-associated molecular pattern
MTD Maximum tolerated dose
PLD Pegylated liposomal doxorubicin
PRR Pattern recognition receptor
TLR Toll-like receptor
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