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ABSTRACT

Skin cancers are among the most physically accessible malignancies, so local delivery of a medication into
the tumor, so-called intratumoral therapy, is an appealing route of drug administration. Intratumoral
therapies have the potential to increase local drug concentration and/or attract immune cells to the local
tumor microenvironment, possibly with fewer systemic side effects. A wide array of intratumoral agents
have been studied to date in patients with advanced melanoma, including chemotherapeutic drugs,
immune modulating agents, and cancer-directed vaccines. In this review, we will summarize the key pre-
clinical and clinical data supporting the use of intratumoral therapy for advanced unresectable and

ARTICLE HISTORY
Received 14 December 2020
Revised 25 January 2021
Accepted 9 February 2021

KEYWORDS

Intratumoral; intralesional;
melanoma; in situ
vaccination

metastatic melanoma. First, we will discuss the history of intratumoral immunotherapy for the treatment
of melanoma and the various agents studied to date. Second, we will explore how intratumoral therapies
can constitute an in situ vaccine, potentially leading to disease control both locally and systemically.
Finally, we will highlight opportunities in the field and key future directions.

Introduction

There have been dramatic improvements in the treatment of
melanoma over the last two decades. Previously, cytotoxic
chemotherapy was the mainstay of treatment, but more
recently systemic immune therapy and targeted therapies
have significantly improved the treatment options for patients
with advanced melanoma. While some patients derive marked
benefit from these therapies, there is still a substantial number
of patients who do not respond, develop treatment resistance,
or experience serious toxicities with these therapies. Therefore,
novel treatment strategies are still needed.

An alternative emerging treatment strategy has been pro-
posed is to administer drugs directly into the tumor, a drug
delivery strategy termed “intratumoral” or “intralesional” ther-
apy. Melanoma lesions are typically cutaneous and have
a propensity for cutaneous/subcutaneous spread, providing
a unique opportunity for direct injection of tumors. This
route of drug administration has the potential to increase
local drug concentrations, stimulate a local immune response,
and decrease systemic toxicity. It is possible that intratumoral
treatment can induce a systemic immune response, causing
regression of both injected and non-injected lesions.
Moreover, it is possible that the administration of intratumoral
treatment can enhance systemic treatment response when
administered in conjunction with other systemic therapies.

To better understand the potential impact of intratumoral
therapy, it is important to discuss recent advances in our under-
standing of the tumor microenvironment (TME). The TME is
defined as the local environment around a tumor, including the
proliferating tumor cells, the tumor stroma, blood vessels, infil-
trating inflammatory cells, and the surrounding tissues.' Innate
immune cells such as dendritic cells as well as adaptive immune

cells such as CD8+ and CD4 + T cells respond to pathogen-
associated molecular patterns (PAMPs) and damage-associated
molecular patterns (DAMPs) in the vicinity of the tumor and
recruit other immune cells.”™® Tumor infiltrating lymphocytes
(TILs) in the TME can also initiate a positive feedback loop,
secreting cytokines such as Interferon-yand Interleukin-12 (IL-
12) to help recruit effector T cells.” Indeed, the presence of TILs is
associated with improved clinical response to immunotherapy.®
Thus, the ability to directly inject drugs that impact the TME is an
appealing strategy.

The TME can be classified into three broad categories based
on human and preclinical mouse model data.” The TME most
unresponsive to immune therapy is termed “immune
excluded”; these tumors have various immune cells but no
CD8+ cells and what few CD8+ cells exist are located at the
periphery. These immune-excluded TMEs are seen in epithelial
cancers such as colorectal carcinoma'® and pancreatic adeno-
carcinoma but also in some instances of melanoma.
The second category is the “immune-infiltrated” TME, where
there are plentiful CD8+ cells expressing checkpoint molecules
such as PD-1 and CTLA4."" This category is often sensitive to
PD-1 therapy and comprises many melanomas as well as
microsatellite instability (MSI) high colorectal cancers. The
third subtype, which is a type of immune infiltrated TME,
has histological evidence of tertiary lymphoid structures
(TLSs), lymphoid aggregates whose cellular composition is
similar to that in lymph nodes. TLSs are often, but not always,
correlated with a positive prognosis.'* Similar to lymph nodes,
TLSs can contain a substantial diversity of lymphocytes,
including naive and activated conventional T cells, regulatory
T (Treg) cells, B cells and dendritic cells (DCs)."? TLSs are
generally present at the invasive tumor margin and in the
stroma. They are thought to act as sites of lymphoid
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recruitment and immune activation that are typically formed
in the setting of enhanced inflammation, such as after admin-
istration of an autologous tumor vaccine.'

In this review, we review intratumoral strategies studied to
date, including the use of intralesional chemotherapy, oncoly-
tic viruses, immunotherapy, and combination strategies. Then,
we discuss the possibility of in situ vaccination as a treatment
strategy for the treatment and prevention of metastatic malig-
nancy. Finally, we discuss challenges and opportunities in the
field of intratumoral therapies for the treatment of melanoma.

Intratumoral strategies
Intralesional chemotherapy and electrochemotherapy

The accessibility of cutaneous metastatic and in-transit mela-
noma lesions led to the hypothesis that these malignancies
could be treated using intralesional therapies. Metastatic mel-
anoma was originally treated with cytotoxic chemotherapy, so
naturally antineoplastic and cytotoxic drugs were the first to be
tested as intratumoral therapies. One of the earliest agents
studied was 10% Rose Bengal, also known as PV-10. In murine
models, intratumoral administration of PV-10 caused an
immune-recruiting response that leads to enzymatic cell
death, although the precise mechanism of action was
unclear.”” In vivo trials in humans demonstrated that PV-10
has a dose-dependent response in both target and non-target
(non-injected) lesions.'®'” However, subsequent work sug-
gested that the response rate is short, with a median lesion-
based response duration of 4.0 months,'” so the clinical utility
of this agent has been questioned.

Since many chemotherapy agents cannot adequately pene-
trate tumor cells after systemic therapy or direct injection, the
use of electric pulses to increase the uptake of chemotherapy
drugs, known as electrochemotherapy (ECT), was developed.
In ECT, a drug such as cisplatin or bleomycin is administered
systemically or intratumorally and then electric pulses are
applied perilesionally to allow the drug to better permeate
cell membranes given the transient increase in cell permeability
caused by the modulated electric field.'®" Intravenous bleo-
mycin was first tested with ECT, and then subsequently the use
of intratumoral bleomycin was described.”>*' Studies showed
an ORR of approximately 90% with the use of intratumoral
bleomycin administered with electroporation. There have also
been studies evaluating ECT with cisplatin. In a meta-analysis
of twelve studies that investigated the use of ECT in the treat-
ment of melanoma, there was a 74% objective response rate in
502 patients.”> Only six of the twelve studies had an intratu-
moral injection component and there was limited information
about staging provided in the study. More recently, in
a prospective cohort study using intratumoral or intravenous
injection of bleomycin followed by application of electric
pulses, the authors noted that among 151 patients with 394
treated lesions, 306 lesions (78%) showed an overall response,
with 229 (58%) showing a complete response.”’ Factors sig-
nificantly associated with complete response to ECT treatment
were coverage of deep margins, previous irradiation of the
treated area, and smaller tumor size (<3 cm). Additional stu-
dies are needed to evaluate the mechanism and clinical

outcomes of this treatment strategy. However, given the advent
of immunotherapy and its increased efficacy in the treatment of
advanced melanoma compared to chemotherapy, it is likely
that focusing intratumoral efforts on the study of immune
modulating agents may yield more promising results.

Intralesional therapy with “oncolytic” viruses

The use of viruses has also been studied to try to increase tumor-
targeting of local therapy. Many cancer cells lack cell cycle
machinery such as hypophosphorylated-RB, functional p53,
and interferon signaling which make them susceptible to viral
infection. As a result, viruses can with some selectivity infect and
destroy malignant cells with minimal effect on normal cells and
are referred to as “oncolytic” viruses. Viruses can also be engi-
neered to carry additional payloads such as cytokine or chemo-
kine genes to increase recruitment of immune cells, such as
dendritic cells (DC) or T cells, to the TME.

One of the most successful examples of using a viral
vector in cancer therapy is the use of talimogene laherpar-
epvec (T-VEC), which uses a modified herpes simplex virus
(HSV). Specifically, the neurovirulence factor ICP34.5 is
inactivated to prevent neuronal involvement and is replaced
by the coding sequence for granulocyte-macrophage colony
stimulating factor (GM-CSF).?*2°  Local oncolysis is
thought to attract T cells, increasing tumoral inflammation
and in turn inducing a more distant immune response.
Indeed, some pre-clinical studies have demonstrated
tumor infiltration by CD8 + T cells in both injected and
non-injected metastases which supports this hypothesis.””
In murine models, intratumoral inoculation of GM-CSF
with inactivated HSV vectors resulted in greater tumor
inhibition and improved mouse survival compared to
HSV alone.”® In humans, an initial phase II clinical trial
enrolled 50 patients with stage IIIc-IV melanoma and trea-
ted them with intratumoral T-VEC every three weeks.”” In
this trial, most patients (74%) had received prior systemic
therapies (which at that time were essentially cytotoxic
chemotherapies or interferon). The objective response rate
by bi-dimensional WHO measurement was 26%, with 8 out
of 13 responding patients having complete responses and
12 responses lasting >6 months. The authors noted that
both injected and non-injected lesions responded.
However, overall survival was only 58% at 1 y and 52% at
2 y. Subsequently, a randomized open-label phase III trial
(OPTiM) was conducted that randomized patients with
unresectable stage IIIB-IV melanoma 2:1 to receive intratu-
moral T-VEC or subcutaneous recombinant GM-CSF.>**!
Durable responses were higher in the T-VEC arm than the
subcutaneous recombinant GM-CSF arm (16.3 vs. 2.1%,
p < .001), and objective response rate was also higher in
the T-VEC arm (26.4 vs. 5.7%). Durable responses were
more commonly seen in patients with stage III (33%) and
IVMla (16%) disease, and less common in patients with
stage IVMIlc disease (8%). Median overall survival was
23.2 months (95% CI 19.5-29.6) and 18.9 months (95%
CI 16.0-23.7) in the T-VEC and GM-CSF arms, respec-
tively (hazard ratio, 0.79; 95% CI, 0.62 to 1.00; p = .051).
Thus, these T-VEC monotherapy studies suggest that this



agent may stimulate distant responses at non-injected
lesions, likely through immune activation, although few
durable responses were seen in patients with stage IVMI1c
metastatic disease. This trial led to the FDA approval of
T-VEC in unresectable cutaneous, subcutaneous, and nodal
lesions in patients with melanoma that was recurrent after
initial surgery.

Other viral vectors and tumor-targeting agents have also
been described. A phase I trial used a recombinant canarypox
viral vector system called ALVAC to compare the efficacy of
GMCSF to interleukin-2 (IL-2).”* In this small study, IL-2 lead
to partial regression in three of eight tumors, whereas GM-CSF
lead to only stable disease. The phase II CALM trial tested the
safety and efficacy of coxsackievirus A21 (CVA21) in 57
patients with stage IIc and IV melanoma. The study met its
primary endpoint of 38.6% immune-related progression-free
survival (irPFS) at 6.0 months and a median irPFS of
4.2 months, and demonstrated a best overall response rate of
24% (9 out of 28 evaluable patients).>

Given the promising activity of oncolytic viruses to augment
the immune response, it was hypothesized that oncologic viruses
and systemic immunotherapy may be an effective treatment strat-
egy in combination. Preclinical studies suggested that combining
oncolytic viral therapy and immune checkpoint blockade
enhanced treatment response.”’ Results of a randomized phase II
trial of T-VEC plus ipilimumab versus ipilimumab alone demon-
strated a 39% ORR with the combination therapy versus an 18%
ORR for ipilimumab alone (odds ratio 2.9; 95% CI 1.5 to 5.5,
p = .002).>* Responses were not limited to injected lesions; they
observed decrease in visceral lesions in 52% of patients in the
combination arm but only 23% of patients in the ipilimumab
arm. A trial combining T-VEC followed by TVEC+PD-1 has
also been conducted on 21 patients who were PD-1 naive.*® This
combination had a 61.9% objective response rate by irRC
(immune response criteria). Interestingly, T-VEC injected lesions
had increased PD-1/PD-L1 expression as well as increased CD4
and CD8 and Foxp3+ ve cells while these changes were not seen
clearly in the small sample of non-injected lesions biopsied.” No
changes in cross presenting cDC1 dendritic cells were seen. While
circulating proliferating (Ki-67+ CD3+/CD8+) CD8+ cells were
not induced by TVEC alone, these cells were increased following
pembrolizumab administration by week 8. Based on these and
other data, a large phase III clinical trial of pembrolizumab +
T-VEC is ongoing (NCT02263508), with study completion esti-
mated in 2023. This trial and others are actively investigating the
safety and efficacy of combining oncolytic viruses and systemic
immunotherapy, so additional data is forthcoming.

The concept of using neoadjuvant treatment prior to tumor
resection is less commonly utilized in melanoma as compared
to breast and gastrointestinal cancers, but it also has the ability
to constitute a vaccine. Several studies have investigated the use
of intratumoral therapy using oncolytic viruses in the neoad-
juvant setting. For example, one study compared neoadjuvant
intratumoral T-VEC to immediate surgical resection.’® Per the
interim analysis of this study, 11 subjects progressed on the
T-VEC arm compared to 17 patients in the control arm with an
overall response rate of 14.7% in the T-VEC arm. Interestingly,
of the patients who responded to T-VEC, 21% achieved
a complete pathologic response with no melanoma cells
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detected at the time of surgery. Similarly, intratumoral CMP-
001 with IV nivolumab showed promising interim safety and
efficacy data,”” as previously discussed. Further work is needed
to address whether there is a role for neoadjuvant intratumoral
treatment for patients with resectable melanoma.

Of note, a theoretical concern with the use of oncologic
viruses is that the virus may be able to mutate and regain
pathogenicity. However, this has not been a significant clinical
issue in over two decades of clinical trials with various onco-
lytic viruses.’® Instead, side effects are generally mild and arise
from an anti-inflammatory response, causing fatigue, mild flu-
like symptoms and/or arthralgias,' and/or local irritation or
lesion ulceration.’**”

Intralesional immunotherapy: modulation of TME with
cytokines

The number of TILs in the TME is correlated with clinical
response to immunotherapy in patients with melanoma.®
Therefore, a key question is whether intratumoral injections
can alter the TME, thus increasing the number and quality of
TILs and improving clinical outcomes.

Initial attempts to modulate TILs included injection of
intratumoral cytokines. A phase I dose-escalation study used
a plasmid vector to produce IL-12 that was administered in
conjunction with electroporation, demonstrating safety and
tolerability of this approach and a durable increase in both
IL-12 and interferon-ywith minimal toxicity.*> More recently,
a phase II prospective open-label clinical trial of electroporated
plasmid IL-12 in patients with advanced melanoma demon-
strated an objective overall response rate of 35.7% (by RECIST
criteria) with a complete response rate of 17.9%."
Interestingly, the transcriptomic and immunohistochemistry
analysis showed that immune activation and co-stimulatory
transcripts were up-regulated, increasing adaptive immune
resistance which could have limited the response duration. Pre-
clinical studies suggest that the combination of intratumoral
IL-12 and anti-PD1 therapy may be more efficacious given the
development of adaptive resistance in patients on monother-
apy pIL-12 EP (Tavo)** and the frequent responses seen in
patients who progressed on pIL-12 EP when treated with PD-1
therapy appear to corroborate this data.*” Interestingly, an
analysis of 29 patients treated in this trial showed emergent
responses to shared melanoma tumor antigens.*’ Samples from
25 patients were evaluated by ELISpot assay to assess for anti-
gen-specific T-cell responses to shared melanoma antigens.
Systemic interferon-y responses to gpl00 were significantly
higher at 6 months after treatment compared with baseline
(p = .0313). In the same analysis population, interferon-y
responses to NY-ESO-1, MAGE-A3, or Melan-A/MART-1
did not significantly change after treatment showing variability
in emergent responses to these tumor-associated antigens.*’
One patient had a very high preexisting T-cell response to
MAGE-A3 and this patient had a complete clinical response
with treatment. At 90 d post-treatment, interferon-y responses
to MAGE-A3 were significantly lower for responders com-
pared with non-responders (p = .0236), but were not signifi-
cantly different pretreatment or at 39, 180, or 360 d after
treatment. Interferon-y responses to gpl00, NY-ESO-1, and
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Melan-A/MART-1 were not significantly different between
responders and non-responders pre- or post-treatment. At
the same time, “exhausted” CD8 + T cells in circulation
decreased during treatment.

Plasmid IL-12 EP treatment was also explored in a phase II
trial of the rare but increasing skin malignancy, Merkel Cell
Cancer (MCC).** This cancer is characterized by the presence
in cancer cells of the Merkel cell polyoma virus (MCPyV) and
its large T antigen. The T antigen drives carcinogenesis and
patients can mount immune responses to the T antigen. In the
trial by Bhatia et al., patients with metastatic MCC had an
objective response rate of 25% (3/12 patients). Using a library
of MCPyV-specific HLA class-I tetramers they tracked
MCPyV-specific T-cell responses, both locally in the treated
lesions and in peripheral blood. The frequency of MCPyV-
specific tetramer+ TIL significantly increased (=1.5-fold
change in at least one MCPyV-specific T-cell population) in 3
of 5 patients following treatment, and decreased in 1 patient
with 1 patient not having any detectable MCPyV-specific
T cells in pre- or post-treatment specimens. Interestingly, all
three patients with increased frequency of MCPyV-specific
TIL-experienced clinical responses.

Given the adaptive immune resistance seen in melanoma
patients treated with pIL-12 EP, Algazi et al. conducted a phase
II trial of pembrolizumab plus pll-12 EP in patients with
immunologically cold melanoma.* Currently, immune-
excluded tumors are thought to lack CD8 + T cells and conse-
quently are unresponsive to immune checkpoint blockade.*®
Some hallmarks of these “cold” tumors are the lack of
exhausted T cells'' and reduced PD-L1 expression®” as well
as reduced interferon-y transcriptional profile.*® In this trial,
patients were eligible only if they had tumors with an
exhausted T cell frequency <25%, which in previous studies
was associated with an objective response of <10%. The objec-
tive response rate (by RECIST) in this trial was 41% including
complete response in 36% of patients. The combination of pIL-
12 EP and pembrolizumab drove an increased density of CD8
+ TIL as well as a significant increase in the number of unique
T cell clones in the TME. In addition, significant increases in
intratumoral PD-L1 expression by immunohistochemistry
(p = .016) and transcriptomic analysis (p = .026), as well as
increases in systemic proliferating PD-1 + T cells (p = .012)
were noted. Along with these changes, the combination also
increased adaptive PD-L1 expression in both responding and
nonresponding patients. In quantitative spatial analysis, non-
responding patients had more Tregs in close proximity to
CD8 + T cells than responding patients (p = .018). This balance
of effector to suppressive immune subsets could also be seen in
the positive ratio of CD8 + T cells to M2 macrophages (PD-L1
+/CD163+) in responding patients (p = .011). This trial along
with the previous two pIL-12 trials highlights the complex role
played by the TME in inducing and maturing T cell responses
and sometimes contradictory immune changes visualized in
the immune microenvironment.

While these trials demonstrate the role of intratumoral IL-12 in
altering the TME, very interesting experimental data also show the
role of IL-12 in mediating immune checkpoint response. In
a pivotal study, Garris et al. used an intravital imaging system
responsive to IL-12 and interferon-y to examine in a mouse tumor

model the changes in the TME produced by PD-1 blockade.*’
They demonstrated intratumoral DCs (predominantly cross pre-
senting DC1s) produced IL-12 in response to PD-1 blockade. If
the IL-12 was neutralized, mice with MC38 tumors failed to reject
them in response to PD-1 blockade. These results augment pre-
vious findings that tumor-infiltrating DCs can foster T cell
immunity.* The authors thus proposed a DC1 licensed T cell
killing model where DC are not just involved in priming T cells
but also provide cytokine support to the T cells within the TME.
Specifically, they examined samples from patients treated with
pIL-12 in the clinical trials above and showed that pIL-12
enhanced expression of core cytolytic genes within tumors.
These genes, namely CD2, CD3E, CD247, GZMA, GZMH,
GZMK, NKG?7, and PRF1, are associated with immunoediting
and antitumor immune responses.

Intratumoral administration of interleukin-2 (IL-2) has also
been studied with promising results. Specifically, intratumoral
IL-2 induced complete responses in more than 60% of patients
with melanoma, with two year overall survival rates of 95% for
patients with stage IIIB disease, 66% for stage IV M1a disease,
but only 9.1% for those with visceral metastases (stage IV M1b
and M1c).” Several studies have also evaluated the safety and
efficacy of combining intratumoral IL-2 with other agents. For
example, a phase I study demonstrated that the combination of
intratumoral IL-2 and ipilimumab was safe and tolerable, with
promising clinical results including an abscopal effect in 89% of
treated patients.’’ It should be noted that cytokine administra-
tion directly in the tumor results in only transient changes.

The administration of intratumoral interferons (INFs) has also
been investigated for the treatment of melanoma. For example, an
early study by Fierlbeck et al. demonstrated that intralesional
injection of recombinant interferon beta resulted in a dose-
dependent regression of melanoma lesions.”* Subsequent studies
have evaluated the combination of interferon with other agents,
such as tumor necrosis factor (TNF), IL-2, and radiotherapy.”™ >

Intralesional immunotherapy: innate immune agonists

Another powerful approach to modulating the TME and chan-
ging it from immune-excluded to immune-infiltrated is the use
of TLR and STING agonists to attract and stimulate DC. CMP-
001 is a differentiated TLR-9 agonist that activates local tumor-
associated plasmacytoid dendritic cells (pDCs) leading to type
I interferon secretion and tumor antigen presentation to T cells
and systemic antitumor T cell responses. Intratumoral CMP-001
has been studied in combination with systemic PD-1 therapy,
and two ongoing clinical trials recently reported promising
interim analyses. First, in a phase 1b Checkmate study
(NCT02680184), patients with PD-1 refractory melanoma were
randomized to receive the combination of intratumoral CMP-
001 and IV pembrolizumab versus intratumoral CMP-001
alone. According to results presented during the 2019 Society
for Immunotherapy of Cancer (SITC) Annual Meeting, CMP-
001 was well tolerated in both arms.”® The patients who received
the combination therapy had an objective response rate (ORR)
of 25% in patients. The median duration of response of 16.9
+ months for the 28 RECIST vl.1 responders in this study.
Second, in a phase II study of patients with stage III PD-1
naive melanoma (NCT03618641), patients received neoadjuvant



intratumoral CMP-001 and IV nivolumab. According to interim
analysis also presented at the 2019 SITC Annual Meeting, this
treatment combination was well tolerated and did not result in
any surgical delays.”” A major pathologic response rate (MPR) of
71% (15/21) was reported in 21 evaluable patients to date. Of the
15 responding patients, 13 patients had a pathological complete
response at the time of surgery. Translational studies demon-
strated that the combination therapy augmented peripheral
blood and intra-tumoral tumor-specific CD8 + T cell immune
responses. Similarly, intratumoral CMP-001 with IV nivolumab
showed promising interim safety and efficacy data,” as pre-
viously discussed.

There have also been studies evaluating the safety and
efficacy of combining intratumoral injection of the TLR-9
agonist IMO-2125 (tilsotolimod) with ipilimumab. In a phase
I/II study, intratumoral IMO-2125 plus ipilimumab resulted in
immune response in both injected and uninjected tumors in
patients who had progressed on prior anti-PD1 therapy.”’
Specifically, they found that intratumoral tilsotolimod 8 mg
plus ipilimumab was well tolerated with an objective response
rate of 38%. A randomized phase III trial evaluating the efficacy
of intratumoral tilsotolimod plus ipilimumab in patients with
unresectable or metastatic melanoma who have progressed on
prior anti-PD1 therapy is ongoing (NCT03445533).

Intralesional immunotherapy: checkpoint inhibitors

Checkpoint inhibitors have dramatically improved the treatment
landscape for patients with advanced melanoma with a relatively
low toxicity profile compared to systemic chemotherapy and
other agents. Therefore, there has been interest in determining
whether intratumoral injection of these agents may result in
improved clinical response with decreased systemic side effects.
Interim analysis from a pilot study by Samoylenko et al. recently
demonstrated intralesional pembrolizumab or nivolumab resulted
in an overall response in four out of the seven patients.”®
Additional studies are ongoing to study the safety and efficacy of
intralesional CPI therapy in melanoma and other cutaneous
malignancies, such as the use of intertumoral ipilimumab in
combination with systemic nivolumab in patients with metastatic
melanoma (NCT02857569) and the use of intratumoral nivolu-
mab in patients with Kaposi’s sarcoma (NCT03316274).

In-situ vaccination using intralesional therapies

The immune system has the ability to detect and destroy cancer
cells, so the concept of creating a cancer vaccine is an exciting
prospect. A key problem in creating an effective cancer vaccine is
the selection of antigen and the combination of adjuvant and
antigen. Conventional vaccine approaches using cancer
neoantigen(s) have been described, but this remains
a technically and financially challenging strategy and the effector
T cells generated are specific to the injected antigen(s). An alter-
native strategy is in situ vaccination, which relies on immunoen-
hancing agents that are injected locally into a tumor, thereby
activating a local T cell response that then triggers a systemic
immune response against diverse tumor antigens. The idea of
using in-situ vaccination would be to use the tumor itself as the
vaccine, which we will discuss here (also see Figure 1).
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In a landmark study published in 2018, Sagiv-Barfi et al.
described how low doses of CpG injected into a tumor induce
the expression of OX40 on CD4" T cells in the microenviron-
ment in mouse or human tumors, triggering a systemic
immune response.”® They found that the combination of
a TLR ligand and an anti-OX40 antibody could cure multiple
types of cancer and prevent spontaneous genetically driven
cancers, creating enthusiasm for the concept of in situ vaccina-
tion to treat and prevent cancer.

Several preclinical models of in situ cancer vaccines have
demonstrated promising findings. Stimulator of interferon
genes (STING) is required for the spontaneous generation of
tumor-specific T cell responses.”” Therefore, it was hypothe-
sized that direct engagement of STING through intratumoral
administration of specific agonists would result in effective
anti-tumor therapy. In a murine model, intratumoral STING
agonists induced profound regression of established tumors in
mice and generated substantial systemic immune responses
capable of rejecting distant metastases and providing long-
lived immunologic memory.61 In a dose escalation model,
increased doses of intratumoral STING agonists resulted in
increased frequency of cytokine-positive monocytes and
increased diversity of responding cell types in the injected
tumor.®?

In has been hypothesized that STING-based therapies may
be particularly effective in combination with checkpoint inhi-
bitors. In a subset of melanoma cell lines, it was demonstrated
that intact activation of STING signaling enhanced both tumor
antigenicity and susceptibility to lysis by human melanoma
tumor-infiltrating lymphocytes through the augmentation of
MHC class 1 expression.63 Conversely, defects in the STING
signaling pathway protected the melanoma cells from
increased immune recognition by TILs and limited their sen-
sitivity to TIL lysis. Based on these findings, it is possible that
defects in STING signaling may mediate tumor immune eva-
sion as well as resistance to TIL-based immunotherapies, so
modulating this pathway in combination with checkpoint inhi-
bitors may help overcome resistance. Further studies are
needed in humans to assess the safety and efficacy of intratu-
moral STING agonists as monotherapy and in combination
with other immunotherapies.

Aside from STING adjuvants, there has also been interest in
studying whether toll-like receptor (TLR) adjuvants may have
applications as in situ cancer vaccines. The interim results of
a phase Ib/II clinical trial (NCT02521870) evaluating the safety
and efficacy of the intratumoral TLR agonist SD-101 in com-
bination with systemic pembrolizumab were recently pre-
sented at the American Society of Clinical Oncology (ASCO)
Annual Meeting in 2019.°* The authors observed an overall
response rate of 70% and 6-month progression-free survival
rate of 76% in patients naive to anti-PD-1 treatment. The
clinical trial was terminated prematurely due to a strategic
restructuring within the company and plans to discontinue
production of SD-101, but nonetheless this offers encouraging
preliminary data for similar TLR agonists.

Furthermore, since STING and TLR signaling are non-
redundant, one hypothesis is that TLR and STING adjuvants
would further enhance DC activation in combination. Using
the multidimensional synergy of combinations (MuSyc),
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Figure 1. Conventional vaccination vs. in situ vaccination. This figure depicts the differences between conventional vaccination and in situ vaccination strategies. On the
left, conventional vaccines typically include a tumor antigen(s) and immune adjuvant that are administered systemically. This activates effector T cells, which recognize
the vaccine antigen(s). On the right, in situ vaccines typically include an immune adjuvant that is injected into the tumor directly. In response, T cells are recruited to the
tumor microenvironment and activated against the antigens that are already present. This generates a more diverse pool of effector T cells that recognize diverse tumor
antigens, helping to protect the patient from current and future metastatic tumors that express the antigens found in the originally injected tumor

a novel synergy algorithm, Taylor et al. recently demonstrated
that the combination of R848 (TLR7-8) plus STING agonists
provided a synergistic efficacious and potent response on bone
marrow dendritic cells.”” Additional studies are needed to
better understand how the use of cancer vaccines can help
prevent and treatment melanoma in the future, and we antici-
pate that this will be an active area of future research.

Future directions: challenges and opportunities
Challenges

One major limitation of the use of intratumoral therapy is in
cases of advanced metastatic disease with visceral metastases. It
is technically risky to inject visceral lesions, and the repeated
administrations done with cutaneous lesions would not be
feasible at these sites. Moreover, the tumor microenvironment
is likely quite different in different organs, so the efficacy of
intratumoral drug administration will likely be different. For
example, studies have demonstrated that liver metastases in
patients with melanoma have lower TIL counts and these
patients have worse response to anti-PD1 therapy.66

Another challenge in this field is how to deliver effective
doses of the medication to each patient. The ideal dose and

schedule for intratumoral therapy has not yet been established
and is likely to vary significantly depending on the size of the
tumor, injected agent, and combination therapy utilized.
Systemic therapy is often dosed by patient weight, whereas
intratumoral therapy can be dosed according to the size of
the lesion or a ratio of tumor size to patient weight. It is unclear
what dosing approach is most safe and efficacious.

Opportunities

The main advantage of intratumoral therapy is the opportunity
to deliver medications directly into the TME. Most studies to
date have suggested that intratumoral drug administration is
generally safe and tolerable, with minimal side effects in most
cases.

Perhaps the most exciting application of intratumoral ther-
apy is the opportunity for in situ vaccine development using
intratumoral agents. By injecting immune-stimulating agents
into the TME, it is possible to induce both a local and systemic
anti-cancer immune response. As depicted in Figure 1,
a significant advantage of this strategy compared to conven-
tional vaccination approaches is that it is not necessary to
choose tumor antigens or neoantigens in advance, but rather
the injected agents can stimulate an immune response with the



antigens already present in the TME with the potential for
a more specific and comprehensive immune response. Thus,
in situ vaccination can potentially generate a systemic immune
response against the metastatic cells already present and pre-
vent the development of new metastatic sites. Further studies
are needed to evaluate the efficacy of in situ vaccination stra-
tegies and to optimize the immune response, but this remains
a promising avenue for the treatment and prevention of meta-
static melanoma.

Conclusion

Intratumoral therapies are a safe and tolerable drug administra-
tion strategy for patients with advanced or metastatic melanoma.
In studies to date, the administration of intratumoral therapies
alone generally do not exceed the response rate of systemic
standard of care treatments, but the use of intratumoral thera-
pies in combination with systemic therapies is a promising treat-
ment strategy that warrants additional study. In particular, the
possibility of in situ vaccination using intratumoral drug admin-
istration remains an exciting future direction, and further studies
are needed to better understand and optimize this effect.
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