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Purpose of review

Intralesional therapy for advanced melanoma:
promise and limitation

Patients with unresectable, multiple or advanced locally/regionally metastatic stage I1IB/C or stage IV M1a
melanoma have a high risk for recurrence, progression and metastasis. The article reviews treatment

advances for this population.

Recent findings

After promising phase 2 results with Allovectin-7 (velimogene aliplasmid), overall survival in a phase 3
study was shorter for Allovectin-7 than for dacarbazine/temozolomide (median 18.8 versus 24.1 months).
In a phase 2 trial of intratumoral electroporation of plasmid interleukin-12 among 28 patients with
advanced melanoma, the primary endpoint of best overall response rate within 24 weeks of first treatment
was 32.2% for objective response and 10.7% for complete response.

In the phase 3 OPTiM frial of talimogene laherparepvec, the intralesional agent that is furthest along in
clinical testing, the primary endpoint of durable response rate was 16% for talimogene laherparepvec and
2% for granulocyte macrophage colony-stimulating factor.

In the PV-10 phase 2 trial among 80 patients with stage llI-IV melanoma, the overall response rate was

51%, with a 26% complete response rate.

Summary

Despite advances, many patients will need several lines of therapy. Some will not be eligible for systemic
therapy. Their low toxicity, easy administration and likely systemic immune effects make intralesional

therapies an attractive option.
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The landscape for the treatment of melanoma has
changed dramatically in recent years. For decades,
dacarbazine chemotherapy and high-dose inter-
leukin (IL)-2 were the only US Food and Drug
Administration (FDA)-approved agents for advan-
ced disease, and both drugs are limited in their
efficacy and application. Fortunately, with the
advent of agents targeting the MAP-kinase pathway
and the discovery of more effective immunologic
agents, this is changing, and several new drugs have
been approved in the past 2 years.

Melanoma has always been a disease with a
propensity to cutaneous, subcutaneous and nodal
metastases, which has led to investigation of various
direct cutaneous interventions [1%2%3"]. Mela-
noma also has a unique and close relationship with
the immune system, with tumor infiltration by
lymphocytes often indicating the attempt of the
immune system to eliminate the tumor. These
two facts have led to interest in intralesional therapy
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approaches with agents that may not only shrink
the tumor directly but also stimulate a systemic
immune response by modifying the tumor’s anti-
genic milieu through intratumoral injection of
therapeutic agents.

The search for effective intralesional therapies
may be particularly relevant among patients with
tumors accessible to direct injection, especially the
subgroup with unresectable, multiple or advanced
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KEY POINTS

e Risk for recurrence, progression and metastasis is high
among patients with unresectable, multiple or
advanced locally/regionally metastatic stage 1lIB/C or
stage IV M1a melanoma.

Most recent clinical trials of intralesional therapies
show promise for their response rates, low toxicity and
likely systemic immunological effects.

Ongoing and planned clinical trials will test T-VEC in
combination with systemic immunological therapies and
PV-10 as monotherapy versus chemotherapy in patients
who have failed systemic therapy.

locally/regionally metastatic stage IIIB/C or stage [V
M1la melanoma. These patients, beyond their sig-
nificant morbidity, are at a high risk for recurrence,
progression and metastasis, despite locoregional
therapy such as surgery and radiation. Local/satel-
lite/in-transit melanomas represent 6-10% [4] of
primary melanomas and are a source of distant
disease with high mortality rates. The population
with recurrent locoregional disease, however, has
usually formed a small subset of patients in random-
ized controlled trials of metastatic melanoma, and
no standard of care has been established for them.

A dramatic example of the potential for intralesional
therapy for metastatic melanoma was a case study
published [5] in 1975 of a 77-year-old man with
64 intracutaneous metastases and a pulmonary
metastatic deposit. After inoculations with Bacille
Calmette-Guérin (BCG) over an 8-month period, all
17 treated lesions resolved and more than 50%
regression was observed in the pulmonary metasta-
sis. Importantly, beyond the effective local ablation,
the responses suggested that the BCG injections had
induced adjuvant systemic host immune antitumor
activity in the regional and distant uninjected meta-
stases.

The rationale for BCG use in humans had
emerged from animal research [6,7] showing it
to induce a heightened host immune response
against transplanted murine experimental tumors.
Dummer et al. [8] showed BCG to increase Melan
A-specific cytotoxic T cells, and Barth and Morton
[9] reported regression in injected lesions among
five of eight melanoma patients, and regression,
as well, in uninjected nodules in two patients.

Interest in BCG waned, however, when sub-
sequent experience included anaphylactic reactions
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and death due to disseminated BCG [10]. Also, an
analysis of the large Eastern Cooperative Oncology
Group (ECOG) randomized trial (E1673) [11]
showed no significant benefit in disease-free or over-
all survival for BCG. The phase III trial tested adju-
vant use of BCG with or without dacarbazine in 734
American Joint Commission on Cancer (AJCC) stage
[-III melanoma patients in the United States at a
high risk for recurrence after surgery. The patients
had been treated between 1974 and 1978 with out-
comes projected out to a median of 30 years.
Whereas toxicity was generally mild, punctate
abscesses were reported in more than two-thirds
of the treated patients. It was concluded that with
the lack of benefit and potential for clinically trou-
blesome sequelae, use of BCG as an adjuvant therapy
for melanoma could not be recommended at any
melanoma stage.

Other small intralesional therapy studies have
evaluated interleukin, interferon and granulocyte
macrophage colony-stimulating factor (GM-CSF),
for example, without demonstrating consistent or
durable efficacy.

Among newer intralesional agents, Allovectin-7
(velimogene aliplasmid), plasmid IL-12, talimogene
laherparepvec (T-VEC) and PV-10 have shown
particular promise.

Allovectin-7

During cancer progression, alteration of major his-
tocompatibility complex class I (MHC-I) expression
occurs frequently and is thought to allow tumor
cells to evade the immune system [12]. Allovectin-
7 has the DNA sequences encoding human leuko-
cyte antigen (HLA)-B7 and 32 microglobulin, both
components of MHC-I. Velimogene aliplasmid
induces a five-fold increase in the frequency of
HLA-B27-cytotoxic T cells, up-regulates/restores
MHC-I molecules and induces a proinflammatory
response. It was proposed that the drug increases the
immune system’s ability to recognize and target
melanoma cells.

In phase 2 results, among 133 patients (127
evaluable) with stage IIIB/C and IV M1a/b injectable
cutaneous, subcutaneous or nodal melanoma
lesions [13], the overall response rate (ORR) (com-
plete response + partial response) was 11.8% (3.2%
+ 8.7%), with stable disease in 25%. Time to death
was significantly longer from the 24-week landmark
in responders than in nonresponders (P=0.036).
Responses were observed in noninjected target
lesions among 21% of patients (9/42) with stage
IV disease (M1a/b).
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The phase 3 Allovectin Immunotherapy for
Metastatic Melanoma (AIMM) trial included 390
patients randomized 2:1 to velimogene aliplasmid
or intravenous dacarbazine or oral temozolomide
(TMZ). Patients had stage lIIB-IVM1a/b melanoma.
The primary endpoint of response rate of at least
24 weeks was reported at 4.6% for velimogene
aliplasmid and at 12.3% for dacarbazine/TMZ
(P=0.010). Duration of response among velimo-
gene aliplasmid responders was marginally longer
(P=0.066), but overall survival was shorter [median
18.8 months, 95% confidence interval (CI) 16.6, 21.3
versus 24.1, 95% CI 17.1, 27.9, P=0.491] than with
dacarbazine/TMZ. Among responders, median over-
all survival was improved with velimogene
aliplasmid [not applicable (n/a) (19.7, n/a) versus
40.7 months (28.9, n/a) P=0.018]. The authors con-
cluded that velimogene aliplasmid was not an effec-
tive treatment for the selected patient population.

Plasmid interleukin-12

Interleukin-12 enhances the immune capacity of
natural killer (NK) cells and T cells, up-regulating
interferon vy (IFNy) and antigen presenting and
processing. The first study of beneficial clinical
effects of plasmid IL-12 intratumoral injections
was by Heinzerling et al. [14] in 2005.

Presentations at the 50th Annual Meeting of the
American Society of Clinical Oncology encompass-
ing the most recent research on intralesional thera-
pies for melanoma included one on a phase 2 trial of
intratumoral electroporation of plasmid IL-12 [15].
The principle behind electroporation is that a mild
current induced in tumor cells via an electrode
opens cell pores, allowing a higher influx of a cyto-
kine for a longer time span than would occur with
systemic therapy with that same agent. The further
benefit is that systemic concentrations are compa-
ratively reduced. Electrochemotherapy is widely
available in Europe.

Patients received injections of IL-12 on days 1, 5,
and 8 for a maximum of four cycles at 12-week
intervals. Among 28 patients with advanced mela-
noma receiving at least one treatment cycle, the
primary endpoint best ORR within 24 weeks of first
treatment (according to modified RECIST criteria)
was 32.2% for objective response and 10.7% for
complete response. Among 85 evaluated treated
lesions, the complete response rate was 44.7%, with
partial responses at 8.2% and stable disease at 30.6%.
Assessment of systemic response revealed regression
of untreated distant lesions in 13 (59.1%) of 22
evaluable patients.

Apart from injection site pain (69.0%) and
inflammation (20.7%), the treatment produced no
toxicity, with only one report of grade 3 pain and
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no serious adverse events. The findings, the authors
concluded, suggest successtul induction of a systemic
response. An expansion protocol is planned.

Talimogene laherparepvec

Among intralesional therapies, T-VEC is furthest
along in clinical testing. T-VEC is a herpes simplex
virus (HSV)-1-derived oncolytic immunotherapy
that produces both local and systemic effects. The
virus selectively replicates within tumors, rupturing
them and producing GM-CSF which enhances
systemic, specific antitumor immune responses.

In a phase 2 study [16], among 50 advanced
melanoma patients, most with treatment-resistant
disease, T-VEC response rates were 16% complete,
10% partial, 4% surgical complete and another 20%
had stable disease for at least 3 months. Three more
patients achieved complete responses on an exten-
sion protocol. Overall survival was 54 and 52% at 1
and 2 years, respectively. Systemic immunothera-
peutic effects were evidenced by responses in both
injected and uninjected lesions.

In the phase 3 OPTiM trial, Kaufman et al.
[17%] compared T-VEC versus subcutaneous GM-
CSF in 436 stage I1IB/C and IV melanoma patients
who had injectable and unresectable disease.
The primary endpoint was durable response rate.
Durable responses (complete or partial) were
defined as those lasting continuously for at least
6 months and begun within 12 months of initiation
of therapy.

Among 141 patients receiving GM-CSF, the ORR
was 5.7% (95% CI 1.9, 9.5) as compared with 26.4%
for the 2935 patients receiving T-VEC (95% CI 21.4,
31.5) (P <0.0001). Complete responses were reported
in 0.7% of GM-CSF patients and in 10.8% of T-VEC
patients. The treatment difference of 14.1% (95% CI
8.2, 19.2) was highly significant (P <0.0001). The
durable response rate for T-VEC was 16% (95% CI
12%, 21%) and 2% for GM-CSF (95% CI 0%, 5%,
P <0.0001). Median overall survival was 18.9 months
(95% CI 16.0, 23.7) in the GM-CSF group and
23.3 months (95% CI 19.5, 29.6) in the T-VEC
group (P=0.051). An exploratory subgroup analysis
showed an overall survival hazard ratio of 0.57
among patients with stage IIIB/C, IVM1a disease as
compared with 1.07 in patients with stage IVM1b/c
disease.

In uninjected nonvisceral lesions (N=981),
tumor area reductions were at least 50% in 34% of
patients and 100% in 22% with T-VEC. Among
uninjected visceral lesions (N=177), the rates were
15 and 9%, respectively. T-VEC was tolerable, with
cellulitis as the only grade 3—4 adverse event occur-
ring in more than 2% of the patients. The authors
concluded that T-VEC monotherapy provides a
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novel potential therapeutic approach for metastatic
melanoma.

Some melanoma researchers have surmised
that the likely ultimate application of intralesional
therapies will be in combination with one of the
systemic immunotherapies in use or in develop-
ment. Preliminary data from the phase 1b/2 study
[18] of T-VEC combined with ipilimumab suggest
much higher complete and ORRs with the combi-
nation than have been seen with either agent
alone. Investigators enrolled 18 patients with stage
HIB-IV M1c melanoma. All received T-VEC and
ipilimumab. The investigator assessed ORR was
56% (95% CI 31-79%), with complete responses in
33%, partial responses in 22% and stable disease in
17%. In responders, mean/median time to investi-
gator-assessed response was 18.8/22.9 weeks (range
11.1-25.0). Flow cytometry showed a higher
increase in the number of activated CD8 T cells in
patients with disease control, which may indicate
T-VEC responses. No dose-limiting toxicities were
observed, and most reported toxicities were appa-
rently related to ipilimumab. The randomized
phase 2 portion of the trial is currently ongoing.
A trial in combination with the anti-programmed
death-1 (PD1) antibody, pembrolizumab, is also
being initiated.

PV-10

PV-10 is derived from Rose Bengal disodium, a
water-soluble xanthene dye used currently as an
ophthalmological topical diagnostic aid, and pre-
viously used as an intravenous liver function diag-
nostic agent. As an intralesional injection, the 10%
sterile, nonpyrogenic saline solution (PV-10) indu-
ces chemical tumor ablation and has ‘bystander’

effects in uninjected lesions. This latter observation
suggests that tumor ablation elicits a systemic
immune response [19].

While PV-10 is excluded from normal cells, it
transits the plasmalemma of cancer cells, accumulat-
ing in lysosomes [20] and stimulating lysoso-
mal release. Complete autolysis occurs within
30-60min. A bystander effect, it is hypothesized, is
the result of acute exposure of antigenic tumor frag-
ments to antigen-presenting cells. The consequence,
combined with autolysis, is rapid reduction in tumor
burden and immunologic activation.

A phase 2 trial, which followed promising phase
1 results [21], included 80 patients with measurable
stage III-1IV melanoma. In this multicenter, inter-
national investigation [22%], patients with a median
of six prior interventions received PV-10 into up to
20 cutaneous and subcutaneous lesions up to four
times over a 16-week period. Best ORR (BORR)
assessed by RECIST in up to 10 injected target lesions
at 52 weeks was the primary endpoint.

In the intention-to-treat population, the ORR
was 51% (95% CI 40-63%), with a 26% complete
response rate (95% CI 17-37%). Among the 54
patients of 62 with cutaneous disease only in whom
all melanoma was followed, all lesions were treated
with PV-10 in 28 patients. In this subgroup, the ORR
was 71% (95% CI 51-87%), with complete
responses in 50% (95% CI 31-70%). In the other
26 patients with ‘all melanoma followed’ who had
untreated bystander lesions, the ORR was 54% (95%
CI 33-73%) with a complete response rate of 23%
(95% CI 9-44%) (see Table 1).

While pain at the injection site was the most
frequently reported adverse event immediately fol-
lowing PV-10 injection, median lesion pain score
improvements for patients in the ‘all melanoma

Table 1. Primary endpoints for Allovectin-7, talimogene laherparepvec and PV-10

Agent, trial (N) Phase Comparator Response at >24 weeks P value Comment

Allovectin-7, AIMM 3 DTIC or TMZ 4.6 vs. 12.3%° NS Trial did not meet
(N=390) primary endpoint

Agent, trial (N) Phase Comparator Durable response P value Comment

T-VEC, OPTiM 3 GM-CSF 16% (95% Cl 12%, 21%) <0.0001 Trial met primary
(N=436) vs. 2.0% (95% Cl 0%, 5%) endpoint

Agent (N) Phase Comparator Overall response P value Comment

PV-10 2 NA 51% (95% NA Phase 3 trial to
(N=80) Cl 40%-63%) be initiated

AIMM, Allovectin Immunotherapy for Metastatic Melanoma; Cl, confidence interval; DTIC, dacarbazine; GM-CSF, granulocyte macrophage colony-stimulating

factor; NS, not significant; TMZ, temozolomide; T-VEC, talimogene laherparepvec.

°n favor of DTIC or TMZ.
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followed’ cohort reporting pain at baseline
coincided with tumor burden reductions.

Sarnaik ef al. [23], in a small recently presented
trial, provided corroboration of not just the poten-
tial clinical benefit of intralesional PV-10 in meta-
static melanoma, but of a concomitant immune
response. Six of the eight patients included in the
pilot study had metastatic disease refractory to
previous ipilimumab, anti-PD-1 and/or vemurafenib
(BRAF) therapy. Investigators biopsied two study
lesions in each of the eight patients, all with dermal
and/or subcutaneous metastatic melanoma. One of
the two lesions was injected with PV-10, and then
1-2 weeks later, both residual sites were completely
excised and compared to determine pathologic
complete response (pCR). In four of the eight
patients, PV-10 led to pCR in the post-treatment
biopsies of both PV-10-injected and uninjected
study lesions. Partial regression was observed in
all eight injected lesions. Four of the patients refrac-
tory to prior ipilimumab, anti-PD-1 and/or vemur-
afenib (BRAF) therapy had pCRs in both the injected
and uninjected lesions.

Investigators also found a significant increase in
immune cells in peripheral blood after PV-10
therapy, with augmentation of CD3+ (P=0.03),
CD4+ (P=0.06), CD8+ (P=0.03) T cells and NK
cells (P=0.05). All eight patients evaluable to date
had at least partial regression of injected lesions, and
four had pathological complete responses.

A phase 3 trial of PV-10 as a single agent among
patients who have locoregional disease and have
failed or are ineligible for systemic therapy will
compare the agent to chemotherapy consisting of
dacarbazine or TMZ.

In an era of effective and promising systemic agents,
one must ask the question: is there still a role and
rationale for intralesional and regional therapy for
what is usually a systemic disease?

As noted above, melanoma tends to have lesions
accessible to intralesional therapy in a high percent-
age of cases. Despite the new advances seen in
melanoma therapy, cure for most is still elusive
and patients are probably going to need several lines
of therapy alone or in combination to maximize
their chances of survival. Furthermore, given the
advanced age and comorbidities of many patients
with melanoma, systemic therapy may not be an
option for all patients. The relative lack of toxicity
and ease of administration of intralesional treat-
ments, coupled with their potential for a systemic
immune effect, makes them an attractive prospect
particularly in those situations.
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Challenges remain and are numerous. What is
the correct endpoint for clinical trials with intrale-
sional agents? How should we assess true benefit?
The true test of these therapies may not necessarily
lie in their ability to improve survival, but rather in
the degree to which they afford durable control of
predominantly or exclusively locoregional disease
that is difficult or impossible to resect. While
patients would very likely perceive this as a positive
treatment goal, it would not be easy to test as an
endpoint in clinical trials.

Intralesional therapies may have their most
promise and potential when used in combination
with the new systemic therapies, particularly
immunotherapies. Preliminary evidence showing
augmented response rates when T-VEC is com-
bined with ipilimumab provides a hypothesis to
build upon. Another interesting but as yet
untested approach would be to consider this as a
‘neo-adjuvant’ approach in patients who are destined
for surgical cure. Can we instigate a potentially useful
systemic immune response  prior to removal of the
tumor? In other words, can we make the tumor our
‘ally’ and allow it to benefit the host’s immune sys-
tem with an enhanced systemic response by using an
intralesional agent in this setting? These and other
questions must await the conduct of well designed
clinical trials.

While the development of systemic immunothera-
pies has brought significant improvements in out-
comes for patients with metastatic melanoma,
interest in emerging intralesional therapies is justi-
fied by their strong ablative effects, lack of toxicity
and their stimulation of local and systemic
immunological responses. What remains unclear
at this early stage of experience with the agents in
current development is how clinically significant
the evoked systemic effects will be, and further,
what combinations of intralesional therapy and
systemic immune therapy will reap the greatest
benefits for patients. Future clinical trials, it is
hoped, will help answer these questions and provide
yet another potentially effective approach to treat
our patients with melanoma.
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