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The immune checkpoint inhibitor pembrolizumab, which targets

programmed death-1 (PD-1) receptor, has recently emerged as the

standard-of-care treatment for patients with advanced melanoma,

with a response rate of 33% (1). Another agent in the realm of

immunotherapy used throughout the world, but not currently

approved by the Food and Drug Administration in the United

States, is the contact sensitizer diphencyprone (DPCP). Topical

DPCP has been used in a 50-patient case series of cutaneously

metastatic melanoma, with a response rate of 84%. DPCP also led

to nodal or visceral metastasis regression in four of the patients

(2), thus suggesting the potential for an abscopal effect with this

topically applied immunotherapy. A recent 2-patient case series

showed that topical immunotherapy has limited effect on internal

disease, but that combined treatment with the PD-1 inhibitor

nivolumab led to pronounced internal metastasis regression (3).

Within an ongoing trial treating melanoma patients with topical

DPCP formulated in a non-volatile, aqueous solvent as an Investi-

gational New Drug (ClinicalTrials.gov number, NCT01711684),

we have observed a remarkable tumor response in one patient on

concurrent pembrolizumab therapy.

The patient is a 93-year-old man who underwent resection of his

primary acral melanoma harbouring an exon 13 K642E mutation

from his right foot ten years ago. Subsequently, he was treated with

ipilimumab as well as imatinib, but ultimately progressed with

extensive in-transit metastases throughout his right lower extremity,

which is when he presented to our institution, not having been on

any medical therapy for 6 months (Fig. 1a). The patient received

two months of twice weekly topical DPCP applications (0.4% and

0.04% concentrations were alternately used, with the goal being to

maintain a tolerable level of inflammation and change concentra-

tion as necessary) while on no other therapies for his melanoma,

and inflammation was induced as expected, but tumor response was

incomplete, with generally only smaller lesions (<1 cm) responding,

and larger lesions expanding (Fig. 1b). At this point, the patient dis-

continued DPCP applications to begin treatment with pem-

brolizumab (2 mg/kg as intravenous infusion every 3 weeks), but

during the three months on pembrolizumab (the median time to

response for this agent), his disease rapidly progressed (Fig. 1c). We

then elected to restart DPCP applications (again twice weekly) con-

currently with pembrolizumab (again every 3 weeks), first only to a

region of skin that selectively responded (Fig. 1d), suggesting a syn-

ergistic reaction, but these data do not fully exclude the possibility

of a delayed response to pembrolizumab. Then applications were

extended throughout the skin areas involved with melanoma, with

substantial metastasis regression observed (Fig. 1e). In comparison

with single-agent DPCP, combination therapy required a lower con-

centration of DPCP to induce the same level of inflammation, fur-

ther supporting a synergistic reaction. Concurrently, we observed

the development of vitiligo on the contralateral leg (not treated with

topical DPCP), suggesting a systemic immune response against mel-

anocyte lineage cells.

This patient had dramatic reduction in cutaneous metastases

upon combined pembrolizumab and DPCP therapy, even though

treatment with either of these agents alone (as well as with ipili-

mumab administered before our trial) resulted in mixed responses

or progression of disease. Favourable responses to pembrolizumab

require CD8+ T cells and expression of PD-1/PD-L1 (4), which

we have previously demonstrated to be increased by topical DPCP

(5). DPCP therefore may synergize with pembrolizumab therapy.

As this contact sensitizer is inexpensive with a favourable safety

profile established over decades (6), it could have great clinical

utility to improve the responses of cutaneous metastases seen with

the current standard-of-care pembrolizumab treatment. In our

patient, combination therapy was well tolerated, without any sig-

nificant systemic toxicity observed. As DPCP is topically applied,

it is relatively simple to change the concentration used, or elect

not to perform certain applications, should the induced inflamma-

tion become intolerable for the patient.

In addition to suggesting a novel therapeutic approach for mel-

anoma treatment, this case report opens up the possibility of a

translational research programme designed around the under-

standing of immune responses that may successfully mediate

tumor regression. As the skin is an ideally accessible organ to

study by biopsy, samples can be taken of cutaneous metastases

that are subject to background pembrolizumab treatment, under

direct topical application of DPCP, or a combination of the two.
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These biopsy tissues can then be examined by immunohistochem-

istry and gene expression studies to obtain a comprehensive cellu-

lar and molecular profile of immune reactions. In this way, the

different immune responses generated by these two immunothera-

peutic approaches can be rigorously studied. The responses gener-

ated by other locally applied immunotherapies that activate the

immune system, such as IL-2 and interferon-alpha, can be

examined in a similar manner and may lead to similar effects.

When this bench research is combined with photographic and

histologic demonstration of metastases that successfully regress

or not upon treatment (bedside aspect, as demonstrated in this

report), there is the potential to greatly enhance understanding

of how the immune system can be used to treat cancer.
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Figure 1. Responses of cutaneous melanoma metastases to topical DPCP, pembrolizumab and a combination of the two. A pretreatment photograph of the patient’s right
anterior thigh (the advancing front of his metastatic disease) shows numerous amelanotic cutaneous melanoma metastases (Panel a). Two months of topical DPCP
applications (Panel b) led to an incomplete tumor response, while three months of pembrolizumab therapy without DPCP (Panel c) resulted in rapid progression of disease.
Topical DPCP added to background pembrolizumab therapy, first to a select area for one month (Panel d), and then throughout the area for an additional three months
(Panel e), led to dramatic regression of cutaneous melanoma metastases.
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