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Advanced melanoma and non-melanoma skin cancers (NMSCs) are burdened with a dismal prognosis. To improve the survival of these patients, studies on immunotherapy and target therapies in melanoma and NMSCs are rapidly increasing. BRAF and MEK inhibitors improve clinical outcomes, and anti-PD1 therapy demonstrates better results than chemotherapy or anti-CTLA4 therapy in terms of the survival of patients with advanced melanoma. In recent years, the combination therapy of nivolumab plus ipilimumab has gained ground in studies for its survival and response rate benefits in patients with advanced melanoma. In addition, neoadjuvant treatment for stages III and IV melanoma, either as monotherapy or combination therapy, has recently been discussed. Another promising strategy evaluated in recent studies is the triple combination of anti-PD-1/PD-L1 immunotherapy and anti-BRAF plus anti-MEK targeted therapy. On the contrary, in advanced and metastatic BCC, successful therapeutic strategies, such as vismodegib and sonidegib, are based on the inhibition of aberrant activation of the Hedgehog signaling pathway. In these patients, anti-PD-1 therapy with cemiplimab should be reserved as the second-line therapy in case of disease progression or poor response. In patients with locally advanced or metastatic SCC, who are not candidates for surgery or radiotherapy, anti-PD1 agents such as cemiplimab, pembrolizumab, and cosibelimab (CK-301) have shown significant results in terms of response rate. PD-1/PD-L1 inhibitors, such as avelumab, have also been used in Merkel carcinoma, achieving responses in half of the patients with advanced disease. The latest prospect emerging for MCC is the locoregional approach involving the injection of drugs that can stimulate the immune system. Two of the most promising molecules used in combination with immunotherapy are cavrotolimod (a Toll-like receptor 9 agonist) and a Toll-like receptor 7/8 agonist. Another area of study is cellular immunotherapy with natural killer cells stimulated with an IL-15 analog or CD4/CD8 cells stimulated with tumor neoantigens. Neoadjuvant treatment with cemiplimab in CSCCs and nivolumab in MCCs has shown promising results. Despite the successes of these new drugs, the new challenges ahead will be to select patients who will benefit from these treatments based on biomarkers and parameters of the tumor microenvironment.
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Introduction

Melanoma is a severe form of skin cancer, and non-melanoma skin cancers (NMSCs) comprise a heterogeneous group of cancers.

Major NMSCs include basal cell carcinoma (BCC), cutaneous squamous cell carcinoma (cSCC), and Merkel cell carcinoma (MCC). The most frequent are cSCC and BCC, while MCC has a lower incidence (1). SCC and BCC have better prognoses, unlike MCC.

NMSCs arise in elderly patients, while melanoma is one of the most common cancers in young people; however, its incidence increases with age.

In terms of incidence, in the United States, it is the fifth most frequent cancer in both genders (2).

Early diagnosis has a crucial role in the survival rates, as a patient's prognosis depends on the stage of the disease at the time of the diagnosis. Nowadays, most patients present with localized disease, which can be treated with surgical excision.

However, as these cancers become metastatic, the prognosis is poor in melanoma and in all three types of NMSC. Metastatic melanoma had a 3-year overall survival (OS) rate that was relatively constant from 2004 to 2009, ranging from 26.4% to as low as 4.7% across the subcategories of stage IV metastatic disease (3).

The median OS period of metastatic BCC has been reported to be 10.0 months (range 0.5–108.0 months) after metastases detection (4). The median OS of metastatic cSCC patients has been reported to be 2.19 years, and the 5-year survival rate was 26% in USA (5). Finally, patients with metastatic MCC (mMCC) have the worst prognosis, with a historical 5-year overall survival (OS) rate of ≤18% (6). To overcome this major pitfall, promising new drugs are being used to improve the prognosis of these patients.

Studies regarding immunotherapy in melanoma and NMSCs are recent and rapidly increasing. Melanoma and NMSCs are characterized by significant expression of the PD-1/PD-L1 axis in both tumor tissues and infiltrating immune cells. Thus, patients may benefit from immunotherapy treatment (7).

Beyond immunotherapy, targeted therapies have also revolutionized the therapeutic approach to advanced skin diseases.

BRAF is mutated in around 50% of melanomas. The therapeutic landscape for this tumor has broadened with the development of BRAF inhibitor (8).

An aberrant activation of the Hedgehog signaling pathway is implicated in the pathogenesis of BCC. Notably, Hedgehog signaling inhibitors, such as vismodegib and sonidegib, are successfully used as a targeted treatment for advanced or metastatic BCC (9) (Figure 1).
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FIGURE 1
 Timeline of target therapies and immunotherapy in melanoma.




BRAF and MEK inhibitors

The most common genetic mutation in melanoma is the V600E/K mutation of the BRAF gene, which appears in almost 50% of cutaneous and 10–20% of mucosal melanomas (10).

These alterations promote cellular survival and replication in tumors and are caused by the constitutional activation of BRAF kinase, which is crucial in mitogen-activated protein kinase (MAPK) signaling, including MEK1 and MEK2 kinase.

BRAF and MEK inhibitors are small molecules that cause inhibition of these proteins, and for this effect, they have been approved as a first-line therapy for melanoma since 2010 (11).

These molecules, among others, have contributed in the last years to changing the OS prognosis, especially in unresectable stages (stages III/IV) that have < 12 months OS prognosis without therapy (12).

The combination targeted therapy with BRAF/MEK inhibitors that have received Food and Drug Administration (FDA) approval as first-line treatment in the unresectable setting are dabrafenib plus trametinib (DAB+TRAM), vemurafenib plus cobimetinib (VEM+COBI), and encorafenib plus binimetinib (ENCO+BINI) (13).

Dabrafenib plus trametinib is also recommended as combined adjuvant therapy for 52 weeks after resection in IIIA/B/C/D BRAF-mutant (V600E/K*) melanomas (14).

During the past years, several studies among patients with BRAF V600 E/K mutations were performed.

The COMBI-AD trial included patients with resected stages IIIA-IIIC melanoma treated with dabrafenib plus trametinib and had a placebo in the comparator arm. Results showed significant improvement in RFS (HR, 0.47; 95% CI, 0.39–0.58; P = 0.001) and OS (HR, 0.57; 95% CI, 0.42–0.79; P = 0.0006) after a minimum follow-up of 3 years (15).

Furthermore, three randomized phase III trials comparing combination targeted therapy vs. BRAF inhibitor monotherapy were conducted among patients with unresectable BRAF V600 mutated melanoma: COMBI-v (DAB+TRAM vs. vemurafenib) (16), coBRIM (VEM+COBI vs. vemurafenib) (17), and COLUMBUS (ENCO+BINI vs. encorafenib and vemurafenib) (18).

According to the results, combination therapy with BRAF and MEK inhibitors is confirmed to improve clinical outcomes. More specifically, PFS was similar for each combination, with better results observed for encorafenib/binimetinib (PFS: ENCO+BINI, 14.8 months; VEM+COBI, 12.3 months; DAB+TRAM, 11.4 months; median OS: ENCO+BINI, 33.6 months; VEM+COBI, 22.3 months; and DAB+TRAM, 25.6 months) (19).

Moreover, the COLUMBUS trial demonstrated the superiority of encorafenib monotherapy vs. vemurafenib monotherapy in OS and PFS.

In addition, Zengarini et al. evaluated the different responses to systemic therapies and the different prognoses between melanomas with BRAF V600E and BRAF V600K mutations.

This study found that BRAF V600K mutated melanomas had a lower response rate to therapies and a greater and more rapid tendency to metastasize, with greater resistance to therapy resulting in a higher and more rapid mortality rate during follow-up (20).



Anti-CTLA4

Cytotoxic T lymphocyte-associated protein 4 or CTLA-4 (CD152) is a receptor expressed by CD4+ and CD8+ T cells. CTLA-4 binding with CD80 (B7-1) and CD86 (B7-2) ligands on the antigen-presenting cells (APCs) leads to suppression of T-cell responses for causes that are still not fully explained. In Treg cells, this receptor results in constitutively activated, as they represent an immune checkpoint that regulates T-cell homeostasis and self-tolerance (21).

Since its approval by the FDA in 2011 for the treatment of advanced melanoma, CTLA-4 inhibitor ipilimumab has gained space in other solid tumors therapy. Indeed, CTLA-4 block by an antibody releases effector T cells from inhibition, resulting in their activation against cancer cells (22).

Ipilimumab registration derives from a study in which ipilimumab associated with dacarbazine was compared to dacarbazine plus placebo in patients with metastatic melanoma without previous therapy, with significantly better results in the first group in terms of OS (11.2 vs. 9.1 months), survival rates at 1 year (47.3 vs. 36.3%), 2 years (28.5 vs. 17.9%), and 3 years (20.8 vs. 12.2%) (hazard ratio for death, 0.72; P < 0.001) (23).

According to the latest ASCO guidelines, ipilimumab in association with nivolumab, followed by nivolumab monotherapy, is recommended for unresectable/metastatic cutaneous melanoma, alternatively to anti-PD1 or BRAF inhibitors and MEK inhibitors (the latter in the case of BRAF V600 mutated melanoma). Ipilimumab is also recommended for unresectable/metastatic melanoma that has progressed after anti-PD1 therapy. In the case of BRAF V600 mutated melanoma, it can be offered instead of BRAF/MEK inhibitor combined therapy or after tumor progression on the latter therapy (14).

These findings are confirmed by the systematic review conducted recently by Alrabadi et al. which included 15 studies, of which 10 included patients in therapy with ipilimumab and who had previously progressed on anti-PD-1. This meta-analysis concludes that a response to a different type of immunotherapy as ipilimumab is possible in anti-PD-1 refractory patients, indeed. On the contrary, results in terms of ORR were in general inferior compared to the same therapy in anti-PD-1-naïve patients, with the most favorable responses obtained with combined nivolumab plus ipilimumab therapy (ORR 23.08%, 95% CI: 16.75–30.03%), followed by ipilimumab monotherapy (ORR 8.19%, 95% CI: 5.78–10.92%). Also, the medium OS in these studies resulted in inferiority with ipilimumab (mOS: 5.1–7.4 months) in comparison with ipilimumab in anti-PD-1 naive patients (24).



Anti-PD-1

Programmed cell death protein 1 (PD-1) is expressed on the membrane of lymphocytes, where it binds the programmed cell death ligand 1 (PD-L1 or B7-H1). This interaction leads to the inhibition of cell apoptosis and the transition of effector T cells to Treg cells (25).

PD-1 expression on tumor-infiltrating lymphocytes and the presence of its ligands on tumor and immune cells in the tumor microenvironment counteract the antitumoral response, supporting the use of PD-1 inhibition in cancer treatment (26).

Antibodies anti-PD-1, such as pembrolizumab and nivolumab, together with anti-CTLA-4, are indeed part of the group of antineoplastic drugs defined as immune checkpoint inhibitors (ICIs). Anti-PD1 agents have been approved by the FDA in the last decade for a number of clinical indications, including advanced melanoma (27).

According to the recent ASCO guidelines, the first choice as adjuvant therapy for patients with resected stage IIIA/B/C BRAF wild-type melanoma consists of 52 weeks of nivolumab or pembrolizumab. For patients with unresectable/metastatic cutaneous melanoma, the first-line therapy is nivolumab, either in combination with ipilimumab or alone, or, alternatively, pembrolizumab.

In patients with BRAF V600 E/K mutated melanoma, anti-PD1 is used as an alternative to the BRAFi+MEKi combination in both the adjuvant and therapeutic settings (14).

These guidelines are derived from results obtained through several trials conducted in recent years. First, anti-PD1 monoclonal antibodies against chemotherapy have been evaluated in many studies.

CheckMate 066 was a phase III trial, which compared nivolumab monotherapy vs. dacarbazine as the first-line treatment for BRAF wild-type naive for the treatment of advanced melanoma. It demonstrated significantly superior OS in patients receiving nivolumab (72.9 vs. 42.1%, respectively) (28).

CheckMate 037 was a phase III trial of nivolumab vs. investigators' choice chemotherapy (ICC) in ipilimumab-refractory patients with advanced melanoma. First, the percentage of patients who had a confirmed objective response was found to be significantly increased in the nivolumab arm (31.7%, 95% CI: 23.5–40.8 vs. 10.6%, 3.5–23.1, respectively) (29). Subsequently, median overall survival was also assessed in favor of the nivolumab-treated group (16 vs. 14 months, respectively; HR, 0.95; 95.54% CI: 0.73–1.24) (30).

Keynote-002 was a phase II trial comparing pembrolizumab 2 mg/kg vs. pembrolizumab 10 mg/kg (both every 3 weeks) vs. ICC in ipilimumab-refractory patients. PFS was incremented in the pembrolizumab 2 mg/kg arm (HR 0.57, 95% CI: 0.45–0.73; p < 0.0001) and in the pembrolizumab 10 mg/kg group (0.50, 0.39–0.64; p < 0.0001), compared with the ICC arm. A 6-month progression-free survival was 34% (95% CI: 27–41) in the first group, 38% (31–45) in the second group, and 16% (10–22) in the latter group (31).

In addition, anti-PD1 therapy has been compared with anti-CTLA4 therapy in several studies.

Keynote-006 study of pembrolizumab vs. ipilimumab in patients with advanced melanoma (32) showed superior median overall survival in the pembrolizumab-treated group (32.7 months; 95% CI: 24.5–41.6) and 15.9 months (13.3-22-0) in the ipilimumab group (HR 0.73, 95% CI 0.61–0.88, p = 0.00049) (33).

Checkmate 067 was a phase III study that included two groups of previously untreated patients who received nivolumab or ipilimumab as monotherapy, respectively, and also an arm receiving nivolumab plus ipilimumab (N+I) as combination therapy. It demonstrated a median PFS increase of 11.5 months (95% CI: 8.7–19.3) in the combination therapy arm vs. a PFS of 6.9 months (5.1–10.2) in the nivolumab arm and 2.9 months (2.8–3.2) in the ipilimumab arm (34). A 5-year overall survival was greater in the combination therapy arm than in the nivolumab and ipilimumab groups (52 vs. 44 vs. 26%, respectively) (35).

A meta-analysis of 16 studies including N+I therapy and nivolumab monotherapy was recently conducted by Xu Y et al.

According to the data found, combination therapy provided benefits in terms of ORR [RR = 1.40 (95% CI: 1.27, 1.54), P < 0.00001] and PFS [HR = 0.83 (95% CI: 0.77, 0.90), P < 0.00001].

In addition, different doses of the N+1 combination were evaluated: nivolumab 1 mg/kg plus ipilimumab 3 mg/kg (N1I3) and nivolumab 3 mg/kg plus ipilimumab 1 mg/kg (N3I1).

The N1I3 combination was more effective in terms of ORR, PFS, and OS but was associated with a higher incidence of high-grade AEs (36).

Also, the current clinical practice of choosing on an individual basis between pembrolizumab and nivolumab in advanced melanoma is confirmed by a retrospective study conducted by Moser JC et al. Indeed, in that study, the median OS for patients treated with first-line pembrolizumab was 22.6 m (IQR 6.8-NR), whereas the median OS for those treated with nivolumab was 23.9 m (IQR 6.8–39.5, p = 0.91), demonstrating comparable efficacy of pembrolizumab and nivolumab in this setting (37).

Furthermore, recent studies have investigated pembrolizumab therapy in an adjutant setting:

Phase III EORTC 1325-MG/KEYNOTE-054 study of pembrolizumab vs. placebo in patients with resected high-risk stage III cutaneous melanoma demonstrated that RFS was longer in the pembrolizumab group (59.8%, 95% CI: 55-3-64-1) than in the placebo group (41.4%, 37.0–45.8) at 3.5 years of follow-up (HR 0–59, 95% CI: 0.49–0.70). It also settled that the RFS in the PD-L1-positive pembrolizumab subgroup was greater (61.4%, 56.3–66.1) than in the PD-L1-positive placebo subgroup (44.1%, 39.2–48.8; HR 0–59, 95% CI: 0.49–0.73) (38).

KEYNOTE-716 phase III trial of pembrolizumab vs. placebo as adjuvant therapy in patients with completely resected, high-risk, stage II melanoma. At the first intermediate analysis, it was determined that recurrence or death was reduced in patients in the pembrolizumab group: 11 vs. 17% (hazard ratio [HR] 0.65, 95% CI: 0.46–0.92; p = 0.0066). This finding was also confirmed in the second interim analysis in which the occurrence of this event was 15% in the first group and 24% in the second one (HR 0.61, 95% CI: 0.45–0.82) (39).



LAG-3-targeted therapies

Lymphocyte-Activation Gene 3 (LAG-3) is one of the most important next-generation immune checkpoint molecules (40–42), having a similar function to PD-1 and CTLA-4 (43, 44).

Having a proapoptotic role on T cells, this molecule is considered to be a marker of aggressiveness, poor prognosis, and reduced survival in many cancers. Moreover, its expression correlates with mechanisms of resistance to anti-PD-1/anti-PD-L1 immunotherapy (45–47).

For this reason, anti-LAG-3 inhibitors are a considerable subject of study both alone and in combination with anti-PD1 inhibitors.

As a matter of fact, 108 phase I, I/II, II, II/III, and III studies are underway evaluating different types of LAG-3-targeted molecules alone or in combination with anti-PD1 inhibitors (48).

In addition, in February of this year, the drug Opdualag, a combination of the anti-LAG-3 antibody Relatlimab with nivolumab, received FDA approval for unresectable or metastatic melanoma (ref. FDA). This milestone was made possible by data from the phase II-III, global, double-blind, randomized RELATIVITY-047 study.

This milestone was made possible by data from the phase II-III, global, double-blind, randomized RELATIVITY-047 study, which compared the combination of relatlimab plus nivolumab as a fixed dose with nivolumab alone. The study showed that this combination, compared with nivolumab monotherapy, more than doubles the PFS of patients with previously untreated metastatic or unresectable melanoma. In fact, the median progression-free survival was 10.1 months (95% CI, 6.4–15.7) with relatlimab-nivolumab compared with 4.6 months (95% CI, 3.4–5.6) with nivolumab (hazard ratio for progression or death, 0.75 [95% CI, 0.62–0.92]; P = 0.006 by log-rank test) (49).



New perspectives on melanoma


Neoadjuvant setting

One of the possible therapeutic strategies that have been discussed recently is the eventual use of neoadjuvant systemic therapy in certain subgroups of patients with advanced melanoma. Currently, outside of clinical trials, neoadjuvant systemic therapy is not routinely recommended by guidelines for patients with regional metastatic or distantly resectable cutaneous melanoma (14).

Theoretically, neoadjuvant therapy could lead to several advantages. The possibility to make inoperable tumors operable with curative intent and/or to increase the rate of R0 resections (50).

Moreover, it could allow the efficacy of immunotherapy to be established in the patient for possible subsequent adjuvant treatment. Also, T cell checkpoint blockade could be more effective in a neoadjuvant than in an adjuvant setting due to the presence of a larger tumor mass that could increase the T cell response (51).

On the contrary, a disadvantage of this setting could be the delay of the standard-of-care surgery that could render initially operable patients inoperable due to disease progression (52).

This topic was discussed in the meta-analysis published by Erstad et al. in the past months, which concludes that preliminary trial data are currently supportive of the use of neoadjuvant therapy for stage III and IV melanoma (53).

In particular, the results of multiple trials were analyzed: regarding BRAF V660 mutated melanomas, the clinical trial number NCT02231775 of the standard of care group (surgery and subsequent adjuvant therapy) vs. neoadjuvant plus adjuvant dabrafenib and trametinib were conducted. It demonstrated that median event-free survival was 19.7 months in the neoadjuvant arm vs. only 2.9 months (HR 0.016, 95% CI 0.00012–0.14, p < 0.0001) in the standard of care group (54).

These results were in line with those obtained from the phase II NeoCombi trial in patients with BRAF-mutated stage IIIB or IIIC melanoma treated with dabrafenib plus trametinib and subsequent surgical resection. A complete pathological response was registered in 49% of patients (5% CI: 31–66) and in 51% of patients (95% CI: 34–69), a non-complete pathological response was observed (55).

Furthermore, Amaria et al. investigated neoadjuvant PD-1 monotherapy with nivolumab vs. combination therapy with nivolumab plus ipilimumab in patients with resectable high-risk melanoma. This trial highlighted that combined therapy shows higher ORR (73%) and pCR (45%) for the price of higher toxicity (73% grade 3 trAEs). On the contrary, nivolumab monotherapy shows reduced ORR and pCR (both results of 25%), but with only 8% grade 3 trAEs (52).

Regarding data comparing therapy in adjuvant and neoadjuvant settings, the OpACIN study was analyzed. It compared combination therapy with ipilimumab plus nivolumab in the adjuvant vs. neoadjuvant setting. The 4-year EFS rate was higher in patients treated with perioperative therapy than in those treated with adjuvant therapy (80 v. 60%, respectively). Furthermore, the 4-year OS rate was 90% in the first group compared with only 70% in the latter group (51).

There are currently five ongoing phase I and II trials evaluating the best combination of immunotherapy in neoadjuvant settings for melanoma (Table 1).


TABLE 1 Ongoing neoadjuvant trials with checkpoint inhibition in melanoma.
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Triple combination therapy

Another promising strategy evaluated in recent trials is the triple combination of anti-PD-1/PD-L1 immunotherapy and BRAF inhibitors plus MEK inhibitors targeted.

The rationale for this proposal stems from the fact that immunotherapy and target therapy are complementary, with the latter increasing the upregulation of PD-1/PD-L140. Therefore, the addition of anti-PD-1/PD-L1 to BRAF and MEK targeted therapy could help prevent tumor progression.

This therapeutic alternative was evaluated by Liu Y et al. in patients with stage III-IV melanoma, in a meta-analysis of five randomized controlled trials, for a total of 1,266 patients treated with triple therapy vs. a combination of two drugs or monotherapy as a control group.

A higher OS rate was found in the triple therapy arm compared with the control arm (63.7 vs. 56.3%, respectively), as was the overall ORR (67.1 vs. 62.7%, respectively).

However, triple combination therapy was aggravated by a higher incidence of risk for hypothyroidism, arthralgias, myalgias, increased ALT and AST, asthenia, and fever compared with the control group.

For these reasons, this meta-analysis concludes that currently further controlled trials are required to indicate eventual three combination therapy (56).

Currently, trials are available for evaluating the most favorable sequence to assess toxicity, and some phase II and III trials are for evaluating concomitant triple therapy.




BCC

Only in a small percentage of patients, BCC can progress to an advanced stage and even more rarely to a metastatic stage (mBCC).

Vismodegib and sonidegib, inhibitors of the hedgehog pathway, have been approved for the treatment of advanced BCC. According to Gutzmer's (57), study vismodegib has a response in 40–70% of metastatic or locally advanced BCC cases. The usual dose is 150 mg PO (until disease progression or toxicity is acceptable). According to this study, 69% of the responses were maintained at a median follow-up of 18 months, with complete response rates of 33% and partial response rates of 35% (57). The median progression-free survival has been reported to be 23 months. In this study, 1/3 of patients discontinued therapy due to side effects. Major side effects included myalgias, dysgeusia, weight loss, and alopecia (56). Moreover, sonidegib had a similar response rate to vismodegib. The usual dose is 200 mg PO (until disease progression or toxicity appears). The main side effects appeared to be muscle spasms with myalgias, alopecia, dysgeusia, and weight loss (57). Vismodegib, unlike sonidegib, is FDA-approved for both locally advanced BCC and metastatic BCC and is not suitable for locoregional therapy. Sonidegib is not approved for metastatic BCC but only for inoperable locally advanced BCC or BCC relapses treated with surgery and RT (58). On the contrary, vismodegib is also used in Gorling Goltz syndrome.

Currently, no direct comparison trials between the two Hedgehog pathway inhibitors have been conducted (59). However, according to data on different response rates, vismodegib would appear to have greater efficacy than sonidegib in mBCC, and therefore, it presents this indication (60).

Because BCCs also express PD-L1, Cemiplimab has been shown to prevent tumor cells from using the PD-1/PD-L1 binding-mediated signaling pathway to suppress T-cell activation. The use of immunotherapy seems to be useful in syndromic forms such as Gorlin-Goltz syndrome. It is possible to initiate therapy with PD-1 inhibitors when it is impossible to initiate therapy with Hedgehog inhibitors or for possible intolerances (61).

For patients with locally advanced basal cell carcinoma after hedgehog inhibitor therapy, Cemiplimab demonstrated clinically significant antitumor activity, according to results from an open-label, single-arm phase II trial (NCT03132636) that were published in Lancet Oncology. The primary end point of objective response assessed by independent central review (ICR) was observed in 31% (95% CI, 21%-42%) of patients in the study population. In total, 6% of patients experienced a complete response, and 25% experienced a partial response.

In addition, anti-PD-1 therapy is to be reserved in case of disease progression or in case of poor response to 9-month therapy with Hedgehog pathway inhibitors.

In the study by Stratigos et al., cemiplimab therapy achieved 31% response in patients with locally advanced BCC, including 6% complete and 25% partial responses, and 79% of patients maintained a response at 6 months or longer (62).

Table 2 lists the main ongoing trials of BCC and experimental therapies.


TABLE 2 Ongoing trials in BCC.
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SCC

Cutaneous squamous cell carcinoma is the second most frequent skin cancer in NMSCs (1). The main treatment is surgical excision with histopathologic control of the resection margins, with a cure rate reaching up to 95%. Radiation therapy is the second treatment of choice if surgery is not indicated. In advanced or metastatic SCC, chemotherapeutic drugs such as cisplatin and EGF receptor inhibitors such as cetuximab have been used in the past, unfortunately with a short duration of response and poor survival (63). Advanced spinocellular carcinoma is defined as a stage III, IVa, or IVb tumor according to the TNM classification, or in general, an SCC in which surgery or radiotherapy is not indicated. According to this definition, even a stage I-II or III, if inoperable, is considered “locally advanced.”

For patients with locally advanced or metastatic SCC who are not candidates for surgery or radiation therapy, anti-PD1 drugs have shown relevant results (64). One of the first drugs used was cemiplimab, which was approved by the FDA in September 2018 (65) and in June 2019 by the EMA for mcSCC and lacSCC (66). The approved dose is 350 mg intravenously over 30 min every 3 weeks. Cemiplimab is a highly effective, entirely human monoclonal antibody IgG4 against the PD-1 receptor (67).

Cemiplimab can enhance T-cell responses, including anti-tumor responses, by blocking the binding of PD-1 to the ligands PD-L1 and PD-L2. Cemiplimab is estimated to give ~46.1% response in metastatic patients with SCC, of which 16.1% is considered to be a complete response. The median response time is 2.1 months (NCT02760498).

At 24 months, responsive patients are 69.4%, with disease-free survival at 18.4 months. At 2 years, an estimated 73.3% of patients treated with cemiplimab are alive. Patients who have never undergone surgery respond better than those who have undergone surgery several times (50 vs. 24%) (68). The main adverse events are similar to those of the other immunotherapy drugs, and only 7% of patients show side effects that require discontinuation of treatment. The main adverse effects appear to be fatigue, diarrhea, itching, nausea, and cough (69).

Given the rapidity of cemiplimab to achieve response and its long-term maintenance, it would seem possible to use a short-term therapy scheme for the treatment of patients with lacSCC. Data have been presented in this regard by Conforti C et al., who report their experience of treatment with 3 cycles of cemiplimab 350 mg in two patients who maintained a clinical dermoscopic response at 6 months after discontinuation of treatment (70).

Other immunotherapy drugs are also being studied for the treatment of advanced or metastatic SCC. Keynote 629 (NCT02964559) is a phase II study in which pembrolizumab was administered at 200 mg every 3 weeks in patients with unresectable or metastatic cSCC. Pembrolizumab obtained an objective response rate (ORR) of 50% (n = 54; 95% CI: 36.64): a complete response rate of 17% and a partial response rate of 33%. Moreover, among those who responded (n = 27), 81% experienced a duration of response (DOR) lasting 6 months or longer, and 37% experienced a DOR lasting 12 months or longer (71). In addition, a French study used pembrolizumab in the same program (NCT02883556) in unresectable cSCC without prior systemic therapy and was also reported at the 2019 ASCO meeting. Considering a total of 39 patients, 2 patients achieved a complete response and 13 patients achieved partial responses for an overall response rate of 38.5% (72).

A promising new drug effective in metastatic cSCC is cosibelimab (CK-301).

Preliminary safety and efficacy data from the multicohort study indicated that 114 patients with multiple tumor types were enrolled and treated with cosibelimab. The ORR was 47.4% (95% CI: 36.0–59.1%) among those treated with cosibelimab.

Frequent AEs included fatigue (25%), anemia (21%), rash (18%), and nausea (16%) (73). Another promising drug combination currently in a phase II study is RP1 and nivolumab. RP1 is a genetically modified herpes simplex type 1 virus that is designed to directly destroy tumors and generate an anti-tumor immune response. Considering a total of 30 patients, 15 had CSCC, 4 had BCC, and 4 had MCC. Objective response was observed in 9 patients (60.0%) with CSCC, 1 (25%) with BCC, and 3 (75.0%) with MCC. Only patients with CSCC achieved a complete response, while none of the patients in the other subtype categories experienced a complete response (74). Currently, platinum-based therapy could be used for relapsed and/or metastatic spinocellular tumors for which there are no longer curative targets, according to AIOM guidelines 2021.1

Table 3 lists the main ongoing trials of BCC and experimental therapies.


TABLE 3 Ongoing trials in CSSC.
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MCC

Treatment of Merkel carcinoma depends on the disease's location and extent. The first treatment of choice is surgery, while the second treatment of choice is radiotherapy.

FDA-approved anti-PD-1/PD-L1 drugs are pembrolizumab and avelumab. PD-1/PD-L1 inhibitors achieve responses in 50% of patients with advanced disease in a durable and manageable safety profile (75).

The efficacy and safety of Avelumab as second-line treatment for mMCC have been studied in the single-arm, multicenter, phase II clinical trial JAVELIN Merkel 200: 88 patients treated with avelumab after not responding to chemotherapy had been followed up for a median of 40.8 months. The ORR was 33.0%, with complete response in 11.4% (10 patients), while the median duration of response was 40.5 months. Grade ≥3 treatment-related adverse events occurred in 11.4% of patients, and 21.6% of patients developed an immune-related adverse event (6).

The FDA approved pembrolizumab in the treatment of adult and pediatric patients with recurrent locally advanced or metastatic MCC, based on Cancer Immunotherapy Trials Network protocol 9 (CITN-09). In this multicenter phase II trial, 50 adults with no previous systemic therapy for advanced MCC received pembrolizumab for up to 2 years. The median follow-up time was 14.9 months. The ORR was 56% (complete response: 24% and partial response: 32%). The 24-month OS rate was 68.7%. Grade 3 or greater treatment-related adverse events occurred in 14 out of 50 patients (28%), leading to treatment discontinuation in 7 out of 50 patients (14%) (76).

A recent systematic review showed that the immunotherapy response to MCC is independent of the presence of Merkel cell polyomavirus (MCPyV).

The ORRs were 41.02% (32 of 78) and 41.66% (20 of 48) for MCPyV-positive and -negative tumors, respectively, with no difference in response (OR, 1.10; 95% CI, 0.52–2.33) (77).

A recent study has shown that there are also immunological differences between MCPyV-positive and MCPyV-negative MCCs.

T-cell clonality is much higher intratumorally, and there are far more neoantigens in MCPyV-positive tumors than in tumors without the virus, yet there is evidence of a response to immunotherapy for both tumor types. New therapeutic strategies involving immunotherapy in an adjuvant or neoadjuvant setting and MCPyV-specific adoptive T-cell transfer may lead to new information that can be used in clinical practice (78).

Table 4 lists the main ongoing trials of BCC and experimental therapies.


TABLE 4 Ongoing trials in MCC.
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Basosquamous carcinoma

Basosquamous carcinoma (BSC) is a rare and aggressive NMSCs, being an intermediate entity between BCC and SCC.

According to the “WHO classification of skin tumors, BSCs are BCCs associated with squamous differentiation” (79). However, their ability to metastasize seems more like SCCs than BCCs (80–82).

There are currently no treatment guidelines for the treatment of BSCs. However, according to most authors, wide surgical excision is the first treatment of choice, with a recurrence rate of as much as 45% but reduced if Mohs surgery is used (83–85).

On the other hand, the cases of 4 patients with locally advanced BSC treated effectively with vismodegib have been reported recently. All lesions went into complete remission, which in two cases was maintained for a very long time (86–88).

In view of this data, there would seem to be a new treatment frontier for difficult-to-treat surgically treated BSCs, which should be evaluated in controlled trials (89).

Moreover, the cases of two patients with inoperable and non-treatable radiotherapy laBSCs, which were successfully treated with sonidegib 200 mg daily, have recently been published. In the first case, after 4 months of treatment, a reduction of more than 50% of the tumor mass was described in the absence of adverse events. In the latter, the same result was achieved after only 3 months, with complete remission at 6 months of therapy, at the cost of mild adverse events treated with brief, temporary discontinuation of the drug (90).



New perspectives in NMSCs


Intratumoral therapy in NMSCs

NMSCs enable a locoregional approach and treatment.

Treatments involving injections of drugs that can stimulate the immune system are emerging.

The goal is to develop a powerful immune response against the tumor while also acting at a distance through the abscopal effect. Two of the most promising molecules used in combination with immunotherapy are cavrotolimod (a Toll-like receptor 9 agonist) (91) and a Toll-like receptor 7/8 agonist (92). These molecules with high immunogenic potential have the role of inducing a potent antigenic response.

Other promising immunomodulatory drugs are Ifa-Hu 2.0 and SL-172154.

The former is an autologous vaccine with high immunogenicity given by bacterial antigens that can stimulate a potent cytotoxic response, and the latter is a fusion protein that simultaneously activates TNF and inhibits the CD47/Sirpa checkpoint (93). Ultimately, cancer viruses are also considered in the treatment of NMSC.

Talimogene laherparepvec (T-VEC) is an attenuated herpes simplex type 1 virus encoding granulocyte-macrophage colony-stimulating factor, which is designed to preferentially replicate in tumor cells, enhance antigen loading of MHC class I molecules, and induce antitumor immune responses. T-VEC is analyzed in several studies in combination with radiotherapy or immunotherapy (94).



Cell-based immunotherapy in NMSCs

Immune cells associated with immune-stimulating drugs are another area of study. For example, Merkel carcinoma evades immunosurveillance by downregulating HLA class 1. A phase II study is evaluating the efficacy of natural killer cells stimulated by an IL-15 analog to increase the effectiveness of immune cells (95). Another approach of great interest is the use of personalized cell therapy that uses tumor neoantigens to stimulate CD4/CD8 cells to recognize MCC. CD4/CD8 cells express high-affinity receptors for MCPyV that combined with immunotherapy are studied in phase I/II trials. A response was obtained in 4 patients, and one of them achieved a complete response (96).



Immunotherapy in the adjuvant setting

Adjuvant immunotherapy in stage III melanoma led to an improvement in recurrence-free survival (97). The good results obtained on melanocytic pathology have led to an increased interest in immunotherapy in adjuvant settings, also for high-risk NMSCs. Several studies have combined pembrolizumab and cemiplimab after surgery or radiotherapy or in combination with radiotherapy in NMSCs (NCT03969004, NCT03057613, and NCT03833167). Other phase II and III studies are evaluating PD-1 and anti-PD-L1 in MCCs after surgical excision (NCT03712605, NCT03798639, NCT03271372, NCT04291885, and NCT02196961).



Best prospects in the neoadjuvant setting

In some cases, because of tumor extent or location, surgery or radiation therapy cannot be used as first-line treatments; therefore, the role of pharmacologic therapies in NMSCs before surgery is currently a field of study of considerable interest.

Currently, targeted therapy with sonic hedgehog inhibitors for BCC and immunotherapy for NMSCs (in particular, cSCC and MCC) seem to be the best prospects for neoadjuvant treatment. Unfortunately, none of these approaches with efficacy demonstrated by case reports, case series, or randomized trials have currently gained indication as neoadjuvant therapy for NMSCs (98).

More specifically, neoadjuvant treatment with cemiplimab in CSCCs and nivolumab in MCCs show promising results (NCT03565783, NCT04428671, and NCT02488759).

However, regarding targeted therapy in view of its efficacy in decreasing tumor burden, vismodegib could be very promising in the neoadjuvant phase.

In 15 patients with la-BCC treated with vismodegib in the neoadjuvant phase, after a follow-up of 22 months, the size of the final surgical defect has been reduced by 34.8% from baseline, and only 1 tumor has recurred (99).

Other studies investigating vismodegib in the same setting are ongoing (NCT03035188 and NCT02667574).

Sonidegib, followed by surgery or imiquimod, is also currently being evaluated in the neoadjuvant setting for la-BCC (NCT03534947).




Conclusion

Immunotherapy and targeted therapy have revolutionized advanced skin cancer disease's survival and treatment of these diseases. Despite the successes of these new drugs, the new future challenges will be to select patients who will benefit from these treatments. Biomarkers and tumor microenvironment parameters will have increasing importance in clinical decision-making and more precise and personalized medicine. Clinical trials are critical to increasing knowledge of NMSCs and melanoma. More and more information is rapidly moving from the laboratory to the patient's bedside. But equally important will be real-life data from the clinical experience of centers treating advanced cutaneous neoplasms to consolidate data from registration studies and to evaluate the efficacy and toxicity of new molecules.



Author contributions

Conceptualization: MR, NS, and SB. Methodology: NS and LM. Software: VP and LT. Validation and data curation: SR and PQ. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Footnotes

1https://www.aiom.it/linee-guida-aiom-2021-tumori-cutanei-non-melanoma



References

 1. Tanese K, Nakamura Y, Hirai I, Funakoshi T. Updates on the systemic treatment of advanced non-melanoma skin cancer. Front Med. (2019) 6:160. doi: 10.3389/fmed.2019.00160

 2. Saginala K, Barsouk A, Aluru JS, Rawla P, Barsouk A. Epidemiology of melanoma. Med Sci. (2021) 9:63. doi: 10.3390/medsci9040063

 3. Switzer B, Puzanov I, Skitzki JJ, Hamad L, Ernstoff MS. Managing metastatic melanoma in 2022: a clinical review. JCO Oncol Pract. (2022) 18:335–51. doi: 10.1200/OP.21.00686

 4. Wysong A, Aasi SZ, Tang JY. Update on metastatic basal cell carcinoma: a summary of published cases from 1981 through 2011. JAMA Dermatol. (2013) 149:615–6. doi: 10.1001/jamadermatol.2013.3064

 5. Zhu GA, Lynn Su Chang A. Overall and progression-free survival of stage 4 cutaneous squamous cell carcinoma at a single large referral center. J Am Acad Dermatol. (2015) 73:165–6. doi: 10.1016/j.jaad.2015.03.028

 6. D'Angelo SP, Bhatia S, Brohl AS, Hamid O, Mehnert JM, Terheyden P, et al. Avelumab in patients with previously treated metastatic Merkel cell carcinoma: long-term data and biomarker analyses from the single-arm phase 2 JAVELIN Merkel 200 trial. J Immunother Cancer. (2020) 8:e000674. doi: 10.1136/jitc-2020-000674

 7. Lipson EJ, Vincent JG, Loyo M, Kagohara LT, Luber BS, Wang H, et al. PD-L1 expression in the Merkel cell carcinoma microenvironment: association with inflammation, Merkel cell polyomavirus and overall survival. Cancer Immunol Res. (2013) 1:54–63. doi: 10.1158/2326-6066.CIR-13-0034

 8. Tanda ET, Vanni I, Boutros A, Andreotti V, Bruno W, Ghiorzo P, et al. Current state of target treatment in BRAF mutated melanoma. Front Mol Biosci. (2020) 7:154. doi: 10.3389/fmolb.2020.00154

 9. Gampala S, Yang JY. Hedgehog pathway inhibitors against tumor microenvironment. Cells. (2021) 10:3135. doi: 10.3390/cells10113135

 10. Schummer P, Schilling B, Gesierich A. Long-term outcomes in BRAF-mutated melanoma treated with combined targeted therapy or immune checkpoint blockade: are we approaching a true cure? Am J Clin Dermatol. (2020) 21:493–504. doi: 10.1007/s40257-020-00509-z

 11. Mackiewicz J, Mackiewicz A. BRAF MEK inhibitors in the era of immunotherapy in melanoma patients. Contemp Oncol (Pozn). (2018) 22:68–72. doi: 10.5114/wo.2018.73890

 12. Balch CM, Gershenwald JE, Soong SJ, Thompson JF, Atkins MB, Byrd DR, et al. Final version of 2009 AJCC melanoma staging and classification. J Clin Oncol. (2009) 27:6199–206. doi: 10.1200/JCO.2009.23.4799

 13. Tarhini AA, Toor K, Chan K, McDermott DF, Mohr P, Larkin J, et al. A matching-adjusted indirect comparison of combination nivolumab plus ipilimumab with BRAF plus MEK inhibitors for the treatment of BRAF-mutant advanced melanoma. ESMO Open. (2021) 6:100050. doi: 10.1016/j.esmoop.2021.100050

 14. Seth R, Messersmith H, Kaur V, Kirkwood JM, Kudchadkar R, McQuade JL, et al. Systemic therapy for melanoma: ASCO guideline. J Clin Oncol. (2020) 38:3947–70. doi: 10.1200/JCO.20.00198

 15. Dummer R, Brase JC, Garrett J, Campbell CD, Gasal E, Squires M, et al. Adjuvant dabrafenib plus trametinib versus placebo in patients with resected, BRAFV600-mutant, stage III melanoma (COMBI-AD): exploratory biomarker analyses from a randomised, phase 3 trial. Lancet Oncol. (2020) 21:358–72. doi: 10.1016/S1470-2045(20)30062-0

 16. Robert C, Karaszewska B, Schachter J, Rutkowski P, Mackiewicz A, Stroiakovski D, et al. Improved overall survival in melanoma with combined dabrafenib and trametinib. N Engl J Med. (2015) 372:30–9. doi: 10.1056/NEJMoa1412690

 17. Larkin J, Ascierto PA, Dréno B, Atkinson V, Liszkay G, Maio M, et al. Combined vemurafenib and cobimetinib in BRAF-mutated melanoma. N Engl J Med. (2014) 371:1867–76. doi: 10.1056/NEJMoa1408868

 18. Dummer R, Ascierto PA, Gogas HJ, Arance A, Mandala M, Liszkay G, et al. Encorafenib plus binimetinib versus vemurafenib or encorafenib in patients with BRAF-mutant melanoma (COLUMBUS): A multicentre, open-label, randomised phase 3 trial. Lancet Oncol. (2018) 19:603–15. doi: 10.1016/S1470-2045(18)30142-6

 19. Hamid O, Cowey CL, Offner M, Faries M, Carvajal RD. Efficacy, safety, and tolerability of approved combination BRAF and MEK inhibitor regimens for BRAF-mutant melanoma. Cancers (Basel). (2019) 11:1642. doi: 10.3390/cancers11111642

 20. Zengarini C, Mussi M, Veronesi G, Alessandrini A, Lambertini M, Dika E, et al. V600K vs. BRAF V600E: a cmparison of clinical and dermoscopic characteristics and response to immunotherapies and targeted therapies. Clin Exp Dermatol. (2022) 47:1131–6. doi: 10.1111/ced.15113

 21. Schwartz JC, Zhang X, Fedorov AA, Nathenson SG, Almo SC. Structural basis for co-stimulation by the human CTLA-4/B7-2 complex. Nature. (2001) 410:604–8. doi: 10.1038/35069112

 22. Lisi L, Lacal PM, Martire M, Navarra P, Graziani G. Clinical experience with CTLA-4 blockade for cancer immunotherapy: from the monospecific monoclonal antibody ipilimumab to probodies and bispecific molecules targeting the tumor microenvironment. Pharmacol Res. (2022) 175:105997. doi: 10.1016/j.phrs.2021.105997

 23. Robert C, Thomas L, Bondarenko I, O'Day S, Weber J, Garbe C, et al. Ipilimumab plus dacarbazine for previously untreated metastatic melanoma. N Engl J Med. (2011) 364:2517–26. doi: 10.1056/NEJMoa1104621

 24. Alrabadi NN, Abushukair HM, Ababneh OE, Syaj SS, Al-Horani SS, Qarqash AA, et al. Systematic review and meta-analysis efficacy and safety of immune checkpoint inhibitors in advanced melanoma patients with anti-PD-1 progression: a systematic review and meta-analysis. Clin Transl Oncol. (2021) 23:1885–904. doi: 10.1007/s12094-021-02598-6

 25. Francisco LM, Salinas VH, Brown KE, Vanguri VK, Freeman GJ, Kuchroo VK, et al. PD-L1 regulates the development, maintenance, and function of induced regulatory T cells. J Exp Med. (2009) 206:3015–29. doi: 10.1084/jem.20090847

 26. Wang C, Thudium KB, Han M, Wang XT, Huang H, Feingersh D, et al. In vitro characterization of the anti-PD-1 antibody nivolumab, BMS-936558, and in vivo toxicology in non-human primates. Cancer Immunol Res. (2014) 2:846–56. doi: 10.1158/2326-6066.CIR-14-0040

 27. Trivedi MS, Hoffner B, Winkelmann JL, Abbott ME, Hamid O, Carvajal RD. Programmed death 1 immune checkpoint inhibitors. Clin Adv Hematol Oncol. (2015) 13:858–68.

 28. Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier L, et al. Nivolumab in previously untreated melanoma without BRAF mutation. N Engl J Med. (2015) 372:320–30. doi: 10.1056/NEJMoa1412082

 29. Weber JS, D'Angelo SP, Minor D, Hodi FS, Gutzmer R, Neyns B, et al. Nivolumab versus chemotherapy in patients with advanced melanoma who progressed after anti-CTLA-4 treatment (CheckMate 037): a randomised, controlled, open-label, phase 3 trial. Lancet Oncol. (2015) 16:375–84. doi: 10.1016/S1470-2045(15)70076-8

 30. Larkin J, Minor D, D'Angelo S, Neyns B, Smylie M, Miller WH Jr, et al. Overall survival in patients with advanced melanoma who received Nivolumab vs. investigator's choice chemotherapy in CheckMate 037: a randomized, controlled, open-label phase III trial. J Clin Oncol. (2018) 36:383–90. doi: 10.1200/JCO.2016.71.8023

 31. Ribas A, Puzanov I, Dummer R, Schadendorf D, Hamid O, Robert C, et al. Pembrolizumab versus investigator-choice chemotherapy for ipilimumab-refractory melanoma (KEYNOTE-002): a randomised, controlled, phase 2 trial. Lancet Oncol. (2015) 16:908–18. doi: 10.1016/S1470-2045(15)00083-2

 32. Schachter J, Ribas A, Long GV, Arance A, Grob JJ, Mortier L, et al. Pembrolizumab versus ipilimumab for advanced melanoma: final overall survival results of a multicentre, randomised, open-label phase 3 study (KEYNOTE-006). Lancet. (2017) 390:1853–62. doi: 10.1016/S0140-6736(17)31601-X

 33. Robert C, Ribas A, Schachter J, Arance A, Grob JJ, Mortier L, et al. Pembrolizumab versus ipilimumab in advanced melanoma (KEYNOTE-006): post-hoc 5-year results from an open-label, multicentre, randomised, controlled, phase 3 study. Lancet Oncol. (2019) 20:1239–51. doi: 10.1016/S1470-2045(19)30388-2

 34. Hodi FS, Chiarion-Sileni V, Gonzalez R, Grob JJ, Rutkowski P, Cowey CL, et al. Nivolumab plus ipilimumab or nivolumab alone versus ipilimumab alone in advanced melanoma (CheckMate 067): 4-year outcomes of a multicentre, randomised, phase 3 trial. Lancet Oncol. (2018) 19:e668. doi: 10.1016/S1470-2045(18)30700-9

 35. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Rutkowski P, Lao CD, et al. Five-Year Survival with Combined Nivolumab and Ipilimumab in Advanced Melanoma. N Engl J Med. (2019) 381:1535–46. doi: 10.1056/NEJMoa1910836

 36. Xu Y, Hezam K, Ali MG, Wang Y, Zhang J. The efficacy and safety of Nivolumab combined with Ipilimumab in the immunotherapy of cancer: a meta-analysis. Immunopharmacol Immunotoxicol. (2021) 43:386–94. doi: 10.1080/08923973.2021.1924195

 37. Moser JC, Wei G, Colonna SV, Grossmann KF, Patel S, Hyngstrom JR. Comparative-effectiveness of pembrolizumab vs. nivolumab for patients with metastatic melanoma. Acta Oncol. (2020) 59:434–7. doi: 10.1080/0284186X.2020.1712473

 38. Eggermont AMM, Blank CU, Mandalà M, Long GV, Atkinson VG, Dalle S, et al. Adjuvant pembrolizumab versus placebo in resected stage III melanoma (EORTC 1325-MG/KEYNOTE-054): distant metastasis-free survival results from a double-blind, randomised, controlled, phase 3 trial. Lancet Oncol. (2021) 22:643–54. doi: 10.1016/S1470-2045(21)00065-6

 39. Luke JJ, Rutkowski P, Queirolo P, Vecchio MD, Mackiewicz J, Chiarion-Sileni V, et al. Pembrolizumab versus placebo as adjuvant therapy in completely resected stage IIB or IIC melanoma (KEYNOTE-716): a randomised, double-blind, phase 3 trial. Lancet. (2022) 399:1718–29. doi: 10.1016/S0140-6736(22)00562-1

 40. De Erauso LC, Zuazo M, Arasanz H, Bocanegra A, Hernandez C, Fernandez G, et al. Resistance to PD-L1/PD-1 Blockade Immunotherapy. A tumor-intrinsic or tumor-extrinsic phenomenon? Front Pharmacol. (2020) 11:441. doi: 10.3389/fphar.2020.00441

 41. Chocarro L, Blanco E, Arasanz H, Fernández-Rubio L, Bocanegra A, Echaide M, et al. Clinical landscape of LAG-3-targeted therapy. Immunol. Oncol. Technol. (2022) 14:100079. doi: 10.1016/j.iotech.2022.100079

 42. Chocarro L, Blanco E, Zuazo M, Arasanz H, Bocanegra A, Fernández-Rubio L, et al. Understanding LAG-3 Signaling. Int J Mol Sci. (2021) 22:5282. doi: 10.3390/ijms22105282

 43. Huard B, Prigent P, Pagès F, Bruniquel D, Triebel F. T cell major histocompatibility complex class II molecules down-regulate CD4+ T cell clone responses following LAG-3 binding. Eur J Immunol. (1996) 26:1180–6. doi: 10.1002/eji.1830260533

 44. Huard B, Tournier M, Hercend T, Triebel F, Faure, F. Lymphocyte-activation gene 3/major histocompatibility complex class II interaction modulates the antigenic response of CD4+ T lymphocytes. Eur J Immunol. (1994) 24:3216–21. doi: 10.1002/eji.1830241246

 45. Deng WW, Mao L, Yu GT, Bu LL, Ma SR, Liu B, et al. LAG-3 confers poor prognosis and its blockade reshapes antitumor response in head and neck squamous cell carcinoma. OncoImmunology. (2016) 5:e1239005. doi: 10.1080/2162402X.2016.1239005

 46. Datar I, Sanmamed MF, Wang J, Henick BS, Choi J, Badri T, et al. Expression analysis and significance of PD-1, LAG-3, and TIM-3 in human non–small cell lung cancer using spatially resolved and multiparametric single-cell analysis. Clin Cancer Res. (2019) 25:4663–4673. doi: 10.1158/1078-0432.CCR-18-4142

 47. Wang Y, Dong T, Xuan Q, Zhao H, Qin L, Zhang Q. Lymphocyte-activation gene-3 expression and prognostic value in neoadjuvant-treated triple-negative breast cancer. J Breast Cancer. (2018) 21:124–33. doi: 10.4048/jbc.2018.21.2.124

 48. Chocarro L, Bocanegra A, Blanco E, Fernández-Rubio L, Arasanz H, Echaide M, et al. Cutting-edge: preclinical and clinical development of the first approved lag-3 inhibitor. Cells. (2022) 11:2351. doi: 10.3390/cells11152351

 49. Paik J. Nivolumab plus relatlimab: first approval. Drugs. (2022) 82:925–31. doi: 10.1007/s40265-022-01723-1

 50. Murphy JE, Wo JY, Ryan DP, Jiang W, Yeap BY, Drapek LC, et al. Total neoadjuvant therapy with FOLFIRI- NOX followed by individualized chemoradiotherapy for borderline resectable pan- creatic adenocarcinoma: a phase 2 clinical trial. JAMA Oncol. (2018) 4:963–9. doi: 10.1001/jamaoncol.2018.0329

 51. Blank CU, Rozeman EA, Fanchi LF, Sikorska K, van de Wiel B, Kvistborg P, et al. Neoadjuvant vs. adjuvant ipilimumab plus nivolumab in macroscopic stage III melanoma. Nat Med. (2018) 24:1655–61 doi: 10.1038/s41591-018-0198-0

 52. Amaria RN, Reddy SM, Tawbi HA, Davies MA, Ross MI, Glitza IC, et al. Neoadjuvant immune checkpoint blockade in high-risk resectable melanoma. Nat Med. (2018) 24:1649–54. doi: 10.1038/s41591-018-0197-1

 53. Erstad DJ, Witt RG, Wargo JA. Neoadjuvant therapy for melanoma: new and evolving concepts. Clin Adv Hematol Oncol. (2022) 20:47–55.

 54. Amaria RN, Prieto PA, Tetzlaff MT, Reuben A, Andrews MC, Ross MI, et al. Neoadjuvant plus adjuvant dabrafenib and trametinib versus standard of care in patients with high-risk, surgically resectable melanoma: a single-centre, open-label, randomised, phase 2 trial. Lancet Oncol. (2018) 19:181–93. doi: 10.1016/S1470-2045(18)30015-9

 55. Long GV, Saw RPM, Lo S, Nieweg OE, Shannon KF, Gonzalez M, et al. Neoadjuvant dabrafenib combined with trametinib for resectable, stage IIIB-C, BRAFV600 mutation-positive melanoma (NeoCombi): a single-arm, open-label, single-centre, phase 2 trial. Lancet Oncol. (2019) 20:961–71. doi: 10.1016/S1470-2045(19)30331-6

 56. Liu Y, Zhang X, Wang G, Cui X. Triple combination therapy with PD-1/PD-L1, BRAF, and MEK inhibitor for stage III-IV melanoma: a systematic review and meta-analysis. Front Oncol. (2021) 11:693655. doi: 10.3389/fonc.2021.693655

 57. Gutzmer R, Schulze HJ, Hauschild A, Leiter U, Meier F, Haferkamp S, et al. Effectiveness, safety and utilization of vismodegib in locally advanced basal cell carcinoma under real-world conditions in Germany - The non-interventional study NIELS. J Eur Acad Dermatol Venereol. (2021) 35:1678–85. doi: 10.1111/jdv.17332

 58. Xie P, Lefrançois P. Efficacy, safety, and comparison of sonic hedgehog inhibitors in basal cell carcinomas: a systematic review and meta-analysis. J Am Acad Dermatol. (2018) 79:1089–100.e17. doi: 10.1016/j.jaad.2018.07.004

 59. Dika E, Scarfì F, Ferracin M, Broseghini E, Marcelli E, Bortolani B, et al. Basal cell carcinoma: a comprehensive review. Int J Mol Sci. (2020) 21:5572. doi: 10.3390/ijms21155572

 60. Odom D, Mladsi D, Purser M, Kaye JA, Palaka E, Charter A, et al. A matching-adjusted indirect comparison of Sonidegib and Vismodegib in advanced basal cell carcinoma. J Skin Cancer. (2017) 2017:1–7. doi: 10.1155/2017/6121760

 61. Krakowski AC, Hafeez F, Westheim A, Pan EY, Wilson M. Advanced basal cell carcinoma: What dermatologists need to know about diagnosis. J Am Acad Dermatol. (2022) 86:S1–S13. doi: 10.1016/j.jaad.2022.03.023

 62. Stratigos AJ, Sekulic A, Peris K, Bechter O, Prey S, Kaatz M, et al. Cemiplimab in locally advanced basal cell carcinoma after hedgehog inhibitor therapy: an open-label, multi-centre, single-arm, phase 2 trial. Lancet Oncol. (2021) 22:848–57. doi: 10.1016/S1470-2045(21)00126-1

 63. Ogata D, Namikawa K, Otsuka M, Asai J, Kato H, Yasuda M, et al. Systemic treatment of patients with advanced cutaneous squamous cell carcinoma: response rates and outcomes of regimens used. Eur J Cancer. (2020) 127:108–17. doi: 10.1016/j.ejca.2019.12.018

 64. Stratigos AJ, Garbe C, Dessinioti C, Lebbe C, Bataille V, Bastholt L, et al. European interdisciplinary guideline on invasive squamous cell carcinoma of the skin: Part 2. Treatment Eur J Cancer. (2020) 128:83–102. doi: 10.1016/j.ejca.2020.01.008

 65. FDA. FDA Approves First Treatment for Advanced Form of Second Most Common Skin Cancer. (2018). Available online at: https://bit.ly/3q9S5An (accessed March 2, 2021).

 66. Lee A, Duggan S, Deeks ED. Cemiplimab: a review in advanced cutaneous squamous cell carcinoma. Drugs. (2020) 80:813–9. doi: 10.1007/s40265-020-01302-2

 67. Burova E, Hermann A, Waite J, Potocky T, Lai V, Hong S, et al. Characterization of the anti–PD-1 antibody REGN2810 and its antitumor activity in human PD-1 knock-in mice. Mol Cancer Ther. (2017) 16:861–70. doi: 10.1158/1535-7163.MCT-16-0665

 68. Dylann-Cohn-Emery. Longer Follow-Up for Cemiplimab Confirm Superior Efficacy Over other Regiments for cSCC. (2020).

 69. Guminski A, Stein B. Immunotherapy and other systemic therapies for cutaneous SCC. Oral Oncol. (2019) 99:104459. doi: 10.1016/j.oraloncology.2019.104459

 70. Conforti C, Toffoli L, Agozzino M, Fedele D, Moroso S, di Meo N, et al. Maintenance of clinical response after short treatment with cemiplimab for advanced squamous cell carcinoma. J Eur Acad Dermatol Venereol. (2022) 36:e443–5. doi: 10.1111/jdv.17939

 71. Kudchadkar RR, Yushak ML, Lawson DH, Delman KA, Lowe MC, Goings M, et al. Phase II study of pembrolizumab (MK-3475) in metastatic cutaneous squamous cell carcinoma (cSCC). J Clin Oncol. (2018) 36:9543. doi: 10.1200/JCO.2018.36.15_suppl.9543

 72. Maubec E, Boubaya M, Petrow P, Beylot-Barry M, Basset-Seguin N, Deschamps L, et al. Pembrolizumab as first-line therapy in patients with unresectable cutaneous squamous cell carcinoma (cSCC): phase 2 results from CARSKIN. J Clin Oncol. (2019) 37:9547. doi: 10.1200/JCO.2019.37.15_suppl.9547

 73. Guo L, Wei R, Lin Y, Kwok HF. Clinical and recent patents applications of PD-1/PD-L1 targeting immunotherapy in cancer treatment-current progress, strategy, and future perspective. Front Immunol. (2020) 11:1508. doi: 10.3389/fimmu.2020.01508

 74. Niu J, Milhem M, Vanderwalde AM, Chmielowski B, Beasley G, Samson A, et al. Safety and efficacy of RP1 + nivolumab in patients with non-melanoma skin cancer of the head and neck: Results from IGNYTE phase 1/2 multi-cohort clinical trial. Multidiscip Head Neck Cancers Symp. (2022) 112:E8–9. doi: 10.1016/j.ijrobp.2021.12.025

 75. Shiravand Y, Khodadadi F, Kashani SMA, Hosseini-Fard SR, Hosseini S, Sadeghirad H, et al. Immune checkpoint inhibitors in cancer therapy. Curr Oncol. (2022) 29:3044–60. doi: 10.3390/curroncol29050247

 76. Nghiem P, Bhatia S, Lipson EJ, Sharfman WH, Kudchadkar RR, Brohl AS, et al. Durable tumor regression and overall survival in patients with advanced merkel cell carcinoma receiving Pembrolizumab as first-line therapy. J Clin Oncol. (2019) 37:693–702. doi: 10.1200/JCO.18.01896

 77. Garza-Davila VF, Valdespino-Valdes J, Barrera FJ, Ocampo-Candiani J, Garza-Rodríguez V. Clinical impact of immunotherapy in Merkel cell carcinoma patients: a systematic review and meta-analysis. J Am Acad Dermatol. (2021) 87:121–30. doi: 10.1016/j.jaad.2021.04.024

 78. Shalhout SZ, Kaufman HL, Emerick KS, Miller DM. Immunotherapy for nonmelanoma skin cancer: facts and hopes. Clin Cancer Res. (2022) 8:2211–20. doi: 10.1158/1078-0432.CCR-21-2971

 79. LeBoit PE. International Agency for Research on Cancer; World Health Organization; International Academy of Pathology; European Organization for Research on Treatment of Cancer; UniversitätsSpital Zürich. Pathology and Genetics of Skin Tumours. Lyon, France: IARC Press. (2006).

 80. Garcia C, Poletti E, Crowson AN. Basosquamous carcinoma. J Am Acad Dermatol. (2009) 60:137–43. doi: 10.1016/j.jaad.2008.09.036

 81. Ciazyńska M, Sławińska M, Kamińska-Winciorek G, Lange D, Lewandowski B, Reich A, et al. Clinical and epidemiological analysis of basosquamous carcinoma: results of the multicenter study. Sci Rep. (2020) 10:18475. doi: 10.1038/s41598-020-72732-x

 82. Wermker K, Roknic N, Goessling K, Klein M, Schulze HJ, Hallermann C. Basosquamous carcinoma of the head and neck: clinical and histologic characteristics and their impact on disease progression. Neoplasia. (2015) 17:301–5. doi: 10.1016/j.neo.2015.01.007

 83. Volkenstein S, Wohlschlaeger J, Liebau J, Arens A, Lehnerdt G, Jahnke K, et al. Basosquamous carcinoma-A rare but aggressive skin malignancy. J Plast Reconstr Aesthetic Surg. (2010) 63:e304–e306. doi: 10.1016/j.bjps.2009.05.058

 84. Betti R, Crosti C, Ghiozzi S, Cerri A, Moneghini L, Menni S. Basosquamous cell carcinoma: a survey of 76 patients and a comparative analysis of basal cell carcinomas and squamous cell carcinomas. Eur J Dermatol. (2013) 23:83–6. doi: 10.1684/ejd.2012.1890

 85. Skaria A. Recurrence of basosquamous carcinoma after mohs micrographic surgery. Dermatology. (2010) 221:352–5. doi: 10.1159/000320127

 86. McGrane J, Carswell S, Talbot T. Metastatic spinal cord compression from basal cell carcinoma of the skin treated with surgical decompression and vismodegib: case report and review of Hedgehog signalling pathway inhibition in advanced basal cell carcinoma. Clin Exp Dermatol. (2017) 42:80–3. doi: 10.1111/ced.12991

 87. Apalla Z, Giakouvis V, Gavros Z, Lazaridou E, Sotiriou E, Bobos M, et al. Complete response of locally advanced basosquamous carcinoma to vismodegib in two patients. Eur J Dermatol. (2019) 29:102–4. doi: 10.1684/ejd.2018.3482

 88. Sahuquillo-Torralba A, Llavador-Ros M, Caballero-Daroqui J, Botella-Estrada R. Complete response of a locally advanced basosquamous carcinoma with vismodegib treatment. Indian J Dermatol Venereol Leprol. (2019) 85:549–52. doi: 10.4103/ijdvl.IJDVL_647_18

 89. Fotiadou C, Apalla Z, Lazaridou E. Basosquamous carcinoma: a commentary. Cancers (Basel). (2021) 13:6146. doi: 10.3390/cancers13236146

 90. Toffoli L, Agozzino M, di Meo N, Zalaudek I, Conforti C. Locally advanced basosquamous carcinoma: our experience with sonidegib. Dermatol Ther. (2022) 35:e15436. doi: 10.1111/dth.15436

 91. Exicure presents positive clinical data with cavrotolimod at The Society for Immunotherapy of Cancer (SITC) 35th Anniversary Annual Meeting. Chicago, IL and Cambridge, MA: Exicure. (2020).

 92. Wang Z, Gao Y, He L, Sun S, Xia T, Hu L, et al. Structure-based design of highly potent toll-like receptor 7/8 dual agonists for cancer immunotherapy. J Med Chem. (2021) 64:7507–32. doi: 10.1021/acs.jmedchem.1c00179

 93. Oglesby A, Algazi AP, Daud AI. Intratumoral and combination therapy in melanoma and other skin cancers. Am J Clin Dermatol. (2019) 20:781–96. doi: 10.1007/s40257-019-00452-8

 94. Salloum A, Koblinski J, Bazzi N, Zeitouni NC. Talimogene Laherparepvec in Non-Melanoma Cancers. J Clin Aesthet Dermatol. (2021) 14:18–25.

 95. Zhang C, Hu Y, Shi C. Targeting natural killer cells for tumor immunotherapy. Front Immunol. (2020) 11:60. doi: 10.3389/fimmu.2020.00060

 96. Uchi H. Merkel cell carcinoma: an update and immunotherapy. Front Oncol. (2018) 8:48. doi: 10.3389/fonc.2018.00048

 97. Eggermont AMM, Blank CU, Mandala M, Long GV, Atkinson VG, Dalle S, et al. Longer follow-Up confirms recurrence-free survival benefit of adjuvant pembrolizumab in high-risk stage III melanoma: updated results from the EORTC 1325-MG/KEYNOTE-054 Trial. J Clin Oncol. (2020) 38:3925–36. doi: 10.1200/JCO.20.02110

 98. Zelin E, Zalaudek I, Agozzino M, Dianzani C, Dri A, Di Meo N, et al. Neoadjuvant therapy for non-melanoma skin cancer: updated therapeutic approaches for basal, squamous, and merkel cell carcinoma. Curr Treat Options Oncol. (2021) 22:35. doi: 10.1007/s11864-021-00826-3

 99. Rogers HW, Weinstock MA, Feldman SR, Coldiron BM. Incidence Estimate of Nonmelanoma Skin Cancer (Keratinocyte Carcinomas) in the U.S. Population, 2012. JAMA Dermatol. (2015) 151:1081–6. doi: 10.1001/jamadermatol.2015.1187





OPS/images/fmed-09-959289-t003.jpg
Design N’ of Indication Intervention
patients

NCT02883556 (CARSKIN) Phase IT 57 Unresectable CSCC Pembrolizumab 200 mg, administered as intravenous (IV) ORRWI5 41%
infusion every 3 weeks up to 24 months or until
progression or unacceptable toxicity develops.

NCT02721732 Phase I 202 Unresectable/mCSCC Pembrolizumab IV over 30 min on day 1. Treatment 32%
repeats every 21 days for up to 24 months in the absence of
disease progression or toxicity. Patients with clinical
response or disease stabilization may continue treatment
for up to an additional 12 months.

NCT02964559 Phase IT 11 laCSCC/mCSCC Pembrolizumab IV over 30 min on day 1. Courses repeat every 3 weeks in
the absence of disease progression or unacceptable toxicity.

NCT03284424 Phase IT 159 [aCSCC/mCSCC/recurrent Pembrolizumab 200 mg via intravenous (IV) infusion on

(MK-3475-629/KEYNOTE- csce Day 1 of each 3-week cycle for up to ~2 years.

629)

NCT03057613 Phase IT 18 Resected H&N CSCC IMRT 60-66Gy for 6 weeks in combination with
Pembrolizumab every 3 weeks for 16 weeks

NCT03833167 Phase I11 570 Resected high-risk CSCC Arm A: 400 mg pembrolizumab by intravenous (IV) infusion administered

(MK-3475) on Day 1 of each 42-day cycle (Q6W) for up to 9 cycles. Participants that

complete 9 cycles of pembrolizumab and experience biopsy-proven-disease
recurrence may be eligible to receive up to 18 additional cycles of
pembrolizumab in an open-label design.
Arm B placebo by IV infusion administered on Day 1 of each 42-day cycle
(Q6W) for up to 9 cycles. Participants treated with placebo who experience
biopsy-proven-disease recurrence may be eligible to receive up to 18 cycles
of pembrolizumab in an open-label design.

NCT03969004 Phase 111 412 Resected high-risk CSCC Arm A: Cemiplimab Intravenous (IV) infusion over 30
minutes
Arm B: Placebo Intravenous (IV) infusion over 30 min

NCT03834233 Phase IT 24 laCSCC/mCSCC Nivolumab 3 mg/kg IV every 14 days until disease

(CA209-9]C) progression, unacceptable toxicity or up to 12 months.
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discontinuation for other reasons for up to 2 years.

Arm B: Nivolumab IV over 30 min and ipilimumab IV over 30 min at week
0. Treatments repeat every 2 weeks for nivolumab and 6 weeks for
ipilimumab for up to 1 year in the absence of disease progression or
unacceptable toxicity.

NCT03565783 Phase I 40 H&N CSCC Cemiplimab IV over 30 min every 3 weeks. Cycles repeat every 3 weeks for
up to 6 weeks with or without radiation therapy at the discretion of the
treating physician in the absence of disease progression or unacceptable
toxicity.

NCT04807777 Solid organ transplant recipients with advanced CSCC

NCT04349436 (ARTACUS) Liver/Kidney transplant recipient with advanced CSCC
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NCT04799054 Locally advanced/metastatic
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NCT04596033 (TiTAN-1) Advanced solid tumors

including CSCC
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NCT02488759(CheckMate358)

Phase I/I1

578

Virus-associated diseases (MCC)

Nivolumab intravenous infusion as specified - Nivolumab
intravenous infusion as specified - Nivolumab intravenous
infusion as specified with Ipilimumab intravenous infusion
as specified - Nivolumab intravenous infusion as specified
with Relatlimab intravenous infusion as specified -
Nivolumab intravenous infusion as specified with
Daratumumab intravenous infusion as specified

NCT03712605(STAMP)

Phase I11

280

Resected MCC

Arm A: Pembrolizumab IV over 30 min on day 1.
Treatment repeats every 21 days for up to 17 cycles in the
absence of disease progression or unacceptable toxicity.
Patients may also undergo standard of care radiation
therapy within 14 days of day 1, cycle 1.

Arm B: standard of care observation every 3 months for 1
year, and then every 6 months for 5 years. Patients may also
undergo standard of care radiation therapy within 14 days
of day 1, cycle 1.

NCT03271372(ADAMI)

Phase I11

100

Resected MCC with nodal metastasis

Arm A: Avelumab IV over 1 h once every 15 days for the
first 120 days (Induction Phase 1), once every 30 days for
the next 120 days (Induction Phase 2), and then once every
120 days (Maintenance Phase) for a maximum of 720 days
(~24 months or 2 years total) in the absence of disease
progression or unacceptable toxicity.

Arm B: placebo IV over 1 h once every 15 days for the first
120 days (Induction Phase 1), once every 30 days for the
next 120 days (Induction Phase 2), and then once every 120
days (Maintenance Phase) for a maximum of 720 days (~24
months or 2 years total) in the absence of disease
progression or unacceptable toxicity.

NCT04291885(1-MAT)

Phase IT

132

Resected MCC

Arm A: 6 months of Avelumab at a dose of 800 mg as a
60-min intravenous (IV) infusion once every 2 weeks (13
doses)

Arm B: 6 months of Placebo as a 60-min intravenous (IV)
infusion once every 2 weeks (13 doses)

NCT02196961(ADMEC-0)

Phase IT

180

Resected MCC

After complete resection of Merkel cell carcinoma, patients
randomized to the treatment arm will receive nivolumab at
a fixed dose of 480 mg by IV infusion every 4 weeks for up
to 1 year (i.e., 13 doses).

NCT03798639

Phase I

Resected MCC

Arm A: Nivolumab IV over 30 min at week 0. Treatments
repeat every 4 weeks for 1 year in the absence of disease
progression or unacceptable toxicity. Beginning week 2,
patients also receive radiation therapy on Monday-Friday
or 5 days per week for 6 weeks in the absence of disease
progression or unacceptable toxicity.

Arm B: Nivolumab IV over 30 min and ipilimumab IV over
30 min at week 0. Treatments repeat every 2 weeks for
nivolumab and 6 weeks for ipilimumab for up to 1 year in
the absence of disease progression or unacceptable toxicity.

NCT03684785

Advanced MCC/advanced CSCC

NCT04799054

Locally advanced/metastatic solid
tumors

NCT02465957 (QUILT-3.009)

Advanced MCC

NCT03747484

Unresectable/metastatic MCC

NCT03458117

Locally advanced NMSC

NCT02819843

Solid tumors with skin metastasis,
including MCC

NCT02978625

Advanced/refractory NMSC

NCT04160065

Advanced CSCC/MCC
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NCT02437279 Phase Ib 20 Arm A: Adjuvant ipi + nivo for 4 cycles Arm A: N/A
(OpACIN)

Arm B: Neoadjuvant ipi + nivo for 2 Cycles before surgery, and 2 after surgery Arm B: 30%

Trials with only neoandjuvant arms

NCT02519322 Phase 11 23 Arm A: Neoadjuvant nivo up to 4 cycles, adjuvant nivo up to 13 cycles Arm A: 25%
Arm B: Neoadjuvant ipi + nivo up to 3 cycles, adjuvant nivo up to 13 cycles Arm B: 45%
NCT02434354 Phase I 29 200 mg of pembrolizumab, single cycle 3 weeks prior to 18,50%

surgery then pembrolizumab q3w for a year following surgery

NCT02977052 (OpACIN-neo) Phase 11 86 Arm A: Neoadjuvant ipi (3 mg/kg) + nivo (1 mg/kg) for 2 cycles Arm A: 47%
Arm B: Neoadjuvant ipi (1 mg/kg) + nivo (3 mg/kg) for 2 cycles Arm B: 57%
Arm C: Neoadjuvant ipi (3 mg/kg) for 2 cycles followed by neoadjuvant nivo (3 mg/kg) for2 | Arm C: 23%
cycles

NCT02977052 Phase IT 9 Neoadjuvant ipi + nivo for 6 weeks, target node resection, if pCR, no lymphadenectomy, 61% MPR

if pPR, lymphadenectomy only, if no response, lymphadenectomy -+ adjuvant nivo for 52
weeks

Ipi, ipilimumab; MPR, major pathologic response, defined as < 10% viable tumor cells; nivo, nivolumab; pCR, pathologic complete response.

NCT02231775 Phase II 21 Arm A: Upfront surgery with consideration of adjuvant therapy Arm A:NA

Arm B: Neoadjuvant dabrafenib and trametinib for 8 weeks followed by adjuvant dabrafenib | Arm B: 50%
and trametinib for 44 weeks

NCT01972347 (Neo Combi) Phase IT 35 Neoadjuvant dabrafenib and trametinib for 12 weeks, adjuvant therapy for 40 weeks 49%

Trials with only neoadjuvant arms

NTR4654 Phase 11 20 Neoadjuvant dabrafenib and trametinib for 8 weeks in patients with unresectable disease 28.6%
followed by surgery if resectable
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NCT02690948

Phase I/IT

16

Advanced BCC

Participants who previously received vismodegib and
subsequently progressed will receive pembrolizumab IV
over 30 min on day 1. Cycles are every 21 days for up to 24
months in the absence of disease progression or
unacceptable toxicity.

ORR 44%

Participants who have not progressed while receiving
vismodegib will receive pembrolizumab IV over 30 min on
day 1 and take vismodegib 150 mg by mouth daily. Cycles
repeat every 21 days for up to 24 months in the absence of
disease progression or unacceptable toxicity.

ORR 29%

NCT04679480

Phase 1T

20

Advanced BCC

Cemiplimab administered as a flat 350 mg dose in every 3
weeks. Sonidegib 200 mg capsule, orally administered once
daily. Sonidegib will be administered in a 2 week cycle
every 4 weeks starting from week 0.

NCT03521830

Phase IT

40

1aBCC/mBCC

Arm A: Nivolumab 480 mg IV every 4 weeks

Arm B: Ipilimumab 1 mg/kg IV every 4 weeks for 4 doses

Arm C: Relatlimab 480 mg IV qwks

NCT04323202

Advanced BCC of head/neck

NCT04799054

Locally advanced/metastatic
solid tumors

NCT03458117 (20139157 T-VEC)

Locally advanced NMSC

NCT02978625

Advanced/refractory NMSC
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