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Introduction

Non-melanoma skin cancers (NMSCs) are the most common cancer in fair-skinned individuals with
basal cell carcinoma (BCC) and squamous cell carcinoma (SCC) being the most common subtypes.!
While BCC has historically been the most common NMSC, SCC is increasing in incidence relative to
BCC. Previous BCC:SCC ratio of 4:1 is now estimated to be 2.5:1 in Australia, while in the USA, an
overall increase of 100% of cases has been reported from 1992 to 2012.2 The risk factors for cutaneous
SCC (cSCC) include cumulative sun exposure, having fair skin, immunosuppression, and advanced age?
with surgical excision being the mainstay of treatment in 95% of cases.*> However, SCC has a very
poor prognosis with advanced local infiltration or when it achieves a metastatic state®’ with around
50% of patients with locally advanced disease relapsing with an average overall survival of 10-13
months for patients with recurrent or metastatic disease.®

The pathogenesis of ¢SCC is multifactorial. While the link between UV radiation exposure and
NMSC is well known'!, many studies have also described in detail the link between a compromised
immune system and cSCC development, specifically in those patients who have received solid organ
transplants, a cohort in which ¢SCC occurs 65-250 times more frequently.’ The increased incidence
rate of ¢SCC in patients with HIV infection and non-Hodgkin’s lymphoma is also well documented in
the literature.!01

There is a strong link between tumour apoptosis, DNA repair mechanism deficiencies, and the de-
velopment of cSCC. Patients with TP53 mutations'? and those with impaired DNA repair abilities, such
as xeroderma pigmentosum and Muir-Torre syndrome, have been shown to be more susceptible to
cSCC development.' These discoveries highlight the importance of cell cycle regulation and point to-
wards the potential therapeutic targets within. The aim of this review is to chronicle the development
and role of programmed cell death receptor 1 (PD-1) inhibitor cemiplimab in the setting of cSCC.

Methodology

This narrative review describing the development and utilisation of a novel therapeutic agent in
treating ¢SCC was conducted using MEDLINE and PubMed in January 2022 to identify animal models,
pre-clinical studies, and human clinical trials to chronicle the development of cemiplimab.

A comprehensive search was performed using the following keywords: ‘cemiplimab’ [All Fields]
AND ‘REGN2810’ [All Fields] AND ‘squamous cell carcinoma’ [All Fields] AND ‘clinical trials’ [All Fields].

One researcher (DG) performed the search independently. Papers were interrogated for the latest
trials in relation to developments and outcomes associated with the use of cemiplimab in relation
to cSCC. All searches were conducted in January 2022. Only full publications in English were consid-
ered, and abstracts were excluded. PRISMA guidelines were not adhered to as this narrative review
focused on summarising the development of cemiplimab from a translational medicine perspective
and providing an overview of the topic.

Target Discovery

The concept of immunoediting introduced by Dunn et al.'* described the immune system’s influ-
ence on neoplastic progression and the intricate relationship between all stages of tumour progression
and the host response, which allows tumour cells to evade recognition by immune effector cells. For
many years, researchers sought to stimulate an anti-tumour host immune response and initially the
inhibitory pathways that control the function of this t-cells response stood in the way of eliciting the
desired effect.

Both cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) and programmed cell death receptor 1
(PD-1) inhibit lymphocyte activation, while t-cell antigen receptors (TCR) such as CD28 and inducible
T-cell co-stimulator (ICOS) transduce signals that activate T cells.!” It is this balance between posi-
tive and negative regulation of T-lymphocyte proliferation which is essential to the acquired immune
response while maintaining immunological tolerance and preventing autoimmunity.'”> PD-1 has two
ligands: PD-L1 and PD-L2. PD-L1 is the primary ligand which is upregulated in solid tumours and on
cells within the tumour microenvironment which respond to inflammatory stimuli.16. Antagonism of
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the PD-1/PD-L1 interaction enhances the immune response in vitro and moderates preclinical antitu-
mour activity making PD-L1 a promising target for cancer immunotherapy.'6

In vitro/In vivo Pre-clinical Studies

Amarnath et al. described in 2011 the relationship between T helper type 1 (Th1) cells, host au-
toimmunity, and graft-versus-host disease (GvHD) after organ transplantation using murine models
and transfecting small interfering RNA in cultured cells.”” The in vivo elements of this study showed
how the overexpression of PD-L1 led to the conversion of Th1 cells to regulatory T cells which pre-
vented xenogenic GVHD, whereas blocking PD-1 expression in Th1 cells restored their ability to me-
diate GvHD.'” They surmised that blocking the conversion of Th1 to regulatory T cells using PD1
antagonists could provide a new clinical translational approach to enhance T cell immunity to cancer
and infection.!”

Burova et al. subsequently described the preclinical characterisation of REGN2810, which became
to be known as cemiplimab, a high-affinity monoclonal IgG4 anti-PD-1 antibody that antagonises the
interactions between PD-1 and its ligands 8. In cell-based assays, REGN2810 was shown to block the
PD-1/PD-L1 interaction, thus increasing TCR signalling and proliferation of primary activated human
T cells.”® Using human PD-1 knock-in mice to study the in vivo efficacy of REGN2810, this group
demonstrated that MC38 murine tumour growth was inhibited while also providing a measurable
survival benefit.

Phase 1 Trials

Migden et al. conducted a phase 1 trial of cemiplimab.!® This was an open-label, non-randomised
multicentre study which included 26 immunocompetent adult patients who had advanced ¢SCC and
were treated with three different doses of cemiplimab administered intravenously every two weeks.
The response rate was characterised according to the standardised Response Evaluation Criteria in
Solid Tumour, version 1.1. This study showed a 50% objective response rate with a median response
time of 2.3 months. The median follow-up was 11.0 months. The exclusion criteria for this trial in-
cluded those who had concurrent cancer, recipients of solid organ transplant, immunocompromised,
or those previously treated with a PD-1 inhibitor. A total of 27% of patients reported feeling fatigued
while 15% of patients reported adverse effects, such as constipation, diarrhoea, nausea, decreased ap-
petite, urinary tract infections, and electrolyte disturbances. This adverse effect profile is broadly sim-
ilar to those seen with other PD-1 inhibitors.!?

Another study by Owonikoko et al. followed on from the phase 1 trial from Migden et al. with
longer follow-up efficacy and safety data. This study enrolled 26 patients and again showed an over-
all response rate of 50% and that the duration of response exceeded 6 months in 9 patients and 12
months in 5 patients with a similar rate of adverse events described by Migden et al., thereby con-
firming a positive risk/benefit profile for cemiplimab treating advanced cSCC.%°

Phase II/1ll Trials

In 2018, Migden et al. published the results from his group’s phase 2 study describing the efficacy
of cemiplimab in metastatic ¢SCC in immunocompetent patients not amenable to curative surgery
or curative radiation.' This multicentre, non-randomised control trial enrolled 59 patients and again
treated them with intravenous cemiplimab at 3 mg/kg every 2 weeks. A response was observed in 47%
of patients with 57% of responders showing a duration of response that exceeded 6 months and 82%
of these patients continuing to have a response after the time of data cut off.'”” The exclusion criteria
of this phase 2 trial were the same as the aforementioned phase 1 study from Migden et al. The
authors reported that the estimated probability of progression-free survival at 12 months was 81%.
Adverse events in the metastatic-disease cohort occurred in 15% of patient and included diarrhoea,
fatigue, nausea, constipation, and rash."”
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FDA/EMA Approval

In 2018, the US Food and Drug Administration approved cemiplimab-rwlc for patients with
metastatic ¢SCC or locally advanced ¢SCC who are not candidates for surgery or curative radiation with
a dosing schedule of 350 mg IV infusion over 30 min every 3 weeks.>2! Cemiplimab-rwlc has since
been approved for the same clinical indications by the European Medicines Agency, Health Canada,
and the UK National Institute for Health and Care Excellence.??

Post-approval Developments

Following FDA approval, Rischin et al. published a phase 2 study of cemiplimab in patients with
metastatic ¢SCC focusing on a primary analysis of fixed dosing 350 mg IV every 3 weeks and also
looked at long-term outcomes of the 3 mg/kg IV every 2 weeks dosing regimen. This multicentre
non-randomised control trial enrolled 56 patients treated with fixed dosing for a median duration of
8.1 months. Exclusion criteria included the immunosuppressed, solid organ transplant recipients, prior
treatment with PD-1/PD-L1 antagonists, concurrent cancers, or haematological cancers. The objective
response rate was 41.1% illustrating substantial antitumour activity while the duration of response at
8 months was 95% among responding patients.”> A separate arm of the same study looked at 11-
month follow-up from the cohort described by Migden et al.'”® A total of 59 patients were treated
with cemiplimab at 3 mg/kg Iv every 2 weeks. The response rate increased to 49.2% and duration
of response was estimated at 88.9% at 12 months among responding patients.2> However, 71.3% of
participants in both treatment arms reported treatment-related adverse events (TRAE) with the most
common being fatigue (13.0%), maculopapular rash (11.3%), hypothyroid (10.4), and diarrhoea (9.6%).23

Currently, there in an active phase 3 trial studying cemiplimab’s effects as an adjuvant versus
placebo after surgery and radiation therapy in patients with high-risk ¢SCC which is due to pub-
lish its first results in October 2023%* This randomised, placebo-controlled, double-blind, multicentre
trial has enrolled 75 participants to date. The primary outcome measure is disease-free survival at 54
months while secondary outcomes include overall survival, the timeframe of regional recurrence and
freedom from distal recurrence, occurrence of second primary cSCC, and adverse effects.

Current Status

Regeneron is now recruiting 350 patients for a phase 4 trial, for their CASE (cemiplimab-rwlc Sur-
vivorship and Epidemiology) study which will be a multicentre, prospective, non-interventional co-
hort study of adult patients with advanced c¢SCC receiving cemiplimab.2? This study will report on
outcomes and long-term effectiveness of cemiplimab, progression patterns of patients participating in
the study, and patient-related outcomes. The authors of this study describe their purpose as bridging
the evidence gap between clinical trials and cemiplimab use in the real-world setting.?2

In addition to being licenced for treating c¢SCC, there have been many developments in its role
in treating other malignancies. Sezar et al. have recently published results from a phase 3 multi-
centre, open-label, randomised controlled trial comparing cemiplimab to platinum-based chemother-
apies in patients with metastatic non-small cell lung cancer with PD-L1 of at least 50%.2° This trial
(EMPOWER-Lung 1) recruited 710 adult patients, with one group treated with 350 mg IV every 3
weeks, and the other groups treated with platinum-doublet chemotherapy. Patients who had smoked
less than 100 cigarettes in their lifetime were excluded. In the group treated with cemiplimab, the
median overall survival was not reached compared to 14.2 months in those treated with chemother-
apy.?> Median progression-free survival with cemiplimab was 8.2 months versus 5.7 months with
chemotherapy. TRAE occurred in 57% of patients receiving cemiplimab versus 89% in those receiv-
ing chemotherapy with grade 3-4 TRAE incidence of 12% in the cemiplimab group versus 37% in the
chemotherapy group.

Another phase 3 trial studying the effects of cemiplimab as a monotherapy in advanced cervical
cancer (adenocarcinoma and SCC variants) has concluded ahead of its estimated study completion
date in July 2023 following promising initial results. This multicentre, open-label randomised control
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trial with 590 participants demonstrated a 31% reduced risk of death in advanced cervical cancer
compared to treatment with chemotherapy.2®

There also are many other trials currently in their early stages investigating the role of cemiplimab
in treating glioblastoma multiforme, BCC, and renal cell carcinoma.?’-2°

This review has illustrated the role of the PD-1 inhibitor cemiplimab in treating advanced and
metastatic cSCC not suitable to surgical excision and has described its development in the context of
the translational research paradigm from preclinical studies to its licenced implementation in clinical
care. While we do not have the complete data to describe its T4 translation, we have seen that its
efficacy and favourable adverse effect profile make cemiplimab a success story in treating advanced
and metastatic cSCC.
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