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Immune checkpoint inhibitors (ICls)
have transformed cancer -care.
Recently, atezolizumab gained its
first global approval in a subcuta-
neous (SC) formulation by the UK
medicines regulator, being nota-
ble as the first time an FDA- and/
or European Medicines Agency
(EMA)-approved ICI has been li-
censed via this administration
route. Here, we discuss this ap-
proval, other SC ICIs in develop-
ment, and the benefits and
challenges of this administration
route, including potential implica-
tions for patient care.

Evolving posology of ICls

Over the past decade, ICls, targeting anti-
programmed cell death protein 1 (PD-1) or
its ligand (PD-L1), cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4), and,
most recently, lymphocyte-activation
gene 3 (LAG-3), have transformed the
management of challenging cancers
(e.g., melanoma) [1]. Since the US FDA
approval of the first ICI ipilimumab (anti-
CTLA4), ten more ICIs have been ap-
proved by the FDA and EMA, with many
more available globally [2]. Pembrolizumab
(anti-PD-1) has FDA approvalin 17 cancers
across 38 different indications (including

agnostic use), spanning both early and
advanced cancer settings, and is pre-
dicted to become the best-selling drug
in 2024. The posology and administra-
tion of ICls have evolved considerably
since their first approval, reflecting their
increasing importance within the anti-
cancer armamentarium. For example,
during the coronavirus disease 2019
(COVID-19) pandemic, the frequency of
intravenous (IV) ICl administration (e.g.,
pembrolizumab and nivolumab) was
amended, permitting less frequent
higher dosage administrations that re-
duced healthcare costs/time and im-
proved treatment compliance'. Despite
the benefit alternative administration
routes (e.g., SC or oral) offers, including
reduced administration time, decreased
patient discomfort, and the possibility of
self-administration, all current FDA- and
EMA-approved ICIls are administered
intravenously [1].

In August 2023, the UK medicines regula-
tor [the Medicine and Healthcare Products
Regulatory Agency (MHRA)] became the
first global agency to approve the ICI
atezolizumab (anti-PD-L1) for SC adminis-
tration, across all currently licensed
indications. Although not the first globally
approved SC ICl, it is still transformational
due to being the first time an FDA- and/or
EMA-approved ICI has been licensed via
this administration route. Following the
UK determination, the EMA’s Committee
for Medicinal Products for Human Use
has also recommended SC atezolizumab,
facilitating Europe-wide approval in the
near future. This may reflect a paradigm
shift in how these essential cancer medi-
cines are administered, with significant po-
tential to improve global access. Hereafter,
we discuss the evolving landscape of SC
ICls and examine the potential implications
for cancer patients.

Approved SC ICls
In 2021, the first globally approved SC ICI
envafolimab (anti-PD-L1) was approved
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in China for the treatment of two cancers
[2,3]. This approval was based on bio-
equivalence studies demonstrating similar
safety and pharmacokinetic profile(s) of
the SC formulation compared with IV
administration of other ICIs [3]. SC
envafolimab can be administered in only
30 seconds, offering a significant time
administration advantage compared
with IV administered ICls. However, the
usage of this SC ICI has been limited to
China, as it does not hold an FDA or
EMA market authorization.

Atezolizumab was first approved as IV for-
mulation in 2016 by the FDA and is now
approved in five cancers across nine
indications'. Beyond the USA, it has con-
siderable global reach, holding market au-
thorizations in the UK, China, Australia,
Canada, Brazil, and across Europe
(EMA-approved). The approval of the SC
formulation by the UK’s MHRA is based
on the IMscin001 study (NCT03735121"),
which demonstrated equivocal pharma-
cokinetics (noninferiority) and safety profile
between the SC and IV formulations,
though notably SC administration involves
a higher dose [4]. The SC formulation uses
recombinant human hyaluronidase PH20
enzyme (frequently used in other SC
administered cancer medicines) to enable
effective delivery. Administration takes ap-
proximately 7 minutes (most injections tak-
ing between 4 and 8 minutes), offering a
significant improvement in administration
time (80-60 minutes) compared with the
IV formulation but still requiring healthcare
professional supervision during this period"”.
Notably, this market authorization covers all
indications previously approved for the IV
formulation and can be administered as
monotherapy (e.g., urothelial cancer) or in
combination with other anticancer thera-
pies, including chemotherapy (e.g., nab-
paclitaxel in breast cancer) and targeted
therapies (e.g., bevacizumab in hepatocel-
lular carcinoma). Multiple other global med-
icines regulators, including the FDA, are
now reviewing SC atezolizumab and this
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could become the first approved SC ICl in
the USA (predicted in 2024).

SC formulations for other ICls
Beyond atezolizumab, the development of
SC formulations for other ICls is proceed-
ing at pace (Table 1). In 2023, the Check-
mate 67T (NCT04810078") study in renal
cell cancer showed how SC nivolumab
(anti-PD-1) exhibited noninferior pharma-
cokinetics and objective response rate
compared with IV nivolumab, with equivo-
cal safety [5]. Notably, this SC formulation
also utilizes recombinant human hyaluroni-
dase PH20 enzyme, like SC atezolizumab.
Nivolumab is frequently given with other
ICls, such as relatlimab (anti-LAG3), and
studies (NCT05625399") are underway to
evaluate a combined SC formulation facili-
tating co-administration via a single injec-
tion. However, studies (NCT04311710")
evaluating a SC co-formulation of nivolu-
mab and ipilimumab (anti-CTLA4) have
been terminated.

Pembrolizumab is the most frequently used
ICl and, as such, development of any SC
formulation could have significant global
impact. A Phase 3 trial (NCT04956692"")
is currently comparing 3-weekly SC pem-
brolizumab with chemotherapy against IV
pembrolizumab plus chemotherapy in
non-small cell lung cancer. A further multi-
cohort study (NCT03665597™) is exploring
the bioavailability of different concentra-
tions of SC pembrolizumab formulations
versus IV pembrolizumab in the treatment
of melanoma. While the results from one
cohort of this platform trial have already
demonstrated that the benefit-risk profile
of 400 mg 6-weekly is consistent with
200 mg 3-weekly regimens (facilitating
FDA approval of 6-weekly IV administra-
tion), results from the SC cohort are
awaited. With the approval of 6-weekly IV
administration of pembrolizumab, a new
trial (NCT05017012%) is underway to
evaluate a SC formulation, utilizing a re-
combinant hyaluronidase, which can be
administered at a similar frequency.
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Other ICls being evaluated for SC formula-
tions include durvalumab (anti-PD-L1),
which is being evaluated in a Phase 1/2a
trial (NCT04870112"), and sansanlimab, a
novel anti-PD-1 being developed by Pfizer
(currently unlicensed by FDA), which is
being trialed (NCT04165317*" predomi-
nantly for SC use in various combination
studies across multiple cancers [6].

A double-edged sword?

Use of the SC route for the administration
of anticancer medicines is not a new con-
cept. SC rituximab (anti-CD20) has been
licensed in various hematological cancers
(e.g., diffuse large B cell ymphoma) since
2017, and SC trastuzumab (anti-HER2)
for breast cancer since 2019'. Both these
SC formulations demonstrated noninferior
efficacy and equivocal safety profiles [7,8].
Experience with these formulations
demonstrated lower infusion time (up to
threefold), which reduced overall time tox-
icity association with cancer treatment,
cost-per-dose, and clinic time and evi-
dently became the preference of 80-90%
of patients compared with IV administra-
tion [7,8]. Furthermore, other studies
(NCT05340309"") are currently evaluating
the feasibility of SC ICI self-administration
with telemedicine support. If equivocal
benefits can be transposed to SC admin-
istered ICls (Figure 1, Key figure), the in-
ducement to use this formulation over IV
forms could be substantial. However, al-
though SC administered ICls could be
preferred by patients, several challenges
remain to be considered.

First, significant inter-patient bioavailabil-
ity and drug absorption have been ob-
served with the SC formulation. SC
administered drugs are injected into the
hypodermis and have delayed systemic
absorption, compared with IV adminis-
tration, and are more dependent on host
factors (e.g., injection location, body tem-
perature, blood pressure, and adiposity).
For instance, SC atezolizumab has demon-
strated wide inter-individual bioavailability,
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ranging from 37% to 98% for thigh injec-
tions, and 30% to 96% for abdominal injec-
tions, compared with IV administration [9].
Despite this wide variability, SC atezolizu-
mab administration (1875 mg), compared
with IV (1200 mg), uses a higher dose,
which likely negates this bioavailability vari-
ability. Nevertheless, further studies (e.g.,
real-world evidence) are required to fully
validate this, particularly in populations
(e.g., elderly) where wide bioavailability
could have relevance.

Second, SC formulations of anticancer
drugs have been associated with an in-
creased risk of immunogenicity (e.g., pro-
duction of anti-drug antibodies) compared
with IV formulations. This could be poten-
tially associated with a wide spectrum of
clinical manifestations, including loss of effi-
cacy, and worsening of the safety profile.
Experience with both SC trastuzumab
and rituximab have demonstrated in-
creased immunogenicity when compared
with IV administration, but the clinical se-
quelae appear insignificant [10,11]. How-
ever, previous studies of IV atezolizumab
have demonstrated high levels of anti-
drug antibodies and are associated with
adverse clinical outcomes compared with
low levels. Thus, higher immunogenicity
from the new SC formulation could possi-
bly exacerbate this [12]. It is therefore es-
sential to better quantify this effect with
future noninferiority and pharmacovigilance
studies.

Last, despite the potential ancillary cost
reduction of SC ICls, the higher dosage
used in SC formulations may cancel out
potential cost savings. Clinical trials eval-
uating SC ICIs (Table 1) typically use
higher doses compared with IV adminis-
tration, which may ultimately increase ac-
tual drug costs. However, following the
UK approval of SC atezolizumab, it was
announced that the SC formulation
would not be associated with any additional
costs compared with the IV preparation *".
The reformulation of patented anticancer
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Table 1. Clinical trials evaluating SC formulation of ICls

Clinicaltrials.gov
identifier (other names)

NCT03735121"
(Imscin001)

NCT05340309"

NCT04870112*
(Scope-D1)

NCT05297565 "
(CheckMate-6GE)

NCT04810078"
(Checkmate 67T)

NCT05625399"
(Relativity-127)

NCT04311710"
(Checkmate 76U)

NCT04956692"
(MK-3475-A86)

Description

Investigate atezolizumab
SC in patients with
previously treated
non-small cell lung cancer

SC atezolizumab for the
treatment of non-small
cell lung cancer

Evaluation of SC
durvalumab in patients
with non-small cell lung
cancer and small cell lung
cancer

SC versus IV nivolumab in
patients with melanoma

SC nivolumab versus IV
nivolumab in patients with
previously treated renal
cell carcinoma

SC nivolumab + relatlimab
combination in melanoma

SC ipilimumab alone and
in combination with SC
nivolumab

SC pembrolizumab
versus IV pembrolizumab
with chemotherapy in
non-small cell lung cancer

Primary outcome

To assess the
pharmacokinetic

(e.g., Ctrough, area under
the concentration time
curve) of SC atezolizumab

Determine the safety of
home administration of
SC atezolizumab

Evaluate the safety,
pharmacokinetics, and
preliminary efficacy of SC
durvalumab

Assess safety and
tolerability of
subcutaneous nivolumab
versus intravenous
nivolumab completely
resected Stage Il or
Stage IV melanoma

Evaluate the
pharmacokinetics
efficacy, safety, and
tolerability of SC
nivolumab versus IV
nivolumab in patients with
previously treated clear
cell renal cell carcinoma

Demonstrate drug
exposure level of the
nivolumab + relatimab
FDC® SC formulation is
not worse than nivolumab
+ relatlimab FDC IV
(administration in patients
with previously untreated
metastatic or
unresectable melanoma

Evaluating the
pharmacokinetics of
ipilimumab alone and in
combination with
nivolumab applied under
the skin In various tumor
types

Assess the
pharmacokinetics, safety,
and efficacy of
pembrolizumab SC
injection (compared with
IV) in combination with
standard-of-care
chemotherapy as first-line
therapy in metastatic
squamous and
non-squamous non-small
cell lung cancer

Cancer type(s) Status

® Non-small cell lung Active, not
cancer (locally recruiting
advanced or metastatic)

e Non-small cell lung Active,
cancer recruiting

e Non-small cell lung Completed
cancer

® Small cell lung caner

* Melanoma Active, not

recruiting

® Renal cell carcinoma Active, not
(clear cell) recruiting

e Melanoma Active,

recruiting

Various tumors including: Terminated

® Melanoma

e Urothelial cancer

¢ Hepatocellular
Carcinoma

* Non-small cell lung
cancer

® Renal cell carcinoma

* Non-small cell lung Active, not
cancer (squamous and recruiting

non-sguamous)
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Study completion
(estimated)

December 2024

December 2026

August 2023

February 2024

January 2026

February 2025

January 2023

October 2026

(continued on next page)
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Table 1. (continued)

Clinicaltrials.gov Description Primary outcome Cancer type(s) Status Study completion
identifier (other names) (estimated)
NCT03665597" Bioavailability of SC Characterize the ® Melanoma Completed December 2023
(Keynote 555) versus IV pembrolizumab pharmacokinetic, safety,
in melanoma and tolerability of SC

pembrolizumab and

compared with IV

pembrolizumab in

advanced melanoma
NCT05017012* Evaluate the bioavailability =~ Assess the e Various advanced Active, September 2026
(MK-3475A-C18) of SC pembrolizumab in pharmacokinetics, safety, tumors (none specified) recruiting

advanced solid tumors and tolerability of SC

pembrolizumab (with

standard of care; can be

given with pemetrexed,

carboplatin, paclitaxel,

nab-paclitaxel, axitinib,

and cisplatin) in various

advanced solid tumors
NCT04165317*" Sasanlimab in people with Evaluate safety and e Urothelial cancer Active, not December 2026
(CREST) non-muscle invasive efficacy of (non-muscle invasive) recruiting

bladder cancer SC sasanlimab in people
with non-muscle invasive

bladder cancer

2FDC, fixed dose combination.

drugs as SC formulations has previously
served to increase market share following
the end of market exclusivity and extended
patent protection periods, suppressing de-
velopment of more cost-effective biosimilar

Key figure

development. Also, reformulation of ICls as
SC, particularly if co-formulated with other
patented medicines (e.g., nivolumab with
relatimab), could have the potential to in-
crease healthcare costs.

Subcutaneous (SC) versus intravenous (IV) administration of

immune checkpoint inhibitors

iable
(o9, reduced
need to person:

‘Advantage: lower risk of immunogenicity
P (e lower amounts of antdrug antibodies)

Disadvant

tage: potentially higher cost (e.6
higher dosage may mean drugs are more

aie expensive)
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Figure 1. SC, subcutaneous.
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Concluding remarks

SC administered ICls could significantly
improve access, reduce time toxicity as-
sociated with administration of therapy,
and decrease overall healthcare costs.
The UK approval of SC atezolizumab, nota-
ble across all current IV indications, marks
a paradigm shift in how these essential
cancer medicines are administered. How-
ever, further studies are needed to better
understand bioequivalence and the poten-
tial for immunogenicity compared with [V
formulations. As the posology and admin-
istration of ICls continues to evolve, atten-
tion must be directed towards expanding
global use and access to these increasingly
important anticancer medicines.
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