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The advent of immunotherapy as the fourth pillar in the
armamentarium against cancer over the last two decades has
resulted in significant increases in the utilization of these
agents. Immune checkpoint inhibitors (ICIs) now form an
integral component of systemic therapy in more than 20
different cancer indications (1), including non-small cell
lung cancer (NSCLC). These agents have led to improved
outcomes, yet durable responses are observed in less than
20% of all patients. Nevertheless, in many indications
such as in NSCLC, ICIs are used as monotherapy or in
combination with other drugs for prolonged periods,
months to years. Currently, these ICIs are administered
intravenously and require frequent patient visits and
significant resource utilization of infusion centers. This has
led to reconsideration of the way ICIs are administered,
specifically, whether a subcutaneous method of

administration could decompress infusion center resources
and importantly, translate into a better patient experience
and quality of life.

A trial published in 2023 suggests pharmacokinetic
(PK) equivalence of intravenous (IV) versus subcutaneous
(SC) administration of atezolizumab, an ICI that targets
programmed death ligand 1 (PD-L1) (2). Studies asking
a similar question, using other ICIs, have either been
completed (nivolumab) or are ongoing (pembrolizumab).
This commentary will analyze this clinically relevant
question in the context of the published study IMscin001,
a randomized phase III, open label, multicenter study
examining the PKs, efficacy, immunogenicity, and safety
of atezolizumab SC versus IV administration, randomized
in a 2:1 manner, in previously treated locally advanced or
metastatic NSCLC (2). The SC preparation consists of a
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coformulation of atezolizumab and recombinant human
hyaluronidase PH20 (rHuPH20). Given no appreciable
difference in pharmacokinetics or pharmacodynamics
between SC and IV administration, the study provides
evidence for the use of SC atezolizumab as an alternative to
IV. In the ensuing sections, we will examine pharmacology,
healthcare resource utilization, impact of cost/care delivery
models and patient preferences. Finally, we will outline the
current landscape of trials in this space and offer guidelines
regarding how to, or whether to, choose SC versus IV
formulations.

Pharmacology

Atezolizumab is an IgG1 kappa monoclonal antibody
(mADb), that binds to PD-L1 and blocks the interaction
with PD-1, thereby enhancing T-cell activity against
tumor cells. The PKs of mAbs depend on the route of
administration. Monoclonal antibodies are large molecules
(150,000 Daltons) that require parenteral administration,
traditionally achieved via IV route, the most direct
method to gain access to the systemic circulation. SC
administration requires absorption, their bioavailability
is inherently lower and can vary from 50-100% of the IV
route (3). Reasons for this variability are not completely
understood. Currently marketed mAbs bioavailability is
estimated to be approximately 60-80% (3). Therefore,
larger doses and potentially larger volumes are required
for SC administration to achieve PKs similar to IV.
Adding hyaluronidase to the formulation, an enzyme that
hydrolyzes hyaluronic acid in SC connective tissue, permits
accommodation of volumes larger than is traditionally
considered acceptable in the SC space. Hyaluronidase also
facilitates drug absorption into the general circulation.
Intravenous administration of mAbs can result in rapid,
higher peak serum concentrations and lower troughs,
compared to SC, which result in lower peaks and higher
troughs. In other words, SC route achieves steadier serum
concentration levels. However, the authors of IMscin001
did not find a difference in trough levels or area under the
curve (AUC) estimates between IV and SC atezolizumab
after cycle 1. Notably, the every 3 week dose of SC
atezolizumab was 1,875 mg versus the IV dose was 1,200
mg. There was no difference in response rate or progression
free survival but due to a short, 5-month follow up time,
overall survival endpoints were not reported. The systemic
side effect profile may be greater with IV compared with
SC formulations of mABs, whereas local site effects may

© Translational Lung Cancer Research. All rights reserved.

1445

be greater with SC. Immunogenicity is thought to occur
with higher frequency in SC versus IV. These aspects have
been reviewed by Ness et al. (4). Specifically, with respect
to IClIs, the data on side effects of SC versus IV are sparse.
Generally, IV administration may be associated with a
higher incidence of infusion related reactions, similar to
most IV infusions; these include fever, chills, and rarely,
allergic reactions during the infusion or shortly thereafter.
Other studies that compared SC versus IV ICI include
a phase 1 dose-escalation trial that assessed the safety,
efficacy, and pharmacokinetics of PF-06801591; grade 3 or
higher treatment-related adverse events occurred in 16%
of patients with IV compared with 6.7% SC. Immune-
related adverse events occurred in 40% of patients treated
intravenously and 20% treated subcutaneously (5). This
suggests that SC administration may be associated with a
lower incidence of certain adverse events compared to IV
administration. Additionally, a study using SC envafolimab,
a single-domain anti-PD-L1 antibody, reported that 16%
of patients experienced at least one grade 3 or 4 treatment-
emergent adverse event, with no grade 5 events related to
the treatment. Injection site reactions were all grade 1-2,
and there were no infusion reactions (6). Furthermore,
when comparing overall side effects, including immune-
related adverse events (irAEs) like colitis, pneumonitis,
and thyroid dysfunction, there is no clear consensus that
IV administration leads to more severe or frequent side
effects compared to SC administration. In keeping with
this, the authors of IMscin001 did not find statistically
significant differences in adverse events between the SC
and IV formulations, except for higher proportion of
hyperglycemia and higher serum creatinine in the IV arm.
Expectedly, injection site reactions were higher in the
SC arm (4.5%) vs. none in the IV arm. There were equal
numbers of patients who experienced toxicity-related
treatment discontinuation in each arm. In the SC group,
19.5% of patients were positive for treatment-emergent
anti-atezolizumab antibodies compared with 13.9% in the
IV group. Summarizing, the phase III study comparing IV
(n=247) versus SC (n=144) formulation of atezolizumab
demonstrated equivalent PKs, efficacy, and adverse event
profile, with the caveat that follow-up was short, and the
dose used for SC was 30% greater than the approved IV
dose (Table I).

Healthcare resource utilization

Given the frequency and duration of administration of ICIs,
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Table 1 IV versus SC administration of atezolizumab
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Atezolizumab

Characteristics

v SC (thigh)

Formulation Human IgG1 Human IgG1 with recombinant hyaluronidase
Target PD-L1 PD-LA1
Dose Q 3 weeks 1,200 mg 1,875 mg
Pharmacokinetics (2)

Ctrough pg - d/mL (at the end of cycle 1) [%CV] 85 [33] 89 [43]

AUC .4 o Hg - d/mL [%CV] 3,328 [20] 2,907 [32]
Total volume, mL 20 15
Pharmacodynamics (2)

Response rate 12% 10%

PFS (months) 2.9 2.8

Treatment-emergent anti-atezolizumab antibodies 13.9% 19.5%
Logistics

Pharmacy prep time (minutes) 30 0

IV line start (minutes) 15 0

IV infusion time-chair time (minutes) 30 30 (observation)
Patient preference + +++
Cost of drug ++ Unknown
Cost of administration ++ +

IV, intravenous; SC, subcutaneous; IgG1, immune globlulin-G1; PD-L1, program cell death ligand-1; Q, every; Cq,, trough concentration;
%CV, (coefficient of variation) percent; AUC, area under the curve; ss, steady state; PFS, progression free survival; prep, preparation.

it has been proposed that SC use will decompress infusion
center resources, including chair time for IV therapy,
IV kits, pharmacy and nursing time, thereby reducing
time and cost commitments for the healthcare system.
Let us consider the resources required for IV versus SQ
administration. First, considering pharmacy and nursing
resources: 1V formulation requires sterile compounding,
withdrawing drug from a commercial vial form, measuring,
and transferring the required amount of drug into the
infusion bag. The bag will require tubing with or without
a filter as per each individual manufacturer’s approved
labeling. The infusion will also require a pump that a nurse
will program the infusion rate and time. Finally, an IV line
will have to be placed into the patient in order to complete
the infusion. Minimum materials for sterile compounding
include an ISO 7 clean room, an ISO 5 biologic safety
cabinet, diluent bag, primary or secondary line, in-line filter,
syringes & needles for drug transfer, infusion pump, and a
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line into the patient, skilled labor to perform these tasks,
their required garb and time to garb and clean. On the
other hand, a SC formulation can be drawn up at chairside
from the commercially supplied vial by the infusion nurse
into a SC syringe and injected under the skin into the
patient. Minimum materials include a syringe & 2 needles
(1 for drug withdrawal and 1 for SC administration),
alcohol swabs for the vial and injection site, as well as
the knowledge and skill of the nurse who administers the
injection. Second, chair time: It has been reported that chair
occupancy time is significantly shorter for SC versus IV in
other studies of monoclonal antibodies, such as rituximab.
Patients receiving R-IV combination therapy had a mean
chair time of 249.9 minutes, compared with 156.7 minutes
for R-SC, representing a 37% reduction (P<0.01). The
difference was even greater in those receiving rituximab
monotherapy (214.7 minutes for IV versus 81.3 minutes
for SC, representing a 62% relative reduction (P<0.001).

Transl Lung Cancer Res 2024;13(6):1444-1449 | https://dx.doi.org/10.21037/tlcr-24-111



Translational Lung Cancer Research, Vol 13, No 6 June 2024

According to the authors, this translated into >500.65 and
620.67 hours per year of chair time savings for R-IV and
R-SC respectively. Importantly, they demonstrated an
increase in patient satisfaction with R-SC over R-1V (7).
We conducted a time-course survey at our hospital
to compare chair time between IV and projected
SC atezolizumab, imputing the SC times from the
IMscin001 study. It is noted that 30 minutes observation
time, following the SC administration is described in
Supplementary Appendix (2). Over a 2-year period,
213 doses of atezolizumab were administered to 39 patients
(n=10 hepatocellular carcinoma, n=29 with small cell lung
cancer). Accounting for a 60-minute chair time for the
first infusion of atezolizumab in each patient, followed by
subsequent infusions over 30 minutes, the calculated chair
time for 174 doses was 7,560 minutes (157 hours/year).
If all of these doses were administered by SC route, the
time to prepare and administer 15 mL, the volume of
atezolizumab would take <10 minutes plus the observation
time of 30 minutes; this translated into 8,520 minutes
(177 hours/year). Therefore, there does not appear to
be a chair-time benefit with SC, given the requirements
according to the prescribing information for a 30-minute
observation. Admittedly, chair time can vary depending
on whether atezolizumab is administered as a single
agent versus in combination with chemotherapy or other
associated medications, such as intravenous fluids or IV
bisphosphonates and logistics surrounding nursing and
infusion center operations. While IMscin001 does not
provide a direct comparison of chair time between SC
versus IV atezolizumab, an implied shorter administration
time of 7 minutes with SC compared with 30 minutes for IV
administration has resulted in the National Health Service
in Britain to roll out SC administration of atezolizumab in

the maintenance setting (NHS, UK).

Costs

Costs associated with ICI are high. Many groups are
studying various ways to reduce costs while maintaining
efficacy, including exploring weight-based dosing (8).
Others have found that extended interval dosing, while
more convenient for patients, may in fact be more expensive
(9) to the healthcare system. It has been proposed that a
SC formulation may result in cost savings to the healthcare
system. Subcutaneous formulations have the inherent
advantage of reduced pharmacy workload and improved
turnaround time—SC has no compounding required,
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allowing a bedside preparation. The IMscin-001 trial
compared subcutaneous atezolizumab at 1,875 mg with IV
atezolizumab 1,200 mg every 3 weeks. Since higher doses
may potentially increase drug costs, it is unclear whether
SC atezolizumab will ultimately be more affordable than
the IV formulation. However, at the time of this writing,
the cost of SC atezolizumab is unavailable and therefore a
direct comparison is not feasible.

Patient preference

Subcutaneous injections of monoclonal antibodies involve
volumes between 5-17 mL at one site, typically in the
anterior abdomen or thigh. A clinical feasibility study
demonstrated SC injections of 5 and 10 mL up to viscosity
of 20 cP and an injection duration of 4.1 (5 mL) or
8.2 (10 mL) minutes were well-tolerated. Favorable subject
acceptance and tolerance combined with rapid resolution
of tissue effects suggest that the threshold of large volume
SC injections may exceed the traditional 1.5-3.0 mL
limits (10). A SC dose of atezolizumab is 1,800 mg at a
concentration 125 mg/mL, the corresponding injection
volume would be estimated to be 14.4 mL. In IMscin001,
the injection volume was reportedly 15 mL. This is
identical to the pertuzumab/trastuzumab/hyaluronidase
co-formulated loading dose volume indicated for HER-
2-positive early breast cancer. Importantly, injection site
reaction incidence was 4.5%, of this, the most commonly
reported as injection site pain at 2.4% and injection site
reaction at 1.6%. The majority of these resolved without
treatment, were reportedly grade 1 with a few grade 2, and
did not result in treatment interruption, discontinuation
or delays. Of 123 patients in a subsequent crossover
study, IMscin002 trial of SC versus IV atezolizumab,
70.7% preferred SC atezolizumab to 21.1% preferred IV
and 8.1% had no preference. Primary reasons given for
SC formulation included: reduced clinic time (64.4%),
administration comfort (46%), and reduced emotional
distress related to treatments (29.9%) (11).

Taken together, there appears to be equipoise between
IV versus SC atezolizumab with respect to pharmacological
characteristics. As for costs, it is debatable. As described
above, costs associated with IV formulation preparation and
administration may not be offset by higher costs associated
with higher dosages used in the SC formulation, required
to achieve therapeutic levels. Similar to the atezolizumab
dose, SC formulations of nivolumab and pembrolizumab
are also higher than their IV counterpart. In the phase 1/2
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CheckMate-8KX, subcutaneous nivolumab doses ranged
from 720 to 960 mg compared with IV doses of 480 mg
every 4 weeks (12). Similarly, the phase 3 clinical trial
KEYNOTE-A86 used SC pembrolizumab at a dose of 285
mg every 3 weeks compared with 200 mg every 3 weeks
with IV formulations (13).

In conclusion, the choice of SC versus IV atezolizumab
and other ICIs will be based on several factors, including
patient characteristics and preference, provider comfort
for in clinic/hospital or offsite administration, including at
home administration and need for concurrent therapies,
including chemotherapy. The logistics of ICI administration
is changing as cancer care is being decentralized with a
profusion of free-standing infusion centers and mobile units
that can deliver several “maintenance” type cancer therapies
closer to the patient, including at home administration.
Atezolizumab joins a list of other mAbs approved for cancer
that have been or being developed as a SC formulation. At
the current time, it appears that the patient who is receiving
prolonged ICI therapy may have the final say in the choice
of preparation, SC versus IV.

Acknowledgments

Funding: This work was supported by the Lung Precision
Oncology Program, Charles S. Kettles VA Medical Center
(No. VA 150CU000182 to N.R., M.D.G.).

Footnote

Provenance and Peer Review: This article was commissioned
by the editorial office, Translational Lung Cancer Research.
The article has undergone external peer review.

Peer Review File: Available at https://tlcr.amegroups.com/
article/view/10.21037/ter-24-111/prf

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://tlcr.amegroups.
com/article/view/10.21037/tler-24-111/coif). M.D.G.
participates in the Rogel Cancer Center DSMB at the
University of Michigan as a volunteer. The other authors
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

© Translational Lung Cancer Research. All rights reserved.

Moeller et al. Administration immunotherapy

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Twomey JD, Zhang B. Cancer Immunotherapy Update:
FDA-Approved Checkpoint Inhibitors and Companion
Diagnostics. AAPS J 2021;23:39.

2. Burotto M, Zvirbule Z, Mochalova A, et al. IMscin001
Part 2: a randomised phase III, open-label, multicentre
study examining the pharmacokinetics, efficacy,
immunogenicity, and safety of atezolizumab subcutaneous
versus intravenous administration in previously treated
locally advanced or metastatic non-small-cell lung cancer
and pharmacokinetics comparison with other approved
indications. Ann Oncol 2023;34:693-702.

3. Datta-Mannan A, Estwick S, Zhou C, et al. Influence of
physiochemical properties on the subcutaneous absorption
and bioavailability of monoclonal antibodies. MAbs
2020;12:1770028.

4. Ness S. Differentiating characteristics and evaluating
intravenous and subcutaneous immunoglobulin. Am J
Manag Care 2019;25:598-5104.

5. Johnson ML, Braiteh F, Grilley-Olson JE, et al.
Assessment of Subcutaneous vs Intravenous Administration
of Anti-PD-1 Antibody PF-06801591 in Patients With
Advanced Solid Tumors: A Phase 1 Dose-Escalation Trial.
JAMA Oncol 2019;5:999-1007.

6. Shimizu T, Nakajima TE, Yamamoto N, et al. Phase I
study of envafolimab (KIN035), a novel subcutaneous
single-domain anti-PD-L1 monoclonal antibody, in
Japanese patients with advanced solid tumors. Invest New
Drugs 2022;40:1021-31.

7. Drill E, Qiu A, Shapouri S, et al. Real-World Assessment
of Patient Care and Practice Efficiency With the
Introduction of Subcutaneous Rituximab. Oncology
(Williston Park) 2021;35:804-11.

8. Bryant AK, Chopra Z, Edwards DM, et al. Adopting
Weight-Based Dosing With Pharmacy-Level Stewardship
Strategies Could Reduce Cancer Drug Spending By
Millions. Health Aff (Millwood) 2023;42:946-55.

Transl Lung Cancer Res 2024;13(6):1444-1449 | https://dx.doi.org/10.21037/tlcr-24-111


https://tlcr.amegroups.com/article/view/10.21037/tlcr-24-111/prf
https://tlcr.amegroups.com/article/view/10.21037/tlcr-24-111/prf
https://tlcr.amegroups.com/article/view/10.21037/tlcr-24-111/coif
https://tlcr.amegroups.com/article/view/10.21037/tlcr-24-111/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

Translational Lung Cancer Research, Vol 13, No 6 June 2024

Goldstein DA, Ginsberg GM, Hofnung-Gabbay D, et al.
Multinational Analysis of Estimated Health Care Costs

Related to Extended-Interval Fixed Dosing of Checkpoint

Inhibitors. JAMA Netw Open 2023;6:e230490.

10. Woodley WD, Morel DR, Sutter DE, et al. Clinical
evaluation of large volume subcutaneous injection tissue
effects, pain, and acceptability in healthy adults. Clin
Transl Sci 2022;15:92-104.

11. Cappuzzo F, Zvirbule Z, Korbenfeld E, et al. Primary
results from IMscin002: a study to evaluate patient-
and healthcare professional-reported preferences for

atezolizumab subcutaneous vs intravenous for the

Cite this article as: Moeller J, Green MD, Ramnath N.
Pros and cons of subcutaneous (SC) versus intravenous (IV)
administration of immune checkpoint inhibitors in non-small
cell lung cancer. Trans] Lung Cancer Res 2024;13(6):1444-1449. doi:
10.21037/tler-24-111

© Translational Lung Cancer Research. All rights reserved.

1449

treatment of non-small cell lung cancer. ESMO Open
2024;9:102706.

. Lonardi S, LEugowska I, O’'Donnell A, et al.

Pharmacokinetics and safety of a subcutaneous formulation
of nivolumab (NIVO SC) monotherapy: updated results
from the phase 1/2 CheckMate 8KX study. Journal for
ImmunoTherapy of Cancer 2023;11:doi: 10.1136/jitc-
2023-SITC2023.0616.

. Jacobs CR, Rapoport BL, Cohen GL, et al.

Pembrolizumab bioavailability after subcutaneous
administration: analysis from the KEYNOTE-555 Cohort
A in metastatic melanoma. Cancer Res 2021;81:CT'143.

Transl Lung Cancer Res 2024;13(6):1444-1449 | https://dx.doi.org/10.21037/tlcr-24-111



