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A B S T R A C T

Background: MK-3475A is pembrolizumab with berahyaluronidase alfa for subcutaneous administration 
(pembrolizumab SC). The phase 1 study 3475A-C18 (NCT05017012) assessed the pharmacokinetic and safety 
profiles of pembrolizumab SC.
Methods: The study had 4 arms that enrolled participants with unresectable or advanced melanoma (arms 1, 2, 
and 4), metastatic NSCLC (arms 1–3), or advanced or metastatic RCC (arms 1 and 2). Participants received 
pembrolizumab SC 650 mg Q6W at solution strengths of 165 mg/mL (arms 1 and 3), 130 mg/mL (arm 2), or 
pembrolizumab SC 395 mg Q3W at 165 mg/mL (arm 4). Key endpoints included pembrolizumab SC bioavail
ability, pharmacokinetics, immunogenicity, and safety and tolerability.
Results: 140 participants received study treatment. Across all arms, mean bioavailability of pembrolizumab SC 
was 61 % (95 % CI, 58 %–64 %; CV%, 22.4 %) and absorption rate was 0.30/day (95 % CI, 0.28–0.32/day; CV%, 
43.7 %). Pharmacokinetic exposure, bioavailability, and absorption rate did not differ meaningfully with 
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subcutaneous administration
pharmacokinetics

pembrolizumab SC by solution strength. Treatment-emergent anti-drug antibodies against pembrolizumab and 
berahyaluronidase occurred in 1 % and 2 % of participants, respectively. Injection site AEs with pembrolizumab 
SC occurred in 16 % of participants; all were grade 1/2 in severity. Immune-mediated AEs occurred in 41 % of 
participants in arms 1–3 and 18 % of participants in arm 4.
Conclusion: Results from study 3475A-C18 informed selection of pembrolizumab SC 790 mg Q6W at 165 mg/mL 
for further clinical development to ensure that all patients have the appropriate pembrolizumab exposure to 
derive expected clinical benefit. Arm 4 results provided key clinical data supporting the pembrolizumab SC 
395 mg Q3W dosing regimen.
Trial registration: ClinicalTrials.gov, NCT05017012

1. Introduction

Pembrolizumab is a humanized monoclonal antibody that binds with 
high affinity to the PD-1 receptor on the surface of immune cells and 
blocks the receptor’s interaction with its ligands, PD-L1 and PD-L2[1,2]. 
As a result, immune system inhibition is alleviated, and T-cell–mediated 
antitumor activities, including T-cell proliferation and cytokine secretion, 
are enabled[3,4]. Pembrolizumab was initially approved at a dose of 
2 mg/kg administered by intravenous (IV) infusion once every 3 weeks 
(Q3W)[5,6]. Using model-based analyses to evaluate pharmacokinetic 
exposures and bridge safety and clinical efficacy across dosing regimens, 
and support clinical trial design, pembrolizumab was later approved for 
use across all adult indications at doses of 200 mg Q3W IV and 400 mg 
every 6 weeks (Q6W) IV[7,8].

For cancer therapies that are available for dosing by more than 1 route 
of administration, both patients and providers express a preference for 
subcutaneous (SC) over IV treatment options due to shorter time spent in 
the clinic, greater satisfaction, lower anxiety and stress among patients, 
improved patient convenience, and reduced healthcare resource utilization
[9–18]. The availability of pembrolizumab for SC administration would 
represent a new, more convenient treatment option.

MK-3475A (hereafter pembrolizumab SC) is pembrolizumab with 
berahyaluronidase alfa for SC administration. Berahyaluronidase alfa is 
a human hyaluronidase variant developed and manufactured by 
Alteogen Inc. that acts as a permeation enhancer by temporarily degrading 
the extracellular matrix at the injection site and increasing drug disper
sion. We evaluated the pharmacokinetics, including bioavailability, and 
the safety and tolerability of pembrolizumab SC.

2. Materials and methods

2.1. Study design and treatments

The phase 1, open-label study 3475A-C18 (NCT05017012) comprised 
4 arms with participants from 20 global sites enrolled to arms 1, 2, and 4 
and participants from 4 Japanese sites enrolled to arm 3 (Supplementary 
Table S1 and Supplementary Figure S1). Participants were allocated 
sequentially to arms 1 and 2 and received pembrolizumab SC 
(pembrolizumab 650 mg with berahyaluronidase alfa 2000 U/mL) at 
solution strengths of 165 and 130 mg/mL, respectively. Treatment alter
nated between pembrolizumab SC 650 mg Q6W and pembrolizumab IV 
400 mg Q6W for cycles 1–4, followed by up to 14 additional cycles of 
pembrolizumab IV 400 mg Q6W. As appropriate, participants also 
received standard-of-care therapy with platinum-doublet chemotherapy 
for non-small cell lung cancer (NSCLC) or axitinib for renal cell carcinoma 
(RCC) (see Supplementary Methods for additional details). In arm 3, 
participants from Japan received pembrolizumab SC at a solution strength 
of 165 mg/mL in cycle 1 and pembrolizumab IV 400 mg Q6W in cycles 
2–18, in combination with standard-of-care platinum-doublet chemo
therapy. Each treatment cycle in arms 1–3 was 6 weeks. In arm 4, pem
brolizumab SC monotherapy (pembrolizumab 395 mg with 
berahyaluronidase alfa 2000 U/mL) at a solution strength of 165 mg/mL 
was administered Q3W for up to 35 cycles. Each treatment cycle in arm 4 
was 3 weeks.

This trial was conducted in compliance with global standards, local 
and/or national regulations of each study site, and International Council 
for Harmonisation Good Clinical Practice guidelines and in accordance 
with the ethical principles originating from the Declaration of Helsinki.

2.2. Study participants

Adults aged ≥ 18 years diagnosed with histologically or cytologically 
confirmed unresectable stage III/IV melanoma (arms 1, 2, and 4), stage 
IV squamous or nonsquamous NSCLC with no EGFR, ALK, or ROS1 
genomic tumor alterations (arms 1–3), or stage IV RCC with a clear cell 
component (arms 1 and 2) were eligible. In arms 1, 2, and 4, participants 
with previously treated or untreated disease were enrolled, whereas in 
arm 3, previously untreated participants with metastatic NSCLC were 
enrolled in Japan. All participants were required to provide an archival 
or newly obtained tumor tissue biopsy sample. All participants had 
measurable disease according to Response Evaluation Criteria in Solid 
Tumors version 1.1 (RECIST v1.1) [19] and an Eastern Cooperative 
Oncology Group performance status ≤ 1. Participants provided 
informed consent. Full eligibility criteria are listed in the Supplementary 
Methods.

2.3. Endpoints

The primary endpoints of arms 1 and 2 were cycle 1 trough 
concentration (Ctrough), peak concentration (Cmax), time to peak 
concentration (Tmax), area under the curve from week 0 to week 6 
(AUC0–6wk), and bioavailability of pembrolizumab SC administered at 
solution strengths of 165 mg/mL (arm 1) and 130 mg/mL (arm 2). 
Secondary endpoints were the detection of antidrug antibodies (ADAs) 
against pembrolizumab and safety and tolerability of pembrolizumab SC 
(including the incidence of adverse events [AEs] and AE-related study 
treatment discontinuations). The primary endpoints of arm 3 were 
cycle 1 Ctrough, Cmax, Tmax, AUC0–6wk, and safety and tolerability of 
pembrolizumab SC administration in cycle 1, including the incidence of 
dose-limiting toxicities (DLTs). Secondary endpoints were the detection 
of ADAs against pembrolizumab and the bioavailability of pem
brolizumab SC administered at a solution strength of 165 mg/mL. The 
primary endpoints of arm 4 were cycle 1 and steady-state (cycle 6) 
Ctrough, Cmax, and AUC0–3wk. Secondary endpoints were the detection of 
ADAs against pembrolizumab and the safety and tolerability of 
pembrolizumab SC.

For all arms, tertiary endpoints included objective response rate 
(ORR; defined as the rate of complete and partial responses [CR + PR]), 
duration of response (defined for participants who demonstrate CR or 
PR as the time from first documented CR or PR until disease progression 
or death due to any cause, whichever occurs first), and progression-free 
survival (defined as the time from first dose of study treatment to first 
documented disease progression or death, whichever comes first), all 
per RECIST v1.1 as assessed by the investigator (all arms) and by blinded 
independent central review (arm 4 only); overall survival (OS; defined 
as the time from first day of study treatment to death due to any cause 
[arm 4 only]); detection of ADAs against berahyaluronidase alfa (all 
arms); and systemic concentrations of berahyaluronidase alfa following 
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pembrolizumab SC (all arms).
Details on pharmacokinetic, immunogenicity, safety, and efficacy 

assessments are provided in the Supplementary Methods.

2.4. Statistical analysis

With the assumption of pharmacokinetic absorption variability of 
80 %, enrollment of 60 participants to arms 1 and 2 (30 per arm) and 
40 participants to arm 4 was expected to provide > 80 % probability 
to estimate pharmacokinetic parameters with sufficient precision 
(ie, 95 % CI within 60 %–140 % of the mean parameter estimate). The 
planned sample size was approximately 36 participants each for arms 
1 and 2 (sequential allocation), 6 participants from Japan for arm 3, and 
50 participants for arm 4.

The pharmacokinetic analysis population included all participants 
who had evidence of treatment exposure, availability of pharmacokinetic 
measurements, and absence of major protocol violations, ensuring that 
their data could be used to characterize their pharmacokinetic profile. A 
population pharmacokinetic analysis approach with nonlinear mixed- 
effects modeling was used to characterize the pharmacokinetics of 
pembrolizumab following administration of pembrolizumab SC using 
concentration data from subjects in arms 1–4 (Supplementary Methods). 
The absorption phase parameters, including bioavailability and 
absorption rate, were estimated for both the 165- and 130-mg/mL 
solution strengths of pembrolizumab SC.

The safety analysis population included all participants who received 
≥ 1 dose of study treatment. Safety findings were reported using 
descriptive statistics. The DLT-evaluable population in arm 3 included 
participants who received ≥ 1 dose of study treatment, received ≥ 75 % 
of the total pembrolizumab SC treatment and/or chemotherapy during 
the DLT evaluation period (cycle 1 days 1–21), completed safety eval
uations on study, and experienced a DLT. Counts and frequencies of AEs 
were summarized by treatment. Injection site reaction AEs occurring in 
arms 1 and 2 (cycles 1 and 3), arm 3 (cycle 1), and arm 4 (any cycle) 
were summarized. Participant responses to the Subcutaneous Injection 
Site Signs and Symptoms questionnaire were summarized by treatment 
arm.

The efficacy analysis population consisted of all participants with 
baseline imaging that showed measurable disease by investigator 
assessment and who received ≥ 1 dose of study treatment. Statistical 
methods for efficacy analysis are described in the Supplementary 
Methods.

3. Results

3.1. Participants

A total of 186 participants were screened for eligibility, of whom 141 
were enrolled between September 21, 2021, and February 16, 2024: 46 
to arm 1, 44 to arm 2, 6 to arm 3, and 44 to arm 4 (Fig. 1). Of those 
enrolled, all but 1 participant in arm 4 received ≥ 1 dose of study 
treatment. Baseline characteristics were as expected for a population 
with unresectable or advanced melanoma, metastatic NSCLC, and 

Fig. 1. CONSORT diagram. IV, intravenous; Q3W, every 3 weeks; Q6W, every 6 weeks; SC, subcutaneous; SOC, standard of care.

Table 1 
Participant Demographics and Baseline Clinical Characteristics.

Arm 1 
(n ¼ 46)

Arm 2 
(n ¼ 44)

Arm 3 
(n ¼ 6)

Arm 4 
(n ¼ 44)

Age, y ​ ​ ​ ​
Median (range) 61.0 

(37–81)
66.5 
(40–84)

68.0 
(41–79)

60.0 
(30–89)

< 65 26 (57) 17 (39) 2 (33) 30 (68)
≥ 65 20 (43) 27 (61) 4 (67) 14 (32)

Sex ​ ​ ​ ​
Male 33 (72) 26 (59) 6 (100) 22 (50)
Female 13 (28) 18 (41) 0 (0) 22 (50)

Race ​ ​ ​ ​
American Indian or 

Alaska Native
1 (2) 0 (0) 0 (0) 0 (0)

Asian 1 (2) 12 (27) 6 (100) 0 (0)
Black or African 

American
3 (7) 1 (2) 0 (0) 4 (9)

Multiple 0 (0) 2 (5) 0 (0) 1 (2)
White 36 (78) 27 (61) 0 (0) 39 (89)
Missing 5 (11) 2 (5) 0 (0) 0 (0)

Geographic region ​ ​ ​ ​
European Union 22 (48) 6 (14) 0 (0) 0 (0)
Rest of the world 24 (52) 38 (86) 6 (100) 44 (100)

Primary diagnosis ​ ​ ​ ​
Melanoma 19 (41) 13 (30) 0 (0) 44 (100)
Renal cell carcinoma 18 (39) 13 (30) 0 (0) 0 (0)
Non–small-cell lung 

cancer
9 (20) 18 (41) 6 (100) 0 (0)

ECOG performance status ​ ​ ​ ​
0 18 (39) 18 (41) 1 (17) 24 (55)
1 28 (61) 26 (59) 5 (83) 20 (45)

Data are n (%) unless noted otherwise.
ECOG, Eastern Cooperative Oncology Group.
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advanced or metastatic RCC (Table 1). At data cutoff (June 24, 2024), 
the median time on study treatment was 15.1, 11.6, 4.3, and 4.9 months 
in arms 1–4, respectively. Across arms, at least half of the study pop
ulation received ≥ 4 cycles of treatment (Supplementary Table S2).

3.2. Pharmacokinetics

In arms 1 and 2, median Cmax (44.5 and 51.2 μg/mL), Ctrough (15.1 and 
16.0 μg/mL), AUC0–6wk (1280 and 1287 μg⋅d/mL), and Tmax (6.0 and 
5.0 days) for pembrolizumab SC 650 mg Q6W were largely consistent 
between the 165 and 130 mg/mL solution strengths, with overlapping 
ranges in the global population (Table 2). In arm 3, which evaluated 
pembrolizumab SC 650 mg Q6W at the 165 mg/mL solution strength in 
the Japanese population, median cycle 1 Cmax was 73.8 μg/mL, Ctrough 
was 19.0 μg/mL, AUC0–6wk was 1681 μg⋅d/mL, and Tmax was 4.5 days; 
ranges overlapped with those observed in arms 1 and 2 (Table 2). In arm 
4, which evaluated pembrolizumab SC 395 mg Q3W at the 165 mg/mL 
solution strength, median cycle 1 Cmax was 34.1 μg/mL, Ctrough was 
21.2 μg/mL, AUC0–3wk was 567 μg⋅d/mL, and Tmax was 5 days. The 
observed mean concentration-time profiles of pembrolizumab SC 650 mg 
Q6W and pembrolizumab IV 400 mg Q6W are illustrated in Fig. 2.

Using a pharmacokinetic model-based analysis across all arms, 
the estimated mean bioavailability of pembrolizumab SC was 61 % 
(95 % CI, 58 %–64 %; CV%, 22.4 %) and the absorption rate was 
0.30/day (95 % CI, 0.28–0.32/day; CV%, 43.7 %). No meaningful 
differences in bioavailability or absorption rate were found between the 
pembrolizumab SC 165 and 130 mg/mL solution strengths.

Systemic absorption of berahyaluronidase alfa was negligible. There 
were no participants with postdose samples containing measurable 
concentrations of berahyaluronidase alfa following pembrolizumab SC 
administration in the absence of positive predose samples.

3.3. Immunogenicity

Across all arms, 1 of 127 evaluable participants (1 %) had 
treatment-emergent ADAs against pembrolizumab. No neutralizing 
positive antibodies were detected (Supplementary Table S3) and there 
was no evidence of a clinically meaningful impact of ADAs on pem
brolizumab exposure. In addition, across all arms, 3 of 129 evaluable 
participants (2 %) had treatment-emergent ADAs against berahyalur
onidase alfa (Supplementary Table S3).

3.4. Safety

Across arms 1–3 (n = 96), 57 participants (59 %) experienced a 
treatment-related AE in cycle 1, most frequently fatigue (9 %) and 
nausea (9 %), and hypertension (7 %; Table 3; Supplementary Table 
S4). Most treatment-related AEs were grade 1 or 2. No participants in 
arm 3 experienced a DLT. In arm 4 (n = 44), 24 participants (55 %) had 
a treatment-related AE, most frequently pruritus (14 %; Table 3; Sup
plementary Table S4). All treatment-related AEs in arm 4 were grade 1 
or 2. Immune-mediated AEs and infusion reactions occurred in 39 
participants (41 %) across arms 1–3 and in 8 (18 %) in arm 4; the most 
frequently reported immune-mediated AEs included hypothyroidism 
and pneumonitis (Supplementary Table S5).

Across arms 1–3, 2 participants (2 %) experienced fatal AEs during 
cycle 1 (febrile neutropenia and respiratory failure, n = 1 each). Three 
additional fatal AEs occurred after cycle 1 (congestive cardiac failure, 
septic shock, and pneumonitis, n = 1 each; Supplementary Table S6). 
These fatal AEs all occurred in participants with NSCLC receiving 
pembrolizumab in combination with chemotherapy; the grade 5 febrile 
neutropenia and pneumonitis events were considered treatment-related 
by the investigator. In arm 4 across all cycles, 2 participants (5 %) 
experienced fatal AEs (sepsis and death, n = 1 each; Supplementary 
Table S6); neither was considered treatment-related.

Across arms 1–4 (n = 140), 22 patients (16 %) experienced Ta
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injection site AEs following pembrolizumab SC administration. The most 
frequent injection site AEs were injection site erythema (n = 12, 9 %), 
swelling (n = 7, 5 %), and pruritus (n = 5, 4 %; Table 3). All injection 
site AEs reported were grade 1, except for 2 grade 2 events in arm 2 
(injection site erythema and injection site pruritus). Approximately half 
of the participants self-reported ≥ 1 sign or symptom immediately 

following pembrolizumab SC administration on the Subcutaneous Injec
tion Site Signs and Symptoms questionnaire, with redness the most 
frequently reported (n = 54, 42 %; Table 4). Most signs and symptoms 
were reported by the participant as mild, except in 4 instances that were 
reported as moderate (itching, n = 1; redness, n = 2; swelling, n = 1).

Fig. 2. Observed mean concentration-time profiles in cycles 1 and 2 for arms 1–3. Data and error bars represent mean ± SD for pembrolizumab SC 650 mg at 
130 mg/mL (red; arms 1 and 3) or 165 mg/mL (green; arm 2) solution strengths in cycle 1 and pembrolizumab IV 400 mg (blue; arms 1–3) in cycle 2. IV, intravenous; 
SC, subcutaneous.

Table 3 
Summary of Treatment-Relateda AEs With Incidence ≥ 5 % and Injection Site AEs.

Arms 1–3, Cycle 1  
(n ¼ 96)

Arm 4, All Cycles 
(n ¼ 44)

Treatment-related AEs occurring 
in ≥ 5 % of participants in any 
treatment arm

Any Grade Grade 3–5 Any Grade Grade 3–5

Fatigue 9 (9) 0 (0) 3 (7) 0 (0)
Nausea 9 (9) 0 (0) 2 (5) 0 (0)
Hypertension 7 (7) 3 (3) 0 (0) 0 (0)
Alopecia 6 (6) 0 (0) 0 (0) 0 (0)
Anemia 6 (6) 3 (3) 0 (0) 0 (0)
Injection site erythema 6 (6) 0 (0) 3 (7) 0 (0)
Mucosal inflammation 6 (6) 0 (0) 0 (0) 0 (0)
Pruritus 6 (6) 0 (0) 6 (14) 0 (0)
ALT increase 5 (5) 1 (1) 2 (5) 0 (0)
Asthenia 5 (5) 0 (0) 1 (2) 0 (0)
Constipation 5 (5) 1 (1) 0 (0) 0 (0)
Injection site pruritus 5 (5) 0 (0) 0 (0) 0 (0)
Rash 4 (4) 0 (0) 3 (7) 0 (0)
Hypothyroidism 0 (0) 0 (0) 3 (7) 0 (0)
​ Arm 1, Cycles 1 and 3  

(n ¼ 46)
Arm 2, Cycles 1 and 3  
(n ¼ 44)

Arm 3, Cycle 1  
(n ¼ 6)

Arm 4, Cycle 1 
(n ¼ 44)

Injection site AEsb 7 (15) 5 (11) 1 (17) 9 (20)
Erythema 4 (9) 4 (9) 0 (0) 4 (9)
Swelling 4 (9) 2 (5) 0 (0) 1 (2)
Pruritus 2 (4) 2 (5) 1 (17) 0 (0)
Pain 1 (2) 1 (2) 0 (0) 0 (0)
Discoloration 1 (2) 0 (0) 0 (0) 0 (0)
Site reaction 1 (2) 0 (0) 0 (0) 2 (5)
Edema 0 (0) 1 (2) 0 (0) 0 (0)
Inflammation 0 (0) 0 (0) 0 (0) 1 (2)
Irritation 0 (0) 0 (0) 0 (0) 1 (2)
Rash 0 (0) 0 (0) 0 (0) 1 (2)

All data are n (%).
AE, adverse event; ALT, alanine aminotransferase.

a Determined by the investigator to be related to treatment.
b Participants are counted a single time for each applicable row. Nonserious AEs up to 30 days after the last dose and serious AEs 

up to 90 days after the last dose are included.
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3.5. Efficacy

Efficacy outcomes were generally consistent across the arms. 
Investigator-assessed ORR in arms 1–3 was 50 % in participants with 
melanoma (n = 32), 42 % in NSCLC (n = 33), and 52 % in RCC (n = 31; 
Supplementary Table S7). In arm 4, investigator-assessed ORR was 27 % 
in participants with melanoma (n = 44; Supplementary Table S7). Most 
participants had a reduction in target lesion dimensions from baseline 
(Supplementary Figure S2). Across all arms, the majority of responding 
participants in the 3 tumor types demonstrated durable responses of ≥ 6 
months (Supplementary Figures S3A and S4A), and > 40 % of partici
pants were progression-free at 6 months (Supplementary Figures S3B 
and S4B). Kaplan-Meier estimates of OS in arm 4 are shown in Supple
mentary Figure S4C.

4. Discussion

The phase 1 study 3475A-C18 sought to characterize the bioavail
ability and pharmacokinetic characteristics of pembrolizumab SC 
administration in participants with advanced melanoma, NSCLC, or 
RCC. The analysis demonstrated that the pharmacokinetic exposure, 
bioavailability, and absorption rate of pembrolizumab SC 650 mg Q6W 
were generally comparable between the 2 solution strengths (165 vs 
130 mg/mL) and across populations (global vs Japan). Our analyses also 
indicated that systemic absorption of berahyaluronidase alfa after 
pembrolizumab SC administration was negligible. No evidence of 
increased immunogenicity or new safety signals were identified with 
pembrolizumab SC.

Based on the totality of available pembrolizumab SC pharmacoki
netic data, including bioavailability and inter-participant variability, 
pembrolizumab SC 790 mg Q6W at 165 mg/mL was selected as the 
optimal dose for further clinical development. This dose is expected to 
achieve exposures consistent with pembrolizumab IV 400 mg Q6W and 
allows for the smallest possible injection volume. The selected dose of 
pembrolizumab SC 790 mg Q6W was compared with the approved dose 
of pembrolizumab IV 400 mg in the phase 3 study 3475A-D77 in 
participants with metastatic NSCLC[20]. In that study, cycle 1 AUC0–6wk 
and steady-state (cycle 3) Ctrough of pembrolizumab SC 790 mg Q6W 
were noninferior to pembrolizumab IV 400 mg Q6W when coadminis
tered with chemotherapy[20], confirming pharmacokinetic similarity of 
pembrolizumab SC with pembrolizumab IV[20]. Furthermore, using the 
combined SC and IV population pharmacokinetic model, model-based 
pharmacokinetic exposures of pembrolizumab SC 790 mg Q6W were 
generally consistent with those of the approved doses of pembrolizumab 
IV 400 mg Q6W and 200 mg Q3W[21].

Arm 4 of this study evaluated the pharmacokinetic characteristics of 
pembrolizumab SC 395 mg Q3W[21]. Observed pharmacokinetic con
centrations for pembrolizumab SC 395 mg Q3W were consistent with 
model-based predictions at this dose, thereby validating the model used 
to predict pharmacokinetic exposures of pembrolizumab SC 395 mg 
Q3W[21]. Moreover, model-based pharmacokinetic exposures for 
pembrolizumab SC 395 mg Q3W were consistent with pembrolizumab 

SC 790 mg Q6W and pembrolizumab IV 200 mg Q3W[21], supporting 
this dosing regimen for pembrolizumab SC as well.

The immunogenicity of pembrolizumab SC was low. Treatment- 
emergent ADAs against pembrolizumab and berahyaluronidase alfa 
were detected in 1 (1 %) and 3 participants (2 %), respectively. More
over, none of the ADAs against pembrolizumab were neutralizing anti
bodies, and they had no impact on pembrolizumab exposure. The 
limited immunogenicity of pembrolizumab SC was consistent with the 
findings of an immunogenicity analysis of pembrolizumab IV 
(n = 2000), which found ADAs detectable in 1.8 % of participants and 
neutralizing antibodies in 0.5 % of participants[22]. Furthermore, the 
immunogenicity of pembrolizumab SC in study 3475A-C18 was similar 
to that in the phase 3 study 3475A-D77 in participants with previously 
untreated metastatic NSCLC, which reported ADAs against pem
brolizumab detected in 1.4 % of participants in the pembrolizumab SC 
arm[20]. However, the immunogenicity of pembrolizumab SC in study 
3475A-C18 was lower than that of other SC cancer immunotherapies. 
For example, in the phase 3 IMscin001 study, 43 of 221 (19.5 %) and 12 
of 224 participants (5.4 %) treated with SC atezolizumab were 
ADA-positive to atezolizumab and recombinant human hyaluronidase 
PH20 (rHuPH20; a type of hyaluronidase used for SC administration), 
respectively[23]. Similarly, in the phase 3 CheckMate 67T study, 50 of 
208 participants (24.0 %) treated with SC nivolumab were ADA-positive 
to nivolumab[24]. Neither study found any clinical effect of the ADAs
[23,24]. Additionally, consistent with the minimal systemic absorption 
of berahyaluronidase alfa observed in this study, the systemic absorp
tion of rHuPH20 showed no measurable systemic exposure after SC 
administration[23,25,26].

The overall safety profile of pembrolizumab SC, administered as 
monotherapy in participants with melanoma or with standard-of-care 
background therapy in participants with NSCLC or RCC, was consis
tent with the known safety profile of pembrolizumab IV administered as 
monotherapy or combination therapy for these indications[27–30]. In
jection site AEs associated with pembrolizumab SC administration were 
infrequent, mostly mild (grade 1), and nonserious, with participant 
self-assessment of injection site signs and symptoms underscoring that 
the injection was generally well tolerated with only mild symptoms.

The observed efficacy outcomes in this study, which were assessed as 
tertiary endpoints in this study, were generally consistent with the 
established effectiveness of pembrolizumab IV administered for these 
indications[27–30]. However, given the limited sample size and that 
participants in arms 1–3 received both pembrolizumab SC and pem
brolizumab IV during the study, it is difficult to assess the contribution 
of pembrolizumab SC to the observed antitumor activity.

In summary, pharmacokinetic exposures of pembrolizumab SC Q6W 
in this study informed the selection of pembrolizumab SC 790 mg Q6W 
at a solution strength of 165 mg/mL for further clinical development to 
ensure that all participants have the appropriate exposure to derive 
expected clinical benefit. Arm 4 results provided key clinical data sup
porting the pembrolizumab SC 395 mg Q3W dosing regimen. The 
immunogenicity of pembrolizumab SC and berahyaluronidase alfa was 
low, and the overall safety profile of pembrolizumab SC was consistent 

Table 4 
Summary of Responses to the Subcutaneous Injection Site Signs and Symptoms Questionnaire.

Arm 1, Cycles 1 and 3 
(n ¼ 46)

Arm 2, Cycles 1 and 3 
(n ¼ 44)

Arm 3, Cycle 1  
(n ¼ 6)

Arm 4, Cycle 1 
(n ¼ 44)

Participants with ≥ 1 injection site sign/symptoma 26 (57) 21 (48) 1 (17) 18 (41)

Mild Moderate Mild Moderate Mild Moderate Mild Moderate

Itching 9 (20) 1 (2) 4 (9) 0 (0) 1 (17) 0 (0) 3 (7) 0 (0)
Pain 6 (13) 0 (0) 5 (11) 0 (0) 0 (0) 0 (0) 3 (7) 0 (0)
Redness 21 (46) 1 (2) 17 (39) 1 (2) 1 (17) 0 (0) 13 (30) 0 (0)
Swelling 12 (26) 1 (2) 9 (20) 0 (0) 1 (17) 0 (0) 5 (11) 0 (0)

All data are n (%).
a Participants are counted a single time for each applicable row.
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with the known safety profile of pembrolizumab IV. Pembrolizumab SC 
may represent a potential new treatment option for all indications for 
which pembrolizumab IV is approved.
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