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Abstract
Background: Sasanlimab (PF-06801591), a humanized immunoglobulin G4 monoclonal 
antibody, binds to programmed cell death protein-1 (PD-1), preventing ligand (PD-L1) 
interaction.
Objectives: To evaluate pharmacokinetics (PK), safety, tolerability, and efficacy of two 
subcutaneous sasanlimab dosing regimens.
Design: An open-label study consisting of phases Ib and II. Phase Ib: non-randomized, dose 
escalation, and expansion study in Asian participants with advanced malignancies. 
Phase II: conducted globally in participants with non-small-cell lung cancer with PD-L1 
positive or PD-L1 status unknown tumors; participants were randomized 1:2 to receive 
subcutaneous sasanlimab 300 mg once every 4 weeks (300 mg-Q4W) or 600 mg once every 
6 weeks (600 mg-Q6W).
Methods: Primary endpoint in phase Ib: dose-limiting toxicity (DLT) occurring in first 
treatment cycle; in phase II: Ctrough and AUC.
Results: A total of 155 participants (phase Ib, n = 34; phase II, n = 121) received sasanlimab. 
Phase Ib: no DLT reported. Phase II: ratio of adjusted geometric mean for AUCtau was 231.2 
(90% CI, 190.1–281.2) and Ctrough was 111.5 (90% CI, 86.3–144.0) following 600 mg-Q6W (test) 
versus 300 mg-Q4W (reference). Phase Ib: grade 3 treatment-related adverse events (TRAEs) 
occurred in 1/4 (25%) and 3/12 (25%) participants treated in 300 mg-Q4W dose escalation and 
expansion cohorts, respectively. Phase II: grade 3 TRAEs occurred in 3/41 (7.3%) and 3/80 
(3.8%) participants treated with 300 mg-Q4W and 600 mg-Q6W, respectively; no grade 4/5 
TRAEs. Phase II: confirmed objective response was observed in 11/41 (26.8% (95% CI,  
14.2–42.9)) and 12/80 (15.0% (95% CI, 8.0–24.7)) participants treated with 300 mg-Q4W and 
600 mg-Q6W, respectively.
Conclusions: Phase Ib regimens were considered safe with no DLTs reported. In phase II, 
600 mg-Q6W regimen criteria were met for AUCtau and Ctrough metrics to support PK-based 
extrapolation of efficacy of alternative regimen. Regimens were well tolerated, showing anti-
tumor activity in participants with advanced solid tumors. Administration of sasanlimab at a 
dose of 600 mg-Q6W subcutaneously may serve as a convenient alternative to 300 mg-Q4W 
administration.
Trial registration: NCT04181788 (ClinicalTrials.gov); 2019-003818-14 (EudraCT).
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Background
Immune-mediated control of tumor growth is 
mainly regulated by interactions between pro-
grammed cell death protein 1 (PD-1)—an inhib-
itory receptor expressed on the surface of T 
cells1—and its ligand programmed cell death 1 
ligand-1 (PD-L1) in the tumor microenviron-
ment.2–4 Intravenous anti-PD-1/PD-L1 agents, 
such as nivolumab and pembrolizumab, have 
demonstrated anti-tumor survival benefits and 
are widely used in multimodal cancer treatment 
strategies for patients with various malignancies, 
including non-small-cell lung cancer (NSCLC), 
malignant melanoma, and renal cell carci-
noma.3,5 The desirability of alternative treatment 
administration methods that improve patient 
experience and decrease costs has prompted the 
evaluation of subcutaneous (SC) anti-PD-1/
PD-L1 agents.6,7

Sasanlimab (PF-06801591) is a humanized, 
hinge region-stabilized immunoglobulin G4 
monoclonal antibody with antagonistic activities 
specific to human PD-1. It can selectively and 
reversibly bind with high affinity to human PD-1, 
forming a stable complex that blocks its interac-
tion with PD-L1 and PD-L2. In vitro, sasanlimab 
increased T-cell proliferation and cytokine secre-
tion (interferon-γ and interleukin-2) when PD-L1 
is highly expressed. Sasanlimab accelerated the 
incidence of GvHD through T-cell proliferation 
and cytokine secretion in a xenogeneic model of 
acute GvHD and halted MC-38 colon adenocar-
cinoma tumor growth in human PD-1 knock-in 
mice.5,7–9 Sasanlimab blockade of the interaction 
between PD-1 on T cells and its ligands on tumor 
cells is expected to restore anti-tumor immunity 
and forms the basis for an immunotherapeutic 
approach to treat cancer. In a first-in-human trial, 
participants received sasanlimab by SC adminis-
tration and the recommended clinical dose of 
sasanlimab for participants with advanced solid 
tumors was selected as 300 mg SC every 4 weeks 
(Q4W). This regimen was shown to be tolerable 
and have anti-tumor activity.7 Furthermore, in a 
phase Ib/II dose expansion study in patients with 
locally advanced or metastatic NSCLC and 
urothelial carcinoma, patients received 300 mg of 

sasanlimab SC Q4W. This dose was well toler-
ated with promising clinical benefits.10

According to current United States Food and Drug 
Administration recommendations, alternative dos-
ing regimens for anti-PD-1/PD-L1 antibodies can 
be derived using a pharmacokinetic (PK)-based 
model-informed drug-development approach, if 
both the area under the plasma concentration-time 
curve (AUC) and the concentration of drug at the 
end of the dosing interval (Ctrough) at the steady 
state for the test regimen are no more than 20% 
lower compared with the parameters of the refer-
ence dosing regimen used to establish efficacy in 
clinical trials (i.e., 300 mg Q4W for sasanlimab).11 
However, if geometric mean Cmax of the test regi-
men is >25% of the reference regimen, additional 
evidence to assess the safety of the alternative regi-
men would be required.11

Objective
The objective of this phase Ib/II study 
(EudraCT:2019-003818-14; NCT04181788) 
was to evaluate the PK, safety profile, and anti-
tumor activity of an alternative dosing regimen of 
SC sasanlimab in participants with advanced 
malignancies in phase Ib and NSCLC in phase II.

Design
This was an open-label study consisting of two 
phases, phase Ib and phase II, conducted at 28 
sites in parallel. These phases were conducted in 
parallel to expedite phase II evaluations outside 
Japan and China, facilitate phase I trials in Japan 
and China for future new drug application (NDA) 
purposes, and potentially allow Japanese partici-
pants to transition into phase II. Evaluations for 
countries other than Japan and China were not 
delayed due to the prior dose escalation carried 
out in a previous study (B8011001 study 
[NCT02573259]). Phase Ib was composed of 
two parts: dose escalation and dose expansion in 
Asian participants with advanced malignancies 
from Japan and China. Phase II was conducted in 
participants with NSCLC in Taiwan, South 
Korea, Ukraine, and Russia. Participants from 

Keywords: immune checkpoint inhibitor, immunotherapy, lung neoplasms, non-small-cell 
lung cancer, programmed cell death 1 receptor
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Japanese sites were allowed to enter the global 
phase II part after the phase Ib dose escalation 
part was completed. Participants from Chinese 
sites only joined the phase Ib expansion part of 
the study due to late-opening.

In phase Ib, participants in arm A1 received sasan-
limab SC 300 mg Q4W and participants in arm B1 
received sasanlimab SC 600 mg Q6W (Figure 1). 
In phase II, participants with advanced or meta-
static NSCLC were randomized 1:2 to receive 
sasanlimab SC 300 mg Q4W (arm A2) or sasanli-
mab SC 600 mg Q6W (arm B2; Figure 1). The 
starting dose (300 mg Q4W) was determined based 
on the potential clinical benefit seen in previous 
studies.7,10 Randomization was stratified by line of 
therapy (first line vs second line) for advanced or 
metastatic NSCLC. The study used interactive 
response technology (IRT) for participant rand-
omization/treatment allocation in phase II.

Treatment duration was defined as the number of 
weeks between the first and last dose plus 4 weeks 
or 6 weeks for the Q4W or Q6W dosing regimen, 
respectively.

Methods
This study is reported in line with the 
CONsolidated Standards Of Reporting Trials-
Dose-finding Extension (CONSORT-DEFINE) 
statement (Supplemental Appendix A).12

Endpoints
In phase Ib, the primary endpoint was dose-limit-
ing toxicity (DLT) occurring in the first cycle of 

treatment, defined as the time from the first dose 
to the next expected dose of sasanlimab (4 weeks 
in arm A1 and 6 weeks in arm B1). A DLT was 
defined as any grade 5 adverse event (AE) not 
due to the underlying disease or extraneous 
causes; prespecified grade 3/4 hematologic toxic-
ity (i.e., grade 4 neutropenia lasting >7 days; 
febrile neutropenia; grade ⩾3 neutropenic infec-
tion; grade 4 thrombocytopenia or grade 3 throm-
bocytopenia with significant bleeding or requiring 
medical intervention; grade 4 anemia or grade 3 
anemia requiring transfusion or steroids); pre-
specified grade 3/4 non-hematologic toxicity (i.e., 
any grade 4 non-hematologic AE; grade 3 AE 
lasting >3 days despite optimal supporting care; 
grade 3 central nervous system AE regardless of 
duration; AE meeting criteria for drug-induced 
liver injury); or a delay of ⩾3 weeks in receiving 
next scheduled dose due to any persisting treat-
ment-related toxicities.

In phase II, the primary endpoints were the PK 
parameters Ctrough and AUC from time zero to the 
end of the dosing interval (AUCtau) at steady state 
at 12 weeks, where intensive PK was collected 
from each regimen across the respective interval 
beginning with the dose administered at 12 weeks 
to calculate AUC exposure. The PK parameters 
in phase Ib were set as secondary endpoints to 
assess any effect of Japan or China participation 
into further global studies or ethnicity on sasanli-
mab pharmacokinetics.

Secondary endpoints for safety in both phase Ib 
and phase II included AEs as graded by National 
Cancer Institute Common Terminology Criteria 
for Adverse Events version 5.0 and laboratory test 

Figure 1. Study design.
Phase Ib population: Asian participants with advanced solid tumors; phase II population: global participants with first-line or 
second-line NSCLC. Phase Ib and phase II were conducted in parallel.
DLT, dose-limiting toxicity; NSCLC, non-small-cell lung cancer; Q4W, every 4 weeks; Q6W, every 6 weeks; SC, subcutaneous.
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abnormalities. Secondary endpoints for efficacy 
for both phase Ib and phase II studies were con-
firmed objective response (OR) and time to 
response (TTR) assessed by the investigator 
according to Response Evaluation Criteria in 
Solid Tumors (RECIST) version 1.1. Secondary 
endpoints for immunogenicity for both phase Ib 
and phase II included the incidence and titer of 
anti-drug antibody (ADA) and neutralizing anti-
body (NAb) levels. PD-L1 expression at baseline 
was assessed as a pharmacodynamic secondary 
endpoint to allow the assessment of the potential 
correlation between clinical activity and PD-L1 
expression in baseline tumor tissue. PD-L1 status 
at baseline was considered high if ⩾25% of tumor 
cells exhibits membrane staining; low if <25% of 
tumor cells exhibits membrane staining; and 
unknown if the participant did not have the cor-
responding data collected; further details about 
the PD-L1 status assessment can be found below.

PD-L1 status assessment in tumor tissue
Baseline tumor tissue was obtained from biopsy 
or surgery before study enrollment to identify 
patients most likely to benefit from treatment. 
Where such tumor biospecimens were not avail-
able, a de novo biopsy from a locally recurrent or 
metastatic tumor site was performed at screening. 
Baseline PD-L1 protein expression level was 
assayed by using immunohistochemistry method 
at a central laboratory using Ventana SP263 anti-
body. End-of-treatment biopsies were also 
obtained from participants who permanently dis-
continued treatment due to disease progression, 
except where this posed an unacceptable risk to 
the participants.

Imaging tumor response assessment was  
conducted every 12 weeks (±7 days) from  
cycle 1 day 1 for both regimens until progressive 
disease assessed by the investigator (using 
RECIST v1.1), withdrawal, or start of new can-
cer therapy.

Treatment-related adverse events (TRAEs) were 
those events with onset dates occurring after the 
first dose of study treatment through the earliest 
of either 30 days after date of last dose of study 
treatment or start date of new anticancer drug. 
Blood samples (3 mL) for PK assessments were 
taken on days 1, 8, 15, and 22 for cycles 1 and 4, 
and on day 1 of all other cycles. Blood samples 
(6 mL) for ADA and NAb assessments were taken 
at baseline (cycle 1 day 1 predose) and on day 1 

of cycles 2, 3, 4, 6, 8, 10, and at the end of treat-
ment for Q4W dosing regimen or at baseline 
(cycle 1 day 1 predose) and on day 1 of cycles 2, 
3, 4, 5, 7, and at the end of treatment for Q6W 
dosing regimen.

Participant population
Phase Ib enrolled Asian participants only, and 
phase II enrolled global participants. For phase Ib 
and phase II, participants were 18 years or older 
(20 years or older in Japan; 19 years or older in 
South Korea) with an Eastern Cooperative 
Oncology Group (ECOG) performance status of 
0 or 1, an estimated life expectancy of at least 
3 months and adequate bone marrow, and renal 
and liver function (Supplemental Appendix B).

In phase Ib, participants required histological 
or cytological diagnosis of advanced solid tumor 
with clinical evidence of response to anti-PD-1 
or PD-L1 agents although no PD-L1 testing 
was required for study inclusion and the use of 
prior anti-PD-1/PD-L1 agents was allowed. 
Additionally, participants should have received 
at least one prior line of therapy for recurrent or 
metastatic disease and must have progressed/
relapsed, be refractory, or intolerant to stand-
ard therapy approved for the specific tumor 
type.

In phase II, additional inclusion criteria required 
that participants had documented diagnosis of 
stage III NSCLC and were not eligible for surgi-
cal resection or definitive chemoradiation or had 
stage IV NSCLC per International Association 
for the Study of Lung Cancer classification; had 
no prior therapy with PD-1/PD-L1 agents; had at 
least one measurable lesion defined by RECIST 
version 1.1 that was not previously irradiated. 
Phase II participants with tumors known to be 
PD-L1 positive (Tumor Proportion Score [TPS] 
⩾1%) or with tumors with unknown PD-L1 sta-
tus were eligible (PD-L1 testing was not required 
for participants with unknown status). In addi-
tion, participants may have received up to one 
line of prior therapy in advanced or metastatic 
disease settings. Furthermore, previous treatment 
toxicities and resolutions were considered during 
the randomization process through the inclusion 
of following criterion: resolved acute effects of 
any prior therapy to baseline severity or Common 
Terminology Criteria for Adverse Events grade 
⩽1 except for AEs not constituting a safety risk by 
investigator judgment.
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Exclusion criteria in both phases were sympto-
matic brain metastases requiring steroids; inter-
stitial lung disease history or complication; or 
vaccination with live attenuated vaccines 4 weeks 
before randomization. An additional exclusion 
criterion for phase Ib participants was history of a 
grade ⩾3 immune-mediated AE that was consid-
ered related to prior immune modulatory therapy 
and required immunosuppressive therapy. 
Participants were excluded from phase II enroll-
ment if they had an EGFR mutation, a BRAF 
mutation, or a known ALK or ROS1 transloca-
tion/rearrangement. 

Treatment discontinuation may occur for the fol-
lowing reasons: objective disease progression, 
global deterioration of health status, unaccepta-
ble toxicity, pregnancy, significant protocol viola-
tion, lost to follow-up, participant refused further 
treatment, study terminated by sponsor, or death. 
It is important to note that discontinuation of 
study treatment does not represent withdrawal 
from the study.

Statistical analyses
The primary analysis included all data up to the 
clinical cutoff date of September 7, 2022; this 
corresponds to 8 months after the last partici-
pant’s first dose in phase Ib and 17 months after 
the last participant was randomized in phase II. 
For the primary PK analysis in phase II, it was 
projected that a sample size of 90 PK-evaluable 
participants (30 and 60 participants for 300 mg 
Q4W and 600 mg Q6W arms, respectively) would 
provide at least 80% power. This would ensure 
that the lower bound for the 90% confidence 
interval (CI) for the ratio of the 600 mg Q6W to 
300 mg Q4W treatment regimen for the geomet-
ric mean of AUCtau and Ctrough at steady state 
would be at least 80%. This also used an assump-
tion that the coefficient of variation is 26% for 
AUCtau and 40% for Ctrough, and the true ratio is 
1.0 for both endpoints.

All efficacy analyses were performed based on 
dose levels assigned at the time of enrollment for 
phase Ib and phase II using the full analysis set 
(defined as all enrolled participants who received 
at least one dose of sasanlimab in phase Ib, and all 
participants who were randomized in phase II). 
Efficacy endpoints of OR and TTR were summa-
rized based on investigator assessment using 
RECIST v1.1. OR was defined as a confirmed 
complete response (CR) or partial response (PR) 

according to RECIST version 1.1 based on inves-
tigator assessment, from the date of first dose of 
study treatment (phase Ib) or randomization 
(phase II) until the date of the first documenta-
tion of disease progression, start of new antican-
cer therapy, or death, whichever is earlier. The 
OR rate (ORR), defined as the proportion of par-
ticipants in the analysis population with OR, was 
calculated along with the two-sided 95% CI using 
the Clopper–Pearson method. TTR was defined 
for participants with confirmed OR (CR or PR) 
as the time from the date of the first dose (phase 
Ib) or randomization (phase II) to the date of the 
first documentation of objective tumor response, 
which was subsequently confirmed. TTR was 
summarized using simple descriptive statistics 
(mean, standard deviation, median, min, max, 
Q1, Q3).

For comparison of exposure metrics, AUCtau and 
Ctrough at 12 weeks were selected as steady state 
indicators. Comparison of the PK profile at steady 
state and after the first dose would account for 
any time-dependent exposure changes, if 
observed.

Results

Participant demographics and baseline disease 
characteristics
Between April 2020 and January 2022, 155 par-
ticipants (phase Ib, n = 34; phase II, n = 121) were 
enrolled and treated with sasanlimab in the study 
(Table 1). In phase Ib, 16 participants received 
sasanlimab 300 mg Q4W (dose escalation, n = 4; 
dose expansion, n = 12) and 18 participants 
received sasanlimab 600 mg Q6W (dose escala-
tion, n = 6; dose expansion, n = 12). In phase II, 
41 participants were randomized to and received 
sasanlimab 300 mg Q4W and 80 participants 
were randomized to and received sasanlimab 
600 mg Q6W.

The median age for all enrolled participants 
(phase Ib and phase II) was 63 years, and more 
participants were men (74.8%) than women 
(25.2%; Table 1). Most participants had stage IV 
disease (89.7%). Overall, 52.3% of study partici-
pants had received at least one prior anticancer 
drug therapy for advanced disease, and 16.1% 
and 20.0% of the participants had received at 
least one prior anticancer radiotherapy and/or at 
least one prior anticancer surgery, respectively 
(Table 1). Participants in phase II were stratified 
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for randomization by line of therapy (by IRT), 
with 57.9% overall stratifying sasanlimab as a 
first-line therapy and 42.1% overall stratifying 
sasanlimab as the second-line therapy for 
advanced or metastatic disease (Table 1).

Treatment duration
In phase Ib dose escalation, the median duration 
of treatment was 17.0 and 12.3 weeks for sasanli-
mab 300 mg Q4W and 600 mg Q6W, respectively 
(Supplemental Table 1). In phase Ib dose expan-
sion, median treatment duration of sasanlimab 
300 mg Q4W and 600 mg Q6W was 16.0 and 
36.4 weeks, respectively. In phase II, median 
treatment duration was 24.3and 31.4 weeks for 
sasanlimab 300 mg Q4W and 600 mg Q6W, 
respectively.

Dose reductions were not permitted. There was 
no apparent difference in the frequency of dose 
delays across phase Ib and phase II ranging 
between 16.7% and 25.0% in the 300 mg Q4W 
dosing regimen and between 16.7% and 33.3% in 
the 600 mg Q6W dosing regimen (Supplemental 
Table 1).

Pharmacokinetics of sasanlimab
The PK profile of sasanlimab was assessed after 
300 mg Q4W and 600 mg Q6W single adminis-
tration on cycle 1 and at steady state (cycle 4 for 
300 mg Q4W and cycle 3 for 600 mg Q6W) in 
phase Ib and phase II. The Tmax after repeat dos-
ing was observed at the first planned sampling 
time (168 hours post dose) for both regimens. 
After repeat dosing of 300 mg Q4W and 600 mg 

Q6W, the effective half-life was 31.3 and 
27.3 days, respectively, for the combined phase Ib 
and phase II populations.

Exposure metrics observed in phase Ib in Asian 
participants (including dose escalation and expan-
sion), and in phase II in global participants, 
showed a high degree of overlap, indicating the 
lack of regional or ethnicity differences 
(Supplemental Table 2). Box and whisker plots of 
the individual serum sasanlimab steady-state Cmax 
and Ctrough values are shown in Supplemental 
Figures 1 and 2.

In analysis from phase II data, the adjusted means 
AUCtau, for sasanlimab were: 600 mg Q6W, 
48,090 µg.h/mL; 300 mg Q4W, 20,800 µg.h/mL, 
with a ratio (90% CI) of 231.2 (190.1–281.2). 
Adjusted means for AUC normalized over the 
dosing interval across regimens (Cavg) were: 
600 mg Q6W, 47.7 µg/mL; 300 mg Q4W, 31.0 µg/
mL; the ratio (90% CI) was 154.2 (126.7–187.5); 
Ctrough adjusted means were: 600 mg Q6W, 
24.0 µg/mL; 300 mg Q4W, 21.5 µg/mL; the ratio 
(90% CI) was 111.5 (86.3–144.0). Cmax values 
were: 600 mg Q6W, 76.5 µg/mL; 300 mg Q4W, 
41.7 µg/mL; the ratio (90% CI) was 183.5 (151.9–
221.7; Table 2).

Immunogenicity
Overall, in phase Ib and phase II, 7 of 142 (4.9%) 
participants evaluable for ADA analysis experi-
enced a treatment-induced ADA response 
(300 mg Q4W, 4/52 (7.7%); 600 mg Q6W, 3/90 
(3.3%)) and none experienced a treatment-
boosted ADA response. Of the ADA events that 

Table 2. Statistical summary of log-transformed serum sasanlimab PK parameters following multiple doses of sasanlimab 300 mg 
Q4W and sasanlimab 600 mg Q6W at steady state (PK parameter analysis set) in phase II.

Parameter, unit Adjusted geometric means Ratiof of adjusted
geometric means (90% CI)

Sasanlimab
600 mg Q6W

Sasanlimab
300 mg Q4W

AUCtau, µg.h/mL 48,090a 20,800b 231.20 (190.09, 281.21)

Ctrough, µg/mL 23.95c 21.48d 111.48 (86.31, 143.99)

Cavg, µg/mL 47.72a 30.95b 154.16 (126.74, 187.51)

Cmax, µg/mL 76.52e 41.70d 183.52 (151.92, 221.68)

an = 49; bn = 23; cn = 55; dn = 24; en = 52; fsasanlimab 600 mg Q6W/sasanlimab 300 mg SC Q4W.
AUCtau, area under the plasma concentration-time curve from time zero to the end of the dosing interval; Cavg, average concentration of drug; CI, 
confidence interval; Cmax, maximum concentration of drug; Ctrough, concentration of drug immediately before the next dose is administered; Q4W, 
every 4 weeks; Q6W, every 6 weeks; SC, subcutaneous.
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occurred, no participants had persistent duration 
of ADA response; 3 of 7 (43%) participants had a 
transient ADA response, and the remaining 4 of 7 
(57%) participants had an indeterminate ADA 
response. There were no NAbs observed in this 
study (Supplemental Table 3).

Safety and tolerability profile
Phase Ib. In phase Ib, among 16 participants who 
received sasanlimab 300 mg Q4W and 18 partici-
pants who received sasanlimab 600 mg Q6W, no 
DLTs were reported in either the dose escalation 
or dose expansion parts of the study.

In participants treated with 300 mg Q4W in phase 
Ib, grade 3 TRAEs were reported in 1 of 4 (25%) 
participants in dose escalation and 3 of 12 (25%) 
participants in dose expansion, including 2 
TRAEs classified as immune-related AEs (irAEs) 
(immune-related nephritis and immune-related 
pancreatitis). There were no grade 3 TRAEs or 
grade 3 irAEs reported in participants treated 
with 600 mg Q4W in phase Ib and no grade 4 or 
grade 5 TRAEs or irAEs reported in any dosing 
regimen (Table 3).

Injection site reactions were reported in one par-
ticipant in the 300 mg Q4W regimen and one par-
ticipant in the 600 mg Q6W regimen. Both 
injection site reactions were grade 1 in severity 
(Table 3).

Phase II. In phase II, TRAEs were reported in 
16/41 (39.0%) participants treated with 300 mg 
Q4W and 31/80 (38.8%) participants treated 
with 600 mg Q6W. The most common TRAEs of 
any grade (⩾5% in any dosing regimen) were 
pruritis, hypothyroidism, and rash (Table 3). 
Grade 3 TRAEs were reported in 3/41 (7.3%) 
participants in the 300 mg Q4W dosing regimen 
(thrombocytopenia, fatigue, immune-mediated 
hepatitis, dyspnea) and in 3/80 (3.8%) partici-
pants in the 600 mg Q6W dosing regimen  
(thrombocytopenia, neutropenia, transaminases 
increased).

The incidence of irAEs was similar in participants 
treated with the two regimens (Table 3). In the 
300 mg Q4W arm, 7 of 41 (17.1%) participants 
had an irAE of any grade, including 2/41 (4.9%) 
participants with grade 3 irAEs (immune-related 
hepatitis, n = 2). In the 600 mg Q6W arm, 13/80 
(16.3%) participants had an irAE, including 2/80 
(2.5%) participants with a grade 3 irAE (type 1 

diabetes mellitus, immune-related hepatitis). The 
most common irAEs of any grade reported in the 
sasanlimab 300 mg Q4W and 600 mg Q6W regi-
mens were immune-related rashes (4.9% and 
8.8%, respectively), immune-related thyroid dis-
orders (7.3% and 5.0%, respectively), and 
immune-related hepatitis (7.3% and 1.3%, 
respectively; Table 3). There were no grade 4 or 
grade 5 TRAEs or irAEs reported in any of the 
dosing regimens in phase II.

Injection site reaction in phase II was reported in 
one (1.3%) participant treated with 600 mg Q6W 
(grade 1) and was not observed in participants 
treated with 300 mg Q4W.

Treatment discontinuations. Sasanlimab treat-
ment was discontinued due to TRAEs in 2/12 
(16.7%) participants in the phase Ib 300 mg Q4W 
dose expansion part (pneumonitis and pancreati-
tis acute) and 1/41 (2.4%) participants in phase II 
in the 300 mg Q4W arm (immune-mediated hep-
atitis). There were no discontinuations due to 
TRAEs in participants treated with 600 mg Q6W 
in phase Ib or phase II.

Anti-tumor activity
Phase Ib. In phase Ib, one participant with small 
intestine carcinoma treated with 600 mg Q6W 
had a CR. A total of 8 participants across dose 
escalation and expansion had a PR: 4 participants 
receiving sasanlimab 300 mg Q4W and 2 partici-
pants receiving sasanlimab 600 mg Q6W had lung 
cancer, 1 participant receiving sasanlimab 300 mg 
Q4W had ovarian cancer and another participant 
receiving sasanlimab 600 mg Q6W had renal cell 
carcinoma (Table 4). No OR or SD was achieved 
in 14 participants (Table 4). Median TTR in the 
dose escalation or expansion part ranged between 
1.8 and 2.8 months for the 2 dosing regimens 
(Table 4).

Phase II. In phase II, an OR was achieved in 
11/41 (26.8% (95% CI, 14.2–42.9)) participants 
in the sasanlimab 300 mg Q4W arm and 12/80 
(15.0% (95% CI, 8.0–24.7)) participants in the 
600 mg Q6W arm (Table 4; Supplemental Figure 
3). No participants had a CR (Table 4). Median 
TTR was 2.8 (range: 2.6–11.2) months and 4.2 
(range: 2.6–13.8) months in the 300 mg Q4W and 
600 mg Q6W arms, respectively (Table 4).

Phase II participants whose tumor was classified 
as high PD-L1 status (⩾25% of tumor cells 
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exhibit membrane staining) at baseline had higher 
ORR than participants with low PD-L1 status at 
baseline in both treatment arms. ORR in partici-
pants with high PD-L1 status was 50.0% (n = 12, 
95% CI, 21.1–78.9) and 37.5% (n = 16, 95% CI, 
15.2–64.6) in the sasanlimab 300 mg Q4W and 
600 mg Q6W arms, respectively. In participants 
with low PD-L1 status, ORR was 15.4% (n = 26, 
95% CI, 4.4–34.9) and 8.0% (n = 50, 95% CI, 
2.2–19.2) in the 300 mg Q4W and 600 mg Q6W 
arms, respectively (Supplemental Table 4). 
Progression-free survival (PFS) was not a pre-
specified endpoint in the study, but ad hoc analy-
sis of PFS of participants in phase II was 
conducted, and median PFS was comparable 
between the 2 treatment arms (300 mg Q4W: 
5.6 months (95% CI, 5.3–11.1); 600 mg Q6W: 
5.5 months (95% CI, 4.5–6.3); Supplemental 
Figure 4).

Discussion
In this phase Ib/II trial, the PK, safety, and anti-
tumor activity of sasanlimab 300 mg Q4W and 
600 mg Q6W were further explored in Asian par-
ticipants with advanced malignancies and in 
global participants with advanced or metastatic 
NSCLC.

In phase Ib of the study, both dose regimens were 
shown to have an acceptable safety profile in 
Asian participants in Japan and China, with no 
DLTs reported. The PK and safety profiles were 
generally consistent between phase Ib in Asian 
participants and phase II in global participants, 
showing a high degree of overlap. Overall, both 
regimens were well tolerated and considered safe 
in Asian participants with no DLTs in phase Ib, 
similar to previously reported results for 
sasanlimab.7

In phase II, the PK analyses indicated that serum 
sasanlimab exposure based on Cavg and Cmax 
increased in an approximately dose proportional 
manner from 300 mg Q4W to 600 mg Q6W. In 
addition, the ratio for the adjusted geometric 
mean for AUCtau was 231%, and the geometric 
mean for Ctrough was 111% steady state for the 
alternative regimen (600 mg Q6W) compared 
with the reference (300 mg Q4W) regimen. This 
demonstrated that exposures for the alternative 
regimen were not more than 20% lower than the 
reference regimen, suggesting likely minimal dif-
ferences in antitumor activity across the two regi-
mens using a PK-based extrapolation approach 

supported by evidence from the drug class to 
date.11 The overall incidence of TRAEs in phase 
II was similar between participants treated with 
sasanlimab 300 mg Q4W and 600 mg Q6W. The 
overall incidence of treatment-emergent ADA 
responses was low (4.9%), and any differences 
across regimens were likely due to variability and 
not considered meaningful.

Despite Cmax exposures that were approximately 
84% higher following the 600 mg Q6W regimen, 
the data showed that the overall safety profile of 
the 600 mg Q6W regimen in phase Ib and phase 
II participants was similar to that of 300 mg Q4W 
with respect to the overall frequencies and sever-
ity of TRAEs, including irAEs of any grade or 
grade 3. The most commonly reported TRAEs 
and irAEs in both dosing regimens were consist-
ent with those reported in a previous sasanlimab 
study7 and demonstrated a similar safety profile 
to other PD-1 and PD-L1 inhibitors.5,13,14 Further 
to this, the most commonly observed sasanlimab-
related toxicities largely overlap with those 
reported with other PD-1 and PD-L1 inhibitors 
(e.g., pembrolizumab, nivolumab, avelumab), 
which mainly occurred in the skin and endocrine 
system.14–16 The immune-related AEs were man-
ageable, but some of them led to treatment dis-
continuation. Injection site reactions were 
reported in three participants across phase Ib and 
phase II of the study, all of which were grade 1 in 
severity, confirming the local tolerability of both 
dosing regimens.

Antitumor activity, in terms of OR, was observed 
in phase Ib and phase II of the study at both dos-
ing regimens in participants with advanced solid 
tumors (phase Ib) and NSCLC (phase II), similar 
to previously reported results for the sasanlimab 
first-in-human study7 and other PD-1/PD-L1 
inhibitors.5,13 Though there was a numerical dif-
ference in ORR, the confidence intervals overlap 
implying no substantial differences between dos-
ing regimens for OR in this study. The median 
PFS in phase II between the dosing regimens 
were similar. Subgroup analysis of response by 
PD-L1 status at baseline also suggests a higher 
response rate for both regimens in participants 
with high PD-L1 status, in line with published 
data on other checkpoint inhibitors.17

A cancer treatment that has a Q6W SC dosing 
regimen may prove to be advantageous over a 
3-week intravenous regimen in some therapeutic 
settings. SC administration has the advantage of 
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being a less invasive and convenient approach for 
patients requiring fewer medical resources than 
intravenous administration and is likely to be 
associated with fewer days in hospital.18 
Furthermore, SC administration has been 
reported to be favored over intravenous adminis-
tration by patients.19–21 A Q6W regimen is also 
more convenient than a Q3W regimen when 
combining with conventional platinum doublet 
therapies and is more convenient as a mainte-
nance therapy as it requires fewer clinic visits. 
The economic implications of SC administration 
are also paramount as it reduces healthcare visits 
(as previously mentioned), administration costs, 
overall treatment costs, and resource use.5,7,21

Limitations
The open-label design of this study and the differ-
ent schedule of assessments between the Q4W 
and Q6W dosing regimens could be considered a 
limitation as it can introduce potential biases, 
such as a participant’s reports of side effects and 
symptoms. While the open-label approach was 
essential for ethical, practical, and real-world 
considerations, these biases may impact the study 
findings. To mitigate these biases, several strate-
gies were implemented such as adhering to stand-
ardized protocols, using qualified and trained 
investigators, and focusing on objective measures. 
Furthermore, all investigator reports were 
reviewed to ensure that they adhered to standard 
guidelines.

Additionally, this study was not designed for a 
formal comparison of OR, a secondary endpoint; 
therefore, another limitation of the study is the 
possible lack of power to objectively demonstrate 
the difference or lack of thereof in ORR between 
the two regimens.

Finally, while only Asian participants participated 
in the phase 1b study, the safety of sasanlimab in 
a global cohort of patients in phase II indicates 
sasanlimab to be safe and tolerable at both doses. 
Moreover, a high degree of overlap was seen 
between the PK and safety profiles of the phase Ib 
Asian participants and phase II global partici-
pants, indicating a lack of regional or ethnic 
differences.

Conclusion
In conclusion, this study demonstrated that the 
sasanlimab 600 mg Q6W regimen achieved 

similar or higher PK exposures to sasanlimab 
300 mg Q4W regimen and showed comparable 
antitumor activity between the two doses in par-
ticipants with solid tumors. Commonly observed 
sasanlimab-related toxicities overlapped largely 
with those reported with the other PD-1 and 
PD-L1 inhibitors. Immune-related AEs were 
manageable, but some led to treatment discon-
tinuation. Overall, both regimens were well toler-
ated. The comparable benefit–risk profile of 
sasanlimab 600 mg Q6W versus 300 mg Q4W 
suggests that it could provide a more practical, 
convenient, and flexible dosing option for patients 
with cancer and their physicians. However, fur-
ther studies are needed in larger and diverse 
patient populations to help bolster these findings.

Declarations

Ethics approval and consent to participate
This study involved human participants. The pro-
tocol, protocol amendments, informed consent 
form, and other relevant documents were submit-
ted to the appropriate Institutional Review Board 
(IRB) or Independent Ethics Committee (IEC) 
by the investigator and reviewed and approved by 
the IRB/IEC before the study was initiated. This 
study was conducted in accordance with the pro-
tocol and consensus ethical principles derived 
from international guidelines including the 
Declaration of Helsinki Council and CIOMS 
International Ethical Guidelines, applicable ICH 
GCP Guidelines, applicable ISO 14155 guide-
lines, medical device guidelines, and other appli-
cable laws and regulations, including privacy laws. 
Participants or their legally authorized representa-
tives were informed that their participation was 
voluntary. Participants or their legally authorized 
representatives signed a statement of informed 
consent before enrollment in the study.

Consent for publication
Not applicable. No personal medical information 
is included in this article.

Author contributions

Konstantin Penkov: Investigation; Writing – 
review & editing.

Igor Bondarenko: Investigation; Writing – 
review & editing.

Daria Viktorovna Saenko: Investigation; 
Writing – review & editing.

https://journals.sagepub.com/home/tam


K Penkov, I Bondarenko et al.

journals.sagepub.com/home/tam 17

Yaroslav Kulyaba: Investigation; Writing – 
review & editing.

Jun Guo: Investigation; Writing – review & 
editing.

Yi Gong: Investigation; Writing – review & 
editing.

Noboru Yamamoto: Investigation; Writing – 
review & editing.

Yevhen Stepanovych Hotko: Investigation; 
Writing – review & editing.

Vasyl Boyko: Investigation; Writing – review & 
editing.

Natalya Vladimirovna Fadeeva: Investigation; 
Writing – review & editing.

Grygorii Mykolaiovych Ursol: Investigation; 
Writing – review & editing.

Hee Kyung Ahn: Investigation; Writing – review 
& editing.

Nikolay Viktorovich Kislov: Investigation; 
Writing – review & editing.

Chia-I Shen: Investigation; Writing – review & 
editing.

Craig Davis: Conceptualization; Formal analy-
sis; Methodology; Writing – original draft; Writing 
– review & editing.

Karey Kowalski: Conceptualization; Formal 
analysis; Methodology; Writing – original draft; 
Writing – review & editing.

Elisabete Michelon: Conceptualization; Formal 
analysis; Methodology; Writing – original draft; 
Writing – review & editing.

Dmitri Pavlov: Conceptualization; Formal 
analysis; Methodology; Writing – original draft; 
Writing – review & editing.

Tomoko Hirohashi: Conceptualization; Formal 
analysis; Methodology; Writing – original draft; 
Writing – review & editing.

Byoung Chul Cho: Investigation; Writing – 
review & editing.

Acknowledgments
Pfizer employees designed the study. The princi-
pal investigator performed the study. Pfizer 
employees analyzed the data. All authors contrib-
uted to the interpretation of the data, drafting of 

the manuscript, and critical review for intellectual 
content. All authors approved the final draft and 
agreed to be accountable for the manuscript. The 
authors thank the participants and their families/
caregivers, investigators, research nurses, study 
coordinators, and operations staff who contrib-
uted to this study. Medical writing support was 
provided by Steven Moore, PhD, CMPP, and 
Haniya Javaid, BSc, of Engage Scientific Solutions 
and was funded by Pfizer.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This study was 
sponsored by Pfizer.

Competing interests
KP reports grants or contracts from Novartis, 
AstraZenica, Beigene, Regeneron, Janssen, 
Pfizer. JG reports consultancy/advisory for 
Merck Sharp & Dohme, Roche, Bayer, Novartis, 
Simcere Pharmaceutical Group, Shanghai Junshi 
Biosciences, Oriengene. NY reports research 
grant as PI from Astellas, Chugai, Eisai, Taiho, 
BMS, Pfizer, Novartis, Eli Lilly, AbbVie, Daiichi 
Sankyo, Bayer, Boehringer Ingelheim, Kyowa 
Kirin’ Takeda, ONO, Janssen Pharma, MSD, 
MERCK, GSK, Sumitomo Pharma, Chiome 
Bioscience, Otsuka, Carna Biosciences, 
Genmab, Shionogi, TORAY, KAKEN, 
AstraZeneca, Cmic, InventisBio, Rakuten 
Medical; consulting fees for Eisai, Takeda, 
Boehringer Ingelheim, Cmic, Chugai, MERCK, 
Healios; honoraria as speaker for ONO, Chugai, 
Daiichi Sankyo, Eisa. HKA reports consulting 
fees for Bayer and honoraria for lectures from 
Roche, Bristol Myers Squibb, MSD, Eli Lilly, 
AstraZeneca, Boehringer Ingelheim, Yuhan, 
Eisai, Pfizer, Boryung Pharmaceutical Co, 
Menarini, Takeda, Novartis, Amgen, Celltrion, 
Daiichi Sankyo. NK reports provision of study 
materials, review and corrections as PI on cur-
rent manuscript; contracted research for 
AstraZeneca, EMD Serono, Genentech/Roche, 
MSD, GSK, Ipsen, Novartis, Pfizer, Nektar, 
Lilly; honoraria for lectures for Biocad, 
AstraZeneca, Janssen; meetings support for 
Biocad, AstraZeneca. CIS reports medical writ-
ing support and article processing charges on 
present manuscript, honoraria for lectures, pres-
entations, speakers from Pfizer, Boehringer 
Ingelheim, Lilly, Janssen, Takeda, Novartis, 
Merck Sharp & Dohme, Amgen, AstraZeneca, 

https://journals.sagepub.com/home/tam


TherapeuTic advances in 
Medical Oncology Volume 16

18 journals.sagepub.com/home/tam

Roche, Chugai Pharmaceutical Co; attending 
meetings for Takeda, Boehringer Ingelheim. KK 
reports employment by and financial grants from 
Pfizer; travel and meeting funds from Pfizer; 
patient inventor or author for Pfizer; stock/shares 
in Pfizer. BCC reports research funding from 
MOGAM Institute, LG Chem, Oscotec, 
Interpark Bio Convergence Corp, GIInnovation, 
GI-Cell, Abion, Abbvie, AstraZeneca, Bayer, 
Blueprint Medicines, Boehringer Ingelheim, 
Champions Onoclogy, CJ bioscience, CJ 
Blossom Park, Cyrus, Dizal Pharma, Genexine, 
Janssen, Lilly, MSD, Novartis, Nuvalent, 
Oncternal, Ono, Regeneron, Dong-A ST, 
Bridgebio therapeutics, Yuhan, ImmuneOncia, 
Illumina, Kanaph therapeutics, Therapex, J 
INTS bio, Hanmi, CHA Bundang Medical 
Center; royalties from Champions Oncology, 
Crown Bioscience, Imagen; advisory/consul-
tancy roles for Abion, BeiGene, Novartis, 
AstraZeneca, Boehringer Ingelheim, Roche, 
BMS, CJ, CureLogen, Cyrus therapeutics, Ono, 
Onegene Biotechnology, Yuhan, Pfizer, Eli Lilly, 
GI-Cell, Guardant, HK Inno-N, Imnewrun 
Biosciences Inc., Janssen, Takeda, MSD, 
Janssen, Medpacto, Blueprint medicines, 
RandBio, Hanmi; presentations for ASCO, 
AstraZeneca, Guardant, Roche, ESMO, IASLC, 
Korean Cancer Association, Korean Society of 
Medical Onoclogy, Korean Society of Thyroid-
Head and Neck Surgery, Korean Cancer Study 
Group, Novartis, MSD, The Chinese Thoracic 
Oncology Society, Pfizer; scientific advisory 
board for KANAPH Therapeutic Inc, Bridgebio 
therapeutics, Cyrus therapeutics, Guardant 
Health, Oscotec Inc; member on board of direc-
tors for Interpark Bio Convergence Corp., J 
INTS BIO; stock/shares in TheraCanVac Inc, 
Gencurix Inc, Bridgebio therapeutics, KANAPH 
Therapeutic Inc, Cyrus therapeutics, Interpark 
Bio Convergence Corp., J INTS BIO; employ-
ment by Yonsei University Health System; and 
being the founder of DAAN Biotherapeutics. 
DP reports employment with Pfizer. CD, EM, 
TH report employment with Pfizer and hold 
stock/shares in Pfizer. IB, DVS, YK, YG, YSH, 
VB, NVF, GMU have nothing to disclose.

Availability of data and materials
Research data policy/data availability – Upon 
request, and subject to review, Pfizer will provide 
the data that support the findings of this study. 
Subject to certain criteria, conditions, and excep-
tions, Pfizer may also provide access to the related 
individual de-identified participant data. See 

https://www.pfizer.com/science/clinical-trials/
trial-data-and-results for more information.

ORCID iDs
Chia-I Shen  https://orcid.org/0000-0003- 
0518-7233

Byoung Chul Cho  https://orcid.org/0000- 
0002-5562-270X

Supplemental material
Supplemental material for this article is available 
online.

References
 1. Sharpe AH and Pauken KE. The diverse 

functions of the PD1 inhibitory pathway. Nat Rev 
Immunol 2018; 18: 153–167.

 2. Zheng Y, Fang YC and Li J. PD-L1 
expression levels on tumor cells affect their 
immunosuppressive activity. Oncol Lett 2019; 18: 
5399–5407.

 3. Wang D-R, Wu X-L and Sun Y-L. Therapeutic 
targets and biomarkers of tumor immunotherapy: 
a response versus non-response. Signal Transduct 
Target Ther 2022; 7: 331.

 4. Freeman GJ, Long AJ, Iwai Y, et al. Engagement 
of the PD-1 immunoinhibitory receptor by 
a novel B7 family member leads to negative 
regulation of lymphocyte activation. J Exp Med 
2000; 192: 1027–1034.

 5. Bedke J, Black PC, Szabados B, et al. Optimizing 
outcomes for high-risk, non-muscle-invasive 
bladder cancer: The evolving role of PD-(L)1 
inhibition. Urologic Oncology: Seminars and 
Original Investigations 2023; 41: 461–475.

 6. Mizuno T, Katsuya Y, Sato J, et al. Emerging 
PD-1/PD-L1 targeting immunotherapy in non-
small cell lung cancer: current status and future 
perspective in Japan, US, EU, and China. Front 
Oncol 2022; 12: 925938.

 7. 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.

 8. Al-Khami AA, Youssef S, Abdiche Y, et al. 
Pharmacologic properties and preclinical activity 
of sasanlimab, a high-affinity engineered anti-
human PD-1 antibody. Mol Cancer Ther 2020; 
19: 2105–2116.

https://journals.sagepub.com/home/tam
https://www.pfizer.com/science/clinical-trials/trial-data-and-results
https://www.pfizer.com/science/clinical-trials/trial-data-and-results
https://orcid.org/0000-0003-0518-7233
https://orcid.org/0000-0003-0518-7233
https://orcid.org/0000-0002-5562-270X
https://orcid.org/0000-0002-5562-270X


K Penkov, I Bondarenko et al.

journals.sagepub.com/home/tam 19

 9. Steinberg GD, Shore ND, Redorta JP, et al. 
CREST: phase III study of sasanlimab and 
Bacillus Calmette-Guérin for patients with 
Bacillus Calmette-Guérin-naïve high-risk non-
muscle-invasive bladder cancer. Future Oncology 
2024; 20: 891–901.

 10. Cho BC, Penkov K, Bondarenko I, et al. A phase 
Ib/II dose expansion study of subcutaneous 
sasanlimab in patients with locally advanced 
or metastatic non-small-cell lung cancer and 
urothelial carcinoma. ESMO Open 2023; 8: 
101589.

 11. U.S. Food and Drug Administration. 
Pharmacokinetic-based criteria for supporting 
alternative dosing regimens of programmed cell 
death receptor-1 (PD-1) or programmed cell 
death-ligand 1 (PD-L1) blocking antibodies for 
treatment of patients with cancer: guidance for 
industry, https://www.fda.gov/media/151745/
download (2022, accessed July 31 2023).

 12. Yap C, Solovyeva O, de Bono J, et al. Enhancing 
reporting quality and impact of early phase dose-
finding clinical trials: CONSORT Dose-finding 
Extension (CONSORT-DEFINE) guidance. 
BMJ 2023; 383: e076387.

 13. Sun C, Mezzadra R and Schumacher TN. 
Regulation and Function of the PD-L1 
Checkpoint. Immunity 2018; 48: 434–452.

 14. Brahmer JR, Long GV, Hamid O, et al. Safety 
profile of pembrolizumab monotherapy based on 
an aggregate safety evaluation of 8937 patients. 
Eur J Cancer 2024; 199: 113530.

 15. Zhang H, Zhang L, Chen K, et al. Efficacy and 
safety of nivolumab for advanced/recurrent non-
small-cell lung cancer: an up-to-date meta-analysis 

of large-scale phase III randomized controlled 
trials. Future Oncol 2022; 18: 3667–3675.

 16. Verschraegen CF, Jerusalem G, McClay EF, 
et al. Efficacy and safety of first-line avelumab 
in patients with advanced non-small cell lung 
cancer: results from a phase Ib cohort of the 
JAVELIN Solid Tumor study. J ImmunoTher 
Cancer 2020; 8: e001064.

 17. Marchetti A, Barberis M, Franco R, et al. 
Multicenter comparison of 22C3 PharmDx 
(Agilent) and SP263 (Ventana) assays to test 
PD-L1 expression for NSCLC patients to be 
treated with immune checkpoint inhibitors. J 
Thorac Oncol 2017; 12: 1654–1663.

 18. Jackisch C, Müller V, Maintz C, et al. 
Subcutaneous administration of monoclonal 
antibodies in oncology. Geburtshilfe Frauenheilkd 
2014; 74: 343–349.

 19. Pivot X, Gligorov J, Müller V, et al. Preference 
for subcutaneous or intravenous administration 
of trastuzumab in patients with HER2-positive 
early breast cancer (PrefHer): an open-label 
randomised study. Lancet Oncol 2013; 14: 
962–970.

 20. Rummel M, Kim TM, Aversa F, et al. Preference 
for subcutaneous or intravenous administration 
of rituximab among patients with untreated 
CD20+ diffuse large B-cell lymphoma or 
follicular lymphoma: results from a prospective, 
randomized, open-label, crossover study 
(PrefMab). Ann Oncol 2017; 28: 836–842.

 21. Bittner B, Richter W and Schmidt J. 
Subcutaneous administration of biotherapeutics: 
an overview of current challenges and 
opportunities. BioDrugs 2018; 32: 425–440.

Visit Sage journals online 
journals.sagepub.com/
home/tam

 Sage journals

https://journals.sagepub.com/home/tam
https://www.fda.gov/media/151745/download
https://www.fda.gov/media/151745/download
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

