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Background: The evolving oncology treatment paradigm has created an unmet need for administration options that
improve patient experiences and health care efficiencies.
Patients and methods: CheckMate 67T (NCT04810078) was a phase III, open-label, multicenter, noninferiority trial in
which patients with advanced/metastatic clear cell renal cell carcinoma were randomized to subcutaneous nivolumab
(1200 mg every 4 weeks; coformulated with recombinant human hyaluronidase PH20 20 000 units) or intravenous
nivolumab (3 mg/kg every 2 weeks). The primary objective was to assess the noninferiority of subcutaneous versus
intravenous nivolumab by coprimary endpoints determined from a population pharmacokinetics analysis [time-
averaged serum concentration over the first 28 days (Cavgd28), and minimum steady-state serum concentration (Cminss);
noninferiority threshold: lower boundary of 90% confidence interval (CI) of the geometric mean ratios (GMR) �0.8].
Objective response rate (ORR) was a key secondary endpoint powered for noninferiority [noninferiority threshold:
lower boundary of 95% CI of relative risk of ORR (subcutaneous versus intravenous nivolumab) �0.60].
Results: Overall, 495 patients were randomized. Relative exposure in the subcutaneous versus intravenous arm
reported by the GMR of Cavgd28 and Cminss was 2.098 (90% CI 2.001-2.200) and 1.774 (90% CI 1.633-1.927),
respectively. After 8 months of minimum follow-up, ORR was 24.2% with subcutaneous nivolumab (95% CI 19.0%-
30.0%) versus 18.2% with intravenous nivolumab [95% CI 13.6%-23.6%; relative risk: 1.33 (95% CI 0.94-1.87)].
Coprimary endpoints and ORR met noninferiority thresholds. Additional efficacy and safety measures were similar.
Conclusions: Subcutaneous nivolumab was noninferior to intravenous nivolumab based on pharmacokinetics and ORR.
No new safety signals were observed.
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INTRODUCTION

Nivolumab is approved for the treatment of multiple
tumors and is associated with improved patient outcomes.1-8

Intravenous (i.v.) administration of immune checkpoint
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inhibitors such as nivolumab carries a level of burden for
both patients and health care systems due to the chronicity
of treatment, long periods of time spent in the clinic for
administration, the need for venous access, and, frequently,
the use of a permanent access port, which is commonly
associated with several complications.9-12

Evolving treatment paradigms require delivery options
that reduce the treatment burden for patients while
improving the efficiency of health care systems.
Subcutaneous (s.c.) delivery of antibodies for various cancer
indications has previously been shown to be effective and
well tolerated.13-16 Subcutaneous administration is typically
preferred by patients over i.v. infusion17-19 and has a shorter
https://doi.org/10.1016/j.annonc.2024.09.002 99
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preparation and chair occupancy time, which may improve
health care resource utilization and reduce administrative
workload.17-22

Recombinant human hyaluronidase (rHuPH20), with
which nivolumab s.c. is coformulated, reversibly de-
polymerizes hyaluronan around the s.c. injection site. This
allows the administration of large volumes (e.g. 10-15 ml),
with fewer injections, reduced pain, and higher flow rates,
than with s.c. administration without rHuPH20.15 Various
doses of nivolumab s.c. � rHuPH20 were previously
assessed in the multi-tumor dose-finding phase I/II
study CheckMate 8KX (NCT03656718); population
pharmacokinetic analysis including data from CheckMate
8KX and historical nivolumab i.v. data were used to
determine a flat dose of 1200 mg nivolumab s.c. þ rHuPH20
for further investigation.23 This dose provides nivolumab
exposure within the known safe and efficacious therapeutic
window, and accounts for a range of patient body weights
while mitigating potentially low bioavailability when
administered to a broad patient population.

CheckMate 67T (NCT04810078) evaluated the non-
inferiority of nivolumab s.c. versus i.v. by pharmacokinetic
and efficacy endpoints in patients with locally advanced or
metastatic clear cell renal cell carcinoma (ccRCC) treated in
the second- or third-line setting. A Supplementary Material
of this article is available at https://doi.org/10.1016/j.
annonc.2024.09.002.
PATIENTS AND METHODS

Patients

Eligible patients were aged at least 18 years with advanced
(not amenable to curative surgery or radiation therapy) or
metastatic, histologically confirmed ccRCC with or without
sarcomatoid features. The Karnofsky performance status
had to be 70 or more at screening. Patients were required
to have evidence of intolerance or progression on or after
the prior treatment regimen and within 6 months of
randomization. Patients had a maximum of two prior
systemic regimens with no prior immune checkpoint
inhibitor therapy.
Trial design and treatments

CheckMate 67T was a phase III, open-label, multicenter,
randomized, noninferiority trial. Patients were randomized
1 : 1 using interactive response technology, and stratified by
baseline body weight (<80 kg versus �80 kg) and
International Metastatic RCC Database Consortium (IMDC)
risk score (favorable versus intermediate versus poor risk),
to receive nivolumab monotherapy administered either
subcutaneously at a flat dose of 1200 mg coformulated with
rHuPH20 20 000 units every 4 weeks or intravenously at a
dose of 3 mg/kg every 2 weeks per dosing guidelines at
the time of study initiation. Treatment continued until
progression, unacceptable toxicity, withdrawal of consent,
completion of 2 years’ treatment, or death.
100 https://doi.org/10.1016/j.annonc.2024.09.002
This trial was conducted in accordance with the
International Council for Harmonization Good Clinical
Practice guidelines, the Declaration of Helsinki, and all
applicable country and local regulations. The protocol was
approved by the institutional review board or independent
ethics committee at each site and is available online. All
patients provided written informed consent.

Assessments

The schedules for collecting blood/plasma samples for
pharmacokinetic and immunogenicity analysis are described
in the protocol (available at https://doi.org/10.1016/j.
annonc.2024.09.002). Nivolumab quantification and
population pharmacokinetic analysis were carried out as
previously described.23

Tumor response was assessed using computed
tomography and/or magnetic resonance imaging carried
out every 8 weeks (�7 days) from randomization for the
first year, then every 12 weeks (�7 days) for the second
year, and then every 24 weeks until investigator-assessed
disease progression or treatment discontinuation, which-
ever occurred later. Safety analyses were summarized using
worst grade per the National Cancer Institute Common
Terminology Criteria for Adverse Events version 5.0. Patient-
reported outcomes (PROs) were assessed using the
Functional Assessment of Cancer TherapyeKidney Symp-
tom Index-19 (FKSI-19) and the EuroQol 5 dimensions,
5 levels (EQ-5D-5L). PRO assessments were conducted
within 14 days before randomization and before dosing and
clinical assessments at each treatment visit in the s.c. arm
or at every other treatment visit in the i.v. arm. Additional
details are provided in the Supplementary Material,
available at https://doi.org/10.1016/j.annonc.2024.09.002.

Study endpoints

The coprimary endpoints were time-averaged serum
concentration of nivolumab over the first 28 days (Cavgd28)
and the minimum serum concentration of nivolumab at
steady state (Cminss), both assessed for noninferiority. These
endpoints were derived from all pharmacokinetic-
assessable participants using a population pharmacoki-
netic analysis where the structural, covariate, and residual
components were prespecified, and the population and
individual parameters were estimated using the study
data. Supplementary Figure S1, available at https://doi.org/
10.1016/j.annonc.2024.09.002, illustrates these two
parameters.

The objective response rate (ORR) was evaluated on an
ongoing basis and defined as the rate of confirmed complete
response (CR) or partial response (PR) in patientswith at least
6 months’ follow-up divided by the number of randomized
participants, and was a key secondary endpoint powered for
noninferiority. Tumor response to treatment was assessed
per Response Evaluation Criteria in Solid Tumors version 1.1
by blinded independent central review (BICR), and confir-
mation of response was required at least 4 weeks after the
initial response was recorded.
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Other secondary efficacy endpoints included disease
control rate (DCR), time to objective response (TTR), and
progression-free survival (PFS; defined as the time from
randomization to the date of the first documented tumor
progression or death due to any cause), all assessed by
BICR; OS was also assessed. Participants who died without a
reported prior progression were considered to have
progressed on the date of their death; those who did not
die or progress were censored on the date of their last
evaluable tumor assessment, and those without any on-
study tumor assessment (who did not die) were censored
on the date of randomization. Two censoring definitions
were used regarding subsequent treatment: the primary
definition censored patients who received subsequent
anticancer therapy, including on-treatment palliative ther-
apy, before or without documented progression on the date
of the last evaluable tumor assessment conducted before or
on the date of initiation of the subsequent anticancer
therapy; the secondary definition did not censor patients
who received subsequent therapy.

Secondary pharmacokinetic endpoints included minimum
serum concentration at day 28 (Cmind28), maximum serum
concentration after the first dose (Cmax1), maximum serum
concentration at steady state (Cmaxss) and time-averaged
serum concentration at steady state (Cavgss), all derived
from a population pharmacokinetic analysis, and the
observed trough concentration (Ctrough) at week 17.

Safety endpoints included incidence rates of adverse
events (AEs), treatment-related adverse events (TRAEs),
AEs/TRAEs leading to discontinuation, serious adverse
events (SAEs), and treatment-related SAEs (TRSAEs).
The incidence rates of hypersensitivity/infusion-related
reactions and local site reactions were also assessed.
Immunogenicity assessments included the incidence of anti-
nivolumab antibodies and neutralizing antibodies.

Key exploratory objectives included PROs to assess
health-related quality of life (HRQoL) for each route of
nivolumab administration.

Study populations

Pharmacokinetic endpoints were assessed in all patients with
adequate dosing and nivolumab serum concentrationetime
data to estimate at least one pharmacokinetic endpoint.
Patient baseline characteristics, efficacy, biomarkers, and
PROs were assessed in all randomized patients, and safety
and exposure were assessed in all patients who received at
least one dose of nivolumab.

Statistical analysis

The study sample size was based on power calculation for
ORR. The assumed noninferiority margin for the key
secondary endpoint was defined using a 60% retention of
ORR (nivolumab s.c. versus nivolumab i.v.). At least 454
randomized participants (randomized 1 : 1) were needed to
demonstrate ORR by BICR noninferiority of nivolumab s.c.
compared with nivolumab i.v. with 80% power and a one-
sided overall significance level (alpha) of 0.025, assuming
Volume 36 - Issue 1 - 2025
an ORR of 21% in both groups. For the pharmacokinetic
coprimary endpoints, 46 pharmacokinetic-assessable
participants per arm were needed to provide >99% and
90% power (one-sided alpha 0.05) for Cavgd28 and Cminss,
respectively. The overall power for the pharmacokinetic
coprimary endpoints was >99% with 454 randomized
patients.

The ORR risk ratio was estimated by the Mantele
Haenszel method stratified by weight category (<80 kg
versus �80 kg) and IMDC risk group (favorable versus
intermediate versus poor). To declare noninferiority, the
lower boundary of the 95% confidence interval (CI) of the
relative risk of ORR had to be 0.60 or greater, as used in
previous s.c. versus i.v. noninferiority studies.24 We
assumed the true ORR point estimate to be within 3% of
21.5%, which was the ORR reported in CheckMate 025.25

Efficacy noninferiority determined by assessment of ORR
by BICR was tested in a hierarchical fashion to preserve the
overall experiment-wise type I error rate. The noninferiority
needed to be met for both pharmacokinetic coprimary
endpoints before the key secondary endpoint of ORR by
BICR could be assessed.

Individual pharmacokinetic exposure measures were
derived using the individual pharmacokinetic model
parameters estimated by a population pharmacokinetic
model. A linear fixed effects model (treatment and
stratification factors as fixed effects) fitted to the log-
transformed Cavgd28 and Cminss was used to estimate effects
and construct CIs. The noninferiority of s.c. nivolumab versus
i.v. nivolumab was assessed using the two one-sided tests
method, and noninferiority was concluded if the lower limit
of the two-sided 90% CIs was 0.8 or greater for both
geometric mean ratios (GMRs; Cavgd28 and Cminss). Additional
details are provided in the SupplementaryMaterial, available
at https://doi.org/10.1016/j.annonc.2024.09.002.

Noninferiority testing was carried out after the primary
database lock on 21 August 2023, after 8.0months’minimum
follow-up.

PFS was estimated using the KaplaneMeier product-limit
method with associated two-sided 95% CIs calculated using
Greenwood’s formula via the log(-log) transformation
method.

RESULTS

Study population and demographics

Patients were enrolled across 73 sites in 17 countries.
Among randomized patients, 248 and 247 were assigned
to the nivolumab s.c. and i.v. arms, respectively
(Supplementary Figure S2, available at https://doi.org/10.
1016/j.annonc.2024.09.002). The median age (range) was
64.0 years (35-93 years) in the s.c. arm and 66.0 years (20-
87 years) in the i.v. arm (Table 1).

Results are reported from two study database locks, both
occurring after enrollment and randomization were
complete. Pharmacokinetic and efficacy (ORR) noninferiority
endpoints, secondary pharmacokinetic endpoints, and the
effect of antidrug antibodies on the pharmacokinetics of
https://doi.org/10.1016/j.annonc.2024.09.002 101
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Table 1. Baseline demographics and disease characteristics

Patient characteristics Nivolumab D
rHuPH20 s.c.
(n [ 248)

Nivolumab i.v.
(n [247)

Age, years
Mean 63.6 64.1
Median (range) 64.0 (35-93) 66.0 (20-87)

Sex, n (%)
Female 84 (33.9) 76 (30.8)
Male 164 (66.1) 171 (69.2)

Weight (kg)
Mean 77.8 77.8
Median (range) 76.8 (35.0-152.6) 76.70 (47.5-157.4)

Region, n (%)
US and EU 67 (27.0) 76 (30.8)
Mexico and South America 159 (64.1) 148 (59.9)
Rest of the world 22 (8.9) 23 (9.3)

Ethnicity, n (%)
Hispanic or Latino 93 (37.5) 84 (34.0)
Not Hispanic or Latino 80 (32.3) 83 (33.6)
Not reported 75 (30.2) 80 (32.4)

Prior lines of therapy, n (%)
One 220 (88.7) 234 (94.7)
Two 28 (11.3) 13 (5.3)

Karnofsky PS, n (%)
70 17 (6.9) 19 (7.7)
80 52 (21.0) 49 (19.8)
90 78 (31.5) 88 (35.6)
100 101 (40.7) 91 (36.8)

IMDC risk group, n (%)
Favorable 48 (19.4) 57 (23.1)
Intermediate 158 (63.7) 147 (59.5)
Poor 42 (16.9) 43 (17.4)

Prior nephrectomy, n (%)
No 45 (18.1) 42 (17.0)
Yes 203 (81.9) 205 (83.0)

CNS metastasis, n (%)
No 214 (86.3) 224 (90.7)
Yes 34 (13.7) 23 (9.3)

CNS, central nervous system; IMDC, International Metastatic RCC Database
Consortium; i.v., intravenous; PS, performance status; rHuPH20, recombinant human
hyaluronidase PH20; s.c., subcutaneous.
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nivolumab aswell as biomarkers and the PRO results are from
the primary database lock on 21 August 2023, after 8.0
months’ minimum follow-up. Secondary efficacy endpoints
(including updated ORR), safety, and the effect of antidrug
antibodies on efficacy and safety are reported from a
secondary database lock on 18March 2024, after 15 months’
minimum follow-up (median follow-up was 21.2 months for
all randomized patients). At the secondary database lock,
patients who received nivolumab s.c. every 4 weeks versus
nivolumab i.v. every 2 weeks had received a median of 8.0
versus 17.0 doses, respectively, corresponding to similar
treatment durations (Supplementary Table S1, available at
https://doi.org/10.1016/j.annonc.2024.09.002).
Coprimary pharmacokinetic endpoints

In the noninferiority analysis of Cavgd28 and Cminss

pharmacokinetic endpoints (illustrated in Supplementary
Figure S1, available at https://doi.org/10.1016/j.annonc.
2024.09.002), the geometric mean of Cavgd28 was 77.373
102 https://doi.org/10.1016/j.annonc.2024.09.002
mg/ml (90% CI 74.555-80.297 mg/ml) in the s.c. arm
(n ¼ 242) and 36.875 mg/ml (90% CI 35.565-38.235 mg/ml)
in the i.v. arm (n ¼ 245), with a GMR of 2.098 (90% CI
2.001-2.200) (Figure 1). Likewise, the geometric mean of
Cminss was 122.227 mg/ml (90% CI 114.552-130.416 mg/ml)
in the s.c. arm and 68.901 mg/ml (90% CI 64.676-73.402 mg/
ml) in the i.v. arm, with a GMR of 1.774 (90% CI 1.633-1.927
mg/ml) (Figure 1). For both Cavgd28 and Cminss, the lower
boundary of the 90% CI for the GMR was 0.8 or greater, the
prespecified cut-off for noninferiority, indicating that these
pharmacokinetic endpoints for nivolumab s.c. were
noninferior to those for nivolumab i.v.
Secondary efficacy endpoints

At the primary database lock, ORR was 24.2% (95% CI
19.0%-30.0%) in the s.c. arm and 18.2% (95% CI 13.6%-
23.6%) in the i.v. arm, with a risk ratio of 1.33 (95% CI
0.94%-1.87%). The lower boundary of the 95% CI for the risk
ratio was 0.6 or greater, indicating noninferiority of ORR of
s.c. versus i.v. (Table 2). After the longer follow-up at the
second database lock, ORR was 26.6% (95% CI 21.2%-
32.6%) in the s.c. arm and 20.6% (95% CI 15.8%-26.2%) in
the i.v. arm, with a risk ratio of 1.28 (95% CI 0.93-1.77), and
DCR, TTR, PFS, and OS were numerically similar between
the two arms (Table 2, Figure 2, Supplementary Figure S3,
available at https://doi.org/10.1016/j.annonc.2024.09.002).
Secondary pharmacokinetic endpoints

Secondary pharmacokinetic endpoints showed that
exposures were higher with s.c. than with i.v. (Supplementary
Table S2, available at https://doi.org/10.1016/j.annonc.
2024.09.002).
Safety

Overall, the safety profile was consistent between the s.c.
and i.v. arms (Table 3, Supplementary Table S3, available at
https://doi.org/10.1016/j.annonc.2024.09.002). Rates of all-
causality AEs, TRAEs, and all-causality AEs and TRAEs leading
to discontinuation were similar or lower for the s.c. arm
than the i.v. arm. In the nivolumab i.v. and s.c. arms, 38.1%
and 59.2% of patients had at least one dose delayed, and
0% and 4.9% of patients had at least one infusion/injection
interrupted, respectively (Supplementary Table S1, available
at https://doi.org/10.1016/j.annonc.2024.09.002). Study
drug toxicity led to three deaths in the s.c. arm due to
myocarditis (one patient), myasthenia (one patient), and
colitis complications (one patient) and two deaths in the i.v.
arm due to immune-mediated pneumonitis/Pneumocystis
jirovecii bronchopneumonia and disease progression (one
patient) and vanishing bile duct syndrome (one patient). A
summary of deaths and all-causality AEs leading to death is
shown in Supplementary Table S4, available at https://doi.
org/10.1016/j.annonc.2024.09.002. Local injection-site
reactions in the s.c. arm were low grade (mostly grade 1)
and most resolved without treatment. Data from the
Volume 36 - Issue 1 - 2025
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Figure 1. Geometric means of the coprimary pharmacokinetic endpoints. Data from primary database lock (21 August 2023); minimum 8 months’ follow-up.
Cavgd28, time-averaged serum concentration over the first 28 days; CI, confidence interval; Cminss, minimum steady-state serum concentration; GMR, geometric
mean ratio; i.v., intravenous; rHuPH20, recombinant human hyaluronidase PH20; s.c., subcutaneous.
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primary database lock indicated that local site reactions
were transient (mean duration 3.02 days). The most
common local site reaction was injection-site erythema. No
anaphylactic reactions were observed in either arm.
Table 2. Secondary efficacy endpoints

Nivolumab D
rHuPH20 s.c.
(n [ 248)

Nivolumab i.v.
(n [ 247)

Primary database lock (minimum 8 months’ follow-up)
ORR, n 60 45
% (95% CI) 24.2 (19.0-30.0) 18.2 (13.6-23.6)
RR (95% CI) 1.33 (0.94-1.87)
BOR
CR, n (%) 5 (2.0) 4 (1.6)
PR, n (%) 55 (22.2) 41 (16.6)
SD, n (%) 96 (38.7) 110 (44.5)
PD, n (%) 62 (25.0) 66 (26.7)
UTD, n (%) 30 (12.1) 26 (10.5)

Secondary database lock (minimum 15 months’ follow-up)
ORR, n 66 51
% (95% CI) 26.6 (21.2-32.6) 20.6 (15.8-26.2)
RR (95% CI) 1.28 (0.93-1.77)
BOR
CR, n (%) 5 (2.0) 7 (2.8)
PR, n (%) 61 (24.6) 44 (17.8)
SD, n (%) 89 (35.9) 104 (42.1)
PD, n (%) 63 (25.4) 66 (26.7)
UTD, n (%) 30 (12.1) 26 (10.5)

DCR, n (%) 155 (62.5) 155 (62.8)
95% CI 56.2-68.5 56.4-68.8
RR (95% CI) 1.00 (0.88-1.15)
Median TTR, months (range) 3.71 (1.7-11.3) 3.68 (1.6-13.8)
6-month OS rate, % (95% CI) 83.8 (78.5-87.9) 86.4 (81.3-90.2)
12-month OS rate, % (95% CI) 72.4 (66.2-77.6) 72.9 (66.7-78.2)

BOR, best overall response; CI, confidence interval; CR, complete response; DCR,
disease control rate; i.v., intravenous; ORR, objective response rate; OS, overall
survival; PD, progressive disease; PR, partial response; rHuPH20, recombinant
human hyaluronidase PH20; RR, risk ratio; s.c., subcutaneous; SD, stable disease;
TTR, time to objective response; UTD, unable to determine.
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Immunogenicity

The incidence of nivolumab immunogenicity was as expected
for the s.c. route of administration (Supplementary Table S5,
available at https://doi.org/10.1016/j.annonc.2024.09.002),
which was within historical rates seen across nivolumab i.v.
monotherapy studies (1.4%-23.7%). The presence versus
absence of anti-nivolumab antibodies did not have any
apparent clinically meaningful impact on pharmacokinetics,
efficacy, or safety findings (Supplementary Tables S6 and S7;
Supplementary Figure S4, available at https://doi.org/10.
1016/j.annonc.2024.09.002).
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Figure 2. Progression-free survival by blinded independent central review
with censoring upon receipt of subsequent therapy. Data from secondary
database lock (18 March 2024); minimum 15 months’ follow-up.
BICR, blinded independent central review; CI, confidence interval; HR, hazard
ratio; i.v., intravenous; PFS, progression-free survival; rHuPH20, recombinant
human hyaluronidase PH20; s.c., subcutaneous.
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Table 3. Safety summary

n (%) Nivolumab D rHuPH20 s.c.
(n [ 247)

Nivolumab i.v.
(n [ 245)

Any grade Grade 3/4 Any grade Grade 3/4

All-causality AEa,b 230 (93.1) 99 (40.1) 231 (94.3) 114 (46.5)
Anemia 66 (26.7) 16 (6.5) 66 (26.9) 25 (10.2)
Pruritus 44 (17.8) 1 (0.4) 53 (21.6) 0
Arthralgia 35 (14.2) 1 (0.4) 54 (22.0) 3 (1.2)
Elevated creatinine 32 (13.0) 1 (0.4) 47 (19.2) 2 (0.8)
Cough 31 (12.6) 0 33 (13.5) 0
Diarrhea 28 (11.3) 1 (0.4) 43 (17.6) 1 (0.4)
Hyperglycemia 28 (11.3) 6 (2.4) 35 (14.3) 4 (1.6)
Hypothyroidism 25 (10.1) 0 32 (13.1) 1 (0.4)
Decreased appetite 24 (9.7) 0 32 (13.1) 3 (1.2)
Fatigue 22 (8.9) 2 (0.8) 41 (16.7) 8 (3.3)

TRAEa 152 (61.5) 29 (11.7) 161 (65.7) 42 (17.1)
All-causality AE leading to discontinuationa 31 (12.6) 23 (9.3) 34 (13.9) 24 (9.8)
TRAE leading to discontinuationa 11 (4.5) 7 (2.8) 13 (5.3) 9 (3.7)
All-causality AEs that required IMMa 94 (38.1) 34 (13.8) 106 (43.3) 39 (15.9)
Hypersensitivity/infusion-related reaction TRAEsa 1 (0.4) 1 (0.4) 7 (2.9) 0
Local site reaction TRAEsc 18 (7.3) 0 5 (2.0) 0
All-causality endocrine IMAEsc

Hypothyroidism/thyroiditis 24 (9.7) 0 27 (11.0) 1 (0.4)
Adrenal insufficiency 6 (2.4) 2 (0.8) 3 (1.2) 0
Hyperthyroidism 3 (1.2) 0 11 (4.5) 0
Hypophysitis 0 0 3 (1.2) 2 (0.8)

All-causality nonendocrine IMAEsc

Rash 18 (7.3) 2 (0.8) 15 (6.1) 3 (1.2)
Hepatitis 9 (3.6) 7 (2.8) 18 (7.3) 12 (4.9)
Diarrhea/colitis 8 (3.2) 1 (0.4) 7 (2.9) 0
Pneumonitis 7 (2.8) 3 (1.2) 7 (2.9) 2 (0.8)
Nephritis/renal dysfunction 4 (1.6) 0 2 (0.8) 0

Data from secondary database lock (18 March 2024); minimum 15 months’ follow-up.
AE, adverse event; IMAE, immune-mediated adverse event; IMM, immune-modulating medication; i.v., intravenous; rHuPH20, recombinant human hyaluronidase PH20; s.c.,
subcutaneous; TRAE, treatment-related adverse event.
aWithin 30 days of the last dose.
bThe 10 most frequent all-causality AEs are presented here.
cWithin 100 days of the last dose.
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Biomarkers

Nivolumab s.c. and i.v. were associated with similar increases
in interferon-gamma, CXCL10, and CXCL9 (Supplementary
Figure S5A-C, available at https://doi.org/10.1016/j.annonc.
2024.09.002), and programmed cell death protein 1 recep-
tor occupancy on circulating CD3þ, CD4þ, and CD8þ T cells
(Supplementary Figure S5D-F, available at https://doi.org/10.
1016/j.annonc.2024.09.002) following treatment
administration.

Patient-reported outcomes

FKSI-19 and EQ-5D-5L scores were stable over time and
comparable between treatment arms (Supplementary
Figures S6 and S7, available at https://doi.org/10.1016/j.
annonc.2024.09.002).

DISCUSSION

CheckMate 67T establishes the noninferiority of
pharmacokinetic exposures following s.c. versus i.v. admin-
istration of nivolumab. As expected with noninferior
systemic exposures of s.c. versus i.v. nivolumab (as assessed
by pharmacokinetic analysis), the key powered secondary
104 https://doi.org/10.1016/j.annonc.2024.09.002
endpoint of ORR by BICR demonstrated noninferiority of s.c.
versus i.v. administration, according to a protocol-defined
noninferiority cut-off. The ORR was consistent with that
reported with nivolumab 3 mg/kg i.v. in CheckMate 025 in
patients with previously treated advanced ccRCC; the ORR
observed in CheckMate 67T was 24.2%, which is <3%
different from that reported in CheckMate 025 (21.5%).25

The PFS, DCR, and TTR were also similar between the s.c.
and i.v. arms. The safety profile of s.c. was consistent with
that of i.v., with no new safety signals identified.

Exposures were higher with nivolumab 1200 mg s.c. every
4 weeks than with nivolumab 3 mg/kg i.v. every 2 weeks.
This was expected as the s.c. dosing regimen was selected to
account for a wide range of body weights and a scenario of
potentially low bioavailability with nivolumab s.c. Because
body weight has been shown to affect the pharmacokinetics
of nivolumab,26 the flat dosing regimen for nivolumab s.c.
was selected using a comprehensive model-based approach,
including population pharmacokinetic analysis.23 This
approach identified nivolumab s.c. 1200 mg every 4 weeks as
the regimen that would produce exposures similar to or
greater than those achieved with a 3 mg/kg i.v. dose every
2 weeks, while remaining below the exposures seen with the
Volume 36 - Issue 1 - 2025
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highest studied safe dose of 10 mg/kg i.v. every 2 weeks,
taking into account variability in pharmacokinetics primarily
due to bioavailability and body weight.

CheckMate 67T was conducted to confirm the dose
selection evaluated in CheckMate 8KX, which assessed the
s.c. formulation of nivolumab in patients with non-small-cell
lung cancer, melanoma, renal cell carcinoma, colorectal
cancer, urothelial cancer, gastric cancer, and squamous-cell
carcinoma of the head and neck. Results from CheckMate
8KX demonstrated an acceptable tolerability profile for the
s.c. formulation of nivolumab and patients’ preference for
s.c. administration over i.v. infusion.27

The proportion of patients with detectable anti-nivolumab
antibodies was higher in the s.c. arm than in the i.v. arm. This
can happen with s.c. formulations and is proposed to be due
to the high antigen-processing efficiency of antigen-
presenting cells, such as dendritic cells, in the skin.28 The
rates of anti-nivolumab antibodies have varied greatly across
historical nivolumab i.v. monotherapy studies, and the
incidence of anti-nivolumab antibodies among patients who
received nivolumab s.c. in CheckMate 67T was within these
rates. The incidence of neutralizing antibodies was low in
both arms. Further assessments did not identify an apparent
clinically meaningful impact of the development of antidrug
antibodies on nivolumab pharmacokinetics, efficacy, or
safety.

Subcutaneous and i.v. administration had a similar impact
on patients’ HRQoL based on the FKSI-19 total score and
EQ-5D-5L over time. An assessment of patient preference
for route of administration was conducted in CheckMate
8KX, which found that patients were highly satisfied with
nivolumab s.c. and either preferred it to nivolumab i.v. or
had no preference.27

Administration of s.c. monoclonal antibodies is associated
with potential savings on chair/treatment times compared
with i.v. administration and could allow for treatment closer
to the patient’s home. In a simulated cohort of 157 patients
with non-Hodgkin lymphoma, a 20% transition from i.v. to s.c.
rituximab was estimated to potentially save $150 000 and
270 h of staff time.20 A phase III study demonstrated the
feasibility of home administration of trastuzumab s.c. in
patients with early-stage human epidermal growth factor
receptor-positive breast cancer, which was preferred by both
patients and nurses over i.v. administration and was quicker
and less resource-intensive than i.v. administration.22 In
CheckMate 67T, we observed that s.c. administration took on
average<5min; substantially less time than that required for
i.v. administration (w30 min).

The strengths of CheckMate 67T include its noninferiority
design, the sample size, the ORR by BICR endpoint powered
for statistical analysis, and the ethnic diversity of the pa-
tients enrolled, with a large proportion of patients of Latin
American ethnicity included. While this dataset was
sufficient to assess all the powered endpoints needed
to assess noninferiority, one limitation is that some long-
term outcomes were immature and require additional
follow-up.
Volume 36 - Issue 1 - 2025
Conclusions

This trial demonstrated that nivolumab s.c. was noninferior
to nivolumab i.v. The safety profile of nivolumab s.c. was
consistent with that of nivolumab i.v., with no new safety
concerns emerging. These findings support the potential
use of nivolumab s.c. as a new option to reduce patient
treatment burden and improve health care efficiency across
solid tumors.
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