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immune checkpoint inhibitors. In this phase I/Ib study, we evaluated the
safety, pharmacokinetics (PK), pharmacodynamics, and antitumor activity of
SAR'459 + cemiplimab (intravenous) in patients with advanced solid tumors.
Increasing doses of SAR'459 were administered every 2 or 3weeks (Q2W,
Q3W) alone (Part 1A) or with 3 mg/kg cemiplimab Q2W or 350 mg Q3W (Part
1B). In Part 2A (dose expansion), melanoma patients were randomly (1:1) ad-
ministered 22.5 or 7.5mg/kg SAR'459. In Part 2B (dose expansion), 22.5mg/
kg SAR'459 and 350 mg cemiplimab Q3W were administered. The primary
end points were maximum tolerated dose (MTD) or maximum administered
dose (MAD; Part 1), preliminary antitumor activity (Part 2B), and optimal
monotherapy dose (Part 2A). Twenty-eight and 24 patients were treated in
Parts 1A and 1B, respectively; MTD was not reached, MAD was 15 (Q2W) and
22.5mg/kg (Q3W) alone and in combination, respectively. Fourteen and 95
patients, including 14 hepatocellular carcinoma (HCC) patients, were treated
in Parts 2A and 2B, respectively. The population PK model yielded satisfactory

Affiliation at the time of the study.

For affiliations refer to page 14.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Author(s). Clinical and Translational Science published by Wiley Periodicals LLC on behalf of American Society for Clinical Pharmacology and Therapeutics.

Clin Transl Sci. 2024;17:€13854. Www.cts-journal.com 1o0f17
https://doi.org/10.1111/cts.13854


https://doi.org/10.1111/cts.13854
http://www.cts-journal.com
https://doi.org/10.1111/cts.13854
mailto:
https://orcid.org/0000-0003-0667-3284
https://orcid.org/0000-0002-3083-5362
mailto:jbaranda@kumc.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fcts.13854&domain=pdf&date_stamp=2024-06-19

20f17 |

BARANDA ET AL.

ASCPT

goodness-of-fit plots and adequately described the observed data by a two-
compartment PK model with linear elimination. Objective responses were not
observed in Parts 1 and 2A. In Part 2B, objective response rate was 8.4% and
7.1% across tumor types and the HCC cohort, respectively. The most frequent
treatment-emergent adverse effects were hemorrhagic events (43.5%), keratoa-
canthoma (6.8%), and skin neoplasms (6.2%). Fatal bleeding occurred in 21.4%
HCC patients despite the implementation of mitigation measures. SAR'459
monotherapy and combination with cemiplimab appeared relatively safe and
tolerable in limited number of patients in dose escalation. However, the study
was discontinued due to the unclear efficacy of SAR'459 and bleeding risk,
particularly in HCC patients.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

TGFp is a multifunctional cytokine that has an important role in the regula-
tion of tumor growth. High TGFf expression is observed in patients with anti-
programmed cell death-1 (PD-1) therapy-resistant/refractory tumors and is
correlated to poor survival outcomes. Novel therapies that target the TGFf-PD-1/
PD-L1 nexus are needed to enhance the immune response against tumor.
WHAT QUESTION DID THIS STUDY ADDRESS?

This study assessed the safety, pharmacokinetics, pharmacodynamics, and an-
titumor activity of SAR'459 alone and in combination with the PD-1 inhibitor
cemiplimab in patients with advanced solid tumors.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

SAR'459 in monotherapy and combination with cemiplimab appeared relatively
safe and tolerable in limited number of patients in the dose-escalation cohort.
However, due to lack of sufficient antitumor response and the observed bleeding
risk particularly in HCC cohort, the study was terminated during dose expansion.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

This study revealed bleeding risk as an important risk of TGFf inhibition, and
that the incidence and severity of the risk may vary according to the population
treated. Despite evidence for pathway modulation in the blood and the tumor,
TGFp inhibition did not lead to promising antitumor activity when combined
with an anti-PD1 inhibitor. Further research may be needed to determine bio-
markers predicting the responses.

INTRODUCTION

Transforming growth factor beta (TGFf)—a multifunc-
tional cytokine—plays a key role in the regulation of
tumor growth.! Previous studies have correlated increased
TGFp signaling with poor response to anti-programmed
death-ligand-1 (PD-[L]1) therapies in various types of
cancer, including immune-excluded metastatic urothelial
cancer (UC), hepatocellular carcinoma (HCC), and colon
cancer.”™

SAR439459 (SAR'459), a “second-generation” human
anti-TGFf immunoglobulin G4 (IgG4) monoclonal anti-
body, can neutralize all isoforms of TGFp.? In preclinical
models, SAR'459 decreased tumoral TGFp level, counter-
acted the immunosuppressive tumor microenvironment,
and enhanced the activity of checkpoint modulators, such
as anti-PD-1.>° It was hypothesized that the combination
of SAR'459 and the anti-PD-1 agent, cemiplimab, might
benefit patients with cancer resistant to anti-PD-1 or anti-
PD-L1 monotherapy.’
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In this phase I/1b first-in-human study (NCT03192345),
we evaluated the safety, pharmacokinetics (PK), pharma-
codynamics, and antitumor activity of SAR'459 alone and
in combination with the PD-1 inhibitor cemiplimab in pa-
tients with advanced solid tumors.

METHODS
Study design and patient population

This first-in-human, open-label study of SAR'459 alone or
in combination with cemiplimab (NCT03192345) included
patients with advanced solid tumors (melanoma, non-
small cell lung carcinoma [NSCLC], HCC, UC, and colo-
rectal cancer [CRC])); it involved two phases, namely, dose
escalation (Part 1) and dose expansion (Part 2) (Figure S1).

Study treatment

Parts A (1A and 2A) and B (1B and 2B) involved SAR'459
monotherapy and administration of SAR'459, followed by
cemiplimab, respectively. Treatment period was two cycles
every 2weeks (Q2W) or one cycle every 3weeks (Q3W)
(Part 1A: Q2W; Part 1B: Q2W or Q3W; Parts 2A and 2B:
Q3W). End-of-treatment visit was >30days after the last day
of administration of the study drug or until the patient re-
ceived another anticancer therapy, whichever was earlier.

In Part 1A (dose-escalation phase, monotherapy),
increasing doses (0.05, 0.25, 1, 3, 10, and 15mg/kg) of
SAR'459 were administered intravenously (IV) Q2W. Dose
escalation was based on an adaptive Bayesian design in
cohorts of at least three patients, with an overdose control
preceded by accelerated escalation for the first two dose
levels (DLs) in one patient per DL.

In Part 1B (dose-escalation phase, combination),
SAR'459 (IV) doses (0.25, 1, 3, 10, 15mg/kg Q2W, and
22.5mg/kg Q3W) selected from Part 1A (Q2W) were in-
vestigated in combination with cemiplimab (IV; 3mg/kg
Q2W or 350mg Q3W), using a 3+ 3 design. The 22.5mg/
kg Q3W dose was selected based on a preliminary popu-
lation PK model due to its equivalency to 15mg/kg Q2W
regimen, given the linearity of SAR'459 PK.

In Part 2A (dose-expansion phase, monotherapy), pa-
tients with advanced melanoma refractory to anti-PD-1/
PD-(L)1 treatment randomly (1:1) received SAR'459 (IV)
Q3W at the preliminary recommended phase II dose
(pRP2D), that is, 22.5mg/kg, or a lower dose of 7.5mg/kg
(based on the preliminary population PK model).®

In Part 2B (dose-expansion phase, combination), pa-
tients with selected advanced solid tumors (post-anti-
PD-(L)1 melanoma, NSCLC, and HCC; anti-PD-(L)1-naive
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UC; and mesenchymal CRC, irrespective of previous anti-
PD-(L)1 therapy) received 22.5mg/kg SAR'459 and 350 mg
cemiplimab IV Q3W. During the trial, the protocol was
amended, and SAR'459 dose was reduced from 22.5mg/kg
Q3W to 15mg/kg Q3W as a mitigation measure for bleed-
ing risk. Histamine-H1 antagonist was administered 1h
before SAR'459 administration, which was given first in
combination.

Patient population

Patients with histologically confirmed, advanced
unresectable, or metastatic solid tumors, without a
suitable alternative therapy, were included in the dose-
escalation (monotherapy: Part 1A; combination: Part
1B) and monotherapy dose-expansion (Part 2A; patients
with melanoma only) phases. Furthermore, patients
in Parts 2A and 2B were required to have a suitable bi-
opsy site and measurable disease as per the Response
Evaluation Criteria in Solid Tumors (RECIST 1.1). For
Part 2B, the selected tumor types were mesenchymal
CRC, HCC, melanoma, NSCLC, and UC; except for pa-
tients with CRC and UC, other patients were required
to have failed or progressed after an anti-PD-1/PD-(L)1
therapy (Table S1).

Study end points

The primary end point of dose-limiting toxicities (DLTSs)
in Parts 1A and 1B was assessed during Cycle 1 (C1) and
C1 and C2 for Q3W and Q2W dosing schedules, respec-
tively. The primary end point of Part 2A was treatment-
emergent adverse events meeting DLT criteria in adult
patients with advanced melanoma who were refractive
to previously administered anti-PD-1 or anti-PD-(L)1
therapy; their inclusion was based on the available data,
including safety and tolerability profile at all cycles, PK,
pharmacodynamics, ORR, other efficacy end points, and
immunogenicity. The primary end point of Part 2B was
ORR (RECIST 1.1).

Pharmacokinetics and population
pharmacokinetics

SAR'459 concentrations were determined in serum sam-
ples from the patients using a validated enzyme-linked
immunosorbent assay with a lower limit of quantitation
of 0.0078 pg/mL. Rich PK samplings were performed in
Clin Parts 1A, 2A, and 1B, followed by sparse samplings
in other cycles. Sparse samplings were collected in Part
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2B (see details in Table S2). Part 1A and 1B concentra-
tion data were used to develop a population PK model.
The population PK analysis was performed using the
Stochastic Approximation Expectation-Maximization
(SAEM) algorithm for nonlinear mixed-effect models
implemented in MONOLIX software (R1 2019). Several
structural PK models were tested with linear and/or
nonlinear elimination. This model quantified interindi-
vidual PK variability within the evaluated population,
assessed the impact of baseline covariates on SAR'459
PK, and provided individual PK exposure parameter es-
timates for patients enrolled in Parts 1A, 1B, 2A, and 2B
(Figure S2).

Preliminary recommended phase II
dose assessment

The pRPIID for the dose-expansion cohorts was deter-
mined by the study committee based on safety, efficacy,
and PK data as well as PK thresholds determined in the
preclinical PK/pharmacodynamic model. This model
was developed using MC38 tumor model mice to deter-
mine the PK concentration threshold that could inhibit
tumoral active TGFf (Tables S2, S3 and Figures S3-S5).
Population PK simulations were performed to deter-
mine the best clinical dosing schedule to optimize drug
exposure.

Statistical analysis

Descriptive analyses were separately performed on the
treated population. Continuous data were summarized
using the number of available datapoints, that is, mean,
standard deviation, median, minimum, and maximum,
for each DL (Supplemental material, Appendix S1).
Categorical and ordinal data were summarized using the
number and percentage of patients in each DL.

Preliminary efficacy was descriptively presented based
on the all-treated population (RECIST 1.1) and was sum-
marized using two-sided 95% confidence interval, if ap-
propriate. Dose-expansion efficacy data were analyzed by
tumor type.

Safety data, including DLTS, were descriptively summa-
rized by DLs for each part of the escalation and expansion
phases and overall, as appropriate. The type, frequency, seri-
ousness, severity, and relatedness of TEAEs were analyzed
as per the Medical Dictionary for Regulatory Activities.
Laboratory abnormalities were analyzed according to the
National Cancer Institute Common Terminology Criteria
for Adverse Events version 4.03. Pharmacodynamics bio-
markers were assessed by comparing their values during

the treatment period with those at the baseline, using de-
scriptive statistics at each DL.

RESULTS
Patient disposition

The study was conducted between June 1, 2017, and
January 17, 2022, at 43 centers across Australia, Belgium,
Germany, Spain, Estonia, France, United Kingdom, Italy,
Netherlands, Republic of Korea, Taiwan, United States,
and Canada. 161 patients, with 52 and 109 patients in
Parts 1 and 2 were enrolled, respectively (Figure 1). All
patients enrolled in Part 1 were evaluated for safety and
PK; only 24 and 21 patients were evaluable for DLT in
Parts 1A and 1B, respectively. In Part 2A, all patients were
evaluable for safety and PK; in Part 2B, all patients were
assessed for safety, with 85 and 75 patients evaluable for
PK and antitumor response of SAR'459, respectively.

All patients discontinued the study, with the most com-
mon reason being progressive disease (PD; 73.7%-100%).

Baseline characteristics

In Parts 1A and 1B, the median age was 60.5 and 63.0years;
26/28 (92.9%) and 24/24 (100%) patients had metastatic dis-
ease at baseline; and 10/10 (100%) and 8/9 (88.9%) patients
had previously received >1 line of immunotherapy, respec-
tively. In Parts 2A and 2B, the median age was 62.5 and
63.0years; 13 (92.9%) and 82 (98.8%) patients had metastatic
disease at baseline; and 5 and 3 patients had previously re-
ceived >3 lines of immunotherapy, respectively (Table 1).

Treatment exposure

In Part 1A, 4, 3, 3, 10, 4, and 4 patients were assigned to
0.05, 0.25, 1, 3, 10, and 15mg/kg SAR'459 groups, respec-
tively. Similarly, in Part 1B, 3, 3, 3, 3, 4, and 8 patients
were assigned to 0.25, 1, 3, 10, 15, and 22.5mg/kg SAR'459
groups, respectively, along with 3 mg/kg cemiplimab once
Q2W or 350 mg flat dose Q3W.

In Part 2A, 8 and 6 patients were enrolled in 7.5 and
22.5mg/kg groups, respectively. In Part 2B, 25, 24, 15, 17,
and 14 were enrolled in melanoma, CRC, UC, NSCLC,
and HCC groups, respectively. Nine patients in the HCC
cohort were initially treated at the highest dose, that is,
22.5mg/kg Q3W, followed by dose reduction to 15mg/kg
Q3W SAR'459 in five additional patients as a bleeding risk
mitigation measure (refer to Safety section). Treatment ex-
posures are described in Table S4.
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Patients enrolled (N = 161)

Patients treated (N = 161)
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{ 1
Part 1 (n=52) Part2 (n=109)
v .
! 1 ¢ 1
Part 1A (n = 28) Part 1B (n = 24) Part 2A (n = 14) Part 2B (n = 95)
. SAR'459 Q2W : SAR'459 22.5 mglkg
SAR'459 Q2W + cemiplimab ARS8 + cemiplimab Q3W

l

0.05 mg/kg (n = 4)
0.25 mg/kg (n = 3)
1 mg/kg (n=3)
3 mgl/kg (n = 10)
10 mg/kg (n = 4)
15 mglkg (n = 4)

!

Safety and PK set (n = 28)

Excluded (n = 4) (—l

DLT evaluable (n = 24)

Discontinued treatment (n = 28)
(PD, n=23; W, n=3;AE, n=2)

0.05 mg/kg (PD [n = 3]; W [n = 1])
0.25 mg/Kg (PD [n = 2]; W [n = 1])
1 mg/kg (PD [n = 2]; W [n=1])
3 mg/kg (PD [n = 8]; AE [n = 2])
10 mg/kg (PD [n = 4])

15 mg/kg (PD [n = 4])

|

0.25 mg/kg (n = 3)
1 mg/kg (n=3)
3 mg/kg (n = 3)
10 mg/kg (n = 3)
15 mg/kg (n = 4)
22.5 mg/kg Q3W (n = 8)

!

Safety and PK set (n = 24)

Excluded (n = 3) <—i

DLT evaluable (n = 21)

Discontinued treatment (n = 24)
(PD,n=21; W, n=2;AE, n=1)

0.25 mg/kg (PD [n =2]; W [n = 1])
1 mg/kg (PD [n = 3])
3 mg/kg (PD [n = 3])
10 mg/kg (PD [n = 3])
15 mg/kg (PD [n = 4])
22.5 mg/kg (PD [n = 6]; W [n = 1]; AE [n = 1])

Randomized 1:1
(melanoma patients)

7.5 mg/kg (n = 8)
22.5 mg/kg (n = 6)

|

Safety (n = 14)

!

DLT evaluable (n = 0)

Discontinued
treatment (n = 14)
(PD, n=14)

7.5 mg/kg (PD [n = 8])
22.5 mg/kg (PD [n = 6])

|

Melanoma CRC uc NSCLC HCC
(N=25) (N=24) (N=15) (N=17) (N=14)

|

Safety (n = 95) and PK (n = 85)

J'—> Excluded (n = 20)

Response evaluable (n = 75)

Discontinued treatment (n=95)

Melanoma CRC uc NSCLC HCC
PD (n=23) PD(n=20)PD(n=11) PD(n=8) PD (n=8)
AE (n=2) AE(n=4) AE(n=4) AE(n=7) AE(n=6)

W(n=1)
Other (n=1)

FIGURE 1 CONSORT diagram. AE, adverse event; CONSORT, Consolidated Standards of Reporting Trials; CRC, colorectal cancer;
DLT, dose-limiting toxicity; HCC, hepatocellular carcinoma; NSCLC, non-small cell lung cancer; PD, progressive disease; QW, weekly; Q2W,

every 2weeks; Q3W, every 3weeks; UC, urothelial cancer; W, withdrawal by subject.

Findings from Part 1: Dose-escalation
phase

Safety

Dose-limiting toxicities and maximum tolerated dose

In Part 1A, 24 patients were DLT evaluable. Two DLTs
were reported in 2/8 evaluable patients at 3mg/kg Q2W
SAR'459 dose: grade 5 brainstem hemorrhage (C2) be-
cause of concomitant use of therapeutic enoxaparin and
grade 3 myocardial infarction (C1). DLTs did not occur at
higher doses of SAR'459 in Part 1A.

In Part 1B, 21 patients were DLT evaluable; in 1/6 eval-
uable patients at 22.5 mg/kg Q3W, one grade 3 alanine and
aspartate aminotransferase level increase was observed
(Supplemental Material; Appendix S2).

Treatment-emergent adverse events

In Part 1A, TEAEs were reported in 25 (89.3%) patients
(Table 2), with SAR'459-related TEAES, grade >3 SAR'459-
related TEAES, and definitive treatment discontinuation
due to TEAEs in 13 (46.4%), 4 (14.3%), and 2 (7.1%) pa-
tients, respectively. In Part 1B, 22 (91.7%) patients re-
ported TEAESs, with SAR'459-related TEAEs and grade >3
SAR'459-related TEAEs in 14 (58.3%) and 5 (20.8%) pa-
tients, respectively. None of the patients discontinued

the treatment due to TEAESs. Overall, in Parts 1A and 1B,
TEAESs leading to death were reported in 5 (17.9%) and
1 (4.2%) patients, respectively. Four deaths were related
to disease progression, and one death in Part 1A was due
to brainstem hemorrhage, a DLT (Supplemental material,
Appendix S2).

Efficacy

In Parts 1A and 1B, six and two patients, respectively had
stable disease (SD). Moreover, complete or partial re-
sponse (PR) was not noted (Table 3).

Population pharmacokinetics and
determination of preliminary recommended
phase I dose

The final PK dataset included 52 patients treated with
0.05-15mg/kg Q2W and 22.5mg/kg Q3W. The best PK
model for SAR'459 was a two-compartment model with
linear elimination. Two significant covariates were in-
cluded in the final population PK model: patient body
weight and sex. These covariates had limited effect on
SAR'459 exposure with <30% change of exposure in PK
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-V; parameters for extreme covariate values compared with
2 ?E median value. Cemiplimab had no effect on SAR'459 PK
é . s - Q exposure. Final population PK model yielded satisfactory
E‘f ) = goodness-of-fit plots and adequately described the ob-
g 2 % = 5 served data (Tables S2 and S3; Figures S2 and S3).
E Population PK simulations revealed that 22.5mg/kg
s < Q3W dose would provide Cigye>200pug/mL, which is
E - % close to the SAR'459 concentration required for maximal
é’ 5 ;.L inhibition of tumoral TGFp in the MC38 PK/pharmaco-
= Y s o = dynamic model, and 7.5mg/kg Q3W dose would provide
_ E Cirough =30 pg/mL, which is close to the concentration re-
'vﬁ g quired for 50% inhibition of tumoral TGFp in the MC38
S - § PK/pharmacodynamics model. These two doses (Q3W)
) S ) were considered as pRP2D for Part 2 (Figure 2). This
z S o o Q ) model was further used to derive exposure parameters for
;Zé; é 99 patients from the expansion cohorts.
S &
=]
2 5 & Recommended Phase II dose confirmation
g o o o % é
g g In Part 2A, an early safety review was performed after 12
3 § patients had completed C1. Six patients each were treated
5 8 2 at 7.5mg/kg Q3W and 22.5mg/kg Q3W. No TEAESs meet-
g . i = ing DLT criteria were observed in any patients in the first
2 §/ . g &2 cycle. In Part 2B, upon completion of C1 in 10 patients, the
© © e ° g & ‘é overall safety profile was comparable to the Part 1A, Part
& % E % 1B, and Part 2A. Thus, it was recommended to continue
E E‘ © g" enrollment at the DL of 22.5mg/kg in combination with
‘Ef 5 é % cemiplimab 350 mg Q3W.
8 & Soa[ff :
g & Se:2|3% §¢%
a = - ® 185 £ g Findings from Part 2: dose-expansion phase
28 22
E 3 § g “g Efficacy
g % gz 35 g4 In Part 2A, of the 14 evaluable patients, 2/8 (25.0%) and 6/8
éﬂ g § 2 (75.0%) patients had SD and PD, respectively, at 7.5mg/
5 23 kg; whereas at 22.5mg/kg dose 6/6 (100%) had PD. None
< § % = g of the patients presented an objective response. In Part
8 § 'f s g g g 2B, objective responses were observed in 8 (8.4%) of the 95
E ° % ﬁ’ ; E éf z evaluable patients; 4 of the 8 responses were observed in
g g :E 2 post-PD-(L)1 setting, and responses of three additional pa-
- fg 8 %o g tients were unconfirmed (NSCLC n=1, melanoma n=1,
y sl.; £ - § % é :g and HCC n=1, at 22.5mg/kg DL). As best response, 25
g E 5234 85 ¢ g (26.3%) and 55 (57.9%) patients had SD and PD, respec-
5 & o £ T g % g i;“ tively (Table 3).
% § £ E 3 s The UC cohort was discontinued because of evolving
g = % é 5 g" k| treatment landscape and slow accrual. All other cohorts
S g % 5 § % ‘E either met the prespecified futility threshold or were
- 2 2 E § s 3% '*i discontinued because of low likelihood of meeting the
= o g § 405; § & threshold at informal interim analysis.
ﬁ % § i £ 3 2 2 E Due to the observed bleeding risk and efficacy signal
= EZ~alls28859 (one confirmed PR and one unconfirmed PR) observed
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0 ﬁ in nine patients treated at full dose, that is, 22.5mg/kg,
o £ = the HCC cohort received lower dose of 15mg/kg Q3W. Of
o G .
o | & £ 3 the 5 patients treated at lower dose, 1 (20.0%) had SD, 3
S| U o o o o o o o 3 %
£ < (60.0%) had PD, and 1 (20.0%) was unevaluable. Further
= - E < enrollment was discontinued due to increased bleeding
= o
: % z £ risk and the absence of any further objective response at
[
§ Eo g 2 the lower dose.
L o
Al o o o o o o o g <
3 g
£ £ 8 )
2|0 2 £3 Pharmacodynamics
5 |2 2 2 &
= 5 9 5
& 5 8% SAR'459 alone or in combination with cemiplimab re-
= O o o o © o o o & o5 2
g 522 duced plasma TGFp1 levels by >90% at all DLs. A decreas-
g 2 g £ E ing trend in active TGFp levels was also observed in paired
! o }E, ; g é biopsy specimens in Part 2 expansion studies at 7.5 or
£ L o E & & 22.5mg/kg DLs (Figure 2).
£E|l<2 c 0 0 0 0o o g 8 =
s 2y
g &% 3
< < B
5 |4 pg- atety
o ] L g g
<o = g &8
2 N BN BN B Zse Treatment-emergent adverse events
E” E = § All patients (100%) in Part 2 experienced at least one
i 2 S0 E TEAE; 67% and 34% TEAESs were grades >3 and SAR'459-
S = =‘,§ S ‘;’ z related, respectively. Frequently reported TEAESs occurred
= £ = £ 2 £ in >10% patients is presented in Table 2.
=] IS
N < = - |8 < 8] © £ g ¢ In Part 2A, 11/14 (78.6%) and 5/14 (35.7%) patients had
522 P
9 2 8 SAR'459-related and grade>3 SAR'459-related TEAE:s,
o © <
A 2= respectively. None of the patients experienced TEAE(s)
Q g o S y
':Es § 1 g leading to definitive treatment discontinuation. In Part
© ©c o o o o o o < 58 2B, 70/95 patients (73.7%) experienced treatment-related
5 = £ 2 p p
b £ 58 TEAEs and 32/95 (33.7%) patients had grade>3 SAR'459-
£ Z = =] p g
n 8 =B . .
2| 3 2 <8 related TEAEs; 20/95 (21.1%) patients reported TEAEs
L} = o
BlEg &< S @ gilg leading to definitive treatment discontinuation, with dose
B S o noN N 3 T = J
Elg 22 Ll & @ 5 o being reduced in 2 (2.1%) patients. Overall, 1/14 (7.1%)
Al v+ ¥ © © © =« 5 £ = . . . .
= £ £ patients in Part 2A and 19/95 (20.0%) patients in Part
- g é 2 2B reported TEAEs leading to death. Of the 19 deaths in
A PN e EcSs< Part 2B, 11 were due to disease progression. Most com-
g = © S E & .
8 © S 2N £ mon treatment-emergent adverse event (TEAE) leading to
2 O e ~e o e olg 5= death by system organ classification was disease progres-
E % = 29 sion, which was observed in 11/95 (11.6%) patients in Part
7 S O B = .
AR == -t 2B. Five patients (5.3%) in Part 2B reported hemorrhagic
b=t ~ N ~N N ~ E 9 E
g M = le S S 5 § 2 g events that led to death.
— AN o~ oH - - - Lo o 5] 5
gl SSS STl
E O B <
@28 g E .« 1.
£0%4d Adverse events of special interest from
g & B 9
S 8¢ 8E Parts 1 and 2
5 9 g2 £ s g8k
£ T 2 & £z 8¢ ;
= & ER = AR Bleeding events
S EUREE B RS
~ o = =8 4 2 2|z s £ 3 Of 161 patients treated with SAR'459 alone or in combi-
8 £ wE3§3 2 zsiE P , :
H E EEE < &8 g £558% nation with cemiplimab, 70 patients (43%) experienced
- S S5 5 8 8 5 9 9|l 3= SE p
: 0 :<8 § 5 D& § g E, s 5 8¢ hemorrhagic TEAEs of different grades. Most frequently
= s 2292 reported hemorrhagic TEAEs were gingival bleeding (21
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SARO0.05 SARO0.25 SAR1 SAR3 SAR10 SAR15 SAR0.25+ SAR1+ SAR3+ SAR10+ SAR15+ SAR22.5+
mg/kg Q2W mg/kg Q2W mg/kg Q2W mg/kg Q2W  mg/kg Q2W  mg/kg Q2wW CEM3 CEM3 CEM3 CEM3 CEM3 CEM350
mg/kg Q2W  mg/kg Q2W  mg/kg Q2W  mg/kg Q2W  mg/kg Q2W  mg/kg Q2W
Dose level Dose level
| Visit ® Baseline ® C2D8 @ C4D1 ® C6D1 ® C8D1 ® C10D1 ® C12D1 @ EOT | | Visit ® Baseline ® C1D2 ® C1D8 @ C1D15 @ C1D22 ® C2D8 @ C4D1 ® C6D1 @ EOT ‘
) @ ]
, ! SAR459 22.5 mglkg Q3W + 7.5 mglkg Q3W 22.5 mglkg Q3W
SAR'459 7.5 mgfkg Q3W || SAR'459 22.5 mgikg Q3W || crner e anBoI oo g/kg glkg
F F 1000 F .
30000 [ 5 B
t E F <
£ 10000 - 100 T =
£ F & E
< F ra F
& 3000f % r
o 2 10 L
® 1000 o E
S £ < E
[ i E
300 -- L I

Baseline C2D8 Baseline C2D8 Baseline C2D8
Visit

Tumor type and dose Melanoma SAR'459 7.5 mglkg Q3W
Melanoma SAR'459 22.5 mg/kg Q3W

—  Melanoma SAR'459 225 mglkg +
CEMIPLIMAB 350 mg/kg Q3W

—  CRC SAR'459 22.5 MGIKG Q3W +
CEMIPLIMAB 350 mg/kg Q3W

NSCLG SAR'459 22.5 mg/kg + CEMIPLIMAB 350 mg/kg Q3W
HCC SAR'459 22.5 mg/kg + CEMIPLIMAB 350 mg/kg Q3W
—  UC SAR'489 22.5 mgikg + CEMIPLIMAB 350 mg/kg Q3W

Baseline C2D8 Baseline C2D8

Visit
Melanoma SAR'459 7.5 mgikg Q3W

Melanoma SAR'459 22.5 mg/kg Q3W
Tumor type and dose elanoma S/ kg Q

—  Melanoma SAR'459 22.5 mglkg +
CEMIPLIMAB 350 mg/kg Q3W

NSCLC SAR'459 22.5 mgfkg + CEMIPLIMAB 350 mgfkg Q3W
— UC SAR'459 22.5 mg/kg + CEMIPLIMAB 350 mg/kg Q3W

FIGURE 2 Modulation of total TGFp-1 level by (a) SAR'459 monotherapy in plasma (Part 1) and (b) SAR'459 in combination with
cemiplimab in plasma (Part 1); (c) low and high doses of SAR'459 monotherapy or in combination with cemiplimab in plasma (Part 2); (d)
regulation of active TGFf-1 in tumor by SAR'459, alone and in combination with cemiplimab, in paired tumor biopsy samples (Part 2). C,
cycle; CEM, cemiplimab; CRC, colorectal cancer; D, dose; EOT, end of treatment; HCC, hepatocellular carcinoma; NSCLC, non-small cell
lung cancer; Q3W, every 3weeks; TGFp, transforming growth factor beta, UC, urothelial cancer.

[13%]) and epistaxis (23 [14%]). Sixteen (9.9%) patients ex-
perienced grade>3 hemorrhagic TEAEs, which resulted
in the death of 6 (3.7%) patients due to brain stem hem-
orrhage (3mg/kg Q2W; n=1), intra-abdominal hemor-
rhage and intracranial tumor hemorrhage (n=1; each),
and hepatic hemorrhages (n=3) (Supplemental Material;
Appendix S3).

Two of these fatal cases were reported from the nine
HCC patients treated with SAR'459 22.5mg/kg+ cemi-
plimab: one occurred at the liver biopsy puncture site and
one due to hepatic bleeding in the context of progression.
One fatality due to hepatic hemorrhage after SAR'459
15mg/kg+cemiplimab treatment was also observed
(Supplemental Material; Appendix S3). An exposure-
bleeding event analysis suggested dose dependency of the
bleeding events related to SAR'459.

Following treatment with SAR'459 22.5mg/kg (n=9),
the dose was reduced to 15mg/kg Q3W (n=>5). The pro-
tocol was amended to introduce additional risk mitiga-
tion measures, requiring brain imaging at baseline and

prohibiting on-treatment biopsy. However, another fatal
hepatic hemorrhage was reported in a patient with bulky
HCC treated with a reduced dose of SAR'459; this was
consistent with HCC rupture occurring within the first
cycle because of rapid volumetric progression. All three
HCC patients with fatal hemorrhagic events had exten-
sive HCC burden. Hemorrhagic events of grade>3 were
more likely to occur early: 56% and 88% cases occurred
within the first 3 and 9 weeks, respectively. Of six overall
fatal hemorrhagic events, 4 (66%) occurred within the first
3weeks.

Skin events

Of 161 patients treated in this study, 11 events of kera-
toacanthoma (KA) and 12 of cutaneous squamous cell
carcinoma (CSCC) were observed in 21 (13%) patients; 2
patients had both KA and CSCC. Sixteen of 21 (76%) pa-
tients were aged >60years.
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Nine (43%) patients had melanoma. Nineteen (90%)
patients developed lesions within the first 4 months. Six
(28%) patients had a single lesion, whereas multiple le-
sions were observed in other patients; the sun-exposed
areas of the patients were typically affected, that is, face,
neck, chest, extremities, or shoulder. Of the 12 cases with
CSCC, 5 were reported as “well-differentiated” or “KA-
type” CSCC, whereas pathological details were not avail-
able for others. Eight (67%) of 12 cases of CSCC were
resolved: 5 cases were resolved after drug withdrawal, and
3 cases were resolved by surgical excision.

New primary malignancy

One case of secondary malignancy other than CSCC was
observed (Supplemental Material; Appendix S4).

Cardiac valvular disorders

Doppler echocardiography did not reveal progressive pat-
tern of valve thickening or regurgitation in any patient.

DICUSSION

In this study, safety, PK, pharmacodynamics, and efficacy
of SAR'459 alone and in combination with cemiplimab
were evaluated in patients with advanced malignancy.
SAR'459 monotherapy and combination with cemiplimab
appeared relatively safe and tolerable in limited number
of patients in dose escalation. The study was discontinued
due to lack of clear efficacy across several solid tumor co-
horts and bleeding risk that led to fatal outcomes, espe-
cially, in the HCC cohort and slow accrual in an evolving
treatment landscape.

The MTD for SAR'459 was not reached. pRP2D for dose-
expansion phase was determined to be 22.5mg/kg Q3W in
combination with cemiplimab, based on safety, tolerabil-
ity, and population PK modeling analyses. Optimal dose
could not be determined for Part 2A.

Pharmacodynamic assessment revealed peripheral
target engagement by SAR'459 with robust reduction in
plasma TGFf levels, tumor target engagement, and with
a trend of down-regulation of the TGFp pathway activa-
tion genes which was in accordance with the studies on
SAR'459.>7 This suggests that the co-inhibition of TGFf
and PD-1 increases T-cell activity and tumor regression.>**

In Part 1 of the study, peripheral target engagement
was documented from the first DL. Upon treatment of
more patients in various indications in Part 2B, TEAESs
leading to dose reduction occurred in 2.1% patients, and

ASCPT

TEAES leading to treatment discontinuation occurred in
21% patients. The safety profile differed according to the
tumor type, with higher occurrence of bleeding events and
serious bleeding events in patients with HCC. Although
several DLs were tested in Part 2A, the results were in-
conclusive due to limited sample size and early discontin-
uations. However, a lower dose was investigated for the
HCC cohort, which led to the final decision to terminate
the study. Notably, a severe event, when occurring at a low
rate, may not be detected in small cohorts of patients in
the dose-escalation phase.

A response rate of 8.4% (melanoma: 8%; CRC: 4.2%;
UC: 20%; NSCLC: 5.9%; HCC: 11.1%) was reported in the
dose-expansion phase with combination therapy (Part
2B), including patients previously treated with anti-
PD-(L)1. Previously, similar modest response (ORR: 4.8%)
was reported in patients with NSCLC with primary refrac-
tory or acquired resistance to immune checkpoint inhib-
itors treated with bintrafusp alfa, an anti-TGFp-PD-(L)1
inhibitor.'® Furthermore, limited response rate is likely
not linked to anti-drug antibody occurrence because the
dose-escalation analysis revealed that no samples were
confirmed as positive for SAR'479 ADA.

Key potential risks of TGFf pathway inhibition include
bleeding, cutaneous proliferative manifestations, second-
ary malignancies, and cardiac valvular disorders. In this
study, the key risks were SAR'459-related valvular heart
disease, grade>3 immune-related adverse events (AEs),
KA, and CSCC; grade >3 bleeding events were considered
potential important risks. Notably, skin and hemorrhagic
events have been observed with other TGFf inhibitors,
which are consistent with those observed for SAR'459;
however, the frequencies varied."**

The occurrence of hemorrhagic events was higher
in patients with HCC treated with 22.5mg/kg SAR'459.
Overall, >40% patients had hemorrhagic TEAEs, of which
approximately 33.5% were grade 1 or 2 and included five
deaths. Exploratory PK/hemorrhagic AE analysis elu-
cidated a trend toward higher frequency of any grade
SAR'459-related and fatal hemorrhagic AE in patients
with higher exposure (Figure S3). Despite the decrease in
dose to 15mg/kg SAR'459 Q3W in the HCC cohort, fatal
hemorrhagic events were observed. Although the fatal
events were confounded by previously administered anti-
cancer therapies, concomitant medications, or underlying
diseases, relatedness to SAR'459 could not be excluded.
Extensive analyses were performed to identify patient
characteristics or disease patterns associated with an in-
creased risk for bleeding for the implementation of addi-
tional mitigation measures; however, no clear relationship
with bleeding risk was observed. Nevertheless, several
mitigation measures were implemented including the
discontinuation of on-treatment biopsy unless medically

5UBD 1T SUOWILOD aAIEa.D a|ceal|dde ay Aq pausenob ake Sajo1e YO ‘asn Jo sajni J0j Akeiqi auluQ A3]1M UO (SUOIIIPUOD-PpUe-SWLB)W0d A3 1M ARelq 1)RU1UO//SANY) SUOIIPUOD pue SWB | 3U} 89S “[7202/90/G2] U0 ARlg T aulluQ /8|1 HeaUiol|qIast BISBAIUN Wepenoy AIseAIUN snwses3 Aq G8ET SI9/TTTT 0T/I0p/wod A 1m Ae.dipuijuoidose;/sdny wolj papeojumod ‘9 ‘¥20Z ‘29082S.LT



14 0f17 |

BARANDA ET AL.

ASCPT

imperative; for the HCC cohort, baseline biopsy was al-
lowed only from normal parenchyma samples at least
14 days prior to the first treatment.

A previous study on bintrafusp alfa in patients with re-
current glioblastoma also reported higher rate of bleeding
events (64.4%; 15.3% grade 3)."* Another study on bintra-
fusp alfa elucidated that dose reduction without perma-
nent treatment discontinuation (restarting the dose at
RP2D or at 50% dose) could be preferable in hemorrhagic
event management.'® Hemorrhagic events in solid tumors
have also been reported for GC1008 or fresolimumab, with
low-grade hemorrhage in a small proportion of patients;
however, its relationship with fresolimumab was not es-
tablished.'? The underlying mechanism for bleeding due
to TGFf inhibition is unclear; moreover, bleeding could
be multifactorial. Given the pro-angiogenic role of TGFp,
Glanzmann thrombasthenia-like bleeding phenomenon
is possible.!” Since TGFp promotes the healing process
and angiogenesis and maintains hemostasis, its inhibition
may impair the healing process and contribute to bleeding
risk. A study on a pan-TGFf inhibitor reported the detach-
ment of abdominal wall and dose-dependent reduction of
scarring fibrosis in a monkey model."* However, Sanofi's
internal studies did not report wound healing impair-
ment upon treatment with 1D11, a surrogate antibody of
fresolimumab.

Other AEs of special interest observed in the study
were KA and CSCC. KA has been observed post-treatment
with multikinase, B-RAF, or TGFf inhibitors in various
studies.''*'*"#' Treatment with fresolimumab at high
doses or for an extended period is related to KA develop-
ment; however, it resolves with time.'' Overall, previous
studies on TGFp inhibition reported 5%-9% occurrence of
KA, whereas ~ 9% was observed in the present study.w’zz’23

TGFp inhibits keratinocyte proliferation and enhances
differentiation.”* TGFp inhibition could be one of the
mechanisms responsible for the development of KA/
CSCC. Moreover, unlike patients with other tumor types,
patients with melanoma who develop KA or CSCC are
predisposed due to high cumulative exposure to sun; the
underlying mechanism behind the occurrence of KA or
CSCC during SAR'459 treatment is unlikely to be solely
based on the oncogenic effect of TGFp inhibition, which
could explain the occurrence of CSCC in the present study.
Patients with melanoma are more likely to have a history
of sun-damaged skin and common predisposing factors
contributing to a higher risk of KA/CSCC. However, it is
unclear whether SAR'459 is associated with the develop-
ment of secondary malignancy.

In the present study, dose escalation was performed
using an adaptive Bayesian design, with overdose control
preceded by an accelerated escalation for the first 2 DLs.
Thus, the advantage of continuous assessment of efficacy

and benefit/risk ratio led to the quick decision of ensuring
safety and continuing patient accrual. Interim data anal-
yses were conducted to enable quick study-related deci-
sions, after exposing, on average, four patients per cohort.
Rapid transition from dose escalation to multiple, homo-
geneous, small efficacy cohorts minimized the number of
patients and time necessary to cease the development of
this inactive combination.

This study had few limitations. First, the small sample
size limited the statistical power, preventing a robust eval-
uation of biomarker associations with clinical response.
Consequently, no specific efficacy biomarker could be
identified. Second, the presence of low intra-tumoral
TGFp levels in many tumor biopsies posed challenges in
establishing a cutoff point for patient selection. Third, an-
ticipating low rates of severe bleeding events in the initial
dose-escalation phase was also difficult due to the small
patient group. Lastly, the testing of these combinations in
patients with same indication showed comparable safety
and efficacy across varying dosage levels.

SAR'459 alone and in combination with cemiplimab
yielded a noteworthy safety profile, and MTD could not
be reached during the dose-escalation phase. However,
due to the lack of sufficient antitumor response and the
observed bleeding risk, especially in the HCC cohort, the
study was terminated during the expansion phase, and the
antitumor activity of SAR'459 was not further investigated.
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