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ABSTRACT

Background Bintrafusp alfa, a first-in-class bifunctional
fusion protein targeting transforming growth factor-$3 (TGF-{3)
and programmed cell death ligand 1, has demonstrated
encouraging efficacy as second-line treatment in patients
with non-small cell lung cancer (NSCLC) in a dose expansion
cohort of the phase 1, open-label clinical trial (NCT02517398).
Here, we report the safety, efficacy, and biomarker analysis of
bintrafusp alfa in a second expansion cohort of the same trial
(biomarker cohort).

Methods Patients with stage lllb/IV NSCLC who were

either immune checkpoint inhibitor (ICl)-naive (n=18) or
ICl-experienced (n=23) were enrolled. The primary endpoint
was the best overall response. Paired biopsies (n=9/41) and
peripheral blood (n=14/41) pretreatment and on-treatment
were studied to determine the immunological effects of
treatment and for associations with clinical activity.

Results Per independent review committee assessment,
objective responses were observed in the ICl-naive group
(overall response rate, 27.8%). No new or unexpected safety
signals were identified. Circulating TGF-f3 levels were reduced
(>97%; p<0.001) 2 weeks after initiation of treatment with
bintrafusp alfa and remained reduced up to 12 weeks.
Increases in lymphocytes and tumor-associated macrophages
(TAMs) were observed in on-treatment biospies, with an
increase in the M2 (tumor trophic TAMs)/M1 (inflammatory
TAMs) ratio associated with poor outcomes. Specific peripheral
immune analytes at baseline and early changes after treatment
were associated with clinical response.

Conclusions Bintrafusp alfa was observed to have modest
clinical activity and manageable safety, and was associated
with notable immunologic changes involving modulation of the
tumor immune microenvironment in patients with advanced
NSCLC.

BACKGROUND

Lung cancer accounts for 21% of all cancer-
related deaths globally, with non-small
cell lung cancer (NSCLC) being the most

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Immune checkpoint inhibitor monotherapy or com-
bination therapy improves the survival of patients
with non-small cell lung cancer (NSCLC); however,
clinical activity is limited by primary or acquired
resistance, which ultimately results in disease pro-
gression. Bintrafusp alfa has been evaluated previ-
ously in patients with heavily pretreated advanced
solid tumors, including NSCLC, and has demonstrat-
ed a manageable safety profile and encouraging
clinical activity.

WHAT THIS STUDY ADDS

= This is the first study of bintrafusp alfa in a hetero-
geneous population of patients with relapsed NSCLC
that includes comprehensive immune analyses
to evaluate the effects of concurrent transforming
growth factor-B and programmed death ligand 1
inhibition in tissue and blood. Safety and efficacy
signals of bintrafusp alfa were consistent with pre-
vious observations in patients with NSCLC. Changes
in specific immune cell populations in the tumor
microenvironment, and the peripheral immunome
were associated with clinical outcomes.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our results showed that bintrafusp alfa treatment
was associated with significant changes in immune
cell profiles and modulation of the tumor immune
microenvironment. This study may help support
further evaluation of TGF-B-directed therapies in
combination with other immunomodulatory agents.

common type of lung cancer.' The availability
of targeted therapies and immunotherapies
has improved the survival rates of patients
with NSCLC.?? Patients with driver mutations
receive targeted therapies (eg, epidermal
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growth factor receptor (EGFR) or anaplastic lymphoma
kinase (ALK) inhibitors)? and those with advanced and
unresectable NSCLC without driver mutations receive
programmed death-1 (PD-1)/programmed death ligand
1 (PD-L1)-directed immune checkpoint inhibitors (ICIs)
as monotherapy or in combination with chemotherapy.™”

However, primary and acquired resistance limits the
clinical benefits of these therapies, ultimately resulting
in disease progression.” Thus, treatment options for
patients with recurrent NSCLC after treatment with IClIs
are limited. Therefore, developing new treatments to
improve the clinical outcomes of such patients is neces-
sary. The tumor microenvironment (TME) of solid
tumors is complex, with studies reporting that dysregu-
lation within the TME contributes to tumor progression
and poor treatment response.” In addition, the immuno-
suppressive functions of the PD-L1 pathway within the
TME are well established.’

Transforming growth factor-beta (TGF-B) signaling
is highly dysregulated in the TME of advanced tumors,
including in NSCLC, and has been implicated in the
development of resistance to drugs, including to PD-L1
inhibitors."” The aberrant upregulation of TGF-B expres-
sion has been correlated with tumor metastasis and
cancer progression due to epithelial-mesenchymal tran-
sition induction, and the driving of several key features
of tumorigenesis, such as cancer fibrosis, sustained angio-
genesis, innate and adaptive immunity suppression, and
immune surveillance evasion.'' Within the TME, TGF-B
and PD-L1 are non-redundant immunosuppressive path-
ways, with preclinical studies reporting that the bifunc-
tional inhibition of TGF- and PD-L1 by a single molecule
elicited synergistic antitumor immunity and tumor regres-
sion.® !*

A recent preclinical radiolabeling study demonstrated
that bintrafusp alfa sequesters plasma TGF-$ and localizes
to the TME in vivo, and that the PD-L1 binding portion
is largely responsible for tumor uptake, which then
results in simultaneous inhibition of PD-L1 and TGF-B."
The imaging results of this study demonstrated signifi-
cant tumor uptake of bintrafusp alfa and a highly favor-
able tumor-to-blood ratio."”” In a phase 1 dose-escalation
study, treatment with bintrafusp alfa was associated with
a manageable safety profile and encouraging clinical
activity in patients with heavily pretreated advanced solid
tumors.'*

In an NSCLC expansion cohort of the phase 1 study,
bintrafusp alfa showed clinical activity (overall response
rate [ORR], 21.83% and median overall survival [OS],
13.6 months) as second-line treatment in patients who
progressed after platinum therapy and did not previously
receive immunotherapy.'” Here, we report the safety and
efficacy of bintrafusp alfa in a second expansion cohort
(NSCLC biomarker expansion cohort) of the phase 1
study, including patients with stage IIIb/IV NSCLC with
relapsed, refractory, or progressive disease (PD) on/after
a single line of platinum-based chemotherapy, targeted
therapy, or anti-PD-(L)-1 monotherapy (ICI-experienced),

and in patients who had not previously received anti-PD-
(L)-1 therapy (ICI-naive), with histologically confirmed
stage IV or recurrent NSCLC. We also report the results
from biomarker analyses in this cohort.

MATERIALS AND METHODS

Study design and participants

In this NSCLC biomarker expansion cohort from the
global, multicenter, phase 1, open-label NCT02517398
study of bintrafusp alfa, patients with advanced NSCLC
who were either ICI-naive or ICI-experienced but had
relapsed, were refractory, or had PD were evaluated.
Patients aged >18 years with a life expectancy of >12
weeks, those who had an Eastern Cooperative Oncology
Group performance status of 0 or 1, and those who had
adequate renal, hepatic, and hematological functions
were eligible for the study. ICI-naive (with/without a
history of systemic therapies, but not having received
PD-(L)-1 inhibitors) and ICI-experienced (received prior
treatment with PD-(L)-1 inhibitors) patients with non-
squamous NSCLC were required to undergo testing for
EGFR mutation, ALK translocation, and ROSI1 rearrange-
ment and receive appropriate tyrosine kinase inhibitor
therapy if these genomic alternations were present.

The disease had to be measurable by Response Evalua-
tion Ciriteria in Solid Tumors V.1.1 (RECIST V.1.1). The
study was conducted in accordance with all applicable
regulatory requirements, and the protocol was approved
by the institutional review board/ethics committee of the
US National Cancer Institute (NCI) and participating
institutions. All patients provided written informed
consent before study enrollment. The study complied
with international standards of Good Clinical Practice
and the Declaration of Helsinki.

Procedures

Participants were treated with bintrafusp alfa 1,200mg
once every 2 weeks via intravenous infusion over 1hour
until confirmed PD, unacceptable toxicity, or withdrawal
from the trial; treatment was continued after disease
progression if clinically justified.'® Extensive immune
analyses, including interrogation of the tumor immune
microenvironment (TIME) in tumor biopsies and periph-
eral blood, were performed in patients (n=14) treated at
the NCI where available.

Paired (pretreatment and on-treatment) samples were
used to evaluate the immunological effects of treatment
in tumor biopsies (n=9) and peripheral blood (n=14,
additional details in supplementary methods and online
supplemental table 1). The pretreatment biopsy was
performed not more than 28 days prior to the first dose of
bintrafusp alfa. The post-treatment biopsy was performed
within 7days of the week 7 dose of bintrafusp alfa (days
44-50). After an amendment to the protocol, the post-
treatment biopsy was collected within 7days of the week
3 dose (days 16-22). This amendment affected only the
last patient enrolled at the NCI and paired biopsy samples
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from this patient were insufficient for biomarker analysis
and not included in the results of tissue analyses.

Outcomes

The primary endpointwas the best overall response (BOR)
assessed according to RECIST V.1.1 by an independent
review committee (IRC). Secondary endpoints included
the BOR per investigator; safety with adverse events (AEs)
coded according to the Medical Dictionary for Regulatory
Activities terms, V.21.0, and classified by grade according
to the NCI Common Terminology Criteria for Adverse
Events, V.4.03; and pharmacokinetics (PK). Exploratory
endpoints included the duration of response (DOR),
disease control rate (DCR), and progression-free survival
(PFS) determined according to RECIST V.1.1 by the IRC
and investigator and OS. Additional analyses included
the evaluation of biomarker data.

Statistical analysis

The target number of patients for enrollment in the
biomarker cohort was 30. With 30 eligible patients with
NSCLC, an observed ORR of 30% (responders, n=9,/30)
will rule out a £15% ORR (null hypothesis). Efficacy and
safety were analyzed in all patients who received >1 dose of
bintrafusp alfa. Although initially the protocol intended
to enroll 30 patients (ICI-naive vs ICl-experienced,
n=15each), the mandatory requirement of paired biop-
sies resulted in slower-than-expected accrual. Therefore,
otherwise eligible patients with at least one biopsy were
permitted to enroll and the accrual ceiling was increased
to 41 in order to have sufficient tissue for biomarker
analyses. The ORR was determined as the proportion
of patients with a confirmed BOR of complete response
(CR) or partial response (PR). Additional details are
available in online supplemental methods.

To determine whether immune cell populations in
tumor biopsies or immune parameters in peripheral
blood change on treatment with bintrafusp alfa, Wilcoxon
matched-pairs signed-rank test was performed. Statistical
differences between two groups for a given immune
correlate were assessed using the Mann-Whitney test.
All graphs and statistical analyses were performed using
GraphPad Prism (GraphPad Software, La Jolla, Cali-
fornia, USA) or RStudio (Boston, Massachusetts, USA).

RESULTS

Cohort characteristics

Between February 2017 and March 2020, 41 patients with
NSCLC who were ICI-naive (n=18) or ICl-experienced
(n=23) were enrolled in the biomarker expansion cohort
and were included in the full analysis and safety sets. The
median age was 66 (range, 50-83) years and 65 (range,
52-74) years in the ICI-naive and ICI-experienced groups,
respectively, and only one patient in each group was
treated with prior immunotherapy other than PD-(L)-1
inhibitor (table 1).

Table 1 Baseline patient and disease characteristics
ICl-naive ICl-experienced
Characteristics, n (%) (n=18) (n=23)
Sex
Male 10 (55.6) 13 (56.5)
Female 8 (44.4) 10 (43.5)
Age
Median (range), years 66 (50-83) 65 (52-74)
<65 years 8 (44.4) 9 (39.1)
>65 years 10 (55.6) 14 (60.9)
ECOG performance status
0 6 (33.3) 3(13.0)
1 12 (66.7) 20 (87.0)
Tumor cell PD-L1 expression*
>1% 6 (33.0) 13 (56.6)
<1% 7 (39.0) 5(21.7)
Not available 5 (28.0) 5(21.7)
EGFR mutation statust
Wild type 9 (69.2) 17 (94.4)
Mutated 3(23.1) 1(5.6)
Not available 1(7.7) 0
Tumor histology
Adenocarcinoma 10 (55.6) 17 (73.9)
Squamous cell carcinoma 5(27.8) 5(21.7)
Other 3(16.7) 1(4.3)
Number of prior anticancer regimens
0 6 (33.3) 0
1 7 (38.9) 0
2 0 12 (52.2)
3 3(16.7) 6 (26.1)
>4 2 (11.1) 5(21.7)

Type of prior anticancer therapy for metastatic or locally advanced
disease

Anti-PD-(L)1 0 23 (100.0)
Cytotoxic therapy 10 (55.6) 20 (87.0)
Endocrine therapy 0 0
Monoclonal antibody therapy 0 7 (30.4)
Small molecules 4(22.2) 3(13.0)
Immunotherapy other than anti-PD-(L)1 1 (5.6) 1(4.3)
Others 0 0

Data are presented as n (%) or median (range).

*PD-L1 immunohistochemistry data were obtained using clones 73-10,
E1L3N, 22C3, SP263, and SP142.

1The percentage is calculated based on the number of patients with non-
squamous histology.

ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor
receptor ; ICl, immune checkpoint inhibitor; PD-L1, programmed death ligand
1.

Of the 41 patients, 14 were biomarker evaluable (ICI-
naive, n=6; ICl-experienced, n=8) (online supplemental
table 2). The baseline PD-L1 expression data for all
patients is summarized in online supplemental tables 2
and 3.
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At the data cut-off (May 15, 2020), patients received
bintrafusp alfa for a median duration of 16.8 (range,
2.0-61.9) weeks in the ICI-naive group and 6.1 (range,
2.0-53.9) weeks in the ICl-experienced group. The
median follow-up time since the first dose of bintrafusp
alfa according to Kaplan-Meier analysis was 42.1 (range,
2.0-166.0) weeks and 47.3 (range, 2.0-162.0) weeks in
the ICI-naive and ICIl-experienced groups, respectively.
The most common reason for treatment termination
was PD (ICImnaive, 38.9%; ICl-experienced, 56.5%).
Five patients (27.8%) in the ICI-naive group and nine
patients (39.1%) in the ICI-experienced group received
at least one subsequent anticancer drug therapy, with
most receiving cytotoxic therapy (ICI-naive, 22.2%; ICI-
experienced, 21.7%). Of the 7 (38.9%) and 16 (69.6%)
patients in the ICI-naive and ICI-experienced groups who
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discontinued the study, at data cut-off 7 (38.9%) and 13
(56.5%) patients had died, respectively.

Efficacy
Five (27.8%) patients in the ICI-naive group and no
patient in the ICl-experienced group had a confirmed
PR as adjudicated by IRC (ORR, 27.8%; figure 1A and
table 2).

Of note, one patient in the ICl-experienced group
experienced radiological progression at the first restaging
time point, but subsequently developed a durable PR,
which is ongoing after more than 5 years of enrollment.
The DCR per IRC was 38.9% versus 4.3% in the ICI-
naive versus ICl-experienced group, respectively; the
median DOR per IRC was not estimable (NE) in both
study groups (table 2). Overall, the median PFS by IRC
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Figure 1 Clinical activity of bintrafusp alfa (A) Percent change from baseline in the sum of diameters according to Response

Evaluation Criteria in Solid Tumors V.1.1 as adjudicated by the IRC for (i) ICI-naive patients and (ii) ICl-experienced patients.

(B) Kaplan-Meier curve for PFS per the IRC for (i) ICI-naive patients and (ii) ICl-experienced patients. (C) Kaplan-Meier

curve for OS for (i) ICI-naive patients and (ii) ICl-experienced patients. CBOR, confirmed best overall response; ICI, immune
checkpoint inhibitor; IRC, independent review committee; NE, not estimable; OS, overall survival; PD, progressive disease; PFS,
progression-free survival; PR, partial response; SD, stable disease.

4 Rajan A, et al. J Immunother Cancer 2024;12:008480. doi:10.1136/jitc-2023-008480



Table 2 Efficacy according to RECIST V.1.1 as adjudicated
by the IRC

ICI-naive ICl-experienced
(n=18) (n=23)
Confirmed BOR
CR 0 0
PR 5(27.8) 0
Stable disease 2 (11.1) 1(4.3)
Progressive disease 6 (33.3) 17 (73.9)
Not evaluable 5(27.8) 5(21.7)
Overall response rate 5(27.8) 0
(CR+PR), (95% Cl) (9.7t0 53.5) (0.0 to 14.8)
Disease control rate, 7 (38.9) 1(4.3)
(95% Cl) (17.3 t0 64.3) (0.1 t0 21.9)
Median progression-free 2.7 1.3
survival, months, (95%CIl) (1.2t06.5) (1.0to 1.4)
Median duration of NE NE
response, months, (8.8to NE)  (NEto NE)
(95% Cl)

Data are presented as n (%) or n (%;
otherwise.

BOR, best overall response; CR, complete response; ICl, immune
checkpoint inhibitor; IRC, independent review committee; NE, not
estimable; PR, partial response; RECIST, Response Evaluation
Criteria in Solid Tumors.

95% Cl) unless specified

in the ICI-naive group was 2.7 months (95% CI, 1.2 to 6.5
months) and 1.3 months (95% CI, 1.0 to 1.4 months) in
the ICI-experienced group (figure 1B and table 2). The
median OS by IRC was 13.9 months (95% CI, 6.5 months
to NE) in the ICI-naive group and 12.5 months (95% CI,
3.8 months to 24.3 months) in the ICI-experienced group

(figure 1C). Efficacy outcomes by investigator assessment
are shown in online supplemental table 4.

Safety

Any treatment-emergent AEs (TEAEs) were reported in
18 (100%) and 23 (100%) patients in the ICI-naive and
ICI-experienced groups. The rates of TEAEs leading to
permanent discontinuation of any treatment occurred
in 33.3% and 17.4% of patients in the ICI-naive and
ICI-experienced groups, respectively. The proportion of
patients who experienced treatmentrelated AEs (TRAESs)
of any grade in the ICI-naive group was 77.8%, of which
the most common (=15%) were keratoacanthoma, macu-
lopapular rash, and pruritus (16.7% each) (table 3).

In the ICI-experienced group, there were 17 patients
(73.9%) with TRAEs of any grade of which the most
common (=10%) were keratoacanthoma and decreased
appetite (13.0% each) (table 3). In the ICI-naive group,
TRAEs leading to permanent discontinuation were
reported in 3 (16.7%) patients, including death (due to
disease progression) in 1 patient (5.6%). Other TRAEs
that required permanent discontinuation included colitis
and infusion-related reaction, each observed in 1 (5.6%)
patient. There were no TRAEs leading to permanent
discontinuation or death in the ICI-experienced group.

The proportion of patients with immune-related
adverse events of special interest (AESI) was 16.7% and
17.4% in the ICI-naive and ICI-experienced groups,
respectively (online supplemental table 5). Skin-related
AESI rates were 22.2% and 21.7% in the ICI-naive and
ICI-experienced groups, respectively, of which the most
common skin AESI was keratoacanthoma (ICI-naive,
16.7% and the ICI-experienced, 13.0%) (online supple-
mental table 5). Immune-related pneumonitis was not
reported in any patient in either of the groups.

Table 3 Treatment-related adverse events occurring at any grade or at grade >3 in >2 patients in either group

ICI-naive (n=18)

ICl-experienced (n=23)

Any grade, n (%)

Grade >3, n (%)

Any grade, n (%) Grade >3, n (%)

Any TRAEs 14 (77.8) 6 (33.3) 17 (73.9) 1(4.3)
Keratoacanthoma 3(16.7) 0 3(13.0) 0
Rash maculopapular 3(16.7) 1(5.6) 2(8.7) 0
Pruritus 3(16.7) 0 2(8.7) 0
Dyspnea 2(11.1) 1 (5.6) 0 0
Infusion-related reaction 2(11.1) 1 (5.6) 0 0
Fatigue 2 (11.1) 0 2 (8.7) 0
Decreased appetite 2(11.1) 0 3(13.0) 0
Diarrhea 1(5.6) 0 2(8.7) 0
Nausea 1(5.6) 0 2 (8.7) 0
Rash 1 (5.6) 0 2 (8.7) 0
Vomiting 1(5.6) 0 2(8.7) 0
Asthenia 0 0 2(8.7) 0

ICl, immune checkpoint inhibitor; TRAEs, treatment-related adverse events.
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Pharmacokinetics

PK analyses were performed in 39/41 patients with avail-
able samples. After the first dose, the geometric mean
(geo coefficient variation percentage) for concentration
after end of infusion was 454.0pg/mL (56.3%), trough
concentration (Ctrough) was 73.3pg/mL (62.1%), area
under serum concentration-time curve was 66,500 pgxh/
mL (29.0%), half-life was 140 hours (~5.8days) (29.1%),
and clearance was 0.207 (33%). The target C_ .
(geometric mean G, . of >100pg/mL) was achieved
by day 29 and was maintained throughout the treatment
period following dosing at 1,200 mg once every 2 weeks.

Biomarker analyses

Extensive immune analyses were performed in a subset of
biomarker-evaluable patients enrolled at the NCI (n=14).
In analyses of changes in soluble analytes and peripheral
immune cell subsets with bintrafusp alfa after 2 weeks
of therapy, circulating levels of TGF-f1 were reduced
by >97% (p<0.001, figure 2A), and remained reduced
at both 6 and 12 weeks of therapy (online supplemental
table 6A). In contrast, circulating levels of the ratio of
sCD27:sCD40L (p=0.042), which is suggestive of immune
activation, and the chemokine CCL17 (p=0.049) were
increased after 2 weeks of therapy (figure 2A). Transient
increases in total white blood count (p=0.006) and abso-
lute neutrophil counts (p=0.002) were also observed after
2 weeks of therapy (figure 2B), with levels returning to
baseline after 6 and 12 weeks of therapy (online supple-
mental table 6B). Evaluation of peripheral blood mono-
nuclear cell (PBMC) subsets, which included 10 parental
cell types (CD4" and CD8" T cells, regulatory T cells,
natural killer [NK] cells, natural killer T cells [NKT] cells,
conventional dendritic cells, plasmacytoid dendritic cells
[pDCI, B cells, myeloid-derived suppressor cells [MDSC],
and monocytes) and 148 refined subsets related to their
maturation/function, revealed reductions in total CD8" T
cells (p=0.049), effector memory (EM, CCR7~ CD45RA")
CDS8" T cells (p=0.030), ki67" CD8" T cells (p=0.020), and
NKT cells (p=0.025), and increases in pDC (p=0.030)
and MDSC (p=0.030) after 2 weeks of therapy (figure 2C,
online supplemental table 6C), with changes in CD8"
T-cell subsets, NKT cells, and pDC persisting after 6 weeks
of therapy (online supplemental table 6C).

Differences in the peripheral immune profile of
patients with ICI-naive versus ICI-experienced disease,
and in patients with a history of heavy smoking versus non-
smokers showed notable differences in terms of soluble
analytes, complete blood counts, and PBMC subsets
prior to therapy with bintrafusp alfa. ICI-naive patients
had lower circulating levels of sCD27 (p=0.043), sPD-1
(p=0.008), sCD73 (p=0.029), CD8a (p=0.001) and IL-10
(p=0.013), and trends of lower levels of sPD-L1 (p=0.081)
than ICl-experienced patients (online supplemental
figure 1A). ICI-naive patients also had trends of higher
absolute lymphocyte counts (ALC, p=0.059) and a lower
neutrophil-to-lymphocyte ratio (NLR, p=0.059) than ICI-
experienced patients (online supplemental figure 1B),

and higher frequencies of total B cells (p=0.020), PD-1"
CD4" T cells (p=0.030) and terminally differentiated
effector memory (EMRA; CD45RA'CCR7") CD4" T cells
(p=0.045) than ICl-experienced patients (online supple-
mental figure 1C). Different changes in the peripheral
immune profile on receiving bintrafusp alfa were also
observed between ICI-naive and ICI-experienced patients.
After 2 weeks of therapy, ICl-experienced patients had
greater decreases in total CD8" T cells (p=0.005), EM
CD8" T cells (p=0.043), EMRA CD8" T cells (p=0.043),
ki67" CD8' T cells (p=0.008) and regulatory T cells (Tregs;
p=0.030), and greater increases in total B cells (p=0.008)
than ICI-naive patients (online supplemental figure 1D).
Notable differences in the immune status of patients with
a history of heavy smoking versus non-smokers were also
observed. Prior to therapy, smokers had a higher NLR
(p=0.036), a well-known poor prognostic factor, and
lower frequencies of activated PD-1" EM CD4" T cells
(p=0.028) than non-smokers (figure 2D). After 2 weeks
of bintrafusp alfa, smokers had greater reductions in
total NK cells (p=0.036) and NK cells expressing the acti-
vating receptor NKp46 (p=0.034), and trends of greater
decreases in proliferative ki67" CD8" T cells (p=0.054)
and increases in total monocytes (p=0.076) compared
with non-smokers (figure 2E).

Analysis on the association between the peripheral
immune profile and clinical response showed that the
immune status of patients prior to therapy was associated
with PFS. For these and other biopsy-based immune anal-
yses, a PFS cut-off of >3 months versus <3 months was used
to group patients as responders versus non-responders,
and two patients with radiologic pseudoprogression who
showed PD at first restaging followed by SD or PR were
classified as responders. Additionally, PFS was calculated
based on efficacy assessment by investigators (online
supplemental table 4). Patients with a PFS >3 months had
lower baseline levels of circulating mucin-16 (p=0.029)
and angiopoietin 2 (p=0.029) and trends of higher
frequencies of NKT cells (p=0.059) and lower frequencies
of MDSC (p=0.059) than patients with a PFS <3 months
(figure 2F). Specific early immune changes induced by
bintrafusp alfa were also associated with PFS. Compared
with patients with a PFS <38 months, patients with PFS
>3 months had less of an increase in interleukin (IL)-6
(p=0.081) after 2 weeks of therapy (figure 2G), and a
greater increase in the ratio of sCD27:sCD40L (p=0.019)
after 4 weeks of therapy (figure 2H). Although there was
a limited number of patients in each group, evaluations
with BOR also showed notable associations between the
immune profile and clinical outcome. Prior to therapy,
patients developing a BOR of CR/PR had higher levels of
sCD40L (p=0.006), IL-7 (p=0.006), TNFSF14 (p=0.006),
CCL17 (p=0.039), and CXCL5 (p=0.022), and trends of
lower levels of sPD-L1 (p=0.088) and trends of higher
ALC (p=0.088) than patients who developed SD or PD
(online supplemental figure 2A). After 2 weeks of bintra-
fusp alfa, patients who subsequently developed a BOR
of CR/PR had greater increases in CXCL10 (p=0.011),
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Immune changes in peripheral blood in pretreated and on-treated samples, and immune associations with smoking

history and clinical response to bintrafusp alfa. Changes in (A) soluble analytes, (B) complete blood counts, and (C) PBMC
immune subsets at pre (D1) and day 15 (D15) post-initiation of bintrafusp alfa in 14 patients in the biomarker cohort enrolled
at the National Cancer Institute. Differences in the peripheral immune profile at (D) baseline and (E) after one cycle of therapy
(D15 vs baseline) in patients with a prior history of heavy smoking (smoker, n=10) versus those without a history of smoking
(non-smoker, n=4). The peripheral immune profile of patients at baseline (F) and changes after one cycle (G) and three
cycles (H) of bintrafusp alfa associate with progression-free survival (PFS). (F-H) Patients with PFS <3 months (n=6) were
compared with those with PFS >3 months (n=8). In (F-H) black indicates patients with a best overall response of progressive
disease, blue indicates stable disease, red indicates partial/complete responses, an open circle identifies patients who are
ICl-experienced, and a closed circle marks patients who are ICI-naive. In (A-C) p values were calculated using the Wilcoxon

signed-rank test. Graphs in (D-H) display median frequency of analytes and p values were calculated using the Mann-Whitney
test. ANGPT2, angiopoietin-2; CD, cluster of differentiation; D, day; EM, effector memory; IL-6, interleukin-6; MDSC, myeloid-
derived suppressor cells; Mo, months; MUC16, mucin 16; NK, natural killer cells; NKT, natural killer T cells; NLR, neutrophil-
to-lymphocyte ratio; NPX, normalized protein expression; PBMC, peripheral blood mononuclear cells; PD-1, programmed cell
death protein 1; pDC, plasmacytoid dendritic cells; s, soluble.
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interferon-gamma (p=0.022), and trends of a greater
increase in sCD27 (p=0.088) than patients who did not
respond (online supplemental figure 2B). Patients who
developed a CR/PR also had trends of greater decrease
in IL-8 at both 2 (p=0.051) and 4 (p=0.051) weeks of
therapy, and greater decreases in eosinophil count after 2
(p=0.039), 4 (p=0.014), and 6 (p=0.007) weeks of therapy
(online supplemental figure 2B-D).

Routine histopathology examination of pretreatment
and on-treatment tumor biopsies (online supplemental
figure 3A and B) showed necrotic tissue with no defini-
tive viable tumor and an inflammatory infiltrate in two
subjects with objective response (including one subject
who initially had radiological pseudoprogression) and
two subjects with SD on-treatment. Additionally, three
subjects with worsening pleural effusion, including an
individual with a PR, had acute inflammatory cells in
pleural fluid with no malignant cells. Another subject
with SD subsequently experienced disease progression
resulting in death. At autopsy, several sites of disease
showed widespread inflammation and necrosis.

Results of multiplex immunofluorescence staining and
multispectral imaging in a subset of patients with paired
biopsies available (n=9) showed that bintrafusp alfa treat-
mentincreased tumor-infiltrating lymphocytes in NSCLC.
The cut-off of PFS for 3 months was used to group patients
as responders versus non-responders (figure 3A). Densi-
ties of lymphocytes (CD4" and CD8" T cells) were higher
in bintrafusp alfa treated samples compared with baseline
(mean from 3178.2 to 5156.7 cell/mm?, p=0.0078). This
increase in lymphocytes was slightly greater in patients
with better outcomes (PFS>3 months). Densities of T
helpers defined as CD4" and FOXP3~, Tregs defined as
CD4" FOXP3", and CD8" T cells showed an increase after
treatment (mean 2276.2 vs 3199.5cell/mm?® p=0.027,
mean 262.2 vs 517.1 cell/mm?, p=0.05 and mean 637.7 vs
1440 cell/mm? p=0.027, respectively). The ratio of CD8"/
Tregs did not show any change after treatment in all
samples and did not associate with outcomes.

Densities of inflammatory macrophages M1 (CD68"/
CD1637) and tumor-trophic M2 macrophages (CD68"/
CD163") were also assessed (figure 3B and online supple-
mental figure 4A and B). Tumor-associated macrophage
(TAM) densities (M1+M2) were slightly increased after
treatment in all samples (mean 1902 vs 3005.3 cell/mm?,
p=0.49), and particularly in patients with PFS >3 months
(p=0.06). M1 macrophage densities tended to decrease
in non-responders (1148.75 vs 279.2cell/mm®, p=0.25)
and increase in responders (102.4 vs 1298.4 cell/mm?,
p=0.18). M2 macrophage densities increased in treated
samples for all patients. This increase was surprisingly
more robust in responders changing from 1320.4 to
3394.4 Cell/mmg, p=0.06. M2/MI1 ratios were found to be
higher in treated samples; this increase was the highest
among non-responders, rising from 1.47 to 51.86cell/
mm® (p=0.12). These findings highlight the role of M2
macrophages in tumor resistance to immune therapy and
their potential to promote tumor growth.

T-cell receptor (TCR) sequencing of biopsy tissue in
patients treated at the NCI with paired biopsies available
(n=9) showed that TCR diversity, calculated by the number
of clones comprising the top 25% of the repertoire,
changed with the administration of bintrafusp alfa, and
that these changes were associated with BOR (figure 3C).
In the biopsy tissue of responders and subjects with SD >6
months, the number of clones comprising the top 25%
of the repertoire generally decreased with treatment. In
other words, the repertoire was composed of fewer, but
more frequent TCR rearrangements, or a more clonal
population. The opposite trend in TCR diversity was seen
in 3/5 subjects with a BOR of PD or SD <6 months, where
the top 25% of the repertoire was composed of more,
but less frequent rearrangements after treatment, or a
more diverse population. A subject with a response just
below the 6-month cut-off (SD, 5.5 months) followed the
pattern of the responders, with a decline in the number of
highest frequency clones from 99 to 52. Another subject
had a highly diverse selection of low-frequency clones at
baseline that were maintained after treatment. No consis-
tent changes were associated with the outcome in TCR
sequencing of PBMCs corresponding to these biopsy time
points.

DISCUSSION

This study evaluated the role of a TGF-B-inhibiting agent
in a heterogeneous population of patients with NSCLC
(different tumor histology, PD-L1 expression levels and
different prior cancer therapies) who were previously
treated with systemic therapies and were either ICI-naive
or ICI-experienced. Bintrafusp alfa showed modest clin-
ical activity and had a manageable safety profile in this
population. Treatment responses per IRC were only
observed in the ICI-naive group (ORR, 27.8%). Although
there were no patients with objective responses by IRC
in the ICI-experienced group, one patient developed a
durable PR after initial radiological pseudoprogression at
the first restaging time point. The response is ongoing
(now a near-CR) after more than 4 years of discontinua-
tion of bintrafusp alfa.

The efficacy results from this cohort are consis-
tent with results from two other NSCLC cohorts of
this phase 1 study. The ORR of 27.8% in the ICI-naive
group was comparable with the ORR of 25.0% observed
in a cohort of ICI-naive patients with advanced NSCLC
that progressed after platinum doublet therapy, or after
platinum-based adjuvant or neoadjuvant treatment
(n=10/40)." The lack of response per IRC assessment
in the ICI-experienced group was consistent with only
modest clinical activity of bintrafusp alfa observed in a
cohort of patients with NSCLC that progressed following
ICI therapy (ORR: 4.8% [n=4/83])."" In addition to the
phase 1 results, a recent phase 3 study of patients with
advanced NSCLC and high PD-L1 expression failed to
demonstrate superior efficacy of firstline bintrafusp
alfa over the PD-1 inhibitor pembrolizumab.18 However,

8

Rajan A, et al. J Immunother Cancer 2024;12:008480. doi:10.1136/jitc-2023-008480


https://dx.doi.org/10.1136/jitc-2023-008480
https://dx.doi.org/10.1136/jitc-2023-008480
https://dx.doi.org/10.1136/jitc-2023-008480
https://dx.doi.org/10.1136/jitc-2023-008480
https://dx.doi.org/10.1136/jitc-2023-008480
https://dx.doi.org/10.1136/jitc-2023-008480

A B
CD4+ and CD8+ CD4+ and CD8+ M1+M2 M1+M2
CD4+and CD8+ PFS < 3 months PFS >3 months M1+M2 PFS <3 months PFS >3 months
p=0.0078 p=0.125 p=0.125 p=0.49 p=0.25 p=0.06
10000 = 10000 1000 10000 10000 1000
.
8000 ] 8000 800 8000 . 8000 800!
2o 2o 2o / 2o L P Zo
2 E 6000 . 2 E 6000 2E 600 2 E 6000 2 °E 6000 2°E 600
2 2 2 2 2 2
i 5E SE / - SE iE
=3 4000 =3 4000 =3 400 =3 4000 . =3 4000 =3 400
3¢ % IE / ER . EE )
2000 ] . 2000 200 — 2000 % g 2000 200
T T T T T T t t T t f T
Pre  Post Pre Post Pre Post Pre Post Pre  Post Pre  Post
M1 M1
T helpers T helpers M1 CD68+/CD163- CD68+/CD163-
T helpers PFS < 3 months PFS > 3 months CD68+/CD163- PFS < 3 months PFS > 3 months
p=0027 p=0.126 p=0.06 p=073 p=0.25 p=0.18
8000 8000 5000 3000 . 3000 3000
4000
.. 6000 . .. 6000 - .. 2000 - -
2o - 2 2o £ 2000 £ = 2000
2E ] 2 °E 3000 [ 3] 8E
£ £ 4000 ¢ Wi, S Ea000 %gznoo — g E 1000 3£ 3£
=0 =0 =0 =0 =0 =
3e s 3 3e — 3e 3 1000 3 < 1000
2000 2000 o
o 1000
. - —*
0 T T T T 0 T T 100 T T T T 0 T T
Pre Post Pre Post Pre Post Pre  Post Pre Post Pre Post
M2 M2
Tregs Tregs Tregs M2 CD68+/CD163+ CD68+/CD163+
p=0054 PFS < 3 months PFS > 3 months CD“*’fZ’;‘?* PFS < 3 months PFS > 3 months
p=025 p=031 p=0. p=037 p=006
1500 1500: 1500 8000 8000
.
H
2 <1000 £ < 1000 £ 1000 %F«E“ 6000 25000
] [ 2 2 5T @ E
S E S E S E SE 14 SE
3£ s= s= sz 3 E 4000 $ £ 4000
38 s00{ 2 &8 s00 / 28 s00 / 8¢ 58 58
2000 2000
s gn =
T T o T T 0 T T 0 $ T
Pre  Post Pre Post Pre Post Plre Pc‘)st Pre Post
M2/M1 M2/M1
cDa+ cDa+ mM2/M1 CD68+CD163+/CD68+CD163-  CD68+CD163+/CD68+CD163-
cDs+ PES <3 months PES > 3 months CDGB+CD163:I;:2678+CD163- PFS <_30n;oznsths PFS >3 Z.:;ths
p=0.027 p=0.125 p=031 P =0 p=0. p=o0.
4000 hd 4000 4000 180 180 180
.
: 100
»_ 3000 > 3000 > _ 3000 %E g%\wo %‘2100
s E @ E @ 2 2 2
2 2 2 S E SE g E
£ E 2000 S E 2000 $ E 2000 s 3 50 c 3 ==
=3 . =3 =3 38 ° 38 5 33 50
S8 3 g8 o= o] E e= o=
© = 1000 © = 1000 © = 1000 L e =
e e N %
y T . T ! T Plre Ptlast P're Pt‘:st Plre Pést
Pre  Post Pre Post Pre  Post
CDB8+/Tregs CD8+/Tregs
CDB8+/Tregs PFS < 3 months PFS > 3 months
p=03 p=025 p=081
1 1 1
.
8 o 8 8
2~ 2~ 2~
it T e it e
2 2 2
SE - SE 3E
=3 4 =3 4 =3 4
3< 3< gs
24 ofe s 2 2
Jo p—
T T 0 T T 0 T T
Pre Post Pre Post Pre Post
Responders or stable disease = 6 months Non responders or stable di: < 6 months
C
Baseline
D)
v,
Week 7 —|

V/
V4

Figure 3 Immune changes in tumor tissue pretreatment and on-treatment with bintrafusp alfa. Densities of immune cells
including (A) lymphocytes (T cells CD4" and CD8", T helpers, Tregs, CD8" T cells), and (B) TAMs (M1 and M2) were quantified
in paired biopsies for nine patients. Graphs show immune cell densities in pretreatment and on-treatment biopsies and based
on PFS less or more than 3 months. (C) Changes in TCR diveristy. Each doughnut plot indicates the number and frequency
of productive TCR gene rearrangements in the baseline and week 7 biopsies by BOR. The total number of productive
rearrangements is indicated on the bottom of each plot, while the number of clones comprising the top 25% of the repertoire
is indicated in the center. Subject identifiers are indicated at the top of each plot. *Subject 505 is included with the responders
due to a delayed durable PR, though RECIST was documented as PD for radiological pseudoprogression at first restaging.
BOR, best overall response; CD cluster of differentiation; M1, inflammatory macrophages; M2, tumor-trophic macrophages;
PD, progressive disease; PFS, progression-free survival; PR, partial response; RECIST, Response Evaluation Criteria in Solid
Tumors; TAMs, tumor-associated macrophages; TCR, T-cell receptor; Tregs, regulatory T cells.

Rajan A, et al. J Immunother Cancer 2024;12:¢008480. doi:10.1136/jitc-2023-008480



the response rate in the ICI-naive group (27.8%) of the
present study was higher than the response rates reported
in the CheckMate 017 (nivolumab arm: 20%), CheckMate
057 (nivolumab arm: 19%), and OAK (atezolizumab arm:
18%) trials. Similarly, the PFS rate in the ICI-naive group
(2.7 months) of the present study was comparable with
phase 3 trials of nivolumab and atezolizumab in patients
with stage IIIb/IV NSCLC who had received prior treat-
ment with platinum-based therapies (CheckMate 017 vs
CheckMate 057 vs OAK: 3.5 months vs 2.3 months vs 2.8
months, respectively).'*>!

Taken together, these results suggest that there are
possible mechanisms of resistance independent of
PD-(L)-1, and potentially related to TGF-f that cannot
be overcome by targeting TGF-f in addition to PD-L1.
TGF-B is a known pleiotropic cytokine that depending
on the cellular/tissue context can have protumor or anti-
tumor effects22; therefore, the lack of response observed
in patients enrolled in this cohort could be independent
of resistance to PD-(L)-1 inhibition and related to a net
antitumor effect of TGF-B, the inhibition of which can
cause tumor growth. Given the encouraging preclinical
data across different tumor types and combination regi-
mens, and the mixed clinical outcomes of bintrafusp
alfa in clinical studies across different tumor types,' **°
a better understanding of tumor biology, and identifi-
cation of appropriate biomarkers is needed to identify
patients who may benefit from bintrafusp alfa.'® ** The
G, ougn Teported in this study is indicative of a target occu-
pancy being reached for all four targets of bintrafusp alfa
(TGF-B1, TGF-B2, TGF-B3, and PD-L1),% similar to other
studies with bintrafusp alfa in other cancer types.'* **
Similarly, the first dose PK parameters are also in line with
those reported previously for other cancer types.”’

The biomarker analysis suggests that although there is
an increase of both M1 and M2 TAM subtypes in NSCLC
TIME after treatment with bintrafusp alfa, the interplay
between the two TAM subtypes (M2/MI ratio) showed
a better correlation with patient outcome, and therefore
could be used to better understand the effect of this treat-
ment in modulating TAMs in the TIME. We were unable
to perform any correlative studies between M1 and M2
TAM subtypes and TGF-f in biopsy samples due to the
limited number of tissue sections available for analysis.
However, in murine models it has been shown previously
that TGF-8 promotes the M2-like polarization of bone
marrow-derived macrophages through the transcription
factor SNAIL and PI3K/AKT and Smad2/3 pathways.30
Moreover, in vitro silencing of SNAIL has been shown to
result in M1-like macrophage polarization.™

While this study involved extensive interrogation
of tissue and blood-based biomarkers in patients with
NSCLC receiving dual inhibition of TGF§ and PD-L1,
these analyses were performed in a small number of
patients and were not directly compared with a similar
patient population receiving PD-1/PD-L1 or TGF-§ inhi-
bition. It is therefore difficult to conclude whether the
biomarkers identified in the current study are specific

to the inhibition of the PD-1/PD-L1 or TGF-f signaling
pathways targeted by bintrafusp alfa.

Taken together, this study shows that bintrafusp alfa
treatment was associated with remodulation of the TIME,
and induced a higher infiltration of various immune
cells, including both lymphoid and myeloid cells into the
TIME. Although the bintrafusp alfa program has been
discontinued, we believe our data provide early insights
into the biology of NSCLC, especially with respect to the
impact of TGF-f inhibition (with or without concurrent
PD-1/PD-L1 inhibition) on the NSCLC TIME, and these
results are relevant for other TGF-B-directed therapies
that are currently under evaluation in ongoing clinical
trials.

Conclusions

In summary, bintrafusp alfa is clinically active in a subset
of patients with advanced NSCLC and has an acceptable
safety profile. Notable immunologic changes associated
with treatment include modulation of the TIME and
changes in peripheral immune cell subsets and soluble
factors. These observations support further evaluation
of TGF-B-directed therapies in combination with other
immunomodulatory treatments.
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