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Abstract

Background: Bintrafusp alfa is a first-in-class bifunctional fusion protein composed of the extracellular domain of transforming growth factor
beta receptor Il (a TGFf “trap”) fused to a human immunoglobulin G1 monoclonal antibody blocking programmed cell death 1 ligand 1 (PD-L1).
We report the efficacy and safety in patients with non-small cell lung cancer (NSCLC) that progressed following anti-PD-(L)1 therapy.

Materials and Methods: In this expansion cohort of NCT02517398—a global, open-label, phase | trial—adults with advanced NSCLC that
progressed following chemotherapy and was primary refractory or had acquired resistance to anti-PD-(L)1 treatment received intravenous bin-
trafusp alfa 1200 mg every 2 weeks until confirmed progression, unacceptable toxicity, or trial withdrawal. The primary endpoint was best overall
response (by Response Evaluation Criteria in Solid Tumors version 1.1 adjudicated by independent review committee); secondary endpoints
included safety.

Results: Eighty-three eligible patients (62 [74.7 %] treated with >3 prior therapies) received bintrafusp alfa. Four patients (3 primary refractory, 1
acquired resistant) had confirmed partial responses (objective response rate, 4.8%; 95% Cl, 1.3%-11.9%), and 9 had stable disease. Tumor cell
PD-L1 expression was not associated with response. Nineteen patients (22.9%) experienced grade >3 treatment-related adverse events, most
commonly asthenia (3 [3.6%]) and fatigue, eczema, and pruritus (2 each [2.4%]). One patient had grade 4 amylase increased. One patient died
during treatment for pneumonia before initiation of bintrafusp alfa.

Conclusion: Although the primary endpoint was not met, bintrafusp alfa showed some clinical activity and a manageable safety profile in
patients with heavily pretreated NSCLC, including prior anti-PD-(L)1 therapy. Tumor responses occurred irrespective of whether disease was
primary refractory or had acquired resistance to prior anti-PD-(L)1 therapy.
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Implications for Practice

No established standard of care exists for patients with advanced NSCLC and disease progression following anti-PD-(L)1 therapy.
Increased expression of TGFf is associated with poor response and reduced survival in some cancers. This article reports clinical activity
and manageable safety from an expansion cohort of patients with advanced NSCLC that was primary refractory or had acquired resistance
to anti-PD-(L)1 therapy from a phase | study (NCT02517398) of bintrafusp alfa, an experimental first-in-class bifunctional fusion protein
composed of the extracellular domain of TGF-RII (a TGFp “trap”) fused to a human IgG1 mAb blocking PD-L1. Further investigation of
bintrafusp alfa in solid tumors as monotherapy or in combination with other agents is ongoing.

Introduction

Non-small cell lung cancer (NSCLC) is the most common
type of lung cancer,! and approximately 80% of patients
with NSCLC have advanced disease at diagnosis.? Before the
introduction of immune checkpoint inhibitors, fewer than
5% of patients with metastatic NSCLC survived longer than
5 years.?

Emerging evidence indicates that the tumor microenvi-
ronment (TME) plays an important role in the pathology of
NSCLC.? An important factor in the TME is transforming
growth factor beta (TGF-f) signaling, which can promote
tumor immune evasion and tumor progression via both the
innate and adaptive immune systems—primarily through sup-
pression of tumor immune surveillance by cytotoxic T, nat-
ural killer, and dendritic cells.*¢ In addition, TGF-f inhibits
tumor-suppressing macrophage and neutrophil development
but promotes the activation of tumor-promoting macro-
phages and neutrophils and regulatory T-cell differentiation,
and mediates the function of myeloid-derived suppressor
cells.”® TGF-p affects additional processes relevant to tumor
pathogenesis, such as epithelial-to-mesenchymal transition
(EMT), fibrosis, and tumor angiogenesis.** Notably, TGF-3
activity has been implicated in promoting NSCLC progres-
sion, metastasis, and drug resistance.’

Another important signaling pathway in the TME is the
programmed cell death 1 ligand 1 (PD-L1) pathway, as
demonstrated by the efficacy of anti-programmed cell death
1 protein (PD-1) or anti-PD-L1 therapies for NSCLC.'"
Anti-PD-1/PD-L1 (anti-PD-(L)1) therapies have demonstrated
efficacy as first-line (1L) and later treatments in patients naive
to anti-PD-(L)1 with advanced NSCLC. Objective response
rates (ORRs) vary for NSCLC 1L anti-PD-(L)1 monothera-
pies, ranging from 12% to 20% for patients treated without
PD-(L)1 selection criteria and 14% to 44.8% for patients
with PD-L1-positive tumors.'"'7 ORRs for anti-PD-(L)1
therapies in 1L combination regimens, which included che-
motherapy, cytotoxic T-lymphocyte antigen-4 inhibitors,
and vascular endothelial growth factor-specific angiogenesis
inhibitors, ranged from 36% to 64% for 1L combination
regimens.'”2! No established standard of care exists for
patients with advanced, pretreated NSCLC who have had dis-
ease progression following anti-PD-(L)1 therapy,? highlight-
ing the need for novel treatment options for these patients.

Increased expression of TGF-f3 is associated with a lack of
response to PD-L1 blockade and reduced survival in some
cancers,” and inhibition of the TGF-f pathway may help
patients with NSCLC to overcome resistance to anti-PD-(L)1
treatment. Reduced TGF-B signaling in stromal cells, anti-
tumor immunity and regression, and facilitated T-cell pen-
etration into the center of the tumor have been found in
preclinical studies investigating the combination of a TGF-f3
inhibitor and anti-PD-L1 agent.?*?

Bintrafusp alfa is a first-in-class bifunctional fusion pro-
tein composed of the extracellular domain of the human
TGF-f receptor II (TGF-BRII or TGE-f “trap”) fused via a
flexible linker to the C terminus of each heavy chain of an
IgG1 antibody blocking anti-PD-L1), which might allow for
colocalized, simultaneous inhibition of TGF-f and PD-L1 in
the TME.?? In preclinical models, bintrafusp alfa resulted
in superior tumor regression compared with either an
anti-PD-L1 antibody or a “trap” control.? Bintrafusp alfa
also reversed EMT in human lung cancer cell lines.?”

The phase I trial NCT02517398 is investigating the safety
and efficacy of bintrafusp alfa in patients with advanced/pre-
treated solid tumors and includes multiple expansion cohorts
with specific tumor types. In the dose-escalation cohort of
this study, bintrafusp alfa had a manageable safety profile
and demonstrated clinical activity in patients with heav-
ily pretreated advanced solid tumors.?® Bintrafusp alfa also
demonstrated clinical activity as second-line (2L) treatment in
an NSCLC expansion cohort.?® Here, we describe the clinical
outcomes of bintrafusp alfa treatment in patients with stage
IV metastatic or recurrent NSCLC that was primary refrac-
tory (defined as disease that did not respond or progressed
as the best overall response following treatment initiation)
or had acquired resistance (defined as initial disease control
with subsequent disease progression) to prior treatment with
anti-PD-(L)1 therapy.

Materials and Methods

Study Design and Patients

This expansion cohort from the global, multicenter, phase I,
open-label NCT02517398 study of bintrafusp alfa evaluated
patients with advanced NSCLC that was primary refrac-
tory (ie, best overall response of progressive disease on prior
anti-PD-(L)1 therapy) or had acquired resistance to anti-PD-
(L)1 therapy (ie, best overall response of complete/partial
response or stable disease, with subsequent progressive dis-
ease on prior anti-PD-(L)1 therapy).

Eligible patients were >18 years of age, with histologically
confirmed stage IV (metastatic) or recurrent NSCLC (per
7th International Association for the Study of Lung Cancer
classification). Disease had to be measurable by Response
Evaluation Criteria in Solid Tumors version 1.1 (RECIST
1.1). Fresh biopsies taken within 28 days before the first
study treatment administration had to be available. At a min-
imum, patients had to have had disease progression following
anti-PD-(L)1 as monotherapy and also following platinum-
based chemotherapy, and they should have exhausted other
appropriate standard treatment options. Anti-PD-(L)1 mono-
therapy was not required to be the most recent prior treat-
ment. In addition, patients had to have an Eastern Cooperative
Oncology Group performance status of 0 or 1, life expectancy
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of >12 weeks, and adequate renal, hepatic, and hematologic
function. Patient selection was not based on PD-L1 expres-
sion or other biomarkers.

The study was conducted in accordance with all applica-
ble regulatory requirements, and the protocol was approved
by the institutional review board of the participating institu-
tions. 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

Patients received bintrafusp alfa 1200 mg once every 2 weeks
(Q2W) via intravenous infusion over 1 h until confirmed pro-
gressive disease, unacceptable toxicity, or trial withdrawal,
treatment past disease progression was permitted if clinically
justified. This regimen was chosen for all expansion cohorts
based on integrated analysis of bintrafusp alfa exposure,
response, and progression-free survival (PFS).?” To mitigate
potential infusion-related reactions, premedication with an
antihistamine and acetaminophen given 30-60 min before
each dose of bintrafusp alfa was mandatory for at least the
first 2 infusions. Steroids were not permitted as premedi-
cation. Interruption or discontinuation of bintrafusp alfa
was allowed if treatment-related adverse events (TRAEs),
infusion-related reactions of grade >2 severity, or severe or
life-threatening adverse events occurred. However, dose
reduction was not permitted according to the trial protocol.

Tumor response was assessed by radiographic imaging 6
weeks after starting treatment, then every 6 weeks for the first
year and every 12 weeks thereafter. Response was confirmed
by repeated radiographic assessment 4 weeks or longer from
the first documented response. To evaluate the safety of bin-
trafusp alfa, adverse events were monitored throughout treat-
ment: at 28 days after the last study dose, at 10 weeks post
treatment, and every 12 weeks thereafter.

Biomarker Analysis

Biomarker analysis was performed as previously described.?
Tumor PD-L1 protein expression was obtained from fresh
biopsy specimens at baseline and measured by immunohis-
tochemical staining of formalin-fixed, paraffin-embedded
blocks with a proprietary assay (Dako, Carpinteria, CA)
using anti-PD-L1 monoclonal antibody clone 73-10. PD-L1
positivity in tumors was scored as the proportion of tumor
cells showing membranous PD-L1 staining; PD-L1-positive
disease was defined as >1% of tumor cells showing detect-
able PD-L1 expression. Analysis of TGF-1 concentrations in
the TME after treatment was not conducted. Gene expression
of pretreatment archival formalin-fixed, paraffin-embedded
tumor samples was analyzed using RNAseq. Sequencing
reads were aligned against the hg19 reference genome using
Bowtie2 v2.2.3. Gene expression was determined using RSEM
v1.2 with Ensembl gene annotations. Transcript-per-million
(TPM) values were upper-quintile normalized for further
analysis. After quality control, gene expression was quantified
in samples as log-TPM, given by log,(0.5+TPM). Differential
gene expression between patients with nonprogressive disease
(response or stable disease) vs progressive disease was evalu-
ated using DESeq2 v1.14.1 in R v3.32.

The tumor mutation count was measured with an RNAseq-
based variant calling that used tumor RNAseq data combined
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with germline, normal whole-exome sequencing to produce
a set of tumor-specific mutations. Tumor samples were
sequenced at 2 x 50 to a target of 10° read pairs with an
[llumina HiSeq System (Illumina, San Diego, CA). Whole-
exome sequencing was performed by Expression Analysis
(Research Triangle Park, NC) using matched peripheral
blood samples and an Agilent SureSelect Human All Exon
V5 kit (Agilent Technologies, Santa Clara, CA). Sequencing
was done on an Illumina HiSeq System with a target of 100
x coverage. Sequencing reads were mapped to hg19 and the
Ensembl gene annotations (ensGene; University of California,
Santa Cruz, CA) using RNA-STAR v2.5.0b; whole-exome
reads were mapped to hgl9 using BWA-MEM v0.7.12.3031
Mutation calling was performed on paired BAM files using
VarDictJava v1.4.2.32 Results were annotated using Ensembl
Variant Effect Predictor version 85 to determine the location
and type of mutation.>* We define “tumor mutation count”
for a given patient as the total count of all missense mutations
discovered for that patient.

Outcomes

The primary endpoint was the best overall response assessed
according to RECIST 1.1 and assessed by the independent
review committee (IRC). Secondary endpoints included the
best overall response per investigator and safety, with adverse
events coded according to Medical Dictionary for Regulatory
Activities terms version 21.0 and classified by grade accord-
ing to the National Cancer Institute Common Terminology
Criteria for Adverse Events version 4.03. Exploratory end-
points included duration of response, PFS, and time to pro-
gression (all determined per RECIST 1.1 by the IRC), and
overall survival (OS).

Statistical Analyses

This expansion cohort was planned to enroll 80 patients.
With 80 patients treated, the study has approximately 92%
and 99% power to rule out a <5% ORR (null hypothesis)
when the true ORRs are 15% and 20%, respectively, at
the 5% type I error rate (1 sided). Efficacy and safety were
analyzed in all patients who received 21 dose of bintra-
fusp alfa. The ORR was determined as the proportion of
patients with a confirmed best overall response of com-
plete response (CR) or partial response (PR). The uncer-
tainty of estimates was assessed by calculating a 95% exact
(Clopper-Pearson) CI. The disease control rate (DCR) was
defined as the proportion of patients with a confirmed best
overall response of CR, PR, stable disease, or non-CR/
nonprogressive disease. The duration of response was ana-
lyzed using the Kaplan-Meier method, as were PFS, time to
progression, and OS. Safety was analyzed using descriptive
statistics.

Results

Between September 1, 2016, and March 8, 2017, 132
patients with advanced, pretreated NSCLC who had disease
progression following anti-PD-(L)1 as monotherapy were
screened for enrollment. The 83 patients from 32 study sites
in North America, Europe, and the Asia-Pacific region who
met the criteria for eligibility were enrolled in this expansion
cohort and were included in the full analysis and safety sets
(Supplementary Table SA.1). Of the 49 patients not enrolled,
44 did not meet the eligibility criteria, 2 withdrew consent, 1
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Table 1. Baseline patient and disease characteristics (N = 83).

Characteristic Values”
Sex
Male 56 (67.5)
Female 27 (32.5)
Age
Median (range), years 63 (25-88)
<6S years 46 (55.4)
265 years 37 (44.6)
ECOG performance status
0 27 (32.5)
1 55(66.3)
2 1(1.2)
Tumor cell PD-L1 expression®
>1% 54 (65.1)
<1% 21(25.3)
Not available 8 (9.6)
EGFR mutation status®
Wild type 47 (85.5)
Mutated 4(7.3)
Not available 4(7.3)
Tumor histology
Nonsquamous® 55 (66.3)
Squamous cell carcinoma 28 (33.7)
Number of prior anticancer regimens?
2 21(25.3)
3 26 (31.3)
>4 36 (43.4)
Type of prior anticancer therapy for metastatic or
locally advanced disease
Anti-PD-(L)1 83 (100)
Cytotoxic therapy 79 (95.2)
Endocrine therapy 1(1.2)
Monoclonal antibody therapy 19 (22.9)
Small molecules 18 (21.7)
Immunotherapy other than anti-PD-(L)1 3(3.6)
Other 7 (8.4)
Last anticancer therapy before the study
Anti-PD-(L)1 43 (51.8)
Cytotoxic therapy 36 (43.3)
Monoclonal antibody therapy 4 (4.8)
Small molecules 5(6.0)
Immunotherapy other than anti-PD-(L)1 2(2.4)
Other 1(1.2)
Best objective response to last anticancer regimen
Complete response 0
Partial response 10 (12.0)
Stable disease 30 (36.1)
Progressive disease 41 (49.4)
Not assessable 1(1.2)
Not available 1(1.2)
Prior PD-(L)1 treatment status
Acquired resistance 45 (54.2)
Primary refractory 35 (42.2)
Not available 3(3.6)

261

Table 1. Continued

“Values are shown as 7 (%) unless otherwise indicated.

“PD-L1 expression was determined by immunohistochemistry using a
proprietary assay (Dako PD-L1 IHC 73-10 pharmDx; Dako, Carpinteria,
CA).28

PPercent was calculated based on the number of patients with
nonsquamous histology (7 = 55).

‘Nonsquamous histology includes adenocarcinoma (7 = 50), large cell

(n = 1), non-small cell carcinoma (7 = 1), epidermoid sarcoma (7 = 1),
epidermoid carcinoma (7 = 1), and sarcomatoid carcinoma (7 = 1).

Prior therapy in any setting (neoadjuvant, adjuvant, locally advanced, and
metastatic disease).

Abbreviations: ECOG, Eastern Cooperative Oncology Group; PD-L1,
programmed cell death 1 ligand 1.

had a stroke and was hospitalized, 1 had an adverse event,
and 1 died.

This population was heavily pretreated, with 62 of 83
patients (74.7%) having received >3 prior anticancer reg-
imens and 43 (51.8%) having received anti-PD-(L)1 ther-
apy as their most recent treatment (Table 1). The majority
of patients were male (67.5%), and the median age was 63
years (range, 25-88 years); 46 patients (55.4%) were aged
<635 years. Two-thirds of patients (66.3%) had nonsquamous
primary histology; 35 patients (42.2%) had primary refrac-
tory disease (ie, no disease control with prior anti-PD-(L)1
therapy), 45 (54.2%) had acquired resistance (ie, disease
control with prior anti-PD-(L)1 therapy, followed by subse-
quent progression), and prior PD-(L)1 treatment status was
not available for 3 patients (3.6%). Four patients (7.3% of
patients with nonsquamous histology) had tumors with an
EGEFR mutation (Table 1), and no patients had tumors with
an ALK translocation or ROS1 rearrangement. All 4 patients
with EGFR mutations had received previous EGFR inhibitor
therapy.

At the data cutoff of August 24, 2018, patients received
bintrafusp alfa for a median duration of 8.0 weeks (range,
2.0-70.0 weeks). The median follow-up time by Kaplan-
Meier analysis was 77.0 weeks (range, 0.3-92.7 weeks). At
the data cutoff, no patients remained on treatment, but 15
(18.1%) were still in the study for follow-up. The most com-
mon reason for treatment termination was disease progres-
sion in 55 patients (66.3%). Thirty patients (36.1%) had
subsequent anticancer drug therapy, with the majority (7 =
22 [26.5%]) receiving subsequent cytotoxic therapy. Of the
68 patients (81.9%) who discontinued the study, 62 died (9
while on treatment), 4 withdrew consent, and 2 were lost to
follow up.

Four patients had a confirmed PR per IRC and per inves-
tigator (ORR, 4.8% [95% CI, 1.3%-11.9%] for both IRC
and investigator assessment; Table 2 and Supplementary
Table SA.2). At the data cutoff, the DCR per IRC was 18.1%
(95% CI, 10.5%-28.1%); 4 patients had PRs, 9 had sta-
ble disease, and 2 had non-CR/nonprogressive disease. The
DCR per the investigators’ assessments was 25.3% (95% CI,
16.4%-36.0%); 4 patients had PRs and 17 had stable dis-
ease (Supplementary Table SA.2). The median duration of
response per IRC was 4.2 months (95% CI, 2.9-5.8 months);
1 patient had an ongoing response at data cutoff but had dis-
continued treatment due to an adverse event. All 4 patients
had received anti-PD-(L)1 as their last therapy prior to bin-
trafusp alfa (Fig. 1).

Clinical activity of bintrafusp alfa was noted in patients
with a range of prior treatments and treatment responses and
irrespective of tumor PD-L1 expression that was obtained
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Table 2. Summary of response data by IRC.
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Response Primary refractory Acquired resistance Total
(n=35)* (n=45) (N=83)

Best overall response

Complete response 0 0 0

Partial response 3(8.6) 1(2.2) 4 (4.8)

Stable disease 0 9 (20.0) 9 (10.8)

Non-complete response/nonprogressive disease® 0 2 (4.4) 2(2.4)

Progressive disease 25 (71.4) 28 (62.2) 54 (65.1)

Not evaluable¢ 7 (20) 5(11.1) 14 (16.9)
Objective response 3 (8.6; 1.8-23.1) 1(2.2;0.1-11.8) 4 (4.8;1.3-11.9)
Disease control rate 3(8.6; 1.8-23.1) 12 (26.7; 14.6-41.9) 15 (18.1; 10.5-28.1)

Data are 7 (%), 1 (%3 95% CI), or median (range or 95% CI), according to IRC-assessed Response Evaluation Criteria in Solid Tumors version 1.1.
“Primary refractory or acquired resistance status was not available for 3 of the 83 patients.
"Non-complete response/non-progressive disease was defined as the persistence of one or more non-target lesion(s) and/or maintenance of tumor marker

level above the normal limits in non-target lesion.
<Of 14 patients, 9 (64.3%) had no tumor review by the IRC.
Abbreviation: IRC, independent review committee.

from fresh baseline tumor tissue (Figs. 1-3 and Supplementary
Fig. SA.1). Disease control per IRC was observed both in
patients who had primary refractory disease and in those who
developed acquired resistance to prior anti-PD-(L)1 therapy
(Fig. 2 and Supplementary Fig. SA.1.A). Most IRC-assessed
PRs were observed in patients with primary refractory dis-
ease, but more patients with acquired resistance had stable
disease with bintrafusp alfa (Table 2; Fig. 2). Of the 4 patients
who had a response, 2 had tumor PD-L1 expression <1%, 1
had tumor PD-L1 expression >1%, and 1 was not evaluable
for PD-L1 expression.

In the 43 patients who received anti-PD-(L)1 as their most
recent therapy prior to bintrafusp alfa, the confirmed ORR per
IRC was 9.3% (95% CI, 2.6%-22.1%). Disease control was
more commonly achieved in patients who had anti-PD-(L)1
vs. other therapy as their last therapy prior to bintrafusp alfa
(DCR, 23.3% [95% CI, 11.8%-38.6%] vs. 12.5% [95% CI,
4.2%-26.8%], respectively) (Fig. 1 and Supplementary Fig.
SA.1.B).

Overall, the IRC-assessed median PFS was 1.3 months
(95% CI, 1.3-1.4 months; Supplementary Fig. SA.2). The
6-month PFS rate was 9.6% in the overall cohort, and 6.1%
(95% CI, 1.1%-17.7%) and 13.2% (95% CI, 5.0%-25.3%)
in the patients with primary refractory and acquired resistant
disease, respectively. The median OS was 6.8 months (range,
0-21 months [95% CI, 4.4-11.5 months]; Supplementary Fig.
SA.3), 4.8 months (range, 0-21 months [95% CI, 2.5-13.1
months]) in patients with primary refractory disease, and 10.0
months (range, 0-20 months [95% CI, 6.4-15.0 months]) in
patients with acquired resistance. In the subgroup of patients
who received anti-PD-(L)1 as their most recent therapy prior
to bintrafusp alfa, the median PFS was 1.4 months (95% CI,
1.3-1.7 months), and the median OS was 7.3 months (95%
CI, 4.8-13.1 months).

Sixty-one patients (73.5%) experienced TRAEs, of which
the most common were asthenia (7 = 23 [27.7%]), pruritus
(m =19 [22.9%]), and decreased appetite (7 = 14 [16.9%]).
Nineteen patients (22.9%) experienced TRAEs of grade 23,
of which the most common were asthenia (7 = 3 [3.6%]),
pruritus (7 = 2 [2.4%]), fatigue (7 = 2 [2.4%]), and eczema
(n =2 [2.4%]) (Table 3). One patient had a grade 4 event

(amylase increased). Another patient developed grade 3 pneu-
monia with parapneumonic pleural effusion after study entry
and 9 days before the start of study treatment. The event
worsened over the course of days, leading to death on day 8
after the first dose of bintrafusp alfa. The death was assessed
as treatment-related death by the investigator. Four patients
(4.8%) discontinued treatment because of a TRAE (acute kid-
ney injury in 2 patients, adrenal insufficiency and eczema in 1
each). Immune-related adverse events occurred in 6 patients
(7.2%), of which 2 (2.4%) were grade 3 (Supplementary
Table SA.3). One patient (1.2%) had a treatment-related
grade 2 infusion-related reaction. Potential TGF-B-related
treatment-emergent skin adverse events occurred in 6 patients
(7.2%; Table 3 and Supplementary Table SA.3); the lesions
were well managed by surgical excision, which is the stan-
dard of care,* and 1 patient received topical steroid treat-
ment for keratoacanthoma and actinic keratosis. The safety
profile was comparable between patients who had primary
refractory disease and who had acquired resistance to prior
anti-PD-(L)1 treatment (Supplementary Table SA.4).

TGF-B1 gene expression in tumor samples at baseline did
not predict response (Supplementary Fig. SA.4.A). RNAseq
analysis suggested no relationship between response and
tumor mutation count (Supplementary Fig. SA.4.B).

Discussion

Of these 83 patients with heavily pretreated NSCLC, of
whom three-quarters had received >3 prior therapies, 4 had
a PR despite disease progression following anti-PD-(L)1 as
their most recent treatment before bintrafusp alfa. The con-
firmed ORR as assessed by the IRC was 4.8% and did not
exceed the 5% ORR threshold of the null hypothesis. The
DCR was 18.1%, and 9.6% of patients had PFS >6 months.
Notably, this study was conducted in a largely heterogenous
population, with patients who had different tumor histolo-
gies, resistance types, PD-L1 expression levels, and last cancer
therapies prior to bintrafusp alfa. While in a cohort of patients
who were anti-PD-(L)1-naive and received 2L or later bintra-
fusp alfa 1200 mg every 2 weeks, higher response rates were
associated with PD-L1 expression, with an ORR of 37.0% in
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Figure 1. Prior treatment and time to progression on bintrafusp alfa treatment.? Prior treatment and disease response to bintrafusp alfa in patients with
non-small cell lung cancer that was primary refractory, ie, no disease control with prior anti-PD-(L)1 therapy (A) or had acquired resistance, ie, initial
disease control with prior anti-PD-(L)1 therapy, followed by subsequent progression (B).

2Boxes left of the vertical dashed line indicate sequence of treatment beyond 12 months prior to first dose of bintrafusp alfa.

Abbreviations: PD, progressive disease; PD-L1, programmed cell death 1 ligand 1; PR, partial response.

patients with PD-L1-positive tumors and 85.7% in those with
PD-L1-high tumors compared with an ORR of 25.0% in all
patients (PD-L1 evaluable and not evaluable), although the
sample size was limited?®; responses in this cohort of patients
who had failure of prior anti-PD-(L)1 therapy were observed
irrespective of PD-L1 expression (Fig. 3).

While resistance to checkpoint inhibitor therapy is not fully
understood, possible underlying mechanisms include insuffi-
cient generation of antitumor T cells, inadequate function of
tumor-specific T cells, or impaired formation of T-cell mem-
ory.> TGF-f signaling in the local microenvironment could
skew tumor-infiltrating T cells toward T regulatory pheno-
types and attenuate the activation of CD8+ immune effector
cells,*3¢ and the TGF-[3 pathway signaling has been associated
with resistance to checkpoint blockade.? Therefore, inhibit-
ing the TGF-B pathway might aid in overcoming anti-PD-(L)1

resistance. Of interest, all responses were observed in patients
who had anti-PD-(L)1 therapy as last prior treatment and
were observed in patients with primary refractory disease
(ie, those patients who never had disease control with prior
anti-PD-(L)1 therapy) and those who developed acquired
resistance (ie, those patients who had temporary disease con-
trol with subsequent disease progression on prior anti-PD-
(L)1 therapy; Fig. 1 and Supplementary Fig. SA.1). However,
the modest clinical activity of bintrafusp alfa in this patient
population suggests mechanisms of resistance to PD-(L)1
beyond TGF-f. TGF-f1 gene expression in tumor samples
and the tumor mutation count showed no relationship with
response. Exploratory biomarker analyses to determine dif-
ferences between primary refractory vs acquired resistance
have been performed, but no clear signals were observed in
this small cohort. Further biomarker analysis is ongoing to
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Figure 2. Clinical activity of bintrafusp alfa. Percentage change in target lesion diameters over time as adjudicated by the IRC per RECIST 1.1 in patients
with NSCLC that was primary refractory, ie, no disease control with prior anti-PD-(L)1 therapy (A) or had acquired resistance, ie, initial disease control
with prior anti-PD-(L)1 therapy, followed by subsequent progression (B). Dashed lines at 20% and —-30% indicate thresholds for progressive disease and
partial response, respectively.

Abbreviations: IRC, independent review committee; NE, not evaluable; NSCLC, non-small cell lung cancer; PD, progressive disease; PR, partial
response; RECIST 1.1, Response Evaluation Criteria in Solid Tumors version 1.1; SD, stable disease.
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Abbreviations: BOR, best overall response; IRC, independent review committee; NE, not evaluable; PD, progressive disease; PD-L1, programmed cell
death 1 ligand 1; PR, partial response; SD, stable disease.

€20z KN g1 uo 1senb Aq 9001969/852/€/82/2101E/0]00U0/W00"dNO"OILBPEDE/:SARY WOl Papeojumod



The Oncologist, 2023, Vol. 28, No. 3

Table 3. TRAEs occurring at any grade in >5% of patients or at grade >3
and any AEs of special interest.

Any grade Grade >3

TRAEs
Asthenia

73.5) 1
3(27.7)
9(22.9

®)
X
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— o W o
S
koo D

)
9)

[EN
G\

Decreased appetite 1
Epistaxis

Fatigue

Arthralgia

»—xr—\No
=
K=

= R
LA

Rash maculopapular

Diarrhea

Dry skin

Eczema

Anemia

Adrenal insufficiency

Rash macular

Vomiting

Squamous cell carcinoma of skin
Amylase increased

Blood triglycerides increased
Bowen disease

Cataract

Folliculitis

General physical health deterioration
Hyponatremia

Leukocytosis

Lipase increased

Pemphigoid

Peripheral sensory neuropathy

e S e e e e S T N S S N N )W~ N ) AN TR N
=

.3?.3?.3???????FFF???????E@@AAAA
Db EREEE oD RS

oo o-o-o oo oo oo oo 22 Moo
O N
LAGEGAGALE L L L BB BL AR .

Pneumonia
AESIs

Any TGF-f inhibition-mediated skin
AE¢

Any immune-related AE
Immune-related rash 6(7.2) 2(2.4)

Immune-related endocrinopathies:
adrenal insufficiency

6(7.2) 3¢

(O8]
N

Data are 7 (%) in the safety set.

*Grade 4.

bGrade 5.

‘Includes actinic keratosis, basal cell carcinoma, Bowen disease,
hyperkeratosis, keratoacanthoma, lip squamous cell carcinoma, and
squamous cell carcinoma of the skin MedDRA v21.0 preferred terms.
Abbreviations: AE, adverse event; AESI, adverse event of special interest;
MedDRA, Medical Dictionary for Regulatory Activities; TGF-f,
transforming growth factor beta; TRAE, treatment-related adverse event.

identify potential mechanisms of resistance to anti-PD-(L)1
therapy in NSCLC and will be part of a separate manuscript.

Overall, bintrafusp alfa had a manageable safety profile in
these patients, which was consistent with those of patients in
the dose-escalation phase of this study?® and in the 2L cohort
naive to anti-PD-(L)1.%® Death from pneumonia, which was
assessed as treatment-related by the investigator, occurred 8
days after the first dose in a patient who had an ongoing med-
ical history of grade 3 pneumonia with parapneumonic pleu-
ral effusion 9 days before starting treatment with bintrafusp

265

alfa. The safety profile was comparable between patients with
primary refractory disease and acquired resistance to prior
anti-PD-(L)1 treatment.

Study limitations include the lack of a comparator
arm and the small number of patients, which make it
difficult to interpret the magnitude of benefit for bin-
trafusp alfa. In addition, patients enrolled in this study
had NSCLC that exhibited different anti-PD-(L)1-
resistance types, histology, and PD-L1 expression levels
and received a variety of prior treatments, reflecting a
highly heterogeneous population. However, this patient
population may more closely reflect the population of
patients seen in real-world clinical practice. Trials of vari-
ous treatment options have demonstrated limited efficacy
for patients who are resistant or refractory to anti-PD-(L)1
treatment,’”*? and thus a strong need exists for novel treat-
ment options for these difficult-to-treat patients.

In conclusion, although the study did not meet its primary
endpoint, bintrafusp alfa showed clinical activity in some
patients with heavily pretreated NSCLC who had primary
refractory disease or who developed acquired resistance to
prior treatment with anti-PD-(L)1 therapy, regardless of their
prior treatment type or tumor PD-L1 expression levels.
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