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Abstract

Background. For patients with recurrent glioblastoma (rGBM), there are few options following treatment failure
with radiotherapy plus temozolomide. Bintrafusp alfa is a first-in-class bifunctional fusion protein composed of
the extracellular domain of the TGF-BRII receptor (aTGF-p “trap”) fused to a human IgG1 antibody blocking PD-L1.
Methods. In this phase |, open-label expansion cohort (NCT02517398), patients with rGBM that progressed after
radiotherapy plus temozolomide received bintrafusp alfa 1200 mg Q2W until disease progression, unacceptable
toxicity, or trial withdrawal. Response was assessed per RANO criteria. The primary endpoint was disease control
rate (DCR); secondary endpoints included safety.

Results. As of August 24, 2018, 35 patients received bintrafusp alfa for a median of 1.8 (range, 0.5-20.7) months.
Eight patients (22.9%) experienced disease control as assessed by an independent review committee: 2 had a partial
response, 4 had stable disease, and 2 had non-complete response/non-progressive disease. Median progression-
free survival (PFS) was 1.4 (95% confidence interval [Cl], 1.2-1.6) months; 6- and 12-month PFS rates were 15.1% and
11.3%, respectively. Median overall survival (OS) was 5.3 (95% Cl, 2.6-9.4) months; 6- and 12-month OS rates were
44.5% and 30.8%, respectively. The DCR (95% Cl) was 66.7% (22.3-95.7%) for patients with IDH-mutant GBM (n = 6)
and 13.8% (3.9-31.7%) for patients with IDH-wild-type GBM (n = 29). Disease control was seen regardless of PD-L1
expression. Twenty-five patients (71.4%) experienced treatment-related adverse events (grade >3; 17.1% [n = 6]).
Conclusions. The percentage of patients achieving disease control and the manageable safety profile may warrant
further investigation of bintrafusp alfa in GBM.
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Key Points

e Of 35 patients with rGBM treated with bintrafusp alfa, 8 (22.9%) had disease

control.

¢ Disease control was observed in IDH-mutant GBM (66.7%).

e The safety profile was manageable.

Importance of the Study

Treatment options for patients with rGBM are
limited, and historically immunotherapy has
shown minimal efficacy. In this expansion cohort
of 35 patients with rGBM that progressed after
radiotherapy and temozolomide, bintrafusp alfa

Glioblastoma (GBM; grade IV glioma) is the most common
and aggressive type of malignant brain tumor, accounting
for 45% of all gliomas.'-3 Patients diagnosed with GBM have
a poor prognosis; the standard of care for GBM is radio-
therapy plus temozolomide, but recurrence rates are approx-
imately 90%, and less than 10% of patients survive 5 years
after initial diagnosis.'* For patients who experience treat-
ment failure with radiotherapy plus temozolomide, there is
no established standard of care and participation in a clin-
ical trial is strongly recommended."® Studies evaluating
second-line chemotherapy have reported an estimated
12-month overall survival (OS) rate ranging from less than
10% to 34%.58

While there are no identified targeted agents with dem-
onstrated efficacy in GBM, molecular testing has been re-
commended due to potential for treatment options in the
context of a clinical trial." Mutations in isocitrate dehydro-
genase 1 (/IDH1T) orisocitrate dehydrogenase 2 (IDH2) define
a molecular subtype of GBM (/IDH mutant) associated with
longer survival, and the treatment of some patients with
IDH-mutant, low-grade astrocytomas with temozolomide
has been associated with recurrence of hypermutated tu-
mors.*'? Therefore, a few ongoing trials with anti-PD-(L)1
therapies are focused on patients with /DH-mutant recur-
rent gliomas based upon hypermutated tumors being a
promising target for immune checkpoint inhibitors.'>4
There are 2 ongoing phase |l studies of nivolumab in pa-
tients with IDH-mutant recurrent gliomas (NCT03557359
and NCT03718767), as well as a phase Il study investigating
avelumab with hypofractionated radiation therapy in pa-
tients with /IDH-mutant GBM (NCT02968940), which closed
due to slow accrual.’®"®The poor prognosis and the lack of
available treatments underscore the unmet need for effec-
tive therapies for all patients with recurrent GBM (rGBM),
including those with IDH mutation.

The transforming growth factor-$ (TGF-) pathway
can promote tumor progression and immune evasion
in the tumor microenvironment via regulatory effects
on immune cells and by impacting processes such as

1200 mg every 2 weeks demonstrated disease
control in 8 patients with rGBM (DCR; 22.9%),
with a manageable safety profile. These results
support further investigation of bintrafusp alfa
in larger studies of patients with rGBM.

angiogenesis, fibrosis, and epithelial-mesenchymal tran-
sition.’®'7 The TGF-f pathway is involved in glioma de-
velopment and progression, and TGF-f has been shown
to be overexpressed in malignant glioma tissues.'8-20
Thus, inhibiting TGF-f activity in the tumor microenvi-
ronment while simultaneously blocking an additional
immunosuppressive signaling mechanism, such as the
programmed death 1 (PD-1)/programmed death ligand
1 (PD-L1) pathway, may provide a potentially effective
treatment.

Anti-PD-(L)1 monotherapy has not demonstrated sat-
isfactory clinical benefit in patients with rGBM. In an
exploratory cohort from CheckMate 143, objective re-
sponse rate with nivolumab monotherapy was 11% and
with nivolumab + ipilimumab combination therapy was
0-10%.2" Median progression-free survival (PFS) was
1.9 months with nivolumab monotherapy and 15 to
2.1 months with nivolumab + ipilimumab combinations;
median OS was 10.4 months with nivolumab monotherapy
and 7.3-9.2 months with nivolumab + ipilimumab combin-
ations. In a second cohort of CheckMate 143, nivolumab
monotherapy did not improve PFS or OS compared with
bevacizumab in patients with rGBM (median PFS, 1.5 vs
3.5 months; median OS, 9.8 vs 10.0 months, respectively);
objective response rates were 8% versus 23%.22 No check-
point inhibitors are currently recommended for the treat-
ment of rGBM."

Bintrafusp alfa is a first-in-class bifunctional fu-
sion protein composed of the extracellular domain of
the human TGF-g receptor Il (TGF-BRII or TGF-$ “trap”)
fused via a flexible linker to the C-terminus of each
heavy chain of an IgG1 antibody blocking programmed
death ligand 1 (anti-PD-L1); it is designed to target tu-
mors via colocalized, simultaneous inhibition of 2 key
mechanisms of immunosuppression in the tumor mi-
croenvironment.?®-25 Bintrafusp alfa has demonstrated
antitumor activity and a manageable safety profile in
the dose-escalation part and multiple expansion cohorts
of this phase | trial.?>-2° We report results from a phase
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| expansion cohort of patients with rGBM who received
bintrafusp alfa.

Materials and Methods

NCT02517398 is a phase |, open-label trial investigating
bintrafusp alfa in GBM and other solid tumors, including
non-small-cell lung cancer, cervical cancer, and triple-
negative breast cancer. All enrolled patients provided
written informed consent, and the study protocol was ap-
proved by the institutional review board or independent
ethics committee of each participating institution.

Patients

This expansion cohort includes adult patients (aged
>18 years) with histologically confirmed grade IV rGBM
that progressed after radiotherapy and temozolomide
(at first recurrence of disease). Patients must also have a
Karnofsky Performance Status of >70, life expectancy of
>12 weeks, no allergy to gadolinium-based contrast media,
and received no prior bevacizumab or other anti-vascular
endothelial growth factor or antiangiogenic treatments. An
interval of 212 weeks after the end of prior radiotherapy
was required unless there was either histopathologic con-
firmation of recurrent tumor or new enhancement on mag-
netic resonance imaging (MRI) outside of the radiotherapy
treatment field. Patients were selected regardless of PD-L1
expression level. Relevant exclusions were major surgery
or anticancer treatment within 28 days before the start of
trial treatment, previous malignant disease, significant
acute or chronic infections, active autoimmune disease,
and rapidly progressive disease that, in the opinion of the
investigator, may predispose to inability to tolerate treat-
ment or trial procedures.

Study Design

Patients received bintrafusp alfa 1200 mg every 2 weeks
until confirmed progressive disease (PD), unacceptable
toxicity, or trial withdrawal. Dosing modifications, such as
changes in infusion rate and dose delays, were permitted;
however, dose reductions were not allowed. Premedication
with an antihistamine and paracetamol (acetaminophen)
approximately 30-60 min before each dose of bintrafusp
alfa was mandatory for at least the first 2 infusions and op-
tional afterward.

Outcomes

The primary objective was to assess the disease con-
trol rate (DCR) defined as the proportion of patients with
best overall response of complete response (CR), partial
response (PR), stable disease (SD), or non-CR/non-PD ac-
cording to the Response Assessment in Neuro-Oncology
(RANO) criteria as adjudicated by an independent review
committee (IRC). SD was defined as any best response of

SD with a minimum duration of 6 weeks from baseline
assessment. Non-CR/non-PD was defined as having no
target lesion present at baseline with at least one assess-
ment of stable or decreasing disease. Tumor evaluation
was performed every 6 weeks up to 12 months and then
every 12 weeks until PD. PD was defined as any of the fol-
lowing: >25% increase in sum of the products of perpen-
dicular diameters of enhancing lesions compared with the
smallest tumor measurement obtained either at baseline
(if no decrease) or best response, in patients on stable (in-
cluding patients not on steroids) or increasing doses of
corticosteroids; significant increase in T2/fluid-attenuated
inversion recovery (FLAIR) nonenhancing lesion in patients
on stable (including patients not on steroids) or increasing
doses of corticosteroids compared with baseline scan or
best response after initiation of therapy not caused by co-
morbid events (eg, radiation therapy, demyelination, is-
chemic injury, infection, seizures, postoperative changes,
or other treatment effects); any new lesion; clear clinical
deterioration not attributable to other causes apart from
the tumor (eg, seizures, medication adverse effects, com-
plications of therapy, cerebrovascular events, infection) or
changes in corticosteroid dose; failure to return for evalua-
tion as a result of death or deteriorating condition; or clear
progression of nonmeasurable disease. The secondary
objectives included safety and tolerability of bintrafusp
alfa. Exploratory objectives included best overall response
and PFS according to RANO, and OS. Post hoc analyses
were completed to assess efficacy based on /IDH mutation
status, PD-L1 expression, prior steroid use, prior surgery,
and the relationship between tumor volume and response.

Adverse events (AEs) and laboratory abnormalities
were classified and graded according to National Cancer
Institute Common Terminology Criteria for Adverse Events
v4.03. AEs that had an immune-related cause were iden-
tified using a prespecified list of Medical Dictionary for
Regulatory Activities terms and must have been treated
with corticosteroids, immunosuppressants, or hormonal
therapy and have no other clear etiology. Any AE believed
to be a potential immune-related or potential TGF-p-related
AE®® was considered an AE of special interest.

Statistical Analysis

Efficacy and safety were analyzed in all patients who re-
ceived >1 dose of bintrafusp alfa. DCR was tabulated,
and the 2-sided 95% Clopper-Pearson Cl was constructed.
With 30 patients treated, the study has approximately 97%
power to rule out a < 50% DCR (null hypothesis) when
the true DCR is 80% at the 5% type | error rate (1-sided).
PFS and OS were analyzed using the Kaplan-Meier (KM)
method. Follow-up time was calculated using the KM
method. Safety and tolerability were analyzed using de-
scriptive statistics.

Biomarker Analysis

In a central laboratory, tumor PD-L1 protein expres-
sion was measured by immunohistochemistry staining
of formalin-fixed, paraffin-embedded blocks with a
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proprietary assay (Dako) using the anti-PD-L1 monoclonal
antibody clone 73-10. Tumors were categorized based
on the proportion of tumor cells expressing PD-L1 ac-
cording to a threshold of 1% as positive (>1%) or negative
(<1%).?” The methods for evaluating tumor gene expres-
sion for immune cells and cytokines are described in the
Supplementary Material.

Volumetric Analysis

Two reviewers retrospectively undertook independent
3D volumetric analysis of baseline tumor volumes in
baseline MRI scans of patients in this trial. Differences
in results were resolved by consensus or adjudica-
tion by a third investigator (A.M.S.). Manual segmenta-
tion of the MRI brain scans was performed using MIM
Maestro (MIM Software Inc.) under the direction of 2
experienced neuro-oncological radiologists. All patient
scans were manually segmented on MRIs of 5-mm thick-
ness. Segmentation was performed on postgadolinium
T1-weighted images (T1wGd) and FLAIR sequences, with
precontrast T1 sequences reviewed but not segmented.
All nonartifactual FLAIR abnormalities, including sus-
pected edema, were segmented on the FLAIR sequence,
with only enhancing disease segmented on T1wGd. The
surgical cavity, cysts, and necrosis were not included in
measurements, per RANO criteria.?’ In cases of multiple
foci of disease, all regions of interest were segmented.
For each case, volumetric data on T1wGd and FLAIR im-
ages were documented. Enhancing tumor volume was
categorized into quartiles and greater than or less than
15 cm3. The baseline tumor cutoff of 15 cm?® was estab-
lished to align with previously reported data.3?-34

Role of the Funding Source

Merck KGaA, Darmstadt, Germany, provided the study
drug and worked with investigators on the trial design
and plan, collection and analysis of data, and interpreta-
tion of results. Funding for a professional medical writer
with access to the data was provided by Merck KGaA and
GlaxoSmithKline.

Results
Baseline Demographics and Treatment Exposure

From October 4, 2016, to January 23, 2017, 47 patients
were screened for this trial, of whom 35 were enrolled and
treated with bintrafusp alfa. Baseline characteristics are
summarized inTable 1. As of the database cutoff on August
24, 2018, KM median follow-up time was 19.7 months
(range, 0.8-20.5). Median duration of treatment was
1.8 months (range, 0.5-20.7). Of 4 patients who remained
on treatment at database cutoff (duration of treatment,
19.3-20.7 months), 1 patient was still on treatment at a fol-
low-up cutoff on May 15, 2020 (KM median follow-up time,
39.6 months).

Table 1. Patient Baseline and Disease Characteristics

Characteristic N=35
Median age, years (range) 57 (28-75)
Sex, n (%)
Male 24 (68.6)
Female 11 (31.4)
ECOG performance status, n (%)?
0 12 (34.3)
1 22 (62.9)
2 1(2.9)
Prior anticancer regimens, n (%)
1 32(91.4)
2 2(5.7)
3 1(2.9)
Prior systemic steroid use, n (%) 18 (51.4)
Median time since initial GBM diagnosis, 14.5 (4.5-50.2)
months (range)
IDH mutation status, n (%)
Positive 6(17.1)
Negative 29 (82.9)
PD-L1 tumor expression, n (%)
Positive (1% tumor cells) 24 (68.6)
Negative (<1% tumor cells)® 11 (31.4)
Subsequent anticancer treatment, n (%)?
Any 11 (31.4)
Cytotoxic therapy 8(22.9)
Bevacizumab 7 (20.0)
Tumor volume at baseline, n (%)
<15cm? 12 (34.3)
>15 cm? 20 (57.1)
N/A 3(8.6)
Maximum dexamethasone-equivalent dose,
n(%)®
None 17 (48.6)
<2 mg 6(17.1)
>2-4mg 4(11.4)
>4 mg 8(22.9)
Any surgery prior to initiation of study therapy,
n (%)
Gross total resection 15 (42.9)
Subtotal resection 15 (42.9)
Biopsy 2(5.7)
Unknown 1(2.9)
None 2(5.7)

ECOG, Eastern Cooperative Oncology Group; GBM, glioblastoma; IDH,
isocitrate dehydrogenase.

aRecorded on week 1, day 1, and was not used as an inclusion cri-
terion. PReceived between screening and initial dose of bintrafusp
alfa. °Four of 6 patients with /DH-mutant tumors had PD-L1-negative
tumors. 9Five patients received >1 therapy.
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Efficacy

As of August 24, 2018, 8 patients (22.9% [95% confidence
interval [Cl], 10.4-40.1]) experienced disease control, with
response assessed per RANO criteria, as adjudicated by
the IRC; among these patients, 2 had a PR, 4 had SD, and 2
had non-CR/non-PD (Figure 1). At data cutoff, 1 patient who
experienced a PR was still in response 19.3 months after
start of treatment, and the other patient experienced a PD
at 19.3 months (Figure 2). Both patients remained on treat-
ment at data cutoff. Per investigator, one of the patients
also had a best overall response (BOR) of PR, while the
other was assessed to have a BOR of SD (Supplementary
Figures 1 and 2).The 4 patients with SD had PFS of 2.3, 4.2,
5.4, and 16.2 (censored) months and duration of SD lasting
1.4, 2.7, 4.4, and 16.2 months from time of first dose, re-
spectively; per investigator, 3 of these patients had BOR of
SD and one was assessed to have PD.The 2 patients who
had a best response of non-CR/non-PD per IRC were rated
as SD by the investigator; both patients had measurable
disease per investigator that could not be confirmed by the
IRC (Supplementary Figure 1).

Median PFS by IRC and median OS were 1.4 months
(95% Cl, 1.2-1.6 months) and 5.3 months (95% ClI, 2.6-
9.4 months), respectively (Figure 3A; Supplementary
Figure 3).The 6-, 12-, and 18-month PFS rates were 15.1%,
11.3%, and 11.3%, respectively. The 6-, 12-, and 18-month
OS rates were 44.5%,30.8%, and 27.4%, respectively.

A post hoc observation revealed improved outcomes for
patients with /DH mutation compared with patients with
IDH-wild-type disease. DCR was 66.7% (4 of 6, including
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2 PRs, 1 SD, and 1 non-CR/non-PD) for patients with IDH
mutation versus 13.8% (4 of 29) for patients with IDH-
wild-type disease. Median PFS was 13.0 months (95% Cl,
1.3 months to not reached [NR]) versus 1.3 months (95% Cl,
1.2-1.4 months). Median OS was NR (95% ClI, 7.2 months to
NR) versus 3.7 months (95% Cl, 2.4-6.7 months; Figure 3B).
Disease control was observed irrespective of PD-L1 expres-
sion (Table 2). DCR was 16.7% (4 of 24, including 1 PR) for
patients with PD-L1-positive tumors versus 36.4% (4 of 11,
including 1 PR) for patients with PD-L1-negative tumors.
Four of 6 patients with /DH-mutant tumors had PD-L1-
negative tumors. Median PFS was 1.3 months (95% Cl, 1.2-
1.6 months) versus 1.4 months (95% ClI, 1.2-19.3 months)
for PD-L1-positive versus PD-L1-negative tumors, respec-
tively. Supplementary Table 1 provides treatment out-
comes by individual patient baseline characteristics.

PFS and OS were also assessed by steroid treatment re-
ceived between screening and initial dose of bintrafusp
alfa (steroids vs no steroids) and prior surgery in a post
hoc analysis. The median PFS in patients who received
steroids (n = 18) between study screening and first dose
of bintrafusp alfa was 1.3 months (95% Cl, 1.2-1.6 months)
compared with 1.4 months (95% Cl, 1.3-4.2 months) in pa-
tients who did not receive steroids (n=17) (Supplementary
Table 2). The median OS in these same patients was
2.5 months (95% ClI, 1.7-5.5 months) and 9.4 months (95%
Cl, 5.1 months-NR), respectively. Also, patients who under-
went biopsy before trial enrollment had a median PFS of
4.2 months (95% Cl, NR-NR) and a median OS of 5.6 months
(95% ClI, 3.7-7.5 months).Those who had a gross total resec-
tion or subtotal resection had a median PFS of 1.4 months
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Change in sum of products of diameters assessed by IRC?. @ Fifteen of the 35 patients are not displayed in the figure due to reasons

including non-evaluable disease (n = 1), non-complete response/non-progressive disease (non-CR/non-PD; n = 2), or absence of post-baseline
target lesion measurements (n = 12). ® Patients with /DH-mutant glioblastoma (GBM). ¢ Patient with /DH-mutant GBM. This patient was assessed
by independent reviewers as having equivocal progressive disease on day 39 prior to attaining a partial response according to RANO criteria at day
249, which permit a partial response after progressive disease that is not unequivocal. The last dose of radiotherapy was given 5.4 months prior to
the first dose of bintrafusp alfa. IDH, isocitrate dehydrogenase; NE, not evaluable; PD, progressive disease; PR, partial response; SD, stable disease.
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Figure 2. Duration of response per patient assessed by IRC. @ The patient was assessed by independent reviewers as having equivocal progres-
sive disease on day 39 prior to attaining a partial response according to RANO criteria at day 249, which permit a partial response after progressive
disease thatis not unequivocal. The last dose of radiotherapy was given 5.4 months prior to the first dose of bintrafusp alfa. IRC, independent review

committee; PD, progressive disease; PR, partial response.

(95% Cl, 1.0-1.4 months and 1.1-2.7 months, respectively)
and a median OS of 7.2 months (95% CI, 1.9 months-NR)
and 5.3 months (95% Cl, 1.7-14.0 months), respectively.

Post hoc analyses revealed trends between the ex-
pression of genes associated with both the immune
and the TGF-$ pathways and response to bintrafusp alfa
treatment; however, none were statistically significant
(Supplementary Figure 4A-H).

Post Hoc Volumetric Analysis

IDH mutation status did not correlate with baseline
enhancing tumor volume or sum of the products of per-
pendicular diameters (Supplementary Figure 5). The DCRs
in patients with enhancing tumor volume of <15 cm? and
>15 ¢cm?® were 25.0% (95% Cl, 5.5-57.2%) and 25.0% (95%
Cl, 8.7-49.1%), respectively.The median OS rates were 14.0
and 2.7 months, respectively, and 12-month OS rates were
50.9% and 17.3%, respectively. Patients were also categor-
ized into quartiles based on sum of products of perpendic-
ular diameters and enhancing tumor volume. The median
OS in patients less than or equal to the lower limit of quar-
tile 1 (<Q1) of the sum of products of perpendicular diam-
eters, >Q1 and <Q2, >Q2 and <Q3, and >Q3 were 5.3, 5.1,
5.2, and 2.4 months, respectively (Supplementary Figure
6). In terms of enhancing tumor volume, the median OS in
patients less than or equal to the lower limit of Q1, >Q1 and
<Q2, >Q2 and <£Q3, and >Q3 were not reached, 7.5, 2.5, and
2.0 months, respectively (Supplementary Figure 7); the re-
spective 12-month OS rates were 72.9%, 29.2%, 0%, and
16.7%.

Safety

The most common treatment-related AEs (TRAEs) were
gingival bleeding (17.1%), asthenia (14.3%), rash (11.4%),
rash maculopapular (11.4%), and pruritus (11.4%) (Table 3).
TRAEs of grade > 3 occurred in 6 patients (17.1%). Grade
3 TRAEs were anemia, diarrhea, alanine aminotransferase
increased, amylase increased, lipase increased, eczema,
papule, and rash papular (observed in 1 patient each
[2.9%]). One patient experienced a grade 4 asymptomatic
lipase increased. One patient died due to intracranial
tumor hemorrhage in the setting of disease progression,
which was assessed by the investigator as related to
bintrafusp alfa; the patient had entered the trial with dis-
ease evidenced by a large tumor and baseline incom-
plete hemiplegia while receiving prophylactic enoxaparin.
Clinical review identified 4 additional patients (total n=5
[14.3%]) who experienced intratumoral or intracranial
bleeding events (Supplementary Table 3). All events oc-
curred in the setting of PD, and 4 of 5 were fatal. All cases
were reviewed in detail (including radiographic imaging at
baseline and after the event) with independent external ad-
visors/neuro-oncologists, who concluded that these events
were not unexpected given advanced disease and there-
fore did not constitute a specific safety signal. Of note, in
all cases, the hemorrhage occurred within new lesions
attributed to PD. The bleeding events occurred between
2 and 17 days after the last dose of bintrafusp alfa, and 2
of the 5 patients were receiving anticoagulants (for deep
vein thrombosis prophylaxis and previous pulmonary em-
bolism). One patient had withdrawn consent following di-
agnosis of intratumoral hemorrhage in new lesions (PD),
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Figure 3. Overall survival in the overall population (A) and by /DH status (B). IDH, isocitrate dehydrogenase; NR, not reached; 0S, overall survival.

and no further information could be obtained. TRAEs
leading to treatment discontinuation occurred in 3 patients
(8.6%, grade 3 diarrhea and grade 1 rash [n = 1], grade 3
increased alanine aminotransferase levels [n = 1], and
death due to intratumoral hemorrhage [described above]
[n=1]). Five patients (14.3%) experienced immune-related
AEs (immune-related colitis [n = 1], immune-related
endocrinopathies: thyroid disorder [n = 2], and immune-
related rash [n = 5]), with 2 patients experiencing grade 3
events (immune-related colitis and immune-related rash)
and no grade 4 or 5 events (Supplementary Table 4). Four
patients (11.4%) experienced potentially TGF-p-related skin
lesions, such as those that have been reported with other
TGF-B inhibitors,® including keratoacanthomas (n = 2),
basal cell carcinoma (n=1), and squamous cell carcinoma
of skin (n=1); these lesions were well managed with emol-
lients and surgical excision as needed and did not require
any patient to discontinue treatment.

Discussion

Bintrafusp alfa demonstrated a manageable safety pro-
file and activity in this cohort of 35 patients with rGBM,

a population who, historically, have had limited treat-
ment options following radiotherapy plus temozolomide.
The DCR was 22.9% per IRC assessment, with durable
responses in 2 patients with confirmed PRs and PFS ran-
ging from 2.3 months to 16.2 months in the 4 patients with
SD. In patients with /DH mutation (n = 6), DCR was 66.7%
(including the 2 patients with a PR) and 13.8% in patients
with IDH-wild-type disease (n = 29). In a study of the TGF-
B inhibitor galunisertib, a numerically improved median
OS was observed in 8 patients with IDH R132H mutation-
positive rGBM compared with those with IDH7-wild-type
tumors (n = 108; 10.4 vs 6.9 months); however, this differ-
ence was not statistically significant.®® Three of the 7 pa-
tients with IDH R132H mutation-positive rGBM treated with
galunisertib or galunisertib plus lomustine had SD and
one patient had PR; the remaining patient received pla-
cebo plus lomustine.3¥ With bintrafusp alfa, the median OS
was 5.3 months, and the 6- and 12-month OS rates were
44.5% and 30.8%, respectively.The 12-month OS rate seen
in this phase | study compares favorably to rates reported
for second-line chemotherapy in a phase Il, phase lll, and a
retrospective single institution study.® DCR was selected
as a prespecified primary endpoint in order to help con-
textualize the previously reported data with other immuno-
therapies in GBM. While DCR is used in other ongoing
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Table 2. Preliminary Efficacy Parameters by IRC and Investigator per RANO

Outcome (N = 35)
BOR, n (%)
CR
PR
SD?
Non-CR/Non-PD
PD
NE
DCR, n (%) [95% CI]
All
PD-L1 positive (>1% tumor cells)
PD-L1 negative (<1% tumor cells)
IDH mutant
IDH wild-type
Median PFS, months (95% CI)

By IRC

0

2 (5.7)
4(1.4)
2(5.7)
25 (71.4)
2 (5.7)b

8(22.9) [10.4-40.1]
4/24 (16.7) [4.7-37.4]
4/11 (36.4) [10.9-69.2]
4/6 (66.7) [22.3-95.7]
4/29 (13.8) [3.9-31.7]

By Investigator

0

1(2.9)
8(22.9)
0

22 (62.9)
4 (11.4)°

9(25.7) [12.5-43.3]
4/24 (16.7) [4.7-37.4]
5/11 (45.5) [16.7-76.6]
4/6 (66.7) [22.3-95.7]
5/29 (17.2) [5.9-35.8]

All 1.4 (1.2-1.6) 1.4 (1.2-1.6)

PD-L1 positive (>1% tumor cells) 1.3(1.2-1.6) 1.3 (1.2-1.5)

PD-L1 negative (<1% tumor cells) 1.4 (1.2-19.3) 1.4 (1.2-5.4)

IDH mutant 13.0 (1.3-NR) 11.3 (1.3-NR)
IDH wild-type 1.3 (1.2-1.4) 1.3 (1.2-1.4)

Median OS, months (95% Cl)

All 5.3 (2.6-9.4)

IDH mutant NR (7.2-NR)

IDH wild-type 3.7 (2.4-6.7)

BOR, best overall response; CR, complete response; DCR, disease control rate; IDH, isocitrate dehydrogenase; IRC, independent review committee;
NE, not evaluable; NR, not reached; 0S, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; RANO,

Response Assessment in Neuro-Oncology; SD, stable disease.

aDefined as a minimum duration of 6 weeks from baseline assessment. ®Includes 1 patient with no IRC review due to no postbaseline assessments
and 1 patient classified as having no target lesions. ¢Includes the 2 patients with NE per IRC in addition to 2 patients with all postbaseline assess-

ments of NE per investigator, which were classified as PD per IRC.

clinical trials in GBM, it is not a validated endpoint per
RANO guidelines and is therefore a potential limitation of
this study.

The median OS and 12-month OS rates in patients with
enhancing tumor volume of <15 cm3 suggest that pa-
tients with smaller tumors (ie, those <15 cm3) experience
greater benefit with bintrafusp alfa treatment. When ana-
lyzed by quartile, patients in the lower quartiles had higher
median OS and 12-month OS rates; however, these data
warrant further investigation due to the lack of a control
arm. Additionally, this small sample contained several
patients with high tumor volume. The volumetric anal-
ysis used 3D measurements, which have been shown to
be more predictive of survival in recurrent gliomas com-
pared with unidimensional and bidimensional measure-
ments.®’ Patients with a history of gross total resection
experienced longer median OS than patients with a his-
tory of biopsy. Conversely, patients with a history of bi-
opsy experienced longer median PFS. A survival benefit
was observed among patients who were not on steroids at
baseline. This is consistent with another study evaluating

steroid use with immune checkpoint inhibitors in glioblas-
toma.38 Disease control was also observed irrespective of
PD-L1 expression. Notably, higher PD-L1 expression (at
any cutoff or in any compartment—tumor cell staining, im-
mune cell staining, or both) did not enrich outcomes for
responders in this cohort. Potential limitations of PD-L1
immunohistochemistry testing include the changes in
PD-L1 expression over time and limited tissue sampling
that may not be representative of the entire tumor.%® In this
study, the status observed from archival tissue may not
accurately reflect the status at tumor progression/study
initiation. It is possible that the activity observed in these
patients treated with bintrafusp alfa is due to the unique
immune microenvironment of IDH-mutant glioma.*° In this
study, 17.1% of patients had /IDH-mutant GBM; previously
reported rates from other studies ranged from 3.7% to
18.8%.593541 These results should be viewed as hypothesis
generating, and larger studies are needed.

Bintrafusp alfa’s safety profile was manageable and
similar to that of anti-PD-(L)1 antibodies,?'?24" except for
potentially TGF-p-related AEs, including skin lesions and
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Table 3. Treatment-Related AEs Occurring at Any Grade in >5% of Patients or at Grade >3 and AEs of Special Interest

N=35 Any Grade Grade 3 Grade 4 Grade 5

TRAE 25 (71.4) 5(14.3) 1(2.9) 1(2.9)
Gingival bleeding 6(17.1) 0 0 0
Asthenia 5(14.3) 0 0 0
Rash 4(11.4) 0 0 0
Rash maculopapular 4(11.4) 0 (0] 0
Pruritus 4 (11.4) 0 0 0
Rash papular 3(8.6) 1(2.9) 0 0
Arthralgia 3(8.6) 0 0 0
Diarrhea 2(5.7) 1(2.9) 0 0
Keratoacanthoma 2(5.7) 0 0 0
Eczema 2(5.7) 1(2.9) 0 0
Anemia 1(2.9) 1(2.9) 0 0
Alanine aminotransferase increased 1(2.9) 1(2.9) 0 0
Amylase increased 1(2.9) 1(2.9) 0 0
Lipase increased 1(2.9) 1(2.9) 1(2.9) 0
Intracranial tumor hemorrhage 1(2.9) 0 0 1(2.9)
Papule 1(2.9) 1(2.9) 0 0

Any AESI
Skin lesions 4(11.4) 0 0 0
Any immune-related adverse event 5(14.3) 2(5.7) 0 0
Immune-related rash 5(14.3) 1(2.9) 0 0
Immune-related endocrinopathies: thyroid disorders 2(5.7) 0 0 0
Immune-related colitis 1(2.9) 1(2.9) 0 0

Data are n (%) in the safety set.
AESI, adverse event of special interest; TRAE, treatment-related adverse event.

gingival bleeding; these types of lesions have been ob-
served with other TGF-§ inhibitors (eg, fresolimumab),
were readily managed, and did not require treatment
discontinuation.*? One event leading to death occurred
(intratumoral hemorrhage) and was assessed by the
investigator as treatment related in conjunction with
disease progression, and 3 patients discontinued treat-
ment due to TRAEs. Five patients (14.3%) experienced
intratumoral or intracranial bleeding events in the setting
of PD. In all cases, the hemorrhage occurred within new
lesions attributed to PD. This rate is similar to rates of in-
tracranial hemorrhage reported in patients with primary
brain tumors, such as GBM, receiving various treatment
regimens including radiation, surgery, chemotherapy,
or antiangiogenic agents; rates ranging from 2.6% to
13.6% have been reported for patients not receiving
anticoagulation and from 15.5% to 28.1% for patients re- .
ceiving anticoagulation treatment.4344 While the incidence Supplementary Material
of fatal intratumoral or intracranial bleeding events was
higher in this study compared with other clinical trials (0
to <1%) in rGBM, some of the comparator studies only re-
ported adverse events deemed related to treatment, 8214145
whereas this study reported any treatment-emergent
bleeding events. Bleeding events in this study occurred in Keywords

the setting of PD, which is consistently reported as the pri-

mary cause of death in rGBM studies.?'41:45 bintrafusp alfa | glioblastoma | M7824 | PD-L1 | TGF-B

Conclusions

Due to its poor prognosis and the lack of treatment op-
tions, rGBM remains an area of unmet need. The previ-
ously reported activity of immune checkpoint inhibitors
in patients with this disease is modest at best. The conclu-
sions of this study are limited based on the small sample
size and lack of control group. Therefore, the safety and
preliminary efficacy signals presented herein may warrant
further investigation of bintrafusp alfa in GBM, as well as in
IDH-mutant gliomas; it further supports the development
of biomarkers and novel imaging assessments to better
understand which patients will derive clear clinical benefit.

Supplementary material is available at Neuro-Oncology
Advances online.
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