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ABSTRACT

Background Options remain limited for patients requiring
later lines of therapy for metastatic non-small cell lung
cancer (mNSCLC) due to poor prognosis and potential
toxicities. Therefore, trials of novel combinations of
existing therapeutic candidates are warranted. Here, we
report robust interim analysis results from the MORPHEUS-
Lung study in immune checkpoint inhibitor (CPI)-exposed
patients with non-squamous mNSCLC and without
targetable gene mutations.

Methods MORPHEUS-Lung enrolled patients with
disease progression during or following treatment with a
platinum-containing regimen and a PD-L1/PD-1 immune
CPI, given in combination as one line or as two separate
lines of therapy, regardless of PD-L1 expression. The
primary efficacy endpoint was objective response rate
(ORR). Secondary efficacy endpoints included progression-
free survival, duration of response, disease control

rate, overall survival, and safety; exploratory endpoints
included biomarkers. Patients were randomized to the
atezolizumab-+bevacizumab+non-ablative stereotactic
body radiotherapy (SBRT), atezolizumab-+bevacizumab, or
docetaxel (control) arms and included in this analysis.
Results At data cut-off (August 28, 2024),

121 patients were randomized and treated:
atezolizumab-+bevacizumab+SBRT (n=42),
atezolizumab-+bevacizumab (n=40), and docetaxel (n=39).
Confirmed ORR was 16.7% (6/36), 20.0% (8/40), and
12.8% (5/39) in the atezolizumab-+bevacizumab+SBRT,
atezolizumab-+bevacizumab, and docetaxel (control)

arms, respectively; one patient (2.5%) in the
atezolizumab-+bevacizumab arm had a complete response.
Grade>3 adverse events (AES) occurred in 47.6% (20/42)
of patients receiving atezolizumab-+bevacizumab+SBRT,

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Patients with metastatic non-small cell lung cancer
who experienced disease progression have limited
treatment options with docetaxel still considered the
standard-of-care treatment for checkpoint inhibitor-
exposed patients.

WHAT THIS STUDY ADDS

= The MORPHEUS-Lung study allowed for the quick
study of several potential treatments for these
patients. Results from this analysis suggest that
atezolizumab-+bevacizumab, with or without ste-
reotactic body radiotherapy, could improve efficacy
outcomes compared with docetaxel with expected
safety outcomes.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These combinations are potentially chemotherapy-
free options for patients requiring treatment in
the second line and beyond and warrant further
exploration.

45.0% (18/40) receiving atezolizumab-+bevacizumab,
and 64.1% (25/39) receiving docetaxel. AEs leading to
discontinuation of any treatment occurred in 14.3%

of patients in the atezolizumab-+bevacizumab+SBRT
arm, 7.5% in the atezolizumab-+bevacizumab arm, and
15.4% in the docetaxel (control) arm. There were no clear
correlations of response or survival benefit with PD-L1
expression or immune phenotype.

Conclusions Results from this interim analysis suggest
that atezolizumab+bevacizumab, with or without SBRT,
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showed evidence of numerically improved efficacy outcomes compared
with docetaxel, with a trend toward a benefit in both the primary and
secondary resistance settings. Safety was consistent with the known
profiles of the individual drugs, with increased toxicity observed when
SBRT was added to atezolizumab+bevacizumab.

INTRODUCTION

Lung cancer remains the leading cause of cancer deaths
globally and is the most common cancer in both men
and women, accounting for approximately 13% of all
new cancers." Non-small cell lung cancer (NSCLC) is
the predominant subtype of lung cancer (approximately
85% of all cases),” and the two most common histologic
types are adenocarcinoma (more than 50% of NSCLCs)
and squamous cell carcinoma (approximately 25% of
NSCLCs).” * Genetic changes known to have prognostic
and/or predictive significance in NSCLC include muta-
tions in EGFR gene and rearrangements in the ALK,
NTRK, or ROS genes.‘:’_7

For patients with non-squamous metastatic NSCLC
(mNSCLC), without oncogenic driver mutations, regard-
less of programmed death-ligand 1 (PD-LI) status and,
standard-of-care firstline therapy includes an immune
checkpoint inhibitor (CPI; single-agent or dual-agent
(anti-PD1+anti-CTLA4)) with or without chemotherapy,
chemotherapy alone,® or a combination of atezolizumab-
bevacizumab-carboplatin-paclitaxel.”  The  standard-
of-care firstline therapy for patients with high PD-L1
expression is single-agent CPIs such as pembrolizumab,
cemiplimab, and atezolizumab.”"" The choice of agent
for treatment of non-squamous mNSCLC in the second-
line setting and beyond largely depends on the treatment
a patient received in the firstline setting.” Pemetrexed,
docetaxel, nivolumab, atezolizumab, and pembroli-
zumab are approved second-line agents in non-squamous
NSCLC without targetable driver mutations or rearrange-
ments.'”” Docetaxel is considered the standard-of-care
treatment for immune CPl-exposed patients.” The overall
5-year survival rate for mNSCLC is 14.3% in the immuno-
therapy era vs 9% in the non-immunotherapy era'® Given
the relatively poor prognosis, limited treatment options,
and potential toxicities associated with treatments for
patients with CPI-exposed non-squamous rnNSCLC,14
there is a need for additional treatment options. Thus,
trials of novel combinations of existing therapeutic candi-
dates are warranted.

The MORPHEUS platform, which is composed of
multiple global, open-label, randomized, phase Ib/II
umbrella studies, was designed to accelerate development
of novel cancer treatment combinations by identifying
early efficacy and safety signals and establishing proof-of-
concept data in small patient cohorts with different types
of cancers."” '® These phase Ib/II umbrella studies feature
an adaptive design that allows a single control arm to be
compared with multiple experimental arms and provides
the flexibility to open new or close existing treatment

15-1
arms. 518

Some of the mnovel therapeutic combinations
that were studied in MORPHEUS-Lung were
atezolizumab-+bevacizumab+immune-modulating  non-
ablative stereotactic body radiotherapy (SBRT) and
atezolizumab+bevacizumab. Combinations with bevaci-
zumab were explored because bevacizumab can promote
the normalization of tumor vasculature and thereby
increase access of therapeutic agents.'? In addition, beva-
cizumab is known to have immunomodulatory proper-
ties,” and it has been shown that the anti-tumor activity
of atezolizumab increased when combined with bevaci-
zumab.?' Although radiotherapy by itself is insufficient to
generate therapeutically effective anti-tumor immunity,
radiotherapy can work in synergy with immunotherapy to
generate T cells that reject not only the irradiated tumor
but also the metastases outside of the field of radiation.*®

Here, we report results from an interim analysis of effi-
cacy and safety, as well as exploratory biomarker data,
of the atezolizumab+tbevacizumab+SBRT, atezolizum-
ab+bevacizumab, and docetaxel (control) arms only,
from MORPHEUS-Lung study Cohort 2 (patients with
non-squamous mNSCLC who had received prior immune
CPI therapy).

METHODS

Study design

MORPHEUS-Lung (NCT03337698) is a phase Ib/
II, open-label, multicenter, randomized, controlled,
umbrella study in mNSCLC. Cohort 2 includes multiple
treatment arms and consists of patients who experienced
disease progression during or following treatment with a
platinum-containing regimen and a PD-L1/programmed
cell death protein 1 (PD-1) immune CPI, given in combi-
nation as one line of therapy or as two separate lines of
therapy, regardless of PD-L1 expression.

Eligible patients were initially randomized to one of
several treatment arms or the control arm (stage 1).
Patients who experienced disease progression, loss of
clinical benefit, or unacceptable toxicity during stage 1
were eligible to continue treatment with a different treat-
ment regimen (stage 2). Enrolment of approximately 40
patients in each experimental arm occurred in a prelim-
inary phase, potentially followed by an expansion phase
whereby approximately 25 additional patients could
be enrolled if clinical activity was observed during the
preliminary phase.

Patients

Eligible patients in cohort 2 included those who were
18 years of age or older and had an Eastern Coopera-
tive Oncology Group performance status of 0 or 1 with
histologically or cytologically confirmed non-squamous
or squamous mNSCLC. Patients with squamous histology
were excluded from study arms containing bevacizumab.
Eligible patients had measurable disease as defined by
Response Evaluation Criteria in Solid Tumors (RECIST
1.1) and disease progression during or following
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combination or sequential therapy (given as one line
of therapy or as two separate lines) with a platinum-
containing regimen and a PD-L1/PD-1 inhibitor. Patients
could not take part in the study if they had an activating
mutation in EGFR or an ALK or ROS rearrangement, prior
treatment with any of the protocol-specified study treat-
ments, or prior treatment with a T-cell co-stimulating
therapy or immune CPI other than a PD-L1/PD-1 inhib-
itor and anti-CTLA-4 antibodies. Patients with immune
CPI or biologic treatment less than 2 weeks prior to
study treatment initiation, or other systemic NSCLC
treatment less than 2 weeks or five half-lives of the drug
(whichever was longer) prior to study treatment initiation
were also excluded, as were those treated with investiga-
tional therapy less than 28 days prior to study treatment
initiation.

Patients eligible for atezolizumab+bevacizumab with
lesions where SBRT could be safely applied were eligible
for atezolizumab+bevacizumab+SBRT. If patients who
were randomized to the atezolizumab+bevacizum-
ab+SBRT arm were not able to start treatment with
SBRT due to clinical/technical reasons (eg, contraindi-
cation for SBRT, ie, detected after randomization), these
patients were allowed to skip SBRT and start treatment
with atezolizumab+bevacizumab and were excluded from
the efficacy population.

Masking and randomization

Eligible patients were randomly assigned to a treatment
arm using an interactive voice or web-based response
system (IxRS). A permuted-block randomization method
was used with dynamically changing randomization ratios
to account for fluctuation in treatment arm numbers over
the course of the study. An external company hosted the
IxRS and generated the random allocation sequence.
This study was an open-label study, and no blinding or
masking of the treatment arms was applied.

Interventions and assessments

Atezolizumab was administered via intravenous infusion
at 1200mg on day 1 of each 21-day cycle until unaccept-
able toxicity or loss of clinical benefit. Bevacizumab was
administered at 15mg/kg intravenous on day 1 of each
21-day cycle until unacceptable toxicity or loss of clin-
ical benefit. SBRT was administered prior to atezoli-
zumab+bevacizumab three fractions of 8 Gy completed
within 21 days (+5days) of consent. Only photon (X-ray)
beams with photon energies of at least 6 MV were allowed;
charged particle beams (including electrons, protons,
and heavier ions) were not allowed. Patients entered
into the SBRT arm may have had any number of active
lesions. Anywhere from one to five lesions, with 1 to 5cm
diameters, could be irradiated. Brain lesions, lesions
abutting organs at risk, and lesions treated with radio-
therapy within the last 6 months were not to be radiated.
Each participating site sent a benchmark treatment plan
to the Medical Monitor to ensure compliance with the
protocol. The sponsor provided computer tomography

datasets as a basis for the benchmark treatment plan.
SBRT dose delivery was confirmed by local physics staff.
Prior to treatment, each patient was discussed at quality
assurance rounds or peer-reviewed by a radiation oncol-
ogist with SBRT expertise at the site, as per institutional
guidelines. Docetaxel was administered at 75 mg/m?
intravenous over 60min on day 1 of each 21-day cycle.
Irradiated lesions were included in the evaluation of
objective response rate (ORR) since the primary goal
was to optimize the response to immune checkpoint
blockade as opposed to directly shrinking lesions. Tumor
assessments were performed at baseline, every 6 weeks
(x1week) for the first 48 weeks after treatment initiation
and then every 12 weeks (+2 weeks), regardless of dose
delays, until radiographic disease progression according
to RECIST 1.1.

Endpoints

The primary efficacy endpoint was ORR per RECIST 1.1 as
assessed by the investigator. Secondary efficacy endpoints
included progression-free survival (PFS), duration of
response (DOR), disease control rate (DCR; all according
to RECIST 1.1), and overall survival (OS). Safety was a key
endpoint; exploratory endpoints included biomarkers.

Statistical analyses
Unless otherwise specified, efficacy analyses were based on
the efficacy-evaluable population, defined as all patients
who received at least one dose of each drug for their
assigned treatment regimen. Other analyses were based
on the safety-evaluable population, defined as all patients
who received any amount of study treatment. Results
were summarized by the treatment that patients actually
received. The study was not designed to make explicit
power and type I error considerations for a hypothesis
test, but to obtain preliminary efficacy, safety, and PK data
for atezolizumab treatment combinations in patients with
mNSCLC. A sample size of approximately 40 patients per
experimental arm was considered sufficient to generate
preliminary efficacy and safety signals to detect clinically
meaningful effects. Decisions regarding further devel-
opment of a treatment combination were informed by
calculating the Bayesian posterior probability of the true
difference in ORR between the experimental and control
arms. If the posterior probability was sufficiently high
(eg, >70%) that the ORR difference was greater than a
threshold value (eg, >10%), additional development
could be warranted after taking into account the totality
of available data for the specified treatment combination.
Best confirmed overall response (based on at least two
scans) was assigned as complete response (CR), partial
response (PR), stable disease (SD), progressive disease
(PD), or not evaluable as determined by the investigator
according to RECIST 1.1. ORR, defined as the propor-
tion of patients with best confirmed CR or PR, was calcu-
lated for each arm, along with 95% CIs (Clopper Pearson
method). The differences in ORR between the experi-
mental arms and the corresponding control arm were
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calculated, along with 95% CIs (constructed using normal
approximation to the binomial distribution). Patients
with missing or no response assessments were classified
as non-responders. Median PFS, OS, and DOR were esti-
mated using the Kaplan-Meier method (95% Cls: Brook-
meyer and Crowley method). OS rates at specific time
points were estimated using the Kaplan-Meier method
with 95% CIs calculated based on the Greenwood esti-
mate for the variance. PFS was defined as the time from
randomization to the first occurrence of disease progres-
sion or death from any cause, whichever occurred first.
OS after randomization was defined as the time from
randomization to death from any cause. DOR was defined
as the time from the first occurrence of a documented
objective response to disease progression or death from
any cause, whichever occurred first. DCR, defined as the
proportion of patients with SD for 212 weeks, a PR, or
a CR, was calculated for each arm along with 95% CIs
(Clopper-Pearson exact method).

Primary and secondary resistance to immune CPIs were
determined based on the patient’s response to their prior
initial immune CPI treatment for those treated for at least
6 weeks. Primary resistance was defined as the best overall
response of PD or SD if progression occurred within 6
months from treatment initiation. Secondary resistance
was defined as the best overall response of CR, PR, or SD
if progression occurred after 6 months from treatment
initiation.”” In the case of concurrent treatment with
chemotherapy, primary resistance was defined as progres-
sion occurring within 6 months and secondary resistance
as progression occurring after 6 months, independent of
overall response.**

Safety was assessed through summaries of adverse
events (AEs), changes in laboratory test results, changes
in vital signs and electrocardiograms, and exposure to
study drugs. Verbatim AE terms were mapped to Medical
Dictionary for Regulatory Activities thesaurus terms, and
AE severity was graded according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events V.4.0.

Biomarker analysis

Baseline formalin-fixed paraffin-embedded tumor tissue
samples were collected from all patients, preferably by
biopsy performed at study entry. Where a biopsy was
not deemed feasible by the investigator, archival tumor
tissue was used, provided the patient had not received
any immune CPI therapy since the time of the biopsy.
PD-L1 expression was assessed using the Ventana PD-L1
immunohistochemistry (IHC) SP263 (Roche Diagnostics,
Indianapolis, Indiana, USA) and a tumor cell (TC) score
(percentage of TCs with PD-LL1 membrane staining) was
derived. The presence and spatial distribution of CD8 T
cells were assessed using a duplex CD8-panCK IHC assay
(CD8A/CDS8B clone SP239; pan-cytokeratin clone AE1/
AE3/PCK26). Immune statuses were derived from the
assessed fraction of CD8-positive cells across the tumor

area according to eight density bins (four intraepithelial
bins, four intratumoral stromal bins).

RESULTS

Patient characteristics and dispositions

Enrolment in each arm occurred during the prelimi-
nary phase of enrolment only. Patients were enrolled by
36 clinical study sites across eight countries. A total of
147 patients were randomized; 45 into the atezolizum-
ab+bevacizumab+SBRT arm (one patient with squamous
disease was randomized by mistake, received three cycles
of study treatment, and was excluded from the study;
and two patients discontinued the study before receiving
any study treatment due to withdrawal of consent or per
investigator’s decision), 41 into the atezolizumab+bevaci-
zumabarm (one patient had general deterioration and
was lost to follow-up before receiving any treatment), and
61 into the docetaxel (control) arm (39 who had non-
squamous disease were included in the analysis). As of the
data cut-off date (August 28, 2024), a total of 121 patients
with non-squamous disease were enrolled and received
any amount of study treatment: 42 received atezoli-
zumab+bevacizumab+SBRT, 40 received atezolizum-
ab+bevacizumab, and 39 received docetaxel (control).
Demographics and baseline characteristics are shown
in table 1. There were more patients aged 65 and older
in the atezolizumab+bevacizumab+SBRT arm compared
with the other two arms. Otherwise, no striking differ-
ences could be detected.

At the data cut-off date, 64.3% (27/42), 87.5% (35/40),
and 94.9% (37/39) of patients in the atezolizumab+beva-
cizumab+SBRT arm, atezolizumab+bevacizumab arm, and
docetaxel (control) arm, respectively, had discontinued
from the study. Reasons for discontinuation were death,
withdrawal by subject, and loss to follow-up, respectively,
in 54.8%, 4.8%, and 4.8% of patients in the atezolizum-
ab+bevacizumab+SBRT arm, 77.5%, 5.0%, and 5.0% in
the atezolizumab+bevacizumabarm, and 79.5%, 15.4%,
and 0.0% in the docetaxel (control) arm. Median survival
follow-up was 12.5 months in the atezolizumab+bevaci-
zumab+SBRT arm, 12.6 months in the atezolizumab+bev-
acizumabarm, and 9.1 months in the docetaxel (control)
arm, which ensured a robust estimation of the response
rate within each arm.

In the atezolizumab+bevacizumab+SBRT arm, 90.5%
(838/42) of patients had at least one lesion irradiated;
78.9% (30/38), 13.2% (5/38), and 7.9% (3/38) of
patients had one, two, or three lesions irradiated, respec-
tively. The irradiated lesions were located in the lungs
(50.0%), bone (15.8%), adrenal glands (15.8%), lymph
nodes (15.8%), and liver (13.2%).

Efficacy

The efficacy-evaluable population (n=115) included 36
patients in the atezolizumab+bevacizumab+SBRT arm,
40 in the atezolizumab+bevacizumabarm, and 39 in the
docetaxel (control) arm.
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Table 1 Patient demographics and baseline characteristics

Atezo+Bev+SBRT Atezo+Bev Doce
(n=42) (n=40) (n=39)

Age group, n (%)

<65 years 16 (38.1) 22 (55.0) 23 (59.0)

>65 years 26 (61.9) 18 (45.0) 16 (41.0)
Sex, n (%)

Male 32 (76.2) 30 (75.0) 25 (64.1)

Female 10 (23.8) 10 (25.0) 14 (35.9)
Ethnicity, n (%)

Hispanic or Latino 0 1(2.5) 1(2.6)

Not Hispanic or Latino 29 (69.0) 27 (67.5) 31 (79.5)

Not stated 12 (28.6) 12 (30.0) 5(12.8)

Unknown 1(2.4) 0 2 (5.1)
Race, n (%)

Asian 13 (31.0) 5(12.5) 9 (23.1)

White 17 (40.5) 26 (65.0) 24 (61.5)

Unknown 12 (28.6) 9 (22.5) 6 (15.4)
Baseline ECOG score, n (%)

0 13 (31.0) 10 (25.0) 8 (20.5)

1 29 (69.0) 30 (75.0) 31 (79.5)
Metastatic sites at enrolment, n

Median 3.0 2.5 2.0

Min-max 0-6 0-5 0-5
Metastatic sites at enrolment, n

Non-squamous 42 (100) 40 (100) 39 (100)
Prior cancer surgery, n (%)

Yes 6 (14.3) 13 (32.5) 9 (23.1)

No 36 (85.7) 27 (67.5) 30 (76.9)
Prior cancer radiotherapy, n (%)

Yes 24 (57.1) 23 (57.5) 20 (51.3)

No 18 (42.9) 17 (42.5) 19 (48.7)
Smoking status, n (%)

Present smoker 6 (14.3) 10 (25.6) 7(17.9)

Past smoker 30 (71.4) 26 (66.7) 27 (69.2)

Never smoked 6 (14.3) 3(7.7) 5(12.8)
Metastatic sites at enrolment, n (%)

Total 42 40 39

0 1(2.4) 2 (5.0) 1(2.6)

1 7 (16.7) 4 (10.0) 5(12.8)

2 12 (28.6) 14 (35.0) 14 (35.9)

3] 12 (28.6) 12 (30.0) 8 (20.5)

>4 10 (23.8) 8 (20.0) 11 (28.2)
Metastatic sites at enrolment, n (%)

n 42 40 39

Abdominal cavity 0 1(2.5) 0

Abdominal wall 0 0 1(2.6)

Continued
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Table 1 Continued

Atezo+Bev+SBRT Atezo+Bev Doce

(n=42) (n=40) (n=39)
Adrenal gland 11 (26.2) 8 (20.0) 5(12.8)
Bone 16 (38.1) 14 (35.0) 14 (35.9)
Bone marrow 1(2.4) 0 0
Brain 10 (23.8) 3 (7.5) 11 (28.2)
Bronchus 2(4.8) 2 (5.0 0
Chest wall 0 1(2.5) 1(2.6)
Liver 10 (23.8) 11 (27.5) 9 (23.1)
Lung 22 (52.4) 23 (57.5) 23 (59.0)
Lymph node 24 (57.1) 27 (67.5) 27 (69.2)
Mediastinum 3(7.1) 3(7.5) 3(7.7)
Other 9(21.4) 5(12.5) 8 (20.5)
Pleural cavity 3(7.1) 4 (10.0) 2 (5.1)

Atezo, atezolizumab; Bev, bevacizumab; Doce, docetaxel; ECOG, Eastern Cooperative Oncology Group; SBRT, stereotactic

body radiotherapy.

The best confirmed ORR was 16.7% (6/36; 95% CI: 6.4
to 32.8), 20.0% (8/40; 95% CI: 9.1 to 35.7), and 12.8%
(5/389; 95% CI: 4.3 to 27.4) in the atezolizumab+bevaci-
zumab+SBRT, atezolizumab+bevacizumab, and docetaxel
(control) arms, respectively (table 2). The difference in
ORR rates was 3.9% (95% CI: -14.9 to 22.6) between
the atezolizumab+bevacizumab+SBRT and docetaxel
(control) arms and 7.2% (95% CI: -11.6 to 26.0) between
the atezolizumab+bevacizumaband docetaxel (control)
arms. One patient (2.5%) had a CR in the atezolizum-
ab+bevacizumabarm. The DCR was 69.4% (25/36;
95% CI: 51.9 to 83.7) in the atezolizumab+bevacizum-
ab+SBRT arm, 65.0% (26/40; 95% CI: 48.3 to 79.4) in
the atezolizumab+bevacizumabarm, and 53.8% (21/39;

95% CI: 37.2 to 69.9) in the docetaxel (control) arm.
The median DOR was not estimable (NE; 95% CI: 11.1 to
NE) in the atezolizumab+bevacizumab+SBRT arm, 14.54
months (95% CI: 5.1 to 16.6) in the atezolizumab+bevaci-
zumabarm, and 7.03 months (95% CI: 4.6 to NE) in the
docetaxel (control) arm.

The number of PFS events was 26 (72.2%) in the
atezolizumab+bevacizumab+SBRT arm, 39 (97.5%) in the
atezolizumab+bevacizumabarm, and 32 (82.1%) in the
docetaxel (control) arm. Median PFS was 7.72 months
(95%CI: 4.4 to 11.4) in the atezolizumab+bevacizum-
ab+SBRT arm (HR, 0.53; 95% CI: 0.3 to 0.9 vs control),
6.95 months (95% CI: 4.4 to 8.3) in the atezolizumab+bev-
acizumabarm (HR, 0.74; 95% CI: 0.5 to 1.2 vs control),

Table 2 Best confirmed overall response rates by investigator

Atezo+Bev+SBRT Atezo+Bev Doce

(n=36) (n=40) (n=39)
Responders, n (%) 6 (16.7) 8 (20.0) 5(12.8)
(95% Cl) (6.37 to 32.81) (9.05 to 35.65) (4.30 to 27.43)
Complete response, n (%) 0 1(2.5) 0
(95% Cl) (0.00 to 9.74) (0.06 to 13.16) (0.00 to 9.03)
Partial response, n (%) 6 (16.7) 7(17.5) 5(12.8)
(95% Cl) (6.37 to 32.81) (7.34 to 32.78) (4.30 to 27.43)
Stable disease, n (%) 22 (61.1) 20 (50.0) 21 (53.8)
(95% Cl) (43.46 to 76.86) (83.80 to 66.20) (87.18 to 69.91)
Progressive disease, n (%) 8 (22.2) 7(17.5) 9 (23.1)
(95% Cl) (10.12 to 39.15) (7.34 to 32.78) (11.13 to 39.33)
Not evaluable, n (%) 0 2 (5.0) 1(2.6)
Missing, n (%) 0 3(7.5) 3(7.7)
Disease control rate, n (%) 25 (69.4) 26 (65.0) 21 (53.8)
(95% Cl) (51.89 to 83.65) (48.32 to 79.37) (87.18 to0 69.91)

Atezo, atezolizumab; Bev, bevacizumab; Doce, docetaxel; SBRT, stereotactic body radiotherapy.

6 Ghiringhelli F, et al. J Immunother Cancer 2025;13:6011892. doi:10.1136/jitc-2025-011892
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Median (95% Cl), HR (95% CI)

+ Censored months vs docetaxel
—— Atezo + bev+ SBRT 7.72 (4.44,11.40) 0.53 (0.31, 0.90)
—— Atezo + bev 6.95 (4.37,8.28) 0.74 (0.46, 1.20)
—— Docetaxel 4.83 (4.11,6.44)

24 30 36 42
Months
3 NE NE NE
2 NE NE
1 NE NE NE
Median (95% Cl), HR (95% CI)
+ Censored months vs docetaxel

—— Atezo + bev + SBRT 16.92 (9.76, NE) 0.59 (0.33, 1.05)
—— Atezo + bev 13.70 (10.61,21.06) 0.76 (0.46, 1.26)
—— Docetaxel 11.01 (8.34, 18.60)
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Figure 1
not estimable; SBRT, stereotactic body radiotherapy.

and 4.83 months (95%CI: 4.1 to 6.4) in the docetaxel
(control) arm (figure 1A).

For OS, the event numbers were 19 (52.8%) in the
atezolizumab+bevacizumab+SBRT arm, 31 (77.5%) in the
atezolizumab+bevacizumabarm, and 31 (79.5%) in the
docetaxel (control) arm. Median OS was 16.92 months
(95% CI: 9.76 to NE) in the atezolizumab+bevacizum-
ab+SBRT arm (HR, 0.59; 95% CI: 0.33 to 1.05 vs control),
18.70 months (95% CI: 10.6 to 21.1) in the atezolizum-
ab+bevacizumabarm (HR, 0.76; 95%CI: 0.5 to 1.3 vs
control), and 11.01 months (95% CI: 8.34 to 18.60) in the
docetaxel (control) arm (figure 1B). Efficacy outcomes

24 30 36 42 48
Months
7 4 1 NE NE
8 6 3 1 NE
6 3 3 NE NE

Progression-free survival (A) and overall survival (B). Atezo, atezolizumab; bev, bevacizumab; doce, docetaxel; NE,

(ORR, PFS, OS) appeared to be mostly consistent across
key clinical subgroups (figures 2 and 3).

Trends toward improved efficacy were observed in
the atezolizumab+bevacizumab+SBRT and atezoli-
zumab+bevacizumab arms versus docetaxel in the
subgroups of patients with primary and secondary
resistance to immune CPls (except for ORR with
atezolizumab+bevacizumab+SBRT in the subgroup
of patients with primary resistance to immune CPIs;
figure 2). However, these results should be inter-
preted with caution, given the small sample sizes and
wide and overlapping Cls.

Ghiringhelli F, et al. J Immunother Cancer 2025;13:011892. doi:10.1136/jitc-2025-011892 7
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A Doce Atezo+Bev+SBRT
(N=39) (N=36)
Total Difference Doce  Atezo+Bev+SBRT
Baseline Risk Factors n n n (%) n n (%) inRates 95% CI better better
All Patients 75 39 5 12.8 36 6 16.7 3.85 (-14.90, 22.59) ——
1
Baseline SP263 TC Binary Category 1 1
<1% 42 21 2 9.5 21 4 19.0 9.52 (-16.21, 35.25) —_———
21% 27 15 3 20.0 12 2 16.7 -3.33  (-40.06, 33.40)
NA 6 3 0 NE 3 0 NE :
Baseline SP263 TC Binary Category 2 :
<50% 53 28 3 10.7 25 4 16.0 529 (-16.88,27.45) —_————
250% 16 8 2 25.0 8 2 25.0 0 (-54.93,54.93) +
NA 6 3 0 NE 3 0 NE 1
1
CPI Resistance !
Primary Resistance 34 20 4 20.0 14 2 14.3 -5.71  (-37.15,25.72) b—k:4<
Secondary Resistance 31 14 1 71 17 3 17.6 10.5 (-18.60, 39.61) —
NA 10 5 0 NE 5 1 20.0 20 (-35.06, 75.06) T -+
1
Immune Status CD8 Category 1
Inflamed 27 1 2 18.2 16 3 18.8 0.57 (-36.86, 37.99) L
Excluded 23 16 3 18.8 7 1 14.3 -4.46  (-46.95,38.02) 1
Desert 17 8 0 NE 9 2 222 2222 (-16.74,61.19) : +-
Unknown 8 4 0 NE 4 0 NE |
T T T ——
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(N=39) (N=36)
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1
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Unknown 8 4 6.2 4 5.9 1.73 (0.30, 10.02) t -+
L
r b ————m
1/10 1/5 12 1 2 5 10
C Doce Atezo+Bev+SBRT
(N=39) (N=36)
Total Median Median Hazard 95% Wald Atezo+Bev+SBRT Doce
Baseline Risk Factors n n months) n months) Ratio Cl better better
All Patients 75 39 11.0 36 16.9 0.59 (0.33, 1.05) —t
1
Baseline SP263 TC Category 1
<1% 42 21 104 21 1.8 0.63 (0.30, 1.34) —t—
1-49% " 7 7.0 4 NE 0.17 (0.02, 1.54) g 1
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1
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Inflamed 27 " 1.6 16 258 0.52 (0.18, 1.49) l—o:——¢
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1
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Figure 2 Objective response rate (A), progression-free survival (B) and overall survival (C) based on response to previous
checkpoint inhibitors in the atezolizumab+bevacizumab+SBRT arm. Atezo, atezolizumab; bev, bevacizumab; CPI, checkpoint
inhibitor; NA, not applicable; NE, non estimable; SBRT, stereotactic body radiotherapy; TC, tumor cell.

Safety

The safety-evaluable population (n=121) included 42
patients in the atezolizumab+bevacizumab+SBRT arm,
40 in the atezolizumab+bevacizumabarm, and 39 in the
docetaxel (control) arm. An overall safety summary is
presented in table 3.

The most frequent AEs were asthenia (40.5%, 12.5%,
and 38.5% of patients), followed by lymphopenia (23.8%,
12.5%, and 0% of patients), and rash (16.7%, 5.0%, and
7.7% of patients) in the atezolizumab+bevacizumab+SBRT,

atezolizumab+bevacizumab, and docetaxel arms, respec-
tively (online supplemental table 1). Most of these AEs
were grade 1 or 2. Grade 23 AEs occurred in 47.6% of
patients in the atezolizumab+bevacizumab+SBRT arm,
45.0% in the atezolizumab+bevacizumabarm, and 64.1%
in the docetaxel (control) arm. AEs leading to discontin-
uation of any treatment occurred in 14.3% of patients
in the atezolizumab+bevacizumab+SBRT arm, 7.5% in
the atezolizumab+bevacizumabarm, and 15.4% in the
docetaxel (control) arm. Five grade 5 AEs were reported

8 Ghiringhelli F, et al. J Immunother Cancer 2025;13:6011892. doi:10.1136/jitc-2025-011892
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A Doce Atezo+Bev
(N=39) (N=40)
Total Responder Response Responder Response Difference Doce Atezo+Bev
Baseline Risk Factors n n n (%) n n (%) __in Rates 95% Cl better better
All Patients 79 39 5 12.8 40 8 20.0 7.18  (-11.59, 25.95) —_——
1
Baseline SP263 TC Binary Category 1 1
<1% 43 21 2 9.5 22 3 136 411 (-19.60,27.83) — el
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Figure 3 Objective response rate (A), progression-free survival (B) and overall survival (C) based on response to previous
checkpoint inhibitors in the atezolizumab+bevacizumab arm. Atezo, atezolizumab; bev, bevacizumab; doce, docetaxel; NA, not
applicable; NE, not estimable; TC, tumor cell.

in total, four of which occurred in the atezolizumab+bev-
acizumab+SBRT arm (acute cerebral infarction during
the SBRT, suicide, death due to an unknown reason, and
intestinal obstruction occurring during systemic therapy).

Acute cerebral infarction was considered by investiga-
tors to be unrelated to atezolizumab and bevacizumab;
suicide, death due to an unknown reason, and intestinal
obstruction occurring during systemic therapy were

Ghiringhelli F, et al. J Immunother Cancer 2025;13:011892. doi:10.1136/jitc-2025-011892
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Table 3 Safety summary

Atezo+Bev+SBRT Atezo+Bev Doce
(n=42) (n=40) (n=39)
Patients with >1 AE, n (%) 41 (97.6) 38 (95.0) 39 (100)
AEs, n 493 423 321
Deaths, n (%) 20 (47.6) 22 (55.0) 23 (59.0)
Patients withdrawn from stage due to an AE, n (%) 3(7.1) 3 (7.5) 5(12.8)
Patients with >1, n (%)
AE with fatal outcome 4 (9.5) 0 1(2.6)
Serious AE 16 (38.1) 13 (32.5) 13 (33.3)
Serious AE leading to withdrawal from any treatment 5(11.9) 2 (5.0) 2 (5.1)
Serious AE leading to dose modification/interruption 7 (16.7) 4 (10.0) 5(12.8)
Related serious AE 3(7.1) 5(12.5) 9 (23.1)
AE leading to withdrawal from any treatment 6 (14.3) 3(7.5) 6 (15.4)
AE leading to dose modification/interruption 21 (50.0) 15 (37.5) 17 (43.6)
Related AE 30 (71.4) 34 (85.0) 38 (97.4)
Related AE leading to withdrawal from any treatment 2 (4.8) 3(7.5) 5(12.8)
Related AE leading to dose modification/interruption 14 (33.3) 1(27.5) 13 (33.3)
Grade 3-5 AE 20 (47.6) 18 (45.0) 25 (64.1)
Worst grade: 5 4 (9.5) 0 1(2.6)
Worst grade: 4 1(2.6) 0 4 (10.3)
Worst grade: 3 15 (35.7) 18 (45.0) 20 (51.3)

AE, adverse event; Atezo, atezolizumab; Bev, bevacizumab; Doce, docetaxel; SBRT, stereotactic body radiotherapy.

considered by investigators to be unrelated to study treat-
ment. One fatal AE (pneumonia considered by the inves-
tigator as related to docetaxel) occurred in the docetaxel
(control) arm. Seven of 42 patients (16.7%) experienced
at least one AE related to SBRT during the SBRT phase,
including one patient with grade 3 bronchial fistula.

Biomarkers

Analysis of tumor biomarkers by IHC and clinical outcome
is shown in figure 4. There are no clear correlations
of response or survival benefit with PD-L1 expression
or immune phenotype; however, patients with PD-L1I-
negative and immune desert tumors also seem to derive a
benefit from atezolizumab+bevacizumab with or without
SBRT treatment (figures 2 and 3). Interestingly, the
trend of benefit from atezolizumab+bevacizumab with or
without SBRT treatment is observed among patients with
primary resistance as well as with secondary resistance to
their prior initial immune CPI treatment (figures 2 and
3). The small patient numbers in the biomarker subsets
and the wide CIs limit the interpretation of biomarkers.

DISCUSSION

The MORPHEUS platform, which comprises multiple
global, open-label, randomized, phase Ib/II umbrella
studies, was designed to accelerate development of novel
cancer treatment combinations. Here, the chemotherapy-
free regimens of atezolizumab+bevacizumab+SBRT

and atezolizumab+bevacizumab were compared with
docetaxel, in patients with non-squamous mNSCLC and
without targetable gene mutations who had experienced
disease progression on or after treatment with a platinum-
containing regimen and a PD-L1/PD-1 immune CPL
Across clinical subgroups, the atezolizumab-containing
and bevacizumab-containing arms showed evidence of
improved efficacy compared with docetaxel (control),
with the docetaxel arm performing as expected based on
past studies.” " Additionally, the atezolizumab and beva-
cizumab combinations showed acceptable safety profiles
with no new safety signals observed.

The ability to maximize clinical benefit from immune
CPI for patients is limited by resistance to immunotherapy,
whether it be primary resistance where tumors do not
respond to initial immune CPI treatment or secondary
resistance where patients have disease recurrence or

. - o 31
progression after achieving benefit with immune CPlIs.
The potential efficacy benefit seen in MORPHEUS-Lung
appears in both the primary and the secondary resistance
settings, consistent with the hypothesis that combining
treatment modalities can result in more robust efficacy.

Overall, identifying new treatments for pretreated
mNSCLC remains a challenge.”*"** The combination of
PD-1/PD-L1 and VEGF inhibition seems to be one of the
more promising approaches to overcome immune CPI
resistance as VEGF inhibitors modulate the tumor micro-
environment, normalizing its vasculature and modulating

10 Ghiringhelli F, et al. J Immunother Cancer 2025;13:6011892. doi:10.1136/jitc-2025-011892
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Figure 4 Confirmed best overall response according to biomarkers in the atezolizumab+bevacizumab+SBRT arm
(A), atezolizumab+bevacizumabarm (B), and docetaxel arm (C). PD-L1, programmed death-ligand 1; SBRT, stereotactic body

radiotherapy; TC, tumor cell.

an immunoreactive niche favoring immune ICI activity.
VEGF may also contribute to the immune suppression
of the tumor microenvironment, increase myeloid-
derived suppressor cells, and stimulate the production
of immunosuppressive cells.”® Our study underscores the
importance of this mechanism of action in immune CPI-
exposed patients with NSCLC.

SBRT modifies PD-L1 expression, activates the immune
system, and can thus enhance ICI effectiveness. Labo-
ratory studies have demonstrated that radiotherapy

can enhance the effectiveness of immunotherapy by
increasing the immunogenicity of the tumor.** While
the combination of PD-1/PD-L1 inhibitors has demon-
strated improved efficacy in advanced and early NSCLC
in several phase I and II trials,”’ ** % % MORPHEUS
is the first study that investigated the effect of SBRT in
combination with ICI and a VEGF inhibitor in patients
with NSCLC who progressed on or after treatment with
platinum continuing chemotherapy and an immune
CPI inhibitor. However, the addition of SBRT appears

Ghiringhelli F, et al. J Immunother Cancer 2025;13:¢011892. doi:10.1136/jitc-2025-011892 1
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to increase toxicity, in line with previous studies of SBRT

combined with immunotherapy.” **

Taken together, the above results demonstrate the
importance of continuing to explore biomarkers to
improve patient outcomes in mNSCLC. In MORPHEUS-
Lung, there was no clear correlation between response
and PD-L1 expression or immune phenotype. However,
it is important to note that patients with PD-L1-negative
and immune desert tumors also derived benefit from
atezolizumab+bevacizumab with or without SBRT
treatment.

The study design of MORPHEUS-Lung allowed for
the quick simultaneous evaluation of multiple treat-
ment combinations in a global randomized setting,
which provides an advantage compared with conducting
multiple controlled standalone phase Ib/II studies.
However, the study comes with several limitations:

1. Small number of patients in each arm can make the
interpretation of the results challenging.

2. MORPHEUS-Lung was set up as a signal-seeking study
without formal hypothesis testing and alpha control.

3. Study was not designed to compare atezolizumab+bev-
acizumab+SBRT with atezolizumab+bevacizumab.

4. Enrolment was independent of prior response to im-
mune CPI, which may have led to an imbalance be-
tween the arms in regard to this characteristic.

5. Enrolment was not concurrent in all three arms re-
sulting in different follow-up times in each arm, which
could potentially impact interpretation of early OS re-
sults.

6. Lack of standardization regarding which lesions were
irradiated in the atezolizumab+bevacizumab+SBRT
arm, and not all patients were able to receive SBRT
treatment.

Despite these limitations, a key strength of these interim
results is that they can be considered mature due to the
long follow-up times and overall high number of efficacy
events.

CONCLUSIONS

Results from this robust interim analysis of patients with
non-squamous mMNSCLC and priorimmune CPI treatment
suggest that atezolizumab+bevacizumab, with or without
SBRT, might improve efficacy outcomes compared with
docetaxel, in both the primary and secondary resistance
settings. The addition of SBRT appeared to augment the
activity of atezolizumab+bevacizumab. The benefit trends
in both arms were irrespective of PD-L1 or immune
status. Safety was consistent with the known profiles of
the individual drugs. The promising results for atezoli-
zumab+bevacizumab, with or without SBRT, including
improved survival, represent a potential chemotherapy-
free treatment option for patients with non-squamous
mNSCLC in the challenging second-line and beyond,
immune CPl-exposed treatment setting, warranting
further exploration.
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