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Abstract

Background Immunotherapy targeting the PD-1/PD-L1 pathway is a standard of care in a number of metastatic
malignancies, but less than a fifth of patients are expected to respond to ICls (Immune Checkpoint Inhibitors). In a
clinical trial, combining the anti-TIGIT (T cell immunoreceptor with Ig and ITIM domains) Mab (monoclonal antibody)
tiragolumab with atezolizumab improved outcomes in non-small cell lung cancer. In preclinical models, SBRT
(Stereotactic Body Radiation Therapy) could increase expression levels of the inhibitory co-receptors TIGIT and PD-L1.
We aim to assess the combination of tiragolumab with atezolizumab and SBRT in metastatic, previously treated by
ICls, non-small cell lung cancer, head and neck cancer, bladder cancer, and renal cell cancer.

Methods This phase | study (ClinicalTrials.gov NCT05259319) will assess the efficacy and safety of the combination
of atezolizumab with tiragolumab and stereotactic body radiation therapy in patients with histologically proven
metastatic non-small cell lung cancer, renal cell cancer, bladder cancer, and head and neck cancer previously treated.
First part: 2 different schedules of SBRT in association with a fixed dose of atezolizumab and tiragolumab will be
investigated only with metastatic non-small cell lung cancer patients (cohort 1). The expansion cohorts phase will
be a multicentric, open-label study at the recommended scheme of administration and enroll additional patients
with metastatic bladder cancer, renal cell cancer, and head and neck cancer (cohort 2, 3 and 4). Patients will be
treated until disease progression, unacceptable toxicity, intercurrent conditions that preclude continuation of
treatment, or patient refusal in the absence of progression or intolerance. The primary endpoint of the first phase

is the safety of the combination in a sequential or concomitant scheme and to determine the expansion cohorts
phase recommended scheme of administration. The primary endpoint of phase Il is to evaluate the efficacy of

*Correspondence:
Jean-David Fumet
jdfumet@cgflfr

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-023-11534-6&domain=pdf&date_stamp=2023-11-7

Roussot et al. BMC Cancer (2023) 23:1080

Page 2 of 15

tiragolumab +atezolizumab + SBRT in terms of 6-month PFS (Progression-Free Survival). Ancillary analyses will be
performed with peripheral and intratumoral immune biomarker assessments.

Trial registration This study is registered on ClinicalTrials.gov: NCT05259319, since February 28th, 2022.

Keywords: Non-small cell lung cancer, Renal cell cancer, Bladder cancer, Head and neck cancer, PDL-1, TIGIT,
Atezolizumab, Tiragolumab, Stereotactic body radiation therapy, SBRT, Immunotherapy

Background

ICIs are a key compound in the therapeutic arsenal
approved in the metastatic setting for a number of solid
malignancies [1-5]. Mabs targeting the immunologi-
cal synapse currently constitute the first-line standard
of care treatment for metastatic non-small lung and
head and neck cancer in monotherapy or in combina-
tion with chemotherapy [6—8]. Likewise, in the first line
setting for metastatic renal clear cell carcinoma, several
strategies are available with ICIs combination or ICIs and
anti-angiogenic targeted therapies [3]. In the context of
metastatic urothelial cancer, ICIs showed a clinical ben-
efit either in maintenance after first-line chemotherapy
with no disease progression or in the second-line setting
[9, 10]. Although immunotherapy alone or in combina-
tion with chemotherapy has revolutionized the treatment
of several malignancies, allowing a dramatic OS (Overall
Survival) enhancement with a good safety profile, a large
proportion of patients are still resistant to such therapies
[11].

This lack of efficacy of ICIs has been intensively
explored, looking for answers within the tumor micro-
environment (TME) and the characterization of tumor-
infiltrating lymphocytes (TILs), which brought out the
‘cold’ and ‘hot’ tumor concepts. Considering theses evi-
dences, which testify the central role of the immune
context, signatures have been designed and have demon-
strated their prognostic values reaching a superior accu-
racy than the classical AJCC/UICC TNM [12]. Beyond
the classical immune checkpoints PD-1, PD-L1, and
CTLA4, additional immunomodulatory pathways have
been characterized and are currently targeted in order
to enhance immunotherapy efficacy. One of these co-
inhibitory receptors is the receptor TIGIT which down-
regulates T cell and NK function by interacting with its
ligands CD155 and CD122 [13]. Tiragolumab is a Mab
that binds TIGIT at the immune cell surface, thus pre-
venting inhibitory signal transduction. In the first-line
setting of metastatic non-small cell lung cancer, combin-
ing tiragolumab with atezolizumab demonstrated a better
overall response rate (ORR) and longer PFS than anti-
PD-L1 monotherapy, along with a tolerable safety profile
[14, 15].

Radiotherapy (RT) has been shown to trigger immu-
nogenic cell death with HMGB1 (High Mobility Group
Box 1) release by tumor cells and dendritic cells (DCs)

activation through TLR4, allowing a tumor antigen-spe-
cific T cell immunity [16]. This is one of the mechanisms
that may support the abscopal effect induced by radia-
tion therapy. The abscopal effect is based on the ability of
radiation to generate neoantigens (TNAs) expression by
tumor cells, allowing their capture by antigen- present-
ing cells (APCs) such as DCs, which could subsequently
prime T cells in secondary lymphoid organs. After acti-
vation, migration, and infiltration in both irradiated and
non-irradiated tumor metastases, T cells may exert an
anti-tumor immune response. Accordingly, combin-
ing immunotherapy with radiotherapy is an interesting
approach to enhance the abscopal effect [17]. Aware that
metastatic lesions are heterogeneous within their differ-
ent location sites, it is thought that multisite irradiation
should be more potent than single-site irradiation in
order to unveil more tumor-associated antigens (TAAs)
and/or TNAs, thus enhancing the synergic effect between
radiotherapy and ICI [18]. Reassuringly, such a combina-
tion of SBRT (Stereotactic Body Radiation Therapy) with
immunotherapy in the metastatic setting appears to be
safe with acceptable toxicity [19]. Although this associa-
tion shows great promise, it requires optimization of fac-
tors such as administration schedule, fractionation, and
immunotherapy types.

In preclinical models of CT26 and B16 murine cancers,
we assessed the effect of several radiotherapy doses per
fraction on PD-L1 and TIGIT expression levels. Results
suggest that irradiation using a moderate hypofraction-
ation schedule is more likely to trigger PD-L1 and TIGIT
expression, justifying our therapeutic approach that tar-
gets both receptors. Furthermore, the triple association
of anti-TIGIT, anti-PD-L1, and concomitant RT with a
3 fractions of 8 Gy schedule was correlated with better
survival in this model compared to all other 3x8 Gy regi-
mens, i.e., anti-PD-L1 plus RT 3x8 Gy, anti-TIGIT plus
RT 3x8 Gy, and RT 3x8 Gy alone [20].

Thus, based on the clinical trial association of
tiragolumab and atezolizumab and our preclinical data
with additional SBRT, we believe that a trial combining
these therapies will be important to confirm the safety
and efficacy of such an approach. The rationale support-
ing this study is provided in Fig. 1.
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Fig. 1 Rationale: SBRT induces immunogenic cell death, which promotes TAAs and/or TNAs uptake by DCs. Then DCs migrate into the DLN in order to
prime naive T cells. After activation in the DLN, CD8 T cells join irradiated and non-irradiated lesions to perform their anti-tumor immune function. CD8
T cell: CD8 T lymphocyte; DC: dendritic cell; DLN: draining lymph node; PD-L1: programmed death-ligand 1; PVR: poliovirus receptor; SBRT: stereotactic
body radiation therapy; TAA: tumor-associated antigen; TNA: tumor neoantigen; TIGIT: T cell immunoreceptor with Ig and ITIM domains

Methods
Study design
This trial will include two parts:

The first part will be a monocentric, open-label, phase
I, with the aim of establishing the recommended safety
scheme of administration (concomitant or sequential) of
tiragolumab +atezolizumab+SBRT. Only patients suffer-
ing from metastatic non-small cell lung cancer (cohort 1)
will be enrolled in phase I. Other cancers will be studied
in the second part of the study.

The second part will be a multicentric study, open-
label, expansion cohorts phase under the recommended
scheme of administration. Patients from 4 different
cohorts (metastatic non-small cell lung cancer, metastatic
bladder cancer, metastatic renal cell carcinoma, and met-
astatic head and neck carcinoma) will be enrolled in the
second part.

Patients will be treated until disease progression,
unacceptable toxicity, intercurrent conditions that pre-
clude continuation of treatment, or patient refusal in the
absence of progression or intolerance. The maximum

duration of the treatment with immunotherapy will be 24
months.

Phase | design
Two different schemes of administration will be
investigated:

+ Sequential administration (scheme 1): SBRT
(3 fractions of 8 Gy in 5 days) starting on
week 1, followed by the first injection of
atezolizumab + tiragolumab at week 2, then every 21
days.

+ Concomitant administration (schema 2): SBRT (3
fractions of 8 Gy in 5 days) starting on week 1, with
the first injection of atezolizumab + tiragolumab
concomitant to the first radiotherapy fraction, then
every 21 days.

Immunotherapies will be administered intravenously:
atezolizumab (1200 mg) first, then tiragolumab (600
mg) second. The fixed dose of 600 mg was selected on
the basis of available clinical pharmacokinetics, effi-
cacy, and safety data from the combined phase Ia/phase
I study (GO30103), with single-agent tiragolumab or
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tiragolumab in combination with atezolizumab. This dose
regimen was used in the CITYSCAPE trial that assessed
the atezolizumab and tiragolumab combination in meta-
static NSCLC [14, 15]. The study design is provided in
Fig. 2.

Extension cohorts phase design
Sequential or concomitant administration based on the
phase I results.

Progression of the study
The study will start with a 28-day baseline phase.

The end of the study is defined as the date of the last
follow-up visit performed by the last patient in the study.

The planned follow-up treatment phase will be 24
months after the last dose of study treatment.

The total duration of the study will be approximately 96
months, including about 48 months of active enrollment
(24 months for phase I and 24 months for the expansion
cohorts phase), 24 months of treatment, and 24 months
of follow-up.

Expected treatment-related adverse events

The possible toxicity of a combination of radiotherapy
and immunotherapy mainly depends on the location of
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the irradiation and may involve hepatitis for liver irra-
diation or autoimmune pneumonitis for lung irradiation.
However, such side effects are transitory and manage-
able. In a phase I study, administration of SBRT before
immunotherapy appeared safe with acceptable toxicity.
The most common treatment-related adverse events were
general disorders and administration site abnormalities.
Other frequent mild adverse events (>20%) included
gastrointestinal disorders, metabolism and nutrition dis-
orders, musculoskeletal and connective tissue disorders,
and respiratory, thoracic, and mediastinal disorders [19].

Dose modifications

There will be no dose modifications, including dose
reductions for tiragolumab, atezolizumab, or radiother-
apy, in this study.

Management of Adverse Events and treatment
interruption

Guidelines for the management of AEs are provided
in the supplementary appendix [see Additional file 1].
Atezolizumab and/or tiragolumab may be temporarily
suspended as appropriate for the management of toxic-
ity. On the basis of the available characterization of the
mechanism of action, tiragolumab may cause adverse
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Fig. 2 Study design. Sequential schedule (top panel), concomitant schedule (bottom panel)
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events similar to but independent of atezolizumab, may
exacerbate the frequency or severity of atezolizumab-
related adverse events, or may have non-overlapping tox-
icities with atezolizumab. Because these scenarios may
not be distinguished from one another in the clinical set-
ting, immune-mediated adverse events should generally
be attributed to both study drugs, and dose interruptions
or treatment discontinuations in response to immune-
mediated adverse events should be applied to both
tiragolumab and atezolizumab.

Tiragolumab and atezolizumab may be held for a maxi-
mum of 12 weeks (or approximately four cycles).

If tiragolumab is interrupted for more than approxi-
mately 12 weeks for any reason, the patient will have to
permanently discontinue tiragolumab treatment but may
continue atezolizumab if there is no contraindication
and after discussion with the coordinating investigator
to determine whether the toxicity is considered related
to tiragolumab and/or to the combination. Continued
dosing with single-agent atezolizumab administered to
patients will require that all other study eligibility crite-
ria continue to be met. An exception can be made if, in
the judgment of the investigator, the patient is likely to
derive clinical benefit from resuming tiragolumab after a
hold longer than 12 weeks. In this case, tiragolumab may
be restarted with the approval of the coordinator of the
study by contacting the sponsor for advice.

If atezolizumab is interrupted for more than approxi-
mately 12 weeks (or approximately four cycles), the
patient will have to permanently discontinue atezoli-
zumab. However, if, in the judgment of the investigator,
the patient is likely to derive clinical benefit from atezoli-
zumab after a hold longer than 12 weeks, atezolizumab
may be restarted with the approval of the coordinator of
the study by contacting the sponsor for advice.

If a patient must be tapered off steroids used to treat
adverse events, atezolizumab may be withheld for an
additional time beyond approximately 12 weeks from
the last dose, and tiragolumab may be withheld for
an additional time beyond approximately 12 weeks
from the last dose until steroids are discontinued or
until steroids are reduced to a prednisone dose (or
dose equivalent)<10 mg/day. The acceptable length
of interruption will depend on an agreement between
the investigator and the coordinator of the study after
contacting the sponsor for advice and approval. Dose
interruptions for reason(s) other than toxicity, such as
surgical procedures, may be allowed with the coordi-
nator of the study by contacting the sponsor for advice
and approval.

After both tiragolumab and atezolizumab have been
permanently discontinued, the patient will be moni-
tored for safety and efficacy.
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Study objectives

Main objective of the phase | part

The main objective of the phase I study is to evaluate
the safety of the SBRT, atezolizumab and tiragolumab
Mabs combination in a sequential or concomitant
scheme and determine the recommended expansion
cohorts phase scheme of administration.

Main objective of the expansion cohorts phase

The main objective of the study is to evaluate, among
patients treated with the recommended scheme, the
efficacy of the SBRT, atezolizumab, and tiragolumab
combination in terms of 6-month progression-free
survival (PES).

Secondary objective of the expansion cohorts phase
The secondary objectives will be determined by the
recommended scheme of administration.

1) To evaluate the progression-free survival (PES)
following SBRT, atezolizumab, and tiragolumab
combination

2) To evaluate the long-term safety of SBRT,
atezolizumab, and tiragolumab antibodies
combination

3) To evaluate the overall survival (OS) following SBRT,
atezolizumab, and tiragolumab combination

4) To evaluate the overall response rate (ORR) and non-
progression rate (NPR) following SBRT, atezolizumab
and tiragolumab combination

5) To evaluate the duration of response (DOR) and
non-progression duration (NPD) following SBRT,
atezolizumab and tiragolumab combination

6) To evaluate the abscopal effect (non-irradiated
lesions volume variation).

Exploratory objectives

1) To evaluate efficacy as a function of PD-L1, TIGIT,
CD155, and CD112 expression

2) To evaluate the evolution of the in situ immune
response

3) To evaluate the evolution of the systemic immune
response

4) To evaluate the induction of neoantigen and tumor-
shared antigen-specific immune response

5) To evaluate the radiotherapy planning target volumes
(PTV) impact on systemic immune response

6) To create a research biosample repository (blood and
tumor)

Study endpoints

Primary end-points of phase |

Safety will be evaluated using DLTs (Dose-Limiting Tox-
icities) that occur:
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— the first 5 weeks (35 days) after the first dose of study
treatment for sequential administration (3x8 Gy of
radiotherapy and 3 dosings of immunotherapy)

— the first 4 weeks (28 days) after the first dose of study
treatment for concomitant administration (3x8 Gy
of radiotherapy and 3 dosings of immunotherapy).

DLTs are defined by all events that are deemed related
to the study treatments (SBRT and/or tiragolumab
and/or atezolizumab), unless there is a clear alterna-
tive cause, with CTCAE version 5.0 grade>3 non-res-
olutive (return to basal grade) after 14 days. Any grade
5 related to study treatment will be considered a DLT.
No clinical trial has combined SBRT, anti-PD-L1, and
anti-TIGIT yet. In order to reduce toxicity risk, we
will use a non-ablative SBRT dose, and we will begin
this trial by first evaluating tolerance using two types
of combination schedules. For the first one, immu-
notherapies will be administered one week after the
start of SBRT with at least 2 days between the end of
radiotherapy and the injection of immunotherapy. If
no DLT is highlighted, we will evaluate the tolerance of
our combination administered using the concomitant
scheme. The concomitant scheme was designed on the
basis of our preliminary data obtained with RT deliv-
ered on the same day as immunotherapy initiation.
The decision diagram provided in Fig. 3 describes how

Sequential schedule assessment

n=6 patients
IfOoor1 If 2 patients If more than 2
patient over 6 over 6 patients over 6
displays a DLT display a DLT display a DLT
3 more
patients will
be included
Concomitant I1f 0 patient If1,20r3 Study
schedule f<— over 3 patient(s) —>{ interruption
assessment displays a DLT display a DLT
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the scheme of administration will be selected (sequen-
tial or concomitant). If safety is validated with the
sequential schedule, the concomitant schedule will be
assessed. If safety is then validated with the concomi-
tant schedule, this scheme of administration will be
selected for expansion cohorts. Otherwise, the sequen-
tial schedule will be selected for expansion cohorts.
If there is no difference in toxicity, the concomitant
schedule will be selected. Safety is defined according
to the decision diagram.
For the sequential schedule, safety is defined by:
— 0or 1 patient over 6 displays a DLT
— or 2 patients over 6 display a DLT, then 0 over 3 new
included patients display a DLT
For the concomitant schedule, safety is defined by:
— 0or 1 patient over 6 displays a DLT
— or 2 patients over 6 display a DLT, then 0 over 3 new
included patients display a DLT

Primary endpoint of the expansion cohorts phase

Efficacy will be evaluated using the 6-month PFS. PES is
defined as the time from inclusion to the first occurrence
of disease progression, as determined by the investigator
according to RECIST v1.1 and iRECIST, or death from
any cause, whichever occurs first. It will be evaluated at
6 months.

Concomitant schedule assessment

n=6 patients
If0or1 If 2 patients If more than 2
patient over 6 over 6 patients over 6
displays a DLT display a DLT display a DLT
3 more
patients will
be included
Concomitant If 0 patient 1f1,20r3 Sequential
schedule over 3 schedule

patient(s)
validated for & display a DLT >
expansion

cohorts

validated for
expansion
cohorts

displays a DLT

Fig. 3 Decision diagram. Algorithm for assessment of sequential schedule (left panel) and concomitant schedule (right panel)
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Secondary endpoints

Every secondary endpoint will be determined for patients
included in the recommended scheme administration
(expansion phase):

1) PES according to RECIST v1.1 and iRECIST, or death
from any cause, whichever occurs first. It will be
evaluated at 12 months. Additionally, the median will
also be displayed.

2) Long-term safety of the SBRT, atezolizumab, and
tiragolumab antibody combination will be evaluated
with acute and late adverse events (AAEs) according
to CTCAE 5.0.

Acute adverse events are adverse events occurring
within the first sixth months, and late adverse
events are adverse events occurring after the first six
months.

3) Overall survival (OS) is defined as the time from
inclusion to death from any cause.

4) Overall response rate (ORR) and non-progression
rate (NPR) are evaluated from the first two
evaluation scanner images carried out at 9 and 18
weeks after time from inclusion (CT-scan forecast
before the 3rd and 6th cure) as determined by the
investigator according to RECIST v1.1 and iRECIST.
Overall response is defined by a partial or complete
response. Non-progression is defined by a partial or
complete response and a stable disease.

5) Duration of response (DOR) is defined as the
time from documentation of a disease complete
or partial response to disease progression, defined
according to RECIST v1.1 and iRECIST. Non-
progression duration (NPD) is defined as the time
from documentation of a complete response, partial
response, or stable disease to a disease progression,
as defined according to RECIST v1.1 and iRECIST.

6) Abscopal effect is evaluated following non-irradiated
metastasis volume(s) from scanner images.

Exploratory endpoint

1) Immunobhistology for PDL1 (Sp142 and 22C3),
TIGIT, CD155, and CD112

2) Immunohistology before treatment and after 2
months of therapy to study immune infiltrates
(PDL1, CD112, CD155, CD8, CD19, DC-Lamp,
TCF1, CD163) using multiplex immune histology
and spatial transcriptomic profiling for a sample
of good responders or stable and poor responders
(progressing straight away)

3) Study of peripheral immune response upon
multiparametric cytometry and multiplex cytokine
testing at baseline and following treatment

4) Study of a specific peripheral immune response
against two shared antigens (telomerase and
NY-ESO1) on isolated peripheral blood mononuclear
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cells (PMBC). Telomerase and NY-ESO1-specific
T-cell responses will be assessed by a standardized
IFN-y ELISPOT assay.

5) Neopeptide detection upon exome sequencing

6) Study of the impact of the total volume receiving the
prescribed dose on specific tumor immune response

Study population and eligibility criteria
Patients will be included in different cohorts, depending
on the type of histologically proven metastatic cancer:

+ Cohort 1 (phase I and expansion cohorts phase)

: non-small cell lung cancer without oncogenic
addiction (EGFR/ALK/ROS/BRAF) that progresses
after platinum-based chemotherapy and
immunotherapy given as sequential or concomitant
therapy

+ Cohort 2 (expansion cohorts phase only) : bladder
cancer that progresses after platinum-based therapy
with or without maintenance with anti-PD-1/PD-L1

+ Cohort 3 (expansion cohorts phase only): renal cell
carcinoma in second-line therapy that progresses
after a first-line administered according to the
guidelines for the standard of care in renal cancer.
First-line therapy could include an antiangiogenic
agent, a tyrosine kinase inhibitor, alone or associated
with immunotherapy (anti-PD-L1, anti-CTLA4)

+ Cohort 4 (expansion cohorts phase only): head and
neck carcinoma at the first line of locoregional or
metastatic recurrence. The patient should not be
eligible for surgery.

Study inclusion and exclusion criteria are detailed in
Tables 1 and 2.

Investigational combination products

Atezolizumab is a humanized IgGl Mab that targets
PD-L1 and inhibits the interaction between PD-L1
and its receptors, PD-1 and B7-1 (also known as
CD80), both of which function as inhibitory recep-
tors expressed on T cells. Therapeutic blockade of
PD-L1 binding by atezolizumab has been shown to
enhance the magnitude and quality of tumor-specific
T-cell responses. Atezolizumab has minimal binding
to Fc receptors, thus eliminating detectable Fc-effector
function and the associated antibody-mediated clear-
ance of activated effector T cells.

Tiragolumab (formerly MTIG7192A) is a fully human
IgG1l/x Mab derived in open monoclonal technology
rats that binds to TIGIT and prevents its interaction
with the poliovirus receptor. The recombinant anti-
body is produced in Chinese hamster ovary (CHO)
cells and consists of two heavy chains (456 amino
acid residues each) and two light chains (220 amino
acid residues each). There are two N-linked glycosyl-
ation sites (Asn306) in the Fc domain. The predicted
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molecular weight of tiragolumab is 148,409 Da (pep-
tide chains only, without heavy chain C-terminal lysine
residue). By binding to TIGIT, tiragolumab blocks
its interaction with a protein called CD155 (poliovi-
rus receptor) that can suppress the body’s immune
response. Therapeutic blockade of TIGIT by means of
tiragolumab represents an attractive strategy for can-
cer therapy and is expected to enhance the magnitude
and quality of the tumor-specific T-cell responses,
which may result in improved meaningful anti-tumor
activity when tiragolumab is used as a single agent or
in combination with other IClIs.

Investigational procedure

Each lesion will be treated with SBRT using 3 frac-
tions of 8 Gy prescribed on the PTV (Planned Tumor
Volume), with one fraction delivered every day, ide-
ally Monday, Wednesday, and Friday, so the treat-
ment period will therefore be five days. For technical
reasons (breakdown, maintenance, etc.), two fractions
will be delivered over two successive days, with a mini-
mum delay of 24 hours between two fractions. A total
treatment period of 5 days will be accepted.

Treatment must be delivered by a regular LINAC
(Linear Accelerator) or MRI (Magnetic resonance
Imaging) machine using the SBRT technique to all
lesions and isocenters. Daily IGRT (Image-Guided
Radiation Therapy) is required. If it’s possible, we
encourage avoiding the VMAT (Volumetric Modulated
Arc Therapy) technique to decrease the risk of lym-
phopenia, which may be associated with anti-tumoral
immunity reduction. For this SBRT prescription con-
dition, at least 95% of PTV will have to receive 100% of
the prescribed dose (24 Gy).

Patients included in this study will present at least
three lesions. In order to guide which lesions to irradi-
ate, the following principles should be used:

— To irradiate at least two measurable lesions

— To let at least one measurable non-irradiated
lesion to evaluate the abscopal effect. Of note, this
non-irradiated lesion can be the one biopsied.

— To try to irradiate the majority of the lesions,
however, it is mandatory to respect the constraints
on OARs (organs at risk).

Dose constraints for OARs are defined in Table 3
according to Timmerman et al [21].

Statistical analyses
Phase |
Phase I will include a maximum of 18 patients (only
non-small-cell lung cancer patients will be included in
this step).

+ 6 +/- 3 patients for the sequential scheme evaluation.

Page 9 of 15

+ 6 +/- 3 patients for the concomitant scheme
evaluation.

As the safety of the anti-TIGIT and anti-PD-L1 com-
bination has been previously validated, we focused
the DLTs on radiation-induced toxicities. We chose to
accept no more than 22% of radiation-induced toxici-
ties, as patients will undergo additional chemotherapy-
related toxicities.

Expansion cohorts phase

Depending on the results of toxicity from phase I, a
sequential or concomitant scheme will be selected
according to decision diagrams.

20 patients will be included in each cohort (includ-
ing 6 to 9 patients from phase 1 for the lung cancer
cohort). Each cohort will be analyzed independently.

20 patients in each cohort will allow for preliminary
estimates of efficacy endpoints. A total sample of 18
subjects (assuming 10% of non-evaluable patients)
provides a 95% CI with a precision of 22%, 23%, and
24% when the estimated rates of 6-month PFS (under
binomial assumption and with no censored data) are
35%, 30%, and 45%, respectively, in head and neck,
renal and lung cancers. For head and neck cancer,
the 6-month PFS estimate of 35% was selected on
the basis of the 6-month PFS rates achieved in Key-
note-048 [8], 25% and 45% with pembrolizumab and
pembrolizumab plus chemotherapy, respectively. For
renal cancer, few data are available on immunother-
apy efficacy after a first-line treatment consisting of
an immune checkpoint inhibitor combination or an
association of a tyrosine kinase inhibitor and immune
checkpoint blockade. The chosen 6-month PFS rate is
close to what has been observed in the CheckMate-025
[22] study with nivolumab as a second-line treatment.
Lastly, for lung cancer, randomized clinical trials of
second-line treatment were performed before the use
of chemo-immunotherapy as the first-line standard of
care [23-26]. In recent retrospective studies assessing
chemotherapy in a second-line setting after immuno-
therapy, the 6-month PFS percentage approaches 40%
similarly to the chosen rate [27, 28].

Definition of study population analysis

The safety population is defined by all patients who
received at least 1 dose of immunotherapy combined
with at least 1 radiation therapy session.

The modified-intention-to-treat (mITT) population
is defined by all patients treated with the phase I rec-
ommended scheme who received at least one admin-
istration of each immunotherapy, the 3 radiotherapy
fractions, and at least one tumor evaluation (CT-scan).
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Statistical analysis of endpoints

The primary endpoint will be evaluated in the safety
population. Secondary efficacy endpoints will be eval-
uated in the mITT population, and secondary safety
endpoints in the safety population.

Phase I The number of toxicities will be described by
type and grade for each level (sequential and concomi-
tant) according to the MedDRA classification. A listing
of adverse events by patient and level will be provided.

Expansion cohort Each cohort will be analyzed sepa-
rately. PFS and OS rates (at 6 and 12 months) and
median PFS and their respective 95% CI will be deter-
mined using the Kaplan-Meier method to take censored
data into account. Toxicities will be described by type
and grade according to the MedDRA classification. In
the event a patient experiences several toxicities of the
same type, only the highest grade will be retained for
analysis. A listing of adverse events by patient will be
provided. Analyses will be performed using SAS 9.4 or
a later version.

Interim analysis

An Independent Data Monitoring Committee (IDMC)
will be established for the trial. This IDMC will meet
after the inclusion of 10 patients with 5 weeks of fol-
low-up in each cohort to evaluate toxicities, except for
the lung cancer cohort, which will be evaluated during
phase I. Toxicities will be described by grade and type
of toxicity for each patient, focusing on the same DLT
as described for phase I. The purpose of this interim
analysis is to validate with the IDMC the safety of the
combination of immunotherapy and radiation. Inclu-
sion will be stopped while waiting for the IDMC meet-
ing and decision. No interim analysis is planned for
efficacy.

Ethical and regulatory requirements

The study will be performed in accordance with ethical
principles that have their origin in the Declaration of
Helsinki, including Decree No. 2016 -1537 of Novem-
ber 16, 2016 on research involving human subjects,
and are consistent with ICH/Good Clinical Practice,
and applicable regulatory requirements Patient Data
Protection; in France, CNIL.

Before carrying out research on humans, the spon-
sor is required to submit the project to the opinion of
one of the competent institutional ethical committees
(Committee for the Protection of Persons: CPP) and
to the regulatory authority (National Agency for the
Safety of Medicines and Health Products: ANSM).

Prior to the implementation of the research on a per-
son, the eligible subject will be fully informed by the
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investigator during the consultation, and after a period
of reflection, a written informed consent form will be
collected.

The information will also include information on
data handling in accordance with the revised French
Data Protection regulations including the European
General Data Protection Regulation N° 2016/679.

Discussion

Targeting immunomodulatory pathways beyond PD-1/
PD-L1 is an emerging field in oncology. As LAG-3,
TIM3, BTLA, and TIGIT belong to the co-inhibitory
receptors, which are known to impair anti-tumor
immunity [13]. Ongoing trials assess tiragolumab
in the metastatic setting of non-small cell lung can-
cer (NCT04619797, NCT03977467, NCT05034055,
NCT04958811, NCT04294810, NCT03563716), blad-
der cancer (NCT05645692) and head and neck can-
cer (NCT04665843), NCT05483400). To date, only
one study, which focuses especially on non-small cell
lung cancer, has integrated SBRT into the strategy
(NCT05483400). Preclinical data has investigated the
sequence of immunotherapy and SBRT, thus dem-
onstrating that systemic immune checkpoint block-
ade given before irradiation impairs the anti-tumor
immune response [29]. Consequently, we designed our
administration schemes in order to maximize the sys-
temic immune response.

Beyond safety, we aim to detect an activity signal
of our combination. Secondary analyses will help to
sustain emerging data that suggest the critical role of
cytokine production in the tumor microenvironment
[30-32]. The study is ongoing, and the first patient
was included on December 5th, 2022.
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Table 3 Dose contraints to OARs

OARs Dmax (Gy) Volume

Optic nerve 19.5 V15<0.2 cc
Cochlea 20

Brainstem 23 V18 <1 cc

Spinal Cord 22 V18 <0.25¢ccV11.1< 1.2 cc
Cauda equina 24 V219<5cc

Sacral plexus 24 V22.5<3cc
Esophagus 27 V21 <5cc
Ipsilateral brachial plexus 24 V225<3cc
Heart/pericardium 30 V24 <15 cc

Great vessels 45 V39 < 10cc
Trachea and Ipsilateral bronchus 30 V15 <4 cc

Skin 24 V225 <10cc
Stomach 24 V21 <10cc
Duodenum 24 V15<5cc

Jejunum /ileum 27 V162 <5cc

Colon 30 V204 <20 cc
Kidneys (right and left) Rectum V14 < 200 cc, V15 < 33%
Rectum V204 < 20 cc
Bladder 30 V15 < 15cc

Penil Bulb 30 V219 <3cc
Femoral Heads (right and left) 42 V219 <10 cc

Renal Hilum/vascular trunk V18.6 < 2/3 volume
Normal Lung (homolateral lung — ITV) (if one lung lesion) V20 < 10%

Normal Lung (bilateral lung - ITV) (if several lung lesions) V19 < 6.5%

Normal Liver (Liver —ITV) V15 <700 cc
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