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Immunotherapy timeline

 Wilhelm Busch and Friedrich Fehleisen- immune status and cancer.

* 1890’s William Coley-‘Father of Cancer Immunotherapy’- extracts of
heat-inactivated S. pyogenes and Serratia marcescens- ‘Coley’s
toxins’.

* 1909- Paul Ehrlich- immune system eradicates cancer antigens.

* Lewis Thomas and Sir Frank Macfarlane- Cancer immune surveillance.
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Improved Survival with Ipilimumab in Patients
with Metastatic Melanoma
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2013 Breakthrough of the Year
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Breakthrough of the Year

Cancer
Immunotherapy

T cells on the attack

CANCER IMMUNOTHERAPY: harnessing the immune
system to battle tumors




Immune surveillance

Adaptive
Immunity
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Antigen presentation

Secrete protective antibodies

CD4+ T cells - MHC class |
molecules — cytokine production

Regulatory T Cell- Dampens
immune response

CD8+ T cells- MHC class | molecules-
direct cytotoxic reactions
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Types of Immunotherapy

Cancer vaccines

Oncolytic virus therapies
seidesay) aunjolh)

Immune checkpoint inhibitors Adoptive cell transfer zhang et al Cellular & Molecular Immunology (2020)



Immune check point Inhibitors

* T cell immune checkpoint molecules:

e Cytotoxic T lymphocyte antigen 4 (CTLA4)

* Programmed cell death 1 (PD1)

* Lymphocyte-activation gene 3 (LAG-3)

e T cell immunoglobulin and mucin domain 3 (TIM-3)

e V-domain immunoglobulin suppressor of T cell activation (VISTA)

* Inhibit T cell activation and proliferation- prevent antitumor response.

e Upregulation of these molecules in tumor



CTLA4 Blockade

T, cell death

Co-inhibitory Mechanism of Immune

Checkpoint Receptor Distribution Ligand Evasion Drugs Targeting Tumor Type

CTLA-4 Activated CD8 T-cells, CD80, CD86 Cytoplasmic tail interacts with Ipilimumab, Melanoma,
regulatory T cells protein kinase C-JI (PKC-JT) tremelimumab lung cancer

and recruitment of SHP-2;
ectodomain competition
with counter receptor
(CD28)
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Activated
T cell



PD 1/PDL1

® Granzymes
0 o0 Jeo and perforin
. 00 ®
Activated - Y]
T cell Expansion | T Tumour
PD-1 Activated CD8 T cells, PD-L1, PD-L2 Recruitment of SH2-domain  Anti—PD-1s: nivolumab, Multiple solid

regulatory T cells, DCs, containing protein tyrosine pembrolizumab, tumors
NK cells, Macrophages phosphatases to the ITSM pidilizumab; anti—-PD-

cytoplasmic region of L1s: avelumab,

PD-1 then inhibits atezolizumab,

downstream signals of durvalumab

the T-cell receptor

APC or
tumour cell




Target Name Isotype

Anti-CTLA-4 Ipilimumab eGl
Tremelimumab 6G2

Anti-PD-| Nivolumab eG4
Pembrolizumab eG4
PDROOI eG4

Anti-PD-L| Atezolizumab Fe mut” IgGl
Durvalumab Fc mut lgGl
Avelumab eGl

* Trigger autoimmune and inflammatory toxicities- immune-related
adverse events (irAEs).



Biomarkers for response

* PDL1 on IHC
e Mutational load or burden

 MSI-H/MMR status



Adoptive T cell therapy (ACT)
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Vaccines
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* Eliminate primary tumor
« Prevent metastatic recurrence

Cold Spring Harb Perspect Med 2020;10:a036863



Interaction of Immunotherapy with Radiation

* Preclinical studies- 1979- Radio resistance in immunosuppressed.

* RT can deeply reshape the tumor environment by modulating the
Immune response.

* RT induces in situ vaccination by killing tumor cells and triggering a
systemic immune response.



Immuno-RT (iRT)

Zhang et al Signal Transduction and Targeted Therapy (2022) 7:258



Mechanism of action
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Biological rationale for IRT

RT exerts potent antitumor immune
response influences almost all steps
In the cancer-immunity cycle.

Stress response induced by RT —
Release of DAMPs- cellular
response driven by DNA damage
changes the immunogenicity of the
irradiated cancer cells.

Reprogrammed tumor
microenvironment(TME) induced by
RT plays a role as a “game
changer” to transform “cold”

tumors into “hot” tumors - a pre-
requisite for response to IC

Priming and activation
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Cancer antigen
presentation
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Infiltration of T cells
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(CTLs, endothelial cells)

e

k@ Recognition of
cancer cells by T cells
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Killing of cancer cells
{Immune and cancer cells)




Immunomodulatory effect induced by RT is a double edge sword that not only enhances
systemic antitumor immune response but also promotes immunosuppression to some extent.

RT influences tumor microenvironment: by increasing Treg cells and myeloid derived suppressor
cells (MDSCs) and elevation in immunosuppressive cytokines.
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Zhang et al Signal Transduction and Targeted Therapy (2022) 7:258



Antigen Presenting cell
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Just a local therapy? Abscopal Effect

* Latin- ab scopus meaning on a distant site (away from target)
* Also termed “invivo vaccination effect” or “accelerant”

* >20 case reports

* “The abscopal effect is a phenomenon in which local radiotherapy is

associated with the regression of metastatic cancer at a distance from
the irradiated site.”



Mechanism

Genetic abscopal effect: Genetic changes

Zhang et al Signal Transduction and Targeted Therapy (2022) 7:258



Immunologic Correlates of the Abscopal
Effect in a Patient with Melanoma

Palliative radiation to
Para spinal mass
28.5Gy/3 fractions

Recurrence of
Unresectable Ipilimumab
Cancer |
[
Induction - Maintenance—  Radiation - Maintenance —
v WVl v ¢ 411
Stable Slow Progression Response | Stable
December 2010 | | | -
Aug. Sept. Dec. Nov. Dec Jan. April Oct.
2009 2009 2009 2010 2010 2011 2011 2011
A B F C D E

Postow et al N Engl J Med 2012;366:925-31.



ISABR

Study details SABR dose (Gy)/fractions | SABR Target | Immunotherapy agent Sequence of treatments Location of response

Postow er af., (2012)% 28.5/3 Paraspinal Ipilimumab immunotherapy, then SABR, then immunotherapy IF and OF

Hiniker et al, (2012)* 54/3 Liver Ipilimumab immunotherapy, then SABR, then immunotherapy IF and OF

Golden er al, (2013)%* V5 Liver Ipilimumab Concurrent IF and OF

Silk et al, (2013)* 14-24/1-5 Brain Ipilimumab immunotherapy then SABE, or SABE then IF
immunotherapy

Stamell ef afl, (2014)%! MR Brain Ipilimumab Concurrent IF and OF

Karbach et af, (2014)3 | 45/1 Brain Autologous tumor-lysate-loaded SABR then immunotherapy IF and OF

dendritic cells

Kiess et al, (2014)% 15-24/1 Brain Ipilimumab SABP. then immunotherapy, or Concurrent treatment, or IF
Immunotherapy then SABR

Kwon ef al, (2015y% 81 Bone Ipilimumab SABR then immunotherapy IF

Seung et al., (2012)% 21 Any IL-2 SABR then immunotherapy IF and OF




Low dose radiation and Radscopal effect

* The technique of combining HDRT to the primary tumor, LDRT to the
secondary tumor, and an ICl was coined the “RadScopal” concept

* Stereotactic RT and low-dose RT was proposed by James Welsh -
strategy as “RadScopal” technique.

 Low-dose RT can increase secretion of chemokines involved in the
attraction of T cells.

* Increasing T cells, NK cells, polarizing M1 macrophage, upregulating
immunostimulatory factors and downregulating inhibitory factors.

Ji et al Cancers 2022, 14, 3505.



Number of

Authors Mice and Cell Line Tumor Sites KT Regimen Immunotherapy Results
Delayed growth in both primary and
" .
1295y /Ev mice 12 Gy*3 HDR'I; to the primary , se-::nndar}: tumors. o
H Barsoumian et al. [19] 34450 parental lun 2 tumor + 1 Gy*2 LDRT to the anti-CTLA-4 Enhanced natural killer cell activation,
’ ’ a denﬂcarfinﬂma cell I%n o secondary tumor (3 days anti-PD1 increased M1 macrophages and CD4 +
after HDRT) T-cells, and decreased TGF-p in
secondary tumors.
. 12 Gy*3 HDRT to the primary Delayed growth in both primary and
1295v /Ev mice . . secondary tumors,
: tumor + 1 Gy*2 LDRT to the anti-TIGIT .
H Barsoumian et al. [20] 34450 parental 2 . reduced the exhaustion of T-cells,
secondary tumor (3 days anti-'D1

lung adenocarcinoma cell line

after HDRT)

generated effector immune memory;,
and prolonged survival.
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Factors for iRT

s Disease State e |mmunotherapy - »Tumor Features
Th Disease Site — SOQUENCINE = RT features
[
e agents Metastatic
PY Sequence Fractionation Non-Metastatic

° T| m | ng High vs Low dose ICl
°
Dose Concurrent CAR-T cells
* Fractionation
° |rradiated Sites Sequential Vaccines
Involved vs elective nodes | Heterogeneity

Mtrinsic/acquired

Metastatic sites /
resistance

Primary site



Sequencing

Primer
No ICB

1CB
-Initiate host immune
response

-Avoid toxicity of concurrent
administration

Concurrent

No ICB ICB

\

s
& ¥

-Radiosensitization of tumor cells
-Maximum tumaor antigen
avallability and uptake

-RT may induce chemotaxis of
effector T-cells

Adjuvant

Ics

No ICB

©

-Strengthen immune surveillance
for residual or recurrent disease
-Avoid toxicity of concurrent
administration

Clinical
Trial
Example

NRG Oncology GY-017:
Atezolizumab before and/or
with CRT for Cervical Cancer

KEYCHAIN:
CRT vs Pembrolizumab and
RT for Head and Neck Cancer

PACIFIC:
Durvalumab after CRT in
Stage III Non-Small-Cell

Lung Cancer




Sites to Irradiate

Number of Tumor Site

Single tumor site Oligo-metastasis (OGM) tumor Polymetastatic tumor Q
l adeptive cell therapy
r ‘
Intact immune function Attenuated immune function Attenuated immune function Intact imlnune function \
AMative RT

partial-volume HDRT

HDRT fellowed by LDRT All sites bmmne stimulate HDRT All stes ablative RT ACT HDRT to » few sites
Innumetherapy Tnmunetherapy Tmmunotherapy all site LDRT LDRT to the other sites

Weaseiaacigty Ji et al Cancers 2022, 14, 3505.



Type of Radiation

Wang et al Clin Cancer Res. 2019 March 15; 25(6): 1709-1717

Pra-traatment Markers

Paost-treatment Evaluabion

@ PD-L1 Expression
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ClinicalTrials.gov  Trial Phase Condition or disease Sequence RT o] Results Sponsors Estimated/actual
identifier study
completion date
MNCTO2474186 Phase 1 Various Concurrent 35Gy in 10 fractions  GM-CSF Abscopal responses in - NYU July 2015
Phase 2 27.6% of patients Langone Health
NCT02125461 Phase 3 NSCLC RT, 10 54 to 66 Gy Durvalumab Durable PFS and AstraZeneca December
sustained OS benefit 30, 2022
with durvalumab after
chemoradiotherapy
NCT02608385 Phase 1 Solid tumors SBRT, 10 SBRT dosing varied by Pembrolizumab Well tolerated with University of July 2022
site and ranged from acceptable toxicity Chicago
30 to S0 Gy in three to
five fractions
NCT02221739 Phase 1 NSCLC Concurrent 6 Gy x5, later changed |pilimumab Objective responses NYU October 27, 2015
Phase 2 to 9.5 Gy x3 were observed in 18%, Langone Health
and 31% had disease
control
NCT02434081 Phase 2 NSCLC Concurrent 66 Gy in 33 fractions  Nivolumab The addition of European Thoracic  March 31, 2020
nivelumab to Oncology Platform
concurrent CRT is safe
and tolerable
NCT02492568 Phase 2 NSCLC RT, 10 SBRT 3 doses of 8Gy  Pembrolizumab Well tolerated and a The Metherlands June 2018
doubling of ORR Cancer Institute
NCT02444741 Phase 1 NSCLC Concurrent Various Pembrolizumab Safe and more M.D. Anderson September
Phase 2 beneficial for patients Cancer Center 17, 2022
with low PD-L1
expression
NCT02343952 Phase 2 Carcinoma, NSCLC RT, 10 59.4 1o 66.6 Gy Pembrolizumab PFS and OS5 Masser Hanna, M.D. September 2022
improvement with
consolidation
pembrolizumab
NCT03631784 Phase 2 NSCLC Concurrent 60 Gy in 30 daily Pembrolizumab Promising antitumor  Merck Sharp & May 15, 2023

fractions

activity and
manageable safety

Dohme Corp.




ClinicalTrials.Gov

Title (Reference) Identifier Setting Phase/Type  Treatment Endpoint Toxicity Status
Durvalumab after chemoradictherapy MNCTO2125461 Stage Il NSCLC 3 Chemaoradiation with or PFS and OS Grade 3/4 events in 29.9% Publizshed
in stage lll non=small-cell lung cancer without consolidative of patients in durvalumab
(Artonia 21]1?“'5} durvalumab arm and 26.1% of pla-
cebo arm; most common
Was pheumaonia
Concurrent imadiation with the anti- NCTO1623562 Advanced head and 1/2 Palliative RT plus Safety and efficacy Five patients reported Publighed
programmed cell death ligand=1 immune neck (palliative intent) durvalumab grade 1-2 AEs; no grade
checkpoint blocker durvalumab: single =3; most common was
centre subset analysis from a phase 1/2 transient mucositis
trial (Levy 201657
Durvalumab and Radiation Therapy MCTO2891161 Urothelial cancer 1/2 RT with concurrent Safety/PFS Pending report Active
Followed by Adjuvant Durvalumab in durvalumab followed by
Patients With Urothelial Cancer [T2-4 adjuvant durvalumab
MNO-2 MO) of the Bladder (DUART)
Prostate Cancer With OligometaSTatic NCTOITa5207 Oligometastatic pros- 2 SBRT with or without dur- PFS Pending report Active
Relapse: Combining Stereotactic tate cancer valumab (to be started 1
Ablative Radiotherapy and Durvalumab mo before SBRT and then
(MEDI4736) (POSTCARD) given for 12 mo total)
Avelumab With Chemoradiation in Locally NCTO3299660 Locally advanced rectal 2 Standard long-course Pathologic response  Pending report Open
Advanced Rectal Cancer cancer chemoradiation followed rate
by 4 cycles of avelumab
followed by resection
A Study Evaluating the Association MNCTO286674T Recument glioblastoma 1,2 Hypofractionated RT with DLT/OS Pending report Open
of Hypofractionated Stereotactic durvalumab starting on the
Radiation Therapy and Durvalumab for last d of AT
Patients With Recurrent Glioblastoma
(STERIMGLI)
CALLA: efficacy and safety of durvalumab NCTO3830866 Cerviz (FIGO IB2-lIB 3 Durvalumakb + chemo- PFS Pending report Open

with and following concurrent chemora-
diotherapy (CCRT) versus CCRT alone
in women with locally advanced cervical
cancer: a phase lll, randomized, doubla-
blind, multicenter study (Monk EH‘IEM}

with positive lymiph
nodes or HA-IVA,
with any wmph node
status)

radiation or placebo +
chemoradiation followed
by durvalumab or placebo
maintenance for 24 mo




Study Cancer Type (n)  Disease Stage Treatment ICI Agent Radiation Details (Gy / Trial Design Selected Results
Setting fractions)
Spigel et al. NSCLC (n=709) III Adjuvant Durvalumab 60-66 Gy in 30-33 Durvalumab following mO5* 47.5 ICI vs. 29.1
(PACIFIC) fractions to primary no PD! after definitive mo placebo
tumor and involved CRT? mPFS 16.9 mo vs. 5.6 mo
nodes placebo
505% 42.9% vs. 33.4%
placebo
5PFS* 33% vs. 19%
placebo
Kelly et al. Esophageal /GEJ  II/III Adjuvant Nivolumab Definitive RT dose (not Neoadjuvant CRT with mPFS 22.4 mo ICI vs.
{Checkmate- (n=794) specified) to primary PR followed by RO 11.0 mo placebo
577) tumor and nodes resection of stage /111
(involved and elective) Cancer
Lee et al. HNSCC HPV-/Non-Opx®  Definitive Avelumab 70 Gy in 35 fractions to  Locally advanced SCC° mPFS not reached (95%
(JAVELIN) (n = 697) HP'V+: primary tumor and nodes  treated with CRT with CI 16.9 mo - not reached
NI/ IVASIVE (involved and elective) concurrent ICI vs placebo  for ICI vs. 23.0 mo - not
OPx HPV+: T4/ reached for placebo)
M2c/N3
Bourhis et al. HNSCC II/IVA/IVE Definitive Pembrolizumab  69.96 Gy in 33 fractions  Non-operable SCC 15mo LRC 59% CRT vs.
(PembroRad) (n=131) to primary tumor and receiving CRT 60% ICI-RT (NS)
nodes (involved and (cetuximab) vs. ICI + RT  2PF5” 40% CRT vs. 42%
elective) ICI-RT [NS5)
2087 55% CRT vs. 62%
ICI-RT (NS)
Lim et al. MGMT - Definitive Nivolumab 60 Gy in 30 fractions to ~ RT + TMZ + placebo vs. mPFS 10.6 mo ICI vs.
{Checkmate- methylated GBM primary tumor RT + TMZ + ICI 10.3 mo placebo
548) (n = 320) mO5 28.9 mo ICI vs.

32.1 mo placebo




Ongoing trials

BB u.s. National Library of Medicine

ClinicalTrials.gov

Find Studies = About Studies Submit Studies « Resources About Site = FRS Login

Home > Search Results

Modify Search Start Owver

261 Studies found for: Radiotherapy with immunctherapy

Also searched for Radiation. See Search Details

List By Topic On Map Search Details

de Filters [ Download Subscribe to RSS
e Showing: 1-10 of 261 studies studies per page Show/Hide Columns
Row | Saved Status Study Title Conditions Interventions Locations
Clear
1 [J  Terminated Radiotherapy With Immunotherapy for Systemic » Multiple Myeloma » Drug: Nivolumab 240mg + Weill Cornell Medicine
Has Resulis  Effect in Myeloma (RISE-M) « Radiation’ Radiation therapy New York, New York,
ha = United States
ruitment @ : 2 O Mot yet Combination of Hyperfractionated Radiotherapy With « Immunotherapy + Combination Product:
Mot yet recruiting recruiting Immunctherapy in Massive Tumars « SBRT camrelizumab+hyperfractionated




Conclusion

* Immunotherapy and Radiation are a powerful combo
* Potential Game changer for metastatic disease.

* Biomarkers needed for selection of iRT strategies.

* Understanding of underlying biology to harness the potential.

* Large studies needed to demonstrate clinical benefit for various
tumors.
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