Combining Radiotherapy with
Immunotherapy In thoracic malignancies
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Need to combine..???

* Thoracic malignancies-predominantly of
Non-small cell lung cancer

Small cell lung cancer Distant
: : metastases & poor
Malignant pleural mesothelioma prognosis :

Advanced oesophageal cancers
Advanced stage thymoma, and thymic carcinoma



Need to combine..???

| _ Radiation XO
Treatment modalities- N l/ Immu:ﬂherapy
* Radiotherapy —0- ﬁr’
« Chemotherapy - | E{
* Surgery Chemotherapy

 Immunotherapy -now considered to be the “ fourth pillar “
of cancer care | | |



Radiation therapy is one of local ablative therapies uses high
energy radiation for cancer treatment .

It induces double-strand DNA damage in cancer cells, single strand
breaks, misrepair, and chromosome aberrations.

All of these events are direct actions of RT . The cells are killed
mainly by mitotic catastrophe, but also by apoptosis, necrosis,
autophagy, or replicative senescence.

As we focus on investigations of new technologies such as FLASH
RT, proton RT, and carbon ion RT which aim to improve the
therapeutic ratio, increasing evidence on immunomodulatory
effects of RT casts new light on its systemic antitumor response.




* Recent studies have found RT may be similar to an
“accelerant” by means of inducing in situ |
vaccination by killing tumor cells and triggering a I Sy
systemic immune response. B

 The most representative example is the abscopal
effect: radiation on one site may cause regression
of tumor at remote and distant nonirradiated sites.
The potential systemic antitumor capacity provides
a sound basis for combining radiotherapy and
Immunotherapy.




Historical Timeline-
Radiotherapy/Immunotherapy
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~ Immunologic effects of Radiotherapy

- **In-Situ vaccination \
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Systemicfiocal immune enhancement
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Anti-PD-1
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ENHANCED ANTITUMOR ACTIVITY



 Radiotherapy has the potential to convert immunologically ‘cold’
tumors into ‘hot’ tumors by a combination of distinct mechanisms
including:

(a)increasing tumor immunogenicity via the upregulation of antigenic
expression, antigen processing, major histocompatibility molecules, and
costimulatory signals;

(b) overcoming an immunosuppressive tumor microenvironment by
shifting the cytokine balance in favour of immunostimulation (e.g. by
increasing the production of immunostimulatory cytokines);

(c) recruiting antigen-presenting and immune effector cells to the tumor
microenvironment



Ongoing Clinical trials
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Mumber of new cases in 2020, bath sexes, all ages
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Estimated Incidence, Mortality and Prevalence in 2020

Incidence Deaths 5 year prevalence
@ World 2206771 1796144 2604791

*_, India 72510 66279 30817

4™ most common cancer in India in terms of
incidence.
3'Y most common cancer causing death in India.

No. 1 cancer across the world in terms of death.

Globocan 2020



Lung Cancer Types

Lung cancer

Non Small cell Small Cell (10-15%)

(85-90%)
| |
Squamous cell Non Squamous cell
carcinoma carcinoma
Larqe cell Adenocarcinoma
carcinoma




Non-Small cell Lung Carcinoma

 Although a significant proportion of patients can be cured with surgery, with
or without adjuvant or neoadjuvant chemotherapy and radiation, a significant
proportion of patients will fail, particularly distantly.

« More than half of patients with NSCLC present with distant metastases at the
time of diagnosis

- §-year overall survival (OS) less than 5% .

* For patients with stage IV NSCLC RT has historically been used only for
palliative purposes

 NSCLC patients with a low burden of metastatic disease to a limited number
of distant sites (oligometastatic), RT can improve PFS and potentially OS -
[SABR-COMET].



Platinum-based doublet chemotherapy- first line,taxane-based regimens as
second-line regimens

There are multiple forms of immunotherapy available including T-cell transfer,
cytokine therapy, and oncolytic viruses.

Checkpoint inhibitors have shown tremendous activity in NSCLC and are currently
under intense study given promising data on response.

Immunotherapy and radiation therapy (RT) both show significant immune editing
activity in NSCLC that may allow the innate and adaptive immune system to help
control systemic disease by both radio sensitization and a sustained systemic
immune response.

Multiple clinical trials are underway exploring the role of adjuvant or neoadjuvant
immunotherapy in operable NSCLC.

A substantial amount of progress is to be made in terms of
optimizing radiation dose and fractionation, immunotherapy type
and dose, and integrating both to best realize the benefits of
immunotherapy and radiation in operable lung cancer.



Raduatuon plus mmunotherapy
for metastatuc NSCLC .



Positive First-line Advanced NSCLC
mmunotherapy Trials: An Ever-Growing List

Trial Comparison Selection ORR, % PFS HR OS HR
KEYNOTE-02413 Pembro vs plt-doublet CT PD-L1 >50% 46.1vs 31.1 0.50 0.62
IMpower110%° Atezo vs plt-doublet CT PD-L1 250% (TC) or 10% (IC) 38.3 vs 28.6 0.63 0.59
EMPOWER-Lung 1° Cemiplimab vs plt-doublet CT PD-L1 >50% 39.2vs 20.4 0.54 0.57
KEYNOTE-04278 Pembro vs plt-doublet CT PD-L1 21% 27.3 vs 26.7 1.05 0.80
KEYNOTE-189°10 Pembro or placebo + carbo/pem PD-L1 unselected; nonsquamous 48.3 vs 19.9 0.49 0.56
IMpower130! Atezo + carbo/nab-pac vs CT alone PD-L1 unselected; nonsquamous 49.2 vs 31.9 0.64 0.79
IMpower150%213 Atezo + carbo/pac + bev vs CT + bev PD-L1 unselected; nonsquamous 63.5 vs 48.0 0.62 0.80
KEYNOTE-40714-16 Pembro or placebo + carbo/pac or nab-pac PD-L1 unselected; squamous 62.6 vs 38.8 0.59 0.71
EMPOWER-Lung 3%/ Cemiplimab or placebo + plt-doublet CT PD-L1 unselected 43.3 vs 22.7 0.56 0.71
TMB high (>10 mut/Mb) 45.3 vs 26.9 0.58 NR
CheckMate 22718-20 Nivo + ipi vs plt-doublet CT PD-L1 21% 36.4 vs 30.0 0.81 0.76
PD-L1<1% 27.3 vs 23.1 0.74 0.64
CheckMate 9LA21.22 Nivo + ipi + plt-doublet CT vs plt-doublet CT PD-L1 unselected 38.0 vs 25.4 0.67 0.72

1. Reck. NEJM. 2016;375:1823. 2. Reck. JCO. 2019;37:537. 3. Reck. JCO. 2021;39:2339. 4. Herbst. NEJM. 2020;383:1328. 5. Herbst. WCLC 2020. Abstr FP13.02.

6. Sezer. Lancet. 2021;397:592. 7. Mok. Lancet. 2019;393:1819. 8. Cho. WCLC 2020. Abstr FP13.04. 9. Gandhi. NEJM. 2018;378:2078. 10. Rodriguez-Abreu. Ann Oncol.
2021;32:881. 11. West. Lancet Oncol. 2019;20:924. 12. Socinski. NEJM. 2018;378:2288. 13. Socinski. J Thorac Oncol. 2021;16:1909. 14. Paz-Ares. NEJM. 2018;379:2040.
15. Paz-Ares. ) Thorac Oncol. 2020;15:1657. 16. Robinson. ELCC 2021. Abstr 970. 17. Gogishvili. ESMO 2021. Abstr LBA51. 18. Hellmann. NEJM 2018;378:2093.

19. Hellmann. NEJM. 2019;381:2020. 20. Paz-Ares. ) Thorac Oncol. 2022;17:289. 21. Paz-Ares. Lancet Oncol. 2021;22:198. 22. Reck. ESMO Open 2021;6:100273.
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Overall Survival With First-line ICI Monotherapy for

NSCLC With High PD-L1 Expression

KEYNOTE-024: OS With Pembrolizumab
in NSCLC With PD-L1 Expression 250%*?

Median OS,
Mo (95% Cl)

Pembro (n =154) 26.3 (18.3-40.4)

100 i CT(n=151) 13.4(9.4-183) 1g0

80 \ 80 \
60

40

20 20
0
O 6 12 18 24 30 36 42 48 54 60 66 72
Mo

1. Reck. JCO. 2021;39:2339. 2. Herbst. NEJM. 2020;383:1328. 3. Sezer. Lancet.
2021;397:592. 4. Mok. Lancet. 2019;393:1819. 5. Cho. WCLC 2020. Abstr FP13.04.

IMpower110: OS With Atezolizumab in
NSCLC With High PD-L1 Expression?

T

—4

Atezo (n =107)
CT (n=98)

Mo

Median OS,
Mo (95% Cl)
20.2 (16.5-NE)
13.1 (7.4-16.5)

0

0 2 4 6 8101214161820222426283032343638

EMPOWER-Lung 1: OS With Cemiplimab in
NSCLC With High PD-L1 Expression3

Median OS,

Mo (95% ClI)

NR (17.9-NE)
14.2 (11.2-17.5)

Cemiplimab (n = 283)
100 CT (n = 280)

N

20

HR: 0.57 (95% Cl: 0.42-0.77; P = .0002)

0 24 6 8101214161820222426283032
Mo

*Single-agent pembrolizumab approved for PD-L1 >1%

but not broadly recommended by experts.*>



CheckMate 017 trial

Published in final edited form as:
N Engl 7 Med 2015 October 22;

Nivolumab versus Dc
small Cell Lung Canc

Hossein Borghaei, DO', Luis
Steins, MD, PhD®, Neal E. Rez
Enriqueta Felip, MD®, Esther |
MD, PhD'2, Oscar Arrieta, MD
Hervé Lena, MD'8, Elena Podi
MD'2, Charles M. Rudin, MD, |

Abstract

Background=—{iptions for pattents with non-squamaous non-small czll lung cancer (KSCLC)
whese disgase progresses after first-ling chemoiherapy are limited, This randomized, open-label,
international phase 3 stedy evaluaied efficacy and safety of nivolumab versus docetaxel in this
patient population after failure of platinum doubler chemotherapy.

Methods—Patients were randomized to nivolumab 3 myg per kilogram every 2 weeks or
docetaxel 75 mg per square meter every 3 weeks, The primary endpoint was owverall survival

Results—MNivolumab improved overall survival versus docetaxel. Median overall survival was
12.2 months (95% C1, 9.7 to 15.0) for nvolumab (n=292) and %4 months (95% CL 8.1 to 100.7)
for docetaxel (n=290} {hazard ratio, 0.73; 96% CL 0,59 1o 0L89; P=0.002), One-year overell
survival rates were 51% (95% C1, 45 o 36) for nivolumab and 39% (95% CI1, 33 to 45) for
docetaxel, Updated efficacy results with additional follow up are available for overall survival
only: 18-month overall survival rates were 399 (95% C1, 34 10 45) for nivolumalb and 23% (95%
CT, 1910 28) for docetaxel. Response rates were 19% for nivolumab and 12% for docetaxel
(P=0.02). Although progression-fres survival did not favor nivolumak (2.3 months for nrvolumakb
versus 4.2 months for docetaxel), 1-yvear progression-free survival was higher for nivolumab (19%)
than decetaxel (8%), Mivolumab further improved efficacy across all endpoints at predefined =1%,
=5%, and =10% programmed death-1 ligand | (PD-L1) tumor membrane expression levels, Grade
3-5 treatment-related adverse events were reported in 10% of nivolumab and 54% of docetaxel-
reated patients,

Conclusions—Compared to docetaxel, mvolumab demonstrated superior overall survrval, with
PIx-L1 expression conferring enhanced efficacy in patiems with advanced non-squamaous NSCLC
after fuilure of platinum-based chemotherapy. The safety profile of nivolumab was favorahle
versus docetaxel,

Blumenschein Jr, MD?2, Scott J. Antonia, MD, PhD23, Cécile Dorange, MS24, Christopher T.
Harbison, PhD24, Friedrich Graf Finckenstein, MD24, and Julie R. Brahmer, MDZ3
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Abstract

[ Introduction: In the KEYNOTE-010 study, pembrolizumab improved overall survival (OS) versus
Prof Roy S Herbst docetaxel in patients with previously treated, advanced NSCLC with programmed death-ligand 1
- : '1 {PD-L1) tumaor proportion score (TPS) =250% and =1%. We report 5-year efficacy and safety follow-
Jose L PerezGra up for the KEYNOTE-010 study.
Published: Dece ﬁ Methods: Patients were randomized to pembrolizumab 2 mg/kg or 10 mgfkg once every 3 weeks or
docetaxel 75 mg/m?® ence every 3 weeks for up to 35 cycles (2 y). Patients wha completed
Ry pembrolizumab treatment and subsequently had recurrence could receive second-course
Jt pembrolizemab for up to 17 cycles (1 v). Pembrolizumab doses were pooled in this analysis.
Pembrolizur Sj Results: A total of 1034 patients were randomized {pembrolizumab, n = 691; docetaxel, n = 343).
reviouslv tr Ei Median study follow-up was 67.4 months (range: 60.0-77.9). The hazard ratio (95% confidence
interval) for OS was 0.55 (0.44-0.69) for patients with PD-L1 TPS 250% and 0.70 (0.61-0.80) with
A PD-L1 TPS =1%. The S-year OS5 rates for pembrolizumab versus docetaxel were 25.0% versus 8.2%
in patients with PD-L1 TPS =50% and 15.6% versus 6.5% with PD-L1 TPS =21%. Among 79 patients
P who completed 36 cycles/2 years of pembrolizumab, the OS rate 3 years after completion (-5 vy

from randomization) was 83.0%. A total of 21 patients received second-course pembrolizumatb; 11
(52.4%) had an objective response after starting the second course and 15 (71.4%) were alive at
data cutoff. Exploratory blomarker analysis revealed that higher tissue tumor mutational burden
(=175 mutations per exome) was associated with improved outcomes with pembrolizumab.

Conclusions: Pembrolizumab continued to provide long-term benefit than docetaxel in patients
with previously treated advanced NSCLC with PD-L1 TPS =z60% and =1%. Qur ﬁndlngs confirm
pembrolizumab as a standard-of-care treatment in the second-line or later setting.

Et 1':}‘



ARTICLES | VOLUME 387, ISSUE 10030, P1837-1846, APRIL 30,2016

Atezolizumab versus docetaxel for patients with previously treated non-

small-cell lung cancer (POPLAR): a multicentre, open-label, phase 2
randomised controlled trial

Dr Louis Fehrenbacher, MD 2 [ « Alexander Spira, MD « Marcus Ballinger, PhD « Marcin Kowanetz, PhD «

Prof Johan Vansteenkiste, MD « Prof Julien Mazieres, MD « et al. Show all authors « Show footnotes

Published: March 09, 2016 « DOI: https://doi.org/10.1016/S0140-6736(16)00587-0 «

Atezolizumab Versus Docetaxel in Pretreated Patients With NSCLC:

Final Results From the Randomized Phase 2 POPLAR and Phase 3
OAK Clinical Trials

Julien Mazieres, MD, PhD =2 = » Achim Rittmeyer, MD = Shirish Gadgeel, MD « ... Christina Matheny, PhD =
Marcus Ballinger, PhD « Keunchil Park, MD « Show all authors

s Dihlicehad: NMovambar O8 9090 « NN hittne Hddnl ara/10 101810 itha 2090 NG N2 «

Long -term follow-up suggests a consistent survival benefit with atezolizumab versus docetaxel in patients with
previously treated NSCLC regardless of PD-L1 expression, histology, or subsequent immunotherapy. Atezolizumab
had no new safety signals, and the safety profile was similar to that in previous studies.




Based on the results of these ground-
breaking clinical trials, the FDA approved
nivolumab, pembrolizumab, and
atezolizumab for second-line treatment
of metastatic NSCLC.
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MOLECULAR AND BIOMARKER-DIRECTED THERAPY FOR ADVANCED OR METASTATIC DISEASE?®P
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ADENOCARCINOMA, LARGE CELL, NSCLC NOS

Preferred

* Pembrolizumab (category 1)%8:47
- E:nrh-nplutin or cisplatin) +Eamntm:ud + pembrolizumab [category ‘I}.l""!"“'é|
= Atezolizumab (category 1)°

« Cemiplimab-rwic (category 1)°7

= Carboplatin + paclitaxel + bevacizumab®9 + amzulizumg? (catagory 1j52

* Carboplatin + albumin-bound paclitaxel + atezolizumab

= Nivolumab + ipilimumab + pemetrexed + {carboplatin or cisplatin) {ciigagnry 1]""‘

* Cemiplimab-rwilc + paclitaxel + {carboplatin or cisplatin) (category 1)

* Cemiplimab-rwic + pemetrexed + (carboplatin or cisplatin) (ca 11155

+ Tremelimumab-actl + durvalumab + carboplatin + albumin-bound paclitaxel (category 2B)°5
= Tremelimumab-act]l + durvalumab + {(carboplatin or cisplatin) + pemetrexed (category 2B)
Useful in Certain Ci mstances

* Nivolumab + ipilimumab {category 1}5T

SQUAMOUS CELL CARCINOMA,

Preferred .4y

» Pembrolizumab (category 1)%94

= Carboplatin + (paclitaxel nguﬂlhumin-huund paclitaxel) + pembrolizumab (category 1)%8

= Atezolizumab (category 1)

« Cemiplimab-rwlc [(category 1)°1

Other Recommendad

* Nivolumab + ipilimumab + paclitaxel + carboplatin (category 1)5°

* Camiplimab-rwilc + paclitaxel + {carboplatin or cisplatin) (category 1:]55

« Tremelimumab-actl + durvalumab + carboplatin + albumin-bound paclitaxel (category 2B)20

« Tremelimumab-actl + durvalumab + (carboplatin or cisplatin) + gemcitabine (category 2B)%® PD-L1_21-49% First-line Therapy

Continuation Maintenancea

= Nivolumalb + ipilimumab (category 1}5T

o plonitoring During Initial Therapy: Response assessment after 2 cycles, then every 2— oycles with CT of known ar high-risk sites of dissase with or without contrast ar
when clinically indicated. Timing of CT scans within Guidelines parameters is a clinical decision.

b Fonitoring During Subsequent Therapy or Maintenancs Therapy: Responss asseassment with OT of known or high-risk sites of disease with or withaout contrast every
6—12 weeks. Timing of CT scans within Guidelines parameters is a clinical decision.

©Aan FDA-approved biosimilar s an appropriate substitute for bevacizumab.

4 Criteria for treatment with bevacizumab: nonsquamous NSCLC, and no recent history of hemoptysis.

Mate: All recomimendations are category 24 unless otherwise indicated.
Clinical Trials: MCCHN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.
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NCCN ﬁﬂﬂ.ﬁﬁ:m Non-Small Cell Lung Cancer Discussion

BIOMARKER-DIRECTED THERAPY FOR ADVANCED OR METASTATIC DISEASE™P

PD-L1 =1%-49% Firat-line Therapy

HNSCLC NOS
Preferred
* (Carboplatin or ciaplatin) + pemetrexed + pambrolizumab {category 1)18.4%
Other Recommeanded
= Carboplatin + paclitaxel + bevacizu mab®9 + Etazulizum?‘g (category 1 ]52
* Carboplatin + albumin-bound paclitaxel + atezolizumab
* Nivolumab + ipillimumab + pemetrexed + (carboplatin or cisplatin} (category 1 15‘4
» Nivolumab + ipilimumab (category 1)57
* Cemiplimab-rwlc + paclitaxel + [carboplatin or cigplatin} (category 1}5'5
* Comiplimab=-rwilc + pemetrexed + (carboplatin or cisplatin) |{category 1;55
¢ Tremelimumab-actl + durvalumab + carboplatin + albumin-bound paclitaxel (category 1}::
* Tremelimum ab-act] + durvalumab + {carboplatin or cisplatin) + pemetrexed [category 1)

» Pembrolizumab (category zs;i-“-*?

SQUAMOUS CELL CARCINOMA

= Carboplatin + {paclitaxel or albumin-bound paclitaxel} + pembrolizumab (category 1)7®
Other Recommended

¢ Mivolumab + ipilimuab + paclitaxel + ﬂirhnplalln {category 1)°2

* Mivalumab + ipilimumab (categaory 1)

= Coemiplimab-rwlc + paclitaxel + {carboplatin or cisplatin) (category 1)°°

* Tremelimumab-act! + durvalumab + carboplatin + albumin-bound paclitaxel®®

* Tremelimumab-act] + durvalumab + (carboplatin or cisplatin) + gemcitabine

Useful in Certain Circumstances

« Pembrolizumab (category 2B)546.47 Continuation Malntenance

PD-L1 =50% First-line Thaerapy

8 ponitoring During Inital Therapy: Response assessment after 2 cycles, then every 2— eyeles with CT of known or high-risk sites of disease with or without eontrast or
when climeally indicated. Timing of CT scans within Guidelines parameters is a clinical decision,

b pdonitoring During Subsequent Therapy or Maintenance Therapy: Response assessment with CT of known or high-risk sites of disease with or without contrast every
G=12 wenks. Timing of CT scans within Guidelines parameters is a clinical decision,

¢ An FOA-approved biosimilar is an appropriate substitule for bevacizumakb,

4 Zriveria for treatment with bevadzumak: nonsguamous NSCLS, and no recent history of hemoptysls.

“ Pembrolizurmab monotherapy can be considerad in PO-L1 1 %—39%, when thers are contraincdications to combination chamothearapy

Belarences

Heate: Al recommeandations are calegory 28 unless otherwise indicabed,
Climical Trials: NCCH belisves that the best management of any patient with cancer i= in & clinical trial. Participation in clinical trials = espacially encouraged. NSCL-J
30F B
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Molecular and PD-L1 Testing Should Be Done at Initial
Diagnosis of Advanced NSCLC to Guide firstline Tx
Decisions

Initial Diagnosis of Advanced NSCLC

Molecular Testing and PD-L1 IHC

Targetable

Alteration
PRESENT

No Targetable
Alteration

Matched Targeted PD-L1 Low (1%-49%) PD-L1 High
Therapy or Negative (<1%) (=50%)



2022 Paradigm for Immunotherapy in

_ _ _ _ ~* ICl + chemotherapy
PD-L1 250% PD-L1 1%-49%* PD-L1<1%
» Atezolizumab/carboplatin/paclitaxel/

Advanced NSCLC Without an Actionable Mutation
Advanced NSCLC w/o * ICl monotherapy: pembrolizumab, *
Actionable Mutation atezolizumab, cemiplimab
* Pembrolizumab/carboplatin or
cisplatin/pemetrexed (Nsq)
PD-1/PD-L1i PD-1/PD-L1i + PD-1/PD-L1i + ~bevacizumab (Nsq)
Chemotherapy Chemotherapy :

Atezolizumab/carboplatih/nab-patlitaxel (Nsq)
* Pembrolizumab/carboplatin/taxane (Sq)

PD-1/PD-L1i +
Chemotherapy PD-1i + CTLA-4i + PD-1i + CTLA-4i +

Chemotherapy Chemotherapy * Nivolumab/ipilimumab + 2 cycles of CT (Sq/Nsq)
* |Cl combination: nivolumab/ipilimumab

PD-1i + CTLA-4i +

Chemotherapy PD-1i + CTLA-4i PD-1i + CTLA-4it

PD-1i + CTLA-4i Current first-line treatment paradigm
based on PD-L1 expression in TC and/or IC

*Single-agent pembrolizumab also approved for 21% PD-L1 but not broadly recommended by experts; guideline-recommended
for PD-L1 1-49% if poor PS or contraindications to combining w/CT. *Not an FDA approved indication, but guideline recommended.

NCCN. Clinical practice guidelines in oncology: NSCLC. v.3.2022. nccn.org.
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Immunotherapy

NHS-IL2

OM-CEF

CDX-30

Fembro
Penibro

Cemi

Penibro

Radwothorapy

20 Gy/6 &, single
pulmonary noduia

35 G0 tx, 2 \Bsions
corsocuively

3064 Gy 1-6 Ix. singss
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20 Qy/4 tx, single asion

. 30 Gy/S Ix

o 273X

Single Sesion
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Jania Oncology | Original lnvestigation

Effect of Pembrolizumab After Stereotactic Body
Radiotherapy vs Pembrolizumab Alone on Tumor Response
in Patients With Advanced Non-Small Cell Lung Cancer
Results of the PEMBRO-RT Phase 2 Randomized Clinical Trial

Welllemmuljm 5. WML E. Thiselsn, B O Haeike B L), Peulsn, MDD, PRDy Feory Lalesari: BMDe Wincent wan des Bt . PhiDe
l=Fr e F. Ol Wivies. PhID: Joachdom oo 1% asrts. MDD PhD: Daapahines W Dhuimmessialln. BAD: ldiris Bahoe, BADL P
A e - L ariiesa P Pl rmpadjor. P O Sedriarye B ol b arggoei, MDA O, PO B b onliheesy, BAD, PRl Pral Baas, A, P

:= Trmwited O orrerrmen bar
IFFORTARNCE Many patlients with advanced non-small cell lung cancer (NSCLCY recaiving pago 125071
immunot berapy shows primary resistanoes. High-dose radicthermpy can lead to increased Sasprpebo rrmaialan| Sorinlaint

L r antigen rebaase, mprovecd antigen presentaticas, and T-call infiltraticon, This
radiotherapy may =nhance the =ffects of checkpoint imnhibition

OBIECTIVE To assess whethor stercotactic body mdiothompy on a single tumor site
(&0 I_l-l_l_-tl1l1ﬂ_ AT irralizwurmals treeatrrant anbhamnces Cuiryss @S RO sl Ir EathanTs wil I
mwslastaric MSOLC

Theelen et al. performed a RCT of pembrolizumab either without or after SBRT (3 x 8Gy) of a single NSCLC
metastasis . While the study’s primary endpoint criteria were not met, a significant improvement of DCR was
observed in the experimental arm (64 vs. 40%; p = 0.04).

Moreover, subgroup analyses showed patients benefiting most from SBRT were those with PD-L1 negative
tumors at baseline. This finding is particularly intriguing, since this is a population for which single-agent PD-(L)1
inhibition is known to be of limited benefit. Perhaps, pembrolizumab following SBRT may represent a less toxic
alternative to chemoimmunotherapy when aiming to enhance response rates in M-NSCLC patients with a low
PD-L1 tumor proportion score.

e R e e e e R e E e i e
Mo inCrease in treatmment-related tosec = ffects vwas obsereed in the ssperimesntal armm
O LU SO S A D RELEWAMNCE Storeotactic body radiotherapy prior to poembrol izumab was
weill o haratac], Alchcogh & cloubling of ORR syas alaservec, 116 results clicd mot immeet tlee stiiecly's
prres e ciTied &nd Paaint oriteria for maanimnglul chmical BaenaeTit, Paositive refidlts s Largely
influesnced by the POD-LT-negative subgroup. which had sigmificantdy improsed
proprensiory-Fres surevival ancd ovescall suorenes al, These resolts suprpest that o larger trisl = Scnthod STTillatbbas: St
e Lrnas, = 2 5 e - - 1 . o - - affillaticons ares lbtocd @i @ srecd ol tHbs
ncocossary to determine wwhothar rad iothorapy may asctivate noninflamsd MNSCLC toweard o

ST T T
rrvcare irvflarreesc] Euidmicd ori s r o W rerrirmeaeT
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Safety and Clinical Activity of Pembrolizumab and Multisite
Stereotactic Body Radiotherapy in Patients With Advanced
Solid Tumors

Fasarn [, Faake, Jeffrop M. Lesrioses, Theoddore GG Karrisan, Seaan P Pitroda, Taees A, Medotek, Yoo peeare ZTea, Flavesa A,
A.i'-.I'J'nn".E.:nr Ainfioa Arira, MNikolai N, Khodarney, Linda FTasrisch, Foawed {".i'h.rng, Fpoti Iy Parel, CFini E F.h-n-u.!w. TorFema
Adorormey, Adarmish F. Sharme, Julia B, Wiite, Mark J. Ratairn, Thowus F Crajowski, Ralph R, Weichselbaoern, and
Steverr . o

Storactactic body radictharapy (SEBHRT) may stimuolate innats and adaptva irmrmunity’ O augrmsart
irrmunotherapy responses. Multisite SBRT s an ermerging paradigrm {or treating metastatic disease.
Anti-PD-1—treatrmmeant ocutconas may ba improved with lower disease burdan. ln this contaxt, wea
conducted a phase | study to evaluate ths safety of peambrolizumab with multisite SBRT in patients
with metastatic solid turmors.

Luke et al. applied this logic
in their phase | study,
allowing multisite SBRT of
2—4 metastases up to 1
week before starting
pembrolizumab in patients
with advanced solid tumors

Patienlsz and Method=

Patlents progressing on standard treatment recelved SERT 1o two to four metastases. Mot all
maetastases were targeted, and metastases = 65 mL weare partially madiated. SBRT dosing wvaried by
gite and rangad from 30 to 50 Gy in three to five fracticons with predefined dose de-escalation if
exocess dose-limiting toxicities were observed., Pembrolizumab was initieted switbin o daws after
carfpleticon of SERT, Pre- and post-5BRT biop sy Spacirmans wwoerse analyzed in o sobs ot of patients to
guantify Interfercn-y—inducad gene expression.

Resullts

A total of 79 patients were anrclled; thiree patients did not recaive any treatmant and three patients
only recaivaed SEBRT. Patients included in the analysis woarg treatod «with SERT and at least ona oyclae
of prembrolizumab. Most (995 % ) of patients received SBART 10 two metastases. Median followve-ups
for toxicity was 5.5 months {(interguartile range, 3.3 1o 8.1 monitha). S5ix patients exparienced dose-
limiting toxicities with no radiation doss redouctions. In tha 88 patiants with imaging followe-up, thes
orwverrall obhjective responsa rater vwas 13, 2%, Median overall survival swyas 96 months (959 O,
5.5 months to undeterrmined) and median progression-frese survival vwas 3.1 months (95%6: Cl, 2.9 to
3.4 months), Expression of interferon-y—associated geres rom post—SBRT tuamor Biopsy speci-
mens significanty comralataed with noniradiated tumor responze.

Conclusion ’

FAultisite SBAT folloswed by pemibirolizumeats weas weell tolerated with accepilable toxicity. Additional
studiaes exploring the clinical benatit and predictive biomarkoers of combined multisite SBRT and
PD-1—directaed mimunaotharapy are warranted.




Jama Oncology | Original Investigation

Pembrolizumab After Completion of Locally Ablative Therapy
for Oligometastatic Non-Small Cell Lung Cancer
A Phase 2 Trial

Jesmbiia ki Bawnnd, BAD) Rosemaris RMick, MS; Christine Ciunch, MDD, MSCE; Charu Aggareeal, RAD, BAPH|
Christiana Davis. MO Tracey Evars., A D: Charubas Deshparscles. D= Lirscka Biler. RS Pooja Patel. Ba. BS:
Ewvar alley. A DL PHD: Choistinag Enepley, CREP: Falth Mutale. CRAAP: Roger B oo, BD: Corey L Langer. RO

Ex Vrvited Commeantory
IMFORTANCE Patients with oligometastatic mon—small cell lung cancer (MNSCLC) may benerit Supplerental content
from locallv ablative therapy (LAT ) such as surgery or stercsotactic radiotbherapy. Prnior stud es
weare conducted befores the saclvent of imrmounotheras oy, and 8 stromng biologieal rationale for
the usa of IMmmunotherapy exists I a minimal residual disocase statoe.

OBRIECTIVE Toevaluate whether the addition of pembroliormal after LAT irmiprosness
outcosmes for patients with oligometastatic MSCLC.

Bauml et al. initiated a phase Il trial

DESIGMN. SETTING, AND PARTICIPANTS Thim single-arm phase 2 trial of pembrolizumab therapy Oﬁ:ering adjuvant pembrOIizumab to
patients with a limited tumor burden
1, 2015, to August 23, ZO1S. ( 4 metastases) after eradication of

IMTERYEZMNTIOMNS Within 4 to 12 wesks of complating LAT, patients began Intravenous

was parformed from February 1, 2015, through September 20, 2017, at an acadamic refarral
cancer center. The 51 ehigible patients enrolled haod ol pometastatic MNSCLEC { =4 metastatic
sites) and had complatad LAT to all known sites of disease. Data werne analyeed from Felbauary

all known sites of disease

pemibrolizumab therapy, 200 mig every 21 days, for 8 cycles, wiath provision to continuoe
o 160 cycles in the absermos of progressive odissgases or ontowwaro tosic e ffects

RMAINM SDUTCOBMES AMND MEASURES The 2 prnmary efficacy end points were progression-fres
survival (PF5) from the start of LAT (PFS5-L}. wihich preceded anrollmeant in the trial, and PFS
from the start of pembrolizumab therapy (PFS-F). The study was powered for companson
with historncal data on the first efficacy end point. Secondary outocomes mcluded oswerall
survival, safety, arnd quality of |ife as Mmeasured by the Functional assescmeant of Cancar
Thermpy-Lung instrument.

pESULTS Of 51 patients enrolled, 45 (24 man [S3226]; median age, G4 vears range, 4522
yvaarsl) recaived pembrolizumab. At the time of analysis, 24 patients had progressive discase
ar had disd, Median PFS-L was 7371 months (89596 C1, 2.4--28 7 maoanths) significant ly greater
thian the hMstorical meadian of 6.6 months (P =  O05%). Maedian PFS- P was 187 maonths (9596 O1,
10.1-271 months). Eleven patents died. Owverall mean (SE} survival rate at 12 months wa=s

DO D (A 2M): at 24 mainths, FES O6. 7). Meithar programimeed cheath lpand 1 expression
mor COE T-cell tunmor infiltration was associated with PFS-L. Pemibrolizumab after LaT wielcdesd

no naw safety signals and no reduction in gualicy of o, AT AUyt s S ELLI Vil oy

e Cantes Forainmeen Ceser Do
Aclyarsoed WMaedichne, Linbeersiby of
EOCLLSIONS AMND FELEVANCE Pembrolizumab afier LaT for cligomatastatic NSCLE appaars Fornnayivara, Philadolpis CEaurml,
o lmprowe PFS with mo reduction in guality of life. BAbCh, Clumacd, Appmarveal, Dasvi=,

Dashiando, kAl Patael, Aoy,

B L LI, Cosl e, s s b
THRILAL REGQIST RATION ClindkcalTrials. gow identifiar: NCOCTOZI1T&5002 n.v|f|:: of I-Imlﬂmm%ﬂk.
Lankorau hAodical Comtar,
WAl Pereresybeariba [P vears)




I IMMUNOSABR2 - IMMUNOtherapy and Stereotactic ABlative Radiotherapy (IMMUNOSABR) a Phase Il Study Jun 2020 (3
P2 + Maastricht University » N=126 « Recruiting

With or without pre-treatment
I-SARR as 17, 2% or 39 {ine treatment

Control-arm (C-arm) Experimental treatment (E-31m)
n<63 p1s n=63 pts
| Ascording to locsl protocel OLIG0: SABN to ol metastatic sites

£ 182 (WO if soc)
QUG SOC (2.8 SABR +/- systomic)
. POLY; {SAB)Rto max 5 meta’s sites

PO SOC (o g (SABNE S/ systeme) S L1912 A0 S0X)

END of study | Treatment fallure

3
r SOC - according to local protocol 1




Radiation Plus Immunotherapy ---- Locally Advanced NSCLC

* RT- adjunct to surgery in operable patients, be it in the
preoperative setting or after incomplete resection, but
will most frequently be used as definitive treatment
combined with chemotherapy (concurrently of
sequentially) in stage llIB or (unresectable) stage IlIA
disease.

- When combined with platinum-based doublet
chemotherapy, RT doses ranging between 60 and 66Gy
in 2Gy daily fractions over 6-7 weeks are advocated




- 2-year overall and progression-free survival, typically <60 and 30%
respectively, with median OS ranging between 2 and 2.5 years.

 Analyses of failure patterns after CRT reveal a substantial
contribution of locoregional recurrence, but an even greater
proportion of about 50% of patients experiencing distant
progression

* Therefore, this setting may represent an exciting opportunity for the
development of innovative strategies integrating immunotherapeutic
agents into combined modality
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PACIFIC Trial: Durvalumab After Chemoradiotherapy
_in Stage Ill Non—-Small-Cell Lung Cancer

Dawid B, Spigel, MD'; Cosinne Faivre-Finn, MO, Prl; Jhanelle €. Gray, MO*; David Vicente, MO David Planchard, MD, Pnb*;
Lids Pae-flees, MO, PRD®; Johan F. Yanslesniishe, H!]. Ph¥ | Marina C. Garasaing, MDA Rins Hul, PRDY; Xavier Quantin, MD, PhDY,
HAmdreacs Rimnar, MDY ¥-Long Wa, MD" " Musiafa Qzgieeglu, MD™; Ki H. Lee, D" Tonulami Kate, MD'; Maike de Wik, MD, PhD'";
Takagasu Eirala, MDY Martin Reck, MO, PhiD™; Byoung C. Cho, MD, PhDF®; Sdresh Senan, PhDF'; Jarushks Maidos, MBECH, MHS™,;
Halan Mann, MSc™"; Michael Nowlon, PharmD®; Piruntha Thiyagamjah, MD™; and 5cott L. Antenla, MD, PRD®; on behalf of the PACIFIC
liveealipsbors

M. de Wit,
. Hiret,

_ PURPDSE The phase [ PACIFIC trial compared durvalumab with placebo in patients with unresectable, stage I Iang,

nor-small-cell lung cancer and no deease progression after concumrent chemoradiotherapy. Consolidation
duralumat was sseociated with sianificant improvemeants in the primary end points of gverall sureival (05
strabified hazard rabio [HR), 0.68; 5% CI, 053 10 0.87; P = 00251} and progression-fres survival {PFS [bBlinded
independent central review; RECIST vi1.1]; stratified HR, 0.52; 95% Cl, 0.42 o 065 F = 0001}, with
manageable safety, We reporl updated, exploraiory analyses of sundval, approximately 5 years after the last
patient was randomly assigned,

METHODS Pstients with WHO performance status Cor 1 {any tumor programmed cell death-ligand 1 status) were
randomly assigned {2:1) o duralumab {10 mghg infravenously, administered once every 2 weeaks for 12 months)
of placebo, stratified Dy age, sex and smoking history, Time-lo-evant end point analyses wene peformmed using
strafified kg-rank fests. Medans and bndmark surdval rales were estimated wsing the Kaplan-Meier method

RESULTS Sewen hundred and nine of 713 randomly assigned patients received dunalumab (473 of 47E)} or
placebo (235 of 237). As ol January 11, 2021 {median foilow-up, 34.2 months [all patients]; 616 months
censored patients]), updated OF (strafified HR, 0,72; 95% CI, 0.59 10 0,89, median, 47.5 v29.1 months) and
PFS {stratified HR, .55; 95% Cl, 0.45 to 0.68; median, 16.9 v 5.6 months) remained consistent with the
primary gnalyses. Estimated S-year rates (95% Cl) for durvalumab and placebo were 42.9% (382 W0 47 .4)
versus 33.4% (273 to 39.6) for OF and 33.1% (2801 38.2) versus 19.0% (13.6 1o 25.2) for PFS.

CONCLUSION These updated analyses demonstrate robust and sustained 05 and durable PFS benefit with
durvalumab after chemoradiotherapy. An estimsted 42.9% of patients randomly assigned to durésluemsab
remain alive at & vears and 33.1% of patients randomly assigned o durvalumab remain alive and free of disease
wigression, eslabhehing & e banchmark fod standard of care m this selling,
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FIG 1. COMSORT diagram. Study data colliected up to the DCO date of Jlenuarny 11, 20271 . Patents who completed 12
months of shudy treatment are those for whom the electronks case report form showed that they had recelved the
maximum number of cycles of study reatme nt. “Informed consent receved. "Four patients did not receive their
assigned study treatment because of neutopenia {n = 1}, worsening chronic obstructree pulmonany deease (n = 1),
and patient decision (n = 2. “Nine patients {(durvaluma b, n = 4; placebs, n = S)who erminated the study because
of patient deciksion have s ubs equently died; one additional patient { placebo arm) with missing t=rmination reason has

subsequently died. AE, adverse event; DCO, dats cutoff.
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« Updated analyses demonstrate robust and sustained OS and
durable PFS benefit with durvalumab after chemoradiotherapy.

« An estimated 42.9% of patients randomly assigned to
durvalumab remain alive at 5 years and 33.1% of patients
randomly assigned to durvalumab remain alive and free of
disease progression, establishing a new benchmark for
standard of care in this setting.
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Pembrolizumab Plus Concurrent Chemoradiation Therapy in Patients With Unresectable,
Locally Advanced, Stage III Non—Small Cell Lung Cancer

The Phase 2 KEYNOTE-799 Nonrandomized Trial

Salma K. Jabbour, MD,® ' Ki Hyeong_Lee, MD, PhD, 2 Nikolaj Frost, MD, 3 Valeriy Breder, MD, PhD, #

Dariusz M. Kowalski, MD, PhD, ° Theodore Pollock, DO, & Evgeny Levchenko, MD, PhD, T Noemi HReguart, MD, PhD, B
Alex Martinez-Marti, MD, ® Baerin Houghton, MBBS, BSc, MM, '? Jean-Baptiste Paoli, MD, ' Sufia Safina, MD, '?
Keunchil Park, MD, 12 Takefumi Komiya, MD, ' Amy Sanford, MD, '® Vishal Boolell, BSc, MBBS, "® Hong Liu, MD, 17
Ayman Samkari, MD, 17 Steven M. Keller, MD, 7 and Martin Reck, MD 18

To evaluate treatment outcomes and safety of pembrolizumab plus cCRT in
stage lIl NSCLC.

This phase 2, nonrandomized, 2-cohort study suggest promising antitumor
activity of pembrolizumab plus cCRT and manageable safety in patients with
previously untreated, locally advanced, stage Ill NSCLC | | |



Abstract

N for

Final effice , . , .

Introduction: The phase || DETERRED trial assessed the safety and efficacy of consolidation and
u N re Sect a ( concurrent immunotherapy with chemoradiation in unresectable locally advanced non-small cell
lung cancer. We present updated efficacy analysis of this trial.

Yufei Liu = Luyan Methods: The trial was conducted in 2 parts with patients in part 1 (n = 10) receiving
chemoradiation with consolidation atezolizumab, while patients in part 2 (n = 30) received
concurrent and consolidation atezolizumab. Progression-free survival (PFS), time to second
progression (PFS2), and overall survival ({OS) were assessed using Kaplan-Meier analysis. Subset
analyses were performed by programmed cell death ligand-1 (PD-L1) status and targetable driver
oncogene mutation status.

Show all authors

‘'or updates

Published: Octob

Results: At a median follow-up of 39.2 months, the median PFS for part 1was 18.9 months and 15.1
months for part 2. Median OS for part 1was 26.5 months and was not reached for part 2. For the

Highlights "
Stage 3 non-small cell lung cancer is treated with durvalumab after Jose
chemoradiation. 1.0

i (HR:

DETERRED trial showed similar efficacy using a different
immunotherapy agent.
Tumors with driver oncogene mutations may derive less benefit from
this approach. i to
Tumors with low PD-L1 may derive less benefit from this approach.
iation
Targeted therapy. |

Copyright & 2022 Elsevier BN, All rights reserved



ORIGINAL ARTICLE o —

Progression-Free and Overall Survival for M) Chook for updates
Concurrent Nivolumab With Standard Concurrent
Chemoradiotherapy in Locally Advanced Stage

HHA-B NSCLC: Results From the European Thoracic

Oncology Platform NICOLAS Phase |l Trial

(European Thoracic Oncology Platform 6-14)

The NICOLAS study is the first completed single-arm phase |l trial in stage Il NSCLC
evaluating hierarchically first the safety and then the efficacy of adding nivolumab
concurrently to standard definitive concurrent chemoradiotherapy. The safety end point was
reported earlier; here, we present the efficacy results.

Conclusion: PFS and OS are arithmetically higher in studies involving the same population.

However, on the basis of the formal hierarchical efficacy analysis, we could not reject that
the 1-year PFS rate is at least 45%



Both radiation and immunotherapy can cause a similar presentation
of pneumonitis, and to date, there are little prospective data on the
potential synergistic toxicity of the combination. This combination is,

therefore, being approached with caution
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TABLE 3 | Continued

Study identifier Phase  NSCLC setting (accrual)  Immunotherapy Radiotherapy Design Qutcome Institution/group
(acronym)
NCTOE321869 1] Stags IV (N = 270) * Nivo NS Nivo + ipi =~ LCT > nlvo +  OS [PFS, tox, Qol) M D, Ancarson Cancer Center
(LONESTAR) ¢ Ipl ol
NCTOS706403 I Stage IV (N = 130) Dareukan (L16-1L2) 24 Gy/3 fx * S0C + Darkeukin PFS ([0S, Gol, M) Maastricht Unnersity
{IMMUNOSABR2) * 50C
NCTC3158883 I Stage IV, =2 measurable Ave 50 GyS fx S8AT +ave OAR (CS, PES, DCA DOA)  University of Calfomia, Davis
dscase stas,
non-responsive or refractory
10 ICB (N = 28)
NCTCG224871 | Stage IV, 22 disease sites, ¢ Nivo 24 Gy/3 fx, single lesion AT+ ICB > IC8 +IL-2 DLT(DFS) University of Calfomia, Dawvs
nor-responsive o refractory ¢ Pembno
101CB (N = 30) * Intratesiongt IL-2
NCTOEACE468 il Stage V, efrectory 10iCB « Nao * 24 Gy/31x AT +IC8 PFS [LC. tox) Maastncht Unmversity
=20, * Pambro ® 3010 fx
* Atezo * 20 Gy/5 fx
* 20-24 Gy &
Single lesion
NCTOE176173 I Stage IV, =1 axtracranial o Nivo =101, coss NS * RT + KB PFS ftox, 0S, IM) Stantord Univarsity
dsease ste, after >4wiCB  « Pembro * KB
(N - 86) * Atezo
NCTOE0446268 1 Staga IV, non-squamous, Nivo 20 Gy/S fx, singla * AT + mo ORR (PFS, 08, tox, Qol) AI0-Studen-gGmbH
{FCRCE) 2nd of 3rd lins (N = 130 matastaic site * Nivo
NCTO2489618 NS Stage IV, olgometastatc MGM-CSF BED ~48Gy, ~4Gypertx CT 4 AT 4 rhGM-CSF PFS [0S) Shandong Cancer Hospital and
{CRAGMOLC) (2-6 metastases), PR'SD e CT Institute

after first-ine CT (N = 45]
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fres sunvva; DLT, doss-imiting toxdcity; DWFS, distant metastas’s-frea survival DOR dusation of responss; durva, dunasumab, ERS, svent-fras survival feas, feasbily; fr, fractionfs); Gy Gray: ICB, immune checkpoint blockada: I,
infoniaukiey, I, smmunomoneoning,: RT, intanaly-modiulstod reciodvaoy, iy, elimumat, MTD, maxinum folranod dosa; ano, nivolumab; LC, jocal contvol; LCT, kocal cansofdstion fraamment; (N3, not speciiod, NSCLC, non-smal
call lung cancor; S, owaral sundval OFRFR, owral responso rade: PEAT, proton boam radotharapy; PD, prograssind discass; pombio, pamivoizumab: RS, progression-ired survivil PR, partial rasponse; Gol, guality of Woy thGM-CSE
fiunan recombinant granwocyTe-macrophiags colony-stynuatng factar AT, rediotharapy; SASR, sterectactic ablatve radlaton therapy, SSAT, stersotactic booy radianon therapy; SO, stable aissase; SOC, standard of care) tox. toxcty;
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Avcdjuawvant atezoaolizztaramnal after adjuawvant chernmnothhheaerapsys
iy resoaecrired stage ITB—ITITA mnomn—=s=rmmall—c«a1l Iuinneg canocer
CINIEI OO AW e T I1Ccr ) & ranndaoarmmi=sad, smumlticentire, a1 —

1ab 1, pr»>hha=e = txriaal

Adjuvant therapy with atezolizumab versus best supportive care in 1005 patients with resected early-
stage NSCLC and various PD-L1 levels.

* In patients with resected stage Il to IlIA NSCLC and PD-L1 of 1% or more, disease-free survival was

improved in those receiving adjuvant atezolizumab compared with best supportive care (HR, 0.66; 95%
Cl, 0.5-0.88; P =.0039).

* Treatment-related grade 3 and 4 adverse events were reported in 11% (53/495) of patients; 4 deaths
occurred (1%, 4/495)

 The NCCN Panel recommends atezolizumab as an adjuvant therapy option for
eligible patients with completely resected stage |IB to IlIA or high-risk stage IIA
NSCLC and with PD-L1 of 1% or more who have Brevuously received adjuvant
chemotherapy based on clinical trial data and the FDA approval.
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Il Cancer =3 G~
S Non-Small Cell Lung Cancer Discussion
FINDINGS AT SURGERY ADJUVANT TREATMENT
) Margins negative (R0 —— Observe =
?F.TEE‘:!AH“ Reresection (preferred)
: Margins positive (R1, R2)'—=]or -
RT™ (category 2ZB)
Observe -
" or
Margins negative (R0) ChemotherapyP for high-risk patients” followed by e
Stage 1B osimertinibP (EGFR exon 19 deletion or exon 21 LESER)Y
(T2a, NO) Reresection (preferred) £ chemotherapyP ¥
Margins positive (R1, R2)t—s|or
RT™
Observe

ar

| S
Margins nagativa (RO) ChemotherapyF for high-risk patients' followed bil atezolizumabP-= ﬂr
pembrolizumab™" or osimertinibP? (EGFR exon 19

Stage liA

LB58R)"
(T2b, NO)

Surveillance

Reresection (preferred) * chemotherapy® 16}

Margins positive (R1, R2)'—=|or
RT™ £ chemotherapy”

Stage lIB P ChemotherapyP (category 1) followed I:h aterolizumakbP-* I}r pembrolizumabf:*
(Tlabc— |< Margine negatve (RO} or osimertinib? (EGFR exon 19 deletion or exon 21 LESER)Y

Reresection + chemotherapyP
R2' —s|or
Concurrent chemoradiation™=

=t HIA, ChemotherapyP (category 1) followed atezolizumabP-* br pembrolizumabP-Y
(T1-2, N2: ’< Margins negative (R0)' ——=|or osimertinib? (EGFR excn 19 deletinj!urmwmnt“ or

T2a, N1) Reresection + chemotherapyP -
E-tauﬂ Hne H-ll_.- ar

(T3, NO; jati i

TZb. M1} Margins positive Chemoradiation™ (sequential®? or concurrent®)

P
-

T3, N1} Sequential chemotherapyP and consider RT™

Stage B R1' ——= Chemoradiation™ (sequential® or concurrent®)
(T3, N2) Margins positive <__

Footnotes, NSCL-48

i

R2! —= Concurrent chemoradiation™*=

Mota: &l recommandations are category 28 uniess otharwisa indicated.
Slinical Trials: HECHN believes that the best management of any patient with cancer is in & clinical trial, Participation in clinical trials s especially sncouraged.

MNSCL-4
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NCCN Eviseil Non-Small Cell Lung Cancer e Dk et
CLINICAL PRESENTATION INITIAL TREATMENT ADJUVANT TREATMENT
Surgery' + .
Superior chemotherapy
sulcus tumaor = :;i%ﬂ?rr:ﬂre | followed by Surveillance
(T3 invasion, chemotadiation™ | atezolizumabP* or (NSCL-16]
NO-—1) pembrolizumabP-!
or osimertinibP:¥
Surgery' +
chemotherapyP
— followed by Surveillance
?ﬂirf;fj altinn Ros ke atezolizumabP* or {(NSCL-16)
Possibly Praoperative including chest pembrolizumabP
resectable’ > gﬁ[‘ﬂ“{:‘;{:&‘:ﬂﬂmm_s CT with or or osimertinibP"
without contrast g y
__, Complete definitive Surveillance
E&ﬁg'ﬁ.mr HFENCH Unresectable chemoradiation™* (NSCL-16)
(T4 extension,
NO-1)
1 Definitive concurrent Durvalumab® __ Surveillance
Unresectable’ — o moradiation™s " (category 1) — " (NSCL-16)

I Primpinloe nf Srommieal Tharan (ST B



Early stage NSCLC

« Early-stage NSCLC (ES-NSCLC) represents about 15-20% of all new
lung cancer diagnoses .

 According to the latest consensus guidelines, surgery remains the
treatment of choice for operable ES-NSCLC patients.

* For those unfit for or unwilling to undergo surgical resection, SBRT
iIs now the gold standard, with an excellent safety profile and local
control rates of approximately 90% at 5 years.

* Trials are exploring whether the combination of SBRT with
immunotherapy can be performed safely, as patients with early
stage NSCLC have longer life expectancies and thus are at risk of
developing long-term toxicities.
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SBRT With Immunotherapy in Early Stage Non-small Cell Lung Cancer: Tolerability and Lung Effects (STILE)

Study Description Goto [~

Braf Summary:
Thiz is & single arm, multi-centre, phase Il open label stedy of nivolumab with sterectactic body radiotherapy (SBET) for early stage non-small cell lung cancer,

SBAT will be defivered in either 3 or 5 fractions. A flat dose of 240 mg nivolumab infusion will begin after the final fraction of SBAT. within 24 howrs and fypically on the same day. Nivolemab will
subasquanthy ba ghvan evary 2 waaks et & flat doss of 240 mg until 1 year of total trestmant unless any stedy drug discontinuetion critaria are met.

Aszsassmant of toxicities will be parformed at esch clinic visit during treatment. at 30 days efter the final nivolumab infusion and until 103 days aftar the fnal nivolumalb infusion. Changas in speromeatny vaiees
and PFTs will be assessed throughoud the Erial,

Redapsae rates will be assassed with staging CT scans at 3, 6, 12, 18 and 24 months post SBAT,
An exploratory assessmant will be made of the effect pre-treatmant pulmonany function tests [PFTs) have on outcoma measunes,

Condition ar diseasa B Intervention/treatment 0 Phase 0
Non-small Cell Lung Cancer Stage || Radiation; Sterectactc body radiotherapy Phasa 1
Non-small Cell Lung Cancer Stage | Dirwsg: Mivalumak Phage 2

Primary Outcome:
- Assessment of lung toxicity (pneumonitis) from treatment with Nivolumab after SBRT for early stage NSCLC




Challenges

« Combining immunotherapy and RT for early-stage NSCLC is still in
its infancy.

» Selection of the patients that are most likely to benefit from
combined modality treatment as well as optimal sequencing and
duration of immunotherapy.

* The optimal radiation dose and fractionation for SBRT alone remain
to be determined for peripheral and central tumors, much less when
SBRT is combined with immunotherapy.

 Pseudo progression after immunotherapy also will likely make
assessing response only more challenging based on current RECIST
size-based criteria.

* Nonetheless, there is promising potential synergy between radiation
and immunotherapy to reduce systemic failures and improve cure
rates in early stage patients



Radiation plus Immunotherapy for SCLC

- Despite a plethora of clinical trials for patients with SCLC over the
last two decades, little progress has been made and patient
outcomes remain poor, with OS ranging between 10 and 30 months.

 Although very responsive to first-line chemotherapy, SCLC
frequently relapses, and response to second-line agents is extremely
poor

 Immunotherapy has thus been an exciting development for SCLC as
it has the potential to overcome the limitations of chemotherapy by
targeting SCLC in a novel way.



Small cell Lung Carcinoma
High tumor mutation burden

correlated with response to checkpoint inhibitors due to re-awakening of pre-existing
strong anti-tumor CD8+ cytotoxic T-cell responses

immunomodulatory effect of SCLC tumor cells on host immune system

higher propensity of paraneoplastic syndromes in SCLC ----- several cross-reacting
antibodies recruited by the host immune response target both tumor as well as normal
cells.

SCLC tumor cells also exhibit a regulatory effect through induction of CD4+ Treg cells
and decreased expression of HLA-class 1 antigen on host immunity.

This balance between the effector and regulatory effects may distinguish extensive
stage SCLC (ES-SCLC) from limited stage SCLC



Pembrolizumab in Patients With Extensive-Stage Small-Cell
Lung Cancer: Results From the Phase Ib KEYNOTE-028

Study
Patrick A. Ott, Elena Elez, Sandrine Hiret, Dong-Wan Kim, Anne Movosky, Sanatan Saraf, Bilal Piperdi, and
Jamice M. Mehnert

The safety of pembrolizumab was consistent with the known safety profile in other tumor types.
Pembrolizumab demonstrated promising antitumor activity in patients with pre-treated, PD-L1-expressing

SCLC.




Clinical Trial > Lancet Oncol. 2016 Jul;17(/7):883-8925. doi: 10.71016/51470-2045(16) 30098~-5.
Epub 2016 Jun 4.

Nivolumab alone and nivolumab plus ipilimmumab in
recurrent small—cell lung cancer (CheckMate 032): a

multicentre, open—label, phase 1/2 trial

Scott J Antonia ', José A Lopez-Martin 2, Johanna Bendell 2, Patrick A Ott 4, Matthew Taylor =,
Joseph Paul Eder E‘, Dirk Jiager ¥, M Catherine Pietanza 8 T Dung T Le 9, Filippo de Braud 9,
Michael A Morse 11, Paolo A Ascierto 2, Leora Horn 2, Asim Amin 7, Rathi N Pillai &,

Jeffry Evans 1% lan Chau 7, Petri Boneo 8 Akin Atmaca 2, Padmanee Sharma 29
Christopher T Harbison 21, Chen-Sheng Lin <1, Olaf Christensen 21, Emiliano Calvo

Nivolumab monotherapy and nivolumab plus ipilimumab showed
antitumour activity with durable responses and manageable safety profiles
in previously treated patients with SCLC.

These data suggest a potential new treatment approach for a population of
patients with limited treatment options and support the evaluation of
nivolumab and nivolumab plus ipilimumab in phase 3 randomised
controlled trials in SCLC.



Small Cell Lung Carcinoma Trial With Nivolumab and IpiliMUmab in LImited Disease (STIMULI)

[ASL.C
ORIGINAL ARTICLE e
Phase | Trial of Pembrolizumab and Radiation W) Check for updates

Therapy after Induction Chemotherapy for
Extensive-Stage Small Cell Lung Cancer

James W. Welsh, MD,** John V. Heymach, MD, PhD,” Dawei Chen, MD, ™"

Vivek Verma, MD,” Taylor R. Cushman, BS,® Kenneth R. Hess, PhD,*

Girish Shroff, MD,' Chad Tang, MD,” Ferdinandos Skoulidis, MD,"” Melenda Jeter, MD,"
Hari Menon, BS,” Quynh-Nhu Nguyen, MD,” Joe Y. Chang, MD, PhD,”

Mehmet Altan, MD," Vassiliki A. Papadimitrakopoulou, MD,"” George R. Simon, MD,"
Uma Raju, MD,” Lauren Byers, MD,” Bonnie Glisson, MD"
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Durvalumab and tremelimmumab with or
without stereotactic body radiation
therapy in relapsed small cell Tung
cancer: a randomized phase IT study

Suchita Pakkala,” Kristin Higgins,®
Chao Zhhang, ™
Bassmal Mazha,! Tvier Beardsioe,”
Edmund K Vallar, ' Surash Ramalicagamm,
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* These studies will address the toxicity concerns of combining these
agents with radiation, especially in the context of the relatively large
target volumes seen in SCLC as well as providing valuable data on
the appropriate dose, combination, and timing of the treatments.



* Trimodality therapy consisting of concurrent chemoradiation
followed by surgical resection is the standard of care for locally
advanced esophageal cancer patients who are surgical candidates.

* The 5-year OS with this approach ranges from 39-47% .

 In patients that are medically inoperable or have unresectable
disease, definitive chemoradiation is recommended; however,
survival rates are poor and persistence of locoregional disease
occurs in nearly half of patients.

 More aggressive treatments such as radiation dose-escalation and
the addition of targeted systemic agents against receptors
commonly expressed in oesophageal cancer have failed to improve
patient outcomes



 PD-L1 expression is present in 45% of oesophageal cancer tissues
and is associated with more locally aggressive disease and
decreased survival

 Monoclonal antibodies directed against PD-L1 receptors may act
synergistically with RT in killing tumor cells.

* This is the subject of several ongoing phase |-l trials evaluating
safety and efficacy of the combination of chemoradiation with ICls in
both the metastatic/inoperable (NCT03377400, NCT03437200,
NCT02642809) and neoadjuvant settings .



« MPM is a rare disease with poor OS and limited effective treatment
options

- Patients with MPM often have a large burden of disease and poor
performance status, thus the discovery of effective
immunotherapies has long been of interest.

 Anti PD-1/PD-L1 drugs, however, have shown promising results in a
series of small studies. Phase-l/ll studies incorporating
pembrolizumab, nivolumab, and avelumab have shown 9.4-20%
partial response rates with stabilization of disease in 50% of
patients



« Combined PD-L1 inhibition is also being explored in two ongoing
clinical trials (NCT03048474 and NCT02899299).

* A report from the University of Toronto found that the growth of
tumors in a murine mesothelioma model was significantly reduced
by hypofractionated radiation and combining radiation with a CTLA-
:l inhibitor enhanced the effect in the irradiated and unirradiated

umors.

« Combining radiotherapy and immunotherapy for mesothelioma is a
promising treatment strategy

* A single arm phase |l study has recently been initiated by Memorial

Sloan Kettering Cancer Centre and will evaluate response rates with
Avelumab and SBRT in MPM
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A Phase 1 Safety Study of Avelumab Plus M) Check for updates

Stereotactic Body Radiation Therapy in Malighant
Pleural Mesothelioma

Andreas Rimner, MD,“" Prasad S. Adusumilli, MD.,"” Michael D. Offin, MD,"

Stephen B. Solomon, MD,“ Etay Ziv, MD,” Sara A. Hayes, MD,“

Michelle S. Ginsberg, MD,“ Jennifer L. Sauter, MD,“ Daphna Y. Gelblum, MD,”
Annemarie F. Shepherd, MD,” David M. Guttmann, MD,” Jordan E. Eichholz, MS,"
Zhigang Zhang, PhD,’ Erika Ritter, BS,® Phillip Wong, PhD,® Afsheen N. Igbal, MD,*
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Combination avelumab plus SBRT seems tolerable on the basis of the prespecified toxicity end points of the first stage of
this Simon two-stage design phase 1 study



Radiation plus Immunotherapy for
Thymoma

 Thymomas represent 20% of all primary mediastinal tumors

* Due to its rarity, there is a dearth of understanding of the molecular
biology of these tumors, and immunotherapy approaches are limited
to small patient cohorts.

* There are two ongoing phase |l trials evaluating the efficacy of ICls
in thymomas (NCT02721732 and NCT02607631); however, none
currently are in combination with radiation.

* The efficacy of immunotherapy combined with radiation will likely be
of greater interest as our understanding of thymoma tumor biology
and its interaction with the immune system improves.



Conclusion

* The combination of immunotherapy and RT has the potential to
revolutionize treatments for thoracic malignancies.

* Preclinical data have demonstrated impressive synergy between the
two therapies that appears to extend beyond the irradiated target.

« For patients with advanced NSCLC, recent clinical trials
incorporating ICls have exhibited dramatic improvements in
outcomes compared to conventional chemotherapies.

- We anxiously await results from ongoing and future preclinical
research and clinical trials to better define the optimal approaches
to combining these two pillars of cancer care

 Emerging evidence of nanotechnology-enabled therapeutics can
potentiate both radiotherapy and immunotherapy.
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