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Key Takeaways

» Active hepatic metastases may constrain |O response

» Multimodality approaches may impact the negative impact of hepatic
metastases

» This will be formally tested in a prospective phase lll study
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Radiation and Immunotherapy:

Immune Checkpoint Inhibitors in MSS G| Cancers

VOLUME 28 - NUMBER 19 -

JULY 1 2010

The NEW ENGLAND JOURNAL of MEDICINE
N ENGL ) MED 366;26 NEJM.ORG JUNE 28, 2012

JOURNAL OF CLINICAL ONCOLOGY

ORIGINAL ARTICLE

Safety and Activity of Anti—-PD-L1 Antibody
in Patients with Advanced Cancer

Phase I Study of Single-Agent Anti—Programmed Death-1
(MDX-1106) in Refractory Solid Tumors: Safety, Clinical
Activity, Pharmacodynamics, and Immunologic Correlates

VOLUME 28 <+ NUMBER 21 -+« JULY 20 2010

JOURNAL OF CLINICAL ONCOLOGY

The NEW ENGLAND

Phase II Study of the Anti-Cytotoxic T-Lymphocyte— JOURNAL o MEDICINE
Associated Antigen 4 Monoclonal Antibody, Tremelimumab, T g
in Patients With Refractory Metastatic Colorectal Cancer

Safety, Activity, and Immune Correlates
of Anti—PD-1 Antibody in Cancer
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Checkpoint Blockade in MSI-H in mCRC

Objective Responses According to RECIST Criteria Progression-Free Survival
Mismatch Mismatch Mismatch Events HR (95% Cl)
Repair-Deficient Repair—Proficient Repair-Deficient 100 4
Colorectal Cancer | Colorectal Cancer | Noncolorectal Cancer | _ 0 0.59

Type of Response (N=10) (N=7) Pembro  56% el
| . 9301 % Chemo 76%  (0.45-0.79)
Complete response — no. (%) 0 1 (14)*
Partial response — no. (%) 4 (40) 4 (57)7 80 - 512:““7' rate
Stable disease at week 12 — no. (%) 5 (50) 0 70 - iggﬂi |
Progressive disease — no. (%) 1(10) 2 (29) 60 E iiﬁg-;m rate
Could not be evaluated — no. (%) 0 0 31 ‘ ; 511% Median (95% Cl)
Objective response rate (95% Cl) — % 40 (12-74) 0 (0-19) 71 (29-96) E R T o e ———ty S ke 15 16.5 mo (5.4-38.1)
Disease control rate (95% Cl) — %f 90 (55-100) 11 (1-35) 71 (29-96) o 40 - . 8.2 mo (6.1-10.2)
Median duration of response — wk Not reached NAY Not reached E E
Median time to response (range) — wk 28 (13-35) NAY 12 (10-13) 30 ;

20 - §

10 2 E i |
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No. at Risk Time, months

153 96 " id 64 60 29 99 A0 42 28 16 7 2 0 0
154 101 69 45 35 29 21 16 12 11 8 5 3 0 0 0
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The Fundamental Problem
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Rationale for RT and Immune e
Checkpoint Blockade LETTER ————

Radiation and dual checkpoint blockade activate

C AN C ER D | SCOVE RY non-redundant immune mechanisms in cancer

Christina Twyman-Saint Victor"?*, Andrew J. Rech®*, Amit Maily'*"", Ramesh Rengmﬁ“’t Kristen E. Pauken™®,
nia 5 £ 23 3 s i 7 P 2 i, &

Erietta Stelekati™®, Joseph L. Benci™, Bihui Xu™?, Hannah Dada®™?, Pamela M. Odorizz"®, Ramin S. Herat{"®, _
Kathleen D. Mansfield™®, Dana Patsch’, Ravi K. Amaravadi'®, Lynn M. Schuchter'!, Hemant Ishwaran’, Rosemarie Mick™®,

Daniel A. Pryma™®, Xiaowei Xu™'?, Michael D. Feldman™'”, Tara C. Gangadhar'*, Stephen M. Hahn™'#, E. John Wherry"™%,

Low Dose Radiotherapy Reverses Tumor Immune SUS—— -
Desertification and Resistance to Inmunotherapy « PD (84%, 95CI: 41-83%) -

* » SD (18%., 95CI: 5-40%)

gg 150+ « PR (18%, 95CI: 5-40%) wmiadiated turnqur .7 Unirradiated tumours
Fernanda G Herrera, Catherine Ronet, Maria Ochoa de Olza, et al. 2 E
Canosr Discov Published OnlingFirst September 3, 2021. g £
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| Radiotherapy induces responses of lung cancer to
CTLA-4 blockade

" g , . o | * T o —RT+C4 |

Silvia C. Formenti &, Nils-Petter Rudqvist, Encouse Golden, Benjamin Cooper, Erik Wennerberg, Claire = 0.84 - P1

Lhuillier, Claire Vanpouille-Box, Kent Friedman, Lucas Ferrari de Andrade, Kai W. Wucherpfennig, g 0.64 B gz:g}

Adriana Heguy, Naoko Imai, Sacha Gnjatic, Ryan O. Emerson, Xi Kathy Zhou, Tuo Zhang, Abraham 2 - - RT+C4+P1

Chachoua & Sandra Demaria E 0'2 L

Nature Medicine 24,1845-1851(2018) | Cite this article §- 0.0 P < 0.001
A O 10 20 30 40 50 60 O 10 20 30 40 50 60
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Rationale for RT with IO

- Enhanced diversity promotes T cell infiltration, antigen presentation and shapes the TCR
repertoire

- Promotes T-cell infiltration and enables responsiveness to |O in IFN dependent manner
- Promotes in situ “vaccination” through release of tumor-associated antigens

- RT activation of dendritic cells

- Anti-CTLA4 promotes expansion of T cells, inhibits T-regs, increasing CD8/Treg ratio

- PD-L1 blockade reverses T-cell exhaustion to mitigate depression in the CD8/Treg ratio and
further encourages oligoclonal T-cell expansion

. Plasticity of tumors and their microenvironment upregulates diverse inhibitory signals
- Engages adaptive and innate immune responses
- Activation of non-redundant immune activation mechanisms with CPl and RT

- Combinatorial approaches to sustain tumor control by T cells critical

I MASSACHUSETTS




Ipilimumab/Nivolumab/Radiation Schema

Ipilimumab and CYCIE 2
Nivolumab with Radiation * Nivolumab 240 mg q 2 wk x 3
:’Tang:: e * Ipiliumab 1 mg/keg q 6 wk x 1
Mliskiire Canese 20 * RT-8 Gy x 3 to single lesion-start D1
- Ezzgl Cycle 3 and Beyond
- Eila * Nivolumab 240 mg q 2 wk x 3
Cycle 1 ~ Piilioratg * |piliumab1 mg/kgq6wkx1
* Nivolumab 240 mg q 2 wkx 3 — Soft tissue (including pancreatic
* Ipiliumab 1 mg/kgq 6 wk x 1 primary) Continues Until Progression
MSS Colon Cancer
¢ Previously
treated w 5-FU,
oxaliplatin, and
iIrinotecanin =P | Pre-Treatment On Treatment
some A
combination I 1 1
. MSS by IHC -
Pre-Tl_'eatment Pre-Radiation Post-Radiation
Exploratory cohorts Biopsy Biopsy Biopsy
« MSI-H Colon Cancer
* Pancreatic Cancer
W MASSACHUSETTS S
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Consort Diagram

Colorectal Cohort Pancreas Cohort
Patients Eligible MSS Patients Eligible
Colorectal Cohort Pancreas Cohort
(n=67) (n=42)
* Not Enrolled (n=25) * Not Enrolled (n=13)
 Enrolled, but did not | * Enrolled, but did not
start treatment (n=2) start treatment (n=4)

Started Ipi/Nivo (ITT) Started Ipi/Nivo (ITT)
(n=40) (n=25)

Discontinued (n=38)
- Early Progression

Discontinued (n=13)

- Early Progression
confirmed by scans (4)

« Clinical Progression (4)
 Toxicity (0)

confirmed by scans (6)
* Clinical Progression (3)
«  Toxicity (4)

Received Radiation Received Radiation
(mITT) (MITT)
(n=27) (Nn=17)

Parikh A, et al. Nature Cancer 2021. With Ted Hong, MD and David T. Ting MD, PhD. Ny GENERAL HOSPITAL ¥
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MSS CRC Cohort (per-protocol) ﬁg
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Out of Field Response (liver radiated)

Out of Field

Lesions
Radiation
Target
Lesion
Baseline 1M Post-xRT 4M Post-xRT

o
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CRC

KM Curves

60

Median PFS
5.2 months (95% CI: 2.5-14.6) vs
2.4 months (95% CI: 1.8-2.5)

% Progression Free Survival
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TMB and Coding Gene Mutational Analysis

All low TMB and no clear mutations associated with response

Colorectal Canr.:er Pancreatic Cancer
. ‘ & | & 9 g
« 41 samples paired germline DNA WES ....IEE HMS!QE!!!EE!!
i e e P e —
« 17 patients with RT analyzed rot e s
i : TCF7L2 i S ; - i ALK — — i
« All low TMB with < 10 mutations/Mb e e B
. g | FBXWY ! oOXI NN —— =
* No change in TMB before, during, or after treatment it T =
* Profiling c/w expected mutations KRAS, TP53, APC o - = wma =
: . . | WNT - e
* Notable mutations in DDR genes with shared stios ™ = 3 e e
mutations in DDX11 (CRC 4/13; PDAC 4/10) and T e e =
_ TIMELESS T — R LA
FANCD2 (CRC 2/13: PDAC 2/10) e === =E——os—o
TICRR Bz UsSP51 = i :
— 1 CRC PR and 1 PDAC CR had 6 mutations in "Cor - _omi . =
DNA damage and repair genes ™omer - = ——
TRIP12Z =
N 10- SD/PR/CR 10- PD GHDTL - -
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CHAF1A IE=m
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Ipi/Nivo/Upfront Radiation: MSS Colon Cancer

Cycle 1
N=30 Nivolumab 240 mg q
._ | 2 wkx3
MSS Colon Cancer Ipiliumab 1 mg/kg q 6 Cycle 2-4 Cycle 5 and beyond
- Previously treated wk x 1 —» | Nivolumab240mg q 2 |—| Nivolumab 240 mg q 2 wk
w 5-FU, RT- 8 Gy x 3 to single wk x 3 X 3
oxaliplatin, and lesion-start D1 Ipiliumab 1 mg/kg q 6
irinotecanin some - Liver wkx 1
combination ~ .
- Lung
- MSS by [HC - Pulmonary
- Softtissue N=30
Single cell RNA seq/MERFISH
- WHAT cells are in the tumor?
«  Multiplex IHC/ Immunofluorescence
:,?v|;|lf,::'::,u$:: ,.a;:ilatim —  WHERE In the tumor are different cells located?
for MSS CRC
Pl: Hong o
ASCO 2023 «  Monitoring response- ctDNA
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Response to treatment

Unirradiated Lesions Irradiated Lesions
100 100
B Progressive Disease B Progressive Disease
B Stable Disease B Stable Disease

80 2 B Partial Response 80 B Partial Response
BE —— 10 23 g
,GE} 60 ,ﬂE) 60 —
© @
E a0 14 24 15 47 E .
E 9 26 16 ¢ g
,5 -0 | 19 22 5 20
% 33 30* g I 25 24 10
s O o II 5 U ??E II
= E
2 -20 11 = -20 -
= 8 | = #12'3013 26
= =
“ 40 31 13 = -40
o L=
st ) b 0
= DCR 30% (9/30) d - DCR 83% (25/30)
5 =
o o

. ORR 10% (3/30) »  ORR10% (3/30)

-100 - -100
Patient Patient

Koenig JL, et al. ASCO 2023. MASSACHUSETTS __;-.x‘ .
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ARTICLES

https://doi.org/10.1038/s41591-020-1131-x

namre,, .
medicine

‘.} Check for updates

Liver metastasis restrains immunotherapy efficacy
via macrophage-mediated T cell elimination

Jiali Yu"#", Michael D. Green©#>#172< Shasha Li"%°, Yilun Sun®?3%, Sara N. Journey®

Jae Eun Choi®?, Syed Monem Rizvi'®, Angel Qin", Jessica J. Waninger’®, Xueting Lang1 =

Zoey Chopra®™’, Issam El Naga®3'4, Jiajia Zhou'?, Yingjie Bian®™'"?, Long Jiang*3, Alangoya Tezel’,
Jeremy Skvarce7, Rohan K. Achar”®, Merna Sitto?, Benjamin S. Rosen?, Fengyun Su®?,

Sathiya P. Narayanan®®, Xuhong Cao®°'4, Shuang Wei'?, Wojciech Szeliga'? Linda Vatan'?,
Charles Mayo?, Meredith A. Morgan?, Caitlin A. Schonewolf?, Kyle Cuneo?, llona Kryczek 2,
Vincent T. Ma", Christopher D. Lao", Theodore S. Lawrence?, Nithya Ramnath*", Fei Wen©1,
Arul M. Chinnaiyan®23°1, Marcin Cieslik>®®, Ajjai Alva*" and Weiping Zou (12815162
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The liver is an immune privileged site

The human liver processes about 1.5 L of blood every minute including antigens from harmless
dietary products.

Tight immune regulation in the liver is facilitated by immunosuppressive cells

This Immune tolerance may explain why the liver is relatively tolerant to allotransplant compared to
other solid organ and may facilitate persistent infections by pathogens like hepatitis B and C.

Possible Mechanisms
- Ineffective Immune synapses resulting in T cell anergy
- Induction of regulatory T cells

- Elimination of effector T cells W MASSACHUSETTS

q—‘ﬁﬂﬁ'ﬂn _— ‘?‘h‘.'"‘m
y GENERAL HOSPITAL _; Q A
- RADIATION ONCOLOGY s ;! .




Liver metastases diminish immunotherapy efficacy systemically in patients and-s;>

preclinical models

MC38 (SC)

O 1o P < 0.0001

wi== Anti-PD-L1

W
S
|

N
S
]

8
I

SC tumor volume (mm®)

1 | | |
0 S 10 15 20

Days post inoculation

b MC38 (SC+ liver)
o P =0.339
“E 300 | =@= G
: =
- welll= Anti-PD-L1
€ 200
S
E 100
)

Days post inoculation

*r
g-n*-

Yu J, Liver metastasis restrains immunotherapy efficacy via macrophage-mediated T cell elimination. Nat Med. 2021

MGH >
Jan;27(1):152-164. o1 GENERAL HOSPITAL &
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Vg 51 g TAS g

Liver-directed radiotherapy eliminates immunosuppressive hepatic macrophaggs,

iIncreases hepatic T cell survival and reduces hepatic siphoning of T-cells

h

MC38
@ Anti-PD-L1

- 300 _. - SC + liver
g @ Anti-PD-L1 + RT
gm’g 200 —o IgG I SC §
g = @ Anti-PD-L1 o
= Vv
= 100 — Q
O X
- X

*

| | | |
0 5 10 15 20

Days post inoculation
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Liver metastases: combined 17-021+20-256

17-021 20-256

Colorectal cohort

Patients eligible for cohort

(n=33)
Patients eligible for the
colorectal cohort Excluded (n=3)
= xciudaed (n=
a=90 + Enrolled but did not start >
treatment (n=3)
e ITT/Per protocol
. Bo S Started RT & Ipilimumab/Nivolumab -
Enrolled but did not < LB e RT: C1D1
start treatment (n= 2) (n=30) N - 3 0
e e Discontinued (n=2)
N i + Hospice (n=1) -
Started Ipi/Nivo (ITT) + Physician decision (n=1)
(n=40)
v
Follow-up imaging available
=28
Discontinued (n= 13) MImERS
+ Early progression
confirmed by scans (6) < Discontinued (n=8)
* Clinical progression (3) + Progressive disease (n=7) >
+ Toxicity (4) + Physician decision (n=1)
v
‘ | _ Started C2 of Ipilimumab/Nivolumab
Per protocol Received ra (n=20)
(per protocol)
RT: cz D 1 (ﬂﬂ 2?) LYAL Bl otd Al A%/l A TS‘

Ny GENERAL HOSPITAL
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Patients without liver metastases have higher rates of response and disease

control

Best Response - Liver Metastases Best Response - No Liver Metastases
200 200
30° Respaonse Response
180 - B Frogressive Disease 180 M Progressive Disease
= [ | Stat:!lg Disease 4 [ ] S’;al:;ge D::seanﬁhese
+liver mets ~ ®=rre -liver metsenin...
— 140 . 140
% 120 . % e
E 80 E il s
= I - = ”
E 60 B2 36 25 73 5
5 14 24 15 47 T 40
2
£ LT . g
= e £
% -20 % 67T g % s .
O G -0
- | ORR | 2(5%) il 5 (25%)
« | DCR | 9 (24%) = | DCR |10 (50%)
-100 | e 40
Patient (*=17-021) Patient (*=17-021)
17-021+20-256 Total +Liver Mets | -Liver Mets | E-value
Number o7 %4 20
CR 1 (2%) 0 (0%) 1 (5%) 0.1477
PR 6 (11%) 2 (5%) 4 (20%)
SD 12 (21%) 7 (19%) 5 (25%)
PD 36 (63%) | 26 (70%) 10 (50%)
NE 2 (4%) 2 (5% 0 (0% |
ORR 7 (12%) 2 (5%) 5(25%) | 0.0837
DCR | 19 (33%) 9 (24% 10 (50% | 0.0770

Koenig JL, et al. ASTRO 2023.




Best out-of-field response with combined data

200 |
180 -
160 -
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Best Response - All Patients

+30*
17-021+20-256 Total
Number of
ORR 7 (12%)
DCR 19 (33%)

+20 +21

II+1 D +23

28°+36"-76" +25+473" 4

u B +BB‘

+14+24 +15. 1847 ﬁgi
e 15 -5 12' 58"
+19 +22_46* +7* +51n

Response
B Progressive Disease
W Stable Disease
B Partial Response
[0 Complete Response

—-
+1 8 ?41

-31 13
-29*
+12
"4. +5?l

Patient +/- liver met (*=17-021)
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Patients without liver metastases have higher rates of response and disease

control

Best Response - Liver Metastases Best Response - No Liver Metastases

20 50 Response =2A | Response /|
180 - M Progressive Disease 180 o Prugresswe Disease
- o . S P
160 - + I lver mets Lot ""'I Iver metSCnmpIete Response
— 140 - 60* @ 140
% 120 < 4 E 120
E 100 | E 100
E 80 - i g 80
= 20 21 £
S 60 10 23 s e
@ 28* 36° 25 73 @
E 0 14 24 15 47 B é 40
T !
%‘ 20 “éi’:- -20
S 4] S -40
60 2 (5%) 12 o ORR 5 (25%)
80- 9 (24%) =i '80 DCR | 10 (50%)
-100 | 00 40 |
Patient (*=17-021) Patient (*=17-021)
7 /9 patients with liver mets with 17-021+20-256 Total +Liver Mets @ -Liver Mets -value
SD PR ad Ii di ted Number N 37 20
RT. Patients 7 and 67 (17-021) had 0 2 (5%) 4 (20%)
small volume liver disease gg ;é Eé;zﬂ; 276((179;@)) 150((255(;’/;))
. 0 0 0
(6mm/17mm and 23mm lesions, NE 2 (4%) | 2 (5% 0 (0%
respectively). ORR 7 (12%) 2 (5%) 5(25%) | 0.0837 S Eniitoerma: N
) DCR 19 (33%) 9 (24% 10 (50% 0.0770 ' AR,
Koenig JL, et al. ASTRO 2023. RADIATION ONCOLOGY ‘s
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Cox models for overall survival

Variable Univariable HR p-value ' Multivariable HR p-value Multivariable HR

(95% Cl)

Liver metastases | 2.62 0.0126 2.99 0.0056
(1.23-5.61)
ECOG PS 1.55 0.2380 1.76  0.1302 1.44 0.4234
(0.75-3.21)
“Trial 20-256 0.76 0.4129 0.63 0.2043 0.69 0.3831
(0.40-1.46)
Prior lines of 1.02 0.7442 0.99 0.8406 | 0.93 04270
systemic therapy (0.89-1.18)
Liver-directed RT 0.39 0.0306 040 0.0420
(n=37, pts W/ liver (0.17-0.92)
mets)

MASSACHUSETTS S,
GENERAL HOSPITAL
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NRG CR2314-RadlO

NCI GISC approved 2024

MSS mCRC with multi-organ metastases

. . +
(must include 1-3 liver metastases ) cycled Lyoles 22 {u?f;e:jean

+ Previously treated with 5-FU, Oxaliplatin, * Nivolumab y— .
and Irinotecan and/or intolerant/unable to * Ipilimumab —»| i

; « RT to all liver lesions:
receive these meds up to 50-54 Gy in 5-6 fractions (RT
« MSS (by IHC, PCR, or NGS) prescription dose reduced based on

; : : g Allowed Mean Liver Dose)
« No curative surgical/ablative options

* No prior Y90

« No symptomatic carcinomatosis, ascites
requiring paracentesis, or history of
partial small bowel obstruction

« No portal hypertension

« Between 1-3 liver lesions, all of which
must be amenable to ablative RT

2700 cc liver (approximately 1/3 of liver) — 'I;‘:S:Sigfi;"ac'z“mab or
uninvolved by metastases™

« At least 1 extrahepatic metastasis
measuring 21 cm outside RT
field (RECIST Target)

Nivolumab dose= 240 mg g2 (d1, 15, 29) IO continued until PD, intolerance,
Ipilimumab= 1 mg/kg g 6 weeks (d1) unacceptable AE(s), or withdrawal

If PD, but clinically well and tolerating 10, pt
can consent to treatment beyond PD and
continue until further PD

Randomized 1:1

Phase |l co-primary endpoint assessment Safety Failure Rate/Objective
Response Rate to occur on first 50 patients randomized to RT+IO arm, with all

Example Patient K : Phase |l patients contributing to the Phase Il portion (1° endpoint OS, n=278)
Red spots = multi-organ mets Key: MSS = Microsatellite stable; mCRC = metastatic
Purple spot = primary colon ca colorectal cancer; mets = metastases; |IHC = CT scans & CEA = baseline, after every 2 cycles, FU g3m x 3 years
 Immunohistochemistry; RT = Radiation Therapy Archival tumor (FFPE) will be requested for exploratory genomic and molecular profiling testing post-hoc.

Lightning = RT to all liver mets | Automatic eligibility Automatically eligible if metastatic Prospective collection of peripheral blood at several time points in the experimental arm (and control arm at

. . . : similar time points) corresponding to baseline, post-RT, post completion of ipilimumab, at 6 months, 9 months
disease is confined to one liver lobe. Otherwise, central points) P g P P P P

) : , 1 : g and 12 months will be done.
review is required for bilobar disease to confirm feasibility

of ablative RT for the first 3 patients at a site or if not
credentialed for RT1112
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Conclusions

- Site-specific metastases may have an unrealized impact on efficacy to
Immunotherapy

- Radiotherapy may be one option to reprogram the immunosuppressive
microenvironment

- This will be formally evaluated in an upcoming NRG trial
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