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Common Types of Immunotherapy

* Vaccines
— Peptide/Protein/Tumor cell lysates
— Viral
— Dendritic Cell
— Oncolytics
* Small molecule agonists and inhibitors
— IDO
— TGF-beta
* Cytokines
— -2
* |Immune checkpoint blockade
— CTLA-4
— PD-1, PD-L1
e Cellular therapy
— CARs, TCRs
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Immune System Function and Immune Response
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Janeway CA Jr, et al. Inmunobiology: the immune system in health and disease. 2001.
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Basic Concepts in Tumor Immunology: Immunoediting
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Immunologic Synapses Within Tumor Microenvironment

@ ) PD-L1/PD-1-mediated inhibition
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Sznol M, et al. Clin Cancer Res. 2013;19:1021-1034.
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APC or Tumor
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CheckMate 057: OS in NSCLC-nonsquamous

Nivolumab Docetaxel

100 (n=292) (n=290)
~ 97 12.2 9.4
S\C.: 80 - mQOS, mo : :
= 70 - HR = 0.73 (96% CI: 0.59, 0.89):
> P =.0015
S 50 +---=--==--c-u--- 1-yr OS rate = 51%
) I
= A0 F--mmmmmmmm o . Nivolumab
— 30 - 1-yr OS rate = 39% I
1, I
> -
e ig |
- |
0 ! Docetaxel
0 3 6 9 12 15 18 21 24 27
At Risk. n Time (Mos)
Nivolumab 292 232 194 169 146 123 62 32 9 0
Docetaxel 290 244 194 150 111 88 34 10 5 0

Paz-Ares L, et al. ASCO 2015. Abstract LBA109
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PD-L1 IHC

By LN
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Figure 1: Staining with PD-L1 monoclonal antibodies in tumor and

immune cells. Histology of urothelial carcinoma (upper panels) and metastatic

lung adenocarcinoma (lower panels). Tissues were stained with hematoxylin- Nakasaki, Jacobs, Fadare,
eosin and PD-L1 monoclonal antibodies (SP142 and SP263, respectively). Patel, Hansel (pending)
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Biomarker Enrichment - OS in NSCLC with Pembrolizumab

A All Patients )
e * PD-L1 expression
- on tu[)nor
80 membrane
X 704
T co- LU |1 ] * 50% cutoff point
S PS =509
£ s0- =50%
(75]
= 407 J_-nq_l
2 304 PS <1% | | 1]l
o) PS 1-49%
20
10
O I I I I I I 1
0 4 8 12 16 20 24 28
Months
No. at Risk
PS=50% 119 92 56 22 5 4 3 0
PS 1-49% 161 119 58 15 6 4 0 0
PS <1% 76 55 33 8 0 0 0 0
Garon et al. NEJM 2015
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PFS by TMB Subgroup & PD-L1 Expression
CheckMate-026 TMB Analysis: Nivolumab in First-line NSCLC

Nivolumab Arm 100 Chemotherapy Arm

100

75 High TMB, 75

PD-L1 250%

X
« 50 50
[T
[~ %
Low/medium TMB,
High TMB, | PD-L1250%
25 PD-L1 1-49%25 '
|—|_|_I Low/medium TMB, “FI./DrTf:Ilu_TgI/MB’
| . PD-L11-49%, 0
t High TMB, High TMB
Low/medium TMB,L—+ PD-L1 1-49% £ ,
o . . — PD-11250% . — L . . . . . . PRt =s0%
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21
No. at Risk Months Months
High TMB, 16 13 10 8 8 6 2 0 0 32 24 13 12 7 5 2 1
PD-L1 >50%
High TMB, 31 17 16 13 8 6 2 1 0 28 18 9 3 2 2 2 0
PD-L11-49%
Low/mediumTMB, 41 21 12 6 2 2 1 0 0 41 30 14 10 5 4 2 0
PD-L1 >50%
Low/mediumT™B, ;5 33 13 9 7 5 1 1 1 53 35 23 13 10 8 3 0

PD-L11-49%

Peters S, et al. AACR. 2017. Abstract CT082.
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Immune Checkpoint Inhibitor Colitis

= |pilimumab-induced
ileocolitis with deep
ulcerations in the colon

Slangen RM, et al. World J Gastrointest Pharmacol Ther. 2013;4:80-82.
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Microbiota in Inflammatory Bowel Disease
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f__[Paraprevotellaceae]

Major differences in microbiome profile between
HC (healthy control) and:

* Ulcerative colitis (UC)

* Collagenous colitis (CC)

e Colonic Crohn’s Dz (CCD)

* |leal Crohn’s Dz-not resected (ICD-nr)

* lleal Crohn’s Dz-resected (ICD-r)

Halfvarson, Knight, Jansson. Nat Micro 2017
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Microbiome Modulates Response to Immunotherapy

B 8 15000 — .
S 125001 e
- F oo
S i | R b « Where a mouse was ordered seemed to
§ 2233-1- - determine response to anti-PD-L1 (JAX vs TAC).
e g =i o  This difference was driven by gut microbiota.
z CPN N\ . . .
e = %‘icﬁ"jés"f’ %«Zﬁﬁ"’c’ +  The commensal microbial composition can
PN ¥ < : - - -

5 — TAX influence spontaneous antitumor immunity, as well
T 60001 . Untreated as a response to immunotherapy with aPD-L1
& ) T mADb
© 4000{ 3 JAX+0PD-L1 { I '

E dkk
2 o) ¥ — Combination treatment with both JAX fecal
€ 1000 it transfer and aPD-L1 mAb improved tumor
0_ Se—— =X .
A control (Fig. D)

G — aPD-L1 alone was significantly more
gjggg :Ifggg‘;gﬁafﬁj I efficacious in JAX mice compared with TAC
£ 3000] IAX + GPD-LT ,} ‘ mice (Fig. G).
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Sivan et al. Science 2015;350:1084-1089
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Which bacterial species?

E 4000 - Untreated F_.‘B 12000+ - G o
F -- BIF g 0000- w > o e
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» Bifidobacterium (BIF) seemed to be the sensitizing bacterial strain
* Transfer of BIF into deficient mice led to improved anti-tumor responses with anti-PD-L1

Sivan et al. Science 2015;350:1084-1089
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Melanoma patients with more gut microbiome diversity
response better to anti-PD-1

. Start of Clinical assessment 16S sequencing
therapy and imaging Metagenomic whole genome
I I I l I > shotgun sequencing
| 7] 1 WES
Initial microbiome ~ Tumor Repeat microbiome IHC
sampling (oral & fecal) biopsy sampling (oral & fecal)  Flow cytometry

Cytokine analysis
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Different Bacteria Portend Response or Resistance to
Anti-PD-1 in Melanoma

® Phylum @ Order Genus Low mmm «mmHigh
B Responder Bl Non-responder ®Class @ Family @ Species
Firmicutes NG ; Eubacterium sp. {
Clostridia NEG— gin & RUmInooeccacead et CAG00393
Clostridiales [INEEG_—— _— . o
Rumiiocoocacese I Clostridiales Bacteroidia % C'°smd<,!2?oo%’7)é
Faecalibacterium prausnitzii [ 20 Clostridia BacterOIdales. ® o= Osailiiback
Faecalibacterium [ 2.59 “Firmicutes ; = scillibacter sp.
Riiiminococous brom R Bacteroidetes ks CAGO1146
Ruminococcus [N S Faecalibacterium sp.
Porphyromonas pasteri [ RGN g 2 CAG00518
Veilonellaceae SO e et T et e Gt 3=(). (], €O . :
Clostridium hungatei I g o Faecallbacteg:glooigé
Phascolarctobacterium [ o o
Phascolarctobacterium faecium [ v S Clostridiales
Peptoniphilus [ E 1.59 Faecalibacterium AR
Unclassified [ ’ - . ;
Micrococcaceae | C;';:' | _eFaecalibacterium | p=0.05 Rumlnoco%iaecég;?
Mollicutes EE—— o) prausnitzii : Sualobactor
Rothia [ - o i
" : 1.04 formigenes
B Collinsella stercoris < CAG00834
I Desulfovibrio alaskensis R = 1 Bacteroides
I Bacteroides mediterraneensis &  thetaiotaomicron
I Prevotella histicola 0.5- ®© i
I Gardnerella vaginalis ’ 2 Escherichia coli
I Gardnerella 2 eAc0n;
I Gcteroidetes ™ e ® Klebsiella variicola
I Bacteroidales 0- ’ ) CAG00124
: F.' Bacteroidia < . . . : ; ! g Anaerotruncus
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e — |
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V. Gopalakrishnan et al. Science 2017;science.aan4236
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Gut bacteria influence response to anti-PD-1

B  mmm Enriched in R: Objective response (PR and SD) C = Enriched in patients PFS >3 mo D
BN Enriched in NR: Objective response (PD or death) N Enriched in patients PFS <3 mo
CAG00301, 3187, Akkermansia muciniphia I CAG01308, 666, unclassified Firmicutes I———_
CAG00453, 1942, unciassified III—— CAG00469, 1928, Eubacterium sp. CAG:146 I—
CAG01245, 780, Firmicutes I CAG00453. 1942, unclassified _
CAG00469, 1928, Eubacterium sp. CAG:146 I CAGO0646, 1668, Alistipes INN—
CAG00871, 1362, Lachnospiracese I CAG00301, 3187, Akkermansia muciniphita IR
CAG01090, 1026, unclassified Firmicutes N CAG00363. 2056, intestinimonas m—— G
CAGD0274, 2209, Erysipelotrich 5 2 54FAA CAG00064, 3310, unclassified I
CAG00134, 2690, Cloacibaciius porcorum I CAG00116, 2783, Bacteroides nordii N | Species
CAG00347, 2087, Enterococcus faecium CAG01090, 1026, unclassified Firmicutes I |Enterococcus hirae
CAG00363, 2056, Infestinimonas N CAG00945, 2321, Bacteroides xylanisolvens I Enterococcus durans
CAG01227, 815, unclassified [N CAG01262, 750, Blautio — Enterococous gatinarum
CAG00821. 1461, unclassified Clostridiales N CAGO1227. 815. unclassified INN— Bacillus ficheniformis
CAGO0646, 1668, Alistipes I CAGO0871, 1362, Lachnospiraceae TN Ente foecals
CAG01223, 819, unclassified Firmicutes I CAG00510, 1860, Akstipes I Foveceye e
CAGO00355, 2067, Bacteroides sp. CAG:661 I CAGODEB70, 1648, unclassified Firmicules I——— Escherichia coli
CAG00328, 2113, Alistipes indistinctus [ CAGOD862, 1390, Firmicutes bacterium CAG:129 I Lysinibacillus boronitolerans
CAGO0966, 1209, Firmicutes bacterium CAG:552 . CAGOD1245, 780, Firmicutes I Streptococcus gallolyticus
CAG00892, 1324, Firmicutes TS CAGOD676, 1643, unclassified Firmicutes I Streptococcus infantanus
CA 30, 1821, Pr A S ——" | CAGO0E04, 1714, Firmicutes daclerium CAG. 110 I Actinobaculum schaalii
CAG00391, 2019, unciassified Clostridiales [ CAG00559, 1776, unclassified Clostridiales I fae i
CAGO0676, 1643, unclassified Firmicutes N CAG01200, 863, Clostridiaies II——— Bacilus fimus
CAG01308, 666, unclassified Firmicutes CAG00913, 1291, unclassified I
IR CAGO01112, 1003, unclassified Clostridiales CAGO0854, 2572, Ruminococcaceae I Enterococcus mundti
P CAG01004, 1161, Prevotella CAGO0629, 1684, Firmicutes bacteriur CAG:124 I Streptococcus mutans
I CAG00960, 1213, Clostridium sp. CAG:921 CAG00317, 2130, Clostridium sp. CAG:230 I Kocuria kristinae
I CAGO00658, 1661, unclassified Firmicutes CAG00555, 1782, Flavonifractor IS Enterococcus casseliflavus
CAG00391, 2019, unclassified Clostridiales I Staohyk ha ok

I CAG00473, 1920, Prevotela sp. CAG:617

I CAG00308, 2153, unclassified
I CAG01161, 934, unclassified

I CAG00137, 2673, Clostridiales
N CAG00048_1, 1403, Clostridiales

CAG00049, 3561, Bacteroides caccae I
CAGO0695, 1618, unclassified Firmicutes TN
CAGO0994, 1171, unclassified Firmicutes I

CAG01342, 613, sified Rumi —

[cory

B Enniched in R: Objective response (PR and SD)
B Enriched in NR: Objective response (PD or death)

CAGD0250, 2262, Ruminococcus sp. CAG:353 I
I CAGO00690, 1629, unclassified Clostridiales

I CAGO00141, 2649, Parabacteroides distasonis
I CAG00211, 2389, Firmicutes dbacterium CAG:227
S CAGO00048_1, 1403, Clostndiales
I CAG00168, 2534, Clostridiales VE202-14
I CAG00720, 1590, Anaerotruncus colihominis
I CAG01401, 522, Lachnospiraceae
I CAGO00981, 1189, Erysipelotrichaceae

N CAG00008, 6646, Clostridium bolteae
I CAG00211, 2389, Firmicutes bacterium CAG:227
I CAG00188, 2534, Clostridiales bacterium VE202-14
I CAG01214, 832, Blautia
N CAG00175, 2509, Bacteroides clarus
N CAG00835. 1444, Proteobacteria
N CAGO00065, 3272, Blautis
I CAG00116, 2783, Bacteroides nordii
P CAGO0141, 2649, Parabacteroides distasonis

T R T T T T T T | r T T T T T T e |
g g3 % = s § 38 8 g8 2§ 3 < s 8 38 8

> ¥ o < . oS o
= = Signed p-value & & Signed p-value

Bertrand Routy et al. Science 2017;science.aan3706
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Fusobacterium nucleatum RNA present in colon
primary tumors and metastasis
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Susan Bullman et al. Science 2017;science.aal5240
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Fusobacterium persist in patient-derived xenografts

A 0 44 64 84 104 124 144 164 184 204
// 1 | |

Fuso-qPCR

Fuso-Culture

|:| Not Cultured/
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Susan Bullman et al. Science 2017;science.aal5240

'\ ( - AN ( h
dCCC-Cancer.org y Nt ¥

Association of Community Cancer Centers




Treatment of Fusobacterium colonized PDX with metronidazole
reduces tumor growth in mice

A
1100~ 1100
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O | 2 106 > ® =
218 ' 3 10 ]
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Susan Bullman et al. Science 2017;science.aal5240 Patient Derived Xenograft COCA36 Patient Derived Xenograft COCA36
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What about other immune checkpoints? Anti-CTLA-4

O v— "
01T Crine| e 0% itk Popst
En -~ Iso Ctrl & P
E s00 | OCTLM B.fragilis T 1501 oe ’—l , ) )
: M B %?‘?i : % In mice, anti-CTLA-4 seems to
‘o b o L4 . .
5 1007 £ . 0go ° geF work best with Bacteroides
1 o °e afe
B e " g2 ° fragilis.
0 5 10 15 20 25 CTLA - 4= 4= %=t -4 %4
Days after tumor inoculation MOI NT m »12—04 1/10 1/50 1/10 1/50
B. dista B. unif B.theta B. fragilis
F . NaCl _ CcD4'NT  cp4a'B distasoris_CDA" B, fragils
= T cell (CD4) responses to B.
E 200 ape . pe
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[ SS— —_— —— e tumor size.
0 10 20 30
Days after treatment

Vétizou et al. Science 2015;350:1079-1084
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What about bone marrow transplant?

®m Proteobacteria
Firmicutes
W Bacteroidetes

T

auto allo
B Thermi
® Proteobacteria
Firmicutes
W Bacteroidetes
basal day +15 Allo-SCT

® Verrucomicrobia |

08 «
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02 ¢

® Verrucomicrobia

= Proteobacteria
Firmicutes

m Bacteroidetes

basal day +15 Auto-SCT
® Thermi
Tenericutes
® Proteobacteria
Firmicutes
M Bacteroidetes
skin/liver Gl

. After auto-SCT there was an increase of Proteobacteria and a reduction of Bacteroidetes
. After allo-SCT there was an increase of Bacteriodetes and a reduction of Firmicutes

. Patients who developed graft versus host disease (GvHD) harbored more Firmicutes and Proteobacteria and less

Bacteroidetes

Chiusolo et al. Blood 2015;126:1953
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How Different Bacterial-induced Mechanisms can Lead to Cancer

Resisting
cell death

Sustaining g:::ltr:‘g
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cellular
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Fulbright LE, Ellermann M, Arthur JC (2017) The microbiome and the hallmarks of cancer. PLOS Pathogens 13(9): e1006480.
https://doi.org/10.1371/journal.ppat.1006480

http://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1006480
h, - B, 3
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http://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1006480

Bacteria can stimulate inflammation, and vice versa

Cytokines

Inflammation o —_ TLR signaling

NF-xB, ROS

DNA

y , -y Progression to
Dysbiosis ) Adherence : ' Genotoxicity ' ) cancer

Schwabe Science 2012
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Specific bacterial mechanisms of oncogenesis

Intestinal bacleria
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Microbiome and Metabolome are Connected
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Metabolic receptors (aryl hydrocarbon) promote Tregs
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Antibiotics compromise the efficacy of PD-1 blockade
in cancer patients?
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Microbiome protection from immune-related colitis
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Translational Research Directions

e Stool microbiota are important in oncogenesis
* Whether direct modulation of bacteria (probiotics/antibiotics) OR
e Understanding and modifying their downstream immune effects is more important is
unknown

* At a population level, most patients with these microbiota signatures do not develop cancer
* Understanding host factors key

* Bacteria modify tumor-promoting inflammation, and the tumor microenvironment modifies
bacteria
* What is the inciting event?
* What is the most important to modify?

* Many bacterial species in these studies are on both responder and nonresponder lists — need

larger, prospectively defined datasets
* Increased clarity with shotgun sequencing in prospective cohorts
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Clinical Questions

* Should we be giving probiotics to cancer patients receiving immunotherapy?
* Not yet
* Bifidobacterium?
* Non-toxic bacteroides?

e Should we be giving antibiotics to cancer patients receiving immunotherapy?
e Judiciously
* For antibiotics resistance and for microbiome interaction with immunotherapy

e Can microbiome influence cancer development
* Personalized probiotics as prevention
* May be a key public health intervention going forward
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Questions?
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Thank you for participating in the webinar. Presentation slides
and archived recording will be available at accc-iclio.org
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