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Objectives

 Understand the broad role inflammation plays in
tumor development

e Appreciate the interaction of intrinsic and
extrinsic factors in cancer growth

* Apply knowledge of immune players and tumor
evolution to understanding clinical cancer
prevention and treatment strategies
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Key Concepts

 Malignant cells are often a minor part of tumors

e Cancer cells actively recruit stromal components
to support growth

 Most cancers develop in the context of an
“Ineffective” chronic inflammatory reaction

* |Inflammation can function as both a promoter
and an initiator of tumor development
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What is Cancer?

Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

Inducing Activating invasion
angiogenesis and metastasis

Enabling replicative
immortalit
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Seed and Soll

DISTRIBUTION OF SECONDARY GROWTHS

IN CANCER OF THE BREAST. . .
Ty1 cytokines Ty2 cytokines
By STEPHEN PAGE Tt F_RC.B_‘ (IL-1, TNF-o, IFN-y, etc. (IL-1, IL-10, IL-13, etc.)
Pro-inflammatory Anti-inflammatory

ASSISTANT AURGEON TO TRE WERT LONDON HOSPTTAL AND THR

METROPOLITAN HOAPTTAL. j

! AN attempt is mado in this paper to consider *' meta.
' atasis” in malignant diseasc, and to show that the distribu. <_/ l\)
tion of the secondary growtha is not a matter of chance. It w . i
is urged both by Langenbeck and by Billroth that the chomotines  proinfammatoy  and anth inflammaiory
question ought to be asked, and, if possible, anawered: e.9. ELR(HCXC) gl Ak
“What is it that decides what organs shall suffer in & case y ‘fd (g ELECERE) P B IRRG)
of dllﬂl\'ﬁﬂ'&tﬂd caneer " If the remote organs h m & inﬂalrr:lﬂlr’nZtion Inflammation Excessive
case are all alike passive and, so to speak, helpless—all v v inflammation
!qu‘]]r mﬂ, to receive and nourish any w. of the Resltfi(_:tetd_ Neovascularization 5 iottasis
primary growth which may ‘“slip through the "-and N 1”23 & B/ ‘
o bar{ronghb to them,—then the distribution of eancer . il o D EE,
thronghout the body must be a matter of chance, -But if tumour growth =3

wo can trace any sort of rule or sequence in the distribution
of eancer, any relation between the character of the pnm:g
growth and the situation of the secondary growths deri
from it, then the remote organa cannot be altogether pasaive
or indifferent as regards embolism. L
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Immune Reaction as the “Seventh” Hallmark
of Cancer

/—( Emerging Hallmarks )ﬂ

Deregulating cellular Avoiding immune
energetics destruction

Genome instability Ay Tumor-promoting

and mutation Inflammation
L{Enabling Characteristics ~
Cell 144, March 4, 2011 UC San Diego
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Two Competing Models

Virchow

* Inflammation predisposes
to cancer

e Cancer often arises in the
context of chronic
iInflammation

* Inflammatory cells
present in tumors

Immune system as positive
requirement for cancer
development.

Burnet

 Immunologic surveillance

 |[mmune system protects
against cancer

Need to replace or enhance
a defective response.
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Tumor Manages Tumc
Microenvironment (TME)

Emerging Hallmarks

Deregulating cellular Avoiding immune
energetics destruction

Genome instability Ny Tumor-promoting
and mutation = Inflammation

L{Enabﬁng Characteristics)—/
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Cancer Development

e \Wounds that do not heal

e Acute inflammation that leads to an aberrant
Ineffective chronic inflammatory state
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Hepatocellular Carcinoma

e Third leading cause of cancer related death in
the world

e Risk factors include viral hepatitis, obesity and
toxins including alcohol, vinyl chloride and
aflatoxin

— Activation of Kupffer cells and Stellate cells
— Necrosis

— Regeneration (resolution of inflammation) vs fibrosis
and cirrhosis (ongoing/ineffective chronic
Inflammatory response) O
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Toll-like receptor signaling in liver cells

Free fatty acids  LPS, Alcohol

TLR1 / \ HBV, HCV,
TLR2 HBV, HCV cellular DNA
TLR6 |
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MyDSS Mal Mal i
IRAK- 4 MyD83 ey TLR7
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Induction of pro-inflammatory
cytokines

Aravalli World J Gastroenterology 2013 (Review)

oc:::.l

Induction of IFN-p and IFN-

inducible genes
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How Does Fibrosis and Cirrhosis Support
Cancer Development?

DIRECT (Intrinsic changes) INDIRECT (TME)

 Some of the promoters of < Fibroblasts,

Inflammation are also macrophages, endothelial
tumor initiators—ie cells, neutrophils, DCs,
mutagens. etc

e |Inflammation leads to — Growth factors, cytokines,
elevated levels of ROS demeldies
and other mechanisms * Shape a permissive niche
that enhance genetic by polarizing cells from
instability and mutation “anti-tumor” to “pro-

tumor”
rate. o
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HCC Development

, Damaged Hepatocytes
Normal Liver Chronic Inflammation

: = Hepatocyie

CIC <::>”°"

] & _ Progenitor cell
_, V.'ruses expansion

» Toxins

* Metabolic derangement =

Inﬂammatcry cels
» Myofibroblast mediate » Reactive oxygen species
collagen deposition » NF-kB signaling
TGF

- ECM alterations

. = « NK and NKT cell dysregulation
Fibrotic Liver + Paracrine signaling

PDGF

Integrins

G ™ HCC
VEGF
Wallace Gene Expression 2014 (Review) UC San Diego
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TME components

Tumor cells and stromal cells

Chemokines M-CSF IL-10
MCP VEGF TGFp
M-C5F IL-4
VEGF
Immunosuppression
M1 macrophage M2 macrophage 1110
. L. PD-L1
Macrophage polarization : HLA-DR
Thlresponse Th2 response |
Active microbial killing Tissue remodeling and angiogenesis
Anti-tumerimmunity l Tumor progression
' = 4 = = T
Cancer cell proliferation J Metastasis [
Growth factor EGF
TNF - - - Wit signal
Polyamine Angiogenesis | ECM remodeling
NO Chemokines Chemokines
VEGF MMP
FGF2 TGFB
Shirabe Surgery Today 2012 (Review HCC) UC San Diego
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Multiple strategies employed

lﬂnpaui-i_ expression

NKp46-L+ tumors from NCR1-KO mice
NKp46-L- tumors from wt mice

l NKG2D-L expression

(shedding)

- soluble NKp30-L (BAG6)

release (competition with

exosome-bond activating BAGE

Hypoxia :
= NCRs, NarO. O Osoluble NKG2D-L
NKG2D l expression/
Expression/ function
function
o9
@ O
O] Q::}
o® NKp30
cytotoxicity l il
MUC16 CD16 expression
shedding
l Immunol. synapse

a/lnhibitory
CD?’GO signals

apoptotic
tumor cells

THLA-I expression
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Tumor Infiltrating Cells

e Recruited into tumors

— Tumor associated macrophages (CCL2)
* From circulating monocytes
M1 to M2 progression
— Tolerogenic DCs, Regulatory T cells and Th2
— IL10 and TGFDb
— Myeloid-derived suppressor cells, Tumor associated
fiboroblasts, NK, Treg, neutrophils etc

 Network of regulatory response with different
tumors likely having different networks.
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Cancer Shapes TME Immunity

“Seed” conditions the e« Cancer cells

soll. manipulate natural
Immunity to provides
growth support

Immune cell | _
composition will vary — Angiogenesis
per tumor type, — Stromal support
between patients and

Intrapatient
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Cancer and the TME

Tumor shapes the immune response and the immune response shapes the tumor
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Objectives

 Understand the broad role inflammation plays in
tumor development

e Appreciate the interaction of intrinsic and
extrinsic factors in cancer growth

 Apply knowledge of immune players and
tumor evolution to understanding clinical
cancer prevention and treatment strategies
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Preventable Causes of Cancer

e Tobacco

— Lung, mouth, lips, pharynx, esophagus, stomach, pancreas,
kidney, bladder uterine cervix, and acute myeI0|d leukemia

— In the United States, tobacco use is responsible for nearly 1in 5
deaths

e Alcohol
— Mouth, esophagus, pharynx, breast, liver, stomach, pancreatic
— 7?colorectal, ?prostate
e lonizing radiation (A-bomb data vs medical radiation)
— Leukemia, breast, lung, thyroid
e \iruses
— HPV (cervix, oral), HepC, EBV, HTLV1, HIV
 Environmental toxins

Int J Radiat Biol. 2009 June; 85(6): 467—482. UC San Diego
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Clinician Point of View

New cases per  n (%) cases attributable  Projected extra cases per year
year (UK)* to overweight and with a 1 kg/m® population-wide
obesity increase in BMI (99% CI)
Colon (C18) 26725 2970 (111%) 559 (519-598)
Liver (C22) 4241 661 (15-6%) 145 (135-154)
Gall bladder (C23) 660 134 (20-3%) 36 (35-37)
Breast (post- 39812 2035 (5-1%) 1441 (1417-1465)
menopausal, (50)
Cervix (C53) 2851 214 (7-5%) 51(50-53)
Uterus (C54-55) 8288 3384 (40-8%) 806 (784-829)
Ovaries (C56) 7011 512 (7-3%) 125 (118-133)
Bhaskaran Lancet 2014 o= —" ofi7 s o
Getty Images Thyroid (C73) 2654 51(1-9%) 49 (48-51)
Leukaemia (C91-95) 8257 522 (6-3%) 150 (138-163)
 oeee—
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HPV associated cancers

20 million people « HPV is changing the

currently infected with : )
genital HPV in the US epidemiology of
oropharyngeal

 Most sexually active
adults become infected =dlieels .

at some point | e =R - =
— Most infections are - in -
asymptomatic and 2 5] WY ?@:: a

transient s e -
— Certain oncogene types  * © SE i N e
perSISt_H PV 16 and 019‘:;0 1980 19I90 20‘00 20‘10 019?0 19é0 19’90 2600 20I10
HF)V 18 Year of Dagnoss Year of Dagnosss
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HPV-associated cancers

Table 1. Sites of HPV-associated cancers: Proportion of cancer due to HPV, presence of HPV-induced
precancer, screening modality, and HPV vaccine efficacy

* HPV causes 5% of

Vaccine efficacy against HPV16/

u % attributable HPV-induced against persistent  18-associated
Can Ce rS WO rI dWI d e Cancer to HPV premalignant HPV16/18 premalignant
site infection lesion Screening modality infection® lesions®
Cervix 100 Cervical intraepithelial ~ Cytology, colposcopy, 91%-94% 93%-98%
neoplasia (CIN) primary screening
through HPV cotesting
Anus 90 Anal intraepithelial Cytology, high- 95% 78%
] ] neoplasia (AIN) resolution anoscopy
) P rl m ar reve n tl O n Penis 40 Penile intraepithelial Cytology/histology 90% 90%°
neoplasia (PIN)
Vagina 40 Vaginal intraepithelial Cytology/histology ? 100%

. . neoplasia (VAIN)
- VaCC I n atl O n Vulva 40 Vulvar intraepithelial Cytology/histology ? 100%
neoplasia (VIN)
Oropharynx ~ 12-72 ? ? ? ?

I rOte Ctl O n n an according-to-protocol or per-protocol susceptible analytic cohort, which is typically restricted to individuals who were HPV

DNA negative and seronegative at baseline and through the vaccination phase.
bAgains’[ a composite endpaint of penile, perianal, or perineal intraepithelial neoplasia.

o SeCondaI’y preventi()n http://www.cdc.gov/hpv/vaccine.html

— PAP HPV vaccination is recommended for

— Early detection preteen girls and boys at age 11 or 12
years

Cancer Prev Res; 4(9) September UC San Diego
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| nflammation as a Common Link of
Tumor Promoters?

Aggarwal B B et al. Clin Cancer Res 2009;15:425-430

RISK FACTORS
Stress Obesity, Food Environmental Infectious
Sunlight (pH, hypoxia, Hybon Iyee,mia factors | Cigarette pollutants agents Alcohol
(uv) heavy metals, V?HZ acid * | (grill, fried | smoke | (industrial pollutant, | (H. pylori, S. typhi, | beverage
chemotherapy) red meat) diesel, acid rain) HCV, HBV, EBV) |
T
EGF ! TNF CD40L/RANKL
1
Q@ : R
i
1
1
i
EGFR : CD40
| I | | | 1
TNFa Bel-2 Cyclin D1 MMP-9 VEGF TWIST
IL-6 Bol-xL c-myc ICAM-1 bFGF CXCR4
IL-8 clAP1/2 VCAM-1 HGF
COX-2 XIAP ELAM-1 PDGF
5-LOX cFLIP uPA
Inflammation Survival  Proliferation Ir I
’,'_ @
k__ - G0 - § — _" w
CCR M Pathways jﬂ
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Clinical Reasoning

f ineffective chronic inflammation initiates and
promotes tumor development then strategies to
ower chronic inflammation may lower the
Incidence of certain cancers
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Big News
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Clinical Relevance of Inflammation and
Tumor Development

e Cancer related symptoms
— Appetite and weight loss, fatigue and pain
— QOL
e Cancer associated inflammation decreases
treatment efficacy
— “B-symptoms”, CRP, neutrophil, lymphocyte and
platelet count associate with response
— Inflammation directly changes metabolism of drugs
(P450)

Roxburgh BJC 2014 (review) UC San Diego
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Quality of Life

» Corticosteroids reduce systemic inflammation
and improve cancer-related symptoms in
advanced cancer patients

* Non-steroidal anti-inflammatory drugs
— Pain management
— Risk reductin

e Statins

— Immune modulatory
— Assoclated with cancer reduction

Roxburgh BJC 2014 (review) UC San Diego
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Take Away

e Cancer iIs largely a preventable disease

e Chronic inflammation links many cancer risk
factors

e Strategies targeted to reduce tumor promoting
Inflammation may be effective preventative
strategies broadly.
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Questions
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