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Cancer and the history of cancer immunotherapy
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Cancer — ancient disease, modern trend

- Cancer — uncontrolled growth of our own cells

- Many different types

+ First described ~ 2500 years ago, in papyri

- But generally rare in historical record: infectious disease dwarfs cancer as cause of death in western

world — until recently
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Cancer — ancient disease, modern trend

« Cancer increases after ~ 40 years

» Victorian life expectancy ~ 40 years

« Cancer therefore becomes more evident as life expectancy increases

« Advances in hygiene, childbirth healthcare, antibiotics, vaccination

Number of new cases

UK life

Rate per 100,000 population
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Accumulation of faults in our DNA

Inheritance

Environmental carcinogens
e.g. tobacco, UV light

Natural cell processes
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The 20 most common cancers in the UK

Breast

Lun
Colorecta
Prostate
N-H-L
Melanoma
Bladder
Kidney
Oesophagus
Stomach
Pancreas
Leukaemias
Uterus
Ovary
Oral
Brain with CNS
Multiple myeloma
Liver
Cervix
Mesothelioma
Other
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The current cancer treatment landscape

- Chemotherapy — eg Hodgkin’s Lymphoma (~80% 5-year survival due partly
to chemotherapy); also testicular cancer

— disadvantages: non-specific; infection; often resistance means effects are short-lived

- Radiotherapy — eg prostate cancer (60% of men with early stage prostate
cancer cured with radiotherapy)

— disadvantages: non-specific; not so effective for metastases

* Surgery — eg breast cancer, where surgery contributes to high 5-year survival
rates

— disadvantages: ineffective for metastases; may not be curative in advanced settings
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Many diseases, different prognoses

Males

Females

100%

80%

60%

40%

Relative survival rate

20%

0%

5 0
Years from diagnosis

1 2 3 4 5
e Prostate survival e Breast survival

s Bowel survival s | g survival
===m=e05% CI

Some cancers still
have a very poor
prognosis: ‘cancers
of unmet need’

Treatment for late-
stage disease Is
largely ineffective

New treatment
approaches
required: cancer
immunotherapy?
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Your Immune system: vital and exploitable

“Boy in the bubble” Smallpox virus (Variola virus) Edward Jenner
syndrome 1796, vaccination
1979, eradication

- A precedent from infectious disease

- Can we harness the incredible power of the immune system to cure cancer?
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Evidence for an immune response to cancer
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Immune recognition of cancer: the challenge

Immune tolerance to self

o

Tumour immune cell

J

Tumour immunosuppression

Tumour evolution to evade the
immune system
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Immunotherapy: a game-changer?

+ “Tumour immunology has long had a bright future”

* “For those mice in the audience, it's good news...”

‘immunotherapy
i ‘I‘ cells on the attack

« “Immunotherapy earns its spot in the ranks of cancer
therapy”

- “...atipping point in the fight against cancer”
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Cancer immunotherapy — the current view
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Two game-changing approaches

* (1) Removing the brakes on the immune system

* (i) Engineering ‘smarter’ immune cells
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Checkpoint blockade: ‘removing the brakes’

T cell

Unleashing killer T cells

|
g

N

SN 220 X }50
LERTTARES

Institute
and Faculty
of Actuaries




‘Checkpoint
recelgt?r'sﬁ' !
EFCA-4

Institute
and Faculty
of Actuaries

Y,
ARSA

e 20
LERTTARES




PD-1 >

PD-L1 >

Y
@

Cancer cell/ Institute
dF It
Target cell of Actuaries




PD-1 >

PD-L1 >

Y
@

Cancer cell/ Institute
dF It
Target cell of Actuaries




T cell

PD-1
antibody

i /

PD-L1
antibody
& |II J
Cancer Cancer
Ce” Ce” Institute

and Faculty
of Actuaries



T cell

PD-1
antibody

i /

PD-L1
antibody
& |II J
Cancer Cancer
Ce” Ce” Institute

and Faculty
of Actuaries



Clinical trials in CB: durability, efficacy in late stage,
multiple tumours
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20 Y Melanoma N Engl J Med 2010; 363:711-23
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Clinical trials in CB: durability, efficacy in late stage,

multiple tumours

Median Owerall Survival 1-7r Owerall Survival Na. of
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(L) MRI lung scan, 51 year old patient, active tumour progression despite
chemo (red arrows = metastases).

(R) < 3 months of anti-PD1 treatment

Lung cancer

Nivolumab versus Docetaxel in Advanced Squamous-Cell
Non—-Small-Cell Lung Cancer
N Engl J Med 2015; 373:123-135 July 9, 2015 Brahmer et al.

Conclusions

« Treatment efficacy in late stage when chemo fails
» Durability of response — increased survival

* Impact in multiple tumours

* Only some patients respond well

» Side effects possible

* Clinical view: “Gobsmacked”
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 Mutations matter

Somatic mutation prevalence
(number mutations per megabase)

* The prevalence of somatic mutations across
human cancer types.

« Signature of mutational processes in human
cancer; Alexandrov et al, Nature 500, 415-21,
(2013)
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The more mutated a tumour, the more visible it
is to the immune system
Future scope of identifying likely responders
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Melanoma - Ipilumumab approved for the treatment of previously-treated
metastatic (advanced) melanoma (NICE, 2012)

“a major milestone in the treatment of advanced melanoma... a genuine step change in
the management of this disease.” Dr Paul Lorigan, Christie NHS Trust.

Ipi and Nivo combo approved for advanced melanoma (NICE, 2016)

“The combination of nivolumab with ipilimumab gives us a glimpse of the future of cancer
treatment” Prof Raj Chopra, ICR.

Lung cancer - strong Nivolumab efficacy data, currently being assessed by
NICE
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Checkpoint blockade: challenges

Arguably the most exciting area for pharma oncology research currently,
but...

* Huge expense - ~ $100,000 per year per patient — does the NHS have the
funds to approve all viable therapies?

* Only some patients respond well (durable, complete response) — how to
identify these patients?

+ Side effects — can be severe
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CAR immunotherapy: engineering smarter immune
cells

 CAR = Chimeric Antigen Receptor

“CD19”

&~

%

Target antigen \

‘ - “designer receptor”
killing (Chimeric Antigen

Receptor = CAR)
“CAR” T cells P

B cell tumour ALL/CLL
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CAR therapy in B cell tumours: game changer

The NEW ENGLAND JOURNAL of MEDICINE

“ ORIGINAL ARTICLE ”

Chimeric Antigen Receptor T Cells
for Sustained Remissions in Leukemia

NEJM, October 2014

. o : , CRUK website blog, October 2014
Emily Whitehead - “The girl that lived”

Conclusions

» Relapsed, refractory ALL patients treated
Complete remission in 90% of patients
Very effective tumour clearance

“On target” side effects, can be severe

. . Y
- Long-lasting responses...potential cures B8 | Institute
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CAR immunotherapy: challenges

» Can you expand the success of CAR therapy beyond haematological
malignancies?

- What molecular targets will allow safe and specific targeting of tumours?

» Can the cost of a cellular therapy be absorbed into the NHS?
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Future trends in immunotherapy
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Trends In checkpoint blockade: ‘removing the brakes’

- Combination approaches to increase the proportion of patients who will
respond:
- Ipilumumab + Nivolumab (melanoma) — major improvement in response rate

- Numerous combinations to test (CB + CB; CB + chemo; CB + targeted therapy; CB + other
immunotherapy)

* Improved stratification of likely responders

- Eg Colorectal cancer — MSI-hi subgroup (15% show high response rate)
- Improved prediction of where durable responses will be observed — conversion of some conditions
from critical to curable

TREND: increasing number of patients/tumours/tumour subgroups where 1;%&
NV, Institut
durable responses are observed i@i and Faculty
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Trends in CAR immunotherapy: ‘engineering smarter
immune cells’

- More sophisticated CAR targeting approaches

- Atrend away from single targets (eg CD19) towards multiple CAR targets to define tumour and

tissue type
- Different strategies (eg targeting the tumour’s ‘support structure’)

- Extended success of CAR immunotherapy across haematological tumours

- Adoption in some CD19-positive B cell tumours
- Application in other tumours eg Myeloma?

* Ongoing CAR trials in multiple solid tumours

TREND: increasing number of patients/tumours/tumour subgroups where CAR §§§ Institute
therapy can induce durable responses ﬁ* i\ and Faculty
A2 | of Actuaries

30 May 2017 32



New immunotherapy approaches

Personalised vaccines

Attacking the tumour’s Generic treatments ineffective @)b
support structure ' - Preventative vaccines

@ Tumour escapes ?

< Cancer of

Msk group/known targets
?

unmet Antigens not ‘immunogenic’
need eno 2.Add new
* antigens ! Redirected Viral
: . - Immunotherapy
Tumour blood vessels Antlgens Nnot Immunogenic
- enough ? Bring in new T
CART cells - CLEC14A cells TREND: explosion of new cancer

immunotherapy approaches

Immunocore Ltd

ImmTAC’: Immune mobilising E%S _
monoclonal TCRs Against Cancer & | Institute
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Healthcare provision trends

* Increasing array of expensive, potentially much more effective treatments for
cancer

+ Challenging regulatory decisions (NICE/NHS) based on efficacy vs cost
considerations

- Approved therapies will lag behind availability of effective immunotherapies
(e.g. Nivolumab, lung cancer)
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Impact of iImmunotherapy on insurance
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Immunotherapy Is a treatment

- Diagnosis of disease required before the treatment is applied
» CI claim payment is likely to be made

* No impact on CI pricing (base rates and trends)
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Immunotherapy as a prophylactic treatment

Cervical cancer incidence in England

* Immunotherapy needs to: 18 |

2008-2009 Jade
Goody effect

— become cheaper

Hannover Re’s
projection of the
incidence rates as
~——a a result of the

— lead to better patient outcomes

1988 National

+ “Prevention is better than cure”

Rate per 100,000 women

8 - cervical cancer ~Q .
] 6 screening \\~ vaccine
- Example: Human Papilloma | | —Progmamme S e
Virus vaccine — Introduced to all 2008 HPV vaceine Seeel
girls aged 12 to 13 in 2008. ) S . _— _—
\cg\" \cg\q’ \q‘b\ \q‘z?’ \qq'\ ®<§’ q/QQ\ q/Qq‘b (19\'\ (19»@ q/@l‘ (}9‘19 q/be'\ qsgbb (19%\ (]9»‘3’ (]9@"

Source (excluding the projection)) comes from the Office of National Statistics
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Viruses causing cancer and diseases linked to the
Immune system

* Human Papilloma Virus + Multiple Sclerosis
* Hepatitis B and C virus * Rheumatoid Arthritis
- Epstein-Barr virus + Systemic Lupus

. HIV Erythmatosus (SLE)

 Aplastic anaemia

- Bacterial meningitis * Impact on CI price from reducing

R Incidence rates to zero over the next:
* Crohn's Disease

C — 30 years: 3% reduction
* Devic’s disease y

— 20 years: 4% reduction

* Encephalitis

i
* Major organ transplant gg%{%
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The development costs & access challenge

— Cost

/
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Oto S5years

6to 10 years 11to 15 years

Time

16+ years

— Access

UK Drug Patents:
typically 20 year
duration
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| Product Considerations:
rohibitive costs for individual

[P G iegories || Healthandmedical || Cancer || Cancertreatment |

Help fund cancer tregtment, and
provide financial suppgrt for families

Find out more about

immunotherapy Proton Therapy

People who are raising money to help fund cancer treatment and expenses related to treatment
abroad on JustGiving

3 | 4 i
Kelly's family are raising £1.000,000 to help pay Daryl's family are raising £100,000 1o help pay for
s, tment

Myla’s family raised over £11,000 to help pay for
for cancer rastment in the U costs during Ais bone marrow tres B

expanses during her therapy wresmentin
the US.

See their page See their page

See their page

Go gle JustGiving Cancer Crowdfunding

Al Images Videos News Shopping Maps HBodks
About 83,700 1es ults

Any country Crowdfunding to help fund my cancer treatment on JustGiving

Country: the UK https /hwww. justgivin g.com/crowdfunding/keepinghope -

We'rersising money to help fund my cancer trestment. Suppart this JustGiving
Crowdfunding Page

Any time
Fast howr
Past 24 hours Crowdfunding to Help L aura Fight C ancer on JustGiving
Past wesk https /hwww justgivin g.com/crowdfunding/laura-newman =
Past month We'reraising money to Help Lawa Fight Cancer. Support this JustGiving Crowdfunding
Fast yemr Fage.
Crowdfunding to fund de sperately needed cancer drugs ... - JustGiving
::'::“"':5 hitps /fwww justgivin g.com/crowdfunding/helpingclairegraham -

We'reraising meney to fund des perately nesded cancer drugs not available in reland s Claire
hes = chance to ... Suppert this JugGiving Crowdfunding Page.

Crowdfunding to fund 5 vear old Rupert's cancer __-JustGiving

https /Awvww justgiving.com/crowdfunding/RupertsRevenge -

21 Mar 2017 ... Were rasing money to fund 5 year old Ruperts cancer trestment. For
pioneering immunctherapy ... Suppart this JustGiving Crowdfunding Fage

Crowdfunding to fund ground breaking cancer treatment . - JustGiving

https iiwww justgivin g.comverowdfundingfre atment-for-toby =

21 Mar 2017 ... We're raing money to fund groundbreaking cancer treatment for baby Tobias.
Support this JustGiving Crowdfunding Page.

Crowdfunding to Help fund Kasia's treatment for cancer. on JustGiving
https:lfwww justgivin g.com/crowdfunding/kasia-rz eszowska ~

WeTreraising money to Help fund Kasig's trestment for cancer.. Support this JustGiving
Crowdfunding Fage.

Crowdfunding to help fund costs of a new exciting cancer drug that ..
https:/hwww. justgivin g.comicrowdfunding/michele-ammola ~

19 Mar 2017 ... We're raiing money to help fund costs of & new exciting cancer drug that will
help me stay alive ... Suppert this JustGiving Crowdfunding Fage.

Crowdfunding to help fund cancer treatment for ... - JustGiving

hittps fiwww justgiving.com/crowdfunding/sam-coley -

We'rersising money to help fund cancer trestment for Semartha Coley. Support this
JustGiving Crowdfunding Fage

Crowdfunding to help rare cancer research, the Mustard ... - JustGiving
https /hwvww justgivin g.com/crowdfunding/funding-fiynn -

We'reraising money to help rare cancer res sarch, the Mustard Tree, Deriford and Andrews
widow and twins. Andrew s adly lost his fight on Sunday 12 ...

* From 2015 to 2016, there
was an 8 fold increase in
amount of money raised
for obtaining cancer
treatments abroad

* Travel to USA, Mexico &
Germany top 3 treatment
destinations

* Immunotherapy most
common individual
treatment

Source: JustGiving 2017
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Cl Product Considerations:
meeting hidden cancer costs

¢ Reduced Income Thirty per cent of people

with cancer experience
a loss of income as a

result of their cancer, with
those affected losing, on
average, £860 a month.
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Cl Product Considerations:
meeting hidden cancer costs

* Increased costs

The cost of travel to and

— Out/In-patient costs from appointments affects
69% of people with cancer

and costs them, on average,
£170 a month.
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Cl Product Considerations:
meeting hidden cancer costs

* Increased costs

— Out/In-patient costs
Over a quarter (28%) of

— Day to day living costs people with cancer couldn’t

keep their home adequately

warm in winter in the past 12
months because of the cost.
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Cl Product Considerations:
meeting hidden cancer costs

* Increased costs
— Out/In-patient costs
— Day to day living costs

— Prescription costs

Over a fifth of respondents
were affected by costs
for over-the-counter or

prescription medicines,
costing on average
£8 a month.

Costs incurred by respondents to
our survey
Average cost
to those
% of people affected

Cost affected (£/month)
Over-the-counter/
prescription
medicines 22% 8
Dietary
supplements 12% 16
Dressings 10% 7
Private treatment
or healthcare 4% 112
Dental surgery
or care 11% 28
Nursing care
provided in a
person’s home 1% N/A*
Personal care
provided in a
person’s home 5% 56

Total 41% 41
*Sample size too low to report.
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Cl Product Considerations:
meeting hidden cancer costs

® Costs incurred by respondents to
our survey
Average cost
* Increased costs to those
% of people affected
Cost affected (£/month)

— Out/In-patient costs

Wigs, hairpieces,

. Day to day ||V|ng costs head coverings 10% 23

Fabric supports 5% 14

— Prescription costs Clothing 29% 31
. . ] Modifying

— Clothing and accessories such as wigs the home 4% 326

Specialist equipment

for home or care

provided in a

person’s home 6% 28

Total 37% 70
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Cl Product Considerations:
hybridisation

* Incorporate benefits provided from other products, such as PMI, major medical
expenses and hospital cash style plans to meet the cost of:

— medical treatments
— travel expenses
— non-medical additional costs

— income replacement costs
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Conclusion
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Questions

Expressions of individual views by members of the Institute and Faculty of Actuaries
and its staff are encouraged.

The views expressed in this presentation are those of the presenter.
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