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Introduction

A What isimmunotherapy?
A Immunesystem refresher

A Immunotherapy Treatments
I Monoclonal antibodies
I Immune checkpoint inhibitors

T Tumourvaccines
A Peptide DNA and RNA
A Dendritic cells

Oncolyticviruses

Gene therapy

Cellulartherapy e.g. CAR cells

- Tumour infiltrating lymphocytes (T)IL
A ATMPs and pharmacy

A Future




NHS

Oxford University Hospitals
NHS Foundation Trust

What iIsImmunotherapy?

A Treatments thause the immune system to
destroy cancer cells.

A Five main groups of immunotherapy Treatments:
1. Boost the immune system e.g. IFN-2IL

2. Antibodies that attach to cancer cell surface
proteins e.g. monoclonal antibodies

3. Encourage white blood cells to destroy cancer
4. Adoptive cell transfer e.g. CARand TIL
5. Vaccines
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A Elimination

B Equilibrium

C Tumour escape
and growth

D . Increase in
tumour—promoting
immune cells

E Immunotherapy H

From: Immuno-oncology: understanding the function and dysfunction of the immune system in cancer

Ann Oncol. 2012;23(suppl_8):viii6-viii9. doi:10.1093/annonc/mds256

Ann Oncol | © The Author 2012. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oup.com.
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s Involved in the Immune Systent™™

A Neutrophils¢ Phagocytosis and presenting antigens

A Macrophages; phagocytosis, antigen presentation,
activating memory cells

A Dendritic cellsc Main antigen presenting cells,
activating T cells and memory cells

A B cellsc used inhumaralimmunity. Plasma cells
(mature Bcells) secrete antbodies.Memory B ) )
celsWNBYSYOSNX F2NBAIY |yiaAISya

antibody response.

A T cellsc many different subtypes e.g. helper T cells,
cytotoxic T cells, regulatorycells and memory T
cells.

A Natural killer cellsc Part of innate and adaptive
Immune systems and destroy pathogens without
the need for prior activation. They are important in
viral iImmunity and tumour rejection
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T-Cellsc the key to cancer iImmunotherapy

A Immunotherapy relies on activatedcells
A T-cells mature in the thymus

A T-cell receptor (TCR) on surface etdlls
recognisesnd responds to antigens

A Dendritic cells activate-Tells: 2stage process
A Cytotoxic T cells protect froeancer
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/ImmunotherapyTreatments

A BCG vaccines
A Cytokine therapy e.gnterferons& interleukins
A Monoclonal antibodies
A Immune checkpoint inhibitors
A Tumourvaccines
I Peptide DNA and RNA
I Dendriticcells
A Oncolyticviruses
A Gene therapy
A Cellulartherapy e.g. CAR cells
A Tumour infiltrating lymphocytes (T)IL




NHS

IIIIIIII

Monoclonal Antibodies
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A Y-shaped immunoglobulin proteins that specifically bir
to molecules called antigens, and in so doing elicit an
Immune response
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Monoclonal antibodies

A Stop, control, or suppress processes
that permit cancer growth.

AMake cancer cells momecognisable
susceptible to destruction by immune
system.

A Stimulate immune natural killer cell
activity.
e
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Types of Anticancer Monoclonal Antibodies

Effector
cell
Target
cell
Activates Blocks Conjugated Conjugate
immune GF signalling, Radionuclide Cytotoxic
System stimulates apoptosis Drug
Rituximab Trastuzumab Ibritumomab Ado-trastuzumab
Alemtuzumab Panitumumab tiuxetan emtansine (Kadcyla)

Cetuximab (Zevalin) Gemtuzumab-
ozogamicin (Mylotarg)




MAD hybridisation nomenclature

Substems

0o6 (omab
source is mice or

other non-humans i
highly immunogenic

OXi 6 (xi mq
chimeric antibody,
where the constant
region of the mouse
antibody is replaced
with the human form
of this section of the
protein

render them harmless. Whereas early therapeutic antt
bodies were still partly derived from mouse genes (yellow
segments), therapeutic antibodies of the latest generation
are indistinguishable from their human counterparts.

/ Immunisation
Gene transfer Mouse with human

__} lg genes
_b. —_+

Human monoclonal
antibodies

Fully human therapeutic antibodies are obtained by infect-
ing a transgenic mouse that carries human genes for the

production of immunoglobulins (1g) with the target for the
antibodies that one wishes to produce.

O0zud (zum
where part of the
variable region is
replaced by the
human form,

called humanised

Oud I s
human protein

P u

http://www.roche.com/sci-biotech-3-e.pdf
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Immune checkpoint inhibitors
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Checkpoint proteins

PD-L1 binds to PD-1 and inhibits
T cell killing of tumor cell

Tumor cell

PD-L1 .
j /\.‘f\ Antigen
b T cell receptor
PD-1 \ !
7 ¢ <
T
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Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell

Tumor cell
death

PD-L1

16 i
Anti- -
PD- ‘A&
3

B7-1/B7-2 binds to CTLA-4 and
inhibits T cell killing of tumor cell

Tumor cell

B7-1/B7-2

,\‘ \_~Antigen
{

T cell receptor

Blocking B7-1/B7-2 or CTLA-4
allows T cell killing of tumor cell

Tumor cell
death

Anti- (W
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Anti- 4 1
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CTLA4 ) - 7
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A Cytotoxic T cells display inhibitory checkpoint proteins
on their surface.

A Limit activity of T cells

A Activating checkpoint proteinsormallydown-
regulates themmuneresponse.

A A mechanism of cancer survival is to produce these
proteing receptors on the surface of the tumour cell
gKAOK Oo0AYyR&a G2 GKS WOKSO{ LI
immunecell.

A Current targets
A PD1 (programmed cell death protein 1) on the
surfaceof activatedT-cells, PEL1 on the surface
of tumour/ normal cells,
A CTLA4 (cytotoxicT-lymphocyteassociated
antigen4) onthe surface off-cells




Anti T-cell Checkpoint Receptor Therapy

Ipilumumab Nivolumab Pembrolizumab

http://www.nzmu.co.nz/antipd-1-inhibitors
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Checkpoint inhibitors usen practice

ACTLA4 Inhibitors- Ipilimumab
APD1 Inhibitorsc PembrolizumabNivolumab

APDL1 Inhibitorsc Avelumab Atezolizumab
Durvalumab

A Indications include:

I Malignant melanoma

I Urothelial cancer

I Lung cancer
|
|

I Head and neckancers
I Hodgkind.ymphoma
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Ewlving treatment in metastaticmelanoma

1960s/
Pre-1960s 1970s 1996 1998 2011 2012 2013 2015 2016

Vemurafeni
sual IL-2 ’
"®S ectio 2 g UIBLE
nt Ipilimumab?* Ipilimumab? A Nivolumabs Nivolumab
Dabrafenib* Pembrolizumab® + ipilimumab?
Chemotherapy* T-VEC’

Cobimetinib + vemurafenibs
Dabrafenib + trametinib®

[ Licensed for the treatment of BRAF V600 mutation-positive melanoma

Nivolumab + ipilimumab regimen is approved by NICE for treating
advanced (unresectable or metastatic) melanoma in adults10

All approvals are marketing authorisations by EMA unless otherwise stated. *2 line; Alst line.

HDB, high dose bolus; IFN, interferon; IL-2, interleukin-2; NICE, National Institute for Health and Care Excellence.

1. Lee C, etal. Clin Dermatol. 2013;31:141i 7; 2. Yervoy (ipilimumab) European public assessment report. Available at http://bit.ly/2hoiY27; 3. Zelboraf (vermurafenib) European public
assessment report. Available at http:/bit.ly/2yvOR07; 4. Tafinlar (dabrafenib) European public assessment report. Available at http:/bit.ly/2hoic54; 5. Opdivo (nivolumab) European public
assessment report. Available at http:/bit.ly/2ffATTX: 6. Keytruda (pembrolizumab) European public assessment report. Available at http:/bit.ly/2hlLyVm; 7. Imlygic (T-VEC) European
public assessment report. Available at http://bit.ly/2yvzh52; 8. US Food and Drug Administration (FDA) News Release, November 2015. Available at http:/bit.ly/2xXrgbR; 9. Novartis
Press Release, September 2015. Available at http:/bit.ly/1L03WoK; 10. National Institute for Health and Care Excellence. Guidance TA400. Available at:
https://www.nice.org.uk/quidance/ta400 (all accessed September 2017)



http://bit.ly/2hoiY27;
http://bit.ly/2yv9Ro7;
http://bit.ly/2hoic54;
http://bit.ly/2ff4TTX;
http://bit.ly/2hlLyVm;
http://bit.ly/2yvzh52;
http://bit.ly/2xXrgbR;
http://bit.ly/1L03WoK;
http://www.nice.org.uk/guidance/ta400
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A Cytotoxic Tlymphocyte antigert (CTLAY)
IS a key regulator of-Cell activity.

A Ipilimumabis a CTLA immune checkpoint
Inhibitor that blocks Acell inhibitory signals
Induced by the CTLApathway, increasing
the number of reactive -&ffector cells
which mobilize to mount a direct-dell
Immune attack againsumour cells.
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Immunotherapy- pembrolizumab

A Pembrolizumalis a monoclonal antibody
which binds to the programmed death
(PD1) receptor and blocks its interaction
with ligands PEL1 and PEL2.

A Pembrolizumalpotentiates Tcell
responses, including artimour
responses, through blockade of AD
binding to PEL1 and PEL2.
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Immunotherapy- nivolumab

A Nivolumabis a human immunoglobulin G4
(IgG4) monoclonal antibodHUMAD

A Binds to the programmed death (PD1)
receptor and blocks its interaction with PD
L1 and PEL2.

A Nivolumabpotentiates Fcell responses,
iIncluding anttumour responses, through
blockade of PEL binding to PEL1 and PP
L2 ligands
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Nivolumabindications

- Advancedmelanoma as monotherapy/ in combination
with ipilimumab

- Locallyadvanced/ metastatic NSCLC

- Jyuamouscell cancer of the head and neck

- Advancedrenal cell carcinoma after prior therapy

- Locallyadvanced unresectable or metastatic urothelial
carcinoma in adults after failure of prior platinum
containing therapy.

-Treat relapsed/ refractory classical Hodgkins lymphome
after autologous stem cell transplant and treatment
with brentuximab
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Nivolumab+ Ipilimumab regimen: Complementaryinhibition
to potentiate T-cdll activity and drive anti-tumour responsest2

T-cell activation and proliferation PD-1receptor blockade Tumour-cell degeneration

- | Nivolumab |

U ind

\
/

- Nivolumab restores active T-
Ipilimumab blockade of CTLA-4 has cell response directed at the

been shown to augment T-cell tumour by blocking PD-1
activation and proliferation23 activity. This results in

decreased tumour growth!

Adapted from reference 17 3
®
1. Nivolumab (OPDIVO) Summary of Product Characteristics. 2. Ipilimumab (YERVOY) Summary of Product Characteristics. ro BMS

3. Lizée G, et al. Annu Rev Med. 2013;64:71i 90. I-OAcademy
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Nivolumab+ ipilimumab regimen:

PFSss nivolumaband ipilimumab monotherapiesat 3 years!

NIVO+IPI NIVO IPI
1.0 (n 179/314) (n  199/316) (n  255/315)
Median PFS, mo (95% CI) 11.5 (8.71 19.3) 6.9 (5.11 9.7) 2.9 (2.8i3.2)

o 087 HR (95% CI) vs. IPI* 0.43 (0.35i 0.52) 0.55 (0.45i 0.66) -
()
p HR (95% CI) vs. NIVO 0.78 (0.64i 0.96) -
o
g 067 *P<0.001
>
°
T o4 ' — NIVO + IPI
o 2 . 1
EY | — NIVO
E ? E IPI
o 027 —
a i

1

112%

0 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39 4 45
2
No. at Progression Free Survival per Adapted from Wolchok et
izl I Investigator (Months) al 2017

NIV 316 177 151 131 119 111 105 102 9 87 81 75 61 24 0 0

O
NIVO +
IPI

314 218 175 155 136 131 124 117 110 104 100 92 75 29 5 0

IPI 315 136 78 58 46 42 34 32 30 28 26 23 15 8 2 0

IVILUIUE L TUHIUVY U UL OV

VLD 1T UL THVUIUTTTUAY. GUTILAT T Y GO L ULANUAOL IUUN, IVIUY £7T) £V 1. \sly LUTHIUCTIUU HHILGT VUL 1 TG U T ALY,

IPI, ipilimumab; NIVO, nivolumab. NR, not reported. 1. Wolchok JD, et al. N Engl J Med. 2017. doi: 10.1056/NEJM0al1709684.
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Nivolumab+ ipilimumab regimen:
OSvs nivolumaband ipilimumab monotherapiesat 3 yearst

NIVO + IPI NIVO IPI
(N=314) (N=316) (N=315)

100
Median OS, mo (95% Cl) NR(382 NR 37.6.(29.1 NR 19.9 (16.9i 24.6)
HR (95% Cl) vs. IPI* 055(0.4 5 .60) 0.65(0.5 3 .80)
80
HR (95% CI) vs. NIVO 0.85 (0.6 8 .0T)
S 60- I
~ 1
3 . - — NIVO + IP]
2 ! A
: - i NIVO
A 40- i
— 1
2 . Pl
o |
> 1
(@] 1
20 X
1
1
: %p<0.0001
1
0 1 1 1 1 1 1 1 1 1 1 1 1 1 43 48

42
Months Adapted from Wolchok et al 2017

risk:

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48

NIVO + 314 292 265 247 226 221 209 200 198 192 186 180 177 131 27 3 0
IPI
NIV 316 292 265 244 230 213 201 191 181 175 171 163 156 120 28 0 0
O

- IPI 315 285 253 227 203 181 163 148 135 128 117 107 100 68 20 2 0 _
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mmunooncology Toxicity ™"
Immune Related Adverse EffectsAB

Ab20 &2dzNJ G@LIAOKf WOKSY20KSN.

A Toxicity is a result of a heightened immune system and there
are a number of immune responses which can happen

AW driY2Ydzy SQ NBIFOlGAzya OFy 20C
but most frequently in skin, Gl tract, Liver and Endocrine

A Toxicities, if not treated promptly with corticosteroids/

Immunosuppression may lead to life threatening
complications.

Skin toxicity - Usually
Endocrinopathies -

alter treatment
initiation
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Signs and Symptoms associated WItAES

Signs and /or Symptoms:

» Toask patients/caregivers about
» For healthcare providers to monitor at baseline and every visit

Diarrhea; Increase in frequency of bowel movements; Abdominal pain
Gastrointestinal Immune-mediated colitis | Blood/mucus in stools or dark, tarry, sticky stools; Bowel perforation
Severe stomach area pain or tenderness; lleus

Abnormal liver function tests or total bilirubin; Yellowing of skin or whites
Hepatic Immune-mediated hepatitis | of eyes; Dark urine; Easy bruising or bleeding: Severe nausea or vomiting;
Right-sided abdominal pain; Drowsiness; Decreased appetite

Skin Immune-mediated dermatitis | Pruritus; Rash; Skin changes

Immune-mediated

Neurologic neuropathies

Unilateral or bilateral weakness; Sensory alterations; Paresthesia

Extreme fatigue; Headaches that will not go away or are unusual; Mental

status, mood, or behavioral changes; Dizziness or fainting; Hair loss; Feeling
Immune-mediated

Endocrine endscrinenabics cold; Constipation; Deepening of voice; Welght gain or loss; Rapid heartbeat;
¥ Increased sweating; Abdominal pain; Unusual bowel habits; Hypotension;
Abnormal thyroid function tests and /or serum chemistries
Pul Immune-mediated Radiographic changes; New or worsening cough; Chest pain; Shortness of
., pneumonitis breath
Renal Immune-mediated nephritis | Increase in serum creatinine; Decrease in urine output; Blood in urine;

and renal dysfunction Swelling in ankles; Loss of appetite

Changes in eyesight or eye inflammation; Severe or persistent muscle or
Other joint pain; Severe weakness; Changes in laboratory findings indicating
involvement of other systems, e.g., hematologic, pancreatic
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Nivolumab + ipilimumab regimen:Median time to
onset of treatmentrelated irAEs(any Grade)

Time to onset of treatment-related irAEs (any Grade) in patients who received nivolumab + ipilimumab
regimen across three clinical studies in melanoma (n=448)1

Patients with

event dian i
n (%) Median time to onset

284 (63.4)

Immune-related rash* @ — range: 0.0 to 9.7 months

Immune-related

diarrhoea or colitis 204 (45.5) ﬂ — range: 0.0 to 10.4 months

Immune-related

endocrinopathies 155 (34.6) ﬂ — range: 0.0 to 10.1 months
Immune-related hepatitis

Immune-related 125 (27.9) ﬂ — range: 0.0 to 11.0 months
pneumonitis

Immune-related nephritis

and renal dysfunction 33(7.4) P @ _ range: 0.7 to 6.7 months
1962 | Y e

range: 0.5 to 14.7 months

Adapted from
Months 0 il Nivolumab SmPC

*Rare cases of Stevens-Johnson syndrome and toxic epidermal necrolysis, some of them fatal, have been observed.

Please refer to the nivolumab (OPDIVO) Summary of Product Characteristics for the full side-effect profile. Data are pooled data for
patients who received nivolumab + ipilimumab regimen in CheckMate 067, 069 and 004 (cohort 8).
1. Nivolumab (OPDIVO) Summary of Product Characteristics.
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Nivolumab + ipilimumab regimen:Median time to
resdution of treatment-related irAEs(any Grade):

Time to resolution of treatment-related irAEs (any Grade) in patients who received nivolumab + ipilimumab
regimen across three clinical studies in melanoma (n=448)1

Patients with

resolution, IV -
n (%) edian time to resolution

192/284 (67.6)
Immune-related
darthoea orcoits 1541203 90.6) Y B

Immune-related range: 0.1 to 78.7+ weeks

endocrinopathies
59/131* (45.0) B
Immune-related hepatitis -

range: 0.4 to 74.4+ weeks

Immune-related 116/125 (92.8) ﬂ — range 0.1 to 53.1 weeks
pneumonitis

Immune-related nephritis

and renal dysfunction 29/33(87.9) 4 — range: 0.3 to 46.9+ weeks
17/19 (89.5) @ — range: 0.4 to 42.6+ weeks

Adapted from
Nivolumab SmPC

+Denotes a censored observation (range). *Patients who experienced events without worsening from baseline were excluded from time-to
resolution analysis. ARare cases of Stevens-Johnson syndrome and toxic epidermal necrolysis, some of them fatal, have been observed.

Immune-related rash?

range: 0.1 to 74.0+ weeks

Please refer to the nivolumab (OPDIVO) Summary of Product Characteristics for the full side effect profile. Data are pooled data for
patients who received nivolumab + ipilimumab regimen in CheckMate 067, 069 and 004 (cohort 8).
1. Nivolumab (OPDIVO) Summary of Product Characteristics.
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How does has this changed sigdfect

management

A MDT relationships with other departments

AT
AS

nyroid function monitoring

necific sideffect proforma

A Funding for management of siddfects
(who pays for infliximab)

A Report sideeffect via yellow card
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Immunooncologlcal agents Immuneelated
adverse eventlfAB management guidelines

A Trust guidelines available on the intranet (oncologica
emergencies)/ TVSCN

I http://tvscn.nhs.uk/networks/cancer/cancer
topics/chemotherapy/



http://tvscn.nhs.uk/networks/cancer/cancer-topics/chemotherapy/
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Immunooncologlcal agents Immuneelated
adverse eventlfAB management guidelines

A Depending on the site of auionmunity, treatment
IS normallyimmuno-suppression ((tline
corticosteroids, 2 line dependent on condition e.qg.
infliximab for colitis) and withholding treatment until
resolution e.g. grade 3 toxicity or permanent
discontinuation grade 4
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Immunooncologlcal agents Immuneelated
adverse eventlfAB management guidelines

A Endocrinopathieg may require hormone
replacement e.g. levothyroxine for hypothyroidism
or hydrocortisone for adrenal insufficiency

A All persistent grade 2 or grade 3/4 toxicities should
be managed in conjunction with the relevant
specialist team.

A All adverse events to be reported to MHRA yellow
card
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Tumourvaccines
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Peptide vaccines

s Cancer cells display peptides which can trigger
an immune response

5 Immunogenic peptides isolated

5 Peptides injected Iinto patient

s Dendritic cells activate-gells

5 Cancer cells destroyed

5 Inefficient system
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Dendritic cell vaccine

t F GASY I Qa RSYRNARGAO O
cell fragments

Dendritic cells injected into patients

Dendritic cells activate-gells in lymph nodes
Type of cellular treatment

E.g.Sipileucell ¢ dendritic cells exposed to
modified protein andgmcsf
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Oncolyticvirus vaccines
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Oncolyticvirus vaccines

A Genetically modified virus with selectivity for
cancer cells

A Injected intotumour

A Cancer cell burst open shedding debris

A Dendritic cells collect debris

A Dendritic cells activate-gells in lymph nodes
A Cancer cells killed

A ExampleTalimogend.aherparepvec
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Gene Therapy Talimogendaherparepvec

A First EU licensed gene therapy for
metastatic melanoma

A Attenuated herpes simplex virus coding for
human granulocyte macrophage coleny
stimulating factor gmcs}

A Replicates itumours

A Oncolyticimmunotherapyc promotesati-
tumour Immune response.
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Gene Therapy

A biological medicinal product which contains an
active substance which contains or consists of a
recombinant nucleic acid used in, or administered
to human beings, with a view to regulating,
repairing, replacing, adding or deleting a genetic
sequence; and its therapeutic, prophylactic or
diagnostic effect relates directly to the recombinant
nucleic acid sequence it contains, or to the product
of genetic expression of this sequence.
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CART cell Therapy




Adoptive cell transfers : CAR-T Cells



