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Introduction 



ÅTreatments that use the immune system to 
destroy cancer cells.

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

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. CAR-T and TIL

5. Vaccines

What is Immunotherapy?



Refresher ςThe immune system



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.



Cells involved in the Immune System

Å NeutrophilsςPhagocytosis and presenting antigens
ÅMacrophagesςphagocytosis, antigen presentation, 

activating memory cells
Å Dendritic cells ςMain antigen presenting cells, 

activating T cells and memory cells
Å B cells ςused in humaralimmunity. Plasma cells 

(mature B-cells) secrete anti-bodies. Memory B 
cells ΨǊŜƳŜƳōŜǊΩ ŦƻǊŜƛƎƴ ŀƴǘƛƎŜƴǎ ǘƻ ŜƴŀōƭŜ ǉǳƛŎƪŜǊ 
antibody response.

Å T cells ςmany different subtypes e.g. helper T cells, 
cytotoxic T cells, regulatory T-cells and memory T 
cells.

Å Natural killer cells ςPart of innate and adaptive 
immune systems and destroy pathogens without 
the need for prior activation. They are important in 
viral immunity and tumour rejection



ÅImmunotherapy relies on activated T-cells

ÅT-cells mature in the thymus

ÅT-cell receptor (TCR) on surface of T-cells 
recognisesand responds to antigens 

ÅDendritic cells activate T-cells: 2-stage process

ÅCytotoxic T cells protect from cancer

T-Cells ςthe key to cancer immunotherapy



ÅBCG vaccines
ÅCytokine therapy e.g. interferons& interleukins
ÅMonoclonal antibodies
ÅImmune checkpoint inhibitors
ÅTumourvaccines
ïPeptide DNA and RNA
ïDendritic cells

ÅOncolyticviruses
ÅGene therapy
ÅCellular therapy e.g. CAR-T cells 
ÅTumour infiltrating lymphocytes (TIL)

Immunotherapy Treatments



Monoclonal Antibodies



Monoclonal Antibodies

ÅY-shaped immunoglobulin proteins that specifically bind 
to molecules called antigens, and in so doing elicit an 
immune response



Monoclonal antibodies

ÅStop, control, or suppress processes 
that permit cancer growth.

ÅMake cancer cells more recognisable& 
susceptible to destruction by immune 
system. 

ÅStimulate immune natural killer cell 
activity.



Types of Anti-cancer Monoclonal Antibodies
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http://www.roche.com/sci-biotech-3-e.pdf

Substems

óoô (omab) the 

source is mice or 

other non-humans ï

highly immunogenic

óxiô (ximab) denotes a 

chimeric antibody, 

where the constant 

region of the mouse 

antibody is replaced 

with the human form 

of this section of the 

protein

ózuô (zumab) 

where part of the 

variable region is 

replaced by the 

human form, 

called humanised

óuô is pure 

human protein

MAb hybridisation nomenclature



Immune checkpoint inhibitors



Checkpoint proteins
Å Cytotoxic T cells display inhibitory checkpoint proteins 

on their surface.
Å Limit activity of T cells 
Å Activating checkpoint proteins normally down-

regulates the immune response.

Å A mechanism of cancer survival is to produce these 
proteins/ receptors on the surface of the tumour cell 
ǿƘƛŎƘ ōƛƴŘǎ ǘƻ ǘƘŜ ΨŎƘŜŎƪǇƻƛƴǘΩ ǿƘƛŎƘ ŘŜŀŎǘƛǾŀǘŜǎ ǘƘŜ 
immune cell.

Å Current targets
Å PD-1 (programmed cell death protein 1) on the 

surface of activated T-cells, PD-L1 on the surface 
of tumour/ normal cells, 

Å CTLA-4 (cytotoxic T-lymphocyte-associated 
antigen 4) on the surface of T-cells



Anti T-cell Checkpoint Receptor Therapy

http://www.nzmu.co.nz/anti-pd-1-inhibitors

Ipilumumab PembrolizumabNivolumab



Checkpoint inhibitors use in practice

ÅCTLA-4 Inhibitors - Ipilimumab
ÅPD-1 Inhibitors ςPembrolizumab, Nivolumab
ÅPD-L1 Inhibitors ςAvelumab, Atezolizumab, 

Durvalumab
ÅIndications include:
ïMalignant melanoma
ïUrothelial cancer
ïLung cancer
ïHead and neck cancers
ïHodgkinsLymphoma



Evolving treatment inmetastaticmelanoma

All approvals are marketing authorisations by EMA unless otherwise stated. *2nd line; À1st line.
HDB, high dose bolus; IFN, interferon; IL-2, interleukin-2; NICE, National Institute for Health and Care Excellence.

1. Lee C, et al. Clin Dermatol. 2013;31:141ï7; 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/2yv9Ro7; 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/2ff4TTX; 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/guidance/ta400 (all accessed September 2017)
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Immunotherapy - ipilimumab

ÅCytotoxic T-lymphocyte antigen-4 (CTLA-4) 
is a key regulator of T-cell activity. 

ÅIpilimumabis a CTLA-4 immune checkpoint 
inhibitor that blocks T-cell inhibitory signals 
induced by the CTLA-4 pathway, increasing 
the number of reactive T-effector cells 
which mobilize to mount a direct T-cell 
immune attack against tumour cells.



Immunotherapy - pembrolizumab

ÅPembrolizumabis a monoclonal antibody 
which binds to the programmed death-1 
(PD-1) receptor and blocks its interaction 
with ligands PD-L1 and PD-L2. 

ÅPembrolizumabpotentiates T-cell 
responses, including anti-tumour
responses, through blockade of PD-1 
binding to PD-L1 and PD-L2.



Immunotherapy - nivolumab

ÅNivolumabis a human immunoglobulin G4 
(IgG4) monoclonal antibody (HuMAb) 

ÅBinds to the programmed death-1 (PD-1) 
receptor and blocks its interaction with PD-
L1 and PD-L2. 

ÅNivolumabpotentiates T-cell responses, 
including anti-tumour responses, through 
blockade of PD-1 binding to PD-L1 and PD-
L2 ligands



Nivolumabindications
- Advanced melanoma as monotherapy/ in combination 

with ipilimumab
- Locally advanced/ metastatic NSCLC
- Squamous cell cancer of the head and neck
- Advanced renal cell carcinoma after prior therapy
- Locally advanced unresectable or metastatic urothelial 

carcinoma in adults after failure of prior platinum-
containing therapy.

-Treat relapsed/ refractory classical Hodgkins lymphoma 
after autologous stem cell transplant and treatment 
with brentuximab



Nivolumab+ Ipilimumabregimen:Complementaryinhibition
to potentiate T-cell activity anddrive anti-tumour responses1,2

Adapted from reference 1ï3

1. Nivolumab (OPDIVO) Summary of Product Characteristics. 2. Ipilimumab (YERVOY) Summary of Product Characteristics.

3. Lizée G, et al. Annu Rev Med. 2013;64:71ï90.

Ipilimumab blockade of CTLA-4 has 

been shown to augment T-cell 

activation and proliferation2,3

Nivolumab restores active T-

cell response directed at the 

tumour by blocking PD-1 

activity. This results in 

decreased tumour growth1

Nivolumab

Ipilimumab



Nivolumab+ ipilimumab regimen:
PFSvsnivolumaband ipilimumabmonotherapiesat 3 years1

Median follow-up of 36 months in both nivolumab-containing arms. Database lock. May 24, 2017. CI, confidence interval; HR, hazard ratio;

CheckMate 067

NIVO+IPI 

(n 179/314)

NIVO

(n 199/316)

IPI

(n 255/315)

Median PFS, mo (95% CI) 11.5 (8.7ï19.3) 6.9 (5.1ï9.7) 2.9 (2.8ï3.2)

HR (95% CI) vs. IPI* 0.43 (0.35ï0.52) 0.55 (0.45ï0.66) --

HR (95% CI) vs. NIVO 0.78 (0.64ï0.96) --
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IPI, ipilimumab; NIVO, nivolumab. NR, not reported. 1. Wolchok JD, et al. N Engl J Med. 2017. doi: 10.1056/NEJMoa1709684.
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Nivolumab+ ipilimumab regimen:
OS vsnivolumaband ipilimumabmonotherapiesat 3 years1

CheckMate 067
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HR (95% CI) vs. IPI* 0.55 (0.45 0.69) 0.65 (0.53 0.80) --
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Median follow-up of 36 months in both nivolumab-containing arms. Database lock. May 24, 2017.
1. Wolchok JD, et al. N Engl J Med. 2017. doi: 10.1056/NEJMoa1709684.
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Immuno-oncology Toxicity
Immune Related Adverse Effects (IrAE)
Åbƻǘ ȅƻǳǊ ǘȅǇƛŎŀƭ ΨŎƘŜƳƻǘƘŜǊŀǇȅΩ ǊŜƭŀǘŜŘ ǎƛŘŜ ŜŦŦŜŎǘǎ

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

ÅΨ!ǳǘƻ-ƛƳƳǳƴŜΩ ǊŜŀŎǘƛƻƴǎ Ŏŀƴ ƻŎŎǳǊ ƛƴ ǇƻǘŜƴǘƛŀƭƭȅ ŀƴȅ ǎȅǎǘŜƳΣ 
but most frequently in skin, GI tract, Liver and Endocrine

ÅToxicities, if not treated promptly with corticosteroids/ 
immunosuppression may lead to life threatening 
complications.



Signs and Symptoms associated with IrAEs.



Nivolumab + ipilimumabregimen: Median time to
onset of treatment-related irAEs(any Grade)1

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

Pooled data

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 

n (%)

284 (63.4)

204 (45.5)

155 (34.6)

125 (27.9)

33 (7.4)

19 (4.2)

1.1

range: 0.0 to 10.1 months
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Immune-related rash*

Immune-related
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pneumonitis

Immune-related nephritis

and renal dysfunction

Adapted from 

Nivolumab SmPC

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.



Nivolumab + ipilimumabregimen: Median time to
resolution of treatment-related irAEs(any Grade)1

Weeks 0 10 20 30 40 50 60 70

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

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

Pooled data

Patients with 

resolution,

n (%)

192/284 (67.6)

184/203* (90.6)

59/131* (45.0)

116/125 (92.8)

29/33 (87.9)

17/19 (89.5) 1.9

3.0
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range: 0.1 to 53.1 weeks

range: 0.3 to 46.9+ weeks

range: 0.4 to 42.6+ weeks

80
Adapted from

Nivolumab SmPC

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.



How does has this changed side-effect 
management

ÅMDT relationships with other departments

ÅThyroid function monitoring

ÅSpecific side-effect proforma

ÅFunding for management of side-effects 
(who pays for infliximab)

ÅReport side-effect via yellow card



Immuno-oncological agents Immune-related 
adverse event (IrAE) management guidelines

ÅTrust guidelines available on the intranet (oncological 
emergencies)/ TVSCN

ïhttp://tvscn.nhs.uk/networks/cancer/cancer-
topics/chemotherapy/

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


Immuno-oncological agents Immune-related 
adverse event (IrAE) management guidelines

ÅDepending on the site of auto-immunity, treatment 
is normally immuno-suppression (1st line 
corticosteroids, 2nd line dependent on condition e.g. 
infliximab for colitis) and withholding treatment until 
resolution e.g. grade 3 toxicity or permanent 
discontinuation grade 4



Immuno-oncological agents Immune-related 
adverse event (IrAE) management guidelines

ÅEndocrinopathiesςmay require hormone 
replacement e.g. levothyroxine for hypothyroidism 
or hydrocortisone for adrenal insufficiency

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

ÅAll adverse events to be reported to MHRA yellow 
card



Tumourvaccines



Peptide vaccines

ǒ Cancer cells display peptides which can trigger 
an immune response

ǒ Immunogenic peptides isolated
ǒ Peptides injected into patient
ǒ Dendritic cells activate T-cells
ǒ Cancer cells destroyed
ǒ Inefficient system



Dendritic cell vaccine

ǒtŀǘƛŜƴǘΩǎ ŘŜƴŘǊƛǘƛŎ ŎŜƭƭǎ ƛƴŎǳōŀǘŜŘ ǿƛǘƘ ŎŀƴŎŜǊ 
cell fragments

ǒ Dendritic cells injected into patients
ǒ Dendritic cells activate T-cells in lymph nodes
ǒ Type of cellular treatment

ǒ E.g. Sipileucel-T ςdendritic cells exposed to 
modified protein and gmcsf. 



Oncolyticvirus vaccines



ÅGenetically modified virus with selectivity for 
cancer cells

ÅInjected into tumour

ÅCancer cell burst open shedding debris

ÅDendritic cells collect debris

ÅDendritic cells activate T-cells in lymph nodes

ÅCancer cells killed

ÅExample: TalimogeneLaherparepvec

Oncolyticvirus vaccines



Gene Therapy ςTalimogenelaherparepvec

ÅFirst EU licensed gene therapy for 
metastatic melanoma

ÅAttenuated herpes simplex virus coding for 
human granulocyte macrophage colony-
stimulating factor (gmcsf)

ÅReplicates in tumours

ÅOncolyticimmunotherapy ςpromotes ati-
tumour immune response.



Abiological 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. 

Gene Therapy



CAR-T cell Therapy



Adoptive cell transfers : CAR-T Cells


