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• Despite developments to the core therapeutic modalities of surgery, 

radiotherapy, and chemo/targeted therapy, there remains room for 

improving survival, particularly for patients with advanced cancer1–3

• The immune system has a natural response to cancer, recognizing and 

eliminating tumor cells from the body throughout life4

• The ability to evade immune destruction is a defining characteristic of 

most cancers5

• I-O is an evolving treatment modality encompassing agents designed to 

harness the patient’s own immune system to fight cancer, countering 

tumor immune escape mechanisms6,7

• I-O is being studied for its potential to provide long-term survival and 

become a new modality of treatment for multiple tumor types7–9

Overview

4

I-O = immuno-oncology.
1. DeVita VT Jr, et al. N Engl J Med. 2012;366:2207–2214; 2. Kirkwood JM, et al. CA Cancer J Clin. 2012;62:309–335; 3. Surveillance, 
Epidemiology and End Results (SEER) Program. http://seer.cancer.gov; 4. Vesely MD, et al. Annu Rev Immunol. 2011;29:235–271; 5. Hanahan 
D, et al. Cell. 2011;144:646–674; 6. Finn OJ. Ann Oncol. 2012;23(suppl 8):viii6–viii9; 7. Eggermont AM. Ann Oncol. 2012;23(suppl 8):viii53–viii57; 
8. Hodi FS, et al. N Engl J Med. 2010;363:711–723; 9. Kantoff PW, et al. N Engl J Med. 2010;363:411–422.



The Immune System and Cancer
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• Innate immune system: involving proteins (chemokines and cytokines) 

and cells, is considered to be the first line of immune defense and does 

not generate an antigen-

specific response1,2

Cells of the Immune System

DC = dendritic cell; NK = natural killer.

1. Dranoff G. Nat Rev Cancer. 2004;4:11–22; 2. Janeway CA, et al. Immunobiology: The Immune System in Health 

and Disease. 6th ed. New York, NY: Garland Science; 2004.

• Adaptive immune 

system: mediated by 

B and T cells is 

highly specific and 

capable of 

generating an 

antigen-specific 

response1,2

– Induction requires 
presentation of 
antigens by cells of 
the innate immune 
system

Innate Immunity
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Adapted from Dranoff G.1

6



The Immune System Recognizes and Eliminates 

Cancer Via Multiple, Complex Mechanisms 

1. Janeway CA, et al. Immunobiology: The Immune System in Health and Disease. 6th ed. New York, NY: Garland Science; 2004; 
2. Padmanabhan RR, et al. J Leuk Biol. 1988;43:509–519; 3. Kim R, et al. Immunology. 2007;121:1–14; 4. Vivier E, et al. Science. 
2011;331:44–49; 5. Dunn GP, et al. Nat Immunol. 2002;3:991–998.
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aSelf proteins are proteins normally produced by the body’s healthy cells.
1. Janeway CA, et al. Immunobiology. 2008; 2. Vesely MD, et al. Ann Rev Immunol. 2011;29:235–271.

Aberrantly self 

antigens

Self proteins

Tumor cell

Tumor cell

Tumor 

antigen

Microbial proteins/ 

mutated proteins/fusion 

proteins

Adapted from Janeway CA, et al.1

• The immune system protects the 

body against disease; to do this it 

must distinguish a variety of 

pathogens/abnormal cells from the 

body’s own healthy tissue1

• The immune system can identify and 

eliminate tumor cells based on their 

expression of tumor-specific antigens 

via a process termed 

immunosurveillance (A)1,2

– Tumors can express microbial 

proteins, mutated proteins, and 

fusion proteins

• The immune system can also 

recognize aberrantly expressed self 

proteinsa (B)1,2

Tumor Recognition by the Immune System
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Th2Th1

CTL = cytotoxic T lymphocyte; GM-CSF = granulocyte macrophage-colony stimulating factor; IFN = interferon; IL = interleukin; MHC = major histocompatibility 
complex; TCR = T cell receptor; Th = T helper cell; TNF = tumor necrosis factor.

1. Janeway CA, et al. Immunobiology. 2008; 2. Pardoll D. Nat Rev Cancer. 2012;12:252–264; 3. Vivier E, et al. Nat Immunol. 2008;9:503–510.

Key Effector Cells Involved in an

Antitumor Immune Response

CD8+ Effector T cells1

Destroy tumor cells

Th1 CD4+ Helper T cells1,2

Produce cytokines that 

mediate inflammatory and 

effector responses; 

modulate CTLs

Help B cells make 

antibody; modulate CTLs

NK cells3

Destroy antibody-coated 

tumor cells or tumor cells 

lacking MHC I

Key cytotoxic effector 

molecules
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Granulysin

Fas ligand

Cytotoxins Fas ligand

Fas

Key effector 
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TNF-α
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presenting 
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presenting 
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Tumor antigens 
released by
tumor cells

Tumor antigens 
presented to T cells

T cells are
activated; they 
proliferate and 
differentiate into 
effector and 
memory cells

Effector T cells 
recognize 
tumor antigens

T cells kill 
tumor cells

The T-Cell Antitumor Response1–6

1

4

2

3
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APC = antigen-presenting cell. 
1. Andersen MH, et al. J Invest Dermatol. 2006;126:32–41; 2. 
Pardoll DM. Nat Rev Cancer. 2012;11:252–264; 3. Mellman I, 
et al. Nature. 2011;480:480–489; 3. Heemskerk B, et al. 
EMBO J. 2013;32:194–203; 4. Boudreau JE, et al. Mol Ther. 
2011;19:841–853; 5. Janeway CA, et al. Immunobiology: The 
Immune System in Health and Disease. 6th ed. New York, 
NY: Garland Science; 2004.
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• DCs, macrophages, and B cells 

are the most common 

“professional” APCs1,2

• T cells can only recognize an 

antigen when it is “presented” 

to them by an APC1,2 (Figs A 

and B)

– Antigens are presented as 

peptide fragments in MHC1 (Fig A)

– Tumor cells that downregulate 

MHC may evade detection by the 

immune system and escape 

immune attack2

• Antigen presentation is not 

required for antibody activity or 

initiating innate immunity1,2

Tumor Antigen Presentation to T cells

1. Janeway CA, et al. Immunobiology. 2008; 2. Vesely MD, et al. Ann Rev Immunol. 2011;29:235–271.

Plasma

membrane

Protein antigen 
in cell

Antigen processing 
by breakdown of 

protein

Presentation of 
peptide by MHC 

molecule

Adapted from Janeway CA, et al.1

Adapted from Janeway CA, et al.1
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Activation of Naïve T Cells

aAnergy describes a state of functional inactivation.

1. Janeway CA, et al. Immunobiology. 2008; 2. Pardoll DM. Nat Rev Cancer. 2012;12:252–264. 

T cell

APC

Activates T cell

Co-stimulatory signal and specific signal

MHC class II

TCR

Co-stimulator

1 2

T cell

APC

T cell becomes anergica

Specific signal alone

1

T cell

APC

No effect on T cell

Co-stimulatory signal alone

2

CD4

• T cells require multiple signals to become fully activated1

• In addition to antigen stimulation in the context of MHC molecules, positive 
co-stimulation is required1

• Co-stimulatory or activating receptors include CD28, CD137, CD40, and OX-402
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• Immune checkpoints limit, 

or “check,” an ongoing 

immune response

• Prevents damage to the 

body’s healthy tissues

– Negative co-stimulation, also 

called “co-inhibition,” helps 

shut down immune 

responses 

– PD-1, CTLA-4, and LAG-3 

are examples of co-inhibitory 

“checkpoint” molecules

• Amplitude and quality of a 

T-cell response is regulated 

by a balance of activating 

and inhibitory signals

Regulation of T-Cell Activation:

Balancing Activating and Inhibitory Signals

CTLA-4 = cytotoxic T-lymphocyte antigen-4; LAG-3 = lymphocyte activation gene-3; PD-1 = programmed death-1; PD-L1 = programmed 
death-ligand 1.

Pardoll DM. Nat Rev Cancer. 2012;12:252–264.
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• In the presence of cancer, there is evidence that the immune system has 

responded to the tumor:1,2

– Antibodies against tumor antigens3

– Tumor-specific T cells4

– TILs5

• In some tumors, the infiltration of CD8+ effector T cells correlates with 

improved prognosis and therapy outcome6,7

• Occasional reports of spontaneous regression of metastatic tumors 

proposed to be at least partly immune mediated5,8

Evidence of an Antitumor Immune Response in 

Many Types of Cancer 

TILs = tumor-infiltrating lymphocytes. 

1. Vesely MD, et al. Annu Rev Immunol. 2011;29:235–271; 2. Finn OJ. Ann Oncol. 2012;23(suppl 8):viii6–viii9; 3. Reuschenback M, et al. Cancer
Immunol Immunother. 2009;58:1535–1544; 4. Godet Y, et al. Clin Can Res. 2012;18:2943–2953; 5. Mlecnik B, et al. Cancer Metastasis Rev. 
2011;30:5–12; 6. Jochems C, et al. Exp Biol Med (Maywood). 2011;236:567–579; 7. Galon J, et al. Science. 2006;313:1960–1964; 8. Kalialis LV, et 
al. Melanoma Res. 2009;19:275–282.
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Premalignant
lesion

Advanced
oncogenesis

Tumor
growth

Elimination

Equilibrium

Escape

Immunosurveillance

Immunoselection

Immunosubversion

• Numerous innate and adaptive cells and molecules participate in the recognition 

and destruction of cancer cells

• Tumor cells can avoid destruction through the outgrowth of cells not recognized 

by the immune system and/or adept at evading the immune response

How Tumors Escape the Immune System

Tumor cell Immune system

Adapted from Zitvogel L, et al. Nat Rev Immunol. 2006;6:715–727.
Copyright © 2006 Nature Publishing Group

Nature Reviews │ Immunology
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• The three E’s of cancer immunoediting describe the immune system’s roles in 

protecting against tumor development and promoting tumor growth

Immunoediting: The Role of the Immune System in 

Cancer Development and Progression

Elimination

• Effective antigen 
processing/presentation

• Effective activation and 
function of effector cells

– eg, T-cell activation without 
co-inhibitory signals

Cancer Immunosurveillance

Equilibrium

• Genetic instability

• Tumor heterogeneity

• Immune selection

Cancer Dormancy

Escape

• Tumors may avoid elimination 
by the immune system 
through outgrowth tumor cells 
that can suppress, disrupt, or 
“escape” the immune system

Cancer Progression

Vesely MD, et al. Ann Rev Immunol. 2011;29:235–271.

Tumor Cell
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T cell

CD4+ T cell
NK cell

Normal Cells

Treg
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Emerging Hallmarks of Cancer: 

Avoiding Immune Destruction

Adapted from Hanahan, et al. Cell. 2011;144:646–674. 
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Tumors Use Complex, Overlapping Mechanisms to 

Evade and Suppress the Immune System

1. Drake CG, et al. Adv Immunol. 2006;90:51–81; 2. Vesely MD, et al. Annu Rev Immunol. 2011;29:235–271.

(eg, Tregs)

(eg, TGF-B)

(eg, down regulation of MHC I)

(eg, disruption of T-cell 

checkpoint pathways)
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2
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3

Recruitment of 

immunosuppressive 
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4
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Tumor 
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T-reg
Activated 

T-cell
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Targeting the Immune System for 

Cancer Therapy

Advantages Disadvantages

• Acts throughout the body1,2

• Adapts to changing tumor 
characteristics3,4

• Potential to provide long-term 
memory and durable tumor 
control1,2,4,5

• Potential for activity in multiple 
tumor types3

• Selective pressure from the 
immune system can result in 
tumors capable of evading the 
immune system1

• Tumors may use multiple 
mechanisms to evade the 
immune system6

• Potential for inflammatory 
reactions in normal tissue7

1. Vesely MD, et al. Annu Rev Immunol. 2011;29:235–271; 2. Janeway CA, et al. Immunobiology: The Immune System in Health and Disease. 5th 
ed. New York, NY: Garland Science; 2004; 3. Eggermont AM. Ann Oncol. 2012;23(suppl 8):viii53–viii57; 4. Finn OJ. Ann Oncol. 2012;23(suppl 
8):viii6–viii9; 5. Pardoll DM. Nat Rev Cancer. 2012;12:252–264; 6. Drake CG, et al. Adv Immunol. 2006;90:51–81; 7. Corsello SM, et al. J Clin 
Endocrinol Metab. 2013;98:1361–1375.

Harnessing the body’s own natural defense/surveillance 

mechanisms may enable tumor control4
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Ανοσο-ογκολογία
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• Improved understanding of the immune system in cancer and how tumors can 

evade it has led to the identification of a range of novel therapeutic targets1,2

• I-O is an evolving treatment modality that includes active immunotherapies that 

are designed to target and harness the patient’s own immune system directly to 

fight cancer1,2

– Designed to leverage the unique properties of the immune system (specificity, 

adaptability, and memory)

– Distinct from surgery, radiotherapy, and cytotoxic/targeted therapeutic modalities 

which target the tumor or tumor blood supply 

– Goal is to shift the balance in favor of an immune response against the tumor, 

allowing tumor eradication or long-term suppression of tumor growth, and the 

generation of immunological memory 

• Investigational I-O agents are being studied for their potential to provide durable, 

long-term survival for patients with various solid or hematologic malignancies1,2

Immuno-Oncology: An Evolving Approach to 

Cancer Therapy

1. Finn OJ, et al. Ann Oncol. 2012;23(suppl 8):viii6–viii9; 2. Eggermont A, et al. Ann Oncol. 2012;23(suppl 8):viii53–viii57.
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Selected Immunotherapeutic Approaches 

for Cancera

23

aSelected examples of approved immunotherapies or immunotherapies under evaluation for cancer.

www.clinicaltrials.gov.

Therapeutic 
Vaccines

Enhance 
Immune 

Cell Function
Adoptive

Antitumor 
mAbs

Rituximab
Trastuzumab
Cetuximab

Adoptive 
Cell Transfer 

(including CARs)

Modulate T-cell 
Function

Cytokines
(IL-2, IFN-α, 
IL-21, IL-15)

Anti-KIRs
IDO inhibition

Sipuleucel-T

GSK1572932A

TG4010

Belagenpumatucel-L

Tergenpumatucel-L
Racotumomab

CTLA-4 inhibition
PD-1 inhibition
PD-L1 inhibition
PD-L2 inhibition
LAG-3 inhibition
CD137 agonism
CD40 agonism
OX-40 agonism

Passive (Adoptive)
Acts on the tumor, might utilize
immune-based mechanisms

Active
Acts on the immune system itself

Immunotherapy



Selected T-Cell Checkpoints:

Targets for Active Immunotherapy1,2,a

• T-cell responses are 

regulated though a 

complex balance of 

inhibitory (“checkpoint”) 

and activating signals

• Tumors can dysregulate 

checkpoint and activating 

pathways, and 

consequently, the immune 

response

• Targeting checkpoint and 

activating pathways is an 

evolving approach to 

active immunotherapy, 

designed to promote an 

immune response

24

aThe image shows only a selection of the receptors/pathways involved.

1. Adapted from Mellman I, et al. Nature. 2011:480;481–489; 2. Pardoll DM. Nat Rev Cancer. 2012;12:252–264.
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T-cell

stimulation

Blocking
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Rationale for Investigating Opportunities to Combine 

Immunotherapy With Other Therapeutic Modalities

25

Multiple mechanisms of potential synergy between the different treatment modalities

CD8 T cell
Adhesion molecules 

(CAM-1) and death 

receptors (FAS)

Peptide 

pools

Vascular normalisation

T-cell initiation

Cytokine release

CD8 T cells

T-cell function
MDSC

Tregs

Activation of apoptosis

Blockage of cell cycle

TAA

Upregulates MHCI

Adhesion molecules/

death receptors

APM

CD8 T-cells

(homeostatic peripheral 

expansion)

MDSC

Tregs

M2 macrophages

TAA cross-

presentation

CD8 T-cells

Effector immune infiltrate

Release of tumor 

antigens (cascade)

Translocation of 

calreticulin

Radiation

Chemotherapy Targeted therapies

DC

Upregulation of MHCI

Uploading 

of APM

APM = antigen processing machinery; TAA = tumor-associated antigen.
1. Adapted from Hodge JW. Semin Oncol. 2012;39:323–339; 2. Drake CG. Ann Oncol. 2012;23(suppl 8):viii41–viii46; 3. Ménard C, et al. Cancer 
Immunol Immunother. 2008;57:1579–1587; 4. Hannani D, et al. Cancer J. 2011;17:351–358; 5. Ribas A at al. Curr Opin Immunol. 2013:25:291–296.
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Anti-PD-1/ Anti-PD-L1 
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Ανταπόκριση στους immune checkpoint 

inhibitors 
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Ανεπιθύμητες ενέργειες (immune-related 

adverse events 
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• Therapies designed to enhance the patient’s immune response against 

the tumor can result in a novel spectrum of AEs arising from the 

activation of the immune system1

– Termed immune-mediated adverse reactions

• Immune-mediated adverse reactions may be unfamiliar to clinicians1,2

• Immune-mediated adverse reactions can be serious and

potentially fatal1,2

• Require prompt recognition and treatment1

• Require education of the patient and healthcare team3

Tolerability Considerations With I-O Therapy

38

1. Postow M, et al. Cancer J. 2012;18:152–159; 2. Amos SM, et al. Blood. 2011;118:499–509; 3. Ledezma B, et al. Cancer Manag Res. 2014;6:5–14.



Organs Systems Often Affected by I-O Therapy-

Related AEs

39

I-O therapy-associated AEs target certain organ systems1

Skin1–6

Endocrine system2,4,6,7–10

Liver2,6,11–12

Gastrointestinal tract2,6,9,13

Nervous system6,10,14,15

Eyes1,4,16–18

Respiratory system1,5,6,10,15,19

Hematopoietic cells6,9,12,20–22

1. Amos SM, et al. Blood. 2011;118:499–509; 2. Phan GQ, et al. PNAS. 2003;100:8372–8377; 3. Rosenberg SA. J Immunother Emphasis Tumor 
Immunol. 1996;19:81–84; 4. Chianese-Bullock KA, et al. J Immunother. 2005;28:412–419; 5. Harris J, et al. Med Pediatr Oncol. 1994;22:103–106; 
6. Chow LQ. Am Soc Clin Oncol Educ Book. 2013:280–285; 7. Bendle GM, et al. Nat Med. 2010;16:565–570; 8. Soni N, et al. Cancer Immunol 
Immunother. 1996;43:59–62; 9. Ronnblom LE, et al. Ann Intern Med. 1991;115:178–183; 10. Fraenkel PG, et al. J Immunother. 2002;25:373–378; 
11. Lamers CH, et al. J Clin Oncol. 2006;24:e20–e22; 12. Roskrow MA, et al. Leuk Res. 1999;23:549–557; 13. Parkhurst MR, et al. Mol Ther. 
2011;19:620–626; 14. Pellkofer H, et al. Brain. 2004;127:1822–1830; 15. Smalley RV, et al. Blood. 1991;78:3133–3141; 16. Dudley ME, et al. J Clin 
Oncol. 2008;26:5233–5239; 17. Yeh S, et al. Ophthalmology. 2009;116:981–989; 18. Robinson MR, et al. J Immunother. 2004;27:478–479; 19. 
Morgan RA, et al. Mol Ther. 2010;18:843–851; 20. Kochenderfer JN, et al. Blood. 2010;116:4099–4102; 21. Lin TS, et al. J Clin Oncol. 
2010;28:4500–4506; 22. Herishanu Y, et al. Leuk Lymphoma. 2003;44:2103–2108.



Potential mechanisms by which irAes develop
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Shoushtari. JAMA Oncol. 2018;4:98. Slide credit: clinicaloptions.com

irAEs Can Occur After Discontinuation of ICIs

• Retrospective review of 64 patients with advanced/unresectable 

melanoma treated with nivolumab + ipilimumab at a single center 

(Dec 2014 to Jan 2016)

– 31 patients stopped nivolumab + ipilimumab early due to toxicity

• 4/31 (13%) experienced a clinically significant irAE > 16 wks after 

discontinuation (range: 22-33 wks post dose)

http://www.clinicaloptions.com/
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PD-1 & PD-L1 antibodies

• Different toxicity profiles from CTLA-4 antibodies [less severe & less frequent]

• High grade toxicities: 14%  [24%]

• Thyroiditis: 9.5%  [1.8%]

• Pneumonitis: 3%  [<1%]

• Similar treatment



Time of occurrence

• Skin toxicity: 3 weeks

• Colitis: 5-10 weeks

• Hepatitis: 6-14 weeks

• Endocrinopathies: 7 weeks

• ~Even several months after the last dose
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Case 3: Patient With Pulmonary Metastatic 

Melanoma and Acute Dyspnea

• An 82-yr-old man presents to the emergency department with acute 

dyspnea, cough, and sputum production with bilateral basal crackles

– His daughter reports that he is receiving pembrolizumab for pulmonary 

metastatic melanoma, which was diagnosed 2 yrs ago

• CT shows bilateral areas of consolidations and ground-glass infiltrates

Clinical image from Leroy. ERJ Open Res. 2017;3. This work is licensed under a 
Creative Commons Attribution – NonCommercial 4.0 International (CC BY-NC 4.0) license.

https://creativecommons.org/licenses/by-nc/4.0/
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Ρευματολογική τοξικότητα
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Epidemiology 

54

 Incidence  of rheumatic irAEs is less well characterized 

-Oncology clinical trial adverse event reporting uses several mutually 

exclusive codes for musculoskeletal symptoms (For example, arthritis can 

be coded as arthralgia, arthritis, swelling in joint or pain in extremity). 

-Most rheumatic irAEs do not lead to death or hospitalization and thus may 

not be reported. 

-Grading of rheumatological irAEs might partially explain the low severity of 

rheumatic irAEs reported. The CTCAE grading system used by oncologists 

requires events to be disabling or leading to hospitalization to be a grade 3 

or higher event, which is not a reasonable metric for grading the severity of 

many rheumatic complications, especially inflammatory arthritis.

-Finally, rheumatic irAEs can be late adverse events occurring up to 2 years 

after patients have started CPI 

 Inflammatory arthritis 5.1% 

 Myositis 0.8% 

Calabrese et al , Nat Rev Rheumatol 2018
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Rheumatological toxicity-ESMO guidelines   
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Rheumatological toxicity 
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Προϋπάρχουσες αυτοάνοσες παθήσεις 
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Conclusions 

67

• I-O is an evolving treatment modality that includes active 

immunotherapies that are designed to target and harness the patient’s 

own immune system directly to fight cancer

• Immune checkpoint inhibitors (ICIs) against CTLA-4 and PD-1/PD-L1 are 

very commonly used in everyday practice and produce durable 

responses

• Therapy with ICIs can result in a novel spectrum of AEs arising from the 

activation of the immune system and require prompt recognition and 

treatment

• Incidence  of rheumatic irAEs is less well characterized 

• ESMO guidelines suggest refer to a rheumatologist for ≥ 2 events

• I-O can be offered in patients with pre-existing autoimmune diseases


