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Reminder of OLLI Coffee

• Friday, October 23 – 9:00 a.m.
• We end the week – and the semester – where we began: with 

epidemiologist and OLLI instructor James Goodman Dobbins, who will talk 
about the ongoing developments in the fight against COVID-19 and the 
race to develop a vaccine. He will consider the following questions in this 
interactive session:
• - What COVID-19 vaccines are currently being developed for use in the 

U.S.?
• - Will these COVID-19 vaccines be safe and effective?
• - Should you be vaccinated against COVID-19?
• - If yes, then which vaccine should you select?



Quick Review from first lecture

• From Lecture 1, concept of recognition of antigen by antibodies and T 
cell receptors (TCRs), proteins binding to other molecules
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Quick Review

• From Lecture 1, concept of recognition of antigen by antibodies and T cell 
receptors (TCRs)
• Proteins can bind other molecules with specificity and high affinity (tightly)
• The general term for such a protein is “receptor”

• “B cell receptor” (antibody) 
• “T cell receptor”

• When receptors bind their target molecule, the binding often causes a 
change in the protein, propagating a “signal”
• The signal changes the cell’s metabolism and function; this is described as 

“activation” of the B cell or T cell



More Review

• In Lecture 2, we also described how dendritic cells have “pattern 
recognition receptors” that bind to “pathogen associated molecular 
patterns” on pathogens (less specificity than antibodies and TCRs)
• There are also “damage associated molecular patterns”

• Dendritic cells, part of the innate immune system, recognize “danger”, 
and then coordinate a response of the adaptive immune system (B 
cells and T cells)
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Antibodies and TCRs are structurally similar
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Negative Feedback on Immune Responses

• Regulatory T cells
• Brakes on T cells like CTLA-4 and PD-1



Lecture 3 Learning Objectives

• Learn about Cancer Mutations and Neoantigens
• Learn about Monoclonal Antibodies used to treat Cancer
• Learn about Cell Based Therapies for Cancer
• T cells as Effectors
• Cytokines to stimulate T cells
• Checkpoint Inhibitors
• Vaccines to enhance T cell activity
• Adoptive Cell Therapies
• CAR-T cell Therapies
• Modification of Tumor Micro-Environment (TME) to reverse 

immunosuppression



Cancer Cells are Different from Normal Cells

• Genes have mutated in ways that allow them to proliferate and avoid 
the immune system
• Mutated genes encode mutated proteins; pieces of the mutated 

proteins potentially recognized by T cells are called neoantigens
• These mutated proteins are what immunotherapies target, in various 

ways
• Cell surface proteins can be targeted by antibodies
• Within-cell proteins can be targeted by T cells



Categories of Immunotherapy for Cancer
• Antibodies (Biologics)

• Cell based Therapies (mostly T cells)
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Cell Based Therapies for Cancer
• Cytokines
• Checkpoint Inhibitors
• Vaccines including Dendritic Cell Vaccines
• BiSpecific T cell Engagers (BiTEs)
• Adoptive Transfer of T cells 
• Tumor Infiltrating Lymphocytes (TILs)
• Engineered TCR T cells
• Chimeric Antigen Receptor (CAR)-T cells

•Modification of Tumor Micro-Environment (TME) to reverse 
immunosuppression



Biologics: Antibodies

• Biologics are variations of naturally occurring proteins



Chemo Biologics Cellular

(small molecules) (Large molecules called 
proteins) (Whole cells)

Size: ~ 1 nanometer (nm) 10-100 nm ~104 - 105 nm 

Delivery: Oral Intravenous (i.v.) Intravenous (i.v.)

Examples: Taxol, Vinblastin, etc Antibodies like Herceptin Patients own white blood 
cells (T cells)

Companies: Most Big Pharma, e.g. 
Merck, AbbVie

All big Pharma/ some 
Biotech, e.g. Genentech, 

Amgen

Novartis, Juno, Kite, 
Adaptimmune, a few 

others

Class:

Cancer Therapies
Traditional: Slash (Surgery), Burn (Radiation), Poison (Chemo)

New Generation:  Biologics and Immunotherapies

Kranz, 



Targeted Cancer Therapies

T cellActivate Immune Cells 
to Kill Cancer Cells C

CIdentification of Cancer 
Targets on Surface

Identification of Cancer 
Targets Inside the Cell C“Small 

molecule”



What is a Monoclonal Antibody?

• Derived from a single B cell, so it is monoclonal
• B cell is fused with a myeloma cell to immortalize it
• These “hybridoma cells” pump out antibody molecules, all identical



Uses of Manufactured Monoclonal Antibodies 
for Cancer Treatment
1. Direct Killing of Cancer Cells 
2. Interference with Signaling Receptors Required by Cancer Cells
3. Delivery of other agents that kill Cancer Cells (poisons, radiation)
4. Disruption of blood supply to cancer cells by targeting VEGF
5. Enhancement of Cellular T cell responses

1. Modulation of T cell responses
2. Linkage of Cancer Cells to activation of T cells



How does an antibody directly kill cancer cells?

• “Effector mechanisms” largely determined by constant region of 
antibody, the Fc region
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• 1980 first mouse monoclonal antibody used to treat cancer, but 
Human Anti-Mouse Antibodies (HAMA) formed
• Humanized antibodies in 1988





Khawaja, share



Terminology

• Decoder at 
https://en.wikipedia.org/wiki/Nomenclature_of_monoclonal_antibodies

• rituximab (Rituxan)
• Ipilumumab (Keytruda)

• “Biosimilars” are analogous to generics for small molecules, after patent 
expires



Zahavi and 
Weiner, 2020



Zahavi and 
Weiner, 2020



Metrics for Evaluating a treatment

• Objective Response Rate (ORR) – % some shrinkage of tumor size
• Complete Response (no evidence of tumor)
• Progression Free Survival (PFS) or Time to Progression
• Overall Survival (OS): Median Survival Time
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Targets on cancer cells

• EGFR – epidermal growth factor receptor
• Common in colorectal cancer

• Cetuximab (Erbitux)(2 months median survival increase)

• HER2 – human epidermal growth factor receptor 2
• Common on breast cancer

• Trastuzumab (Herceptin)(8 months median survival increase, cardiotoxicity)

• CD20 
• on non-Hodgkin lymphoma and normal B cells

• Rituximab (Rituxan) first mAb in 1988 (6-12 month Progression-free Survival)



Monoclonal antibodies also used to deliver 
toxins, radiation, etc.



Cell Based Therapies

• Try to direct T cells to kill cancer cells
• Each T cell can kill many cancer cells
• T cell receptor can recognize tumor peptide presented on MHC on the 

surface of tumor cell (the mutated protein does not have to be a 
membrane protein)



Pioneers of T cell Therapies: Phil Greenberg, 
Steven Rosenberg, Jim Allison (2011 photo)



Steven Rosenberg

• Head of Surgery Branch at National Cancer Institute
• Very aggressive in trying things in patients
• 2014 article describes IL-2 as first successful immunotherapy for 

cancer, first patient success treated in 1984
• 20-30% response rate
• 1% died from treatment







Cytokines as Therapy

• Discovery of IL-2 in 1976 allows T cells to remain alive and proliferate 
in tissue culture
• Has been used as therapy for metastatic melanoma and kidney cancer
• IL-2’s ability to sustain T cells in culture allowed development of 

adoptive T cell therapy approaches
• Rosenberg also contributed adoptive T cell therapies, which we will 

cover later



Checkpoint Inhibitors

• CTLA-4 and PD-1 are “brakes” or “checkpoints” on T cells, that shut 
off an ongoing T cell response



Activation sets in motion multiple mechanisms to 
end the response, e.g.  CTLA-4 and PD-1 on T cells
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JEM, 1995



Science, 1996 March





Jim Allison Independent Lens PBS

• https://www.pbs.org/video/jim-allison-breakthrough-vriyqn/





Monoclonal Antibodies to 
Cancer Surface Targets

Antibody Drug 
Conjugates (ADCs)

Bispecific T Cell 
Engagers (BiTEs)

Checkpoint Inhibitors
(Antibodies to T Cells)

Monoclonal Antibodies to 
Angiogenesis Targets

Chimeric Antigen 
Receptor T Cells (CAR)

1975  è 1997 

1975  è 2000 

1993  è 2004 

1996  è 2011 

1985  è 2014 

1989  è 2017 

Time from Initial Publication to 
First in Class FDA Approval

Initial Paper FDA



Monoclonal Antibodies to 

Cancer Surface Targets

Antibody Drug 
Conjugates (ADCs)

Bispecific T Cell 
Engagers (BiTEs)

Checkpoint Inhibitors

(Antibodies to T Cells)

Monoclonal Antibodies to 

Angiogenesis Targets

Chimeric Antigen 
Receptor T Cells (CAR)

1975  è 1997 

1975  è 2000 

1993  è 2004 

1996  è 2011 

1985  è 2014 

1989  è 2017 

Ave = 21.6 years

Range, 11 – 29 years

Time from Initial Publication to 

First in Class FDA Approval

Patent Lifetime = 20 years



1995 2000 2005 2010 2015 2020 

PD1 – Melanoma

PD1 – Melanoma

PD-L1 – Urothelial Carcinoma

PD-L1 – Urothelial Carcinoma

Immune Checkpoint Inhibitors

Yervoy

Keytruda

Opdivo

Tecentriq

Imfinzi

Bavencio

Libtayo PD-L1 – Merkel Cell Carcinoma

CTLA4 – Melanoma

PD-1 – Squamous Cell Carcinoma



1995 2000 2005 2010 2015 2020 

PD1 – Melanoma

PD1 – Melanoma

PD-L1 – Urothelial Carcinoma

PD-L1 – Urothelial Carcinoma

Immune Checkpoint Inhibitors

Yervoy

Keytruda

Opdivo

Tecentriq

Imfinzi

Bavencio

Libtayo PD-L1 – Merkel Cell Carcinoma

CTLA4 – Melanoma

PD-1 – Squamous Cell Carcinoma

Colorectal

Lung, Head/Neck, Lymphoma, 
Colorectal, Urothelial, Gastric, 
Cervical, Renal Cell 

Lung, Renal Cell, Lymphoma, 
Head/Neck, Urothelial, Colorectal, 
Hepatocellular

Lung

Lung

Urothelial

Y/O

Y/O
Yervoy-Opdivo Combination

Therapy for Colorectal Cancer 
& Renal Cell Carcinoma



A patient with melanoma is shown before (left), after 
one cycle, and after three cycles of treatment with the 
anti–PD-1 antibody MK-3475 (10 mg/kg every 3 weeks)

From OncoLog, February 2014, Vol. 59, No. 2
From MD Anderson Cancer Center

Anti-PD-1 Monoclonal Antibody Therapy



SCIENCE Magazine Breakthrough of 2013

Seek and destroy. Instead of 
targeting tumors directly, cancer 
immunotherapy enlists the immune 
system to attack them. Here, an 
antibody (pink) blocks a receptor
(blue) found on T cells (gray), 
setting off a chain reaction that 
leads to an assault on cancer cells.



103 patients total

10 patients with 100% reduction

Hamid et al, 2013, N Eng J Med, 369:2

Efficacy:  Immune Checkpoint Inhibitor 
Keytruda in Melanoma Patients

Yervoy





Combination of Two Checkpoint Inhibitors 
works even better
• Anti-CTLA-4 and Anti-PD-1



Zahavi and 
Weiner, 2020



Shen, 2020



Okada review


