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Review
• Antibodies and T cell receptors can specifically target cancer cells
• Cancer cells have mutations that are potential targets 
• T cells have the advantage of being actively mobile
• Cancers make use of normal physiological processes that shut off an 

immune response, like checkpoints: antibodies that block 
checkpoints, like anti-CTLA-4 and anti-PD-1, encourage a T cell 
response against tumors
• Checkpoint inhibitors have the disadvantage that they increase 

autoimmune responses as well as anti-cancer responses 
• T cells recognize peptides bound by MHC on antigen presenting cells 

and tumor cells
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Figure 1-24
MHC molecule- the receptor responsible for presenting peptide antigen to T cells.  
Also called Human Leukocyte Antigen (HLA) in humans.
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Cartoon of MHC Class I Presentation.
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Take-home about MHC:

• The T cell receptor binds tumor peptides, fragments of proteins, 
bound to MHC, not proteins directly. This allows T cells to recognize 
proteins besides cell-surface proteins.
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Learning Objectives

Learn about vaccination as a strategy to promote a T cell response 
against tumors 
Learn about adoptive cell therapies: tumor infiltrating lymphocytes, 
engineered T cells, chimeric antigen receptor T cells 
Learn about the tumor microenvironment
Learn a little about the economics of immunotherapy
Hear some predictions for future directions 
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Cancer Vaccines

• Prophylactic vaccines that prevent viral infections that lead to cancer 
(human papilloma virus causes cervical cancer)
• Therapeutic vaccines after cancer is already present
• Goal of Cancer vaccines is to generate T cell response (most 

successful prophylactic vaccines primarily generate antibody 
response)

10



11



12



Therapeutic Vaccines with Dendritic Cells

• Dendritic cells orchestrate type of immune response (relatively more 
or less antibodies vs T cells vs responses against parasites, etc)
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Ex vivo dendritic cell therapy for cancer. 
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Clinical Trials completed in last 5 years

• About 60 trials of cancer vaccines; not impressive results

• 18 trials with combination of vaccine and checkpoint inhibitor; 
improved over checkpoint inhibitor alone

• Ongoing 11 trials with personalized vaccine against neoantigens, 
together with checkpoint inhibitor

• Neoantigens isolated by RNA or DNA analysis or Mass Spectrometry of MHC-
bound peptides
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• Tumor Infiltrating Lymphocytes (TILs)
• Engineered T cells
• TCRs
• CARs

Adoptive T cell Therapies
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Adoptive T Cell Transfer (ACT) of Tumor 
Infiltrating Lymphocytes (TILs)

Restifo et al., 2012
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Lymphodepletion before Adoptive Cell Transfer: 
single dose chemotherapy or radiation
• Creates “room” for new T cells (limited amount of supportive 

cytokines)
• Removes Tregs and Myeloid Derived Suppressor Cells from Tumor 

Microenvironment
• Creates damage to tumor and shedding of antigens
• Dose that does not destroy bone marrow stem cells (“non-

myeloablative”)
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Rosenberg, 2014
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Rosenberg and Dudley 2009 24



Adoptive Cell Transfer (ACT) of Engineered TCR T cells 
TCR– T Cell Receptor

CAR– Chimeric Antigen Receptor

Restifo et al., Nat Rev Immunol 2012
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T Cells Against Solid Cancers 
(e.g. sarcoma)

Lung metastases in patient with sarcoma
Treated with T cells transduced with TCR against NY-ESO-1

Rosenberg’s group, NCI; J Clin Oncology, 2011

Pretreatment 14 months
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Adoptive Cell Transfer (ACT) of CAR-T Cells
TCR– T Cell Receptor

CAR– Chimeric Antigen Receptor

Restifo et al., Nat Rev Immunol 2012
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Leko and Rosenberg, 2020 30



Kymriah

• In August 2017, it became the first FDA-approved treatment 
that included a gene therapy step in the United States.[2]
• Targeting CD19 (similar strategy to CD20 targeting of 

rituximab monoclonal antibody)
• CD19 used instead of CD20 because of intellectual property 

issues (Genentech has CD20)
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The results of a study in children with relapsed
acute lymphoblastic lymphoma resulted in FDA
approval. Kymriah induced remission in 81% of
those patients (compared to 20% with another
chemotherapy).

Clinical responses to CAR T cell therapies in 
hematopoietic cancers have been remarkable
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Cellular Immunotherapies
Example:  Juno Therapeutics 

(Founded in 2013; Acquired by Celgene for $9B in 2018: Celgene acquired for 95B by BMS)

CAR = Chimeric Antigen 
Receptor

TCR = T Cell Receptor
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Pause to Consolidate Your Memories

34



Learning Objectives
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against tumors 
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engineered T cells, chimeric antigen receptor T cells 
Learn about the tumor microenvironment
Learn a little about the economics of immunotherapy
Hear some predictions for future directions 
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More Complicated than we thought
• Tumors co-op normal feedback mechanisms to produce an 

“immunosuppressive microenvironment”
• Immune response shifts to wound-healing
• Negative feedback on further inflammatory and T cell-

mediated responses
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Immunosuppressive Microenvironment

• Induced by inflammation (IFNg, PGE2)
• Cytokines (TGF and IL-10)
• Suppressive Cells (Tregs, MDSC, Tumor Associated Macrophages, )
• Hypoxia
• Nutrient loss (IDO and Arginase)
• Cell intrinsic changes (CTLA-4, PD1)
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• https://www.youtube.com/watch?v=j9WMfbcWwE4&t=3101s
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“Pionyr's Myeloid Tuning™ technology is based on the 
discovery that altering the tumor microenvironment to 
favor immune-activating cells over immune-suppressing 
cells enhances the body’s ability to combat cancer, 
particularly in combination with checkpoint inhibitors.”

Leading drug candidate is monoclonal antibody against  
TREM-2, a surface protein on Tumor Associated 
Macrophages, which are immunosuppressive.
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Pionyr deal with Gilead

• Gilead bought 49% interest for $275 million, with option to buy 
remainder for about $1 billion
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Immunosuppression Factors in Tumor 
Microenvironment

• TGFbeta
• IDO
• IL-10
• Arginase
• Treg
• MDSC
• Potassium
• M2 Macrophage 
• Adenosine
• Prostaglandin E2 (PGE2)
• PD-1, CTLA-4, LAG-3, TIM-3
• Immunosuppressive DC
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PGE2 may be pivotal
Direct suppression of CTLs

IDO                       immDC Tregs

PGE2 IL-10
TGFbeta

MDSC

PD-L1 on MΦ suppression of T            
cells and NK cells
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Roy Lab Combination Treatment for Brain 
Tumors (in mice)
1. Source of Tumor-Specific T cells
2. Oncolytic Virus to Kill some tumor cells
3. Virus provides locally expressed IL-15-IL15R∝ to attract T 

cells and NK cells
4. Prostaglandin Synthesis Inhibitor (Celecoxib) to reduce 

Immunosuppression in Tumor Microenvironment
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Cost of Cancer

• Cancer is most expensive disease
• A 2015 National Bureau of Economic Research study found when 

calculating the average cost for one extra year of life, patients and 
insurers paid $54,100 in 1995. The price for one year of life increased 
to $139,100 in 2005 and $207,000 in 2013.
• https://www.drugwatch.com/news/2015/10/07/cost-of-

cancer/#:~:text=Cost%20of%20Cancer%20on%20the,Cancer%20costs
%20%24895%20billion%20annually.
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Costs to the Individual

• Hospital and clinic visits
• Medicine and prescription drugs
• Lab tests
• Treatments
• Surgeries
• Home health services
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Range of costs

• Surgery: $15k - $60k
• Chemotherapy $13k - $100k
• Radiation: $11k - $35k
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Orphan Drug Act of 1983

• An orphan disease is a rare disease or condition that 
affects fewer than 200,000 people in the United States

• Over 40 per cent of orphan drugs are indicated to treat 
various cancers

• Some of the top grossing oncology drugs – 'household' 
brand names like Rituxan, Herceptin, Avastin - have 
orphan status

• Due to “personalized” medicines: e.g. only 25% of breast 
cancers are positive for the Herceptin target, which 
brings it into the “orphan” category
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Orphan Drug Act of 1983

The intervention by government on behalf of 
orphan drug development can take a variety of 
forms (Wikipedia):

• Tax incentives
• Enhanced patent protection and marketing 

rights
(7 additional years of exclusivity)

• Clinical research subsidies
• Creating a government-run enterprise to engage 

in research and development
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What does Insurance Reimburse?
• With Physicians approval, insurance will 

cover most FDA-approved treatments
• Problem might be individual insurance 

policies, with most having co-pays of 10 to 
20% and different maxima*

• If patient exhausts all FDA-approved options, 
might be too costly for other options

*Co-pay of 20% on ant-PD1/anti-CTLA-4 treatment costs 
$60,000. This does not include many other costs involving 
hospital visits, doctor costs, etc
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Typical Path for Cancer Product Development

Academic 
Labs

Start-up 
Companies 
(Biotech)

Pharmaceutical 
Companies

58



Typical Path for Cancer Product Development

Academic 
Labs 

Start-up 
Companies 
(Biotech) 

Pharmaceutical 
Companies 

~ Amount of $$$ at Stage 
of a Single Therapeutic Product 
and Lifetime to Market:

• $1,000,000 5 years

• $100,000,000 5 years

• $2,000,000,000 5 years

>$2B total, 15 years 59



Startup Companies in the Field of Cancer 
(2016 posting)

Startups working on cancer therapies have received over 
$12B across 680+ deals in the last 5 years. The potential 
in the market was highlighted by Stemcentrx‘s
acquisition this quarter by biopharma company AbbVie
for $10.2B. 
This year also saw 9 IPOs (Initial Public Offerings)

https://www.cbinsights.com/blog/cancer-startups-exit-timeline/ 60



Cancer therapy startups have seen over 100 exits since 
2012. 60% of the exited companies were venture-backed
Note:  “Exits” refer to Acquisitions or Initial Public Offerings 
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Every Major Pharmaceutical Company 
Now has an Immuno-Oncology Division

Many companies have hired academic leaders 
in this area to head their immuno-oncology 
divisions
For example, Glenn Dranoff recently moved 
from Harvard to head Novartis’ program

Estimated that 95% of biotech startups fail
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Future Directions

• Combinations of multiple treatment modalities
• Provide ample number of tumor-specific T cells
• Prevent the exhaustion of the T cells
• Reverse immunosuppression in local environment of tumor

• More development of gene sequencing for identification of multiple 
neoantigens (part of broad trend toward personalized treatments)
• Engineering of CARs and TCRs, including using CRISPR
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Nature Medicine, 
2015
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Nature Reviews Immunology, 
2018
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CRISPR-Cas9

• Emmanuelle Charpentier and Jennifer Doudna won 2020 Nobel Prize 
in Chemistry for CRISPR-Cas9
• Clustered Regularly Interspaced Short Palindromic Repeats-CRISPR 

Associated Protein 9
• Published in 2012
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• https://www.youtube.com/watch?v=bkLvZwDaQLo
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Finally, What Drives Pioneers?

• William Coley and Steven Rosenberg were clinicians who saw a nearly 
miraculous cure early in their careers and had faith that it was due to 
the immune system.
• Jim Allison was driven by the memory of family members who died of 

cancer and had the passion to keep advocating for his treatment 
discovery.
• Jennifer Doudna was interested in basic biochemistry and recognized 

both the power of her serendipitous discovery and great 
responsibility to use it wisely.
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Thanks for Staying to the End!

• Questions?
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