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Global Cancer Burden: A Challenge

This year, more than 14 million people worldwide will learn they 
have cancer
According to the latest global statistics, nearly 9 million people a 
year lose their lives to cancer (that equates to approximately 
22,000 cancer deaths per day)22,000 cancer deaths per day)
The global cancer burden is expected to grow in the future, 
reaching 21 million patients with cancer and 13 million deaths per 
year by 2030, as the world’s population expands and ages
These sobering statistics underscore the urgency of finding better 
treatments for patients today and in the future.
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Clinical Cancer Advances 2018

Thanks to investment and progress in cancer research, people 
today are living longer with this disease than ever before
As life expectancy after a cancer diagnosis continues to improve, 
there is growing recognition of the need to address patients’ 
emotional and psychosocial needs from the time of diagnosis emotional and psychosocial needs from the time of diagnosis 
through treatment and survivorship 
The volume and pace of cancer research are growing rapidly, for 
example, the number of medical journal articles with the word 
“cancer” in the title quadrupled in the last decade, from 
approximately 28,000 in 2007 to 120,000 in 2017.
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Advances in Cancer Drug Development

In the span of just 1 year—from November 2016 through 
October 2017—the US FDA approved 31 new therapies for 
more than 16 types of cancer
Among the new approvals are two firsts: Among the new approvals are two firsts: 

- an adoptive cell immunotherapy (the ASCO Advance of 
the Year) and 
- a tumor agnostic therapy; that is, treatment that works 
against different types of cancers that share a common 
genetic abnormality
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Advances in Cancer Research

Cancer biology research is uncovering new molecular pathways 
that are being explored as potential therapeutic targets
In 2017 alone, the FDA approved more than 13 new targeted 
medicines for people with leukemia and multiple myeloma, as well 
as ovarian, breast, and lung canceras ovarian, breast, and lung cancer
ASCO’s Targeted Agent and Profiling Utilization Registry (TAPUR)
– to evaluate molecularly targeted cancer drugs and collect data on clinical outcomes to learn 

about additional uses of these drugs outside of the indications already approved by the FDA

NCI-MATCH
– a precision medicine cancer treatment clinical trial

treatment based on the genetic changes found in their tumors through 
other tests
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as ovarian, breast, and lung canceras ovarian, breast, and lung cancer
ASCO’s Targeted Agent and Profiling Utilization Registry (TAPUR)

to evaluate molecularly targeted cancer drugs and collect data on clinical outcomes to learn 
about additional uses of these drugs outside of the indications already approved by the FDA

clinical trial where patients are assigned to receive 
changes found in their tumors through genomic sequencing and 



Cancer Research Sponsoring Agencies in the US

NCI
ASCO
DOD
IndustryIndustry
Philanthropic organizations
Cancer Cooperate groups

Cancer Research Sponsoring Agencies in the US



Resistance to chemotherapy (CT) in cancer: a 
complex and integrated cellular response

CT shows a modest response to certain cancers, but at the expense 
of strong toxicity/AEs 
Survival with conventional cancer treatments are very modest with 
a 5 yr survival rate <20%
Inherent and acquired resistance pathways account for the high Inherent and acquired resistance pathways account for the high 
rate of failure in cancer chemotherapy
The mechanisms or pathways mediating resistance may be 
classified as pharmacokinetic (i.e. alter 
or pharmacodynamic (i.e. failure to elicit cytotoxicity)
More often than not, the resistant phenotype is characterized by 
alterations in multiple pathways.
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Advances in Cancer Therapy: Immunotherapy (IT)

President Carter, age 91, announced on December 6 (2016) that he is cancer
free
He has been receiving treatment since August (2015) for melanoma
SRS + IT (Keytruda) resulted in a complete remission in the cancer
Keytruda influences two genes, PD-1 and PDKeytruda influences two genes, PD-1 and PD
some cancer cells to avoid immune system detection and destruction
The drug, a mAb, prevents that interaction, leaving the immune system free 
to attack and destroy tumor cells
It is state-of-the-art treatment for the type of melanoma President Carter 
had, but it isn’t perfect
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A Brief Look at 100+ Years of Immunotherapy in Cancer A Brief Look at 100+ Years of Immunotherapy in Cancer 



Immunotherapy can empower your immune 
system against cancer

The immune system is naturally equipped to protect us against 
cancer.
Cytotoxic T lymphocytes—otherwise known as killer T cells
are especially effective at targeting tumors.
However, cancers sometimes figure out how to outsmart the However, cancers sometimes figure out how to outsmart the 
immune system and protect themselves.
Immunotherapy aims to reverse that situation.
Many of these treatments work by either directly or indirectly 
enhancing the activity of T cells
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Clinical Development of Immune Checkpoint 
Inhibitors 

Clinical Development of Immune Checkpoint 
Inhibitors 



The Spectrum of PD-1/PD1/PD-L1 Antagonist Activity 



Waking Up the Body’s DefensesWaking Up the Body’s Defenses
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2. 2. 

Waking Up the Body’s Defenses (Cont’d)
Tumor Immunology Overview
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Approved IT in the US & other Nations

It’s clear now that immunotherapy can provide long
of patients with diverse types of cancer, and new clinical breakthroughs are 
happening all the time.
Thus far in 2017 there have been eight immunotherapy approvals:
– Iplimimumab: Mel/Lung/RCC– Iplimimumab: Mel/Lung/RCC
– Pembrolizumab: Mel/NSCLC/RCC/UC/HCC/

GEJ adenocarcinoma 
– Nivolumab: Mel/NSCLC/SCLC/RCC/HCC/
– Atezolizumab: Mel/NSCLC/RCC/UC
– Durvalumab: UC/ Lung  (also available in India for NSCLC)
– Avelumab: MCC
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Pembrolizumab Response in MMRD 

Radiographic responses across 12 tumor types 
at 20 weeks
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Approved Checkpoint Inhibitors in 
Cancers

Pembrolizumab (anti-PD-1)
– For ALL unresectable or metastatic MSI

(pediatric and adult) that have progressed on prior treatment and with no 
satisfactory alternative treatment options

– For MSI-H or MMR-deficient CRC that has progressed following treatment with a – For MSI-H or MMR-deficient CRC that has progressed following treatment with a 
fluoropyrimidine, oxaliplatin, and irinotecan 

Nivolumab (anti-PD-1)
– For MSI-H or MMR-deficient CRC that has progressed following treatment with a 

fluoropyrimidine, oxaliplatin, and irinotecan 

Approved Checkpoint Inhibitors in MMR def
Cancers

MSI-H or MMR-deficient SOLID TUMORS
(pediatric and adult) that have progressed on prior treatment and with no 
satisfactory alternative treatment options

that has progressed following treatment with a that has progressed following treatment with a 
fluoropyrimidine, oxaliplatin, and irinotecan 
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fluoropyrimidine, oxaliplatin, and irinotecan 



Mutations make tumors “stand out” to the 
immune system.

Genes can become de-stabilized as a result of random mutations
DNA mutations can be caused by environmental factors such as ultraviolet 
(UV) light and cigarette smoke, and can also happen as a result of 
accidental mistakes during cell division
These mutations—some of which produce abnormal, mutated proteins
can promote the growth and survival of cancer in a number of ways
These mutations—some of which produce abnormal, mutated proteins
can promote the growth and survival of cancer in a number of ways
Fortunately, these mutated tumor proteins also distinguish cancer cells 
from healthy cells (because of their “foreign” appearance) and allow 
immune cells to recognize and respond to tumors 
Immunotherapies have also been designed to take advantage of this fact
Patients whose tumors have very high levels of mutations are much more 
likely to respond to a type of immunotherapy 
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Chemotherapy Resistance of MSI
Gastric Cancer

OS With Surgery—Adjuvant MAGIC Trial[1]

Chemotherapy and surgery, MSS or MSI-L
Chemotherapy and surgery, MSI-H
Surgery, MSS or MSI-L
Surgery, MSI-H

100

80

60

MSI-H vs non-MSI  HR: 0.35 surgery alone and   
HR: 2.22 chemo/surgery (P = .04)

1. Smyth EC, et al. JAMA Oncol. 2017;3:1197-1203. 2. Janjigian Y, et al. Cancer Discovery. 2017; [Accepted].
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As of June 2017, FDA has approved 32 different immunotherapies for patients with cancers including 
but not limited to: melanoma, lung cancer, bladder cancer, kidney cancer, lymphoma, leukemia, and 
prostate cancer. These immunotherapies enhance the cancer
in a variety of ways, which can be roughly divided into the five following classes:

1) Cell-based immunotherapies physically supplement patients’ immune systems with immune 
cells. These include bone marrow transplants and newer more sophisticated cell transplants, such as 
CAR T cells.

2) Immunomodulators can act directly on immune cells to promote anti

Summary 

2) Immunomodulators can act directly on immune cells to promote anti
first immunomodulator (the cytokine IFN-α) was approved by the FDA in 1986 for leukemia while the 
first checkpoint inhibitor (the anti-CTLA-4 ipilimumab

3) Vaccines help educate or arouse the immune system against a potential threat. In 1990, a 
tuberculosis vaccine called BCG (bacillus Calmette-Guerin), became the first to be FDA
United States, for the treatment of bladder cancer. The vaccine 
cancer patients in 2010.

4) Antibody-based targeted therapies can target cancer cells directly, or other cells/proteins 
that help support tumor survival. The first antibody (the anti
lymphoma. There are now over a dozen antibody-based immunotherapies approved for various cancers, 
including modified versions with anti-cancer drugs attached.

As of June 2017, FDA has approved 32 different immunotherapies for patients with cancers including 
but not limited to: melanoma, lung cancer, bladder cancer, kidney cancer, lymphoma, leukemia, and 
prostate cancer. These immunotherapies enhance the cancer-fighting activity of the immune system 
in a variety of ways, which can be roughly divided into the five following classes:

physically supplement patients’ immune systems with immune 
cells. These include bone marrow transplants and newer more sophisticated cell transplants, such as 

can act directly on immune cells to promote anti-cancer activity. The 

Summary 

can act directly on immune cells to promote anti-cancer activity. The 
α) was approved by the FDA in 1986 for leukemia while the 
ipilimumab) was approved in 2011 for advanced melanoma.

help educate or arouse the immune system against a potential threat. In 1990, a 
Guerin), became the first to be FDA-approved in the 

United States, for the treatment of bladder cancer. The vaccine Sipuleucel-T was approved for prostate 

can target cancer cells directly, or other cells/proteins 
that help support tumor survival. The first antibody (the anti-CD20 rituximab) was approved in 1997 for 

based immunotherapies approved for various cancers, 
cancer drugs attached.



5) Oncolytic viruses can be modified to infect cancer cells and cause them to 

burst (think of dynamite!), which attracts the attention of the immune system. 

The oncolytic virus T-Vec was approved for patients with advanced melanoma in 

-1 expressed by T cells in the tumor, is not completely bound by anti

Summary 

-1 expressed by T cells in the tumor, is not completely bound by anti

the 3rd cycle of antibody

cell markers on PBMCs does not reflect tumor TILs

Increased numbers of CD4/CD8+ TILs correlate with response

Baseline PD-1+ 41BB+ CD8+ T cells correlate with response
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