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The Nobel Prize in Physiology or
Medicine 1989

Photo from the Nobel Foundation
archive.

J. Michael Bishop

Prize share: 1/2

Cancer Progress
New York, NY | May 7 - 8, 2019

The Nobel Prize in Physiology or
Medicine 1989 was awarded jointly to J.
Michael Bishop and Harold E. Varmus
"for their discovery of the cellular origin of
retroviral oncogenes."

Photo from the Nobel Foundation
archive.

Harold E. Varmus

Prize share: 1/2
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Number of people with cancer by type, World, 2017

Total number of people suffering from cancer at any given time, differentiated by cancer type. This is measured
across both sexes and all ages.

Breast cancer | 6 7 i
Prostate cancer ||| NG ¢ © i''ion
Colon & rectum cancer ||| NG ¢ 35 illion
Cervical cancer ||} ]I 366 million
Tracheal, bronchus, and lung cancer ||| I 334 million
Uterine cancer || 3.08 million
Stomach cancer || 282 million
Bladder cancer || 2.63 million
Non-melanoma skin cancer ||| 2.54 million
Kidney cancer ||l 218 million
Thyroid cancer | 2.14 million

Brain & nervous system cancer |l 1.71 million
Lip & oral cancer [ 1.63 million
Ovarian cancer | 1.35 million
Larynx cancer 1.09 million
Esophageal cancer 806,327
Liver cancer 803,401
Testicular cancer 577,984
Nasopharynx cancer 508,694
Pancreatic cancer 380,582
Gallbladder & biliary tract cancer 235,886

0 2 million 6 million 10 million 16 million
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Cancer deaths by type, World, 2017

Total annual number of deaths from cancers across all ages and both sexes, broken down by cancer type.

Tracheal, bronchus, and lung cancer [ 158 million
Colon and rectum cancer || llNENEGEGEGEGEGEGE C06.040
Stomach cancer NG 64089
Liver cancer | S 1,435
Breast cancer |G 611625
Pancreatic cancer || NG 441,083
Esophageal cancer |GGG 435,959
Prostate cancer || NG 415,910
Leukemia I 347,583
Cervical cancer [ 259,671
Brain and nervous system cancer [ 247,143
Bladder cancer [ 196,546
Lip and oral cavity cancer [ 193,696
Ovarian cancer N 175,982
Gallbladder and biliary tract cancer IR 173,974

Kidney cancer | 138,528
Larynx cancer 126,471
Other pharynx cancer 117,412

Multiple myeloma 107,114
Other cancers 102,920
Uterine cancer 85,239
Nasopharynx cancer 69,550
Non-melanoma skin cancer 65,097
Malignant skin melanoma 61,665
Thyroid cancer 41,235
Hodgkin lymphoma 32,560
Testicular cancer 7,662

0 200,000 600,000 1 million 1.4 million 1.8 million
Source: IHME, Global Burden of Disease (GBD) CC BY
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Five-year cancer survival rates in the USA

Average five-year survival rates from common cancer types in the United States,
shown as the rate over the period 1970-77 [e] and over the period 2007-2013 [e]: 1970-77 e———»e 2007-2013

This five-year interval indicates the percentage of people who live longer than five years following diagnosis.

All cancers 50.3% e- >0 57%
Prostate 67.8%e P-o 98.6%
Thyroid 92.1% e——3»e 98.2%
Melanoma 81.9% e———>>e 91.7%
Breast (female) 74.8%¢—————————>»e 89.7%
Uterus 82.3% e<€—e 86.9%
Bladder 72.3% e—3»e 77.3%
Kidney 50.1%e > 74.1%
Non-Hodgkin Lymphoma 46.5%e »-0 71%
Cervix Uteri 67.1% o<€®69.1%
Mouth/throat 52.5% e————3»0 64.5%
Colon 49.8%e————p-0 64.1%

Leukemia 34.2%e P> 60.6%
Myeloma 24.6%e- Pe 49.6%
Ovary 36% e—————3e 46.5%
Stomach 15.2%e »-o 30.6%
Brain 22.4%e———>»e 30.5%
Esophagus 5%e————3)»e 18.8%
Lung 12.2% e——>»e 18.1%
Liver 3.4% e———3e 17.6%
Pancreas 2.5% e—3»e 82%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Based on data by Journal of the National Cancer [nstitute; Surveillance, Epidemiology and End Results Program.

The data visualization is available at OurWorldinData.org. There you find research and more visualizations on this topic. Licensed under CC-BY-SA by the authors Hannah Ritchie and Max Roser.
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William Halsted (LS. National Library of Medicine)

PaulEhrlich

Cancer Progress

Phcturaph by T . Sl
De WS Maemedm |

The First Radical
Mastectomy to
Treat Breast
Cancer

4]

William Halsted performs the first radical mastec-

tomy to treat breast cancer. This surgical proce-
dure remains the standard operation for breast
cancer until the latter half of the 20th century.

iiﬁmune
Surveillance

Paul Ehrlich proposes that the immune system
usually suppresses tumor formation, a concept
that becomes known as the "immune surveil-
lance” hypothesis. This proposal prompts re-
search, which continues today, to harness the
power of the immune system to fight cancer.
Learn about biological therapies for cancer.

—
Sequence corsenvaton

,Epidermis

Dermis

Basal cells

Melanocyte

National Cancer Institute

llustration of the layers of skin (NCIVisuals Online)

Theadaor Boveri

19m
Cancer in Chickens

Peyton Rous discovers a virus that causes cancer
in chickens (Rous sarcoma virus), establishing
that some cancers are caused by infectious
agents.

1903

The First Use of
Radiation Therapy
to Cure Cancer

S.W. Goldberg and Efim London describe the use
of radium to treat two patients with basal cell car-
cinoma of the skin. The disease was eradicated in
hoth patients. Learn more about radiation therapy.

102
Cancer Tumors &

- -
Single Cells with
Chromosome
Damage
Theodor Bover proposes that cancerous tumors
arise from single cells that have experienced
chromosome damage and suggests that chromo-

some alterations cause the cells to divide uncon-
trollably.

https://www.cancer.gov/research/progress/250-years-milestones
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https://www.cancer.gov/research/progress/250-years-milestones

Beain.

\
Hypothalamus o 4
& = —Pituitary
LHRH= |

ilormonal Therapy

Charles Huggins discovers that removing the tes-
ticles to lower testosterone production or admin-
istering estrogens causes prostate tumors to
regress. Such hormonal manipulation—more
commonly known as hormonal therapy—contin-
ues to be a mainstay of prostate cancer treat-
ment. Find out more about hormonal therapy.

llustration of the requlation of testosterone production in males Dr. Farberwith ayoung patient in 1960 (NCI¥isuaks Onling)

1949

Nitrogen Mustard

The Food and Drug Administration (FDAY ap-
proves nitrogen mustard (mechlorethamine) for
the treatment of cancer. Mitrogen mustard be-
longs to a class of drugs called alkylating agents,
which kill gells by chemically madifying their DME

Space-filing modelof the mechkorethaming molecule by Jynto (Black: Carban, CHWhite: Hydogen, HY Blus:
Mitragen, MY Green: Chioring, Clby)Wikimedia Commans) Cir. Emil Freill, 45C

chematherapyinc

https://www.cancer.gov/research/progress/250-years-milestones

Cancer Progress
New York, NY | May 7 - 8, 2019

Antimetabolites

Sidney Farber shows that treatment with the an-
timetabolite drug aminopterin, a derivative of folic
acid, induces temporary remissions in children
with acute leukemia. Antimetabolite drugs are
structurally similar to chemicals needed for impor-
tant cellular processes, such as DNA synthesis,
and cause cell death by blocking those pro-
CESSES.

958
Combination
Chemotherapy

MNClresearchers Emil Frei, Emil Freirgich, and
James Holland and their eolleagues demonstrate
that combination chemotherapy with the drugs
&-mercaptopurine and methotrexate can induce
partial and complete remissions and prolong sur-
wival in children and adults with acute leukemia.
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Advances in drug screening
Events with national impact
Advances in cancer therapeutics

» o

Concept of cure
1960s

= ‘ Methotrexate in choriocarcinoma
-~ &) 1958
5-Fluorouracil (26)
1957
Cancer Chemotherapy National Service Center
o 1955
1.1210 as primary screen (27-30) )
) 1949
Arsenicals (1, 2) : A prHies (241’92,;5 l) -
1908 Ji : i Pe ntitumor
Transplantable Biag it 4 i, (151 912 Antifolates antibiotics
Animal models (1-4) tumors (5-11) Model development (7) (22) (23)
1900 1912 1935 1948 1959
I | i | | I I I | I I

1900 1905 1910 1915

1925 1930 1935 1940 1945 1950 1955 1960

AACR Centennial Series

Cancer Res 2008;68(21):8643-53
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Special Virus Cancer Program ‘ ®

1964
Curfa of ALL & Hodgkin's disease (51-56, 63-66) First monoclonal antibody approved =
1963-70 1997
Vinca alkaloids (50) P
1963 Imatinib (Gleevec) (95-98)
| 1996
Xenografts in nude mice
1975 Cancer mortality
Adjuvant chemotherapy (79-83) begins to decline
1968-75 1990 Tyrosine kinase inhibitors (94-101)
2005
Cure of testicular cancer (86-88) Cell culture systems Molecular profiling Target specific screens
1976 =2 2002 2007
National NCI investment in
Cancer Act molecular biology Genome sequenced Mortality decline accelerates
1971 1984 2001 2007
I I l I l I | l I l I
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Cancer Research
: . CELLO &
Cancer Progress Cancer Res 2008;68(21):8643-53 ° HEALTH ‘ ™ & ¢ o’“ss
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1989

Drugs to boost blocd cells help patients finish cancer -
treatment, reduce infections

The FDA approves the drug epoetin alpha (Procrit, Epogen) to stimulate
production of red blood cells in patients with severe anernia, one of the
most common and serious side effects of chemotherapy. These drugs are
soon joined by white blood cell-boosting drugs such as filgrastim
(Neupogen) and pegfilgrastim (Neulasta). The new treatments help reduce
the need for blood transfusions and make chernotherapy safer by reducing
the risk of infections and related hospitalizations.

ANTITUMOR ACTIVITY

Carboplatin—Paraplatin
(Bristol-Myers-Squibb)
history:

— 1st approved in 1989 for advanced ovarian carcinoma

- Issueq: ; amende extension of due date for
submission of reports/data

— Exclusivity Granted: 4/30/2004

Population of Interest: Refractory or relapsed pediatric malignancies

Types of Studies:

Phase | study to establish the MTD and recommended dose of carboplatin when
given with irinotecan [carboplatin q 3 weeks with irinotecan daily (x5) x 2 q 3 weeks]

Number of centers - 8

Phase Il randomized, 2-arm, non-comparative, open-label study to evaluate the
response rate of carboplatin (AUC 4 mg/ml/min) administered in combination with
irinotecan 512 mg/m?/day x 10 days) and of irinotecan administered as a single agent
(20 mg/m?/day x 10 days)

Number of centers - 56
Age groups: 1-<21 yrs
Total # patients: Phase | = 28; Phase Il = 151

The impressive antitumor activity which has been
observed with paclitaxel in a broad range of cancers has been
the subject of numerous reviews and monographs and will not
be reviewed in detail here. Paclitaxel was initially approved
by the FDA in 1992 for the treatment of women with refrac-
tory ovarian cancer on the basis of five phase II trials of pacli-
taxel as a single agent given over 24 h. These data were
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Cell, Vol. 100, 57-70, January 7, 2000, Copyright @2000 by Cell Press

Leading Edge

The Hallmarks of Cancer

Hallmarks of Cancer: The Next Generation

Douglas Hanahan® and Robert A. Weinberg?
“Department of Biochemistry and Biophysics and
Hormone Research Institute

University of California at San Francisco

San Francisco, California 94143

TWhitehead Institute for Biomedical Research and
Department of Biology

Massachusetts Institute of Technology
Cambridge, Massachusetts 02142

Douglas Hanahan'2* and Robert A. Weinberg3*

1The Swiss Institute for Experimental Cancer Research (ISREC), School of Life Sciences, EPFL, Lausanne CH-1015, Switzerland

2The Department of Biochemistry & Biophysics, UCSF, San Francisco, CA 94158, USA

SWhitehead Institute for Biomedical Research, Ludwig/MIT Center for Molecular Oncology, and MIT Department of Biology, Cambridge,
MA 02142, USA

*Correspondence: dh@epfl.ch (D.H.), weinberg@wi.mit.edu (R.AW.)

DOl 10.1016/j.cell.2011.02.013

Self-sufficiency in
growth signals

EGFR Cyclin-dependent
rrrrrrr inhibitors kinase inhibitors
Evading
apoptosis
Sustaining Evading
Aerobic glycolysis proliferative growth Immune activating
inhibitors signaling suppressors anti-CTLA4 mAb
Deregulating Avoiding
cellular immune
energetics destruction
y's
~
BH3 mimetics donth mimortajity Inhibitors
Genome Tumor
instability & _ promoting
. s > mutation inflammation
Sustained Tissue invasion A3
angiogenesis & metastasis PARP Inducing Activating Selective anti-
inhibitors angiogenesis invasion & inflammatory drugs
1 metastasis
S i s o S Inhibitors of Inhibitors of
VEGF signaling HGF/c-Met

Cell, Vol. 100, 57-70, January 7, 2000 Cell. 2011 Mar 4;144(5):646-74
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Drugs Approved in 2019

Balversa (erdafitinib); Janssen Oncology; For the treatment of locally advanced or metastatic urothelial carcinoma , Approved April 2019

Herceptin Hylecta (trastuzumab and hyaluronidase-oysk); Halozyme; For the treatment of HER2-overexpressing breast cancer, Approved February 2019
Keytruda (pembrolizumab); Merck; For the treatment of stage 11l non-small cell lung cancer, Approved April 2019

Kevytruda (pembrolizumab); Merck; For the treatment of advanced renal cell carcinoma, Approved April 2019

Tecentrig (atezolizumab); Genentech/Roche; For the treatment of extensive-stage small cell lung cancer , Approved March 2019

Tecentrig (atezolizumab); Genentech/Roche; For the treatment of triple negative breast cancer, Approved March 2019

Drugs Approved in 2018

Asparlas (calaspargase pegol-mknl); Servier; For the treatment of acute lymphoblastic leukemia in pediatrics and young adults, Approved December 2018

Braftovi (encorafenib) + Mektovi (binimetinib); Array BioPharma; For the treatment of unresectable or metastatic melanoma with a BRAFV600E or BRAFV600K mutation, Approved June 2018
Copiktra (duvelisib); Verastem; For the treatment of chronic lymphocytic leukemia, small lymphocytic lymphoma or follicular lymphoma, Approved September 2018
Daurismo (glasdegib); Pfizer; For the treatment of newly-diagnosed acute myeloid leukemia in adults 75 years of age or older , Approved November 2018

Elzonris (tagraxofusp-erzs); Stemline Therapeutics; For the treatment of blastic plasmacytoid dendritic cell neoplasm in adults and pediatrics, Approved December 2018
Erleada (apalutamide); Janssen Oncology; For the treatment of prostate cancer, Approved February 2018

Kevytruda (pembrolizumab); Merck; For the treatment of recurrent or metastatic cervical cancer , Approved June 2018

Keytruda (pembrolizumab); Merck; For the treatment of primary mediastinal B-cell lymphoma, Approved June 2018

Keytruda (pembrolizumab); Merck; For the treatment of Merkel cell carcinoma, Approved December 2018

Keytruda (pembrolizumab); Merck; For the treatment of hepatocellular carcinoma, Approved November 2018

Lenvima (lenvatinib); Eisai; For the treatment of unresectable hepatocellular carcinoma, Approved August 2018

Libtayo (cemiplimab-rwic); Regeneron Pharmaceuticals; For the treatment of cutaneous squamous cell carcinoma, Approved September 2018

Lorbrena (lorlatinib); Pfizer; For the treatment of ALK-positive metastatic non-small cell lung cancer , Approved November 2018

Lumoxiti (moxetumomab pasudotox-tdf); AstraZeneca; For the treatment of relapsed or refractory hairy cell leukemia, Approved September 2018

Lutathera (lutetium Lu 177 dotatate); Advanced Accelerator Applications; For the treatment of gastroenteropancreatic neuroendocrine tumors, Approved January 2018
Opdivo (nivolumab); Bristol-Myers Squibb; For the treatment of advanced small cell lung cancer, Approved August 2018

Opdivo (nivolumab); Bristol-Myers Squibb; For the treatment of MSI-H or dAMMR metastatic colorectal cancer , Approved August 2018

Poteligeo (mogamulizumab-kpkc); Kyowa Kirin; For the treatment of mycosis fungoides or Sézary syndrome , Approved August 2018

Talzenna (talazoparib); Pfizer; For the treatment of deleterious germline BRCA-mutated HER2-negative locally advanced or metastatic breast cancer, Approved October 2018
Tibsovo (ivosidenib); Agios Pharmaceuticals; For the treatment of acute myeloid leukemia with a susceptible IDH1 mutation, Approved July 2018

Vitrakvi (larotrectinib); Loxo Oncology; For the treatment of solid tumors that have a neurotrophic receptor tyrosine kinase (NTRK) gene fusion, Approved November 2018
Vizimpro (dacomitinib); Pfizer; For the treatment of metastatic non-small cell lung cancer , Approved September 2018

Xospata (gilteritinib) ; Astellas; For the treatment of acute myeloid leukemia with a FLT3 mutation, Approved November 2018
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https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100375/balversa-erdafitinib
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100356/herceptin-hylecta-trastuzumab-and-hyaluronidase-oysk
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100376/keytruda-pembrolizumab
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100378/keytruda-pembrolizumab
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100365/tecentriq-atezolizumab
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100371/tecentriq-atezolizumab
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100310/asparlas-calaspargase-pegol-mknl-
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100313/braftovi-encorafenib--mektovi-binimetinib
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100278/copiktra-duvelisib
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100284/daurismo-glasdegib
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100312/elzonris-tagraxofusp-erzs
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100251/erleada-apalutamide
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100340/keytruda-pembrolizumab
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100341/keytruda-pembrolizumab
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100346/keytruda-pembrolizumab
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100344/keytruda-pembrolizumab
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100329/lenvima-lenvatinib
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100281/libtayo-cemiplimab-rwlc
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100270/lorbrena-lorlatinib
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100273/lumoxiti-moxetumomab-pasudotox-tdf
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100246/lutathera-lutetium-lu-177-dotatate
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100350/opdivo-nivolumab
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100351/opdivo-nivolumab
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100286/poteligeo-mogamulizumab-kpkc
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100267/talzenna-talazoparib
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100296/tibsovo-ivosidenib
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100285/vitrakvi-larotrectinib
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100279/vizimpro-dacomitinib
https://www.centerwatch.com/drug-information/fda-approved-drugs/drug/100291/xospata-gilteritinib-
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THE FIRST APPROVED IMMUNOTHERAPY
FOR MSI-H/dMMR CANCERS.

— GEMNOMIC TESTING

—FOUNDATIONONE®"CDX

The first FDA-approved broad companion diagnostic with Medicare coverage for
qualifying patients across all solid tumors, including: NSCLC, Colorectal, Breast, Ovarian,
and Melanoma

I narmal cells, called DA mismatch repair (MMR) corrects errors that spontaneously
occur during can lead to micr ellite instability-high (M
which can be found in many types of cancer, including:
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Fig. 3 | Priority targets and biomarker-linked dependencies. a, All
priority targets from cancer-type and pan-cancer analyses and their
tractability. Priority score thresholds are indicated and selected examples

to the cancer type considered (rhombus)), or the absence of a compound
(circles). Symbols indicate the strength of a genomic biomarker. Selected
priority targets are labelled.
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*Yes, it's now possible—thanks to
new cancer dream teams that are
delivering better results faster
BY BILL SAPORITO
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