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Course structure

In-person activities:
» Session 1 — Introduction to course and basic techniques applied in basic cancer research

- Explanation of the question under research - why on earth did they decide to do this?

— - Discussion figure by figure — is this paper not as good as authors think?:
- What is the point of each figure/panel?

* Session 2 — Paper discussion - Are there any missing experimental conditions?

* Session 3 — Paper discussion [~ - Are results interpretable?
» Session 4 — Paper discussion - Do the results support the conclusions by the authors?
~ - Would you have done anything differently?
+ Presentations!! - Are there any missing experiments?

- What are the limitations of the work?
- What experiments could be done as a follow-up to the paper?
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» Session 5 — Guided live research e
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Dealing with cancer



Cancer 101: Why do we study cancer?
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Cancer 101: Cancer diagnosis and mortality
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2 types of treatment:
- Local
- Systemic



Surgery, the first cancer treatment

A series of conceptual and technological advances facilitated the development of surgery

Semmelweis Ignac
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Surgery: The first cures, yet too little and too much

e

Fi6. 2. Technique for superradical ma

Extended radical mastectomy

“In God we trust, all others must have data.” Bernard Fisher, M.D.

both too much and too
little: too much for small
tumors and too little for
large tumors that had
already metastasized.

2214. doi:10.1056/NEJMra1204479

metastases are present. The internal mammary involvement of tumors of the
outer quadrants is also considerable (18%), being especially frequent in cases
with axillary metastases (41%). The 5- and 10-year survival rates show that the
prognosis of cases with involvement of both axillary and internal mammary
nodes is very poor; whereas, cases with internal mammary metastases only
have an unexpectedly good prognosis, The removal of the internal mammary
chain is essential for better progmostic evaluation and also seems justified by
the radicality additionally given to the Halstead operation. However, only the
results of a coordinated clinical trial will give a reliable evaluation of the true
value of the procedure. A new technique of super-radical operation is described.
The operation is safe, without considerable functional or cosmetic impairment.
However, only long-term results will allow evaluation of its effectiveness.

Probability (%)

Radical mastectomy was

DeVita VT Jr, Rosenberg SA. Two hundred years of
cancer research. N Engl J Med. 2012;366(23):2207-

> Science. 1959 Oct 9;130(3380):918-9. doi: 10.1126/science.130.3380.918.

Experimental evidence in support of the dormant
tumor cell

BFISHER, E R FISHER

PMID: 13823184 DOI: 10.1126/science.130.3380.918

Abstract

When rats were injected intraportally with as few as 50 Walker-256 carcinosarcoma cells aarcoma
cells and then examined 5 months later for hepatic tumor growth, none was evident. If, however, 3
months after injection the rats were subjected to repeated laparotomy and liver examination at 7-
day intervals, 100 percent had a tumor within a few weeks.

RADICAL VERSUS TOTAL MASTECTOMY

TWENTY-FIVE-YEAR FOLLOW-UP OF A RANDOMIZED TRIAL COMPARING
RADICAL MASTECTOMY, TOTAL MASTECTOMY, AND TOTAL MASTECTOMY
FOLLOWED BY IRRADIATION

BernarD FisHer, M.D., JonG-Hvyeon JEonG, PH.D., STEWART ANDERSON, PH.D., JoHn BryanT, PH.D.,
Eowin R. FisHer, M.D., anp Morman Wolmark, M.D.
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Second generation cancer treatments: Radiation therapy

In 1928, head and neck
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Yet, there is only so much that
can be controlled using surgery

o Cobalt accelerators
and radiation

Comparsaon images: Proton Therapy & on the left IMRT & an the




Chemical warfare:

NITROGEN MUSTARD THERAPY

Use of Methyl-Bis(Beta-Chloroethyl)omine Hydrochloride and
Tris(Beta-Chloroethyl)amine Hydrochloride for Hodgkin's
Disease, Lymphosarcoma, Leukemia ond Certain Allied
ond Miscellaneous Disorders

LOUIS S. GOODMAN, M.D., Salt Loke City
MAXWELL M. WINTROBE, M.D., Salt Laoke City
WILLIAM DAMESHEK, M.D., Boston
MORTON J. GOODMAN, M.D., Porticnd, Ore.

MAJOR ALFRED GILMAN
Medical Corps, Army of the United Stotes

MARGARET T. McLENNAN, M.D., Solt Loke City

Fig. 1 (case 2).—Appearance m terminal lymphosarcoma in the radia-  Fig. 2 (case 2).—~Eight days later and two days after the last dose.
tion resistant stage four days after initiation of #ris(B-chloroethy!)amine Complete disappearance of tumor masses in axillas, neck, jaw and thorax,
hydrochloride therapy. Improvement in wellbeing, strength, appetite and with decided improvement in the patient’s condition.

temperature but no visible change in size of tumor masses,

The origins of chemotherapy

The occurrence of what he interpreted as an "acceleration phenomenon" in the leukemic process as seen in
the marrow and viscera of children with acute leukemia treated by the injection of folic acid conjugates! —
pteroyltriglutamic acid (teropterin) and pteroyldiglutamic acid (diopterin) — and an experience gained from
studies on folic acid deficiency suggested to Farber that folic acid antagonists might be of value in the
treatment of patients with acute leukemia.2 Post-mortem studies of leukemic infiltrates of the bone marrow
and viscera in patients treated with folic acid conjugates were regarded by Farber as evidences of an
acceleration of the leukemic processes to a degree not encountered in his experience with some 200 post-
mortem examinations on children with acute leukemia not so treated. It appeared worth while, therefore, to
ascertain if this acceleration phenomenon could be employed to advantage either by radiation or nitrogen
mustard therapy after pretreatment with folic acid conjugates or by the administration of antagonists to folic
acid.2 A series of folic acid antagonists was made available by Dr. Y. Subbarow and his colleagues.2= Farber et
al. NEJM 1948
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https://www.nejm.org/doi/full/10.1056/nejm194806032382301#core-r001
https://www.nejm.org/doi/full/10.1056/nejm194806032382301#core-r002
https://www.nejm.org/doi/full/10.1056/nejm194806032382301#core-r002
https://www.nejm.org/doi/full/10.1056/nejm194806032382301#core-r003
https://www.nejm.org/doi/full/10.1056/nejm194806032382301#core-r003
https://www.nejm.org/doi/full/10.1056/nejm194806032382301#core-r003

Combination chemotherapy cures pediatric leukemia and
Hodgkin’s lymphoma

COMBINATIONS OF ANTILEUKEMIC AGENTS 643 SBCREENING DATA FROM THE CANCER CHEMOTHERAFY NATIONAL
SERVICE CENTER SCREENING LABORATORIES. XLIII.
. PHASE I i PHA;SE II‘ \
REMISSION INDUCTION RENMISSION HAINMTEHANCE Saul A Schepartz,‘ Betty J. A.hbotl,s and Joseph Leiter®
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Mo ————_ intervalg with HTX Almost all of the compounds were tested in Sarcoma 180, Adenocarcinoma 755, Leukemia 1210, and KB
REMISSION (3 mg./M" /day) cells in culture; some tests were also carried out in Priend virus leukemia, Ehrlich ascites, Human epi-
2 dermoid carcinoma HEp2, Lewis lung carcinoma, and Walker 256 (intramuscular). Data are reported only
III. 6_‘”? (90 ng -é“ /day)plus on compounds which have not demonstrated sufficient activity in these systems to warrant further investi-
HTX (3 mg./M/day) plus gation. The number of test systems in the screening program has been reduced; the reasons for the re-
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Yet, chemotherapy acceptance was hard
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...developed by the NCI but was performed under
contract with the Milan Cancer Institute, despite
large populations of patients with operable
breast cancer in the United States, because no
major U.S. center was willing to test
combination chemotherapy as an adjuvant...

The results of both studies were positive, and the
race was on. By 1991, thanks to the availability
of multiple effective chemotherapeutic agents
and hormone treatments, improved diagnostic
tools for early diagnosis, and intelligently
designed clinical trials, the rate of death from
breast cancer began to fall, a trend that has

continued.

DeVita VT Jr, Rosenberg SA. Two hundred years of cancer research. N Engl
J Med. 2012;366(23):2207-2214. doi:10.1056/NEJMra1204479



The new millennium: Molecular-directed targeted therapies

The sequencing of the human genome and the -
success of Imatinib in CML promised a new era in gl SR M -0 -4+ i
the personalized treatment of cancer S 30
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Hijacking B-cells to fight cancer: Monoclonal Antibodies

Mouse challenged with antigen
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Calling a professional: Boosting the immune system to

fight cancer

Recombinant IL2

X-ray Films of Multiple
Pulmonary Nodules (Metastatic
from Renal-Cell Cancer) before
(Left) and after (Right)

Treatment (Patient 21).
Rosenberget d. NEJM. 1985
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Cancer 101: How are we doing so far?
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“Whether it was Cancer or Alzheimer’s or another condition
[...] We clearly needed fundamental basic research to
understand those diseases before we could hope to cure

them.” — Benno Schmidt 1995
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Prevention can be as effective or more

improve cancer-related outcomes

Chemotherapy or
systemic therapy

Radiation therapy

Surgery

Oophorectomy for
advanced breast cancer,
1906

Discovery of radium,
1898

Discovery of-
roentgen rays,
1895

Halsted hypothesis
leads to radical

Fisher hypothesis,
1968

Proof of principle:

drug cures for Hodgkin's disease
and childhood leukemia,

1967

Discovery of estrogen receptor,
961

Linear accelerator at Stanford,
1961

Methotrexate used in choriocarcinoma, -
1957

Proton beam at Berkeley,
1954

Cobalt teletherapy,
1950

Folic acid antagonists used in leukemia,
1948

Discovery that prostate cancer
is hormone-dependent,
1945

Nitrogen mustard used
in lymphomas,
1943
Head and neck cancer
cured by fractionated
radiotherapy,
1928

Gamma-knife radiosurgery,
1968

Adjuvant chemotherapy
for breast cancer,
1974

Cure for testicular cancer,
1976

Targeting of aromatase enzyme,
1977

Muiltileaf collimator,
1980

r First effective cancer
immunotherapy with interleukin-2,
1985

Intensity-modulated
radiation therapy,
1988

Proof of principle:
targeted therapy

with imatinib for CML,
1996

First monoclonal
antibody approved,
1997

Breast-conserving
surgery,
2002

Breast-cancer Development of

than treatmen

o

Viruses and cancer

Chemoprevention

Tobacco and cancer

Hypothesis that tobacco
is linked to lung cancer,
1912

HPV discovered,
1907

HPV vaccine developed,
1985

Vaccine prevents
hepatitis and hepatoma,
1981

Link discovered between
HPV and cervical cancer,
1976

Hepatitis linked to hepatoma,
1974

First vaccine against hepatitis B,
1974

Tobacco advertising on radio and
television banned in U.S.,
1970

Hepatitis B discovered,
1967

Tamoxifen discovered,
1967

Warning labels on
cigarette packages,
1965

Surgeon General's report
on risks of smoking,
1964

Experimental evidence
links lung cancer to smoking,
1950

- Tamoxifen
prevention trials,

rProof of principle:
chemoprevention
works,

1990

Lung-cancer incidence
and mortality begin to fall,
1990-1991

- BCG prevents bladder cancer,
1991

Antiestrogen drugs
prevent DCIS,
1995

r Tamoxifen reduces
breast-cancer incidence,
1998

r FDA approves HPV
vaccine to prevent
cervical cancer,
2000

Finasteride reduces
prostate-cancer
incidence,

2003

Aspirin prevents
colon cancer,

2003

mortality kinase inhibitors,
mastectomy and besine i ] 2005
en bloc resection, jansplaftable eg{?;; =
1894 rodent tumors,
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DeVita VT Jr, Rosenberg SA. Two hundred years of cancer research. N EnglJ Med. 2012;366(23)2207-2214. doi: 10.1056/NEJMra1204479
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Paper discussion

nature TICLE
gCﬂCtICS https://doi.orgﬂ0.103ﬁ4§83-02§00710§

W) Check for updates

Cancer therapy shapes the fitness landscape of
clonal hematopoiesis

Kelly L. Bolton', Ryan N. Ptashkin?34, Teng Gao334, Lior Braunstein*, Sean M. Devlin®, Daniel Kelly®,



Paper discussion

- Explanation of the question under research - why did they decide to do this?

- Discussion figure by figure — s this paper not as good as authors think?:
- What is the point of each figure/panel?
- Are there any missing experimental conditions?
- Are results interpretable?
- Do the results support the conclusions by the authors?
- Would you have done anything differently?
- Are there any missing experiments?
- What are the limitations of the work?
- What experiments could be done as a follow-up to the paper?



Both intrinsic and extrinsic factors contribute to the
development of therapy-related myeloid neoplasms.

a Inherited predisposition
e.g. BRCA1 mutation

BRCA1'/
mut Chemotherapy
or radiation

e

b Exposure to genotoxic agents
e.g. topoisomerase Il inhibitors

PML Topoisomerase |- PML Non-homologous (;5.17) pyI-RARA
- induced breaks — end-joining CI:)
B — e —
ch17 CEDEIED — ==
RARA RARA

c Clonal selection
e.g. TP53

TP53+/mut Chemotherapy- and/or radiation- Additional somatic

C.D induced clonal selection alterations
805 @

Somatic
mutation

d Abnormal microenvironment

Chemotherapy- and/or radiation- Leukaemogenic
induced stromal damage environment
Stroma (@9 OCCAO
o< @ <o o L@@ O8> '@ &> @

Nature Reviews | Cancer



Research Question

“‘understanding of the processes that drive transformation of certain clones to cancer is limited. Here we study
this phenomenon in the context of clonal hematopoiesis (CH) and the development of therapy-related myeloid
neoplasms (tMNs).”

What is the impact of the study?

“A detailed characterization of the genomic landscape of breast cancer metastasis could provide important
insights including identifying:

(1) genomic drivers of metastatic disease progression,

(2) the extent and clinical impact of tumoral heterogeneity,

(3) the biologic determinants of variable response of individual patients to different therapies, and
(4) additional potential therapeutic targets.”
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Extended Data Figure 1
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Extended Data Figure 2
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Figure 2
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Figure 3
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Figure 4
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Extended Data Figure 4
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Conclusion/Model
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Thanks for your attention!

Any questions?
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