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WELCOME

CELLULAR METABOLISM IN HEMATOLOGIC MALIGNANCIES: FROM EVOLVING SCIENCE TO THERAPEUTIC POTENTIAL2

On behalf of The Leukemia & Lymphoma Society (LLS), thank you for joining us for Cellular
Metabolism in Hematologic Malignancies: From Evolving Science to Therapeutic Potential, a
continuing medical education activity originally presented in Atlanta, Georgia. LLS would also like
to thank our esteemed speakers for sharing their time and expertise. Through this activity, our
presenters will describe how metabolic reprogramming contributes to tumor transformation and sustains
progression in blood cancer cells; assess the therapeutic potential of targeting metabolic changes as
they relate specifically to hematologic malignancies; apply new strategies for incorporating therapies
that target metabolism in blood cancers; utilize the information presented from current and future
clinical trials that evaluate cancer metabolism in order to better manage patients with hematologic
malignancies; and explain the basis for therapies that affect cancer cell metabolism.

This workbook includes the presenters’ slides to help guide you through the activity. If you would like
to receive 3.25 AMA PRA Category 1 Credit(s)TM, please complete the online learning assessment and
evaluation.

We hope that you will find this activity rewarding and informative.

Thank you,

Richard C. Winneker, PhD
Senior Vice President, Research
The Leukemia & Lymphoma Society



PROGRAM AGENDA

Welcome
Richard�C.�Winneker,�PhD
The�Leukemia�&�Lymphoma�Society

Introduction and Overview: Metabolic Targets in Leukemia and Lymphoma
Chi�V.�Dang,�MD,�PhD�

Metabolism and Apoptotic Pathways in Leukemia
Jeffrey�C.�Rathmell,�PhD

mTOR Links Cell Signaling and Metabolism
Mariusz�A.�Wasik,�MD

Genetic and Metabolic Alterations in Myeloproliferative Neoplasms and AML
Ayalew�Tefferi,�MD

Targeting Autophagy in Hematologic Malignancies
John�L.�Cleveland,�PhD

Question-and-Answer Session
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TARGET AUDIENCE
This�activity�is�designed�for�hematologists,�oncologists,�and�other�healthcare�professionals�who�wish
to�enhance�their�knowledge�of�advances�in�cellular�metabolism�and�implications�in�treating�patients
with�hematologic�malignancies.

STATEMENT OF NEED
Over�80�years�ago,�world-renowned�biochemist�Otto�Heinrich�Warburg�observed�that�cancer�cells
exhibited�high�glycolysis�(glucose�conversion�to�lactic�acid)�even�in�the�presence�of�oxygen�(Warburg
effect).�However,�not�until�the�last�decade�did�the�reprogramming�of�cellular�metabolism�regain
deserved�attention�for�its�role�in�cancer.

A�number�of�common�oncogenes�and�tumor�suppressor�genes�have�been�discovered�that�directly
control�cell�metabolism.�In�addition,�a�number�of�metabolic�enzymes�causally�mutated�in�a�variety�of
human�cancers�including�hematological�malignancies�have�now�been�identified�as�human�tumor
suppressors�or�oncogenes.�The�reprogramming�of�metabolic�pathways�is�essential�for�tumors�to
survive�and�proliferate�in�their�microenvironment.�As�a�result�of�these�more�recent�developments,
several�pharmacologic�therapies�have�been�developed�and�are�currently�under�evaluation�in�clinical
trials�for�their�safety�and�efficacy�in�the�treatment�of�both�solid�and�hematologic�cancers.

Cancer�cell�metabolism�and�the�Warburg�effect�are�promising�targets�for�cancer�treatment.�However,
physicians�may�lack�the�clinical�and�biochemical�knowledge�of�the�basic�science�behind�the�Warburg
effect.�In�addition,�physicians�may�not�be�up-to-date�on�the�agents�that�are�currently�under�evaluation
in�clinical�trials.�Some�of�these�agents�are�in�late-stage�clinical�trials�and�have�demonstrated�promising
results.�Therefore,�it�is�important�that�physicians�understand�the�basic�science�of�the�Warburg�effect
and�the�emerging�pharmacologic�agents�that�may�reach�the�clinic,�which�may�provide�important
additional�options�for�the�treatment�of�cancer.�This�knowledge�will�allow�physicians�to�effectively
implement�these�new�therapies�in�their�clinical�practice,�potentially�improving�patient�outcomes�and
quality�of�life.

EDUCATIONAL OBJECTIVES
After completing this activity, the participant should be better able to:

• Describe�how�metabolic�reprogramming�contributes�to�tumor�transformation�and�sustains
progression�in�blood�cancer�cells

• Assess�the�therapeutic�potential�of�targeting�metabolic�changes�as�they�relate�specifically�to
hematologic�malignancies

• Apply�new�strategies�for�incorporating�therapies�that�target�metabolism�in�blood�cancers

• Utilize�the�information�presented�from�current�and�future�clinical�trials�that�evaluate�cancer
metabolism�in�order�to�better�manage�patients�with�hematologic�malignancies

• Explain�the�basis�for�therapies�that�affect�cancer�cell�metabolism

STATEMENT OF SUPPORT
This�activity�is�jointly�sponsored�by�The�Leukemia�&�Lymphoma�Society,�RMEI,�LLC�and�Postgraduate
Institute�for�Medicine�and�supported�by�an�educational�grant�from�Celgene�Corporation.

OVERVIEW
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John L. Cleveland, PhD,�is�professor�and�chair�of�the�department�of�cancer�biology�for�The
Scripps�Research�Institute�(TSRI),�Scripps�Florida�in�Jupiter,�Florida.�As�head�of�the�Cancer
Biology�Department,�Dr.�Cleveland�directs�and�coordinates�the�oncology�research�efforts�of
TSRI.�Dr.�Cleveland�completed�undergraduate�studies�at�the�University�of�Maine�and�doctoral
training�in�immunology�and�microbiology�at�Wayne�State�University�School�of�Medicine.�As�a
graduate�student,�Dr.�Cleveland�studied�DNA�tumor�viruses�and�in�1984�he�joined�the�laboratory
of�Dr.�Ulf�R.�Rapp�at�the�National�Cancer�Institute,�where�he�began�his�studies�on�the�roles�of
oncogenes�in�cancer.�In�1989�he�was�appointed�as�assistant�professor�in�the�department�of
biochemistry�at�St.�Jude�Children’s�Research�Hospital,�a�renowned�center�for�pediatric�cancer.
There�he�rapidly�advanced�through�the�ranks�to�become�a�professor�in�2000.

The�Cleveland�lab�is�most�recognized�for�its�discovery�that�oncogenes�can�provoke�apoptosis
(cell�death)�pathways�and�that�these�pathways�are�disabled�during�cancer�progression.�His�work
over�the�past�decade�has�identified�many�new�targets�that�can�be�exploited�in�cancer�prevention
and�treatment,�and�at�Scripps�Florida,�new�drugs�are�being�developed�that�will�exploit�these
targets.�The�laboratory�is�currently�funded�by�three�large�R01�grants�as�well�as�funding�from�a
pharmaceutical�partner.

Dr.�Cleveland�is�editor�of�Molecular Cancer Research and�Molecular and Cellular Biology.�He
also�serves�on�the�extramural�scientific�advisory�boards�for�three�institutions.�Finally,�Dr.�Cleveland
has�served�as�a�member�of�study�sections�for�20�years,�first�for�the�American�Cancer�Society,
then�for�the�National�Institute�of�General�Medicine,�and�finally�for�the�National�Cancer�Institute.
He�was�recruited�to�lead�Cancer�Biology�at�TRSI�on�November�1,�2006.

John L. Cleveland, PhD
Professor and Chair
The�Department�of�Cancer�Biology
The�Scripps�Research�Institute,�Scripps�Florida
Jupiter,�FL
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Chi Van Dang, MD, PhD,�is�Director�of�the�Abramson�Cancer�Center�and�Director�of�the
Abramson�Family�Cancer�Research�Institute,�as�well�as�a�professor�of�medicine�and�The�John�H.
Glick�Professor�at�the�Perelman�School�of�Medicine,�University�of�Pennsylvania,�in�Philadelphia.

After�completing�his�doctorate�in�chemistry�from�Georgetown�University,�Washington,�DC,
Dr.�Dang�received�a�medical�degree�from�Johns�Hopkins�University�School�of�Medicine�in
Baltimore,�Maryland,�where�he�also�did�his�internship�and�residency�in�medicine.�Dr.�Dang�did
a�fellowship�in�hematology-oncology�at�the�Cancer�Research�Institute�at�the�University�of
California,�San�Francisco.

Dr.�Dang�currently�has�grants�funding�his�studies�of�leukemia,�lymphoma,�pancreatic�cancer,�and
MYC�transcription�and�apoptosis.�The�Dang�laboratory�has�contributed�to�the�understanding�of
the�function�of�the�MYC�cancer�gene�(www.myccancergene.org),�which�has�emerged�as�a
central�transcription�factor�or�gene�switch�in�many�different�human�cancers.�His�laboratory
established�the�first�mechanistic�link�between�the�MYC�cancer�gene�and�cellular�energy
metabolism,�contributing�to�the�concept�that�genetic�alterations�in�cancers�re-program�fuel
utilization�by�tumors�and�render�cancers�addicted�to�certain�fuel�sources.�Dr.�Dang’s�laboratory
is�now�exploiting�these�concepts�for�therapeutic�targeting�of�cancer�cell�metabolism�as�a�new
way�to�treat�cancer.

He�has�authored�more�than�200�scientific�and�medical�articles,�book�chapters�and�a�book,�and
serves�on�the�editorial�boards�of�numerous�journals.�Dr.�Dang�is�also�Editor-in-Chief�of�Cancer &
Metabolism,�and�a�scientific�editor�of�Cancer Discovery.�

Dr.�Dang�has�received�numerous�honors�and�awards,�including�The�Tsung�Hsien�and�Shu�Yung
Wu�Lectureship�in�Cancer�Research�for�2011�from�the�University�of�Michigan,�the�Vietnamese-
American�Medical�Research�Foundation�Achievement�Award�in�2005,�the�Johns�Hopkins
University�School�of�Medicine�Dean’s�Lectureship�in�2001,�and�the�MD�Anderson�Cancer�Center
Odyssey�Program�Distinguished�Lecturer�in�2000.�He�is�a�member�of�the�Institute�of�Medicine
and�a�Fellow�of�the�American�Academy�of�Arts�&�Sciences.

Chi V. Dang, MD, PhD
John H. Glick, MD, Professor of Medicine
Director,�Abramson�Cancer�Center
University�of�Pennsylvania
Perelman�School�of�Medicine
Philadelphia,�PA
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Jeffrey C. Rathmell, PhD,�is�associate�professor�in�the�departments�of�pharmacology�and
cancer�biology�and�immunology�and�Director�of�Graduate�Studies�in�the�pharmacology�doctoral
program at�Duke�University�in�Durham,�North�Carolina.�He�completed�undergraduate�study�in
biology�at�the�University�of�Northern�Iowa,�doctoral�training�in�immunology�at�Stanford�University
and�post-doctoral�training�at�the�University�of�Pennsylvania.

Dr.�Rathmell�started�his�lab�at�Duke�University�in�2003.�He�is�the�Principal�Investigator�on
several�NIH,�NCI,�and�foundation-supported�research�projects�and�his�research�has�been
published�extensively�in�peer-reviewed�journals.�He�serves�on�the�editorial�boards�of�Cancer
and Metabolism and�the�Journal of Biological Chemistry and�is�associate�editor�for�the�Journal
of Clinical Investigation and�BMC Cell Biology.�He�currently�serves�as�chair�of�the�Tumor�Cell
Biology�Study�Section�of�the�NIH�Center�for�Scientific�Review.�His�work�at�Duke�has�focused�on
regulation�of�cell�death�pathways�in�immunity�and�more�recently�on�how�metabolic�pathways
influence�lymphocyte�fate�in�inflammatory�diseases�and�leukemia.

Jeffrey C. Rathmell, PhD
Associate Professor
Department�of�Pharmacology�and�Cancer�Biology
Department�of�Immunology
Sarah�W.�Stedman�Nutrition�and�Metabolism�Center
Duke�University
Durham,�NC
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Ayalew Tefferi, MD,�was�born�in�Addis�Ababa,�Ethiopia�and�migrated�to�the�United�States�in
1982�after�completing�his�medical�school�education�at�the�University�of�Athens�in�Athens,
Greece.�Dr.�Tefferi�received�his�hematology�training�at�the�Mayo�Clinic�in�Rochester,�Minnesota
before�joining�the�staff�at�the�Mayo�Clinic�College�of�Medicine,�division�of�hematology�in�the
department�of�medicine.�He�is�currently�a�full�professor�in�hematology�and�internal�medicine.

Dr.�Tefferi�spends�the�majority�of�his�time�in�direct�patient�care�and�his�clinical�as�well�as
laboratory�interests�focus�on�chronic�myeloproliferative�disorders,�myelodysplastic�syndromes,
chronic�myeloid�leukemia,�hypereosinophilic�syndrome,�and�systemic�mast�cell�disease.�His
academic�and�research�achievements�have�been�copious�and�include�over�600�publications
including�books,�book�chapters,�original�articles,�reviews,�editorials,�letters,�and�abstracts.�In
addition,�Dr.�Tefferi�serves�as�an�associate�editor�for�the�Mayo Clinic Proceedings and�the
European Journal of Hematology,�and�is�on�the�editorial�board�for�Blood and�several�other
hematology�journals.�Dr.�Tefferi�has�given�more�than�300�national�and�international�invited
lectureships�and�serves�as�faculty�for�the�annual�Hematology�and�Oncology�Board�review
courses�at�George�Washington�University�in�Washington,�DC,�Harvard�University�in�Boston,
Massachusetts,�and�MD�Anderson�Cancer�Center�in�Houston,�Texas.�

Ayalew Tefferi, MD
Professor of Medicine
Division�of�Hematology
Mayo�Clinic
Rochester,�MN
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Mariusz A. Wasik, MD,�is�professor�in�the�department�of�pathology�at�the�University�of
Pennsylvania,�Perelman�School�of�Medicine,�in�Philadelphia.

Dr.�Wasik�graduated�from�Wroclaw�Medical�University�in�Poland,�followed�by�fellowships�in
immunology�at�Harvard�Medical�School�and�Boston�University,�residency�in�pathology�at�Mallory
Institute�of�Pathology/Boston�University�and�fellowship�in�hematopathology�at�Beth�Israel
Hospital/Harvard.�The�key�areas�of�his�research�are:

1.�Mechanisms�of�malignant�cell�transformation�by�the�chimeric�ALK�kinase.�He�and�his�colleagues
found�that�pathways�involving�STAT3,�PI3K/AKT,�MEK/ERK,�mTORC1�and�STAT5b�are�constitutively
activated�by�the�chimeric�form�of�ALK,�NPM/ALK.�This�aberrant�signaling�affects�expression�of
proteins�involved�in�the�tumor�immune�evasion�and�promotes�epigenetic�gene�silencing�of
tumor�suppressor�genes.

2.�mTOR�signaling�in�cancer.�Studies�by�his�team�indicate�that�rapamycin-related�mTORC1
inhibitors�have�strong�inhibitory�effect�on�the�whole�spectrum�of�B-�and�T-cell�lymphomas.�The
mechanism�of�mTORC1�activation�is�lymphoma-type�dependent�and�involves�the�key�oncogenic
signals�as�well�as�PI3K/AKT,�MEK/ERK,�and�other�signaling�pathways�upstream�of�mTORC1.�

3.�Signaling�of�IL-2R-type�receptors�in�malignant�transformation�of�T�lymphocytes.�The�studies
indicate�that�cutaneous�T-cell�lymphoma�displays�activation�of�IL-2R-associated�Jak/STAT�signal
transduction�pathway�due,�at�least�in�part,�to�the�epigenetic�silencing�of�the�SHP-1�gene,�directly
and�indirectly�controlled�by�the�transcription�factor�STAT3.

He�has�authored�more�than�125�peer-reviewed�articles�for�such�journals�as�Nature Medicine,
Proceedings of the National Academy of Science,�Blood,�American Journal of Pathology,�and
Journal of Immunology,�among�others.�Dr.�Wasik�frequently�serves�as�the�member�and�chair�of
grant�review�committees�for�the�National�Institute�of�Health�and�other�funding�organizations.

Mariusz A. Wasik, MD
Professor
Department�of�Pathology
University�of�Pennsylvania
Perelman�School�of�Medicine
Philadelphia,�PA



CONTINUING EDUCATION INFORMATION
Physician Continuing Education
Accreditation Statement
This activity has been planned and implemented in accordance with the Essential Areas and policies
of the Accreditation Council for Continuing Medical Education through the joint sponsorship of The
Leukemia & Lymphoma Society, RMEI, LLC and Postgraduate Institute for Medicine. The Postgraduate
Institute for Medicine is accredited by the ACCME to provide continuing medical education for
physicians.

Credit Designation
The Postgraduate Institute for Medicine designates this activity for a maximum of 3.25 AMA PRA
Category 1 Credit(s)TM. Physicians should only claim credit commensurate with the extent of their
participation in the activity.

METHOD OF PARTICIPATION AND REQUEST FOR CREDIT
There are no fees for participating and receiving CME credit for this activity. During the period
February 28, 2013 through February 28, 2014, participants must read the learning objectives and
faculty disclosures and study the educational activity.

PIM supports Green CME by offering your Request for Credit online. If you wish to receive
acknowledgment for completing this activity, please complete the post-test and evaluation on
www.cmeuniversity.com. On the navigation menu, click on "Find Post-Test/Evaluation by Course"
and search by course ID 8934. Upon registering and successfully completing the post-test with a
score of 70% or better and the activity evaluation, your certificate will be made available immediately.
Processing credit requests online will reduce the amount of paper used by nearly 100,000 sheets per year.

CONTINUING EDUCATION INFORMATION FOR NURSES AND SOCIAL WORKERS
Approval for nurses has been obtained by the National Office of the Leukemia & Lymphoma Society
under provider number CEP 5832 to award 3.25 continuing education contact hours through the
California Board of Registered Nursing.

The Leukemia & Lymphoma Society (LLS), provider number 1105, is approved as a provider for social
work continuing education by the Association of Social Work Boards (ASWB) www.aswb.org Approved
Continuing Education Program (ACE). Approval Period: December 2011 – December 2014. LLS
maintains responsibility for the program. Social workers should contact their regulatory board to
determine course approval. Social workers will receive 3.25 CE clinical clock hours. 

Upon successful completion of the entire program, post-test (grade of 70% or higher) and submission
of the activity evaluation, a certificate of completion will be issued to you within 30 days, via email or
US mail based on your designation on the evaluation.

FEE INFORMATION
There is no fee for this educational activity.

ACCREDITATION & CREDIT
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DISCLOSURES & DISCLAIMER

DISCLOSURES & DISCLAIMER
Postgraduate�Institute�for�Medicine�(PIM)�requires�instructors,�planners,�managers�and�other�individuals�who
are�in�a�position�to�control�the�content�of�this�activity�to�disclose�any�real�or�apparent�conflict�of�interest�(COI)
they�may�have�as�related�to�the�content�of�this�activity.�All�identified�COI�are�thoroughly�vetted�and�resolved
according�to�PIM�policy.�PIM�is�committed�to�providing�its�learners�with�high�quality�CME�activities�and�related
materials�that�promote�improvements�or�quality�in�healthcare�and�not�a�specific�proprietary�business�interest
of�a�commercial�interest.

The faculty reported�the�following�financial�relationships�or�relationships�to�products�or�devices�they�or�their
spouse/life�partner�have�with�commercial�interests�related�to�the�content�of�this�CME�activity:

• John L. Cleveland, PhD,�has�no�affiliations�with�commercial�interests�to�disclose.
• Chi V. Dang, MD, PhD,�has�no�affiliations�with�commercial�interests�to�disclose.
• Jeffrey C. Rathmell, PhD,�has�affiliations�with�Lycera�(Consulting Fees).
• Ayalew Tefferi, MD,�has�no�affiliations�with�commercial�interests�to�disclose.
• Mariusz A. Wasik, MD,�has�no�affiliations�with�commercial�interests�to�disclose.

The�planners and managers reported�the�following�financial�relationships�or�relationships�to�products�or�devices
they�or�their�spouse/life�partner�have�with�commercial�interests�related�to�the�content�of�this�CME�activity:

THE LEUKEMIA & LYMPHOMA SOCIETY
• Richard C. Winneker, PhD,�has�no�affiliations�with�commercial�interests�to�disclose.�

RMEI, LLC
• Cynthia M. Kunzer has�no�affiliations�with�commercial�interests�to�disclose.
• Emma Hitt, PhD,�has�no�affiliations�with�commercial�interests�to�disclose.

POSTGRADUATE INSTITUTE FOR MEDICINE
• Laura Excell, ND, NP, MS, MA, LPC, NCC,�has�no�affiliations�with�commercial�interests�to�disclose.
• Trace Hutchison, PharmD,�has�no�affiliations�with�commercial�interests�to�disclose.
• Samantha Mattiucci, PharmD,�has�no�affiliations�with�commercial�interests�to�disclose.
• Jan Schultz, RN, MSN, CCMEP,�has�no�affiliations�with�commercial�interests�to�disclose.
• Patricia Staples, MSN, NP-C, CCRN,�has�no�affiliations�with�commercial�interests�to�disclose.

DISCLOSURE OF UNLABELED USE
This�educational�activity�may�contain�discussion�of�published�and/or�investigational�uses�of�agents�that�are
not�indicated�by�the�FDA.�The�planners�of�this�activity�do�not�recommend�the�use�of�any�agent�outside�of�the
labeled�indications.

The�opinions�expressed�in�the�educational�activity�are�those�of�the�faculty�and�do�not�necessarily�represent
the�views�of�the�planners.�Please�refer�to�the�official�prescribing�information�for�each�product�for�discussion
of�approved�indications,�contraindications,�and�warnings.

DISCLAIMER
Participants�have�an�implied�responsibility�to�use�the�newly�acquired�information�to�enhance�patient�outcomes
and�their�own�professional�development.�The�information�presented�in�this�activity�is�not�meant�to�serve�as�a
guideline�for�patient�management.�Any�procedures,�medications,�or�other�courses�of�diagnosis�or�treatment
discussed�or�suggested�in�this�activity�should�not�be�used�by�clinicians�without�evaluation�of�their�patient’s
conditions�and�possible�contraindications�on�dangers�in�use,�review�of�any�applicable�manufacturer’s�product
information,�and�comparison�with�recommendations�of�other�authorities.
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