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Adolfo Ferrando, MD, PhD
Columbia University, Institute for Cancer Genetics
LLS funded through 2012

Project Summary: Stem cells are the immature, self-renewing cells from
~ which all mature, functional cells derive. Unfortunately, when genetic errors
. occur in stem cells they can become cancerous. The family of related
| NOTCH genes are among those that play critical roles in normal stem cells

and can cause cancer when abnormally activated; one in particular,
NOTCH1, has been implicated in T-cell leukemias and lymphomas and other cancers.
Preliminary studies have already shown that inhibiting NOTCH1 can kill T-cell leukemias, but
the targeted inhibitors used in the laboratory cannot be safely used to help patients.
Understanding precisely how NOTCHL1 causes cancer will make it easier to develop safe and
effective drugs. To date, Dr. Ferrando has learned that NOTCH1 cooperates with other cancer
genes to produce T-cell leukemias by promoting the growth and proliferation of malignant
T cells, and can protect these cells from treatments with glucocorticoids, one of the most
important type of drug used to treat patients with T-cell leukemias. He found that inhibiting
NOTCH1 can kill leukemias, but other cancer-causing molecules can unfortunately overcome
this anti-cancer effect. Dr. Ferrando is working to block this protective response as the first
step to developing effective new drug combinations.

Dr. Ferrando’s progress as of May 2009: Activating mutations in NOTCH1 are responsible
for over 50% of human T-cell leukemia cases. With LLS funding, my research group is
working to elucidate precisely how NOTCH1 induces leukemias, develop anti-NOTCH1
therapies based on this understanding, and design clinical trials to validate our new targeted
therapies. Existing anti-NOTCH1 drugs have limited anti-leukemia activity and can cause gut
toxicity when used at effective doses. In laboratory tests, we have shown that NOTCH1
inhibitors effectively reverse resistance to glucocorticoids, a class of drugs commonly used to
treat patients with T-ALL and other lymphoid cancers. In fact, NOTCHL1 inhibitors plus
glucocorticoids are highly effective in combination against leukemic cells otherwise resistant to
chemotherapy, and without the toxic effects associated with available anti-NOTCH1 drugs.
Additional studies are needed; however, these results strongly suggest that these drug
combinations will be highly effective and well tolerated treatments for patients with T-ALL as
well as other cancers.

Jennifer Trowbridge, PhD
Dana-Farber Cancer Institute, Department of Pediatric Oncology
LLS funded through 2010

Project Summary: We have recently learned that standard therapies
can fail to cure leukemia patients when they do not kill the abnormal
stem cells from which the cancer originated, and relapses emerge.
Another new understanding is that gene activities are not only
determined by their DNA sequences (genetic code) but also by small
chemical decorations on the DNA (“epigenetic” code); cancer-causing changes can occur in
the sequence of critical genes (genetic mutations) or involve epigenetic abnormalities. To
better understand how epigenetic changes cause leukemia, Dr. Trowbridge engineered a
mouse model in which she can measure changes in normal and leukemia stem cells that




are missing a protein that is required to maintain their epigenetic code, or when she uses
drugs that alter their epigenetic code. As stem cells are very rare and can be difficult to
study, she has helped develop tests that can be used with very small numbers of cells. Her
findings are likely to help advance new targets for drugs that can help patients achieve
lasting remission with few side-effects.

Dr. Trowbridge’s progress as of May 2009: With LLS funding, | continue to study the
differences between normal blood stem cells and cancer stem cells that give rise to
leukemia, especially epigenetic differences as opposed to genetic mutations. Several drugs
have recently been advanced as cancer treatments that work by altering the epigenetic code
of cancer cells, but little is known about their effects on normal cells. Over the last year, |
have characterized changes in a mouse model of leukemia in which | induce the leukemia
cells to lose a specific protein that is required to maintain their epigenetic code — a potential
target for new epigenetics therapies. | found that targeting the epigenetic code can
powerfully kill leukemia cells including stem cells, but that normal stem cells from the blood
and bone marrow are also negatively affected. | will next compare the sensitivity of normal
and leukemic stem cells to drugs that alter epigenetics to determine whether leukemic stem
cells are more sensitive than normal cells to any of these drugs. | will also study whether
loss of this epigenetics control protein has effects in a mouse model of lymphoma, to see
whether epigenetic controls are similar or distinct in lymphoma versus leukemia. My goal is
to define more specific drug targets that can be used to kill blood cancer cells, including
malignant stem cells, while sparing the normal blood system.

Linda Bendall, PhD
University of Sydney, Westmead Millennium Institute
LLS funded through 2010

Project Summary: In general, cancers are caused by defects in the
molecules that normally limit cell replication and lifespan. Many of these
critical control molecules are enzymes known as kinases. Drugs that
inhibit particular kinases are being developed as new molecularly
targeted treatments. One example is Gleevec®, the “Bcr-Abl” kinase
inhibitor that has revolutionized the treatment of chronic myeloid leukemia patients, with
selective killing of leukemia cells and fewer side-effects than previously available
treatments. The “mTOR” kinase is abnormally active in a wide range of cancers including
acute myeloid leukemia (AML), myeloma, and ALL; LLS-funded researchers and others are
showing that mTOR inhibitor drugs can help AML and myeloma patients. Dr. Bendall is
working to learn how best to use this drug before moving it into clinical trials for ALL patients
who currently have few effective treatment options. She has found that RADOO1 appears to
kill ALL cells in a different way than standard anti-cancer drugs, raising the exciting
possibility that RADO01 may help ALL patients who do not benefit from currently available
drugs. Dr. Bendall has shown that RADOO1 enhances the effectiveness of standard
chemotherapies in laboratory cells and in a mouse model of human ALL where RADO0O1
works well even as a single agent and enhances the effectiveness of the drug, vincristine.
She is confirming these promising results and testing other combinations.

Dr. Bendall’s progress as of May 2009: We have now clearly demonstrated that the
leukemic cells treated with RADOO1 undergo a death process called autophagy that is
distinct from the more typical form of cell death (apoptosis) that malignant cells can avoid,



particularly at relapse. Therefore, inducing autophagy to kill cancer cells may avoid the too
frequent resistance to current treatments. We previously reported that RADOO1 enhances
the effectiveness of today’s chemotherapeutic drugs. When RADOO1 is combined with
various chemotherapy drugs, leukemia cells now seem to die by apoptosis but at a much
greater rate than after chemotherapy alone. Further work is still required, although this
finding suggests that RADOO1 can kill leukemia cells by more than one mechanism. We had
previously shown that RADOO1 improves the survival of NOD/SCID mice carrying human
leukemias especially when combined with the chemotherapy agent vincristine. We are
working to extend these findings to other chemotherapy agents, based on our exciting cell
findings. Of note, Novartis has now approved a clinical trial of RADOO1 in patients with
relapsed ALL.

Robert Jenq, MD

Memorial Sloan-Kettering Cancer Center
Division of Hematologic Oncology

LLS funded through 2010

Project Summary: Our immune systems fight infections by attacking
abnormal, infected cells, but also have the capacity to find and Kill
cancer cells since they also have many abnormal features.
Unfortunately, patients’ immune systems are frequently compromised by their disease and
the toxic anti-cancer treatments they receive. In addition, cancer cells share some
properties with normal cells so that they can be hard to recognize as abnormal. Therefore,
researchers are working to develop vaccines that help immune cells recognize cancer
abnormalities better and thereby bolster anti-cancer immunity. Dr. Jenq developed a DNA
vaccine against WT1, a molecule that is commonly found on leukemia cells. To increase
immune recognition by normal T cells in a mouse model of leukemia, he added a segment
of DNA derived from an infectious agent (mycobacterium); this 2nd-generation vaccine
induced good immune responses and protected mice from tumors. In addition, he found that
an agent called KGF helps regenerate immune systems after high-dose chemtherapy and
stem cell transplantation and further improves vaccination-induced anti-leukemia immunity.
Based on these encouraging results, he is now testing the 2nd generation WT1 vaccine in
mouse models of stem cell transplantation. His findings may lead to new safe and effective
treatments for patients with leuekmia and other cancers that have high levels of WT1 too.

Dr. Jenqg’s progress as of May 2009: We have continued our studies with a vaccine that
contains a DNA sequence that encodes WT1 fused to the immune-stimulating
mycobacterium peptide. We have further modified the WT1 sequence to eliminate any
possibility that this hypothetic oncogene could induce new cancers. Based on an approach
developed by others, we also engineered our incapacitated WT1 DNA with DNA encoding
an antibody. The antibody targets the vaccine to immune dendritic cells that further stimulate
immune recognition and markedly improve survival in mice with tumors. Our findings were
recently published in the journal, Blood. Finally, we have developed new WT1-expressing
cells that carry a green fluorescent dye that allows us to measure tumor size even when
only small numbers of WT1-positive leukemia cells are present. This will allow us to
measure minimal residual disease and early relapse, if it should occur, and thereby better
model the effects of our immunotherapy before moving into clinical trials.



Linda Resar, MD

Johns Hopkins University School of Medicine
Departments of Oncology and Medicine

LLS funded through 2010

Project Summary: Dr. Resar is studying a cancer-causing molecule
called HMG-I that can cause lymphoid leukemias and lymphomas in
genetically engineered mice. Since blocking HMG-I activity causes
cancer cells to revert to a normal growth pattern, it seems that HMG-I is
directly responsible for their abnormal growth. During the first months of her LLS funding,
Dr. Resar learned that HMG-I is frequently present at high levels in cells from children with
relapsed pre-B cell ALL and is working to determine if HMG-I correlates with more
aggressive disease in patients with childhood and adult leukemia — if so, targeting HMG-I
might provide important new drugs for these patients. Importantly, she has used her novel
mouse models to learn that at least four other molecules collaborate with HMG-I to cause
blood cancers in mice. All of these molecules are frequently found at high levels in
aggressive human cancers, and drugs are available that inhibit these molecules and could
be adapted for use in patients. Dr. Resar continues her mouse model studies to confirm that
particular inhibitor drugs can be effective anit-leukemia agents. She has already opened
clinical trials with a novel agent (flavopiridol) that induces leukemic cell death with reduced
HMG-I function. Further studies will determine if flavopiridol is effective in patients and
determine precisely how it kills leukemic cells. Her studies will enhance our understanding of
lymphoid cancers and should enable more specific and less toxic therapies.

Dr. Resar’s progress as of May 2009: Our studies demonstrate that HMG-I functions as a
cancer-causing gene (oncogene) in leukemia and lymphoma, and we have made significant
progress in understanding how HMG-I causes normal blood cells to transform into leukemia
cells. We identifed genes that cooperate with HMG-I; many of the molecules encoded by
these genes are also involved in a variety of aggressive human cancers. Drugs are available
that block some of these molecules and show promising anti-leukemia effects in our mouse
models. STAT3 and COX-2 are especially promising leads. We also identified additional
interacting molecules involved in the development of leukemia, and studies are underway to
determine if any of these pathways could be blocked in anti-leukemia therapy. We already
opened clinical trials with a novel agent (flavopiridol) that kills human leukemic cells and
cures some patients. Interestingly, our preliminary studies show that it blocks HMG-I
function in leukemia. Further studies are underway to identify which patients respond to this
therapy and to investigate how it kills leukemic cells. In a small pilot study, we showed that
HMG-I levels are significantly higher in pediatric patients with relapsed ALL compared to
those in remission. Studies are planned to confirm these findings and determine if HMG-I
overexpression correlates with more aggressive disease in other subtypes of childhood and
adult leukemia. We expect that our continuing work will help us to develop more effective
and less toxic therapies.



Warren Shlomchik, MD
Yale University School of Medicine and Cancer Center
LLS funded through 2011

Project Summary: When patients receive a healthy individual's
blood cells (graft) in an "allogeneic" hematopoietic stem cell
transplant, transplanted blood stem cells replace critical cells lost
during high dose pre-transplant chemotherapy. The transplanted
mature blood cells can then fight infections and help destroy any
remaining cancer cells while the stem cells develop. Unfortunately, when the donor’s blood
system is not a good match, patients are at risk of developing a life-threatening condition
called graft-versus-host disease (GVHD) in which the donor's immune cells attack the
patient’s healthy tissue. To reduce GVHD risk, T cells are either removed from the donor
cells or patients receive drugs that impair T-cell activity, both of which decrease the anti-
tumor and anti-infection activities. Blocking GVHD more selectively could substantially
increase the success rate of transplants. With mouse transplant models, Dr. Shlomchik
discovered that “memory” T cells can be safely transferred without causing GVHD but
retaining anti-cancer effect. He is using other mouse models to learn how to vaccinate
transplant donors to molecules expressed in the leukemias of transplant recipients so that
leukemia-reactive T cells can be used in allogeneic transplants. He is also now learning how
to purify these T cells for a clinical trial that will test their utility in transplants, particularly for
patients who do not have a well-matched donor available.

Dr. Shlomchik’s progress as of May 2009: In mouse transplantation models, we
discovered that memory T cells can be safely transplanted without causing GVHD, but with
some anti-cancer effect. During the third year of funding from LLS, we have made much
progress. We have excluded one of the three major mechanisms that might explain why
memory T cells do not induce GVHD and this work is now published. We established a novel
model of GVHD which has allowed us to test the other possible mechanisms. These models
have already helped us understand how memory T cells behave in GVHD reactions in a way
not achievable with prior experimental systems. We have also made substantial progress in
understanding how vaccination of bone marrow donors to proteins expressed by leukemias
can dramatically improve the anti-leukemia potency of donor cells. We will incorporate these
findings into a clinical trial; we have already tested the essential reagent that had to be
specifically manufactured for our trial. We are working our way through the various approval
committees and hope to submit for U.S. Food and Drug Administration approval shortly.



Noelle Frey, MD

University of Pennsylvania

Abramson Family Cancer Research Institute
LLS funded through 2010

Project Summary: Dr. Frey’'s goal is to develop more effective, less
toxic therapies for patients with blood cancers. She is using a new
approach to reduce the activity of a gene on which blood cancer cells
selectively depend, relative to normal cells. This gene, c-myb, is
abnormally expressed at high levels in a wide range of blood cancers, including ALL. It
causes cancer cells to proliferate more and survive longer than normal cells, making it a
good “target” for anti-cancer therapy. Dr. Frey helped design a nucleic acid-based
“antisense” drug that can inactivate c-myb specifically. Such drugs are pieces of DNA
manufactured to interfere with a specific gene’s function. Encouragingly, her extensive
laboratory tests suggest that the c-myb antisense will be safe and effective. In a phase 1
trial, she is learning at which dose this drug can be safely used. So far, the drug appears
safe and it is measurably targeting c-myb in the leukemia cells in patients.

Dr. Frey’'s progress as of May 2009: Our c-myb antisense product (called c-myb AS
ODN) has undergone extensive testing in the laboratory and results suggest it can be a safe
and effective tool to help fight leukemia. The main goals of our clinical trial are to identify
potential side effects and to find an appropriate and safe dose of c-myb AS ODN in patients
with leukemia or lymphoma. Another goal is to preliminarily see if this therapy is effective; a
goal which will need to be more thoroughly explored in future clinical trials. In the past two
years, we have enrolled 10 subjects onto the trial and the drug still seems to be safe and
laboratory tests tell us that the drug is getting into cancer cells in patients and targeting
c-myb. We need to complete this trial before better describing the effectiveness of this drug
in future clinical trials.

Guillermo Garcia-Manero, MD

The University of Texas M.D. Anderson Cancer Center
Department of Leukemia

LLS funded through 2009

Project Summary: We have recently learned that the biological errors
that cause cancer not only involve abnormalities in the DNA
sequences of important genes, but also in the small chemicals that
decorate critical genes and control their activity. A common type of
“epigenetic” (around genes) decoration called methylation tends to inactivate genes,
including “tumor suppressor” genes that normally limit T-cell replication and lifespan. In
many cases, cancers expand uncontrollably because tumor suppressors are inactivated in
cancer cells by abnormally high methylation. Dr. Garcia-Manero has found a set of genes
that are highly methylated in cancer cells from ALL patients who do not respond to standard
treatments, suggesting that these are tumor suppressor genes that are involved in causing
poor-risk ALL. He is working with a new drug that reduces methylation and already shows
promise in treating patients with acute myeloid leukemia. He is performing clinical and
laboratory studies to determine how best to use this drug to help patients. In the first year of
funding from LLS, Dr. Garcia-Manero has opened a phase 1 clinical trial to determine which




dose of this drug decitabine is best when used alone or in combination with a standard
multi-drug for ALL patients.

Dr. Garcia-Manero’s progress as of May 2009: Using our state-of-the-art tests, we have
found 400 potential tumor suppressor genes in ALL cases. We are now studying the
methylation characteristics of these genes in samples from 250 adult patients who were all
treated with the same standard intensive chemotherapy so that we can associate particular
methylation patterns with varying periods of disease-free and overall survival. To develop
clinically useful tests for the activity of genes identified as important in our methylation
surveys, we have created tissue resources from which we can generate a protein profile that
also has prognostic value. We are now ready to conduct these tests. And, we continue to
conduct a phase 1 clinical trial of the de-methylating drug decitabine, alone versus in
combination with the multi-drug chemotherapy known as hyperCVAD, in patients with
relapsed or refractory ALL. This study is progressing very well. We have analyzed five dose
levels at which decitabine has proven safe; several of the 19 patients have shown clinical
responses. Of importance, we have not yet observed a plateau in the effects of the drug on
DNA methylation in samples from the treated patients, suggesting that higher doses may be
even more effective. This study continues and we hope to complete it this year.

Jeffrey Molldrem, MD
The University of Texas M.D. Anderson Cancer Center
LLS funded through 2009

Project Summary: A patient’'s immune system contains blood
cells that normally fight infections by attacking abnormal, infected
cells, and could similarly fight cancer. Unfortunately, immune cells
of blood cancer patients are compromised by increasing numbers
of abnormal blood cells and also by radiation and drug treatments,
especially the high-dose treatments used before stem cell
transplants. Researchers are learning how to boost anti-cancer immune responses in
various ways, including with cancer vaccines. With previous LLS funding, Dr. Molldrem
identified a molecule that is unique to myeloid leukemia cells, showed that it can be targeted
by a patient's immune system, created a vaccine to boost these beneficial immune
responses and showed in a clinical trial that the vaccine can help patients achieve sustained
remissions after bone marrow transplants. Further studies are ongoing to optimize the
clinical benefits of this vaccine and Dr. Molldrem is ready to apply similar strategies to
helping patients with ALL. He has already identified two molecules that can apparently serve
as ALL vaccination targets; immune responses to these molecules correlated with remission
and the absence of graft-vs.-host disease in 18 patients. He is now learning how best to use
this vaccine to help patients with ALL.

i

Dr. Molldrem’s final progress report is due December 2009.



David Rizzieri, MD
Duke University Medical Center, Department of Medicine
LLS funded through 2011

Project Summary: As already mentioned, many patients with high-

risk or relapsed blood cancers cannot be cured by standard

chemotherapies but can be cured by higher dose treatments if they

also receive healthy blood cells from a well-matched donor in an
L allogeneic transplant. Recently “nonmyeloablative” stem cell
transplants have been developed to use less toxic pre-transplant treatments than those used
in standard transplant procedures. But, with less anti-tumor chemotherapy in these “mini
transplants,” more anti-cancer activity is needed from incoming immune cells to prevent
relapse. The challenge is to provide patients with critical immune cells without causing
GVHD, as Dr. Schlomchik is also addressing. Dr. Rizzieri is testing a strategy that uses only
partially matched, immune T cell depleted, mini transplants for patients without matched
donors. Last year, he completed the pilot study for the first step and proved the feasibility of
this approach, noting high engraftment and lower toxicity than expected for generally
dangerous transplants with mismatched donors. Patients are now enrolling in a larger phase
2 study that will determine whether post-transplant outcomes are in fact improved by the NK
cell-enriched infusions. As with Dr. Shlomchik’s and Dr. Ferrara’s strategies, Dr. Rizzieri’s
approach may help broaden the pool of transplant beneficiaries.

Dr. Rizzieri’s progress as of May 2009: In the past year, we published the results of our
phase 1 clinical study in the Journal of Clinical Oncology, showing that NK cell infusions can
safely be added to mini transplant regimens, noting high engraftment and low treatment-
related deaths. We are currently enrolling patients to our larger phase 2 efficacy study of this
transplant approach. We have published results of general immune stimulation with an
unselected infusion of donor lymphocytes (T and B cells), showing modest improvements.
We are now actively pursuing improvements in immune function and clinical outcomes with
post transplant infusions enriched for immune cells called natural killer cells. The initial
results have been presented at national meetings and a publication is being prepared.



