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LETTER

Welcome to the 2021 summer issue
of Ludwig Link.

In the spirit of our ongoing
celebration of the 50th anniversary
of the Ludwig Institute for Cancer
Research, we asked scientists at
our Branches and Centers to share
their views on how far the field has come, and their hopes and
expectations for the future of cancer research and care.

Many scientists mentioned the recognition of cancer

as afundamentally genetic disease and the translation

of that knowledge into targeted therapies as landmark
accomplishments of the past 50 years. Several people also
mentioned dramatic advances in tumor immunology and
immunotherapy as transformative developments. As to
future opportunities and challenges, responses touched on
expanding the efficacy of immunotherapy, improving the
personalization of cancer treatment and the need to address
disparitiesinaccess to cancer care. You canread all the
responses in our “Ask a scientist” section.

We've also included in thisissue areport on Ludwig’s
presence at the AACR virtual Annual Meeting and another on
atwo-day virtual Symposium on Cancer Early Detection and
Epigenetics that Ludwig co-hosted with Oxford University.

Among the many fascinating Ludwig studies described in
our research briefs, you'll read about how light triggers and
sustains optic nerve tumors and a new kind of immuno-
therapy that targets common genetic drivers of cancer.

We hope you enjoy this issue of Ludwig Link. Happy reading!

Sincerely,

Rachel Reinhardt
Senior Vice President for Communications

ludwigcancerresearch.org
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Ludwig-Oxford symposium

A SYMPOSIUM FOR LUDWIG'S GOLDEN JUBILEE

As part of the ongoing Ludwig Cancer Research 50th
anniversary celebrations, Ludwig co-hosted a two-day virtual
Symposium on Cancer Early Detection and Epigenetics in
partnership with the Cancer Research UK Oxford Centre—
which is celebrating its 10th birthday—and the Oxford Centre
for Early Cancer Detection. More than 400 people around the
world logged in on April 28th and 29th to attend the virtual
meeting, which opened with brief addresses from Ludwig
Institute Scientific Director Chi Van Dang, Ludwig Oxford
Director Xin Lu and Tim Elliott, co-director of the CRUK Oxford
Centre.

The scientific proceedings kicked off with a session on

new technologies, beginning with a talk by Ludwig Oxford’s
Chunxiao Song on the use of TAPS, his lab’s method for
mapping DNA methylation across the genome, to detect liver
and pancreatic cancers by analysis of circulating tumor (ct)
DNA. Nickolas Papadopoulos followed with a presentation

on the Ludwig Johns Hopkins team’s experience developing
and clinically evaluating its own multi-cancer liquid biopsy
CancerSEEK, after which Sangeeta Bhatia of Ludwig MIT
described her team’s development of a novel nanotechnology
that harnesses protein-snipping enzymes expressed by
tumors to detect cancer. Ludwig Oxford’s Jens Rittscher
closed the session with a presentation on his group’s
computer-aided endoscopy analysis system for identification
of the precancerous condition Barrett’s esophagus.

The second session that day included talks by three Oxford
researchers—Ellie Barnes, Naomi Allen and Gillian Reeves—
related to risk stratification for early cancer detection,
including ongoing studies on improving early detection of
breast and liver cancers, and a talk on how the rich repository
of genetic and medical data on a half million participantsin
the UK Biobank can aid risk-related research.

Following a welcome from Ludwig Oxford’s Yang Shi, a co-
organizer of the symposium, Day 2 started with a talk by
Tony Kouzarides of the University of Cambridge, who shared
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his lab’s recent work on RNA modifying enzymes in blood,

lung and pancreatic cancers. Next, Ludwig’'s Stephen Baylin
surveyed how abnormal DNA methylation and chromatin
assembly cooperate to drive the genesis of cancer and the
potential relevance of these findings to cancer prevention and
therapy.

The second session returned to the business of early

cancer detection, beginning with a talk by Ludwig Chicago
investigator Chuan He on his lab’s mapping of the epigenetic
mark 5-hydroxymethylcytosine across 19 human tissues and
its studies on epigenetic ctDNA analysis for early cancer
diagnosis and therapy. This was followed by a talk by Ludwig
Johns Hopkins Co-director Ken Kinzler, in which he presented
anew approach toimprove the sensitivity and specificity of
ctDNA detection in minimal residual disease

The closing session of the symposium began with a
presentation by Yang on the epigenetic mechanisms that
control tumor responses to immunotherapy and his lab’s
recent work harnessing those insights to improve the effects
of checkpoint blockade. Next, McGill University’s Nada Jabado
presented herlab’s research on the interplay of histone
mutations with PDGFRA mutationsin glioma. In the last talk of
the symposium, Shelly Berger of the University of Pennsylvania
spoke about nuclear structures known as “speckles,” and

their interaction with the tumor suppressor pb3 to boost gene
expression.

Attendees seemed quite engaged throughout the symposium,
judging from the lively virtual discussions that followed each
talk. As Chinoted in his closing remarks, cancer epigenetics
has come along way over the past few decades, though

the successful translation of its insights to diagnostics and
therapies will require sustained, multidisciplinary research.
“The task in front of us,” he said, “requires a Herculean team
effort, so | hope that the symposium was not only stimulating
but stimulates collaboration and new friendships as we join
together to eliminate the suffering of cancer.”

LUDWIG LINK | AUGUST 2021



Crystal Mackall
Ludwig Stanford

FOR TACKLING CHILDHOOD CANCER

Ludwig Stanford'’s Crystal Mackall received
two awards from the American Association
for Cancer Research (AACR)and one from
the American Society of Clinical Oncology
(ASCO) for her work on childhood cancers,
tumor immunology and immunotherapy. As
co-leader of the St. Baldrick’s Foundation-
Stand Up 2 Cancer Pediatric Cancer Dream
Team, Crystal received on behalf of her team
the 2021 Team Science Award from the AACR
for outstanding achievement in pediatric
cancer research. Ludwig Stanford’s Michelle
Monje is also amember of the team. Over

the past eight years, the Pediatric
Cancer Dream Team has worked on
developing new immunotherapies

and improving their efficacy against a
broader range of cancers—especially
solid tumors—while minimizing their
side effects. Crystal also received

the AACR-St. Baldrick’s Foundation
Award for Outstanding Achievement in
Pediatric Cancer Research and ASCO's
2021 Pediatric Oncology Award and
Lecture.

Don Cleveland

Ludwig San Diego

NEW FELLOWS OF THE AACR

Ludwig San Diego’s Don Cleveland and Ludwig Harvard

Co-director George Demetri were named Fellows of

the Academy of the American Association for Cancer
Research (AACR)in April. Election to the Academy, the
AACR notes, recognizes and honors “distinguished

scientists whose scientific contributions have

propelled significant innovation and progress against
cancer.” Nominees are elected through an annual peer

review process conducted by existing members of George Demetri
the AACR Academy and ratified by the AACR Academy Ludwig Harvard
Steering Committee and AACR Executive Committee.

The Academy recognized Don for his discovery and

development of antisense oligonucleotide therapy,

and his extensive contributions to our understanding

of the molecular biology of cell division, chromosome

movement and the mechanisms of genome evolution

in cancer. George was honored for his landmark
contributions to the development of targeted drugs and
personalized cancer care regimens for sarcomas.



NEW MEMBERS
OF THE NAS

Ludwig Princeton’s Associate Director
Eileen White and Ludwig Harvard
investigator Alan D’Andrea were elected
to the National Academy of Sciences in
Aprilin recognition of their distinguished
and continuing contributions to cancer
research. Eileen has made many notable
discoveries that have advanced our
understanding of programmed cell death,
autophagy and metabolismin cancer. Her
early work revealed roles of the p53 tumor
suppressor in activating programmed

cell death and suppressing cancer, and of
the counteracting Bcl-2-related proteins
in promoting cancer. More recently, her
research has established that tumor

cells activate autophagy—in which

cells cannibalize their own proteins and
organelles—to tolerate metabolic stress.
Alanis known for his landmark elucidation
of how DNA damage and repair defects
drive Fanconi anemia, and his studies of
the various protein complexes involvedin
the cell cycle, chromatin remodeling, DNA
repair and the maintenance of genome
stability.

Eileen White

Ludwig Princeton

Alan D’Andrea

Ludwig Harvard

Beata Mierzwa

Ludwig San Diego
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FOR ART
AND SCIENCE

Ludwig San Diego postdoc Beata Mierzwa
was honored as a female STEM leader by
Lyda Hill Philanthropies’ I[F/THEN Initiative
inan exhibit that opened in Dallas, Texas
in May. Beata is one of the 125 women

in STEM who in 2019 were named IF/
THEN Ambassadors by the American
Association for the Advancement of
Science and the Lyda Hill Philanthropies.
The exhibition of 125 3D-printed statues
of IF/THEN Ambassadors seeks to

inspire young girls to pursue careers

in the fields of science, technology,
engineering, or mathematics (STEM).

A molecular biologist, Beata combines
science, art and fashion to “share the
beauty of biology with the world.” Her
work was also featured in Aprilin the
award-winning series Mission Unstoppable
on the U.S. television channel CBS. The
show celebrates diverse female STEM
professionals as role models to educate
and inspire the next generation of STEM
pioneers. The Mission Unstoppable clip
featuring Beata is available here, and

you can read a profile of her published in
ASBMB Today here.


https://dallasinnovates.com/lyda-hill-philanthropies-if-then-initiative-officially-opens-all-female-exhibit-at-northpark/
https://www.youtube.com/watch?v=BMMY6uFyUYY
https://www.asbmb.org/asbmb-today/people/040221/meet-beata-mierzwa

Stefan Constantinescu

Ludwig Institute

NEW PRESIDENT OF FEAM

Ludwig Member Stefan Constantinescu
was elected President of the Federation
of European Academies of Medicine
(FEAM)in May for a three-year term.
FEAMis a European network of 23
National Academies focused on human
and veterinary medicine and pharmacy
representing over 4,000 European
biomedical scientists. Stefan is best
known for his extensive studies on

the molecular biology and genetics of
myeloproliferative neoplasms, work
that has led to the development of new

therapies for this family of slow-growing
blood cancers. He is a fellow of the
Romanian and Royal Belgian Academies
of Medicine and President of the Cell
Signaling Pol at the de Duve Institute of
the Université catholique de Louvain.
Most recently, he has also accepted an
appointment at Ludwig Oxford. Stefan'’s
Ludwig Oxford lab will focus on signaling
and epigenetic regulation during
oncogenesis in chronic myeloid cancers
and their progression to secondary acute
myeloid leukemia.

Lieping Chen
Ludwig Oxford

VISITING PROFESSOR AT LUDWIG OXFORD

In May, Lieping Chen, professor of
immunobiology and medicine, and co-
director of the cancerimmunology
program at the Yale Cancer Center

at Yale University, joined Ludwig
Oxford as a visiting professor of
cancerimmunotherapy. A renowned
immunologist, Lieping is best known
for his seminal work on the discovery
of the PD-1/PD-LTimmune suppressive
pathway and the development of anti-
PD-1/PD-L1cancer immunotherapy. He
discovered PD-L1(originally termed B7-H1)

as amember of the B7 family ligands that
have immune suppressive functions,
characterized itsrole in suppressing
anti-tumor immunity and led the first-
in-human clinical trial of a therapy
targeting the PD-1/PD-L1pathway. He
also developed animmunohistochemistry
assay for PD-L1detection in human
cancer tissues to predict better response
to anti-PD-1/PD-L1therapy. Liepingisa
member of the U.S. National Academy of
Sciences and a Fellow of the American
Association for Cancer Research.


https://www.feam.eu/wp-content/uploads/Prof-Stefan-Constantinescu-Statement.pdf

Conferences

LUDWIG AT THE AACR ANNUAL MEETING

Ludwig-affiliated researchers from across the U.S.

and Europe participated in this year's AACR Annual
Meeting, held virtually from April 10-15 and May 17-21,
speaking on subjects ranging from cancer metabolism
toimmunotherapy and much else in between. In the first
week, Ludwig Princeton’s Josh Rabinowitz presented
his ongoing studies on how the ketogenic diet slows
pancreatic tumor growth in mouse models when it's
combined with a triple chemotherapy regimen. In a paired
presentation touching on the same theme of cancer

and metabolism, Ludwig MIT’s Matthew Vander Heiden
and Ludwig Scientific Advisor Karen Vousden discussed
research indicating that nutritional interventions might
be a powerful toolin treating cancer.

As always, Ludwig researchers presented important
work on tumorimmunology and immunotherapy.

In a panel discussion, Ludwig Lausanne’s George
Coukos covered his studies showing that metronomic
radiotherapy augments tumor responses to
combinatorial immunotherapy, and Ludwig MSK’s Taha
Merghoub presented his work on the use of pulsatile

targeted therapies to boost anti-tumor immune
responses. On another panel, Ludwig Lausanne’s Ping-
Chih Ho discussed hisresearch on the interplay of
immune responses and tumor metabolism.

Ludwig Stanford’s Irv Weissman outlined the implications
of his laboratory’s work identifying and characterizing
cancer stem cells and their descendants in blood
cancers, and how those findings are being translated
into cancer therapies. Ludwig Chicago Co-director
Ralph Weichselbaum discussed his work showing that
cancer metastasis occurs on a spectrum, and what his
discoveries might mean for cancer therapy, and Ludwig
Harvard’s Joan Brugge presented studies on the use of
patient-derived organoids and xenografts to investigate
tumor adaptations to cancer therapy.

Nickolas Papadopoulos discussed the pathbreaking
work done by the Ludwig Johns Hopkins team in a panel
discussion on early pancreatic cancer detection, noting
at one point that specificity better than 99.5% would be
essential in a test designed for population screening.
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He also explained why the Ludwig Johns Hopkins team
chose to analyze multiple protein and DNA markers in
their liquid biopsy technology.

In the meeting’s second week, Ludwig Lausanne’s
Johanna Joyce joined an AACR session on “navigating
the path to a successful careerin cancerresearch”as a
mentor, and also presented herlab’s work on the immune
landscapes of brain cancers on a panel chaired by
Ludwig Harvard'’s Marcia Haigis. She also discussed the
implications of her research for the treatment of primary
and metastatic brain tumors. In that same session,
Marcia discussed her own lab’s studies on how obesity
affectsimmune interactions with cancer cellsin the
tumor microenvironment.

Other Ludwig researchers also touched on the extensive
influence of the tumor microenvironment on tumor
immunology and therapy. Ludwig Harvard investigator
Rakesh Jain presented his extensive studies on
normalizing the vasculature and harsh microenvironment
of tumors and described the approaches he and his
colleagues are taking to apply their findings to boost the

10

efficacy of immunotherapy. Matthew Vander Heiden of
Ludwig MIT, meanwhile, returned in the second week

to present his team'’s investigation of the effects of
tumor metabolism on therapy and how tissue-specific
nutritional dependencies can expose vulnerabilities that
might be targeted for cancer therapy.

Ludwig Harvard researcher Sandro Santagata
presented the work he has done with Ludwig support
on high-dimensional imaging using dozens of
molecular markers for the generation of tumor atlases
and clinical pathology. Finally, in a fascinating talk
apparently delivered from the command bridge of

the Starship Enterprise (courtesy, Star Trek), Ludwig
Stanford’s Howard Chang discussed how circles of DNA
unassociated with chromosomes—found in half of all
tumor types and called ecDNAs—are organized in hubs in
the cell nucleus in a manner that fuels the evolution and
aggressive growth of tumors.

Ludwig Link can confirm that the quality of the video-
link from 24th century interstellar space—and that of the
Ludwig presentations in general—was outstanding.

LUDWIG LINK | AUGUST 202



VITAMIN
FEEDBACK LOOP

Radiotherapy works in large part by
stimulatinganimmune response against
cancer cells damaged by ionizing
radiation. But that event itself can
stimulate the production of factors by
tumor cells that suppress those immune
responses. A study led by Ludwig Chicago
Co-director Ralph Weichselbaum and Ralph Weichselbaum
investigator Hua Laura Liang found Ludwig Chicago
that the vitamin A derivative all-trans
retinoic acid (RA) helps reprogram

the immune microenvironment of
tumors and can enhance the effects of
radiotherapy in mice. The combination
treatmentincreased the induction
within both treated and untreated
tumors of inflammatory macrophages.
The inflammatory macrophages in turn
boosted IFN-y-producing CD4+and CD8+
T cells, both of which play critical roles in
tumor rejection. The researchers found
that these T cells and the IFN-y they
produce feed back into the anti-cancer

Hua LauraLiang

Ludwig Chicago

cascade by further boosting the numbers
of inflammatory macrophagesin tumors.
Theresearchersreportedin Science
Immunology in June that the improved
therapeutic effects of combining oral
ATRA with targeted radiation could

be extended to unirradiated tumorsin
mice with the addition of anti-PD-L1
checkpoint blockade immunotherapy,
suggesting a novel and relatively nontoxic
intervention to improve treatment Anthony Letai

outcomes. Ludwig Harvard

DEATH ON
THE BALANCE

A study led by Ludwig Harvard
investigator Anthony Letai and former
postdoctoral researcher Veerle Daniels
and published in Science Signaling

in June demonstrated how a drug
screening method developed in the

Letai lab, dynamic BH3 profiling (DBP),
can swiftly identify potentially effective
combinations of existing drugs for highly
personalized cancer therapy. Drugs
ofteninduce in cancer cells a type of
programmed death known as apoptosis,
which is orchestrated by an elaborate
protein machinery. Cells, however, also
produce anti-death proteins that inhibit
key elements of that machinery. DBP
exposes cells to drugs and then measures
how the balance of pro-and anti-death
proteinsis altered to predict the likely
efficacy of the drug against a patient’s
cancer. The researchers used DBP to find
a specific metabolic dependency—on an
enzyme named NAMPT—in triple negative
breast cancer cells from a patient and
targeted it in mouse models with low, and
likely less toxic doses of a metabolic drug
to tip the balance toward death. They then
used DBP to identify the specific protein
with which the cancer cells resisted
death, and targeted it with adrug known
as a BH3 mimetic to induce programmed
cell death and so treat the tumors. The
strategy, they note, could be extended to
develop personalized therapies against
multiple cancers.


https://immunology.sciencemag.org/content/6/60/eaba8426
https://stke.sciencemag.org/content/14/686/eabc7405

Taha Merghoub
Ludwig MSK

Jedd Wolchok
Ludwig MSK

DEADLY DISTRACTION

A study led by Taha Merghoub, Jedd
Wolchok and Andrew Chow, Ludwig
investigators at Memorial Sloan Kettering
(MSK), and Charles Rudin of MSK showed
thatimmune cells known as macrophages
residing in body cavities can aid tumor
growth by distracting the immune
system’s cancer-killing CD8+ T cells.
Theresearchersreportedinthe June
issue of Cancer Cell that cavity-resident
macrophages express high levels of
Tim-4, areceptor for phosphatidylserine
(PS), amolecule they found to be highly
expressed on activated and proliferative
CD8+T cells. Clinical samples revealed
that while Tim-4 on such macrophages
varied among lung cancer patients, those

Andrew Chow

Ludwig MSK

with higher levels of the receptor tended
to have fewer CD8+ T cells responding

to the tumor. The researchers explored
whether blocking Tim-4 would enhance
PD-1blockade in mouse models of colon
and lung cancer. While blocking Tim-4
alone didn’t reduce tumor growth or
improve survival, it did enhance efficacy
of PD-1blockade and boost the numbers
of CD8+ T cellsin the peritoneal cavity.
Theresearchers also showed ina
preclinical model that Tim-4 blockade
reduces immunosuppression in adoptive
T-cell therapy, in which tumor targeting
T cells are grown and re-infused into
patients. The authors are exploring means
to develop this approach for therapy.


https://www.cell.com/cancer-cell/fulltext/S1535-6108(21)00272-5

LIGHT SOURCE

A study published in Nature in May and led
by Ludwig Stanford’s Michelle Monje and
David Gutmann of Washington University

in St. Louis showed in a mouse model

that neural activity triggered by light can
both initiate and drive the growth of optic
nerve tumors, which develop in about 15%
of children diagnosed with the cancer
predisposition syndrome neurofibromatosis
type 1(NF1), and can cause vision loss.
Michelle’'s team discovered in 2015 that
neural activity fuels high grade gliomas,

and that the malignant growth is driven by
the shedding of a synaptic protein named
neuroligin 3. She and her colleagues show in
this study that the initiation of optic nerve
tumorsin NF-1depends on light exposure
(visual experience) of mice during a critical

period 6 to 16 weeks after birth,

and light deprivation in that period
prevents tumorinitiation. In retinal
neurons, mutations that cause NFTin
the mice result in abnormal shedding
of neuroligin-3, whose soluble form
was found at high levels in tumors
from the mouse model and patients.
An experimental drug that blocks
neuroligin-3 shedding also prevented
development of optic nerve tumors
when it was given to mice in the
period when they form, and decreased
tumor growth when given after tumor
formation—suggesting a strategy for
the prevention and treatment of this
cancer.

Michelle Monje

Ludwig Stanford

INTELLIGENCE ARTIFICIAL, BENEFITS GENUINE

Pathologists use several tissue
architecture and cellular cues to diagnose
prostate cancer. Butin 25-50% of cases,
the initial staining of biopsies does not
provide sufficient evidence for diagnosis,
requiring immunohistochemistry (IHC)—the
detection of molecular markers—to further
study cellular features. Determining

the necessity of this additional step is

one bottleneck in the current pathology
workflow. To address this challenge,
ateamled by Ludwig Oxford’s Jens

Rittscher and Oxford University’s Clare
Verrill conducted a systematic study

in what specific cases require IHC and
developed an artificial intelligence (Al) tool
to automate this analysis. They reportedin
a May paperin Modern Pathology that the
toolagreed with the pathologist’s review
in 81% of cases on average. By enabling
automated request of IHC based on the
Altool results, a pathologist would only
need toreview the case once all necessary
staining had been carried out.

Jens Rittscher

Ludwig Oxford


https://pubmed.ncbi.nlm.nih.gov/34040258/
https://pubmed.ncbi.nlm.nih.gov/25913192/
https://www.nature.com/articles/s41379-021-00826-6

Ping-Chih Ho

Ludwig Lausanne

TIL REVIVAL

Amongthe T lymphocytes that infiltrate
tumors(TILs), a species known as
“terminally exhausted” TILs is best
equipped to detect and destroy cancer
cells. Ilts members are, however,
functionally disabled, prone to self-
destruction and unresponsive to current
immunotherapies. A study led by Ludwig
Lausanne’s Ping-Chih Ho and Li Tang

of the Ecole Polytechnique Fédérale

de Lausanne examined whether an
engineered, long-lived version of the
immune factor IL-10(IL-10/Fc) could revive
these chronic underperformers. They
reportedin May in Nature Immunology
that adding IL-10/Fc to adoptive cell
therapy (ACT)—the infusion of T cells to
treat cancer—boosted the number and

functionality of terminally exhausted
TILs in a mouse model of melanoma and
led to tumor regression and curesin 90%
of treated mice, compared to limited
regressions with IL-10/Fc alone and none
with ACT alone. Notably, 80% of surviving
mice developed animmune memory for
the cancer. Ping-Chih and colleagues
also tested IL-10/Fc on CAR-T cells, which
are engineered to target cancer cells
bearing specific markers, and achieved
cures inroughly 90% of mice implanted
with colon tumors. IL-10/Fc, they showed,
acts specifically on terminally exhausted
TILs, reprogramming their metabolismin
amanner thatinduces sweeping changes
in their gene expression programs, driving
their activation and proliferation.

Crystal Mackall
Ludwig Stanford

CAR-T REVIVAL

T cells get tired out by continuous
activation, suffering an epigenetic
reprogramming of their gene expression
that leaves them in a state of sluggish
apathy. This condition, known as
“exhaustion,”is the bane of T cell-based
therapies for cancer, even those that
employ chimeric antigen-receptor (CAR) T
cells to target cancer cells bearing specific
molecular markers. Exhaustion was until
recently considered generally irreversible.
No longer. Adding to a growing body of
evidence that exhausted T cells canin fact
be revived (see previous feature), ateam
of researchersled by Ludwig Stanford
investigator Crystal Mackall reportedin

14

Sciencein April that all exhausted CAR-T
cells may really needis alittle rest. The
researchers gave CAR-T cells their time
out in two ways: by using synthetic biology
to reqgulate degradation of the chimeric
antigen receptor protein, or with the

use of an existing small molecule that
temporarily suppresses CAR-T activity. In
both cases, the CAR-T cells took their time
off to rewrite the epigenetic programming
of their genomes, reviving vital gene
expression programs and regaining their
cancer-killing capabilities. Given just four
days of rest, the rejuvenated cells leapt
backinto action, significantly extending
survival in mouse models of cancer.


https://www.nature.com/articles/s41590-021-00940-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8049103/

BENEFITS
OF SELECTIVITY

Postmenopausal women with estrogen
receptor (ER)-positive breast cancers
are initially treated with drugs that block
the production of estrogen, whose
binding to the ER drives such cancers.
When the tumors become resistant to
these therapies, they're treated with
more potent drugs—such as fulvestrant—
that bind to and inhibit ER activity. ER
inhibitors, however, have side effects
that mimic the unpleasant consequences

Geof Greene

Ludwig Chicago

of menopause. A study led by Ludwig
Chicago Co-director Geof Greene
examined whether the selective ER
inhibitor lasofoxifene might also be used
to treat estrogenresistant breast cancers
in mouse models of human tumors driven
by two common ER mutations, Y537S

and D538G ERa.. Lasofoxifene , which has
anti-estrogenic effects in some tissues
and pro-estrogenic effects in others, Massimo Andreatta
improves bone density in postmenopausal Ludwig Lausanne
women and significantly reduces the
incidence of ER-positive breast cancer.
But its therapeutic utility hasn’t yet been
determined. Geof and his colleagues
reportedin Breast Cancer Research in May
that lasofoxifene was more effective than
fulvestrant—when either drug was used
alone orin combination with a common
chemotherapy—in inhibiting both primary
tumor growth and metastasisin the
cancer models. Because lasofoxifene is
relatively less toxic, it could potentially Santiago Carmona
improve the treatment of progressive Ludwig Lausanne
breast cancer. Clinical trials are underway

to evaluate lasofoxifene in women

with endocrine therapy resistant, ER+

metastatic breast cancer.

A FRAME
OF REFERENCE

Single-cell RNA sequencing (scRNA-seq)
captures the global expression of genes
inindividual cells, enabling a granular
understanding of the diverse cellular
states that underlie tissue biology. Tumor
infiltrating T lymphocytes(TILS)are prime
candidates for such analysis, as they exist
in multiple statesin response to varying
conditions of the microenvironment. But
the use of RNAseq to understand these
states is not only inherently complex,
given the diversity of gene expression
programs associated with TIL states,

but also challenged by a lack of a clear
reference against which to measure
variations. This is further complicated

by the sheer variety of tissues, animal
models and methods used in such studies.
Researchers led by Ludwig Lausanne’s
Massimo Andreatta and Santiago
Carmonareported ina May publicationin
Nature Communications their solution to
these challenges. Their paper describes
a computational framework, ProjecTILs,
for projecting scRNA-seq dataontoa T
cell reference atlas to capture the state
of TILs in a sample and even identify novel
states. ProjecTILs works smoothly with
gene expression datasets produced from
heterogeneous samples and generated
with varying methods and technologies.
Massimo, Santiago and colleagues
validated their method by interpreting the
effects of T cell perturbations in multiple
model systems of cancer and infection.


https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-021-01431-w
https://www.nature.com/articles/s41467-021-23324-4#Abs1

CONVERTING THE ENEMY

A study in mouse models of the brain cancer
glioblastoma multiforme (GBM), led by
Ludwig Harvard’s Rakesh Jain and Hye-Jung
Kim of the Dana-Farber Cancer Institute,
found that reqgulatory T cells(Tregs), which
suppress anti-tumor immune responses,
are primarily responsible for the cancer’s
uniform resistance to immunotherapy.
Rakesh and his colleagues reportedina

May issue of Nature Communications that
selectively targeting the GITR receptor on
Tregs with an antibody (aGITR) that activates
its signaling transforms Tregs within GBM
tumors into highly unusual CD4+ effector
cells that not only lift the Treg-mediated
suppression of immune responses but also
kill cancer cells themselves. Combining

oGITR with anti-PD1 checkpoint
blockade immunotherapy increased
survival in three different mouse
models of GBM, resulting in complete
cures of some mice. That combination,
the researchers show, also induced
an immunological memory of

the cancer and synergized with
standard of care therapy for GBM.
Tregcells are abundant in the tumor
microenvironment of GBMs but are
usually absent in healthy brain tissue,
suggesting that this therapy could be
well tolerated and has the potential to
produce large numbers of anti-tumor
effector cells for GBM therapy.

Rakesh Jain

Ludwig Harvard

A PUSH FOR DIFFERENTIATION

Acute myeloid leukemia(AML)is a blood
cancer in which the process of forming
mature, differentiated and non-dividing
myeloid white blood cells is blocked. This
causes immature white blood cells to build
up in the bone marrow and disrupt normal
blood cell production. One approach to
treating the cancerinvolves targeting of
the epigenetic requlator LSD1to overcome
the differentiation blockade. But because
LSDlis alsoinvolved in other steps of
myeloid cell differentiation, its inhibition
was not well tolerated by patientsina
clinical trial. A study led by Ludwig Oxford’s
Yang Shiand published in a May issue

of iScience reported the identification

of metabolic processes that could be
targeted in tandem to improve this strategy
and lower the required dosage of LSD1
inhibitor. Screening alibrary of drugs, Yang
and his colleagues found that targeting
fatty acid and purine metabolic pathwaysin
combination with LSD1inhibition improved
significantly on LSD1inhibition alonein

cell culture models of AML differentiation.
The team also performed mathematical
modeling of the potential effects of varying
the concentrations and dosing intervals of
such drug combinations on cell maturation
and tumor burden. The study establishes a
basis for preclinical development of a new
AML treatment approach.

Yang Shi
Ludwig Oxford


https://www.nature.com/articles/s41467-021-22885-8
https://www.cell.com/iscience/fulltext/S2589-0042(21)00619-2#%22%20

Joshua Cohen Kenneth Kinzler

Ludwig Johns Hopkins Ludwig Johns Hopkins

BETTER DETECTOR

In a May paper in Nature Biotechnology, Ludwig Johns
Hopkins researchers Joshua Cohen, Bert Vogelstein,
Kenneth Kinzler and Nickolas Papadopoulos reported an
improved next-generation DNA sequencing technology
named SaferSeqsS (for “Safer Sequencing System”).
Such technologies are critical to liquid biopsies, which
detect cancer by analyzing DNA fragments shed by
tumors into body fluids. SaferSeqS, they show, isa
major improvement over widely used methods adapted
from one developed at Ludwig Johns Hopkins a decade
ago named Safe Sequencing System. [t improves

the sensitivity and reduces the baseline error rate of
mutation detection more than 100-fold in comparison
to other methods. SaferSeqS involves tagging both

Nickolas Papadopoulos Bert Vogelstein

Ludwig Johns Hopkins Ludwig Johns Hopkins

strands of each isolated DNA fragment with a unique
DNA sequence equivalent to a barcode and employing
duplex sequencing, which relies on the structural
redundancy of DNA to distinguish real mutations
from errors: If both strands of a DNA molecule have
corresponding mutations at the same spot, itis more
likely to be authentic than an experimental artifact.
The researchers compared their analysis of samples
to previous results from the CancerSEEK test, a liquid
biopsy for eight common cancers that was developed
at Ludwig Johns Hopkins. SaferSeqS significantly
improved sensitivity, detecting mutations not
previously captured in 68% of the samples tested.


https://pubmed.ncbi.nlm.nih.gov/33941929/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6080308/

DEADLY REVERSION

A study led by Ludwig Lausanne’s Douglas  aggressive, poorly differentiated subtype
Hanahan and published inan Aprilissue of  that lacks those features. Usinga PanNET
Cancer Discovery described a previously mouse model, Doug and his colleagues

unrecognized mechanism by which cancer showed that the progression from benign

Douglas Hanahan

Ludwig Lausanne

cells of arelatively benign subtype of
pancreatic tumors methodically revert—
or“de-differentiate”—to a progenitor, or
immature, state of cellular development
to spawn aggressive, metastatic

tumors. Engagement of the mechanism
is associated with poorer outcomes

in patients diagnosed with pancreatic
neuroendocrine tumors (PanNETs). These
tumors originate from the islet beta-cells
of the pancreas and can be divided into
arelatively benign, well-differentiated
subtype that maintains many features

of insulin-producing beta cells, and an

toaggressive PanNET tumors requires
cancer cells toretrace the pathway of
beta cell differentiation and maturation
to assume the progenitor state. Tumor
cells poised to de-differentiate step

up production of microRNA18, which
ultimately causes the activation of
Hmgb3, a protein that controls the
expression of a suite of genes that induce
the progenitor state. The study furnishes
preliminary evidence supporting the
inclusion of dedifferentiation as a distinct
and separable step, or perhaps sub-step,
inthe journey to malignancy.

Ash Alizadeh
Ludwig Stanford

A MEASURE OF BIAS

Diffuse large B-cell lymphoma (DLBCL)is
the most common type of non-Hodgkin's
lymphoma. Unfortunately, patients with
DLBCL in need of immediate therapy

are largely under-represented in clinical
trials. Shorter diagnosis-to-treatment
interval (DTI)is associated with poorer
outcomes, and it has been proposed as
ameasure by which researchers might
guantify selection bias in clinical studies
of DLBCL and its treatment. A team led
by Ludwig Stanford investigator Ash
Alizadeh examined whether circulating
tumor DNA(ctDNA), shed by dead cancer

cellsinto the blood, might also be usefully
measured to that end. The researchers
reported in the Journal of Clinical Oncology
in April that short DTl is associated with
agreater baseline tumor burden and can
be more objectively tracked by measures
of ctDNA to quantify and account for
patient selection bias in clinical studies.
ctDNA levels were also reliably associated
with event-free and overall survival in
multivariable analyses. The study involved
217 patients with DLBCL treated at six
centersinthe U.S. and Europe, and ctDNA
was detectable in 98% of the patients.


https://pubmed.ncbi.nlm.nih.gov/33910926/
https://ascopubs.org/doi/abs/10.1200/JCO.20.02573?journalCode=jco&

A METABOLIC MARK

A quarter to half of all women diagnosed
with HER2-positive breast cancer develop
brain metastases, and these frequently
lethal tumors are largely resistant to the
drugs used to treat systemic disease. A
study led by Ludwig Harvard investigator
Rakesh Jain and Ludwig MIT investigator
Matthew Vander Heiden examined
whether metabolic adaptations essential
to the growth and survival of these
metastases might expose vulnerabilities
that can be targeted for therapy.
Theresearchersreportedinan April
publication in Nature Cancer that—based
on the profiling of metabolites, gene
expression analyses and other studies

in mouse models—brain metastases
manufacture their own fats at a much
higher rate than do their counterparts
growingin the breast or as metastasis

to other tissues. This adaptationiis
necessary, they showed, because
accessible fats are in short supply for
breast cancer cellsin brain tissue. The
researchers also demonstrate that an
enzyme essential to the production of
fat molecules—fatty acid synthase—is
expressed at high levels in mouse models
and in biopsies obtained from HER2-
positive breast cancer patients. Genetic
or pharmacological inhibition of the
enzyme suppressed breast tumor growth
in the mouse brain, suggesting that
targeting fat synthesis could improve the
treatment of these breast cancer brain
metastases.

Rakesh Jain

Ludwig Harvard

Matthew Vander Heiden

Ludwig Harvard

Bing Ren
Ludwig San Diego

A TWOFER TECHNOLOGY

Ina February paper in Nature Methods, a
team led by Ludwig San Diego’s Bing Ren
reported its development of a technology
named Paired-Tag (for parallel analysis
of individual cells for RNA expression
and DNA from targeted tagmentation

by sequencing) that enables the
simultaneous analysis of gene expression
and epigenetic modifications made to
histones in the chromatin of individual
cells on a massive scale. Several new
technologies now permit the separate
profiling of epigenetic marks, chromatin
structure and all expressed genes in
individual cells, but rigorously and
comprehensively profiling the causal
relationships between those phenomena
has proved to be technically challenging.
Bing and his colleagues applied their
method to two regions of the adult
mouse brain (the frontal cortex and

the hippocampus), generating the first
cell-type-resolved maps of chromatin
state and global gene expression for 22
cell types. Paired-Tag will be useful to
researchers exploring the broad gene
regulatory programs that distinguish
distinct types of cellsin both healthy
and diseased tissues and the molecular
biology underlying the subtlest of
functional differences between cells
within tissues.


https://steelelabs.mgh.harvard.edu/data/wiki_pages/50/Jain_s43018_021_00183_y_1620230074_1.pdf
https://pubmed.ncbi.nlm.nih.gov/33589836/

NASCAR: iCAR vs. CAR

Researchers led by Ludwig Johns
Hopkins Co-director Kenneth Kinzler

and investigator Shibin Zhou reported

ina Marchissue of the Proceedings

of the National Academy of Sciences

the prototype of a new cancer
immunotherapy. The approach, relying on
a biochemical approximation of Boolean
logic, uses chimeric antigen receptor
(CAR)T cells to target acommon and
largely exclusive genetic aberration of
cancers: the loss of expression of one of
the usual two copies (or alleles) of a gene
due to chromosome losses commonly
known as “loss of heterozygosity”(LOH).
The NASCART cell expresses the CAR that
targets an allele expressed on the cancer
cell as well as an inhibitory CAR(iCAR)
against the allele product that is missing
due to LOH. If both proteins—equivalent
to the expression, A and B—are expressed
onacell encountered by the NASCAR T
cell, the iCAR is simultaneously activated,
and the presumably normal cell is left
untouched. If, however, one allele product
is present and the other missing—A and
NOT B—the NASCART cellis activated

to kill the deficient, cancerous cell. The
researchers designed NASCAR T cells that
target LOH cell surface molecules known
as HLA and tested it successfully on
three independent cell lines and in mouse
models.

Kenneth Kinzler

Ludwig Johns Hopkins

Shibin Zhou
Ludwig Johns Hopkins

Yang Shi
Ludwig Oxford
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THREEFER FOR SUCCESS

Researchers are exploring multiple
strategies to overcome resistance

to anti-PD-1checkpoint blockade
immunotherapy, whichis only effective
against a limited subset of patients

and cancer types. These include the
manipulation of epigenetic requlators,
which control the expression of genes.
But perturbation of these enzymes

can have opposing effects on various
aspects of the anti-tumor response,
resulting in dampened or no overall
benefit. Ludwig Oxford’s Yang Shi and
colleagues reportedin Cancer Discoveryin
March their examination of the opposing
effects of inhibiting one such epigenetic
requlator, LSD1. They showed in mouse
and cell models that suppressing LSD1
boostskiller T cell infiltration into tumors.
But this effect is counteracted by the
increased production of a signaling
protein called TGF-f} that suppresses the
activity of these cells. Depleting both
LSD1and TGF-P during anti-PD-1therapy
increased T cell infiltration and improved
their function, eradicating tumors that
were previously resistant to checkpoint
blockade and establishing an immune
memory of the tumor in the mice. Yang
and his coauthors suggest combining
LSD1inhibition with TGF-f and PD-1
blockade could expand the utility and
efficacy of the immunotherapy.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8000272/
https://pubmed.ncbi.nlm.nih.gov/33687985/

Lana Kandalaft Cheryl Chiang

Ludwig Lausanne

SPIKED VACCINE

Researchersled by Ludwig Lausanne’s
Lana Kandalaft, Cheryl Chiang and
Alexandre Harari published the results of
the latest study advancing a personalized
dendritic cell vaccine for ovarian cancer
(OCDC)inaMarch paperin Nature Partner
Journals: Vaccines. The OCDC vaccine
involves pulsing dendritic cells—which
direct T cells to tumors and stimulate
their activity—from a patient with an
extract of her ovarian tumor to create a
personalized dendritic cell vaccine. When
combined with standard ovarian cancer
therapies cyclophosphamide and the
angiogenesis inhibitor bevacizumab in an
open label clinical trial, the vaccine was
previously shown to extend the lives of
patients with late stage ovarian cancer.

Ludwig Lausanne

Alexandre Harari

Ludwig Lausanne

In the current study, the researchers
showed that adding aspirin and the
immune factor IL-2 to the mix elicited
vaccine-specific T-cell responses that
positively correlated with patients’
prolonged time-to-progression and
overall survival in a small clinical trial.
Aspirin counteracts a mechanism by
which tumors inhibit T cell infiltration,
while IL-2 is a potent stimulator of T

cell proliferation. Those results were
reflected in the ID8 ovarian cancer mouse
model. Animmunological analysis of the
mice confirmed that the two new drugs
added to the mix had the intended effect
of suppressing mechanisms of T cell
exclusion from tumors and boosting T cell
numbers.
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https://pubmed.ncbi.nlm.nih.gov/33723260/
https://www.ludwigcancerresearch.org/news-releases/ludwig-researchers-devise-and-test-pioneering-personalized-cancer-vaccine-for-ovarian-cancer/

Chetan Bettegowda
Ludwig Johns Hopkins

Jacqueline Douglass

Ludwig Johns Hopkins

Emily Han-Chung Hsiue
Ludwig Johns Hopkins

Kenneth Kinzler

Ludwig Johns Hopkins

IMMUNOTHERAPEUTIC TOUR DE FORCE

Researchers at Ludwig Johns Hopkins,
including graduate students Emily
Han-Chung Hsiue and Jacqueline
Douglass, Co-directors Bert Vogelstein
and Kenneth Kinzler, and investigators
Shibin Zhou, Nick Papadopoulos and
Chetan Bettegowda, as well as their
Johns Hopkins colleagues Katharine
Wright and Sandra Gabelli developed
and demonstrated a new strategy
forimmunotherapy that targets
specific genetic alterations commonly
associated with cancer, including those
of the TP53 tumor suppressor gene and
cancer-driving RAS genes to generate
atherapeuticimmune response. The
strategy and its preclinical evaluation
in mouse models were described in two
March papersin Science Immunology and
Science.

The Ludwig Johns Hopkins team first

developed antibody fragments to
recognize the targeted mutant antigens,
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called neoantigens, and used them

to design bispecific antibodies that
recognize two distinct molecules: the
antigens bound to the protein machinery
that presents them to the immune
system’s T cells, known as HLA, and a
receptoron T cells that is critical to their
function. By linking the two, the bispecific
antibodies prompted the T cells to kill

the cancer cells presenting the targeted
antigens. The researchers demonstrated
that the immune attack elicited by the
bispecific antibodies isrestricted to
cancer cells bearing the neoantigens,
does not affect healthy cells and prompts
the destruction of human cancer cells
harboring TP53 and RAS mutationsin
xenograft mouse models.

The strategy’s success dependsona
cancer expressing at least one targeted

neoantigen and the patient having

continued on next page


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8141259/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8208645/

Nickolas Papadopoulos

Ludwig Johns Hopkins

the particular HLA type that presents
that antigen to the immune system. It
has several advantages. Importantly,
neoantigens derived from genetic
alterations represent the most specific
targets possible. Therefore, targeting
these antigens minimizes the chances of
causing so called “on-target, off-tissue”
toxicities observed when targeting
tumor-associated antigens that can also
be expressedin certain normal tissues.

Another potential benefit would be that
such products could work on a wide
variety of patients, solong as they have
the HLA subtype and any type of cancer
that expresses the mutant TP53 or RAS
gene—both of which are very common
drivers of cancer. The antibody-based
approach should also be comparatively
simple to apply because it does not entail
any isolation and engineering of patient
immune cells. The researchers are now
further studying the strategy to assess
its potential toxicities and adapting

Bert Vogelstein

Ludwig Johns Hopkins

Shibin Zhou
Ludwig Johns Hopkins

their approach to target other common
cancer-related mutations.

Inathird March paper published in
Science Translational Medicine, the
teamled by Bert Vogelstein and a Johns
Hopkins colleague Suman Paul devised
similar bispecific antibodies to target
T-cell lymphomas. In this approach, the
target antigenis a T-cell receptor(TCR)
instead of a neoantigen. Each normal

T cell expresses aunique TCR type
generated from one of approximately
30 different TCR  chain variable gene
families. But all cancer cells in a patient
express one particular TCR type because
all cancer cells are derived from a single
original T cell. By targeting the particular
cancer cell-expressed TCR, the new
approach would kill all cancer cells and
only avery small fraction of normal T
cells. The efficacy and specificity of this
approach were shown bothin culture
dishes and in mouse models of the
disease.
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https://stm.sciencemag.org/content/13/584/eabd3595.short

HIGH SUGAR SOLUTION

Ina February paperin Nature, researchers
led by Ludwig MSK’s Taha Merghoub, Jedd
Wolchok and former postdoc Roberta
Zappasodi, now at Cornell, described a
mechanism by which the immunotherapy
CTLA-4 blockade can disable suppressive
immune cells to aid the destruction of
certain tumors. The researchers used
amodel system in which tumors are
relatively less reliant on burning sugar
through glycolysis. Ina mouse model of
glycolysis-deficient breast tumors, CTLA-
4 blockade not only stimulated cancer-
targeting T cells but also reprogramed
regulatory T cells(Tregs), which suppress
anti-cancer immune responses. CTLA-4
blockade extended the survival of mice

in which tumors were surgically removed
compared to identically treated mice
implanted with glycolysis-competent
tumors. The effect correlated with
increased infiltration of T cells into
tumors and the establishment of a strong
immune memory of the cancerin the
mice, and Tregs in responsive tumors had
lost their suppressive ability and were
producing interferon-y and TNF-a, which
are normally produced by killer T cells.
The researchers showed that depletion

of glucose in the microenvironment by
tumor glycolysis reinforces the functional
stability of Tregs and described the
signaling that destabilizes Tregs in an
environment rich in glucose following
CTLA-4 blockade. They are now looking
for drugs that can suppress glycolysisin
tumors to test as therapiesin combination
with CTLA-4 blockade.

Taha Merghoub
Ludwig MSK

Jedd Wolchok
Ludwig MSK

Ralph Weichselbaum
Ludwig Chicago
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TER-RIFIC TARGETS

"Ter" cells (officially CD45-Ter119+CD71+
erythroid progenitor cells), precursors to
certain types of blood cells, are induced
in the spleen by tumors and are thought to
promote tumor progression by secreting a
factor known as artemin. Now a study led
by Ludwig Chicago’s Ralph Weichselbaum
and Yang-Xin Fu of the University of Texas
Southwestern Medical Center has found
that both targeted radiotherapy and
anti-PD-L1immunotherapy deplete Ter
cellsin the spleens of mouse models and
reduce artemin levels outside the field of
radiation. The researchersreportedina
February paperin Science Translational
Medicine that Ter cell depletion or the
blockade of artemin or its signaling
partners boosted the therapeutic effects
of both IR and anti-PD-LTimmunotherapy
against various tumor types. That effect
was mediated by killer T cells, which
target cancer cells, and the production

of interferon-y, an immune-stimulating
factor. Conversely, giving mice
erythropoietin—which promotes Ter cell
proliferation—induced resistance to those
therapies. An examination of samples
from patients with melanoma who had
received immunotherapy or patients with
lung cancer who received radiotherapy
demonstrated that favorable responses
were associated with a reduction of Ter
cells, artemin orits signaling partners.
Theresearchers note that their study
identified several potential drug targets
toimprove outcomes of radiotherapy and
immunotherapy.


https://pubmed.ncbi.nlm.nih.gov/33588426/
https://stm.sciencemag.org/content/13/582/eabb0130

Galit Lahav

Ludwig Harvard

A MATTER OF TIME

The varying sensitivity of different
tissues to radiation has long been a bit
of a puzzle. It is known that the tumor
suppressor pb3 mediates responses to
radiation, which induces programmed
deathin seriously damaged cells.
Recent studies on cell cultures have,
meanwhile, suggested that variations
in radiosensitivity correlate with the
temporal dynamics of pb3 levels within
cells. To further explore this possibility,
researchers led by Ludwig Harvard
investigators Galit Lahav and Ralph
Weissleder examined how p53 levels
change over time in distinct tissues of
living mice in response to irradiation.
The researchers focused on tissues in
the intestine, thymus and spleen, which
express pbJ at similar levels yet have

Ralph Weissleder

Ludwig Harvard

varying sensitivities to ionizing radiation.
They reportedinaFebruary paperin
Nature Communications that p53 levels

in highly sensitive tissues tended to
spike and then remain on a high plateau
following irradiation. In tissues better
able to resist radiation, on the other hand,
p53 levels tend to oscillate over time.
They also evaluated the effects of an
inhibitor of MDM2, aregulatory protein

in cells that promotes the degradation

of pb3, on cancer cell responses to
radiotherapy. Exposure to the drug
reduced the viability of cancer cell lines
and, even when given only in a single
dose immediately following radiotherapy,
suppressed tumor growth in a mouse
model of colon cancer.
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https://www.nature.com/articles/s41467-021-21145-z

As part of our ongoing commemoration of Ludwig’s 50th anniversary, we asked scientists at

our Branches and Centers to share their views on how far the field has come, and their hopes and

expectations for the future of cancer research and care. Their answers touched on multiple scientific
disciplines, challenges and issues, with some common themes offering a rough measure of where
frontline physicians and cancer researchers feel their field is right now and where they think—or
hope—it's heading. In the interests of keeping our own biases out of this compilation and letting the
overlapping ideas and issues raised by Ludwig researchers speak for themselves, we've organized the

responses we received in plain old alphabetical order. Read on!

What do you think have been the
in cancer research since the

Ludwig Institute for Cancer Research was born

50 years ago?

The discovery that canceris, in
essence, a genetic disease, and the
identification of the major genes
responsible for it.

CHETAN BETTEGOWDA
Ludwig Johns Hopkins

[ think the success of immunotherapy has been one of
the more surprising accomplishments over the past 50
years. Evenin the age of the genomic revolution and
numerous therapies targeted at the cancer genome,
this mutation-agnostic approach has still resulted in
some of the best improvements in patient outcomesin
certain settings.

THOMAS CARROLL

Ludwig Oxford
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Paradigm shifting discoveries since
1971that have changed the lives

of patients include mapping of the
human genome, and the discovery of
oncogenes and immune checkpoints.
Translation of these discoveries
dramatically improved cancer
diagnostics and treatment through new
targeted drugs and immunotherapy.

CHI VAN DANG
Ludwig Institute for Cancer Research

At the time, it was a surprise when human oncogenes
were found to be related to viral oncogenes, and
tumor suppressors were identified. A more recent
surprise was that metastatic disseminationis driven



less by pro-metastasis mutations, but rather by the
combination of cell plasticity and microenvironment-
driven phenotype switches.

COLIN GODING
Ludwig Oxford

The decisive advances in cancer
immunotherapy have been widely
feted, and for good reason. Separately,
lam also inspired by how multiple blood
cancers can be treated by depleting

a patient’s cancerous blood system
and replacing it with a healthy one
("bone marrow transplantation”), which
recently saved a friend's life.

KYLE LOH
Ludwig Stanford

What I've really come to find mind-blowing is how our
understanding of the tumor microenvironment has
evolved, not just when it comes to its complexity but
also the different technologies that we now have the
privilege to use, allowing us to decode information
right down to the level of single cells.

SAMANTHA MAHFOUD
Ludwig Lausanne

There have been so many discoveries
inthe past 50 years, it is difficult

to choose! But amongst them, the
discovery that gut microbiota regulate
responses to cancer therapiesis the
one | personally find fascinating. The
idea of interorgan communication

and viewing cancer as a whole-body
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disease really speaks to me, especially
because we work on blood and lymphatic
vessels, which are types of highways

connecting all parts of our body.

TANYA PETROVNA
Ludwig Lausanne

The advent of computerized radiation therapy to treat
patients with diverse solid tumors without the need for
radical surgery.

SEAN PITRODA
Ludwig Chicago

There have been so many amazing
breakthroughsinthe last 50 years, itis
difficult to choose the most surprising
ones. The fact that mutationsin the
replicative polymerase epsilon are a

common driver mutation was certainly
unexpected and shows how cancers
can actively tune the speed of evolution
to their advantage.

BENJAMIN SCHUSTER-BOCKLER

Ludwig Oxford

We now understand in amazing detail the genetic
underpinnings of cancer and how genetic
aberrations drive cancer progression. But,

more importantly, we see how even single agent
antagonists of key drivers have remarkable clinical
benefit (e.g. Gleevec). That reprogrammed T-cells
(CAR-T therapies) can provide nearly single dose
cures for patients with acute lymphoblastic
leukemia and myeloma. That harnessing the body’s
immune systemin general can provide remarkable



and sustained benefit across a diversity
of human cancers.

BILL SELLERS
Ludwig Harvard

The past half-century has brought
great advancements in our knowledge
on cancer, leading to multiple new
therapies. During this time, it also
became clear that canceris a collection
of different diseases. Most surprising,
it was discovered that each cancer can
be extremely heterogenous, explaining
why they are so hard to treat. This
realization now serves as a platform for
designing next-generation therapies
that target the evolvability of cancer
cells, thereby limiting the development
of therapy resistance, and improving
patient prognosis.

OFER SHOSHANI
Ludwig San Diego

Inthe last few decades, cancer research has
achieved astonishing results, bringing insights into
the basic mechanisms of tumorigenesis and cancer
progression. Discovery of key players driving tumor
growth and invasion led to identification of the

first therapeutic targets. These milestones made
possible the development of a wide range of cancer
treatments.

ARTEM SMIRNOV
Ludwig Oxford
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The level of molecular understanding
we have now is totally incomparable

to 50 years ago. From a rudimentary
understanding of morphology, we now
measure and interpret thousands of
molecules in every single cell routinely.

PETER VAN GALEN
Ludwig Harvard

For me, one of the most remarkable achievementsin
cancerresearch has been the development of cancer
immunotherapy. Over the past 50 years, we have
discovered multiple regimens that notably harness the
immune system to eliminate cancer cells, like immune
checkpointinhibitors and chimeric antigen receptor
immune cells.

NEHA WALI
Ludwig Oxford

Identification of the genetic alterations
that cause cancer and the underlying
mechanisms by which they function,
and the development of therapeutic
approaches that target those
mechanisms for cancer therapy.

EILEEN WHITE
Ludwig Princeton

Although | should not be surprised to have seen

this, | must comment on the now-widespread use of
immunotherapy for numerous different cancers. The
impact of this form of treatment has been significant
in some diseases, like melanoma, and | credit the
stalwart support of LCR in making this a reality. |
also am continually impressed by how quickly we, as



Ask a scientist

clinicians, can obtain detailed genomic information
about literally hundreds of genes in a patient’s tumor.
Thisis actionable information in many instances and
happens within a timeframe that is clinically realistic.
The fact that we can now even get some of the same
information from cell free DNA in blood and other body
fluids is similarly impressive (thank you Ludwig Center
@ Johns Hopkins!).

JEDD WOLCHOK
Ludwig MSK

What are the most pressing
cancer research needs
moving forward?

Treatment innovations have greatly
improved the expected lifespan for
many cancer patients over the past

50 years. However, many metastatic
cancers still remain difficult to treat. In
my opinion, increased research focus on
cancer prevention and early detection
methods would be an important step
towards reducing the number of
patients with metastatic disease.

THOMAS CARROLL
Ludwig Oxford

Drugresistance and ourincomplete understanding
of patient-to-patient variability remain significant
barriers to curing cancers. Further researchis critically
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needed to reveal exploitable vulnerabilities of the tumor
immune microenvironment and to understand how
individual genetic, dietary and behavioral differences
contribute to therapeutic response.

CHI VAN DANG
Ludwig Institute for Cancer Research

One of the most pressing research
needs moving forward is a more
complete understanding of the state of
the immune response in cancer patients
and itsrelationship to the genetic
alterations in the neoplastic cells.

JACKIE DOUGLASS
Ludwig Johns Hopkins

An ability to target the multiple different phenotypic
statesin cancers that can actas areservoir fordrug
orimmunotherapy tolerant cells, in particular cancer
stem-like cells and dormant cancer cells. There is
also arelated need to understand and overcome
mechanisms of resistance to immunotherapies.

COLIN GODING
Ludwig Oxford

Cancer immunotherapy (specifically, immune
checkpoint blockade)is remarkably effective

against certain cancers(e.g., melanoma and certain
lung cancers). These cancers are riddled with DNA
mutations and consequently present many mutant
proteins(“cancer neoantigens”) for the immune system
to target. Cancers with lower mutational burdens may
necessitate alternate therapeutic interventions.

KYLE LOH
Ludwig Stanford



We currently hold a huge amount of
data from both mouse tumor models
and patient samples, especially after
the single cell RNA sequencing era

lam lucky to be part of. Now, what |
think we are in need of, with the help of
bioinformatics, is to delve deeperinto
finding new therapeutic options and
make the current ones more specific to
prevent off-target adverse effects.

SAMANTHA MAHFOUD
Ludwig Lausanne

Again—so many of those! My personal pick is bringing
in mathematicians, physicists, programmers and
collecting whole-body information for next-level a
nalysis of data, and developing quantitative, systemic
models for cancer and its responses to therapies. A
totally different challenge is the recruitment of young
talentinanincreasingly consumerist world ©. But |
am resolutely optimistic, and thrilled to interact daily

with so many great young scientists.
TANYA PETROVNA

Ludwig Lausanne

Immediate cancer research needs include cancer
prevention, early detection and monitoring,
vaccination strategies, personalization of treatment
approaches, and reducing side effects of cancer

treatment.
SEAN PITRODA
Ludwig Chicago

Targeted therapies against specific cancer driver
gene variants and newer systemic therapies such as
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checkpoint blockade are becoming available at the
moment. What is lacking, in my opinion, is a better
prediction of which combination of treatments is best
suited for which patient, and a faster way to monitor
the success of treatment.

BENJAMIN SCHUSTER-BOCKLER
Ludwig Oxford

Methods to preclinically model the full
spectrum of human cancer so we can
elucidate curative treatments without
sequential empirical clinical trials. Also,
the ability to selectively detect and
remove early-stage cancers that are
likely to develop into lethal disease.

BILL SELLERS
Ludwig Harvard

Notwithstanding the huge progress, a deeper
understanding of oncogenic pathway complexity has
raised even more questions to solve, for instance,
drugresistance. Therefore, | believe that new thera-
peutic strategies will need to switch from general

to personalized cancer treatment to address this
important question before choosing a specific treatment.

ARTEM SMIRNQV
Ludwig Oxford

Cellular heterogeneity at the level of genetic, trans-
criptional and epigenetic states is stillan enormous
challenge. Small populations of cancer cells that evade
therapy are often the source of relapse, a major clinical
challenge. That, and tumor-immune cell interactions.

PETER VAN GALEN
Ludwig Harvard



Despite durable clinical benefitsin
some patients with cancer who receive
immunotherapy, most patients still fail
torespond to treatments. As aresult,
thereis stillalot more work to do to
elucidate mechanisms of response
and resistance toimmunotherapy and
discover new potential biomarkers and
therapeutic targets.

NEHA WALI
Ludwig Oxford

Immunotherapy is changing the course of cancer
therapy, providing long lasting tumor regression

and cures in patients afflicted with what was
previously a lethal disease. Expanding the success
of immunotherapy to more patients and tumor types
through researchis a pressing need.

EILEENWHITE
Ludwig Princeton

The costs of cancer care and disparities in access
are highly urgent needs. New and better therapies
for disease with a dire prognosis such as GBM and
pancreatic cancer are also areas of immediate

importance.
JEDD WOLCHOK
Ludwig MSK

What would you

in cancer
research in the next 50
years? And are we well-
positioned to achieve that?

Next-generation sequencing datasets are now key
tools for cancer research, and theirimportance

will only continue to grow over the next 50 years.
Meaningful analysis can be done on a single dataset,
but integration of multiple datasets helps us derive
more insight and potential benefit for patients.
Therefore, it will be crucial for our field to promote
seamless access to raw data and reproducible code in
the coming decades.

THOMAS CARROLL
Ludwig Oxford

We hope that our liquid biopsy research
will enable a future where a majority

of cancers are detected earlier, when
they are still treatable and curable,

by routine screening. Accomplishing
this goal will be a key to reducing
cancer deaths, hand-in-hand with the
development of new therapeutics.

JOSH COHEN
Ludwig Johns Hopkins

The Ludwig Institute for Cancer Research is uniquely
positioned to deploy precious sustainable resources in
orthogonal strategies to contribute to cancer research



breakthroughs. Similar to the paradigm used by the
Defense Advanced Research Program Agency (DARPA)
that contributed to the development of the internet,
GPS technology, and unmanned aerial vehicles,
Ludwig can and will embrace high-risk projects that
willuncover unforeseen novel therapeutic and early
detection strategies.

CHI VAN DANG
Ludwig Institute for Cancer Research

Following targeted therapy to dramati-
cally reduce tumor burden, for example
by inhibiting mutant BRAF in melanoma,
targeting minimal residual disease (MRD)
will reduce the probability of emergence
of genetic drugresistance. Thisrequires
detailed understanding of the mecha-
nisms that generate and maintain MRD
and a reassessment of clinical ethical
considerations.

COLIN GODING
Ludwig Oxford

History suggests that cancer research will be
transformed in the next 50 years in ways that we
cannot possibly imagine. 50 years ago—in 1971—cancer
immunotherapy or CAR-T cells would have been
inconceivable. The serendipity of basic research

will continue to delight and surprise us in hitherto
unimaginable ways.

KYLE LOH
Ludwig Stanford

In coming years, what I long to see the most is for
cancer treatments to become more personalized and,
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importantly, accessible to patients worldwide. As a
Lebanese graduate, | see that we are still on the lower
part of the scale when it comes to bridging cancer
research and clinical trials. | hope that with help and
support from countries with advanced technologies,
like Switzerland, more countries will have the
opportunity to see what research is truly about and
how it is being translated in daily life.

SAMANTHA MAHFOUD
Ludwig Lausanne

If you are asking about my dream, here goes: | would
like to see the transition to improved diagnostics,
prevention and treatment of pre-cancerous and early
cancerous lesions combined with effective, minimal-
side-effects treatment of advanced cancers. These
goals have a big social component, solamin two
minds as to how we stand currently—technologically |
think we are in a good shape, but socially there is much
room for progress to guarantee access to information,
diagnostics and treatment for everyone.

TANYAPETROVNA
Ludwig Lausanne

By leveraging brilliant minds in
translational and basic sciences, |
believe we are well-positioned over
the next 50 years to cure many or most
patients with metastatic disease.

Sean Pitroda
Ludwig Chicago

Our current understanding of molecular pathways is
often not quantitative but only descriptive. In the next



50 years, we need to move from a reductionist view of
gene function to a model-based approach thatis able to
integrate the complexinteractions that control cellular
behavior and make testable predictions. | am confident
that technological development both on the experimen-
tal and computational side will soon make this possible.

BENJAMIN SCHUSTER-BOCKLER
Ludwig Oxford

That we cure cancer—and while, scientifically, we
are making tremendous progress with regards to our
ability to harness discoveries to that end, we are not
well positioned to achieve this goal.

Bill Sellers
Ludwig Harvard

This new and exciting era of big data and -omics

that reveal cancer genomes in base-pair resolution,
combined with cutting edge microscopy approaches
and powerful genome editing tools, provides great
promise for the future of cancer research, with the
hope that within the next half century humanity would
win the fight against cancer.

OFER SHOSHANI
Ludwig San Diego

Recent development of cost-effective
sequencing will allow rapid analysis of
tumor DNA and RNA to identify specific
therapeutic targets for every single
patient. | trust that new technologies
like these will help us find the most
efficient strategies to fight cancer.

ARTEM SMIRNOV
Ludwig Oxford
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' would like to see that all the molecular insights the
field has gained and the technologies we have devel-
oped are translated into improved targeted, combina-
tion or personalized therapies. We are in a great posi-
tion to do that, but much work needs to be done.

PETER VAN GALEN
Ludwig Harvard

Inthe next 50 years, | would like to see an even
stronger integration of immunotherapies and
computational algorithms that predict clinical
response. Given the constant and rapid growth of
bioinformatics, new sequencing technologies and
artificial intelligence, | do believe the field isin a good
position to achieve this.

NEHA WALI
Ludwig Oxford

| would like all cancer researchers to seek employment
inother areas because canceris history. Thisis an
achievable goal.

EILEEN WHITE
Ludwig Princeton

I would like to see more global efforts
to ensure access to cancer care

and more attention to blood-based
diagnosis and biomarker assessment
for more precise treatment planning.

JEDD WOLCHOK
Ludwig MSK



Required reading

Ludwig Chicago

Science Immunology
2021June

All-trans retinoic acid
overcomes solid tumor
radioresistance by inducing
inflammatory macrophages

Rao E, Hou Y, Huang X, Wang L,
Wang J, Zheng W, YangH, Yu X,
Yang K, Bugno J, Ding X, Vokes
EE, Fu Y-X, Weichselbaum RR,
Liang HL.

Breast Cancer Research
2021May 12

Lasofoxifene as a potential
treatment for therapy-resistant
ER-positive metastatic breast
cancer.

Lainé M, Fanning SW, Chang YF,
Green B, Greene ME, Komm B,
Kurleto JD, Phung L, Greene GL.

Science Translational Medicine
2021February 24

Radiotherapy and
immunotherapy converge on
elimination of tumor-promoting
erythroid progenitor cells
through adaptive immunity.

Hou Y, Liang HL, Yu X, Liu Z, Cao
X,Rao E, Huang X, Wang L, LiL,
Bugno J, FuY, Chmura SJ, Wu W,
Luo SZ, Zheng W, Arina A, Jutzy
J, McCall AR, Vokes EE, Pitroda
SP, Fu YX, Weichselbaum RR.

Ludwig Harvard

Science Signaling
2021June 8

Metabolic perturbations
sensitize triple-negative breast
cancers to apoptosis induced by
BH3 mimetics.

Daniels VW, Zoeller JJ, van
Gastel N, McQueeney KE, Parvin
S, Potter DS, Fell GG, Ferreira
VG, Yilma B, Gupta R, Spetz J,
Bhola PD, Endress JE, Harris IS,
Carrilho E, Sarosiek KA, Scadden
DT, Brugge JS, Letai A.

Nature Communications
2021May 11

Targeting Treg cells with GITR
activation alleviates resistance
to immunotherapy in murine
glioblastomas.

Amoozgar Z, Kloepper J, Ren

J, Tay RE, Kazer SW, Kiner E,
Krishnan S, Posada JM, Ghosh
M, Mamessier E, Wong C, Ferraro
GB, Batista A, Wang N, Badeaux
M, Roberge S, Xu L, Huang P,
Shalek AK, Fukumura D, Kim HJ,
Jain RK.

Nature Cancer
2021 April1Epub

Fatty acid synthesis is required
for breast cancer brain
metastasis.

Ferraro GB, Ali A, Luengo A,
Kodack DP, Deik A, Abbott KL,
Bezwada D, Blanc L, Prideaux B,
Jin X, Possada JM, Chen J, Chin
CR, Amoozgar Z, FerreiraR, Chen
IX, Naxerova K, Ng C, Westermark
AM, Duquette M, Roberge S,
Lindeman NI, Lyssiotis CA,
Nielsen J, Housman DE, Duda

DG, Brachtel E, Golub TR, Cantley
LC, Asara JM, Davidson SM,
Fukumura D, Dartois VA, Clish CB,
Jain, RK, Vander Heiden MG.

Nature Communications
2021February 9

p53 dynamics vary between
tissues and are linked with
radiation sensitivity.

Stewart-Ornstein J, Iwamoto

Y, Miller MA, Prytyskach MA,
Ferretti S, Holzer P, Kallen J,
Furet P, Jambhekar A, Forrester
WC, Weissleder R, Lahav G.

Ludwig Johns Hopkins

Nature Biotechnology
2021May 3
Online ahead of print

Detection of low-frequency DNA
variants by targeted sequencing
of the Watson and Crick strands.

Cohen JD, Douville C, Dudley
JC, Mog BJ, Popoli M, Ptak J,
Dobbyn L, Silliman N, Schaefer
J, Tie J, Gibbs P, Tomasetti C,
Papadopoulos N, Kinzler KW,
Vogelstein B.

Proceedings of the National
Academy of Sciences USA
2021March 23

Targeting loss of heterozygosity
for cancer-specific
immunotherapy.

Hwang MS, Mog BJ, Douglass J,
Pearlman AH, Hsiue EH, Paul S,
DiNapoli SR, Konig MF, Pardoll
DM, Gabelli SB, Bettegowda C,
Papadopoulos N, Vogelstein B,
Zhou S, Kinzler KW.

Science
2021March 10 Epub

Targeting a neoantigen derived
from acommon TP53 mutation.

Hsiue EH, Wright KM, Douglass

J, Hwang MS, Mog BJ, Pearlman
AH, Paul S, DiNapoli SR, Konig MF,
Wang Q, Schaefer A, Miller MS,
Skora AD, Azurmendi PA, Murphy
MB, Liu Q, Watson E, Li Y, Pardoll
DM, Bettegowda C, Papadopoulos
N, Kinzler KW, Vogelstein B,
Gabelli SB, Zhou S.

Science Immunology
2021March1

Bispecific antibodies targeting
mutant RAS neoantigens.

Douglass J, Hsiue EH, Mog

BJ, Hwang MS, DiNapoli SR,
Pearlman AH, Miller MS, Wright
KM, Azurmendi PA, Wang Q, Paul
S, Schaefer A, Skora AD, Molin
MD, Konig MF, Liu 0, Watson E,
LiY, Murphy MB, Pardoll DM,
Bettegowda C, Papadopoulos N,
Gabelli SB, Kinzler KW, Vogelstein
B, Zhou S.

Science Translational Medicine
2021March 1Epub

TCR (3 chain-directed bispecific
antibodies for the treatment of T
cell cancers.

Paul S, Pearlman AH, Douglass
J, Mog BJ, Hsiue EH, Hwang MS,
DiNapoli SR, Konig MF, Brown
PA, Wright KM, Sur S, Gabelli

SB, LiY, Ghiaur G, Pardoll D,
Papadopoulos N, Bettegowda C,
Kinzler KW, Zhou S, Vogelstein B.

Nature
2021February 15 Epub

CTLA-4 blockade drives loss of
T (reg) stability in glycolysis-low
tumours.

ZappasodiR, Serganoval,
Cohen|J, Maeda M, Shindo M,
Senbabaoglu Y, Watson MJ,
Leftin A, Maniyar R, Verma S,
Lubin M, Ko M, Mane MM, Zhong
H, Liu C, Ghosh A, Abu-Akeel M,
Ackerstaff E, Koutcher JA, Ho
PC, Delgoffe GM, BlasbergR,
Wolchok JD, Merghoub T.
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Required reading

Ludwig Lausanne

Nature Immunology
2021May 24 Epub

Metabolic reprogramming of
terminally exhausted CD8+ T
cells by IL-10 enhances anti-
tumor immunity.

GuoY, Xie YQ, Gao M, Zhao Y,
Franco F, Wenes M, Siddiqui
|, Bevilacqua A, Wang H, Yang
H, Feng B, Xie X, Sabatel CM,
Tschumi B, Chaiboonchoe A,
Wang Y, LiW, Xiao W, Held W,
Romero P, Ho PC, Tang L.

Nature Communications
2021May 20

Interpretation of T cell states
from single-cell transcriptomics
data using reference atlases.

Andreatta M, Corria-Osorio J,
Muller S, Cubas R, Coukos G,
Carmona SJ.

Cancer Discovery
2021April 28
Online ahead of print

Cancer cellsretrace a stepwise
differentiation program during
malignant progression.

Saghafinia S, Homicsko K, Di
Domenico A, Wullschleger S,
Perren A, Marinonil, Ciriello G,
Michael IP, Hanahan D.

NPJ Vaccines
2021March 15

Personalized cancer vaccine
strategy elicits polyfunctional T
cells and demonstrates clinical
benefits in ovarian cancer.

Tanyi JL, Chiang CL, Chiffelle

J, Thierry AC, Baumgartener P,
Huber F, Goepfert C, Tarussio D,
Tissot S, Torigian DA, Nisenbaum
HL, Stevenson BJ, Guiren HF,
Ahmed R, Huguenin-Bergenat
AL, Zsiros E, Bassani-Sternberg
M, Mick R, Powell DJ Jr, Coukos G,
Harari A, Kandalaft LE.

Ludwig MSK

Cancer Cell
2021June 10

Tim-4+ cavity-resident
macrophages impair anti-tumor
CD8+ T cell immunity.

Chow A, Schad S, Green MD,
Hellmann MD, AllajV, Ceglia N,
Zago G, Shah NS, Sharma SK,
Mattar M, Chan J, RizviH, Zhong
H, Liu C, Bykov Y, Zamarin D, Shi
H, Budhu S, Wohlhieter C, Uddin
F, Gupta A, Khodos |, Waninger
JJ, 0in A, Markowitz GJ, Mittal V,
BalachandranV, Durham JN, Le
DT, Zou W, Shah SP, McPherson A,
Panageas K, Lewis JS, Perry JSA,
de Stanchina E, Sen T, Poirier JT,
Wolchok JD, Rudin CM,

Merghoub T.

Nature
2021February 15 Epub

CTLA-4 blockade drives loss of
Treg stability in glycolysis-low
tumours.

ZappasodiR, Serganoval,
Cohen|J, Maeda M, Shindo M,
Senbabaoglu Y, Watson MJ,
Leftin A, Maniyar R, Verma S,
Lubin M, Ko M, Mane MM, Zhong
H, Liu C, Ghosh A, Abu-Akeel M,
Ackerstaff E, Koutcher JA, Ho
PC, Delgoffe GM, Blasberg R,
Wolchok JD, Merghoub T.

Ludwig Oxford

iScience
2021May 25

Combined epigenetic and
metabolic treatments overcome
differentiation blockade in
acute myeloid leukemia

Zee BM, Poels KE, Yao CH,
Kawabata KC, Wu G, Duy C,
Jacobus WD, Senior E, Endress
JE, Jambhekar A, Lovitch SB, Ma
J, Dhall A, Harris IS, Blanco MA,
Sykes DB, Licht JD, Weinstock
DM, Melnick A, Haigis MC, Michor
F, ShiY.

Modern Pathology
2021May 20
Online ahead of print.

Artificial intelligence for
advance requesting of
immunohistochemistry in
diagnostically uncertain
prostate biopsies.

Chatrian A, Colling RT, Browning
L, Alham NK, Sirinukunwattana
K, Malacrino S, Haghighat M,
Aberdeen A, Monks A, Moxley-
Wyles B, Rakha E, Snead DRJ,
Rittscher d, Verrill C.

Cancer Discovery
2021March9
Online ahead of print

Simultaneous inhibition of LSD1
and TGFa enables eradication
of poorly immunogenic tumors
with anti-PD-1treatment.

Sheng W, LiuY, Chakraborty D,
Debo B, Shi Y.

Ludwig San Diego

Nature Methods
2021February 15 Epub

Joint profiling of histone
modifications and
transcriptome in single cells
from mouse brain.

ZhuC, Zhang Y, Li YE, Lucero J,
Behrens MM, Ren B.

Ludwig Stanford

Nature
2021May 26 Epub

NF1mutation drives neuronal
activity-dependent initiation of
optic glioma.

PanY, Hysinger JD, Barron T,
Schindler NF, Cobb O, Guo X,

Yalgin B, Anastasaki C, Mulinyawe

SB, Ponnuswami A, Scheaffer
S,MaY, Chang KC, Xia X, Toonen
JA, Lennon JJ, Gibson EM,

Huguenard JR, Liau LM, Goldberg

JL, Monje M, Gutmann DH.

Journal of Clinical Oncology
2021April 28
Online ahead of print

Short diagnosis-to-treatment
interval is associated with
higher circulating tumor DNA
levels in diffuse large B-cell
lymphoma.

Alig S, Macaulay CW, Kurtz DM,
Ddhrsen U, Hittmann A, Schmitz
C, Jin MC, Sworder BJ, Garofalo
A, Shahrokh Esfahani M, Nabet
BY, Soo J, Scherer F, Craig

AFM, Casasnovas O, Westin JR,
Gaidano G, Rossi D, Roschewski
M, Wilson WH, Meignan M, Diehn
M, Alizadeh AA.

Science
2021 April 2

Transient restrestores
functionality in exhausted
CAR-T cells through epigenetic
remodeling.

Weber EW, Parker KR, Sotillo E,
Lynn RC, Anbunathan H, Lattin J,
Good Z, Belk JA, Daniel B, Klysz
D, Malipatlolla M, Xu P, Bashti

M, Heitzeneder S, Labanieh

L, Vandris P, Majzner RG, Qi Y,
Sandor K, Chen LC, Prabhu

S, Gentles AJ, Wandless TJ,
Satpathy AT, Chang HY, Mackall
CL.
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