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S
oon after the US government issued its
declaration of war on cancer in 1971,
Daniel K Ludwig, then among the world’s
wealthiest businessmen, announced he

would use nearly all his international holdings to
join the campaign. The same principles that had
guided his successful career in commerce, he
believed, could be gainfully applied to the
formidable challenge of conquering cancer.
“Success in any complex enterprise,” he wrote,
“consists in bringing the best minds to bear on
each problem, in providing the best resources
possible, and in putting each concept into practice
whenever and wherever the opportunities are
most favourable.” 
Mr Ludwig, who died in 1992, was on to

something. Over the past 42 years, scientists
affiliated with his eponymous organisation—a
global network of research centers known today
as Ludwig Cancer Research—have made several
landmark contributions to cancer biology and
therapy. This is no accident. Ludwig’s model for
supporting such work has, from the outset, been
predicated on finding top-notch scientists and
giving them the steady support they require to
take risks and develop their best ideas. Mr Ludwig
expected that the research network established in
his name would span the globe and that its
discoveries would be swiftly translated into
preventive and therapeutic interventions. The
Ludwig community is thus a highly collaborative
global enterprise that supports basic and applied
science. To convert the fruits of such research into
novel diagnostics and therapies, it also maintains a
team of scientists who specialise in the preclinical
development of small drug molecules and a team
dedicated to clinical trial management. Ludwig
has, through this model, not only advanced fields
to which researchers have flocked—such as
cellular signaling and genomics—but kept
neglected areas of research alive to potent effect. 

Breaking the mould: cancer
immunotherapy
Most notable in that regard is Ludwig’s pioneering
contribution to cancer immunotherapy, which was

initially driven by the late Lloyd Old, scientific
director and chairman of the Ludwig Institute for
Cancer Research. Over a storied scientific career
spanning five decades, Old led several studies that
transformed cancer biology. His laboratory
discovered the tumour necrosis factor (TNF [1]),
and he was among the researchers who isolated
[2] and extensively characterized p53, a tumour
suppressor that is mutated in half of all cancers.
But, perhaps most notably, Old came to be
recognised as the founding father of modern
tumour immunology and immunotherapy. 
In the 1960’s and early 70’s, most researchers

believed the immune system could detect and
attack tumours. But a study published in 1976
argued, convincingly, that spontaneous
mammalian tumours of all types are not
immunogenic—leaving the possibility of cancer
immunotherapy in doubt for many years. Old,
however, continued to conduct research that
would ultimately shore up the theoretical
foundations of the strategy: the immune
surveillance hypothesis, which holds that the
immune system routinely detects and suppresses
incipient cancers, and that such selective pressure
fuels the evolution of tumours. 
At the same time, a team of scientists led by

Thierry Boon at Ludwig Brussels pursued research
that would revive the moribund field of cancer
immunotherapy [3]. Over the course of some 15
years, the Brussels team—which had previously
disproved the notion that tumours are non-
immunogenic—painstakingly isolated the genes for
antigens that made mouse tumours vulnerable to
immune clearance. They used the techniques and
insights developed in those studies to patiently
(these were pre-genomics days) hunt down the
first antigens from human tumours, the MAGE
family of antigens [4]. While the vaccines based on
their discovery are still being explored in large-
scale trials for melanoma [5], the discovery itself
rejuvenated a field that thrives today as one of
the most promising new therapeutic strategies. 
In the early 1980’s, Ludwig researchers in

Melbourne, Australia, contributed separately to
immunotherapy through their discovery [6] of the
granulocyte-monocyte colony-stimulating factor
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(GM-CSF). The factor has helped many
patients recover from chemotherapy and
is today being fielded as a component of
several experimental cancer therapies. 
Building on the notion that vaccines

could be devised against cancer, Ludwig
scientists were conducting laboratory and
epidemiological research in the 1980’s on
infectious agents, especially human
papillomavirus (HPV), contributing to the
confirmation of HPV’s causative role in
cervical cancer. Ludwig researchers in São
Paulo subsequently ran one of the largest
epidemiological studies of HPV infection,
finding that persistent—though not
transient—HPV infection dramatically
increases cervical cancer risk. Their findings
prepared the ground for the development
of the HPV vaccine [7], and Ludwig
researchers led the first trial that
demonstrated its clinical efficacy. More
recently, work by the São Paulo team
helped convince the US Centers for Disease
Control and Prevention to endorse the HPV
vaccination of boys and young men to
prevent oral, anal and other cancers. 
Today, cancer immunology, including

vaccine development and modulation of
the anti-cancer immune response, remain
hallmarks of Ludwig research. For
example, Ludwig Stanford researchers in
California have found that CD47, a protein
overexpressed on cancer stem cells as
they progress into a highly malignant
state, transmits a “don’t eat me” signal to
macrophages [8], undermining a key
element of the immune system’s cancer
surveillance. CD47 appears to be over-
expressed in every type of cancer the
researchers have so far assessed, and an
antibody against the protein induces a
highly effective macrophage attack on a
variety of tumours in mice. A humanized
version of the antibody will soon be
fielded in clinical trials. 
Ludwig scientists at Memorial Sloan

Kettering in New York, meanwhile, are
exploring a number of ways to alter the
immunosuppressive tumour
microenvironment and boost the activity
of cytotoxic T cells. They played a leading
role in the clinical development of the
anti-CTLA-4 antibody ipilimumab [9], and
recently pioneered its combination with
an anti-PD-1 antibody named nivolumab
for the treatment of advanced melanoma
[10]. The impressive results from this trial
were among the factors that prompted

Science to name immunotherapy the
“breakthrough of the year” in 2013.

Attacking from all angles:
discovery, technology, and
clinical application

Cell signaling 
Cancer, as we now know, is a complex
disease and Ludwig has championed many
other approaches to tackling the
fundamental challenges of treating
malignancies. Its support for basic
research has provided grist for tools to
prevent cancer and improve the odds of
detecting it early, when it is more readily
cured. Similarly, Ludwig’s fundamental
research into tumour biology has led to
the discovery of signaling pathways
required for cancer cell proliferation,
which have been mined for the design and
development of novel targeted therapies.
Its emphasis on basic biology has likewise
led to the development of drugs to
sabotage the vascular and lymphatic
supplies essential to tumour survival,
while ongoing work on the heterogeneity
and spread of malignancies is feeding
strategies to specifically target cancer
stem cells and block metastasis. 
The organisation has, for example,

participated intensively in the
identification of key signaling pathways
and the development of targeted
therapies on the basis of these studies.
Ludwig researchers in the UK discovered
and extensively characterized members of
the phosphatidyl inositol 3 kinase (PI3K)
family of proteins and led the elucidation
of their functioning in cell signaling [11]
and cancer. Drugs based directly on their
findings are currently being assessed in
clinical trials for breast and lung cancer,
and many related therapies now under
development owe their existence to this
body of work.
Ludwig also conducted a coordinated

global program to study angiogenesis and
lymphogenesis, without which solid
tumours would not grow to more than a
couple of millimeters in size. This project
culminated in the identification of two of
the four platelet-derived growth factors
(PDGF), three of the four known vascular
endothelial growth factors (VEGFs) and a
novel VEGF-receptor (VEGFR-3), and the
elucidation [12] of their functions in
tumourigenesis and metastasis. These
findings have inspired the design of
therapies currently in development [13]. 
Another major triumph of Ludwig’s

collaborative approach in the area of
signal transduction was the development
of an antibody specific to the
overexpressed epidermal growth factor
receptor (EGFR) [14]; such overexpression
occurs in many types of cancer. The
antibody also binds a mutated form of
the receptor (EGFRvIII) that is found
exclusively on a range of cancer cells and
renders them resistant to many EGFR-
inhibiting therapies. In describing how this
antibody binds EGFRvIII and
overexpressed EGFR, Ludwig researchers
discovered a major mechanism of
aberrant growth factor receptor
activation, opening the door to the
development of a novel class of
therapeutic antibodies that specifically
target structurally distinct receptors. The
antibody they developed is currently in
clinical trials for the treatment of
glioblastoma multiforme (GBM) and other
cancers. 
In a major therapeutic advance based

on cellular signaling, Ludwig Harvard
researchers have led the development of
a new kinase inhibitor, regorafinib [15], to
treat gastro-intestinal stromal tumours
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(GIST) that have become refractory to
first-line targeted therapies. Their
approach has already benefited many
patients, pointing to the importance of
understanding how signaling networks
and proteins adapt to make cancers drug-
resistant.

The cancer genome 
Based on the flexible and long-term
support provided through Mr Ludwig’s
gifts to cancer research, Ludwig scientists
have for decades led the investigation of
changes in the cancer genome and the
molecular mechanisms that drive such
phenomena, including defects in
mismatch repair and chromosome
segregation. Recent research in the latter
arena conducted at Ludwig San Diego
has, for example, disproved the prevailing
model for how cells determine that the
separation of sister chromatids during
mitosis will result in an equal number of
chromosomes in their daughter cells, and
shown how the process actually occurs
[16]. 
Harnessing recent advances in large-

scale DNA sequencing, scientists at
Ludwig Johns Hopkins in Baltimore,
Maryland, have pioneered sequencing of
the complete gene repertoire and the full
complement of genes expressed in a
variety of devastating cancers, including
those of the head, neck, colon and breast,
as well as GBM [17]. Publically available
data they have generated are being parsed
worldwide for clues to the design of
novel cancer diagnostics and therapies.
The Baltimore team is also applying its

genomics expertise to develop novel
diagnostics for the detection of
circulating DNA from tumour cells, paving
a route to the early detection and
improved management of cancers [18].
They have, further, devised a “PapGene”
test for the early detection of uterine and
ovarian cancers using DNA collected in
pap tests [19]. Ludwig Stanford too has
developed a blood-based test for
circulating DNA, one that they recently
showed detects stage 2 and later lung
cancers with high accuracy, and stage 1
lesions roughly half the time [20].
Complementing the genome sequencing

studies at Johns Hopkins, other Ludwig
scientists have developed technologies
that are providing new insights on how
regulation of the human genome drives

cancer. For example, scientists at Ludwig
San Diego have developed technologies
now being applied to advance whole-
genome analyses of great relevance to
basic cancer research, drawing up genomic
maps of enhancer elements and charting
histone modifications and other epigenetic
changes that accompany normal
development and carcinogenesis [21]. 
Researchers at Ludwig Stockholm,

meanwhile, have developed powerful new
methods for massively parallel whole-
genome expression analyses in single [22]
cells. These technologies are advancing
knowledge of the complex variety of cells
within tumours and the various roles they
play in sustaining malignancies. These
techniques have also provided deep
insight [23] into basic biological
phenomena, such as the variable
penetrance of both normal and
pathological phenotypes. 

Cancer cell biology 
Today, while some Ludwig scientists focus
on developing novel cancer interventions,
others continue to contribute
prodigiously to the basic science of
cancer initiation and progression. At
Ludwig MIT in Cambridge, Massachusetts,
researchers are probing cancer stem cell
biology [24] and developing detailed
models of the molecular processes that
drive metastasis [25], which accounts for
more than 90% of cancer-related deaths.
At Ludwig Oxford, researchers have found
a set of key regulators of p53 and are
unraveling the mechanisms by which they
control the tumour suppressor’s activity
and are themselves regulated in healthy
and cancerous cells. 
Aside from its intrinsic value, basic

research is the scientific foundation on
which new therapies are constructed. It
is such work that helped Ludwig
researchers raise immunotherapy from its
status as insignificant stepchild of
clinical oncology to its brightest
prospect. This would not have been
possible without the confidence and
long-term support Ludwig gave its
researchers as they methodically laid the
groundwork for immunotherapy. With
the freedom to pose daring questions
and fastidiously vet their hypotheses, it
is likely Ludwig and its researchers will
author many similar breakthroughs in the
years to come. ●
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