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Biomarkers in the critical path to accelerate on-
cology drug development: Opportunities and road-
blocks

J. Carl Barrett
Global Head for Oncology Biomarker and Imag-
ing, Novartis Institutes for BioMedical Research, Inc.,
Cambridge, MA, USA

The steps in oncology drug development in patients
include: optimizing dose-schedule, predicting patients
that will respond, detecting tumor responses rapidly
for proof of concept trials, using surrogate endpoints
for disease monitoring, assuring safety of drug therapy,
and developing rational-based combination therapies.
Biomarkers are pivotal in meeting each of these chal-
lenges. Examples of how Novartis has used biomark-
ers in drug development will be presented. These in-
clude: choosing the right patient by using mutations
in target (c-Kit) to expand Glivec indications to GIST;
validating that the drug hits the target by measuring
phosphoS6 decreases as measure of mTOR inhibition,
determining the optimal dose and schedule by mea-
suring downstream signaling inhibition (phosphoAKT)
and inhibition of proliferation and apoptosis in tumor
tissue in POC trials; discovering rational based com-
bination therapies; overcoming the mechanism of aro-
matase inhibitor resistance in breast cancer by target-
ing the compensatory pathway through the addition of
a second Novartis compound; ensuring drug safety by
identifying genotypes (UGT1A1) in metabolizing en-
zymes that predict Hyperbilirubinemia; and developing
surrogate endpoints using major molecular responses
using bcr-abl transcript levels for CML monitoring. A
general strategy for using biomarkers in oncology drug
development will be presented and includes: having a
systematic biomarker plan for each new agent that is
consistent, science-based and focused using common
standards for assays and data; building a biomarker
tool kit with analytical and clinical validated biomark-
er assays; building on clinical experience (positive and
negative) and execution excellence involving a team
effort (physicians, clinical staff, biomarker experts and

data management) and building a strong partnership
between Novartis and its clinical investigators.

Mitochondrial mutations: Clonal evolution and
functional consequences

Santanu Dasguptaa, Rex Yungb, William H. Westraa,
David A Rinic, Johann Brandesb and
David Sidranskya,∗
aDepartment of Otolaryngology-Head and Neck
Surgery, Division of Head and Neck Cancer Research,
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bDivision of Pulmonary & Critical Care Medicine,
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son B1-170, Baltimore, MD, USA
cDepartment of Art as Applied to Medicine, Johns Hop-
kins School of Medicine, Baltimore, MD, USA

∗Corresponding author.

We examined the pattern of mitochondrial DNA
(mtDNA) mutation in bronchoscopically abnormal air-
way mucosal biopsies and matched tumors from two
resected lung cancer patients. The airway mucosal
biopsies were histopathologically diagnosed as normal
but exhibited multiple clonal mtDNA mutations which
were detectable in the corresponding tumors. One of
the patients was operated twice for the removal of tu-
mor from right upper and left lower lobe respective-
ly within a span of two years. Both the tumors ex-
hibited twenty identical mtDNA mutations suggesting
identical clonal origin. Morever, we identified clonal
mitochondrial mutations in sputum form lung cancer
patients and urine from bladder cancer patients but not
controls. Our results support the continued prospec-
tive utilization of mtDNA mutation as a tool for cancer
detection and monitoring.
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Merging biomarker and biomeasure data into com-
prehensive estimates of disease risk

Ian Thompson
University of Texas Health Science Center, San Anto-
nio, TX, USA

While the Holy Grail of cancer biomarkers is a sin-
gle protein or other signature in a body fluid or oth-
er biospecimen that, if present indicates the presence
of the index tumor and if absent that the tumor is not
present, the likelihood of such a discovery is low. For
all current biomarkers, the ‘usual’ approach to biomark-
er develop includes an analysis of performance charac-
teristics (e.g., sensitivity, specificity, predictive values)
and a decision on a ‘cutpoint’ value that segregates an
‘abnormal’ test from a ‘normal’ one.

The challenge with this approach is that it does not
take into account prior probabilities of disease which
can affect test performance. Not only may other risk
factors (e.g., smoking status, parity, age) affect test per-
formance and potential utility of the test but evalua-
tion of a single biomarker in such a fashion precludes
the incorporation of additional biomarkers that may
improve the performance of the ‘screening encounter’
where the clinician makes a determination of disease
risk followed by a decision for subsequent confirmatory
testing.

Prostate cancer is the most common noncutaneous
cancer in U.S. men with a 17% lifetime risk. Histori-
cally, PSA and digital rectal examination (DRE) have
been used for the assessment of risk: If PSA is �4.0
ng/mL and/or if DRE is abnormal, a biopsy has his-
torically been recommended. In the Prostate Cancer
Prevention Trial (PCPT), we found that PSA is not di-
chotomous but is associated with disease risk. Taking
the process further, we evaluated a panel of risk factors
including age, PSA, family history of prostate cancer,
race/ethnicity, DRE, and whether the person had a prior
negative prostate biopsy for the assessment of disease
risk. From these risk factors, all of which had an in-
dependent predictive value for either prostate cancer
and/or high grade prostate cancer, we developed the
PCPT Prostate Cancer Risk Calculator (available on-
line). This risk calculator is increasingly becoming the
standard of care for prostate cancer clinical assessment.
It has now been validated in 3 additional independent
cohorts.

Conclusions from this risk calculator have been mul-
tiple. First, age-adjusted PSA values have been found
to increase the likelihood of detection of indolent can-

cer in young men while increasing the risk of missing
aggressive cancer in older men. The use of DRE as
normal/abnormal has been found to be ill-advised – for
example, an abnormal DRE in a young man with a low
PSA could have as much as an 8-fold lower risk of
prostate cancer than a normal DRE in an older, higher-
risk man whose PSA is 2.4 ng/mL (a ‘normal’ value by
all current guidelines).

This risk assessment tool lends itself to the incor-
poration of new biomarkers, improving test sensitivity
and specificity. We have recently incorporated PCA3
into the risk calculator, noting that the performance
characteristics of the tool are improved. We encourage
the use of this methodology in the development of new
cancer screening tests.

Lessons learned in EDRN: The first eight years

Barnett S. Kramer
Associate Director for Disease Prevention, National
Institutes of Health, Bethesda, MD, USA

As a member of the group that recommended the
formation of the Early Detection Research Network
(EDRN) and witnessed its launch in 2000, I am pleased
to be involved in this workshop to review the lessons
learned over the last eight years. More recently, I served
on the panel invited to the progress the EDRN has made
and the challenges it faces. The stated principal focus
of the consortium in its recent report published in Jan-
uary is the creation of “validated biomarkers ready for
large-scale clinical testing and eventual application.”
Despite the fact that eight years is a relatively short
time for the de novo formation of a new consortium
in a novel area of research, we can start to examine
the EDRN’s progress in the areas of structure, process,
and outcome. With regard to structure, the consortium
now includes more than 300 investigators and 40 pri-
vate sector and academic institutions. As originally
planned the membership includes scientists from di-
vergent disciplines, including genomics, proteomics,
metabolomics, bioinformatics, theoretical and applied
statistics, clinical expertise, and public health. As an
investigator driven consortium, it has brought together
scientists with expertise in four major areas: biomark-
er discovery, marker validation, epidemiology/clinical
study design, and statistics. Some of the early peri-
od of the consortium that incorporated such a widely
divergent spectrum of disciplines and perspectives re-
quired formulation of new processes to move from the
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traditional “horizontal” approach to biomarker investi-
gation in which individual research groups developed
biomarkers and validated them using their own home-
grown definitions of “validation,” often with no mech-
anism to move along the continuum toward proof of
benefit to the public. A process of “vertical” develop-
ment of biomarkers was required, and the EDRN was
the first to tackle this in the field. An important strat-
egy was the development of five phases of biomarker
development – a concept long used in drug develop-
ment, but a true innovation in early detection biomarker
research. But this is necessarily a work in progress,
and the challenge of refining steps within the frame-
work remains. Finally, the EDRN must ultimately be
judged on outcomes. This is the hardest, but there is
strong evidence of progress. Over 100 markers are in
the EDRN pipeline, and there is an emerging collabo-
ration between the EDRN investigators and the inves-
tigators of the Prostate, Lung, Colorectal, and Ovarian
(PLCO) screening trial to conduct later phase studies of
promising biomarkers identified in the EDRN. Has the
process yielded early detection tools of proven benefit?
Perhaps not, but eight years is a short time. It is often
said that the development of a proven cancer drug takes
about two decades. More importantly, the EDRN was
conceived as a research engine with both an acceler-
ator and a brake. The brake is important to prevent
premature application of biomarkers for screening the
healthy public. So a more difficult success to judge is
the prevention of some of the mistakes of the past in the
field of cancer screening. On balance, I submit that the
EDRN has been a success in structure, process, as well
as outcomes even if substantial challenges remain, and
their remains much to be done in judging the ultimate
outcomes.

Breast tumor heterogeneity and its clinical relevance

Michail Shipitsin, Noga Bloushtain-Qimron, Lauren
Campbell, Jun Yao and Kornelia Polyak∗

Department of Medical Oncology, Dana-Farber Can-
cer Institute, Harvard Medical School, Boston, MA,
USA

∗Corresponding author.

Breast cancer is a heterogeneous disease including
multiple tumor subtypes associated with distinct clini-
cal outcomes. Besides the high degree of inter-tumoral
variability significant intra-tumoral heterogeneity also

exists that likely contribute to therapeutic resistance
and recurrence. Understanding the molecular basis of
breast tumor heterogeneity is key for the development
of targeted cancer preventative and therapeutic inter-
ventions. Current models explaining inter and intra-
tumoral diversity are the cancer stem cell and the clonal
evolution hypotheses.

To characterize cells with stem-like characteristics
from normal and neoplastic breast tissue, we deter-
mined the gene expression, epigenetic, and genetic pro-
files of distinct cell populations purified from breast
carcinomas and normal breast tissue using cell surface
markers CD24 and CD44 that have been associated
with stem cell-like properties. Gene expression pro-
files were analyzed using SAGE (Serial Analysis of
Gene Expression), genetic alterations were investigated
using SNP (Single Nucleotide Polymorphism) arrays
and FISH (Fluorescence In Situ Hybridization), and
DNA methylation patterns were analyzed using MSDK
(Methylation-Specific Digital Karyotyping).

The CD24+ more differentiated luminal epithelial
and the CD44+ stem cell-like breast cancer cell popu-
lations from the same tumor were clonally related but
not always identical and epigenetically distinct. A gene
signature specific for CD44+ breast cancer cells was
enriched for known stem cell markers and was associ-
ated with decreased overall and distant metastasis free
survival in lymph node negative breast cancer patients.
Systemic network analyses determined that the TGF-β
pathway is specifically active in CD44+ breast cancer
cells and its inhibition induces their epithelial differen-
tiation. CD24+ and CD44+ also demonstrated distinct
responses to various therapeutic agents.

Our results demonstrate that the breast cancer cell
phenotype is subject to regulation by genetic and epi-
genetic mechanisms and by the surrounding microen-
vironment. Thus, tumor progression is a dynamic and
complex process that is influenced strongly by the in-
trinsic level of genetic instability in a given tumor at a
given time and location. Understanding the molecular
mechanisms responsible for breast tumor heterogeneity
and specific targeting of each cell types within tumors
will facilitate the development of more effective ways
to treat and prevent breast cancer.

An integrative biology approach to predictive mark-
ers in breast cancer

Genomics: Koei China, Sandy Devriesa, Heidi Feilera,
Paul Spellmanb, Fred Waldmana, Nick Wangb; Pro-
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teomics: Bryan Hennessyc, Gordon Millsc; Breast
Cancer Biology: Mary Helen Barcellos Hoffb, Mi-
na Bissellb, Yinghui Guanb, Zhi Hua, Wen-Lin
Kuob, Frank McCormicka, Richard Neveb, Martha
Stampferb, Richard Woosterd, Paul Yaswenb; Bioinfor-
matics: Debopriya Dasb, Jane Fridlyanda; Engineer-
ing: Earl Correllb, Jian Jinb, Bob Nordmeyerb, Damir
Sudarb; Pathology: Karen Chewa, Shanaz Dairkeee,
Britt Marie Ljunga, Surgery: Shelly Hwanga, Lau-
ra Essermana; Experimental therapeutics/oncology:
Michael Arbushitesd, Chris Benzf , Maria Koehlerd,
James D Marksa, Yu Zhoua, John Parka and Barbara
Weberd; Presenter: Joe Graya,b

aUniversity of California, San Francisco, San Francis-
co, CA, USA
bLawrence Berkeley National Laboratory, Berkeley,
CA, USA
cMD Anderson Cancer Center, Houston, TX, USA
dGlaxoSmithKline, King of Prussia, PA, USA
eCalifornia Pacific Medical Center, San Francisco, CA,
USA
fBuck Institute for Age Research, Novato, CA, USA

Genome-wide analyses of the epigenome, genome
and transcriptome in human breast cancers have re-
vealed a wide range of molecular defects that like-
ly contribute to cancer pathophysiology. Moreover,
these analyses have revealed subsets of breast cancers
carrying specific recurrent aberration signatures that
progress and respond differently to specific therapies.
Two of these subtypes – designated as basal and lu-
minal/amplifier – often do not respond well to current
chemotherapy and tend to recur or progress so that new
treatment strategies are needed. We have developed
molecular marker sets to define these two subpopula-
tions so that patients with these tumor subtypes can be
identified and offered access to experimental therapies.
Hundreds of candidate therapeutic agents are under de-
velopment in academia and industry that can be consid-
ered for subtype specific therapy. We have developed
an in vitro system comprised of 50 well-characterized
breast cancer cell lines that we are using to identify
therapeutics that will be effective against the basal and
luminal/amplifier breast cancer subtypes, develop as-
says that will predict individual responses within sub-
types and identify mechanisms of response that may
guide selection of complementary therapeutic agents.
We have applied this approach to assess responses to
∼25 approved or experimental anticancer drugs. Drug
induced changes in viable cell number were assessed
for each cell line at 9 different drug concentrations

and each analysis was performed in triplicates. Four
general results emerge from these studies. (a) Many
approved and experimental drugs show strong breast
cancer subtype specificity. (b) Correlative analyses of
associations between biological response and pretreat-
ment molecular features yield multivariate predictors
of individual response. The magnitude of biological re-
sponse varies considerably between drugs and predic-
tors of individual response are most accurate for drugs
showing high variability of response between cell lines.
(c) Drugs designed to target specific genomic defects
are most effective in cell lines with those defects there-
by validating the overall correlative approach. (d) Sta-
tistical analyses of markers associated with response
identify the involved pathways and provide baseline
information for pathway model development.

Current challenges in biomarker discovery and val-
idation

David F. Ransohoff
Professor of Medicine and Clinical Professor of Epi-
demiology, University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA

In many ‘omics’ fields, extraordinary claims have
been made about the accuracy of biomarkers for early
detection of cancer, for predicting prognosis, and for
predicting response to therapy. Yet such claims of-
ten turn out to be non-reproducible, and very few new
markers have been brought out of the ‘omics’ pipeline
into clinical application.

The disconnect between claims and reality can be
explained in part by lack of attention to fundamental
‘threats to validity’ from ‘chance’ and ‘bias’. Those
problems have been discussed before; the purpose of
this presentation is to explain possible approaches to
address them. While there is no ‘quick fix’ or simple
solution – like ‘guidelines’ or ‘phases’ – progress could
be made by attention to several critical topics:

First, every study, even ‘early’ ones, should be ‘re-
liable’ in the sense that a study should not contain fa-
tal flaws due to chance or bias. Journals have a major
role in assuring a study’s strength or reliability and its
transparency.

Second, the quality of ‘specimens’ has an underap-
preciated role in helping to assure the reliability of a
study’s results. The central concept is that, after spec-
imens are collected, a ‘study’ has been done, regard-
less of whether the process was ever conceptualized
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as a study. In other words, by the time specimens
are collected, bias has – or has not – been hardwired
into the study. Access to adequate specimens is the
rate-limiting step in the field of biomarker research.
High-quality specimens should be used even in ‘early’
studies, suggesting a compression of what we currently
think of as ‘phases.’

Third, important ‘shortcuts’ may available in marker
research that are totally unavailable in drug develop-
ment research.

Last, to solve the ‘culture clash’ that can occur when
basic scientists and clinical researchers must collabo-
rate in marker research, it may be useful to separate
roles rather than to try to make each specialist into
something he or she is not.

While molecular markers hold great promise for use
in diagnosis, prognosis, and predicting response to ther-
apy, that promise cannot be realized until we appreci-
ate – and apply – appropriate “rules of evidence” to
conduct and interpret research.

Can mouse models aid in the early detection of hu-
man cancer

Thomas C. Hamilton∗, Denise C. Connolly and Paul
Cairns
Fox Chase Cancer Center, Philadelphia, PA, USA

∗Corresponding author.

There are several levels at which mouse models of
human cancer might aid in development of assays for
the detection of human cancer. In the context of genet-
ically modified mice prone to develop specific cancer
types such as ovarian cancer, evaluation of novel imag-
ing strategies could be undertaken at various stages dur-
ing the course of cancer progression. This would al-
low the sensitivity of the methodology to be evaluated.
Similarly, body fluids can be collected at early to late
time points during the course of cancer progression.
Novel analytical technologies could be applied to such
samples to inform as to sensitivity, specificity, and re-
liability. For example, if such an approach would have
been utilized prior to the original evaluation of human
blood samples from ovarian cancer patients by mass
spectrometry issues of reliability might have been un-
covered. For these possibilities, it is noteworthy that
the cancers in mice would not even necessarily need to
recapitulate the human cancers that were being mod-
eled in any great degree. However, the greatest power

of such models would be in those that accurately mimic
human cancers in histology, genetics and epigenetics.
In such cases, discovery of new markers could be un-
dertaken at the earliest stages of cancer in the mice in
addition to their use to evaluate sensitivity, specificity,
and reliability of an assay. One could also conceive
of using a variety of mouse models of different cancer
types to discover whether the marker(s) were specific
for a given cancer type. One limitation of mouse mod-
els of human cancer is the lack of genetic diversity of
the individual models since they are often in an inbred
strain. The possibility exists that by cross breeding and
creating a complex mix of genetic backgrounds in a
mouse that still retained the cancer phenotype would
be a means to model to some degree the diversity of
the human population. This could provide for a large
number of somewhat genetically diverse control sam-
ples (often lacking in human studies) for evaluation of
test specificity.

Biophotonic risk stratification for colorectal cancer
screening

Hemant K. Roy∗, Vadim Backman and Henry T. Lynch
Evanston-Northwestern Healthcare, Northwestern
University and Creighton University

∗Corresponding author.

Colonoscopy represents an important means for not
just early diagnosis of colorectal cancer (CRC) but ac-
tually cancer prevention through identification and re-
moval of the precursor lesion, the adenomatous polyp.
However, less than 30% of colonoscopies are posi-
tive for adenomas meaning that more than 70% of
these invasive procedures would be wasted. Therefore,
risk stratification would be critical to develop a cost-
effective screening technique. Many risk stratifica-
tion techniques exploit field carcinogenesis, the propo-
sition the genetic/environmental milieu that results in
one area of the colon should be detectable, at least
in some form throughout the colon. Previous stud-
ies have used morphological (adenomas, aberrant crypt
foci), cellular (apoptosis, proliferation) or molecular
(microarray/proteomics).

Our group has developed novel light scattering
technologies called low-coherence enhanced light-
scattering spectroscopy (LEBS) that allows us to detect
the nanoscale structural abnormalities in histological-
ly normal mucosa as a marker of field carcinogenesis.
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Moreover, we have also developed a technology to se-
lectively probe the peri-cryptal capillary plexus with
4 dimensional elastically scattered light fingerprinting
(4D-ELF). We have published that both LEBS ultra-
structural markers and the early increase in blood sup-
ply (EIBS) can be demonstrated in experimental mod-
els of colon carcinogenesis (azoxymethane-treated rat
and MIN mouse).

We have performed rectal screening using both ex
vivo and in vivo tests. From an ex vivo perspective,
we took 2 biopsies from endoscopically normal rec-
tal mucosa from 246 patients undergoing colonoscopy.
The spectral markers were abnormal in patients harbor-
ing advanced adenomas (�1 cm) and intermediate (5–
9 mm) but not diminutive adenomas (<5 mm). For ad-
vanced adenomas, our sensitivity and specificity 100%
and 80%, respectively. The area under ROC curve (AU-
ROC) was 0.895. In an independent convenience set
of 40 patients total adenomas (there were no advanced
lesions, and for this dataset we included diminutive le-
sions) had a comparable AUROC (0.707 versus 0.710,
respectively). Current work is continuing on an in vi-
vo has shown promise with performance better than ex
vivo although the dataset is currently small.

From a technological perspective, an easier in vi-
vo approach is to evaluate microvascular blood con-
tent (EIBS). We have previously shown that superficial
(within 100 µm of tissue surface) is a robust marker
of field carcinogenesis in experimental models. We
have manufactured a robust endoscopically compati-
ble probe that can not only accurately measure peri-
cryptal hemoglobin but determine hemoglobin oxy-
genation. We obtained 5 rectal readings from the en-
doscopically normal mucosa of 222 patients undergo-
ing colonoscopy. We noted a100% sensitivity and 75%
specificity for advanced adenomas.

We believe that this approach will have relevance to
other cancers that are characterized by field carcinogen-
esis. For instance, EDRN-supported studies on pancre-
atic and lung cancer have both been promising on initial
clinical studies (300 and 120 patients respectively).

Epigenetic biomarkers for detection of cancer:
State of the science

Paul Cairns
Departments of Surgical Oncology and Pathology, Di-
vision of Medical Sciences, Fox Chase Cancer Center,
Philadelphia, PA, USA

Aberrant hypermethylation of the promoter region
of genes is a frequent and early event in cancer cells.
The hypermethylation is associated with loss of func-
tion of the gene. A number of genes, many impli-
cated in important biological pathways, are known to
be methylated in cancer. The average total number of
genes methylated with functional significance in a tu-
mor cell is unknown but might be reasonably estimat-
ed as several hundred. Global screens are leading to
the elucidation of the cancer cell methylome. Mining
of this data can improve current panels of genes used
for early detection studies and extend such panels to
provide signatures for differential diagnosis and prog-
nosis. Sensitive methylation specific PCR technology
exists that permits detection of gene methylation in tu-
mor cells in tissue biopsies, urine, blood and other body
fluids. Conceptually, tumor suppressor gene methyla-
tion is highly specific for neoplastic cells. Feasibility
studies have demonstrated sensitive and specific detec-
tion of gene methylation in tissue biopsies and non-
invasive body fluids from patients with cancer of an
early stage when treatment can result in a better out-
come. While, the rules of evidence for evaluation of
detection and diagnosis are not yet as well-developed
as for studies of therapy for cancer, certain challenges
are apparent. For methylation-based detection, these
include: the likely need for larger panels of methylat-
ed genes in detection, optimization and standardization
of specimen processing and technology for analysis,
further study of gene methylation in normal or non-
neoplastic cells, knowledge of timing of methylation
of a gene in regard to clinically significant disease, and
the ability for differential diagnosis of the anatomical
site of origin of a tumor in a body fluid. Strategies to
meet these challenges are in progress. What is most
important now is optimization and standardization of
methylation-based detection and validation of clinical
utility in larger, well-chosen populations. Studies with-
in the EDRN include methylation-based detection of
prostate and esophageal cancer in tissue, bladder and
renal cancer in urine, colorectal cancer in stool, as well
as lung and breast cancer in serum. Future areas of
study will likely include: changes in the epigenome
of the normal progenitor cells of cancer mediated by
ageing and environmental influences, the earliest steps
in the development of cancer, enrichment of rare tumor
cells/DNA from body fluids, and the utility of addi-
tional types of epigenetic alterations in cancer cells as
targets for the detection of cancer.


