
renewed interest in this methodology, which in turn will
lead to more rational trial designs for immunotherapy as
well as RIT.

Several key questions emerge. Among these are:

(1) How may we increase RIT awareness among refer-
ring physicians? What are the causes of RIT failure?

(2) Does dosimetry have a role in RIT development?
(3) Will RIT in solid tumors ever be feasible? Should it

be pursued as single agent or only in multimodality
settings?

(4) Antibody PET: Is it an intellectual curiosity or a
development tool?
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Recent Advances in Biomarkers for
Diagnosis and Treatment

R
ecent advances in understanding of the genetic and
epigenetic abnormalities that induce development of
different tumors provide the opportunity for person-

alized molecular medicine in cancer patients. However, the
effective implementation of tumor-targeted therapeutics
and fulfillment of the promise of personalized molecular
medicine will require the development of approaches to
identify patients likely to respond to a specific targeted drug
or combination of therapeutics as well as approaches to
identify patients responding and not responding at early
stages of such treatments. Thus there is an urgent unmet need
to develop approaches to efficiently evaluate novel targeted
therapeutics and integrate them into clinical practice.

Advanced molecular–genetic and cellular multimodality
imaging represents an organic fusion of radiology, nuclear
medicine, and molecular and cellular biology that can provide

unprecedented capabilities for noninvasive imaging of various
biomarkers, including applications in: detection of precancerous
lesions, early detection of tumor lesions (i.e., host tissue reaction
to intraepithelial neoplasia), tumor profiling and selection of
individualized therapies (visualization of drug target expres-
sion and activity), determination of biologically relevant doses
(visualization and quantitation of drug target occupancy to
saturation), early assessment of therapeutic efficacy (visualiza-
tion of downstream processes, such as glucose metabolism,
proliferation, apoptosis, etc.), monitoring the development of
resistance to therapy (i.e., imaging P-glycoprotein expression/
activity, estrogen or androgen receptor expression, etc.),
monitoring of recurrence (i.e., differentiation of radiation
necrosis from recurrence), and long-term prognosis.

Several novel and previously developed molecular
imaging agents and methods (i.e., FDG, fluorothymidine,
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methionine, annexinV, perfusion/permeability imaging,
etc.) can facilitate the development and clinical translation
of novel tumor-targeted molecular therapies. For particular
targeted therapies, molecular imaging agents should be
developed for visualization and quantitation of the level of
target expression and activity or ‘‘expression/activity prod-
uct’’ (i.e., level of HER2/neu or epidermal growth factor
receptor expression and activity). In contrast to invasive
single- or multiple-site biopsies, noninvasive whole-body
molecular imaging will allow for the assessment of spatial
and temporal heterogeneity of target protein expression/
activity in tumors, monitoring the activity of relevant
downstream signaling events, and for imaging more general
processes in tumors (metabolism, proliferation, apoptosis,
etc.) during therapy. In phase 0/I clinical trials of novel
molecular-targeted drugs,molecular imaging can provide the
means for noninvasive assessment of pharmacokinetics of
a new drug using radiolabeled versions of this drug, as well as
pharmacodynamic assessment of pharmacological micro-
dosing by noninvasive repetitive imaging of changes in the
activity of downstream effectors and/or processes in tumor
tissue and in the whole body.

Furthermore, noninvasive molecular imaging of spatial
heterogeneity of target expression and activity should facili-
tate image-guided therapeutic interventions (i.e., radiation
therapy), as well as image-guided biopsies in areas with high
and low target expression/activity. The latter should signifi-
cantly improve the statistical significance and reproducibility
of genomic and proteomic analyses and will allow for iden-
tification of more reliable biomarkers. Integration of molec-
ular imaging biomarkers and image-guided biopsies into
clinical trials and clinical management will allow 1) the
selection of patients likely to respond to specific targeted
therapies (to enrich the patient population that is likely to
respond); 2) monitoring the biological efficacy of a given
targeted therapeutic, allowingdose alterationandoptimization
at an early stage of therapy; and 3) facilitating triage to the
most appropriate therapy, thereby containing patient costs.

Using multitracer and multimodality imaging ap-
proaches, it will be possible to develop differential-
diagnostic algorithms that can be used routinely by analogy
with invasive histopathological and molecular biological
biomarkermethods for profiling of individual cancers and for
selection (and monitoring) of individualized combination
therapies. The latter represents a major shift in product
development strategy for industry––from aiming to develop
the next ‘‘killer application’’ imaging agent toward the
development of a disease-oriented portfolio of imaging
agents that may be shared between different tumor types and
may even be used for diagnosis, profiling, and therapy
monitoring of other nononcological diseases.

In summary, tissue biomarkers and corresponding tar-
geted agents for noninvasive imaging should be developed in
parallel with novel targeted therapeutics. These biomarkers
and imaging agents should allow for identification of patients
who are likely to respond to targeted therapeutics and for
triage to the most appropriate therapy. The latter has the
potential to greatly improve patient outcomes and decrease
toxicity. Integration of molecular markers and molecular
imaging into clinical trials and clinical management will
allow for: the selection of patients likely to respond to
specific therapies, determination/optimization of biologi-
cally effective (not maximum tolerated) doses, assessment of
responses to the selected therapies at an early stage of
treatment to allow for triage to the most appropriate therapy,
and improvement in overall outcomes.
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