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Image-based determination of
‘rhysiomarkers’ for personalized

cancer therapy

“...the physiomarker fumor vessel
permeability is a significant determinant
of drug dosing to tumors, and may have

important clinical implications for a
personalized diagnosis of the state of

individual tumors.”
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One of the holy grails of cancer therapy has
been to find unique ‘markers’ in tumors that
first, uniquely characterize the tumors in each
individual patient, and second, are useful for
diagnosis or therapy. Here, we suggest that while
biomarkers are very useful in characterizing indi-
vidual tumor cells, there is utility in describing
tumors in a manner that captures their micro-
environment, and such a description might be
termed a ‘physiomarker’ as opposed to the more
reductionist ‘biomarker’. We further suggest that
the angiogenic state of tumors, as represented by
the leakiness of tumor blood vessels, might be a
useful physiomarker, in that it integrates many
underlying tumor characteristics such as VEGF
and VEGF receptor (VEGFR)2 and HIF-la
expression — all factors shown to be useful in
defining cancer individually. We argue that the
physiomarker of tumor vessel leakiness is useful
not only to characterize tumors and their aggres-
siveness, but also to determine the dosing of
systemically administered drugs to these tumors.

When one explores options to personalize
therapy for breast cancer specifically, it is use-
ful to consider the major therapeutic approaches
available today. Surgical resection, chemotherapy
and radiation therapy form the cornerstones of
all cancer therapy today. For breast cancer, the
National Cancer Institute summarizes treat-
ment options based on tumor staging, and these
include surgery (ranging from breast-conserving
to radical mastectomy) and adjuvant regimes
of chemotherapy and radiation. However, as
noted by Recht et al. 1], the optimal sequence
for the three major interventional approaches is
not yet clear. As many as 36% of patients in a
randomized trial who received chemotherapy
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first showed complete clinical response. Among
the patients who did not show complete clinical
response, practically all patients could be treated
with a less radical surgical procedure. This has
led to the notion of neoadjuvant chemotherapy
emerging as common practice for treatment of
locally advanced breast tumors, specifically pri-
mary tumors larger than 5 cm — stage T3 [2].
Interestingly, in addition to treating large tumors,
neoadjuvant therapy is increasingly being used
for smaller, operable tumors [3]. The National
Surgical Adjuvant Breast and Bowel Project
(NSABP) Protocol B-18 compared neoadjuvant
to adjuvant chemotherapy in patients with oper-
able, palpable breast cancer (T1-3; N0-1; MO0)
(4]. Neoadjuvant therapy followed by resection
yielded patient survival equivalent to resection
followed by adjuvant therapy. However, the neo-
adjuvant therapy facilitated 12% more lumpec-
tomies (in lieu of mastectomies) [4].

Two important conclusions can be drawn
from this study. First, there appears to be no
additional risk in administering neoadjuvant
therapy for operable tumors. In the USA, there
are 147 active clinical trials evaluating neo-
adjuvant chemotherapeutic protocols for pri-
mary breast cancer, and of these, 26 trials are
evaluating neoadjuvant therapy for operable
tumors [101]. Second, in the NSABP trial com-
paring neoadjuvant and adjuvant therapy, there
were 12% less mastectomies when neoadjuvant
therapy was used, resulting in organ preserva-
tion and all the attendant benefits [2.4]. Given
these advantages, the question arises — what is
limiting the use of neoadjuvant therapy relative
to adjuvant chemotherapy, and where is the need
for ‘personalization’?
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Breast cancer patients represent a very hetero-
geneous population with several parameters
(including tumor stage, tumor vasculature sta-
tus, hormonal status, aggressiveness of tumor,
tumor type and resistance to administered drug)
affecting the outcome of therapies [5]. Thus,
in spite of the wide range of chemotherapy
options available, it is effective only in a sub-
set of cancer patients [6]. Given that neoadju-
vant chemotherapy typically involves six cycles
of therapy lasting approximately 6 months, it
would be extraordinarily useful if one were able
to predict the patient responsiveness to systemi-
cally administered chemotherapeutics so that
potentially nonresponsive patients can undergo
surgery, radiation or other therapeutic options.

We suggest that one critical variable affect-
ing patient-to-patient variation in chemotherapy
response can be traced to differences in drug
dosing to tumors due to differences in the angio-
genic status of each individual tumor. This is
because the dosing of systemically delivered
drugs to tumors is critically dependent on the
access that these agents have to tumors via the
so-called leaky vasculature of the tumor com-
plex microvasculature network (7). However, it is
well-known that the extent of tumor vasculature
leakiness differs among same-type tumors as a
function of tumor stage, and there is patient-to-
patient variability even when patients are in the
same tumor ‘stage’ (8.9]. One could hypothesize,
therefore, that tumor vascular permeability
status is a critical determinant of the uptake of
systemically administered chemotherapeutics.

“Given that neoadjuvant chemotherapy
typically involves six cycles of therapy
lasting approximately 6 months,
it would be extraordinarily useful
if one were able to predict the
patient responsiveness to systemically
administered chemoTheropeu‘rics.”

The advantage of defining these physio-
markers for tumors is that they lend them-
selves to determination noninvasively using
image-based approaches. Currently, dynamic
contrast-enhanced MRI using gadolinium che-
lates as contrast agents is employed in the clinic
to characterize tumor blood vessels. However,
unfortunately these free-molecule agents display
a nonselective, promiscuous leak through the
endothelium of most normal and pathological
blood vessels, and therefore do not specifically
characterize tumor vascular leakiness.
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In a recent study, we demonstrated that
100 nm liposomal nanocarriers encapsulating
iodinated contrast agents (termed as nano-
contrast) generated sufficient contrast to quan-
tify their extravasation through the leaky vas-
culature of a rat breast tumor model (MAT
B III tumors) using mammography, and that
there was significant variability in the tumor
vascular permeability as determined by nano-
contrast extravasation. Furthermore, when the
same tumors were treated with Stealth lipo-
somal doxorubicin (SLD), the efficacy corre-
lated strongly with the extravasation of nano-
contrast. Importantly, the extravasation of the
nanocontrast agent, as quantified by standard
mammography, predicted SLD efficacy by its
ability to quantify tumor vessel ‘leakiness’ non-
invasively. The nanocontrast probe, by virtue of
its physical properties (size and surface charge)
being very similar to those of SLD, was able
to probe those physical properties of the tumor
vasculature that controlled the localization of
SLD, and thus inform the therapeutic protocol.

We therefore suggest that the concept of
physiomarker, analogous to the now ubiquitous
term biomarker, and the less often encountered
chemomarker, is a useful, functional way to
characterize tumors in a way that captures the
aggregate, integrated consequences of several
underlying biomarkers. Thus, while a biomarker
has come to mean a biological molecule that
can be associated with a particular condition,
or disease state, and a chemomarker means a
chemical property (such as pH) that is associated
with a particular condition, a physiomarker is
a physical property (such as vascular leakiness)
that can be associated with a particular condi-
tion. Furthermore, the physiomarker tumor ves-
sel permeability is a significant determinant of
drug dosing to tumors, and may have important
clinical implications for a personalized diagnosis
of the state of individual tumors, as well as for
their treatment.
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