
Abstract. In an age where we can i) know precisely where
a misplaced automobile resides by its global positioning, ii)
send mechanistic probes to Mars with pinpoint accuracy,
iii) calculate exactly how many mutations are required to
create (i.e., to transform) a cancer cell, and iv) determine
how many fewer genes it takes to develop a human being
than it does a rice plant, it is difficult to fathom the previously
unanswered question: ‘Whatever happened to the promise
and potential of cancer gene therapy?’ This review answers
that question with a resounding clinical dénouement. In
addition, it provides a ‘Cooks tour’ of applied molecular
genetics and nanotechnology as these fields relate to the
development of Rexin-G the world's first tumor-targeted
genetic medicine to be fully validated in the clinic. The
commentary will expose certain fallacies and ideologies that
have retarded the progress of cancer gene therapy as it
advances our instruments and understanding of the finespun
fabric of our nature.
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1. Introduction

This biomedical review is timely, not only in terms of our
chronological time in history, or ‘chronos’, but in terms of
‘kairos’ -that is, the qualitative time of a significant moment-
that crucial time when an opening appears which must be
driven through with significant force if success is to be
achieved. The time at which targeted genetic medicine no
longer stands poised at the threshold of history, but forcefully
crosses that very threshold for the benefit of countless
cancer patients who have previously languished on the chain
of failed expectations, should be considered ‘kairosis time’
in this epic journey of scientific discovery. The clinical
development of Rexin-G, the world's first tumor targeted
genetic medicine that actually seeks out and destroys
metastatic cancer from the inside, represents the culmination
of the unflagging efforts of many generations of physicians
and scientists who have sought out the molecular genetic
basis of disease to its rock bottoms, laying the foundations
of physiology, biochemistry, genetics and microbiology,
establishing the transformative industries of biotechnology
and nanotechnology, and heralding the ‘kairosis time’ when
the molecular genetic basis of pathology could be translated
into the safer and more-effective medicines of the future.
This timely review will focus on the conceptual basis, the
scientific foundations and the recent clinical development of
Rexin-G-the world's first and, so far, only broad-spectrum,
tumor-targeted, bio-compatible, systemically-injectable
genetic medicine for cancer, which actually ‘works’ in the
clinic (1), precisely as it was designed to do (Fig. 1). The
review assumes a posture of the medical avant-garde, but
does not assume that the reader is either a molecular, genetic,
or biotechnological cognoscente. The subject matter addressed
herein is necessarily focused on very recent developments
in the field, while pertinent background material on applied
nanotechnology (2,3), gene delivery vehicles (4-6), cell cycle
control (7,8), virotherapy (9,10) and tumor targeting tech-
nologies (11-15), as well as early clinical trials of Rexin-G
(16-18) and associated histopathology (19) are available in
the existing literature. The text is divided into discrete sub-
sections in which critical distinctions are made and considered
opinions are presented, in a strategic flow of contextual
information that travels from the theoretical to the clinical to
the analytical and beyond, to the evolving praxis of modern
medicine.
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2. Nature's very own nanotechnology

‘To engineer the primal elements of nature into a medicine for
the future, it is practical to employ the language and mecha-
nisms of creation’ (3); and it is this engineering practicality
that brings us to the lowly viral particle who, lacking other
corporeal properties, has become exceedingly adept at the art
of gene delivery in vivo. The fact that viral nanoparticles are
capable of overcoming all of the much talked about in vivo
barriers to gene delivery (20,21), combined with the pain-
staking molecular deconstruction, and hence removal, of all
of the infectious (potentially replicative) viral elements from
the core gene delivery apparatus, has yielded a lifeless
therapeutic gene delivery vehicle (or vector) that is capable
of delivering a given therapeutic gene once, and only once,
in vivo, while eliminating concerns of wild-type viral repli-
cation and viral infectivity (see section 3). The challenge
remaining is to strategically align the set of virtues and limi-
tations inherent in each ‘replication incompetent’ vector
system with the particular therapeutic goal in mind.

In the case of intractable cancer, where repeated applica-
tions of a given therapy are required, and immunological
reactivity toward the vector are contraindicated, the retroviral
core gene delivery apparatus has a number of virtues and
limitations that are favorably aligned. Generated from human
producer cells, the lipid envelope-cloaked nanoparticles

(~100 nm) are virtually invisible to the patient's immune
system and are neither inflammation-provoking nor imme-
diately inactivated by the immune system, thereby allowing
for repeated intravenous infusions without untoward side-
effects. The restriction of therapeutic gene delivery to
proliferative cells (i.e., mitotically active cancer cells and
their proliferative neo-vasculature) further enhances the safety
and selectivity, in terms of non-target organs. The delivery of
cytocidal genetic constructs that effectively destroy the target
tumor cells and/or their associated blood supply eliminates
the major problems associated with insertional mutagenesis
and engraftment of genetically altered cells, which has plagued
gene therapy applications in the past. The singular limitation
of retroviral vectors that previously stymied the clinical
development of these otherwise ideal gene delivery vehicles
was the inability to effectively target these stealth nano-
particles under physiological conditions (22-24), a precon-
dition that remained daunting until the advent of pathotropic
targeting (11-19) (also see section 4).

3. Caution! A modern medicine should not be a replicating
species 

At this point, a categorical distinction -indeed, a moral
distinction- must be made between the replication incompetent
retroviral vector (presented herein), which is constructed from
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Figure 1. Targeted genetic medicine comes of age. Rexin-G, the world's first-targeted, injectable gene vector to be validated in the clinic, is administered by
simple intravenous infusion (A). Distributed by the systemic circulation, the tumor-targeted nanoparticles seek out the biochemical hallmarks of tumor
histopathology (11,12) and accumulate selectively in metastatic lesions that have spread throughout the body (see insert). Conceptually, Rexin-G is a small
but complex gene delivery vehicle (3), which is based on the structural engineering of the retroviral core but is devoid of viral genes-carrying instead, a lethal
form of the human cyclin-G1 gene as its molecular ‘payload’. Upon membrane fusion (B) and entry of a Rexin-G nanoparticle into a proliferative target cell
(i.e., cancer cells and tumor vascular cells), the cyto-ablative designer gene is delivered. Integration and expression of this therapeutic ‘transgene’, in the target
cells produces numerous copies of the cytocidal gene product which disrupts cell cycle progression and induces apoptosis (cell death). Rexin-G nanoparticles
accumulate in tumorous tissues to high levels (C) causing massive cell degeneration and necrosis of both cancer cells and associated vasculature (D) and (E),
leading to gradual tumor destruction (F).
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inert components with no replication competent charac-
teristics and the infectious species of viruses that has been
advocated in recent years (9,10,25-27) with a disturbing
epidemiological naiveté and a less than convincing scientific
rationale. It appears that the same cadre of experts that had
all previously tried and failed to develop a clinically useful
gene delivery vector based on the preferable retroviral core
(28-33), have collectively agreed that the only means of
delivering sufficient genes in vivo is to use infectious variants
of the viral life forms themselves (34-39). While this irrational
exuberance does succeed in eliminating the necessity of
manufacturing sufficient quantities of clinical-grade vectors
under GMP conditions (see section 8), the idea of unleashing
known pathogenic organisms, even attenuated variants thereof,
in a weakened, often immune-compromised population
obviates the most basic of medical principles with unmitigated,
unconscionable abandon, that is, primum non nocere.

This point is of such grave concern that it should be made
historically and indelibly clear: ‘Declare the past, diagnose
the present, foretell the future; practice these acts. As to
diseases, make a habit of two things - to help, or at least to do
no harm.’ (Hippocrates, Epidemics, Bk I, Section XI). First,
do no harm to the patient, to those who come in contact with
the patient, to the human genome and to humanity itself.
With a working knowledge of the natural mutability of all
microorganisms, including infectious viruses, the knowledge
that this natural mutability is capable of engendering even
more virulent subspecies (40,41), even from attenuated
vaccines (e.g., polio, HIV), and the realization that the entire
field of organ xenotransplantation was virtually banned by
the potentiality that transmissible pathogenic viruses could be
incubated within the bodies of immuno-compromised hosts,
this decadent reversion to such medically dubious notions
arises more from the collective frustrations of the failed and
ineffectual apothecaries than from solid scientific principles
and medical thinking. Hence, it bears reiterating that Rexin-G
is the first and only systemically injectable, immunologically
stealth, mechanistically defined, genetically stable, certifiably
replication incompetent gene delivery vehicle that is designed
and proven to be safe and effective in the clinic.

4. The advent of pathotropic targeting

The development of the pathotropic (or disease-seeking)
targeting embodied in Rexin-G (11-19) (reviewed in refs. 3
and 18) stemmed from a basic understanding of physiology
and biophysics, as applied to a critical problem of molecular
engineering. Long before the human genome project was
initiated, long before the term functional genomics was intro-
duced into the medical literature, Doctor Erik von Willebrand
(1926) described a rare form of pseudo-hemophilia in which
the unfortunate patients exhibited a complete coagulation
cascade and a normal number of platelets, but would die from
uncontrollable bleeding at a young age. It was subsequently
determined that the patients and their platelets were missing a
vital factor (named von Willebrand factor, vWF) and that this
large and mechanistically complex protein (42-44) essentially
attaches to and guides the otherwise ‘blind’ platelet to the site
of vascular injuries wherein the platelets function to initiate
the clotting process while laying down several powerful

growth factors (i.e., PDGF, IGF-1 and TGF-ß) at the precise
locus of the injury. Once the physiological surveillance func-
tion of vWF was sufficiently understood and then decon-
structed into minimalistic domains, the remaining challenge
for the biophysicist/would-be bioengineer (F.L.Hall) was to
re-establish this structural wound-seeking moiety onto the
envelope of another structurally durable, widely-circulating,
potentially therapeutic, but relatively blind and very much
smaller medicinal unit; that is, without disturbing the intricate
receptor-mediated cell recognition, membrane fusion and cell
entry mechanisms that account, in part, for the overall
efficiency of the retroviral vector system. The design engi-
neering was ultimately successful.

Without belaboring or diminishing the ingenuity and
outright inventiveness involved in the elaboration and testing
of the molecular targeting technologies embodied in the
structure and function of Rexin-G, it should suffice to note, in
retrospect, that one only needed to be as smart as a platelet
with an eye on the fabric of nature itself. You see, the very
fabric which nature selected as the basis of this applied
engineering (aka pathotropic targeting) are the substratum of
collagenous proteins that are freshly and characteristically
exposed at the site of a significant injury. Apparently, nature
abhors exposed collagens, as much as it does a vacuum, and
that is the crux of the matter. Indeed, modern oncologists are
beginning to shift their focus from the aberrant cancer cell to
the supportive tumor stroma in their pursuit of strategic anti-
cancer targets (45,46). When, in time, the essential concepts
of pathotropic targeting are fully grasped (intellectually) and
the extreme penetrance of the retroviral nanoparticle is fully
appreciated (practically), the potential clinical applications for
cardiovascular medicine, ischemia, infarct, stroke, infections,
inflammation, and wound healing applications, in addition to
metastatic cancer, will extend beyond the reach of the most
gifted surgeons, beyond the diameter of the finest of catheters,
to the foundations of disease itself, as collagen patefacio
(exposure) are added to the classical hallmarks: rubor
(redness), calor (heat), tumor (swelling) and dolor (pain).

5. Molecular pathways and strategies of cellular growth
control

Of the three critical components of the tumor-targeted retro-
viral vector, we have covered two: the structural core and
gene expression cassette, which has been developed to the
point that it represents a new state of the art (47), and the
targeting technology that involved genetic re-engineering of
the surface or envelope protein to provide a physiological
gain-of-function (12). The third critical component in Rexin-G
involves the therapeutic payload that must be up to the task
of destroying cancer with broad spectrum bioactivity. The
ability of Rexin-G, by itself, to exhibit such broad spectrum
anticancer activity (i.e., all solid tumors) when each and every
other biological agent is largely ineffective as monotherapy
and is thereby given in combination with other anticancer
agents to attain a semblance of clinical statistical significance
is, once again, by design. By understanding the fundamental
designs of complex biochemical pathways and building upon
what we learned from balloon injured arteries, we soon
realized that blockade of receptor mediated events at the
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surface of the cell was woefully ineffectual, and even the
vaunted field of signal transduction offered little in the way
of furtherance (48-50). If all attempts to block the benign
hyperplasia of vascular restenosis (normal smooth muscle
cell proliferation) based on impairing signal transduction
pathways had failed, the same approaches were bound to fail
when confronted with the increased adaptability and pro-
gressive variability of cancers.

In brief, for Rexin-G to gain broad spectrum bioactivity, it
took an appreciation of the common final pathways of cellular
growth control, which are conserved from yeast, to frog eggs,
to man, to focus our attention on the executive enzymes and
those determinate mechanisms at the base of the cell cycle
which control the stages of cell growth and death and are
governed by the cyclin-dependent (51,52) proline-directed
(53) protein kinases. As in all classical biochemical pathways,
the regulatory leverage is arrayed up front, at the headwaters
of the enzymatic cascades; and it is here at the mysterious
boundaries of ‘cell competence’ which normal cells occa-
sionally cross during the process of cell activation and cancer
cells have permanently crossed in the process of neoplastic
transformation that cyclin G1 is suspected to act. Induced
during cell injury (54,55), activation and/or transformation
(56,57), operating at the convergence of oncogenesis and
tumor suppression (58-61), intimately involved in the mecha-
nisms of DNA fidelity invoked during cell cycle progression

(62,63), the enforced expression of cyclin G1 advances the
cell cycle (64), while its blockade is invariably lethal (13-
16,48,65), particularly to cancer cells, derived from all three
germ layers. 

It merits mentioning that initial antisense constructs
(suppressive designs) were replaced early-on with a dominant
negative construct in the final embodiment of Rexin-G, that
effectively sabotages said biochemical pathways in a veritable
sea of normal cyclin G protein, which offers a distinct
advantage in terms of preventing a target cell from overcoming
the lethal blockade with over-expression or biochemical
redundancy. With the growing number of potentially onco-
genic mutations being ascribed to the aberrant function and
expression of protein kinases, whose enzymatic turnover
numbers are measured in milliseconds and whose cellular
expression and function are often regulated by feedback inhi-
bition, this ‘word to the wise’ relates to the wholly suppressive
field of iRNA as well. 

In the age of ambitious genetic profiling, where we are
continually finding that the onset and progression of cancer is
associated with an ever-increasing number of genetic mutations
(66-68), even within a single cancer patient (69), and that
the mutations involving signal transduction pathways may
well obviate the therapeutic benefit of biological agents that
ostensibly block classical receptor-mediated pathways (70,71),
it might lead one to conclude that the importance of moni-
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Figure 2. Halting the progression of chemo-resistant osteosarcoma. Following limb salvage surgery (right leg), radiation and multiple chemotherapies, the
recurring bone cancer in this young patient had spread to the lung, the vessels surrounding the heart and the adrenal gland (A), with multiple new lesions
appearing at an increasing rate (graph). Baseline readings of both standard CT-scans and tumor metabolism-sensing PET-scans (B) identified several critical
‘target lesions’, which were dramatically altered by each treatment with Rexin-G administered as monotherapy (C) and (D). The alarming location of these
target lesions attests to the nearly ‘surgical’ precision of the tumor-targeting and the specificity of the anti-cancer activity. In osteosarcoma, the extent of
necrosis and calcification in tumors (not RECIST criteria) are considered to be indicative of therapeutic efficacy.
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toring the increasing multitude of problematic profiles that
might define the subset of the subset of cancers, that might just
respond to the ‘superficial’ treatment (72), that is, for a short
while. In the case of pancreatic cancer, blocking either the
popularized VEGF or EGF receptor-mediated pathways
ultimately failed to provide any survival value for the patient
(73). In fact, ‘the frustrating lack of significant clinical
advancements in the treatment of metastatic pancreatic cancer
remains one of medical oncology's biggest disappointments’
(74). Moreover, blocking generalized receptor-mediated
pathways, like ‘housekeeping’ metabolic pathways (e.g.,
PKC, the much-touted phorbol ester receptor), cannot be
considered innocuous, nor can serious side-effects encountered
in recent clinical trials be considered surprising (75-77). Such
considerations might lead one to reconsider the profound
clinical utility, if not the insightful biologic, of an anticancer
agent that offers precision delivery and broad spectrum
anticancer activity, by design.

6. The natural history of Rexin-G

Finally, in 2001 the therapeutic payload (a cytocidal mutant of
cyclin G) was ‘packaged’ into a retroviral core and assembled,

along with its newfound physiological guidance system, into a
clinical grade vector known as Rexin-G (16,78,79). Far from a
euphonious pharmaceutical appellation gleaned from favorable
marketing surveys, Rexin-G is simply a convenient laboratory
acronym (Retroviral expression Vector bearing an inhibitory
construct of the gene-cyclin G), thus reflecting its molecular
engineering roots. Following extensive preclinical studies of
gene delivery, safety, efficacy and biodistribution, Rexin-G
was first deployed against Stage IV pancreatic cancer in the
Philippines under approved Compassionate Use protocols in
a remarkable example of international cooperation. The
innovative protocols utilized intrapatient dose escalations of
intravenous Rexin-G (based on preclinical studies), which
carefully monitored safety parameters before proceeding to
the next higher doses (16-18). The promising results of these
initial Compassionate Use studies, which soon thereafter
extended to the United States, were sufficient in terms of
documented safety and efficacy (as well as the lack of
available treatments for this chemotherapy-resistant cancer)
for the U.S. FDA to grant Orphan Drug Status in 2003.

Supported, in part, by the U.S. FDA-Office of Orphan
Product Development (OOPD), a standard Phase I safety
study for stage IV chemo-resistant pancreatic cancer was
initiated at the Mayo Clinic, which provided the lower steps
of a slow and gradual inter-patient dose escalation protocol,
which simply confirmed the overall safety of repeated
infusions of Rexin-G, with no dose-limiting toxicity (80).
The progressive dose escalations of Rexin-G into the ranges
needed to ‘meet and match’ the progression of this deadly
form of cancer proceeded rapidly in the Sarcoma Oncology
Center, Santa Monica, USA, in a series of three Phase I/II
trials, for advanced chemotherapy-resistant i) pancreatic
cancer, ii) breast cancer, and iii) sarcoma, respectively, using
adaptive trial designs (81,82). Remarkably, the concerted and
comprehensive interim analyses enabled the FDA to approve
an across-the-board dose escalation, once overall safety was
clearly established. Stemming from the impressive results of
the Phase I/II sarcoma studies (Fig. 2), a Phase II confirmatory
trial specifically for chemotherapy-resistant osteosarcoma
was initiated (83). 

Meanwhile, clinical development in the Philippines out-
paced the U.S. trials in expanding the clinical applications to
include breast cancer, colon cancer, lung cancer, laryngeal
cancer, malignant melanoma (17), revealing definitive histo-
logical hallmarks of tumor destruction (18,19), demonstrating
the potential of a combined Rexin-G/Reximmune-C vaccina-
tion protocol (47,84), leading to an expanded access program
for solid tumors and ultimately to accelerated approval of
Rexin-G as a safe and effective anticancer agent for all solid
tumors in December, 2007. Importantly, the mechanisms of
tumor destruction under the onslaught of Rexin-G, including
cellular apoptosis, degeneration and necrosis, as well as focal
anti-angiogenesis, were revealed in exquisite detail (Fig. 3).
Expansion of a pilot Compassionate Use Program in Japan
added efficacy in glioblastoma, gall bladder cancer, gastric
cancer and lung cancer. Orphan Drug status was granted by
the U.S. FDA for osteosarcoma and for soft tissue sarcomas in
the summer of 2008. Based on these unprecedented demon-
strations of single-agent efficacy, in the context of previously
intractable cancers, Epeius Biotechnologies was granted two
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Figure 3. Tumor destruction viewed at the microscopic level. In this case of
recurrent chemo-refractory leiomyosarcoma, an opportune surgical biopsy
following repeated i.v. administrations of Rexin-G (as monotherapy), the
classical characteristics of tumor destruction under the onslaught of
precision-targeted genetic medicine can be seen (A), significant yet discrete
areas of anti-angiogenesis are evident, along with large areas of focal cell
degeneration, zones of complete necrosis (nec) and significant amounts of
reactive immune infiltrate (im) into the tumor (t). Histological trichrome
staining for tumor extracellular matrix proteins (B) and (C) provides a
targeted nanoparticle's ‘view’ of these histological processes (collagens stain
blue). Among the numerous immune cells (leukocytes) recruited into the
dying tumor (D), presumably by the abundance of neo-antigens and debris,
there are an appreciable number of antibody-producing plasma B-cells (E)
and killer T-cells (F), which are a highly favorable prognostic indicator.
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major patents, in the USA and Europe (85,86), for bringing
forth the world's first targeted genetic medicine that was
proven to function systemically; that is, in the human circu-
latory system in vivo. 

7. Clinical development in extremis

At this point in chronological time, patient enrollment in the
sarcoma and osteosarcoma trials have been completed, and the
initial reports have been released into the medical literature
(81-83). The bottom line, for the purposes of this review, is
that both the genetic payload and tumor-targeting technology
embodied in Rexin-G are profound, enabling unprecedented
‘reach’ and significant therapeutic benefit in the context of
otherwise intractable metastatic disease (Fig. 4). In each
case, including pancreatic cancer, soft tissue sarcoma and
osteosarcoma, Rexin-G exhibits dose-dependent efficacy
with no dose limiting toxicity or other safety concerns, while
reductions in tumor burden and rate of progression, without
major side-effects, reflects directly on overall quality of life.
In both sarcoma and osteosarcoma, and again in pancreatic

cancer, overall survival and progression-free survival are
extended, which represents a gold standard, by any measure,
and encourages further analysis, where there once was incre-
dulity. In pancreatic cancer in particular, the painfully slow
inter-patient dose escalations conducted at the Mayo Clinic,
Rochester, USA, eventually led to predictable dose-response
curves and the establishment of practical ‘thresholds’ for
significant biological activity and improvements in survival
in clinical studies conducted in Santa Monica, USA (81-83). 

The importance of these progressive dose-escalation
studies, which clearly establish safety, before escalating to
more potent tumoricidal levels, is of primary concern in
the development of a new genetic medicine like Rexin-G.
Moreover, the establishment of a functional dose-response
relationship is also of fundamental significance, not only in
terms of basic pharmacology, but in establishing the physio-
logical mechanisms of action that are of major importance in
determining the predictability of a new anti-cancer agent, in
establishing the optimal dose regimens for a given type of
cancer, and ultimately in gaining regulatory approval for
Rexin-G in the United States, and elsewhere. The true value
of these pioneering studies and the enlightened intentions of
the physicians, scientists and regulators who made these
medical advances possible, lies not only in the development
of a superior medicine for end-stage cancer where all else has
failed, but in the verifiable proofs of principle that metastatic
cancer is no longer beyond the reach of the physician. The
resolve to treat one individual patient, one intractable disease
at a time, is not for the faint of heart, but the intended purpose
of this arduous journey is near at hand. At this pivotal time in
history (i.e., ‘kairosis time’), the technological means to reduce
the mortal threat of metastatic cancer to that of a survivable
disease may be well within our grasp (Fig. 5).

A remarkable clinical finding, which may be considered
anecdotal at this point but is important to note nonetheless, is
that Rexin-G appears to act with such precision as to solve
clinical problems rather than cause issues resulting in systemic
distress. Unlike conventional chemotherapies, which can
cause significant damage to internal organs, immune
suppression, abnormal blood chemistries and deleterious
changes in liver and kidney function, Rexin-G has been
associated with profound improvements in liver function,
ascites, blood chemistries, diabetes subsequent to pancreatic
adenocarcinoma, wound healing, and a curious decrease in
withering pain that is often associated with metastatic cancer.
As the emergent concept of collagen patefacio (exposed
collagen) is added to the classic hallmarks of inflammation,
including tumor (swelling) and dolor (pain), a greater
understanding of the molecular mechanisms by which these
dutiful disease-seeking nanoparticles ‘act’ at the very
forefront of cancer metastasis can be gained. 

8. The heart and the lonely hunter

Administered by simple intravenous infusion, Rexin-G circuits
the heart, the lungs and the heart again to be distributed
widely by the circulatory system, while it seeks out and
accumulates selectively in cancerous tissues and delivers a
killing gene to the cancer cells and their associated neovas-
culature. Indeed, Rexin-G is clearly capable of ‘halting the
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Figure 4. Tumor eradication in the face of end-stage disease. This decidedly
terminal case of pancreatic cancer approaches ‘organ replacement’ of the
liver with flagrant tumors deemed ‘too many to count’. Repeated infusions
of Rexin-G, by itself, induced significant necrosis of the majority of the
liver nodules, as evinced by the dark centers (hollow arrows) versus the
bright center (solid arrow) of the nodules revealed by the PET scan (A).
Following the patient from the initial presentation (B) where numerous solid
tumors are noted throughout the liver (simple arrows), through courses of
Rexin-G where partial or mixed responses are marked by hollow arrows (C),
to the point where the vast majority of the flagrant tumors have been
reduced in radiological density (hollow arrows), signifying focal necrosis.
End-stage cases such as this, where unprecedented single-agent efficacy is
clearly evident and Rexin-G is proven to be sufficiently mild for hospice
care, the challenge to convert such terminal cancer to a consistently
survivable disease remains and will require a major re-orientation in patient
care from dismissingly hospice to appropriately supportive during the
subsequent stages of wound-healing and organ regeneration.
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progression’ of metastatic disease and of eradicating tumors
from such vulnerable organs as the liver and lung. Yet,
however capable the tumor-targeting system and however
lethal the designer gene, there is a critical amount of vector
needed to produce the mass-action of tumor destruction that
leads to accomplishment of objective clinical responses
(Figs. 3-5). By quantifying the amounts of Rexin-G that are
needed to ‘meet and match’ the progression and spread of a
given type of end-stage cancer, a ‘Calculus of Parity’ was
developed (17,18) which adds a predictive pharmacological
component in terms of calculating the approximate cumulative
doses of vector needed for a given patient's tumor-burden. In
addition to defining the biologic thresholds and parities needed
for Rexin-G monotherapy to achieve a significant level of
tumor control, it is anticipated that additional mathematical
formulations will be forthcoming to further define the optimal
induction and maintenance protocols, as well as optimal
dosing for Rexin-G when used in combination and/or adjuvant
settings.

These quantitative pharmacological considerations point
directly to the need to manufacture more of a small good thing
under stringent bio-manufacturing conditions. Accordingly,

the rapid development and deployment of Rexin-G in clinical
trials has necessitated the reformulation of product potency
from 107 nanoparticles per milliliter (used in safety studies)
to more than one hundred-fold, to that of 109 nanoparticles
per milliliter now used today. Considering this GMP advance-
ment in terms of the clinic: weekly doses that were once
administered in multiple i.v. bags slowly over a period of
hours each day, at a rate limited by patient volume tolerances,
is now exceeded by a simple 5-10 minute ‘push’ administered
three times per week. Moreover, continued research in bio-
manufacturing and bio-processing development presages
the availability of hyper-titers, that is, titers beyond 1010

nanoparticles per milliliter, which may enable the clinical
development strategic of dose-dense regimens in the future
(Fig. 6).

9. Time is of the essence

The timely clinical development of Rexin-G has served to
validate the potential of pathotropic targeting as a new and
important platform for technologically-advanced medical
delivery vehicles, of which Rexin-G serves as the flagship.

INTERNATIONAL JOURNAL OF ONCOLOGY  35:  229-238,  2009 235

Figure 6. Far-reaching perspectives on targeted genetic medicine. The
effective titers of available clinical-grade vectors are plotted along with the
inverse of biological activity and the prospective time-courses of advanced
clinical treatment protocols. The parallel of this human gene therapy (H-Rx)
diagram with the astrophysicist's Hertzsprung-Russell (or H-R) diagram,
which reveals the relationship between the magnitude, luminosity and
duration of stars, is purposeful, as it encourages the viewer to think of
tumor-targeted cancer gene therapy in terms of clinical mass action. From
the dwarf titers (<106) that are suitable merely for ex vivo (laboratory)
applications with little clinical impact, to the high titers (107) of the Phase I
safety studies, to the super-high titers (108-109) where Rexin-G exhibits
dose-dependent efficacy as mono-therapy and the ‘thresholds’ of biological
activity have been established for several tumor types. With the availability
of vector hyper-titers (>1010) in the foreseeable future, it is conceivable that
strategic induction/maintenance protocols may indeed shorten the time of
intensive clinical intervention from months to weeks.

Figure 5. Rexin-G enables a potentially curative surgical resection. In this
case of metastatic, chemo-resistant breast cancer, repeated infusions of
Rexin-G effectively eradicated several metastatic tumor nodules and
reduced the remaining ‘target lesion’ to that of a small (6 mm) operable
nodule that was then surgically excised and embedded for histological
analysis (A). Far from a flagrant tumor, the small residual nodule was found
to be largely fibrotic (f), as confirmed by trichrome stain (B) for extra-
cellular matrix proteins (blue). Immunohistochemical staining for a specific
tumor marker (C) revealed scant nests and remnants of tumor cells (t) as
well as significant immune infiltrate (im) into the residual lesion. Further
characterization of the immune infiltrate seen in Plate A (D) and (E),
revealed a large number of killer T-cells (F), which may have been beneficial,
as this patient enjoyed a long-term remission and is still alive >1ó years
after receiving Rexin-G followed by surgical-resection.
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The ability for such targeted genetic medicine to seek out and
accumulate selectively in diseased tissues such as metastatic
cancer, and to deliver an anti-cancer agent precisely to where
it is needed most, has opened a new chapter in the annals of
medical praxis. With these first voyages of Rexin-G, the
general safety and the first critical thresholds for biological
responses have been established, as well as the fundamental
dose-response relationships upon which future protocols will
be based. As Rexin-G continues to demonstrate profound
single agent efficacy where all previous medications and all
other biologics have uniformly failed, the potentiality for
additional targeted therapeutics, and combinations of such
therapeutics, becomes apparent, as does the practicality of
using Rexin-G as both neoadjuvant and adjuvant therapy
with surgical resections (Fig. 5). 

The demonstrated capability of Rexin-G to halt the prog-
ression of metastatic cancer and to extend survival, even in
the most terminal stages, bodes well for continued innovation
in pathotropic medicine. The vast number of prospective
clinical applications now appears to be as numerous as the
evening stars, obscured only by the prevailing weather and
the fog rising from the caldrons of the ineffectual apothecaries.
Indeed, a biophysicist may consider the clinical development
of Rexin-G as a physicist views a Hertzsprung-Russell dia-
gram, in which all stars are arrayed in accordance with their
theoretical mass, brilliance and duration of action (Fig. 6).
Viewed from the lofty perspective of an intentional allegory,
that is, emphasizing the fundamental importance of mass
action, one can see that it is the effective local titer of a given
genetic medicine that both governs and predicts the therapeutic
potential. From the meager titers used in standard in vitro
applications through the titers used in the safety trials to the
super-high titers where Rexin-G exhibits efficacy as mono-
therapy, it is now conceivable that the achievement of even
greater titers (i.e., hyper-titers) may serve to provide dose-
dense regiments that not only increase the efficacy, but
shorten the time-course of treatments needed to positively
impact survival. In conclusion, it bears mentioning that each
and every one of the clinical benefits achieved at the terminal
edge of end-stage cancer can be magnified exponentially
when pathotropically-targeted agents like Rexin-G are
allowed to (and ultimately mandated to) be given earlier in
the course of a malignant disease - for, after all, that is how
cancer grows within us - exponentially.
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