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Abstract
Object—Treatment options for anaplastic or malignant intramedullary spinal cord tumors
(IMSCTs) remain limited. Paclitaxel has potent cytotoxicity against experimental intracranial
gliomas and could be beneficial in the treatment of IMSCTs, but poor CNS penetration and
significant toxicity limit its use. Such limitations could be overcome with local intratumoral
delivery. Paclitaxel has been previously incorporated into a biodegradable gel depot delivery
system (OncoGel) and in this study the authors evaluated the safety of intramedullary injections of
OncoGel in rats and its efficacy against an intramedullary rat gliosarcoma.

Methods—Safety of intramedullary OncoGel was tested in 12 Fischer-344 rats using OncoGel
concentrations of 1.5 and 6.0 mg/ml (5 μl); median survival and functional motor scores (Basso-
Beattie-Bresnahan [BBB] scale) were compared with those obtained with placebo (ReGel) and
medium-only injections. Efficacy of OncoGel was tested in 61 Fischer-344 rats implanted with an
intramedullary injection of 9L gliosarcoma containing 100,000 cells in 5 μl of medium, and
randomized to receive OncoGel administered on the same day (in 32 rats) or 5 days after tumor
implantation (in 29 rats) using either 1.5 mg/ml or 3.0 mg/ml doses of paclitaxel. Median survival
and BBB scores were compared with those of ReGel-treated and tumor-only rats. Animals were
killed after the onset of deficits for histopathological analysis.

Results—OncoGel was safe for intramedullary injection in rats in doses up to 5 μl of 3.0 mg/ml
of paclitaxel; a dose of 5 μl of 6.0 mg/ml caused rapid deterioration in BBB scores. OncoGel at
concentrations of 1.5 mg/ml and 3.0 mg/ml paclitaxel given on both Day 0 and Day 5 prolonged
median survival and preserved BBB scores compared with controls. OncoGel 1.5 mg/ml produced

Address correspondence to: Gustavo Pradilla, M.D., Department of Neurosurgery, Hunterian Research Laboratory, The Johns
Hopkins University School of Medicine, Meyer 8-161, 600 North Wolfe Street, Baltimore, Maryland 21287. gpradil2@jhmi.edu.

Author contributions to the study and manuscript preparation include the following. Conception and design: Pradilla, Legnani, Jallo.
Acquisition of data: Tyler, Hdeib, Caplan. Analysis and interpretation of data: Pradilla, Tyler, Caplan. Drafting the article: Pradilla,
Hdeib. Critically revising the article: all authors. Reviewed submitted version of manuscript: all authors. Approved the final version of
the manuscript on behalf of all authors: Pradilla. Statistical analysis: Hdeib, Caplan. Administrative/technical/material support: Tyler,
Fowers, Brem, Jallo. Study supervision: Brem.

NIH Public Access
Author Manuscript
J Neurosurg Spine. Author manuscript; available in PMC 2014 April 08.

Published in final edited form as:
J Neurosurg Spine. 2012 January ; 16(1): 93–101. doi:10.3171/2011.9.SPINE11435.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



62.5% long-term survivors when delivered on Day 0. A comparison between the 1.5 mg/ml and
the 3.0 mg/ml doses showed higher median survival with the 1.5 mg/ml dose on Day 0, and no
differences in median survival or BBB scores after treatment on Day 5.

Conclusions—OncoGel is safe for intramedullary injection in rats in doses up to 5 μl of 3.0 mg/
ml, prolongs median survival, and increases functional motor scores in rats challenged with an
intramedullary gliosarcoma at the doses tested. This study suggests that locally delivered
chemotherapeutic agents could be of temporary benefit in the treatment of malignant IMSCTs
under experimental settings.
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Intramedullary spinal cord tumors represent a small subset of all CNS tumors, but are
associated with significant morbidity secondary to neurological compromise.18,29,43,45

Surgical debulking remains the mainstay of treatment for malignant IMSCTs18,19,38 and
improved microsurgical and intraoperative monitoring techniques have had a positive, but
modest, impact on patient survival, particularly in patients with high-grade tumors such as
anaplastic astrocytoma or glioblastoma. Postoperative adjuvant therapies such as radiation
and chemotherapy have become increasingly important in the management of high-grade,
persistent, nonresectable, or recurring IMSCTs.3,18,19,29,38,43

Radiation therapy has been used as an adjuvant treatment for IMSCTs. Its clinical efficacy,
however, is limited by both dose-related toxicity to the normal spinal cord and surrounding
tissues, and systemic toxicity26,39,48 These adverse effects are particularly deleterious in
pediatric patients, in whom a large percentage of IMSCTs occur.18 As a result,
chemotherapy has been proposed as an alternative treatment for these patients.3,43

Nevertheless, chemotherapeutic options have not been thoroughly evaluated, and treatment
regimens are confined to systemically administered agents selected on the basis of data from
intracranial brain tumors,3, 29,43 and the role of chemotherapeutic agents in the treatment of
IMSCTs remains undefined.

Chemotherapy for CNS tumors is well established in both preclinical and clinical studies for
intracranial tumors, and novel drug discovery technologies as well as improved drug
delivery systems continue to enhance their efficacy.9,12,21,22,24,25,34,46 Several
chemotherapeutic agents that have been shown to be effective against experimental animal
and human gliomas have been used empirically to treat IMSCTs with limited success.20,37

The limited effect observed with these agents could be related in part to inadequate
penetration into the tumor site at tolerated doses, and severe systemic toxicity at high doses.
The challenges faced with systemic chemotherapy warrant the selection of more suitable
agents and development of adequate drug delivery systems for spinal cord administration.

Paclitaxel, a cellular proliferation inhibitor, has been shown to be effective against gliomas
in vitro, but has poor penetration into the CNS when administered systemically, and shows
dose-limiting toxicities such as sensory neuropathies, gastrointestinal disturbances, and
severe myelosuppression.17,32,45,46 To enhance the efficacy of paclitaxel and limit its
systemic toxicity, taxol has been incorporated into local drug delivery devices including
biodegradable polymers and convection-enhanced delivery systems.21,33,42,47 Although
these strategies have effectively treated intracranial experimental gliomas and await further
clinical testing,20,21,33 they require placement of either a polymer/drug wafer into the
resection cavity or an intratumoral catheter, and the anatomical characteristics of the spinal
cord limit their use in IMSCT therapy.
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An ideal drug delivery system for local chemotherapy of IMSCTs should provide consistent
and precise intramedullary tumor localization, deliver drugs in a sustained controlled
fashion, and be amenable for intraoperative use as well as for percutaneous image-guided
administration. ReGel is a thermal gel depot–based delivery system developed by Protherics
Salt Lake City, Inc.51 ReGel consists of an ABA-type (A = poly[lactide-co-glycolide], B =
poly[ethylene glycol]) biodegradable thermosensitive gel, which can be tailored to deliver
various agents at different rates. ReGel has been formulated with paclitaxel (OncoGel;
Protherics) to provide an injectable, controlled-release, biodegradable vehicle for paclitaxel
administration. OncoGel has been shown to be biocompatible in rats,2,15,44 and an OncoGel
formulation containing 2 mg/ml of paclitaxel releases paclitaxel in a sustained fashion for 50
days, and is biodegraded in 4–6 weeks at 37°C.51 In vivo studies demonstrate adequate
biodistribution of cytotoxic levels of paclitaxel in both human breast carcinoma xenografts
as well as in the brain parenchyma following OncoGel injection.51 OncoGel has been shown
to be efficacious in extending survival in experimental intracranial rodent gliomas as well as
in delaying the onset of paresis in rodent breast metastatic spine tumor models.2,15,44 The
results of the efficacy studies with intracranially injected OncoGel were used as the basis for
initiation of a Phase I/II clinical trial for the treatment of recurrent malignant glioma.

With this encouraging data, we hypothesized that local delivery of paclitaxel could be
efficacious in the treatment of IMSCTs. Therefore, in the present study, we tested the safety
of intramedullary injected OncoGel in rats, an animal model developed by our group, and
then monitored the ability of intramedullary OncoGel to delay hindlimb paresis and prolong
survival of rats challenged with a lethal dose of intramedullary 9L gliosarcoma.

Methods
Experimental Design

Toxicity Study—To determine the biocompatibility of OncoGel after intramedullary
injection, 12 Fischer-344 rats were randomized into 4 experimental groups, each containing
3 animals. The first group received a 5-μl intramedullary injection of DMEM only
(untreated control; Life Technologies, Inc.); the second group received an injection of 5 μl
of ReGel (vehicle control); the third group received a 5-μl intramedullary injection of
OncoGel loaded with 1.5 mg/ml of paclitaxel; and the fourth group received a 5-μl
intramedullary injection of OncoGel loaded with 6.0 mg/ml of paclitaxel (Table 1). Animals
were evaluated and weighed daily for signs of systemic toxicity; their hindlimb functional
motor performance was tested periodically as described below. Full necropsies were
performed in all animals at the completion of the study (Day 28; Table 1).

Efficacy Study: Treatment Administered on Day 0—To evaluate the efficacy of
intramedullary OncoGel in treating animals with a lethal intramedullary challenge of 9L
gliosarcoma, 32 Fischer-344 rats received a 5-μl intramedullary injection of 100,000 9L
gliosarcoma cells in medium on Day 0 and were randomized to the following experimental
groups (8 animals per group): animals in the first group received no further treatment
(untreated control group), animals in the second group received an intramedullary injection
of 5 μl of ReGel (vehicle control) on Day 0, the third group received an intramedullary
injection of 5 μl of 1.5 mg/ml OncoGel on Day 0, and the fourth group received a 5-μl
intramedullary injection of 3.0 mg/ml OncoGel on Day 0 (Tables 2 and 3).

Efficacy Study: Treatment Administered on Day 5 (Established Tumor)—To
determine the efficacy of intramedullary OncoGel against an established intramedullary 9L
gliosarcoma, 29 Fischer-344 rats received a 5-μl intramedullary injection of 100,000 9L
gliosarcoma cells in medium on Day 0 and were randomized into 4 experimental groups.
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The first group (5 rats) received no further intervention (untreated control group). On Day 5,
the 8 animals in the second group were injected, at the site of the previous injection, with 5
μl of intramedullary ReGel (vehicle control), the 8 rats in the third group received an
intramedullary injection of 5 μl of OncoGel with 1.5 mg/ml of paclitaxel, and the 8 rats in
the fourth group received an intramedullary injection of 5 μl of OncoGel loaded with 3.0
mg/ml of paclitaxel (Tables 2 and 3).

ReGel/OncoGel Formulations and In Vitro Release of Paclitaxel
The synthesis and characterization of the ReGel (vehicle control) and OncoGel formulations
have been de-scribed previously.51 Briefly, ReGel is a biodegradable thermosensitive
polymer that remains water soluble at temperatures below the gel transition temperature and
becomes a water-insoluble gel after injection. ReGel easily solubilizes and stabilizes
sensitive drugs, including proteins. The ReGel/paclitaxel preparation (OncoGel) has been
shown to provide a sustained local release of paclitaxel for approximately 50 days in vitro,
with a slow clearance and minimal distribution into any organ after intratumoral injection.

Tumor Cell Lines
Rat 9L gliosarcoma cells were obtained from the University of California, San Francisco
Brain Tumor Research Center, and maintained in our laboratory in DMEM with 4.5 g/L of
glucose, supplemented with 10% fetal bovine serum, and penicillin/streptomycin. A tumor
suspension was prepared by suspending 100,000 cells in 5 μl of DMEM.

Animal Care
Female Fischer-344 rats weighing 150–200 grams each were obtained from Charles River
Laboratories. Animals were housed in standard facilities and were given free access to water
and rodent chow. All animals were treated in accordance with the policies and procedures
set forth by the Animal Care and Use Committee of the Johns Hopkins University School of
Medicine.

Surgical Technique
We have previously described the technique for intramedullary implantation of 9L
gliosarcoma in rats.8 Briefly, animals were anesthetized with an intraperitoneal injection
(0.4–0.6 ml) of a stock solution consisting of ketamine hydrochloride (25 mg/ml; Hospira,
Inc.), xylazine (2.5 mg/ml; Phoenix Pharmaceutical, Inc.), and 14.25% ethanol in normal
saline. Animals were placed on a sterile field, and the back of each animal was shaved and
prepared with a betadine solution. The prominent spinous process of T-5 was identified, a 2-
cm longitudinal incision was made over the dorsal midthoracic region, the underlying fascia
and paravertebral muscles were retracted, and the spinous process of T-5 was removed using
rongeurs. The ligamentum flavum was removed, exposing the intervertebral space, and the
cell suspension was injected through the dorsal intervertebral space using a 26-gauge
Hamilton syringe (Hamilton Company). After the intramedullary injection, hemostasis was
verified, the wounds were closed with surgical staples, and analgesia was provided by an
intraperitoneal injection of 0.2 ml of buprenorphine (0.02 mg/ml, Abbott Laboratories) in
saline.

Functional Testing
Functional testing of hindlimb strength was assessed by using the BBB scale.4,5 Animals
were placed in an open field testing area, allowed to adapt, and observed for 4 minutes.
Their locomotion was rated using the BBB locomotor scale, which is a 22-point scale
ranging from 21 (consistent plantar stepping and coordinated gait, consistent toe clearance,
predominant paw position parallel throughout stance, consistent trunk stability, tail
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consistently up) to 0 (no observable hindlimb movement). All animals were tested
preoperatively to ensure a baseline locomotor rating of 21. Postoperatively, animals were
tested at least once every other day by 3 different blinded observers; interobserver
variability, however, was not determined.

Histopathological Analysis
Once the functional BBB score of an animal was less than 5 (slight movement of 2 joints
and extensive movement of the third), the animals were killed by CO2 overexposure. After
the animals were killed, the spinal column of each animal was exposed, and a segment of the
spinal cord encompassing all visible tumor including the surgical site, along with 2
contiguous vertebral segments caudal and 2 rostral with no visible tumor, were harvested
and placed in 4.0% formalin in phosphate-buffered saline. At the completion of the study, all
spines were decalcified. Three thoracic spine sections (2-mm each) were sliced (2 sections
through visible tumor, 1 section through normal tissue) and embedded in paraffin. Five 10-
μm slices were taken from each section for H & E staining.

Statistical Analysis
In this experiment, a BBB functional score of less than 5 was the primary end point, and
thus the thresh-old for subsequent animal sacrifice. Survival times were compared among
groups by the log-rank (Mantel-Cox) test in Kaplan-Meier nonparametric analysis of
survival; median survival is reported as the median ± SEM. Results of the BBB score on
Day 13 after tumor implantation are expressed as the mean ± SEM, and treated animals were
compared with controls by a 2-tailed t-test for independent samples. The statistical software
program SPSS version 12.0 for Windows (SPSS, Inc.) was used for the statistical analyses.

Results
Toxicity of ReGel and OncoGel

Animals in this study were randomized to receive an intramedullary injection of DMEM
only (untreated control), ReGel (vehicle control), OncoGel with 1.5 mg/ml of paclitaxel, or
OncoGel with 6.0 mg/ml of paclitaxel. Injection of OncoGel with 6.0 mg/ml of paclitaxel
caused rapid deterioration in hindlimb motor function. Animals in this group had a median
survival of 14 days and a mean BBB score on Day 12 of 4 ± 2 (Table 1). Animals receiving
either ReGel or 1.5 mg/ml OncoGel showed no functional deficits and exhibited 100%
survival rates throughout the study, which was concluded on Day 28 (Fig. 1 lower). On Day
12, animals in the ReGel and the 1.5 mg/ml OncoGel groups both had mean BBB scores of
21 (Fig. 1 upper).

Efficacy of OncoGel Injected on Day 0
Animals in this study received an injection of either 9L cells alone, or 9L followed by
OncoGel on the same day. On postoperative Day 13, animals receiving 9L only (untreated
control) had a mean BBB score of 5.38 ± 3.54 and a median survival of 11 days, and those
receiving 9L and ReGel (vehicle control) had a BBB score of 7 ± 2.46 and a median survival
of 13 days (Tables 2 and 3). Animals that received 9L and treatment with 5 μl of OncoGel
1.5 mg/ml had a significantly higher mean BBB score (15.25 ± 1.19 on Day 13) when
compared with untreated controls (p = 0.007) and ReGel animals (p = 0.003), and had
significantly higher median survival rates. Median survival was not reached by Day 97 in
this group and 62.5% of the animals were long-term survivors (p = 0.0002 vs untreated
controls, and p = 0.0003 vs ReGel). Similarly, animals treated with 5 μl of OncoGel 3.0 mg/
ml had a higher mean BBB score (14.5 ± 0.33 on Day 13) when compared with untreated
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controls (p = 0.004) and ReGel (p = 0.005), and higher median survival rates (38 days; p <
0.0001 vs untreated controls, and p = 0.0001 vs ReGel; Fig. 2).

Animals treated with 1.5 mg/ml of OncoGel had significantly higher median survival (p =
0.0179) than animals treated with 3.0 mg/ml of OncoGel (Fig. 2 lower), although the BBB
scores on Day 13 were not significantly different between the 1.5 mg/ml and 3.0 mg/ml
groups (p = 0.554; Fig. 2 upper). No differences were found in BBB scores or median
survival between untreated animals and animals treated with ReGel (p = 0.621 and p =
0.438, respectively).

Efficacy of OncoGel Treatment Injected on Day 5 Against an Established 9L Gliosarcoma
Animals in this study were implanted with intramedullary 9L gliosarcoma on Day 0 and
were randomized to receive either no further treatment (untreated control), or treatment on
Day 5 Animals that received 9L only had a mean BBB score of 3.2 ± 1.08 on postoperative
Day 13, and a median survival of 13 days; those that received Re-Gel on Day 5 had a mean
BBB score of 5.87 ± 1.35 on Day 13 and a median survival of 13 days. Of the groups that
received OncoGel on Day 5, the group that was given 5 μl of OncoGel 1.5 mg/ml had a
mean BBB score of 9.25 ± 1.42 on Day 13 (p = 0.013 vs control, p = 0.108 vs ReGel) at the
end of the study median of 22 days (12.5% were long-term survivors; p = 0.0018 vs
controls, p = 0.0635 vs ReGel). The group receiving 3.0 mg/ml of OncoGel had a mean
BBB score of 7.5 ± 0.5 (p = 0.016 vs controls, p = 0.29 vs ReGel) and never reached median
survival, with 62.5% of the animals living the length of the experiment (100 days; p =
0.0001 vs controls, p = 0.0439 vs ReGel; Fig. 3 upper).

No significant differences in mean BBB scores (p = 0.266) or median survival (p = 0.5527)
were observed between the groups treated with 5 μl of either 1.5 mg/ml or 3.0 mg/ml of
OncoGel, or between the untreated control group and the ReGel group (mean BBB scores p
= 0.162 and median survival p = 0.3288, respectively; Fig. 3 lower).

Histopathological Analysis
Histopathological analysis of cross-sections of the spinal cord of animals injected with 9L
gliosarcoma alone, or with the 9L gliosarcoma and ReGel, showed well-circumscribed
lesions infiltrating most of the gray and white matter, with compression of the remaining
structures. Analysis of cross-sections of the spinal cord of animals treated with 1.5 mg/ml
OncoGel showed the presence of intramedullary tumors occupying extensive areas (Fig. 4),
with moderate signs of necrosis and disseminated scarring. Analysis of specimens from the
group treated with 3.0 mg/ml of paclitaxel showed marked necrosis and scarring, more
preservation of normal spinal cord architecture, and smaller, more circumscribed tumors.
Peritumoral edema was observed in all animals in the study, but appeared to be subjectively
greater in the group with 3.0 mg/ml of paclitaxel when compared with the 1.5 mg/ml and
control groups. No formal analysis of peritumoral edema was conducted.

Discussion
In the present study we evaluated the biocompatibility and efficacy of OncoGel, a
paclitaxel-loaded biodegradable controlled-release injectable gel depot, against an
experimental intramedullary rat gliosarcoma. We found that OncoGel can be administered
safely in the spinal cord of rats at doses up to 5 μl of 3.0 mg/ml of paclitaxel, whereas a dose
of 5 μl of 6.0 mg/ml caused rapid deterioration of hindlimb motor function.

Treatment with OncoGel loaded with 1.5 mg/ml of paclitaxel, on either the same day or 5
days after tumor implantation, significantly increased the functional motor scores and
prolonged the median survival of animals challenged with intramedullary 9L glisarcoma,
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and when treatment was initiated on Day 0, 62.5% of animals were long-term survivors.
Similarly, treatment with OncoGel loaded with 3.0 mg/ml of paclitaxel on either the same
day or 5 days after tumor implantation significantly increased functional motor scores and
prolonged median survival compared with untreated controls (9L tumor injection only).

Comparison of the 2 OncoGel formulations (1.5 and 3.0 mg/ml) used in the study showed
that the 1.5 mg/ml formulation resulted in higher median survival if administered on Day 0,
and that no significant differences exist between the 2 formulations in functional motor
scores or median survival when given 5 days after tumor implantation. We speculate that the
decreased median survival observed in the 3.0 mg/ml OncoGel group on Day 0 could be
related to the progressive peritumoral edema that accompanies higher doses of
chemotherapy, which was observed by histopathological examination with greater frequency
in the 3.0 mg/ml OncoGel group compared with the 1.5 mg/ml OncoGel group and
untreated controls. Clinical application of locally delivered paclitaxel would require
coadministration of systemic corticosteroids. This combination of intramedullary OncoGel
and systemic corticosteroids could be tested in the laboratory setting to confirm a decrease
in edema and subsequent increase in efficacy.

To test new treatment options for IMSCTs, we had developed the rat IMSCT model
described above.8 In this model, 9L tumor cells are injected directly in the intramedullary
space of the fifth thoracic vertebra. Functional analysis of hindlimb motor strength resulted
in a mean BBB score of 8.4 ± 2.67 on Day 11, and a median survival of 12 ± 2.9 days for
the groups receiving 9L tumor alone (untreated control). Control animals injected only with
DMEM showed intact functional motor scores throughout the study and no deaths.
Histopathological analysis of spinal cord specimens confirmed intramedullary tumors in all
of the animals. This established model will enable further characterization of the biology of
IMSCTs and can be applied to the evaluation of novel treatment options for these tumors.
The findings derived from studies using the intracranial 9L tumor model to study
chemotherapy implants have shown that the animal model data parallels the results of
subsequent Phase II randomized clinical trials.1, 6, 27, 35,41

The present study is, to our knowledge, the first to report on preclinical testing of locally
delivered chemotherapy for the treatment of IMSCTs. The availability of an injectable,
biodegradable, gel depot system (ReGel) was essential for adequate administration to the
spinal cord in our study. ReGel constitutes an ideal system for IMSCT therapy because it is
water soluble at temperatures below the gel transition temperature, and the gel form is water
insoluble after injection, thereby increasing the viscosity by 4 orders of magnitude.51 ReGel
forms a controlled release drug depot with delivery times that range from 1 to 6 weeks and
provides solubilization and stabilization of poorly soluble or sensitive drugs. Paclitaxel is the
first chemotherapeutic agent with antiglioma activity incorporated into the ReGel delivery
system. The gel provides controlled release of paclitaxel for approximately 50 days, and
direct intratumoral injection of OncoGel results in slow clearance of paclitaxel from the
injection site, minimal systemic distribution, and in vivo efficacy at doses 10-fold lower than
the equivalent maximum tolerated systemic doses.2,15, 44, 51

Paclitaxel binds primarily to microtubules and inhibits their depolymerization into tubulin,
which prevents the breakdown of the mitotic spindle during mitosis.36 Paclitaxel has proven
to be clinically efficacious for the treatment of ovarian and breast cancers when
administered systemically,7,9,11,13,14,16,17,20,33 but despite its potent antiglioma activity in
vitro, systemic administration has not shown significant benefit in patients with malignant
brain tumors.9,10,17,31 Local delivery of paclitaxel via bio-degradable polymers and
microspheres and convection-enhanced delivery has been shown to treat malignant brain
tumors effectively in experimental settings.19, 23, 33 The efficacious findings from the
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intracranial OncoGel studies were the basis for a Phase I/II clinical trial, but those results
have not been reported as yet.44

An additional benefit of intratumoral OncoGel is its synergistic activity when combined
with radiation therapy. This increased antitumor activity has been shown using human
prostate xenografts, a spinal cord metastatic tumor model, and an intracranial glioma
model.15, 21,44 This increase in efficacy appears to be related to the radiosensitizing
properties of paclitaxel,39,40 which blocks tumor cells in the most radiosensitive phases of
the cell cycle (G2-M phase).20 The benefit of radiation therapy alone was shown in the
IMSCT model; therefore, adding OncoGel to that treatment regimen should prove
beneficial.30

The toxicity of systemic administration of paclitaxel has been previously determined in
animal28 and human studies,14,24,49,50 and includes severe myelosuppression, sensory
neuropathies, and gastrointestinal disturbances. When paclitaxel is delivered to the brain
locally, levels of paclitaxel are maximized at the tumor site, systemic release of paclitaxel is
minimal, and myelosuppression is avoided.19,29,44 Although side effects of locally delivered
paclitaxel in the CNS such as poor wound healing, chemical and bacterial meningitis, and
subdural empyema have been reported in animal33 and human studies,23 they were not
observed after intramedullary injection of OncoGel in the present study.

Limitations of this study include the use of nonhuman cell lines, which can result in
markedly different responses to paclitaxel, and the induction of intramedullary tumors via
tumor injection, which does not take into consideration the conditions required in the tumor
microenvironment to result in viable infiltrative tumor cells such as proangiogenic
genotypes and immunomodulatory properties to evade immune tumor surveillance, among
others. Ideal models would include injection of human-derived tumor cells into
immunocompromised animal hosts or spontaneous tumor generation in transgenic animals
pre-disposed to glial tumor formation through induced mutations in the platelet-derived
growth factor receptor, epidermal growth factor receptor, or neurofbromatosis Type 1
pathways, or other known targets, although in published models of intracranial gliomas
generated in this manner, formation of spontaneous spinal cord tumors has yet to be
reported.

Conclusions
OncoGel can be safely administered into the spinal cord of rats at doses up to 5 μl of 3.0 mg/
ml and it improves the median survival and functional motor scores of rats challenged with a
lethal dose of intramedullary 9L gliosarcoma. These findings support the use of locally
delivered chemotherapy in the treatment of experimental IMSCTs, and further studies
should be performed to assess its efficacy in combination with corticosteroids, radiation, and
other antitumor agents.
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Fig. 1.
Graphs of the biocompatibility study showing BBB score progression over time (upper) and
Kaplan-Meier survival curves (lower) in each group.
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Fig. 2.
Graphs of the Day 0 treatment efficacy study showing progression of BBB scores over time
(upper) and Kaplan-Meier survival curves (lower) in each group.
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Fig. 3.
Graphs of the delayed treatment (Day 5) against an established tumor study showing BBB
score progression over time (upper) and Kaplan-Meier survival curves (lower) in each
group.
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Fig. 4.
Photomicrographs of cross-sections of the spinal cord stained with H & E in a normal rat
(upper left), in a rat injected with 9L and ReGel (vehicle) on Day 0 (upper right), in a rat
injected with 9L and treated with intramedullary OncoGel at a dose of 1.5 mg/ml of
paclitaxel on Day 0 (lower left), and in a rat injected with 9L and treated with
intramedullary OncoGel at a dose of 3.0 mg/ml of paclitaxel on Day 0 (lower right).
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