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Abstract
In this report, we examined the antitumor activity of photodynamic therapy (PDT) in combination
with 5,6-dimethylxanthenone- 4-acetic acid (DMXAA), a vascular disrupting agent currently
undergoing clinical evaluation. BALB/c mice bearing subcutaneous CT-26 colon carcinomas were
treated with PDT using the second-generation chlorin-based sensitizer, 2-[1-hexyloxyethyl]-2-
devinyl pyropheophorbide-a (Photochlor) with or without DMXAA. Long-term (60-days) treatment
outcome, induction of tumor necrosis factor-alpha (TNF-α) and interleukin- 6 (IL-6), vascular
damage (microvessel density, MVD) were evaluated as endpoints. In addition, treatment selectivity
was evaluated using magnetic resonance imaging (MRI) and the foot response assay. A highly
synergistic interaction was observed with the combination of low-dose DMXAA and PDT (48 J
cm−2 at 112 mW cm−2) resulting in ~60% long-term cures. The duration of the PDT session for this
combination therapy protocol was only 7 min, while the duration of a monotherapy PDT session,
selected to yield the equivalent cure rate, was 152 min. MRI showed markedly less peritumoral edema
after DMXAA + short-duration PDT compared with long-duration PDT monotherapy. Similarly,
DMXAA + PDT caused significantly less phototoxicity to normal mouse foot tissue than PDT alone.
Increased induction of cytokines TNF-α and IL-6 (P < 0.001) was observed at 4 h followed by
extensive vascular damage, demonstrated by a significant reduction in MVD at 24 h after combination
treatment. In conclusion, Photochlorsensitized PDT in combination with DMXAA exhibits superior
efficacy and improved selectivity with clinically feasible illumination schemes. Clinical evaluation
of this novel combination strategy is currently being planned.

INTRODUCTION
Over the last decade, photodynamic therapy (PDT) has become an accepted treatment modality
for a variety of solid tumors. PDT involves the selective deposition of cytotoxic singlet oxygen
in situ through photoactivation of a tissue-localized drug, the sensitizer (1,2). The effectiveness
of PDT is dependent on the optimization of multiple factors such as sensitizer dose, the interval
between sensitizer injection and photoactivation, the incident light dose (fluence) and light
dose rate (fluence rate) (1–3). In current clinical practice, PDT is carried out using prescribed
drug doses and fluences as well as fixed drug-light intervals and irradiances. Initial treatment
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responses after clinical PDT are usually positive; however, in some cases recurrences can occur
and the outcome for the patients is poor. Therefore, methods to improve the efficacy of this
treatment modality are required.

There is growing evidence that the relatively high irradiances used in a typical PDT session
may cause the depletion of ground-state oxygen (3O2) almost immediately following the start
of the illumination of the target tissue (4–6). This reaction can be treatment-limiting as a rich
supply of 3O2, converted to cytotoxic singlet oxygen (1O2) during the photodynamic process,
is required all through the course of tissue illumination. The extent of photochemical
consumption of 3O2 is directly related to sensitizer concentration and irradiance in addition to
other factors that are outside the clinicians’ control (e.g. capillary density) (7,8). In a dose-
ranging study of Photofrin®-based PDT in patients with basal cell carcinomas the step-wise
reduction in the photosensitizer dose resulted in proportionally less initial tumor response and
a concomitant decrease in response durability (9). In preclinical models, the rational selection
of very low irradiances, based on theoretical models, has been an effective and dramatic means
of minimizing photodynamic oxygen depletion and maximizing treatment efficacy (4–6).
However, these irradiances require long treatment times that may not be clinically feasible;
additionally, preclinical and clinical studies of PDT have shown that low fluence rate treatments
can result in more damage to normal tissue (10,11). It is therefore essential to identify
approaches that result in improved PDT efficacy without concomitant increases in normal
tissue toxicity, ideally with the use of short, clinically feasible illumination schemes.

As clinical application of PDT is not precluded by prior treatment, we hypothesized that a
combination therapy approach will compensate for the shortfalls associated with attempts to
improve PDT by manipulating only PDT treatment parameters. Indeed, a number of previous
studies have demonstrated improved outcomes using PDT in combination with surgery,
radiation and chemotherapy (12–14). Recently, the therapeutic potential of PDT in combination
with anti-angiogenic therapy has also been investigated (15,16). In a previous report, using the
Food and Drug Administration-approved sensitizer Photofrin®, we have shown improved
efficacy of PDT in combination with 5,6-dimethylxanthenone-4-acetic acid (DMXAA), a
vascular disrupting agent (VDA) that is currently undergoing Phase II clinical evaluation
(17). While Photofrin® is an effective sensitizer that is widely used in clinical PDT, it is also
associated with prolonged and sometimes severe cutaneous phototoxicity in patients (18). This
limitation has been the major impetus behind the synthesis of newer sensitizers. One such
sensitizer that has shown favorable photophysical and pharmacokinetic properties in
preclinical studies is the second-generation, chlorin-based compound, 2-[1-hexyloxyethyl]-2-
devinylpyropheophorbide-a (Photochlor; HPPH) (19,20). Clinical Phase I–II studies of HPPH
conducted in patients with early/late stage lung and esophageal cancers have also demonstrated
excellent response rates (21). In a recent clinical study we have demonstrated that, in addition
to its impressive photodynamic efficacy, HPPH is associated with minimal, rapidly
diminishing cutaneous sensitivity in patients, a significant clinical advantage over
Photofrin® (22).

Therefore, in this study, we examined the preclinical activity of HPPH-sensitized PDT in
combination with DMXAA using a murine colon adenocarcinoma model, CT-26, implanted
subcutaneously in syngeneic BALB/c mice. The objectives of the study were to determine
(1) whether DMXAA potentiated the antitumor activity of HPPH-sensitized PDT in vivo, and
(2) the potential mechanism(s) of interaction between the two treatments. We compared the
efficacy and selectivity of combination therapy with a low irradiance, long-duration
monotherapy PDT regimen that was predicted to preserve tissue oxygenation and has been
shown to give the maximum long-term tumor control achievable for this model (23). Here we
report the interaction between HPPH-sensitized PDT and DMXAA in vivo, the significance of
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PDT treatment conditions and advantages of this novel combination strategy that could
potentially lead to significant clinical benefit.

MATERIALS AND METHODS
Tumor model

Pathogen-free BALB/c-AnNCr mice obtained from the Jackson Laboratory (Bar Harbor, ME)
were housed in microisolator cages within a laminar flow unit and fed food and water ad
libitum. Murine CT-26 colon carcinoma cells were maintained in RPMI-1640 medium
containing 10% FBS and 1% streptomycin-penicillin. Eight-to-ten-week-old animals were
inoculated subcutaneously under the right shoulder with 1 × 106 CT-26 cells in 50 μL of culture
medium. Studies were carried out approximately 7–8 days after inoculation when the tumors
reached ~5–7 mm in diameter. All experimental procedures were carried out in accordance
with protocols approved by the Institutional Animal Care and Use Committee.

Drugs
Solid DMXAA (courtesy of Gordon Rewcastle, University of Auckland, New Zealand) was
stored at room temperature in the dark prior to use. For combination studies, DMXAA was
freshly prepared in 5% sodium bicarbonate and injected intraperitoneally (i.p.) 2 h prior to start
of light treatment. Clinical-grade HPPH was diluted in sterile PBS and injected at a dose of
0.4 μmol kg−1 via tail vein injection in a volume of 0.01 mL g−1 body weight.

PDT
Tumor-bearing mice were restrained in Plexiglas® holders and tumor illumination was carried
out using a 20-W argon laser (Model 2080; Spectra Physics, Mountain View, CA) pumping a
dye laser (Coherent, Santa Clara, CA) circulating 4-dicyanomethylene-2-methyl-6-p-
dimethylaminostyryl-4H-pyran (DCM) dye (Cooper Lasersonics, Palo Alto, CA) and tuned to
665 nm. A custom-designed beam splitter device allowed simultaneous illumination of up to
eight animals through 200-μm diameter quartz fiber optic cables; fibers were terminated in
microlenses to provide a uniform 1 cm-diameter illumination over the tumor. Power densities
were measured using a radiometer (Coherent Lasermate). Tumor illumination was carried out
using a high irradiance regimen (incident fluence of 48 J cm−2 delivered at a fluence rate of
112 mW cm−2, ~7 min) and a highly effective, low irradiance PDT regimen (128 J cm−2 at 14
mW cm−2, ~152 min).

Tumor response and analysis
Tumor dimensions were measured with vernier calipers every 1–3 days after treatment and
volumes calculated. The end points included time (days) to reach a tumor volume of 400
mm3 and number of tumor-free animals at the end of 60 days following treatment. Time to
reach a tumor volume of 400 mm3 was estimated using a custom-designed Microsoft Excel
spreadsheet as described previously (17). Animals were considered cured if they remained
tumor free for 60 days after treatment. Mice were humanely killed when tumors exceeded a
volume of 400 mm3.

Cytokine measurements
Intratumoral protein levels of the cytokines, tumor necrosis factor-alpha (TNF-α) and
interleukin-6 (IL-6) were measured in CT-26 tumors 4 h after treatment with HPPH-PDT alone,
DMXAA alone or the combination, using the enzyme-linked immunosorbent assay (ELISA)
similar to methods described by us previously (24). Levels of TNF-α and IL-6 in tumor tissue
extracts containing 40 μg of protein were determined using ELISA kits specific for each protein
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(Quantikine®; R&D Systems, Minneapolis, MN). The assays were performed on samples
isolated from three to five mice for each group.

Microvessel density analysis
Vascular damage following treatment was assessed using microvessel density (MVD) based
on CD31-immunostaining of tumor sections as described previously (17). Briefly, 24 h after
treatment, tumors were excised and fixed overnight in Tris-buffered zinc fixative. The samples
were than transferred to 70% ethanol and subsequently embedded in paraffin. Mouse CD31
was detected with a rat MAb (IgG2a; Pharmingen, San Diego, CA) at 1:50 dilution in PBS for
60 min at 37°C followed by biotinylated rabbit anti-rat IgG (12112D; Pharmingen) at 1:100
dilution for 30 min, streptavidin peroxidase (50–242; Zymed, San Francisco, CA) for 30 min
and diaminobenzidine for 5 min. CD31 + endothelial cell clusters on immunostained tumor
sections were counted under a microscope (20× magnification, at least 10 fields per tumor).

MRI
Studies were performed using a 4.7T/33-cm horizontal bore MR scanner (GE NMR
Instruments, Fremont, CA) incorporating AVANCE digital electronics (Bruker Medical,
Billerica, MA), a removable gradient coil insert (G060; Bruker Medical) generating a
maximum field strength of 950 mT m−1, and a custom-designed RF transreceiver coil. Tumor-
bearing mice (n = 6 total) were anesthetized using 4% isoflurane (Abbott Laboratories,
Chicago, IL), secured in a mouse coil chamber and positioned in the scanner. Anesthesia was
maintained at 1–2% during imaging and a circulating water bath maintained at 37°C was used
to keep the animals warm inside the magnet. T2-weighted axial fast spin-echo images were
acquired 4 h after treatment with PDT alone (low irradiance regimen, 128 J cm−2 at 14 mW
cm−2) or PDT + DMXAA (high irradiance regimen, 48 J cm−2 at 112 mW cm−2 + 25 mg
kg−1) using the following acquisition parameters: matrix size 128 × 128, TR/TE = 2744/41 ms,
slice thickness = 1.0 mm, field of view 3.2 × 3.2 cm, RARE factor = 8, number of averages =
4). Image processing and analysis was carried out using commercially available software
(Analyze PC, Version 7.0; AnalyzeDirect, Overland Park, KS).

Foot response studies
Nontumor-bearing BALB/c mice (five mice per time point) were restrained in Plexiglas®

holders designed to expose only the right hind foot to laser light. Mouse foot response was
assessed following treatment with the combination of PDT (48 J cm−2 at 112 mW cm−2) +
DMXAA (25 mg kg−1, i.p.) and compared to treatment with PDT alone (128 J cm−2 at 14 mW
cm−2). Each treated foot was always compared with the contralateral hind foot and graded on
a subjective scale of 0–1.3 (Table 1) for a period of 3 days following treatment as described
previously (17).

Statistical analyses
All measured values have been reported as mean ± SEM. Kaplan–Meier survival curves based
on hours-to-end point (400 mm3) and median time to regrowth (MTR) were analyzed for
statistical significance using the log rank test (17). One-way analysis of variance (ANOVA)
with Neuman–Keuls multiple comparisons test was used to compare TNF-α and IL-6 levels
between control and treatment groups. The two-tailed Student’s t-test was used to compare
differences in MVD between control and treatment groups. Normal tissue response was
compared between groups using the Kruskal– Wallis test. P < 0.05 was considered statistically
significant. All statistical calculations and analyses were performed using Graph Pad (Version
5.00; GraphPad Software, Inc., San Diego, CA).
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RESULTS AND DISCUSSION
Enhanced antitumor activity of HPPH-sensitized PDT in combination with DMXAA

Prior to evaluating the antitumor activity of PDT–DMXAA combination therapy in vivo, dose–
response studies were carried out using graded doses of DMXAA (25, 27.5 and 30 mg kg−1).
Based on the results of these studies, a low, nontoxic, minimally effective dose of DMXAA
(25 mg kg−1, i.p.) was chosen (25). DMXAA monotherapy at this dose resulted in a marginal
increase in tumor growth delay (MTR 13 vs 7.5 days for untreated controls, P < 0.001, Fig. 1).
We explored the antitumor activity of DMXAA in combination with PDT using a high-
irradiance, short-duration, PDT regimen (48 J cm−2 delivered at a fluence rate of 112 mW
cm−2) (Table 2). In a previous study, mathematical modeling predicted that this PDT regimen
would rapidly deplete tissue 3O2 (23). Consistent with previous findings, treatment with this
high irradiance PDT regimen was ineffective against CT-26 tumors as a monotherapy, with
only a mild growth delay observed compared to untreated controls (MTR 11 vs 7.5 days, Fig.
1). Remarkably, administration of DMXAA (25 mg kg−1) 2 h prior to start of light treatment
using this regimen resulted in a highly synergistic antitumor effect with ~60% of the animals
remaining tumor-free for the 60-day period following treatment (P < 0.001, Fig. 1). In
agreement with a previous report (23), treatment with PDT alone using the low irradiance
regimen, 128 J cm−2 at 14 mW cm−2, also resulted in ~60% long-term cures (Fig. 1, P < 0.001).
However, the treatment times between the highly effective monotherapy regimen (~152 min)
and the regimen used for combination therapy (7 min) were dramatically different.

TNF-α and IL-6 expression following combination therapy
We then investigated the potential mechanisms of interaction between the two treatments. The
antivascular activity of DMXAA is, in part, mediated by the induction of cytokines such as
TNF-α (26,27). TNF-α is a pleiotropic cytokine that has been shown to cause experimental
tumor necrosis through toxic effects on the tumor vasculature (28). The rationale for evaluating
the combination of PDT and DMXAA was also based on the observation that exogenous TNF-
α potentiated the antitumor activity of PDT in vivo (29). To determine the role of TNF-α in
PDT–DMXAA combination therapy, intratumoral levels of the cytokine were measured using
the ELISA 4 h after treatment with PDT alone, DMXAA alone or the combination and
differences analyzed using ANOVA. Treatment with HPPH-PDT alone did not result in a
significant increase in protein levels of TNF-α (Fig. 2A). Administration of low-dose DMXAA
resulted in a significant increase in TNF-α protein levels (89 ± 19 pg mL−1/40 μg protein)
compared with untreated controls (0.46 ± 0.26 pg mL−1/40 μg protein, P < 0.001). Tumors
obtained from mice treated with the high irradiance regimen in combination with DMXAA
(25 mg kg−1) showed the greatest increase in TNF-α protein levels (170 ± 30 pg mL−1/40 μg
protein) compared with untreated controls (P < 0.001), PDT monotherapy using this regimen
(P < 0.001) and low-dose DMXAA alone (P < 0.001, Fig. 2A). These results indicate that
induction of TNF-α is an important mechanism behind the observed enhancement of antitumor
activity seen with combination treatment.

While the cytokine TNF-α is a major biologic mediator responsible for the antitumor activity
of DMXAA, tumor necrosis has been observed following DMXAA treatment in TNF knock
out mice indicating that other biologic mediators could effectively substitute for the
antivascular effects of TNF-α, especially at higher doses of DMXAA (30). A recent study by
Jassar et al. had shown that in addition to induction of TNF-α, administration of DMXAA also
resulted in an ~13-fold increase in mRNA and ~8-fold increase in protein levels of IL-6 (31).
HPPH-sensitized PDT has also been shown to result in increased intratumoral induction of
IL-6 in murine tumors (32). We therefore measured IL-6 levels in CT-26 tumors 4 h after
treatment with PDT alone, DMXAA alone and combination treatment. As shown in Fig. 2B,
significant increase in IL-6 levels was observed following PDT monotherapy compared with
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control tumors (P < 0.01, ANOVA). Administration of low-dose DMXAA (25 mg kg−1) also
resulted in a significant increase in intratumoral IL-6 levels after treatment (P < 0.05 vs controls,
Fig. 2B). No significant differences in IL-6 levels were observed between DMXAA and PDT
monotherapies. However, the combination of DMXAA and the high irradiance PDT regimen
resulted in a marked increase in IL-6 (560 ± 14 pg mL−1/40 μg protein) over levels seen
following DMXAA administration alone (295 ± 35 pg mL−1/40 μg protein, P < 0.05) and PDT
alone (286 ± 96, P < 0.05, ANOVA) suggesting a potential role for IL-6 in tumor response to
combination therapy.

Improved selectivity with PDT–DMXAA combination therapy
The selectivity of the response to PDT–DMXAA combination therapy was assessed using MRI
and the mouse foot response assay. Four hours after treatment with PDT monotherapy using
the highly effective low irradiance regimen, T2-weighted MRI showed significant hyperintense
areas in the peritumoral region (Fig. 3A, white arrows) suggestive of treatment-induced edema
and inflammation along with hypointense regions within the tumor (beveled arrow) indicative
of vascular damage. In comparison, images acquired 4 h after DMXAA + PDT treatment (high
irradiance PDT + 25 mg kg−1 DMXAA) did not show any evidence of peritumoral tissue
damage highlighting the selectivity of combination treatment. Hypointense regions suggestive
of vascular damage and hemorrhaging were visible within the tumor following PDT + DMXAA
treatment as well (beveled arrow). Treatment with the high irradiance regimen alone or
DMXAA alone revealed minimal intratumoral changes in T2-weighted signal with no evidence
of peritumoral tissue damage (data not shown).

The results of the foot response assay also showed evidence of pronounced tissue damage and
edema (mean foot response 0.6) 24 h following treatment with PDT monotherapy using the
highly effective low irradiance regimen (Fig. 3B, circles). Treatment with PDT using the high
irradiance, short treatment time regimen (triangles) showed minimal normal tissue toxicity
(0.15) at the same time point. Addition of low-dose DMXAA to this regimen resulted in no
additional damage to normal mouse foot tissue (0.148, squares). Resolution of normal tissue
damage with the low irradiance PDT regimen was observed 5 days after treatment compared
to 2 days with combination treatment.

Vascular damage following combination treatment
Finally, as blood vessels are targets for both PDT and DMXAA treatments, we examined the
effect of combination therapy on tumor vasculature. Immunohistochemical staining for the pan
endothelial cell adhesion molecule (CD31) was performed on tumor sections obtained 24 h
after treatment. Using CD31 immunohistochemistry and MVD counts, Henderson et al. have
shown that PDT using the low irradiance regimen (128 J cm−2 at 14 mW cm−2) results in
marked destruction of tumor vasculature (23). In the same study, it was also shown that the
high irradiance regimen (48 J cm−2 at 112 mW cm−2) exhibits no significant effects on MVD
(P > 0.05 vs controls) (23). Recently, using contrast-enhanced MRI and fluorescein exclusion,
we have also demonstrated that PDT using this regimen exhibits no effect on vascular perfusion
(25). At the dose utilized for combination treatment (25 mg kg−1), DMXAA also exhibits
minimal antivascular activity (25). Therefore, in this present study, to substantiate the
significance of vascular damage following combination treatment, we determined MVD counts
following treatment with DMXAA alone and in combination with PDT. The mean MVD of
untreated control CT-26 tumors was 8.12 ± 0.44. Twenty-four hours after treatment with
DMXAA alone (25 mg kg−1), a significant (P < 0.001, two-tailed Student’s t-test) reduction
in MVD (5.10 ± 0.56) was observed. Consistent with our previous observation on tumor
vascular damage (25), a dramatic reduction in MVD was seen 24 h following combination
treatment (0.85 ± 0.31) compared with untreated controls (P < 0.0001, two-tailed Student’s t-
test).
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For most sensitizers used in PDT, the treatment regimen, i.e. the amount (fluence) and the rate
(fluence rate) at which the light energy is delivered, is a critical factor that determines
therapeutic outcome (4–6). Higher fluence rates deplete available tissue oxygen faster than can
be replenished by vascular perfusion compromising the efficiency of photodynamic activity
(23). In contrast, lower fluence rate treatment regimens are more oxygen conserving and result
in greater levels of apoptosis and improved treatment outcomes (4–6,23). While lowering the
fluence rate is an effective way of minimizing photodynamic oxygen consumption and
maximizing treatment efficacy, several factors need to be considered regarding the use of this
approach, especially in the clinical context. First, reducing the fluence rate to achieve maximal
antitumor activity results in a substantial increase in illumination time required, typically to a
few hours. Such long treatment times may not be clinically feasible. Secondly, preclinical and
clinical studies of PDT have shown that low fluence rate treatments often result in pronounced
normal tissue damage reducing treatment selectivity (10,11). This is particularly important in
the use of PDT for the management of esophageal or endobronchial pathologies as resultant
normal tissue toxicity in the form of edema and mucous formation may pose serious
complications such as dyspnea and airway stenosis.

The results of the current study show that neoadjuvant administration of a low, minimally
effective dose of DMXAA significantly enhances the antitumor activity of HPPH-sensitized
PDT in vivo. The combination of DMXAA and PDT allowed the use of a shorter, high
irradiance regimen that is clinically feasible (7 min treatment time). Of particular interest is
the remarkable potentiation of the noncurative PDT regimen from 0% 60-day cures as a
monotherapy to ~60% cures in combination with DMXAA. MRI and mouse foot response
assay studies showed that, in addition to durable tumor control, the combination of PDT and
DMXAA results in a highly tumor-selective response compared with a low irradiance highly
effective PDT monotherapy regimen. DMXAA has successfully completed Phase I evaluation
and is undergoing further clinical evaluation in combination with chemotherapy with promising
results (33). VDAs such as DMXAA exhibit moderate antitumor activity as monotherapies but
their true clinical utility is in combination with other treatments such as chemotherapy or
radiation (34). While there are inter-species differences (mouse, rat, man) in pharmacokinetics
and pharmacodynamics of DMXAA, our results clearly demonstrate a favorable therapeutic
interaction between PDT and DMXAA with definite advantages that warrant clinical
investigation. A proposal to conduct a pilot clinical trial to determine the activity of DMXAA
and PDT in patients with basal cell carcinomas has been successfully submitted (Bellnier,
personal communication). Studies to further investigate the potential mechanisms of
interactions between the two treatments are also underway.
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Figure 1.
Long-term response of CT-26 murine colon carcinomas to low-dose DMXAA, HPPH-
sensitized PDT and PDT–DMXAA combination therapy. Kaplan–Meier survival curves of
BALB/c mice bearing subcutaneous CT-26 tumors treated with low-dose DMXAA (D; 25 mg
kg−1, n = 9) alone, HPPH-PDT alone (48 at 112, n = 21 and 128 at 14, n = 21), HPPH-PDT in
combination with DMXAA (48 at 112 + D, n = 15) or no treatment (control, n = 10). Log rank
test P < 0.001 between 48 at 112 + D vs controls, D and 48 at 112.
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Figure 2.
Induction of TNF-α and IL-6 in CT-26 tumors following HPPH-PDT, low-dose DMXAA and
PDT–DMXAA combination therapy. TNF-α and IL-6 levels in tumors were determined 4 h
after treatment using the ELISA. Data represent mean ± SE; n = 3–6 mice per group. *P <
0.05, **P < 0.01, P < 0.001 vs controls.
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Figure 3.
MRI and response of normal mouse foot tissue to PDT, DMXAA and combination treatment.
(A) T2-weighted axial MR images acquired 4 h following treatment with PDT alone (128 at
14) and PDT + DMXAA (48 at 112 + D). Beveled arrows indicate hypointense regions within
the tumor suggestive of treatment-induced vascular damage. Significant peritumoral tissue
damage and edema demonstrated by hyperintense regions (white arrows) in the images was
seen following treatment with PDT alone (using the low irradiance regimen) compared with
PDT + DMXAA (using the high irradiance regimen) highlighting the selectivity of combination
therapy. (B) Foot responses were graded according to the scale described in Materials and
Methods using five mice/point following treatment with PDT using the high irradiance
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regimen, 48 at 112 (triangles), low irradiance regimen, 128 at 14 (circles) and combination of
48 at 112 and low-dose DMXAA (squares).
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Table 1

Foot response assay – grading scale.

0 No reaction

0.1 Very slight edema

0.2 Slight erythema

0.3 Slight edema

0.4 Slight edema + slight erythema

0.5 Moderate edema

0.6 Moderate edema + slight erythema

0.7 Large edema

0.8 Moderate erythema

1.0 Erythema + edema and/or slight epilation

1.1 Large edema + erythema/slight epilation

1.2 Large erythema + slight epilation and/or edema

1.3 Moderate epilation and/or moderate edema
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Table 2

Comparative analysis of PDT using a low irradiance regimen and PDT–DMXAA combination therapy using a
high irradiance regimen against CT-26 murine tumors.

Treatment regimen Treatment time % cures (90 days) MVD Selectivity*

Control – – 8.12 ± 0.4 –

PDT (128 J cm−2 at 14 mW cm−2)† 2 h 32 m 23 s ~60 1.50 ± 0.4 +

PDT + DMXAA‡ (48 J cm−2 at 112 mW cm−2 + 25 mg kg−1 DMXAA) 7 m 9 s ~60 0.85 ± 0.3 +++

PDT = photodynamic therapy; DMXAA = 5,6-dimethylxanthenone-4-acetic acid.

*
Based on mouse foot response assay and MRI (25).

†
Henderson et al. (23).

‡
DMXAA was administered (i.p.) 2 h prior to start of light treatment.
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