Studies of a novel photosensitizer Pd-bacteriopheophorbide
(Tookad®) for the prostate cancer PDT in canine model

Zheng Huang %, Qun Chert, Pierre-Herve Brur?, Brian C. Wilsort, Avigdor ScherZ!
Y oram Salomorf', David Luck®, Jill Beckers' and Fred W. Hetzel*
'HealthONE Alliance, Denver, CO, USA; ?Steba Biotech, Toussus-Le-Noble, France
3Ontario Cancer Institute, Toronto, Canada; “Weizmann Institute of Science, Rehovot, Israel

ABSTRACT

Photodynamic therapy (PDT) mediated with vascular acting photosensitizer pd-bacteriopheophorbide (Tookad®), is
investigated as an alternative modality for the total ablation of prostate cancer. Invivo normal canine prostateis
used asthe animal model. Interstitial PDT was performed by irradiating the surgically exposed prostates with a
diode laser (763 nm, 150 mW/cm) to activate thei.v. infused photosensitizer drug. The effects of two-session PDT
were evaluated. The prostate and its adjacent tissues were harvested and subjected to histopathological examination.
At one-week, post second-session PDT, the animals recovered well with little or nourethral complications.
Prostatic urethra and prostate adjacent tissues (bladder and underlying colon) were well preserved. Two-session
PDT or onesingle session PDT induced a similar extent of damage. PDT induced prostate |esions were
characterized by marked hemorrhagic necrosis. Maximum lesion size of over 3 cm in dimension could be achieved
with asingle 1-cm interstitial treatment, suggesting the therapy is very effectivein ablating prostatic tissue.
Pharmacokinetic studies show that the photosensitizer is cleared rapidly from the circulation. In conclusion, the
novel photosensitizer Tookad mediated PDT may provide an effective alternative to treat prostate cancer.
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1.INTRODUCTION

In the United States, prostate cancer isthe most common male cancer and the second leading cause of cancer death
among men (1). Prostate specific antigen (PSA) screening increases the diagnosis of early stage cancers when they
are confined to the prostate gland. Surgery, radiation and hormone therapy or their combinations are primary
options. Significant side effects, such asimpotency, urinary incontinence and injuriesto nearby structures, are often
associated with these modalities (2, 3). Other less invasive approaches, such ascryotherapy, hyperthermia, focused
ultrasound or focused extracorporeal pyrotherapy, have been developed for the localized prostate cancer (4-7).
However, the clinical outcome of these approaches are comparable to that of radiotherapy or radical prostatectomy
(4, 8). An alternative to treat localized prostate cancer is thus desired, either for a primary cancer or organ confined
recurrent cancer.

Photodynamic therapy (PDT), an increasingly practiced cancer treatment modality, involves administrating a
photosensitizer drug then activating the drug with light of the appropriate wavelength. The feasibility of using PDT
to treat localized prostate cancer on animal models has been investigated in thislaboratory aswell as several others.
Canine prostate has been used as an animal model for studying PDT in prostate due to its resemblance both in
physical size and in anatomical structure to that of human. Canine prostate tissue-responsesto PDT mediated by
various photosensitizer agents were investigated (9-18). Previous studies indicate that PDT is afeasible modality in
the destruction of localized prostate cancer and total ablation of the prostate gland. However, its effectiveness
depends on the pharmacokinetics and absorption spectrum of the photosensitizer drug.



The present work isapreclinical study utilizing a second-generation photosensitizer, Tookad (Pd-
bacteriopheophorbide, also known as WSTQ09) to ablate prostatic tissue. Our previous study (9, 10) showed that
Tookad-PDT can destroy aclinically significant volume of prostate tissue with preservation of adjacent tissues
(bladder and underlying colon). The current Tookad PDT human clinical trial isastandard drug/light dose escalation
trial. The subjects will be those recurrent patients who failed radiation therapy. Some subjects who received low
dose are eligible to receive a second full dose treatment. In this study, we eval uate the effects of two-session PDT
and Tookad pharmacokinetics in the established canine model. Although, many parameters regarding the optimal
photosensitizer and light combination to give maximum ablation of malignant tissuestill remain to be elucidated, the
results obtained from this and the previoustransl ational study have demonstrated a unique vascul ature targeting
property and provided valuable data for the design of ongoing Tookad-PDT human clinical trials.

2.MATERIALSAND METHODS

2.1 Animal model

A total of 19 adult healthy Beagles (2 ~ 9 years old, 10 ~ 18 kg) were studied. The animals were obtained from
licensed vendors (Marshall Farms, North Rose, NY, USA or Harlan Farm, Indianapolis, IN, USA) and conditioned
for aminimum of one week before any experimental procedures were carried out. All studies were performed under
the guidance of the Institutional Care and Use Animal Committee at HealthONE Alliance. The prostate in these
animalsistypicaly ~ 3 cmin lateral diameter.

2.2 Premedication

Benadryl (i.v. 0.7 ~ 1.4 mg/kg) and Dexamethasone (SQ, 2 mg per dog) were given 24 h prior to and immediately
prior to the photosensitizer infusion to counteract the effect of the co-solvent Cremophor EL-P of the photosensitizer
drug on blood pressure.

2.3 Photosensitizer

Photosensitizer drug Tookad (Palladium-Bacteriopheophorbide, molecular weight 715; STEBA BIOTECH, France)
was prepared in a Cremophor EL-P based vehicle by the manufacturer. The concentration of Tookad (5.0 mg/ml or
2.5 mg/ml) was determined spectroscopically at 763 nm using extinction coefficient of 10.86° 10*. Tookad was
given to the animal at dosages of 0.25, 1 and 2 mg/kg, respectively, viaaslow i.v. infusion through the right
cephalic vein catheter under the dimmed ambient lighting.

2.4 Light source

Thelight source was a portable 763 nm diode laser (Ceralas, CeramOptec, Bonn, Germany) with a maximum
output power of 4 W and a calibration port for determining delivered output power. The laser output was directly
coupled into a beam splitter (Fiber Splitter-400 micron, Ocean Optics Inc., Dunedin, FL, USA) that allowed two
sites to be treated simultaneously. The light fluence of 150 mW/cm was delivered through a diffuser tip of
cylindrical fiber (10 mm active length, 1.3 mm diameter; Model CD 603-10C; CeramOptec, Germany). The
diffuser tip was inserted in the middle of anterior section and approximately 1 cm away from urethra.

2.5 Surgical and PDT procedures

Standard sterilization procedures were strictly followed. All surgical instruments were autoclaved and invasive
probes chemically sterilized. Asan extra precaution, the dogs received antibiotics before and after surgery (IM,
Ampicillin, 20 mg/kg) to prevent possible infection. Pain control consisted of pre-operative and post-operative
injection of morphine with long term control provided by Fentanyl patches. All dogs were prepared for surgery

following a standard canine laparotomy procedure (9).

Tookad (0 - 2 mg/kg) was administered by slow infusion through ani.v. catheter at a constant rate of 2.5 mg/min
(drug concentration 5 mg/ml, drug dose 2 mg/kg) or at various rates of 0.25 — 2 mg/min (drug concentration 2.5
mg/ml, drug dose 0.25 — 5 mg/kg) over a period of 10 min. Light was applied during the drug infusion or 5 - 15 min
after the completion of the infusion. When light was applied during infusion, PDT light irradiation was applied



4 min after the onset of drug infusion, and there was an approximate 6 min overlap between drug infusion and light
irradiation. For interstitial irradiation 50, 100 or 200 Jcm was delivered. Irradiation lasted approximately 6 — 22
min in each animal.

For two-session PDT, the first session was carried out by a combination of alower drug dose (0.25 mg/kg) or an
intermediate drug dose (1 mg/kg) with lower light dose (50 J/cm) or intermediate light dose (100 J'cm). For each
treatment session, both lobes received an identical light dose. The second session was carried out three months | ater,
which was carried out by a combination of an intermediate or high drug dose (2 mg/kg) with high light dose (200
Jcm) or intermediate light dose. In the second session, a diffuser fiber was inserted into the same location of the
first treatment.

Immediately following PDT treatment, the rectus muscle, fascia and skin were closed with interrupted sutures. The
endotracheal tube was removed upon recovery of the swallow reflex. Thei.v. catheter was either removed
immediately after surgery or left for drawing blood samples. Standard procedures were followed for animal care.
After surgery the dogs were kept in dimmed ambient lighting for 2 —4 h. Urinalysis was performed for 24 —48 h
post PDT.

2.6 Phar macokinetics

Prostate biopsy samples (10 - 50 mg) were taken before or after drug infusion (2 mg/kg, fixed infusion rate) and
after the completion of light irradiation. The samples were homogenized in double distilled water, lyophilized in test
tubes followed by addition of 0.4 ml of 70% HNO; and incubated at room temperature overnight and then 90 °C for
1 hour. The samples were diluted in double distilled water to 10 ml. Tookad-Palladium ion concentrations were
determined by an Inductive Coupled Plasma Mass Spectroscopy. Background was determined for each dog from
samples taken prior to drug infusion, and val ues were subtracted accordingly.

Blood samples (~1 ml) were taken from the | eft jugular vein before drug infusion (2 mg/kg, fixed infusion time) and
every 5 min after the onset of drug infusion, then at 2, 4, 12, 24, 48, 72 and 168 hours post infusion. The samples
were lyophilized in test tubes followed by addition of 0.4 ml of 70% HNOs3 and incubated at room temperature
overnight and then at 90 °C for 1 hour. The samples were diluted in double distilled water to 20 ml. Tookad-
Palladium ion concentrations were determined by an Inductive Coupled Plasma Mass Spectroscopy as described
above.

2.7 Histopathologic examination

At necropsy, the prostate, bladder and underlying colon section site were removed and photographed. The prostate
was dissected from the urinary bladder. All specimens were fixed in 10% neutral buffered formalin. The prostate,
bladder, and colon were cut into 3 mm blocks, photographed, and embedded in paraffin. Sections of 5 nm thickness
were stained with standard H& E and special Dyer’s Verhoeff Variation (19) to examine the histopathol ogical
changes.

3.RESULTS

3.1 Phar macokinetics examination.

Prostate biopsy and blood samples were collected and analyzed by | CP-Mass Spectroscopy for the palladium
concentration to determine the Tookad concentration. The pharmacokinetics data of blood samples indicate a build-
up of Tookad in the circulation during the time window of light irradiation (5 — 50 min from the onset of drug
infusion), with subsequent rapid clearance to background levels after 24 h (Fig. 1).

Prostate biopsy (tissue + blood) was obtained after the completion of drug infusion and before or after PDT. The
results consistently showed a lower tissue Tookad concentration compared to that in the blood circulation. At the



completion of PDT or 35 min after drug injection, the Tookad-Pd level in blood was 392 + 88 ng/g (n =3) compared
to 54 + 36 ng/g (N=6) in prostatic tissue. The concentration of samples taken at 25 or 35 min after the completion of
infusion were slightly higher than that of samples taken at 5 min after the completion of infusion (Fig. 2). Thiswas
inconsistent with the blood concentration but implied that the prostate gland maintained a high level of Tookad after
the completion of drug infusion and during the course of PDT.
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3.2 Post-surgical observations.

The surgical wound healed well in all treated dogs, with no post-PDT urethral complications. One dog showed
urinary retention during the first 24 h after the second session PDT. Urinalysisindicated trace blood (+1 - +4) in
the urine samples post two-session PDT within the first 24 — 48 h, but none required medical attention or treatment.

3.3 Histopathalogical findings.

Macroscopic findings. At one week post the second treatment of two-session PDT, the typical lesion pattern of a
combination of an intermediate drug/light dose of 1% treatment and a high drug/light dose of 2" treatment was the
mixture of necrotic lesion, severe or mild hemorrhage from the second treatment and residual fibrosis from the first
treatment (Fig. 3). Thisimpliesthat TOOKAD PDT can destroy fibrotic tissue formed from the first treatment. The
PDT-induced lesions were well delineated from the adjacent normal tissue, and the zone of necrosisincreased with
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Figure 3. Thedissect view of prostate gland after two-session PDT.

Typical lesion pattern of acombination of anintermediate drug/light dose of 1%
treatment and ahigh drug/light dose of 2" treatment — the mixture of necrotic
lesion, severe or mild hemorrhage from the second treatment and residual fibrosis

from the first treatment.

theincrease of the delivered light fluence and drug dose. The lesion pattern of a combination of low drug/light dose
of 1% treatment and a high drug/light dose of 2" treatment isidentical to si ngle high light/drug dose treatment.

Microscopic Findings. Figure 4 shows amixture of patchy or diffused hemorrhage, necrosis, inflammation,
degeneration of fibrotic tissue and residual fibrosis lesions induced by a combination of intermediate drug/light dose
of thefirst session PDT and high drug/light dose of the second session PDT. The lesion patternisvery different to
that of single PDT treatment. Thereis not a clear transitional change from total necrosisto hemorrhage. The
remaining glandular-like structure is still visible in the hemorrhagic necrosis region. Residual collagen deposition
and fibrosis are visible. The lesionis characterized by, as shown in following pictures.
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Figure 4. The microscopic view of prostate gland after two-session PDT.
Typical lesion pattern of acombination of anintermediate drug/light dose of 1%
treatment and a high drug/light dose of 2™ treatment —total necrosisand
destruction of glandular and connectivetissue at the center of irradiated volume,
patchy or diffused hemorrhage from the second treatment and residual fibrosis

formed after thefirst treatment (left: H& E; right: Verhoeff ).



4. DISCUSSION

The application of PDT to treat prostate cancer on animal models as well as human patients has been investigated
for the past decade. Canine prostate tissue-responsesto PDT mediated by various photosensitizers have been
investigated (13-18) and the general consensus isthat, given afixed optical dose, the value of dynamic light fluence
and the volume of tissue damage are rather unpredictable. The implementation of PDT in prostate cancer treatment
islimited by the inaccurate or insufficient control of treatment volume, mainly due to poor optical dosimetry and
slow clearance of currently available photosensitizer(s). Our previous study (9, 10) suggests that Tookad-based PDT
may overcome these problems due to its absorption spectrum and vascular acting property, and thereby may provide
an effective aternative/adjunctive modality to treat prostate cancer. This study further demonstrates the feasibility
and effectiveness of Tookad-PDT for treatment of prostate cancer. The observations obtained from this study are
directly relevant to designing and optimizing future clinical use of the Tookad-PDT against prostate cancer.

The value of dynamic light fluence measured during Tookad-PDT isrelatively stable and the attenuation depth is
estimated at 4 mm range (10). Nevertheless, it is also encouraging that the effect of Tookad-PDT on the urethrawas
minimal, both functionally and structurally, even when the urethrawas within the treatment area and the periurethral
prostate tissue was destroyed. Thiswas not the case with Photofrin (12-14) or other tested photosensitizers (15-18)
and may berelated to the Tookad mechanisms of vascular targeting.

In contrast to many photosensitizers being investigated clinically for prostate cancer (20-22), Tookad-PDT is
believed to be purely vascularly mediated while in the blood circulation shortly after thei.v. infusion. The clearance
of Tookad from the circulation isvery fast and its plasma half-lifeisless than 1 h in amouse model (unpublished
data). Similarly, this study also shows arapid clearance of Tookad in the canine model (Fig. 1). The results indicate
ashort period of build-up of Tookad in the circulation during the PDT time window of 0 — 50 min from the onset of
drug infusion. Consistent with this, rapid clearance has been observed in several other tissues (including tumor, skin)
measured inin vivo models of other animals (23). Bourre et al demonstrated recently that there islittle uptake of
Tookad by tumor but agradual accumulation of Tookad in liver in amouse model (24). Prostate biopsy analysis of
this study indicates that thereislittle Tookad uptake by prostatic tissue. However, thereis slight increase in Tookad
concentrations in prostate during the course of light irradiation (Fig. 2), which indicates that the light can be applied
within a short time after (or even during) drug administration while the circulating drug concentration is relatively
high. For interstitial prostate PDT this has the significant practical advantage that the light may be delivered during
or shortly after drug administration to complete PDT as a single operative session in ashort period. The fast
clearance also significantly reducestherisk of phototoxicity. Hence, the post-treatment management should be
considerably simplified for a patient receiving Tookad-PDT.

In this study, two-session Tookad PDT induced lesions were evaluated by H& E and collagen staining. The lesion
characteristics of acombination of low drug/light dose of 1% treatment and a high drug/light dose of 2™ treatment is
identical to single high light/drug dose treatments. The typical lesion pattern of a combination of an intermediate
drug/light dose of 1* treatment and a high drug/light dose of 2" treatment is the mixture of severe necrosis, patchy
and diffused hemorrhage from the second treatment and residual fibrosis from thefirst treatment (Fig. 3 and 4). This
implies that TOOKAD PDT can destroy fibrotic tissue formed 3 months after the first treatment.

One of the advantages of Tookad-PDT isits being activated at arelatively long wavelength (763 nm), with
corresponding greater light attenuation depth (~ 4 mm) in prostatic tissue (10). Tookad-PDT induces much larger
prostate lesions than other photosensitizers, which implies Tookad-PDT can be delivered under precise control and
therefore a predictable treatment outcome can be expected.

In conclusion, these results suggest that Tookad-PDT, utilizing a second-generation photosensitizerwith an
activation wavelength at the near-infrared, with a short waiting period between drug administration and light
irradiation and fast photosensiti zer clearance from the body, acting primarily upon vasculature, may provide an
alternative/adjunctive modality to treat early stage primary prostate cancer and recurrent diseases (e.g. post radiation
therapy failure).
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