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ABSTRACT

Predicting the extent of necrosis in photodynamic therapy
(PDT) is critical to ensure that the whole tumor is treated
but vital structures, such as major blood vessels in the vicin-
ity of the tumor, are spared. The models developed for clini-
cal planning rely on empirical parameters that change with
the nature of the photosensitizer and the target tissue. This
work presents an in vivo study of the necrosis in the livers of
rats due to PDT with a bacteriochlorin photosensitizer
named redaporfin using both frontal illumination and inter-
stitial illumination. Various doses of light at 750 nm were
delivered 15 min postintravenous administration of reda-
porfin. Sharp boundaries between necrotic and healthy tis-
sues were found. Frontal illumination allowed for the
determination of the photodynamic threshold dose—
1.5 x 10" photons cm>—which means that the regions of
the tissues exposed to more than 11 mm of ROS evolved to
necrosis. Interstitial illumination produced a necrotic radius
of 0.7 cm for a light dose of 100 J cm™' and a redaporfin
dose of 0.75 mg kg~ '. The experimental data obtained can
be used to inform and improve clinical planning with frontal
and interstitial illumination protocols.

INTRODUCTION

Photodynamic therapy (PDT) combines light, photosensitizer
molecules and molecular oxygen to generate reactive oxygen
species (ROS) that, above a certain threshold, produce sufficient
biological damage to trigger cell death (1,2). Although the oxida-
tive stress produced by PDT may activate various cell death
mechanisms (3), it is quite remarkable that PDT leads to a sharp
boundary between a necrotic volume and the surrounding normal
tissues. This motivated studies to assess threshold doses in terms
of light fluence, photosensitizer concentration and its molar
absorption coefficient, and establish the inherent sensitivity of
tissues to ROS concentrations. The “photodynamic threshold
dose” is defined as the number of photons absorbed by the pho-
tosensitizer per unit volume of tissue that produce tissue necro-
sis. Mathematically, it is expressed as Ty, = 2.3¢CjocLyn, Where &
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is the photosensitizer molar absorption coefficient at the treat-
ment wavelength, Cj,. is the tissue concentration of the photo-
sensitizer and Ly, is the light fluence (in J cm 2 at the
maximum depth (or radius) of necrosis (4). In this form, 7y, is
expressed in J cm > but can be readily converted to pho-
tons cm > using the wavelength of excitation. In these latter
units, Ty, measures the quanta of light absorbed by the photosen-
sitizer that produces the biological endpoint. This quantity takes
into account the wavelength of light, the local concentration of
the photosensitizer and the corresponding light fluence needed to
produce necrosis. In a sense, Ty, is independent on the photosen-
sitizer concentration in the tissue (5) because it compensates the
drug dose with the light dose. It is assumed in this formulation
that there should be a reciprocity between photosensitizer local
concentration (Cp,.) and light dose (L), as observed over a rela-
tively wide range of doses in the early days of PDT (6), where
photobleaching of the photosensitizer is neglected. However, this
reciprocity can be expected to breakdown at low Cj,. when the
photosensitizer bleaching may become relevant, and at high Cj,
when inner-filter effects or saturation of ROS may occur.

Studies on threshold doses signal the beginning of PDT
dosimetry. Thomas Dougherty was also a precursor of PDT
dosimetry with inspiring contributions on the combination of
photosensitizer and light doses to determine thresholds of tissue
necrosis and the limits that allow for normal tissue to fully
recover after PDT (4). Our laboratory became involved in PDT
in 1994, shortly after the first clinical approval of Photofrin (5).
This approval triggered a tremendous enthusiasm throughout the
world about the possibilities offered by PDT. We were deeply
touched by this enthusiasm and started our research program
guided by the seminal works of Dougherty. We aimed first at
modeling the photophysical and photochemical properties of por-
phyrins, chlorins and bacteriochlorins, and then at the synthesis
of new photosensitizers with properties designed for PDT (6).
Our research efforts led to stable bacteriochlorins with low cyto-
toxicity that became very phototoxic under 750 nm light (7).
One of these bacteriochlorins, named redaporfin, entered a clini-
cal trial for advanced head and neck cancer (8). The adequacy of
bacteriochlorins for PDT was noted very early on by Dougherty
that emphasized their strong absorption maxima at very long
wavelengths and their ability to generate singlet oxygen (9).
In this work, we report photodynamic threshold doses with
redaporfin.
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Many researchers employed healthy rat liver in threshold dose
studies because its size, optical homogeneity and accessibility
enable the establishment of extended dose-response relations
(10-16). These studies revealed differences in Ty, between vari-
ous photosensitizers that cannot be assigned to differences in
their spectroscopy or concentration in tissues, and that are signif-
icantly higher than their differences in singlet oxygen quantum
yields. Moreover, Ty, depends on the drug-to-light interval
between the administration of the photosensitizer and the illumi-
nation of the target tissue. For example, 7y of Photofrin
increases from 1.4 x 10" to 3.4 x 10" photons cm™ at
DLI = 10 min or 24 h, respectively (12). In view of the defini-
tion of Ty, this difference cannot be assigned to the decrease in
photosensitizer concentration and should be related to the photo-
dynamic sensitivity of the liver tissues when the photosensitizer
is in the vascular compartment (DLI = 15 min) or in the cells
(DLI = 24 h). In this example, the photodynamic sensitivity is
higher for Photofrin in the vascular compartment. Although the
healthy rat liver is not a realistic model of a tumor, quantities
directly related to the photodynamic threshold dose, such as the
PDT dose (17) and the singlet oxygen threshold dose (18-20),
are currently used in dosimetry of tumors in animal models.

Light sources in PDT can be used in three different
approaches: frontal, interstitial and endoluminal illumination.
Frontal illumination is performed directing the beam of the light
source to the surface of the target tissue, where most often a cir-
cular area is illuminated. Interstitial illumination and endoluminal
illumination are performed using optical fibers with cylindrical
light diffusion tips that deliver light perpendicular to the fiber,
leading to a cylindrical illuminated volume (Fig. 1) (21). Conse-
quently, the geometries of the illuminated volumes in the target
tissues are very different. Frontal illumination can be recom-
mended for the treatment of a large area and a limited depth,
because the attenuation of light in tissues limits practical issue to
PDT of lesions less than 2 cm in depth. Interstitial illumination
inserting one or more optical fibers in the target tissue can be
used in the treatment of deep-seated tumors as illustrated in
Fig. 1 (22), but is more invasive. In endoluminal illumination,
cylindrical diffusion tips are inserted in hollow cavities or ducts
to treat lesions with cylindrical geometries, such as in esophageal
and biliary tract lesions (23,24), and minimize invasiveness while
allowing for the treatment of deep-seated tumors.

The prediction of the necrotic volume in frontal illumination
critically depends on the depth (z) from the surface and that of
interstitial/endoluminal illuminations depends of the radius (p)
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measured from the center of the optical fiber. Although many
efforts have been made to predict light penetration in tissues and
determine photodynamic threshold doses, physiological and
physicochemical properties limit the accuracy of predictions
(16,25,26), and necrotic volumes have to be determined experi-
mentally for each photosensitizer to calibrate theoretical and
computational models. The experimental data obtained in explicit
dosimetry may later allow for predictions of clinical relevance
(27). The ability to predict the extent of necrosis is of major
importance in planning clinical procedures. For example, damage
to critical structures such as blood vessels must be avoided, but,
at the same time, the elimination of all neoplastic cells should be
targeted to ensure a successful treatment (27).

This work reports the extent of necrosis resulting from reda-
porfin-PDT in rat liver using either frontal or interstitial illumina-
tion. The depth of necrosis z produced by frontal illumination
and the radius of necrosis p measured after interstitial illumina-
tion were determined as a function of the light dose for a clini-
cally relevant redaporfin dose. The extent of liver necrosis was
assessed 72 h post-PDT by macroscopic measurements of z or p,
and the boundaries between necrotic and viable tissue were con-
firmed by histology. The parameters obtained were used to esti-
mate the photodynamic threshold dose in vascular PDT with
redaporfin and to describe geometries of necrotic volumes.

MATERIALS AND METHODS

The study protocol was approved, as part of larger research project, by
the local committee for animal welfare and the national veterinary agency
with the reference number DGAV 0420/000/000/2011.

Nineteen female Wistars Han rats (Charles River Laboratories, Saint-
Germain-sur-1’ Arbresle, France) were used to test both frontal illumina-
tion and interstitial illumination. The animals were divided in seven treat-
ment groups, four groups for frontal illumination (n = 1) and three
groups for interstitial illumination (n = 3). One animal was used as non-
treated control and was subjected to the photoactivation procedure with
interstitial illumination but without receiving the redaporfin. The protocol
was implemented when all the animals presented a body weight of at
least 200 g. Throughout the study, the animals had free access to food
and water. Redaporfin in a formulation containing Kolliphor® EL, etha-
nol and NaCl 0.9% was administered through the lateral tail vein to deli-
ver a 0.75 mg kg~' dose when the animals were under general
anesthesia with i.p. injection of ketamine (75 mg kg™') and xylazine
(10 mg kg ') mixture). Under aseptic conditions, a transversal incision
was performed in the abdominal wall to expose part of the liver. The
photoactivation of redaporfin with frontal or interstitial illumination was
initiated 15 min after the administration of redaporfin.

Frontal illumination was performed using a light spot of 1 cm in
diameter with a laser fluence rate of 130 mW cm 2. Light doses of 10,

Figure 1. Schematic representation of frontal and interstitial illumination modalities often employed in PDT, where the expanded views are cross sec-
tions of the liver (A) along the axis of the frontal illumination laser beam or (B) along the fiber optic of the interstitial illumination.
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25 and 50 J cm 2 (n = 1) were employed. Interstitial illumination was
performed with the insertion of 1 cm of the cylindrical tip of an optical
fiber in a path previously opened with a 21G needle into the liver tissue.
Interstitial illumination employed light doses of 40, 100 and 150 J cm ™'
(n = 3) at the diffusing fiber source strength of 150 mW cm™'. Once the
illumination was terminated, the transversal incision was closed in two
planes, muscle and skin, with absorbable suture, and animal recovery
was closely monitored. Analgesia was provided with subcutaneous
administration of 2 mg kg ' of butorphanol every 6 h for the first 48 h
postsurgery. Following the recovery from the anesthesia, all animals
resumed their normal activities.

Three days after the photoactivation of redaporfin, the animals were
anesthetized with a ketamine (75 mg kg~') and xylazine (10 mg kg™ ")
mixture via i.p. injection and then sacrificed by cervical dislocation. Dur-
ing the necropsy, the whole liver was removed and cut along a plane per-
pendicular to incidence plane (frontal) or to the path of optical fiber
(interstitial) using a scalpel blade. The extent of necrosis in the liver was
directly measured with a ruler and recorded in photographs.

Liver samples were fixed in formalin (10%) and processed in tissue
processor Citadel 1000 from Shandon. Afterward, samples were embed-
ded in paraffin and sectioned (4 mm) with a Shandon AS325 Retraction
Microtome. Sections were stained with hematoxylin & eosin (H&E) and
examined by a pathologist to evaluate the damage in the liver tissue.
Redaporfin was kindly supplied by the Luzitin S.A. (Portugal).

RESULTS

Close monitoring of the animals in the 72 h postsurgical and
illumination procedures revealed no visible signs of significant
impact of the procedures on their normal health condition.
Necropsy of each animal revealed that only the area of the liver
where redaporfin was photoactivated presented a lesion and no
other organ was affected. Necropsy of the nontreated control ani-
mal, submitted only to interstitial illumination with 150 J cm™*
without redaporfin, showed no sign of liver necrosis.

The liver tissue was evaluated 72 h after the PDT. Photo-
graphic records of the liver show very clearly a spot that corre-
sponds to necrotic tissue (Fig. 2A—C). The boundary between
necrotic and healthy liver tissue was confirmed by histological
analysis (Fig. 3). A transversal slice in the center of the necrotic
spot in the liver was made to measure the depth of necrosis and
characterize the necrotic volume. The depth of necrosis z was
measured relative to the center of the light spot. For instance,
illumination with a light dose of 10 J cm™? led to a necrosis
depth of approximately 2.5 mm (Fig. 2B). The light dose of
50 J cm ™2 lead to a necrosis depth that is larger than the thick-
ness liver tissue in the direction of light propagation. Table 1
summarizes the results.

Interstitial illumination was performed inserting 1 cm of the
cylindrical tip of the optical fiber, with 360° side emission
(Fig. 1), into the liver tissue. In this case, the optical energy is
delivered perpendicular to the fiber and along the radius p of the
cylinder, and is given in Joule per centimeter. The cylindrical
shape of the necrotic volume around the center of the lesions,
where the tip was inserted, is shown in Fig. 4. The averages
(n = 3 animals for each light dose) of necrotic radii are 3.8, 7.2
and 6.3 mm for the light doses of 40, 100 and 150 J cm™
respectively, Table 1. The control illuminated with 150 J cm™!
and no redaporfin is shown in Fig. 4 first row.

DISCUSSION

Table 1 summarizes the data pertinent for the relation between
light dose and the extent of necrosis in frontal and interstitial
illuminations. Although the liver of rats is a relatively large
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Figure 2. PDT of rat liver after frontal illumination for surface light flu-
ences of (A) 5, (B) 10 and (C) 25J cm 2. The first column shows the
liver after necropsy viewed from the perspective of the microlens at the
tip of the optical fiber, where the discolored spots correspond to the illu-
minated area of 1 cm diameter. The second column shows the slices
made to estimate the depth of necrosis, where the light was directed to
the liver from left to right of each slice.

organ, it was only possible to assess the necrosis depth for doses
below 25J cm™2 in frontal illumination. The light dose of
50 J cm™? exceeded the thickness of the liver in the direction of
propagation of light. It is interesting to compare these results
with those reported in earlier determinations of photodynamic
threshold doses using vascular PDT (drug-to-light intervals in the
10-15 min range) with other photosensitizers. For example,
administration of 10 mg kg™ of Photofrin followed by the
delivery of 90 J cm™ at 630 nm led to a liver necrosis depth of
approximately 3 mm (5), whereas 0.75 mg kg~' of redaporfin
with 25 J em™2 at 750 nm led to a necrosis depth of approxi-
mately 4 mm. Redaporfin produces a significantly deeper necro-
sis at a drug-light combination approximately 50 times lower
than that of Photofrin. This is certainly related to the 100 times
higher ¢ of redaporfin relative to Photofrin (7) and to the higher
light fluences in the tissues enabled by the higher optical penetra-
tion depth of 750 versus 630 nm light. Both ¢ and local light flu-
ence are taken into account in the photodynamic threshold dose.
Hence, if these parameters are properly accounted, the photody-
namic threshold dose should be similar for redaporfin and Photo-
frin even though redaporfin is much more potent than Photofrin.
The macroscopic evaluation of the transition between necrotic
and healthy liver tissue corresponded well with the histology of
the tissue samples. The illumination of the liver was always
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Figure 3. Typical histological images showing the transition between necrotic and healthy liver tissue. (A) Frontal illumination with 25 J cm 2. (B)

Interstitial illumination with 150 J cm 2

Table 1. Light dose and extent of necrosis determined for frontal (n = 1)
and interstitial (7 = 3) illumination in vascular PDT with 0.75 mg kg~
of redaporfin (average = STD).

Frontal illumination Interstitial illumination

Light dose* z Light doset p Average
Jem™? mm Jem™! mm mm

5 1.6 40 4.0 38 £04
4.0
3.5

10 2.5 100 8.0 72 +£0.8
7.0
6.5

25 ~4 150 5.5 6.3 £ 0.8
7.0
6.5

50 >4 Control (150) 0 0

*Fluence at the surface of the tissue. tOptical energy released per unit
length of the diffusing optical fiber.

performed 15 min after the intravenous administration of
0.75 mg kg~' of redaporfin, when this photosensitizer is almost
entirely confined to the vascular compartment. Hemorrhagic
necrosis was found at higher amplifications of the histological
sections, together with inflammatory infiltrates.

The depth of necrosis can be expressed as (28)

Zmax = 0 ln(ksLO/Llh)

where the backscatter factor kg accounts for light reflected from
underlying tissue, which makes the fluence just below the surface
of the tissue higher than the in-air fluence L,. We use this
expression to calculate J (effective optical penetration depth for
which light attenuates to 1/e) and Ly, using the necrosis depths
experimentally obtained for various surface light doses (Lg)
(29,30). The use of this equation requires an estimate for kg for
normal rat liver irradiated at 750 nm.

The optical properties of normal rat liver were reported for
irradiation at 615, 640 and 665 nm (31). The optical penetration
depths are 0.081, 0.106 and 0.125 cm, respectively. In particular,
the optical absorption coefficient and the reduced scattering coef-
ficient at 665 nm are g, =0.18 mm ' and g/ = 1.17 mm',
respectively (31). Using the analytical expression (32) for
backscatter of broad beams as a function of the diffuse reflec-
tance and the dependence of the diffuse reflectance on the optical
properties u, and u, we calculate k, = 4.0 at 665 nm. The value
at 750 nm should be slightly lower. We employed &, = 3.8.
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Figure 4. PDT of rat liver with interstitial illumination where the left
column shows the liver after necropsy (the arrowhead indicates the inser-
tion point of the cylindrical diffuser) and the right column shows the
transversal slices used to measure the radius of necrosis from the fiber
insertion axis with light doses, from top to bottom rows, of 150 (control,
without redaporfin), 40, 100 and 150 J cm .

Figure 5 shows that the logarithmic dependence of z,,x on Ly
is followed at least up to 25 J cm™> and allows for the calcula-
tion of 6 = 0.15 cm and Ly, = 6.8 J cm ™2 This estimate of Ly,
includes a backscatter factor k, = 3.8. The value of 6 at 750 nm
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is consistent with the known increase of ¢ when the wavelength
increases from the red to the near-infrared (33). In the conditions
of Fig. 5, we estimate that a light dose of 50 J cm™? leads to
Zmax = 0.5 cm for a wide illumination filed (>4 c¢cm in diameter).

It must be emphasized that, for identical incident fluence, a
beam with larger diameter results in a higher fluence in the vol-
ume where light propagation in tissue is in the so-called diffu-
sion region (34). We employed an incident beam diameter of
1 cm in frontal illumination and its effect in the shape of the
necrotic volume is represented in Fig. 6. A beam with larger
diameter is expected to produce a larger depth of necrosis for the
higher incident fluences employed in this work.

The determination of the photodynamic threshold dose
requires an estimate of Cp,. in the tumor. We use the ratio of
redaporfin concentrations in the liver and blood of mice at
DLI = 15 min (liver/blood = 0.44) (35) and the fact that the vol-
ume of plasma is approximately 65% of that of blood, to esti-
mate the ratio liver/plasma = 0.29. This, together with plasma
concentration of redaporfin in rats for the same DLI
(~60 pg mL™" for a iv. administration of 6 mg kg™ (36)),
leads to the redaporfin concentration in the liver of
2.15 ug mL~" scaled for the administration of 0.75 mg kg™ of
redaporfin used in this work. The use of redaporfin molecular
weight, 1135 g mol™!, allows for the estimate Cj,. ~ 2 uM in
the rat liver. Given &750 = 125 000 M ' cm ™' for redaporfin in
tissues (37), we estimate Ty, = 3.8 J cm >, or 1.5 x 10" pho-
tons cm > when the conversion factor for 750 nm is employed
(helh = 2.65 x 107" J). These estimates are based on Ly, with
the backscatter factor. This is in good agreement with photody-
namic threshold doses reported for other photosensitizers (12). In
particular, the photodynamic threshold doses of Photofrin, mono-
sulfonated aluminum chlorophthalocyanine and its tri/tetrasul-
fonated  analogue are 1.4 x 10'®, 1.6 x 10"  and
2.3 x 10" photons cm >, respectively, when liver illumination
is made 10 min postinjection.

It is of interest to calculate the concentration of ROS neces-
sary to produce necrosis (28)
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Figure 5. Dependence of the depth of rat liver necrosis on the surface
light fluence for vascular PDT with 0.75 mg kg~ ' of redaporfin and an
illumination area with 1 cm? in diameter. The value of Ly, is given by
the x-intercept (1.8 J cm?) multiplied by the backscatter factor (ks = 3.8
at 750 nm).

[ROS] = bTy, Prosf

where b = M(hcNy) = 6.26 x 107 is the number of moles of
photons per J for light at 750 nm and ®reg is the ROS quantum
yield (Oros = 0.59 for redaporfin (7)) and f the fraction of ROS
that attack sensitive targets in the tissue. The expression above
must be multiplied by 1000 when Ty, is expressed in J cm ™.
We obtain [ROS] = 11 mm when & f= 3, in very good agree-
ment with other estimates (28). The backscatter was included in
T (ks = 3.8), and the faction of ROS reacting with sensitive tar-
gets is assumed to be f= 0.8. The concentration of ROS that
produces necrosis in redaporfin-PDT can be compared with the
reacted ROS concentration [ROS],x developed in other dosimetry
models to predict the cure index after vascular PDT of murine
tumors (38). [ROS],x was determined for Visudyne® and for
Tookad®-soluble at using DLI = 15 min, and values of 0.23 mm
(38) and 21 mm (39) were obtained, respectively, which bracket
the [ROS] determined for redaporfin.

Interstitial illumination with 0.75 mg kg™' of redaporfin and
100 J cm™" achieved a necrotic radius p ~ 0.7 cm which com-
pares well with other photosensitizers (40). For 1 cm length
cylindrical diffusion, this corresponds to a necrotic volume of
1.5 cm® in the liver. The necrotic volume obtained with intersti-
tial illumination in this work is higher than with frontal illumina-
tion in spite of the stronger geometrical dilution of the radiant

Figure 6. Modeling of necrosis in frontal illumination for incident beam
diameter of 1 cm and fluence of 10 J cm 2 showing that the necrotic
volume takes an ellipsoidal shape with z,,,x ~ 2 mm.
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Figure 7. Ratio of fluence rates in interstitial and frontal illuminations as
a function of the reduced distance (p/d) or (z/9).

power. However, the comparison between the two protocols must
take into consideration the differences between the light doses
delivered. Such differences are better understood in terms of flu-
ence rates.

The fluence rate for frontal illumination is described by

Fy(z) = Fyoks exp(—z/0)/(214,9)-

and for a cylindrical diffuser, it can be approximated as

Fi(p) = FuokiKo(p/9)/(2mp,6%)

where Ffy is the fluence rate at the source (frontal illumination,
W cm™?), F is the diffusing fiber source strength (interstitial
illumination, W cm™ 1Y), U, is the absorption coefficient (in cm )
and Ky(p/d) is the zeroth-order modified Bessel function (41).
These expressions include backscatter factors, k, and ksl, which
are mostly relevant within a few mm of the tissue surface. These
backscatters tend to cancel each other when ratio of these fluence
rates is computed as

Fi(p)/Fy(z) = FioKo(p/)/[Fromd exp(—z/9)].

Figure 7 presents this ratio using the fluence rates at source of
this work (Fyp = 0.166 W cm™> and Fjp = 0.150 W cm™") and
the value of o determined for liver (6 = 0.15 cm). The ratio
becomes unity at p ~ 1 cm and then Fj(p) becomes smaller than
F{(z) because of its stronger geometrical dilution.

It is somewhat surprising to realize that light doses higher
than 100 J cm ™' did not increase the necrotic volume in intersti-
tial illumination. Its stronger dependence on the distance requires
a steeper increase in light doses to extend the necrotic volume.
This limitation can be overcome with the insertion of multiple
fibers. It also comes with the advantage of a potentially sharper
threshold than in frontal illumination because the fluence rate has
a stronger dependence of distance in this case.

CONCLUSIONS

The rat liver is a good model to investigate the depth of necrosis
produced in PDT protocols because it allows for the study of depths
up to 5 mm and can be used to compare data reported for different
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photosensitizers. The data obtained are relevant for explicit dosime-
try and can inform models used in the planning of clinical proce-
dures. We showed that redaporfin-PDT at DLI = 15 min (vascular
PDT) leads to sharp transitions between necrotic and healthy tissue,
both in frontal and interstitial protocols. These results further cor-
roborate the usefulness of the “photodynamic threshold dose,” that
was determined as 1.5 x 10'° photons cm™, in good agreement
with the literature data on widely different photosensitizers and
drug-to-light intervals. This dose roughly corresponds to 11 mwm of
ROS, which seem to be the oxidative stress required to produce rat
liver necrosis. The similar photodynamic threshold doses obtained
for different photosensitizers mean that their ability to produce
necrosis is directly proportional to their concentration in the target
tissue, to their molar absorption coefficient and to the light fluence
in the tissues. The tissue concentrations of the photosensitizers in
vascular PDT depend essentially on the dose employed in the intra-
venous administration. Hence, in vascular PDT, where the supply
of molecular oxygen is not a limiting factor, the relative potency of
the photosensitizers is determined by ¢ and by Ly,, which favor pho-
tosensitizers with strong absorbances in the near-infrared. This
analysis neglects the photobleaching of the photosensitizers, which
does not seem to play an important role for redaporfin in the condi-
tions employed in this study. A more exact analysis should also
take into account the quantum yield for the generation of ROS;
nevertheless, the concept of “photodynamic threshold dose”
remains very useful today.

Dougherty emphasized the important of proper dosing very
early in the development of PDT. It is a pleasure and an honor
to contribute with this first approach to redaporfin-PDT dosing to
the Thomas Dougherty memorial issue in Photochemistry and
Photobiology.
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