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Purpose: To characterize the vitreous and plasma pharmacokinetics of topotecan after
ophthalmic artery infusion (OAI) subsequent to superselective artery catheterization and to
compare it with periocular injection (POI).

Methods: The ophthalmic artery of 4 pigs was catheterized and 1 mg of topotecan
infused over a period of 30 minutes. The contralateral eye was subsequently used for
administering topotecan by POI. Serial vitreous specimens were obtained by microdialysis
and plasma samples collected and assayed for total and lactone topotecan.

Results: Maximum total topotecan concentration in the vitreous (median, range) was
significantly higher after OAI compared with POI (131.8 ng/mL [112.9–138.7] vs. 13.6 ng/mL
[5.5–15.3], respectively; P , 0.005). Median vitreous exposure calculated as area under the
curve for total topotecan attained after OAI was significantly higher than after POI (299.8
ng�hour/mL [247.6–347.2] and 48.9 ng�hour/mL [11.8–63.4], respectively; P , 0.05). The
vitreous to plasma exposure ratio was 29 after OAI and 3.4 after POI. Systemic exposure for
total topotecan was low after both modalities of administration, with a trend to be lower after
OAI compared with POI (10.6 ng�hour/mL [6.8–13.4] vs. 18.7 ng�hour/mL [6.3–21.7]; P = 0.54).

Conclusion: Superselective OAI resulted in significantly higher vitreous concentrations
and exposure and a trend toward lower systemic exposure than POI.
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Conservative treatment in retinoblastoma has re-
cently evolved from external-beam radiotherapy

to systemic chemotherapy followed by consolidation
with focal therapies to avoid the potentially fatal
radiation-induced neoplasms.1 However, eyes with
vitreous seeding of tumor cells are difficult to cure
with this treatment2,3 because intravenously adminis-
tered chemotherapy fails to effectively reach the
vitreous because of its lack of vascularization, the
blood–retinal barrier,4 and the presence of multidrug-
resistance transporters that efflux substrates out of the
target cell.5,6 In children, further intensifying systemic
chemotherapy is not recommended because of un-
acceptable short- and long-term toxicity, including
chemotherapy-induced leukemia.7 Therefore, differ-
ent routes for local chemotherapy administration are

under investigation for the treatment of eyes with
advanced disease, in particular those with vitreous
seeding, to improve the vitreous drug delivery while
minimizing the systemic drug exposure.8 These routes
of local chemotherapy administration include peri-
ocular application,9–11 intravitreous injections,12,13

and, recently, selective chemotherapy infusion by
means of the ophthalmic artery.14,15 This technique
was initially developed for the administration of
melphalan by Yamane et al,16 by delivering the drug
by means of a balloon catheter placed in the internal
carotid artery. The balloon was inflated beyond the
ophthalmic artery orifice to occlude the carotid artery
so that the infused chemotherapy could reach the
ophthalmic artery.16 Abramson et al14 recently opti-
mized this technique by administering chemotherapy

1



by means of a superselective arterial catheterization
of the ophthalmic artery in a phase I/II study with
encouraging results. Because of the promising effect-
iveness for children with advanced disease, many
centers are now using this strategy for treatment of
intraocular retinoblastoma.17,18 It is presumed that
these excellent results are a consequence of a better
chemotherapy disposition in the eye concerning other
routes of administration, allowing for high concen-
trations of the drug in the vitreous. However, there are
no comparative pharmacokinetic studies supporting its
use. Because vitreous pharmacokinetic studies for
retinoblastoma in humans are obviously limited by the
impossibility of obtaining vitreous specimens, non-
tumor-bearing and tumor-bearing animal models
(usually rabbits and mice) were traditionally used
for these studies. Catheterization of the ophthalmic
artery and intraarterial administration of chemother-
apy are not feasible in small tumor-bearing animal
models and hence finding the adequate model for
a pharmacokinetic study of intraarterial chemotherapy
is a challenge. We decided to test the feasibility of the
porcine model for carrying out a pharmacokinetic
study of systemic and vitreous drug exposure after
intraarterial chemotherapy administration because its
vascular anatomy has been previously characterized
and its use for ocular research has been reported.19,20

Based on our own previous experience,21–23 and
preclinical24 and clinical25 evidences of activity against
retinoblastoma, we chose topotecan as the candidate
drug for the present study. Therefore, the aim of this
study was to investigate the vitreous and plasma phar-
macokinetics of topotecan after superselective ophthal-
mic artery infusion (OAI) compared with periocular

injection (POI) in a porcine model as a translational
study to support its possible use in retinoblastoma
treatment.

Materials and Methods

Animal Studies and Topotecan Administration

Four domestic Landrace pigs (weight 30–45 kg)
were used after the approval of the local institutional
review board for animal welfare. This study also
complies with the tenets of the Association for
Research in Vision and Ophthalmology for the use
of animals in ophthalmic and vision research.

All animals received an intramuscular injection of
20 mg/kg ketamine in combination with 0.2 mg/kg
midazolam and 0.1 mg/kg acepromazine for sedation.
General anesthesia was then induced with an in-
travenous injection of 12 mg/kg thiopental. The animals
were maintained under mechanical ventilation with
isoflurane 2% and 2 mg/kg fentanyl and 0.1 mg/kg
pancuronium throughout the experiments. Each
animal was used in 2 occasions and was randomly
allocated to receive 1 of the 2 sequences of drug
treatment. One sequence consisted of an OAI of
topotecan followed by the pharmacokinetic study.
After a washout period of at least 1 week, the same
animal underwent a second pharmacokinetic study in
which the fellow eye was treated with a POI of the
same dose of topotecan or the reverse order. Thus, both
eyes from each animal were used for pharmacokinetic
analysis, one eye per occasion, and each eye was
studied only once.

Periocular injection was carried out injecting 1 mL
of topotecan solution (1 mg/mL in 0.9% saline
solution) in the subtenon space with a 25-gauge and
1.25-inch needle.

The ophthalmic artery catheterization was carried out
in the anesthesized animal under heparin (75 UI/kg)
anticoagulation. A 5-French arterial sheath (Johnson &
Johnson, Cordis Corp., Miami Lakes, FL) was placed
indistinctively in the right or left femoral artery.
Afterwards, a 5-F guide catheter (Envoy guide catheter;
5-F. MPC, Cordis Corp., Miami Lakes, FL) was placed
indistinctively in the right or left femoral artery.
Afterward, a 5F guide catheter (Envoy guide catheter,
5F MPC; Cordis) was guided into the common carotid
artery that is continued by the external carotid that gives
off the maxillary artery in pigs. The angiographic series
images were acquired and recorded with a GE
Stenoscop C-arm, 9-inch image intensifier. The matrix
resolution was of 576 3 576 pixels, with an acquisition
rate of 4 subtracted frames per second. The ophthalmic
artery was superselectively catheterized using
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a microcatheter with an outer diameter at the distal tip
of 1.2F or 0.4 mm Magic MP (Balt Therapeutics,
Montgomery, France). Superselective angiograms were
carried out to verify the position of the microcatheter
and the ocular vascularization as shown in Figure 1.
Topotecan (1 mg in 30 mL of saline) was then delivered
in a pulsatile fashion over a period of 30 minutes as
described by Abramson et al.14 Finally, the micro-
catheter was removed and the procedure for systematic
procurement of vitreous and plasma samples started
immediately.

Vitreous Sampling Technique

Vitreous samples were collected using the in vivo
microdialysis technique as previously described.22

This technique allows for serial sampling of the
vitreous over an extended period of time allowing to
carry out a complete pharmacokinetic profile in
a single animal, thus limiting the number of animals
used for the study to a minimum.26 Briefly, the
principle of the technique consists of the diffusion of
topotecan from the vitreous humor through a dialysis
membrane inserted in a probe in continuous exposure
with the perfusion fluid (phosphate-buffered saline,
pH 7.4) delivered at a flow rate of 1 mL/minute that
transports the drug to be collected for posterior drug
quantitation. After the ophthalmic artery was cathe-
terized, the microdialysis probe was inserted into the
vitreous space through an incision made with a
25-gauge needle and fixed to the animal conjunctiva
using 6-0 vicryl sutures. Then, topotecan was infused
over a period of 30 minutes and dialysates from the
vitreous humor were collected during 30-minute

intervals over a period of 4 hours after topotecan
intraarterial administration. At the end of 3 separate
experiments, in vivo recovery was determined by
perfusing the probe with a concentrated topotecan
solution (200 ng/mL) and estimating the recovery by
the retrodialysis method. The mean recovery value
obtained for the probes was 22.8% (66.3 SD) and was
used to calculate the actual topotecan concentrations
in each dialysate vitreous collection.

Sample Schedule and Topotecan Analysis

Arterial blood samples were obtained from the
femoral catheter at 0.083, 0.25, 0.50, 0.75, 1.0, 1.5, 2.0,
2.5, 3.0, 3.5, and 4.0 hours after topotecan OAI was
finished or after POI. Once collected, blood samples
were immediately centrifuged and 50 mL of plasma was
treated with 200 mL of cold methanol to precipitate the
proteins and stabilize topotecan equilibrium between
the lactone and the carboxylate forms.21 Finally, all
methanolic supernatant extracts and dialysates were
stored at 220�C until analysis. Topotecan lactone and
carboxylate concentrations were determined by high-
performance liquid chromatography coupled with
fluorometric detection as previously described and
total topotecan (lactone plus carboxylate) was calcu-
lated.21,23 The assay was previously validated, and the
lower limit of quantitation was 1 ng/mL and the
intraday and interday precision ,7%.21,23

Pharmacokinetic and Statistical Analyses

A two-compartment model was selected to simul-
taneously fit total topotecan vitreous and plasma
concentrations versus time data after OAI. Individual
pharmacokinetic parameters were obtained using the
ADAPT software, version 5, by means of maximum
likelihood estimation method (Biomedical Simula-
tions Resource, Los Angeles, CA).27 Data from 1
animal was better described by a 3-compartment
model. However, because of the parsimony principle
and the statistical parameters, a 2-compartment model
with first-order elimination as shown in Figure 2A was
finally selected to describe total topotecan disposition
in the vitreous and plasma after ophthalmic artery
administration of the dose D. The pharmacokinetic
parameters estimated included elimination rate con-
stant (kc), volume of distribution of the central
compartment (Vpl), the intercompartment rate con-
stants (kcv, kvc), and the apparent volume of distribu-
tion of the vitreous compartment that was fixed to
2 mL28 to reduce the number of degrees of freedom.
The area under the total topotecan vitreous and plasma
concentrations versus time profile from 0 to 4 hours, a
parameter of drug exposure (AUCvit and AUCpl,

Fig. 1. Representative arteriogram from the left eye of a pig before
topotecan administration.
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respectively), was calculated by integration of the sim-
ulated concentration–time data from model estimates.
The maximum concentration (Cmax) was obtained
from observed data.

A 2-compartment model was also selected to
describe total topotecan in the vitreous and plasma
compartments after POI, as presented in Figure 2B,
and pharmacokinetic parameters were estimated as
previously discussed including kac and kav as the
absorption rate constants from the periocular space
where the dose D is given to the central and vitreous
compartments, respectively. An apparent volume of
distribution of the central compartment was consid-
ered as Vpl/F where F is the bioavailability fraction.

Because of inherent limitations in the microdialysis
technique for vitreous sampling, interconversion
between lactone and carboxylate topotecan occurs
during each interval of sample collection. Therefore,
total topotecan was considered for pharmacokinetic
modeling in vitreous samples simultaneously with
total plasma concentrations. Topotecan lactone con-
centrations were, however, estimated in plasma
samples because they were collected serially and
almost instantly by arterial sampling and immediately
preventing from interconversion. Thus, lactone and
carboxylate topotecan concentrations versus time data
after OAI and POI were modeled separately to
calculate systemic exposure to the lactone form as
the active pharmacologic moiety. In these cases, a two-
compartment model was used to simultaneously fit
plasma lactone and carboxylate topotecan.

Finally, the pharmacokinetic parameters were
compared between groups by means of a paired t-test
and examined for significance at a level of 0.05.

Results

A total of 4 eyes from 4 animals were used to study
topotecan pharmacokinetics after superselective OAI.

All 4 animals underwent successful ophthalmic artery
catheterization that enabled the superselective admin-
istration of topotecan as shown in a representative
angiogram (Figure 1). As previously described, each
animal underwent a second pharmacokinetic study
after a washout period, in which the fellow untreated
eye was given a POI of topotecan. However, 1 animal
died during the anesthetic procedure in the study of
POI; therefore, 3 eyes of 3 animals were evaluated in
this group. The disposition of total topotecan in
plasma and the vitreous humor of the injected eye after
OAI and POI was described by a 2-compartment
model as represented in Figure 2, A and B,
respectively. The model adequately fitted the concen-
tration versus time data after OAI reflected by the
visual inspection plots as shown in Figure 3A and
statistical parameters. Topotecan pharmacokinetic
parameters after both routes of drug administration
are presented in Table 1. Although the two-compart-
ment model was the best approach to simultaneously
model the plasma and vitreous total topotecan
concentration after topotecan POI, it presents a limi-
tation in the estimation of the pharmacokinetic
parameters and it might lead to a probable over-
estimation of the vitreous total topotecan AUC after
this modality as shown in Figure 3B.

The observed vitreous and plasma total topotecan
Cmax values were evident at the end of OAI and the
median (range) values were 131.8 ng/mL (112.9–
138.7) and 8.1 ng/mL (7.4–9.5), respectively. After
POI, total topotecan vitreous and plasma median
(range) Cmax values were 13.6 ng/mL (5.5–15.3) and
9.5 ng/mL (3.5–12.6), respectively. A significant
increase was observed in vitreous total topotecan Cmax

after OAI when compared with POI (P = 0.002) as
shown in Table 2. No significant difference was found
when comparing total topotecan Cmax in plasma
between both routes of administration (data not
shown, P = 0.97). Together, these results indicate that

Fig. 2. Pharmacokinetic compartmental model
for vitreous and plasma total topotecan after
superselective OAI (A) and POI (B). The phar-
macokinetic parameters estimated included elimi-
nation rate constant (kc), volume of distribution of
the central compartment (Vpl), the intercompart-
ment rate constants (kcv, kvc), and the apparent
volume of distribution of the vitreous compart-
ment that was fixed to 2 mL.
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median total topotecan vitreous Cmax was significantly
higher after OAI compared with the results obtained
after POI. Thus, this modality was also associated to
lower but not significant maximum plasma concen-
tration (P = 0.97).

Median (range) total topotecan AUC in vitreous was
significantly higher after OAI compared with POI,
299.8 ng�hour/mL (255.2–347.2) and 48.9 ng�hour/mL
(11.8–63.4), respectively (P = 0.02). These results
show that the median vitreous exposure to total
topotecan after OAI was about 6-fold the value
obtained after POI (AUCvit,OAI/AUCvit,POI; Table 2).
However, there was no significant difference in
systemic AUC for total or lactone topotecan between
the two routes of administration (P = 0.54; Table 2).

As presented in Table 2, the median vitreous to
plasma topotecan exposure ratio (AUCvit/AUCpl) after
OAI was 29 implying that vitreous exposure to total
topotecan was 29 times greater in the vitreous humor
compared with systemic exposure, whereas it was only
3.4 after POI. Thus, the vitreous to plasma exposure
ratio was almost nine times higher after OAI compared
with the POI.

The results obtained in a representative animal
comparing total topotecan ocular and systemic
disposition after both local routes of topotecan
administration are shown in Figure 4, A and B,
respectively. The vitreous exposure for this animal

after OAI was 347.2 ng�hour/mL and after POI
11.8 ng�hour/mL. Thus, the vitreous exposure ratio
between these two routes of local topotecan admin-
istration (AUCvit,OAI/AUCvit,POI) was 29.4. On the
contrary, total topotecan systemic exposure was 13.2
ng�hour/mL after OAI and 21.7 ng�hour/mL after POI,
resulting in a ratio of 0.6. Hence, a significant increase
in total topotecan vitreous exposure is shown after
OAI compared with the same dose given by POI.

Finally, we observed that the median (range) total
topotecan level in the vitreous was 35.8 ng/mL
(16.9–42.4) after 4 hours of OAI, and the levels were
above 14 ng/mL up to 6 hours after the infusion in 2
animals. On the contrary, after 4 hours of POI, the
median total topotecan level in the vitreous of the
treated eyes was only 4.2 ng/mL (1.5–5.7); however,
this difference was not significant (P = 0.08).

Discussion

Despite superselective OAI for local administration
of chemotherapy to the eye being currently evaluated
for the treatment of children with retinoblastoma, this
work represents, to our knowledge, the first pharma-
cokinetic analysis reported for a chemotherapy drug
administered by this technique. In addition, this is the
first report evaluating and comparing topotecan

Fig. 3. Total topotecan vit-
reous and plasma concen-
trations versus time curve
after (A) superselective OAI
and (B) POI. Closed and
open symbols represent in-
dividual data points for vit-
reous and plasma
concentrations, respectively.
Lines represent the best-pre-
dicted concentrations for to-
tal vitreous and plasma
topotecan for a representa-
tive animal.

Table 1. Pharmacokinetic Parameters Obtained After OAI and POI of Topotecan (1 mg)

Pharmacokinetic Parameter OAI POI

kac h-1 — 8.6 (5.3–24.7)
kav h-1 — 0.59 (0.42–0.75)
Vpl/F (L) 51.2 (32.6–60.0) 6.3 (1.5–27.0)
kcv h-1 0.0017 (0.0012–0.0018) 2.6 (0.18–9.19)
kvc h-1 1.36 (0.57–1.89) 2.65 (1.57–3.39)
kc h-1 1.15 (0.54–1.92) 0.95 (0.007–3.0)

Data are shown as median (range). kac, absorption rate constant to the central compartment; kav, absorption rate constant to the
vitreous compartment; Vpl/F, volume of distribution of the central compartment. After OAI, F = 1; kcv and kvc, intercompartment rate
constants; kc, elimination rate constant; the apparent volume of distribution of the vitreous compartment was fixed to 2 mL.
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systemic and vitreous exposure using this modality
with another local route of chemotherapy administra-
tion for retinoblastoma currently used in the clinical
setting such as the periocular administration.

The use of intraarterial chemotherapy for the
treatment of retinoblastoma received enormous atten-
tion after the encouraging results reported by Abramson
et al14 in 2008 with their technique for superselective
catheterization. The authors reported excellent clinical
results in terms of efficacy and toxicity after melphalan
monotherapy, especially for newly diagnosed patients
with unilateral disease.14 They subsequently reported
a more limited series of children with refractory
retinoblastoma that received topotecan or topotecan
plus carboplatin.15 However, preclinical pharmacoki-
netic data are still lacking and it is of vital importance to
determine whether the antineoplastic drug is able to
reach the target site, especially the vitreous and if the
achieved levels would be sufficient to exert the
pharmacologic effect. In addition, our results suggest
that after administering the same dose (1 mg),

topotecan penetrated into the vitreous cavity with
significantly greater efficiency after the superselective
OAI than after POI, with a trend toward a decrease in
systemic exposure. When chemotherapy is adminis-
tered by POI, the physical barriers including the sclera
and the retinal pigment epithelium play a critical role in
limiting its diffusion into the vitreous cavity.29 In
addition, rapid clearance from the orbit to the systemic
circulation and the presence of drug transporters also
restrict the drug penetration and disposition into the
vitreous.5,21 When chemotherapy is administered by
OAI, some of these barriers, such as the scleral, are
avoided and they are not a limitation for the disposition
of the drug to the vitreous.

The more advantageous pharmacokinetic profile of
topotecan after OAI compared with POI is based on
the following observations:

1. Significantly higher vitreous levels measured as
Cmax: In the present study, we observed that the median
vitreous Cmax after OAI (Cmax,vit = 131.8 ng/mL) was

Table 2. Plasma and Vitreous Exposure for Total and Lactone Topotecan After Superselective OAI and POI of Topotecan
(1 mg) in the Pig

Vitreous Plasma AUC Ratio

AUCvit Cmax,vit AUCpl,T AUCpl,L

AUCvit/
AUCpl

AUCvit,OAI/
AUCvit,POI

AUCpl,TOAI/
AUCpl,TPOI*

AUCpl,LOAI/
AUCpl,LPOI†

OAI 299.8
(247.6–347.2)

131.8
(112.9–138.7)

10.6
(6.8–13.4)

3.8
(2.0–6.9)

29 6.1 0.6 0.5

POI 48.9‡
(11.8–63.4)

13.6§

(5.5–15.3)
18.7¶

(6.3–21.7)
7.4¶

(3.1–9.3)
3.4 — — —

Values are shown as median (range). Topotecan exposure is presented as AUC (ng�hour/mL) and Cmax (ng/mL). AUCvit, area under the
vitreous concentration–time curve for total topotecan; Cmax,vit, total topotecan maximum concentration in vitreous; AUCpl,T, area under
the plasma concentration–time curve for total topotecan; AUCpl,L, area under the plasma concentration–time curve for lactone
topotecan; AUCvit/AUCpl, ratio of total topotecan exposure in vitreous and plasma; AUCvit,OAI/AUCvit,POI, ratio of total topotecan exposure
in vitreous after OAI and POI, respectively.

*Ratio of topotecan exposure in plasma measured as total and lactone after OAI.
†Ratio of topotecan exposure in plasma measured as total and lactone after POI.
‡P , 0.05 compared with AUCvit after OAI.
§P , 0.005 compared with Cmax,vit after OAI.
¶P . 0.05 compared with AUCpl after OAI.

Fig. 4. Total topotecan (A)
vitreous and (B) plasma
concentrations versus time
curve after (:) super-
selective OAI and (�) POI
for a representative animal.
Symbols represent individual
data points and lines represent
the best-predicted concen-
trations for total topotecan.
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almost 10 times greater than after POI (Cmax,vit = 13.6
ng/mL) implying a significant difference (P , 0.005).
Interestingly, these high and sustained vitreous levels
with potential activity against retinoblastoma were
detected up to 4 hours of topotecan superselective
OAI, with a median value of 35.8 ng/mL. Levels
.14 ng/mL are necessary for an antitumor effect
according to in vitro data.24 This concentration was
only achieved at the peak after intravenous or
periocular topotecan administration in our previous
work in the rabbit model and barely achieved in the
present model.21 In both models of POI, topotecan
levels rapidly decayed to concentrations less than the
predefined threshold level of 14 ng/mL.21 Therefore,
potentially pharmacologic active levels were only
achieved at the maximum concentration after POI of
topotecan in the rabbits and in the present porcine
model, as opposed to OAI where levels .14 ng/mL
were seen at least up to 4 hours of administration.

2. Significantly higher vitreous exposure using the
concentration versus time curve: For many antineo-
plastic drugs exerting their antitumor effect in the
S phase, like topotecan, the drug exposure expressed
as AUC is a representative pharmacokinetic parameter
that correlates with the antitumor activity and systemic
adverse effects.30 Vitreous topotecan AUCvit was
significantly higher after OAI than after POI, showing
a median value of 299.8 ng�hour/mL compared with
48.9 ng�hour/mL, respectively. In addition, the relative
median ratio of vitreous to plasma exposure (AUCvit/
AUCpl) for total topotecan was 29 after OAI and 3.4
after POI. The lower AUC ratio after POI is an
indicator of the limitations for the transscleral
penetration of topotecan that result in lower vitreous
exposure. The favorable drug disposition in the
vitreous after OAI results from avoiding the scleral
barrier and the drug loss at the site of POI because of
the orbital clearance. Because topotecan systemic
exposure was low, it is unlikely that the fraction of
drug absorbed from the systemic circulation could
contribute to relevant vitreous exposure after OAI.
Interestingly, the ratio of vitreous to plasma total
topotecan exposure after POI was higher in the porcine
model compared with our previous results in rabbits
(3.4 vs. 0.2, respectively).21 At least two factors should
be considered for the interpretation of these findings:
First, differences in the ocular vasculature including
collateral arteries and in the ocular anatomy including
scleral thickness and the permeability through the
retinal pigment epithelium may lead to differences in
drug penetration from the site of POI to the vitreous
when comparing between models.31 Second, different
animal size will probably affect the apparent topotecan
volume of distribution. In this sense, a lower systemic

exposure compared with what the rabbit model would
have predicted was also found by our group in a child
receiving periocular topotecan, which was also
attributed to differences in the volume of distribution.9

Finally, despite using the microdialysis technique
for serial vitreous sampling that allowed for a complete
pharmacokinetic study comparable with the use of 27
animals if a single sample was taken by vitreous
puncture by triplicates at each time point, we could
only study 3 eyes in the POI group as 1 animal died
during the surgical procedure. So, there may also be
a limitation in the calculation of the vitreous exposure
in this group.

3. Low systemic exposure: Both modalities were
associated with relatively low systemic exposure to
topotecan. Topotecan systemic exposure after OAI
was lower than after POI without reaching statistical
significance. Interestingly, topotecan lactone systemic
exposure was ,10 ng�hour/mL after both routes of
drug administration, which is substantially lower than
the reported value of 180 ng�hour/mL to produce
severe hematopoietic toxicity in humans.30

Another feature favoring the use of intraarterial
topotecan is its low variability observed in vitreous
exposure because the coefficient of variation of AUCvit

was only 18%. Therefore, relatively predictable drug
levels were found at each time interval, which also
allowed us to limit the number of animals used in the
study.

However, our data have some limitations related to
the model used. Because it is impossible to obtain
serial dosages of topotecan in other ocular tissues
without involving an unacceptable number of animals,
our data are limited to the concentrations in the
vitreous. Drug levels at other ocular tissues and retinal
tumors may be of clinical relevance. However, in the
clinical situation, vitreous concentrations of chemo-
therapy may be higher because of the disruption of the
blood–retinal barrier caused by the tumor.32 In
addition, also in a hypothetical clinical scenario, both
modalities would be applied by repeated applications
and there might be differences in the pharmacokinetics
in subsequent cycles. However, vitreous pharmacoki-
netic studies cannot be repeated in the same eye
because the disruption in the eye anatomy caused by
repeated vitreous punctures may alter the drug
disposition to the vitreous.33 In general, after repeated
drug administration, the level of drug accumulation
will depend on the frequency and the pharmacokinet-
ics of the drug. However, based on the pharmacoki-
netic parameter models obtained for each studied
animal after POI and OAI administrations and the
derived simulated concentrations in vitreous, no
accumulation may be expected after repeated drug
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administration in the present animal model. Another
point to be considered is that vascular damage after
repeated intraarterial injections and orbital fibrosis
after repeated periocular administrations may also
affect the drug disposition to the vitreous.

The present pharmacokinetic study was not designed
to compare the toxicity of both modalities. Our results
may be used as a background for further clinical studies
in children with retinoblastoma, which might be carried
out to estimate the efficacy and the maximum tolerated
dose and dose-limiting toxicity of each modality.
Despite not being a tumor-bearing model, the porcine
model is validated to conduct eye vascular and scleral
permeability experiments20,34 because of its anatomical
and physiologic similarities with humans. One major
advantage is the size of the animal that allowed us to
develop and optimize OAI of topotecan for pharmaco-
kinetic evaluation. Although the superselective cathe-
terization is possible in this model, there are anatomical
differences between the vasculature of the porcine eye
and the human eye.20 In particular, the ophthalmic
artery in the pig is a continuity of the external carotid,
whereas in humans it arises from the internal carotid.
Differences in collateral branches and the existence of
collateral retinal blood vessels may also lead to
differences in drug disposition.

In conclusion, superselective OAI of topotecan into
the ophthalmic artery results in significantly higher
vitreous exposure compared with POI with lower
systemic exposure. This favorable pharmacokinetic
profile of the drug led to potentially active pharma-
cologic concentrations up to at least 4 hours of
administration.

Key words: ophthalmic artery infusion, pharmaco-
kinetics, porcine model, retinoblastoma, topotecan.
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