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Purpose: To assess the antitumor activity, toxicity, and plasma pharmacokinetics of the combination of
melphalan and topotecan for superselective ophthalmic artery infusion (SSOAI) treatment of children with
retinoblastoma.

Design: Single-center, prospective, clinical pharmacokinetic study.

Participants: Twenty-six patients (27 eyes) with intraocular retinoblastoma.

Methods: Patients with an indication for SSOAI received melphalan (3—6 mg) and topotecan (0.5—1 mg;
doses calculated by age and weight). Plasma samples were obtained for pharmacokinetic studies, and a pop-
ulation approach via nonlinear mixed effects modeling was used. Safety and efficacy were assessed and
compared with historical cohorts of patients treated with melphalan single-agent SSOAI.

Main Outcome Measures: Melphalan and topotecan pharmacokinetic parameters and efficacy and safety
parameters.

Results: Twenty-seven eyes from 26 consecutive patients received 66 cycles of SSOAI melphalan and
topotecan in combination. All 5 eyes treated as primary therapy responded to the combination chemotherapy and
were preserved. Sixteen of the 22 eyes with relapsed or resistant tumors responded, but 3 of them ultimately
underwent enucleation at a median of 8 months (range, 7.9—9.1 months). The incidence of grade lll and IV
neutropenia was 10.6% and 1.5%, respectively, which was comparable with historical controls of single-agent
SSOAI melphalan. No episode of fever neutropenia was observed, and no patient required transfusion of
blood products. The large variability in melphalan pharmacokinetics was explained by body weight (P < 0.05).
Concomitant topotecan administration did not influence melphalan pharmacokinetic parameters. There was no
effect of the sequence of melphalan and topotecan administration in plasma pharmacokinetics.

Conclusions: A regimen combining melphalan and topotecan for SSOAI treatment of retinoblastoma is
active and well tolerated. This combination chemotherapy previously showed synergistic pharmacologic activity,
and we herein provide evidence of not increasing the hematologic toxicity compared with single-agent

melphalan. Ophthalmology 2014;m:1—9 © 2014 by the American Academy of Ophthalmology.

Melphalan monotherapy is the most common treatment
administered by superselective ophthalmic artery infusion
(SSOAI) for intraocular retinoblastoma.'*> The initial phase
1—2 study of SSOAI melphalan reported an 82% response
rate in chemotherapy-naive eyes,’ and subsequent experience
showed that the results in pretreated eyes were less
encouraging.”” Hence, some groups developed different
strategies to improve the results in these high-risk eyes.
One alternative is to use a higher dose of melphalan.’
Unfortunately, doses higher than 0.5 mg/kg lead to
increased risk of hematopoietic toxicity.”® This is espe-
cially relevant when tandem therapy for the treatment of
bilaterally affected children is necessary because the total
dose should be divided in 2.”* Another alternative would
be to use combination chemotherapy without overlapping
toxicity, as proposed by a New York group, with the combi-
nation of carboplatin, topotecan, and melphalan.”” In this
line, our group reported a synergistic effect of the combination
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of topotecan and melphalan in retinoblastoma cell lines
that we speculated may be translated to the clinic in terms
of increased activity.® This synergistic effect between a
topoisomerase I inhibitor and an alkylating agent also was
reported in other pediatric neuroectodermal malignancies.'”
Topotecan is an active drug for retinoblastoma with low
systemic and ocular toxicity and well-established pharma-
cologic activity.'"'” In addition, we previously showed a
favorable pharmacokinetic profile of topotecan after SSOAI
in the swine model, allowing a high passage into the vitreous
and sustained concentrations compared with melphalan.'”
Thus, the addition of topotecan to melphalan would be an
attractive option to enhance their pharmacologic activity,
especially for targeting the vitreous of the affected eye.
However, no information was available about the toxicity of
that combination in patients with retinoblastoma.

Potential pharmacologic interactions between melphalan and
topotecan may occur, and this should be addressed by studying

ISSN 0161-6420/14/$ - see front matter 1
http://dx.doi.org/10.1016/j.ophtha.2013.10.045


http://dx.doi.org/10.1016/j.ophtha.2013.10.045

Ophthalmology Volume m, Number m, Month 2014

the pharmacokinetics of these drugs. For instance, a pharma-
cokinetic drug—drug interaction could result at the renal secre-
tion process of both drugs. Specifically, topotecan primarily
is eliminated through the kidneys. Zamboni et al'* reported
that probenecid inhibited renal tubular secretion of topotecan,
decreasing renal topotecan clearance and thus increasing the
systemic exposure in the animal model. Taking into account
that melphalan elimination is mainly through renal excretion
and that in children it previously was reported to have a total
clearance value of more than the normal creatinine clearance
in pediatric patients, renal secretion of melphalan or its
degradation products may not be disregarded.”” Hence, a
potential drug—drug interaction at the kidneys may result in
increased systemic exposure of melphalan, yielding more than
expected hematologic toxicity. In addition, drug—drug
pharmacodynamic interactions should be evaluated because
both drugs may cause severe neutropenia, and a potential
synergistic effect could result in pronounced hematologic
toxicity.'>'®

Additionally, the sequence of drug administration may
influence the pharmacokinetics of the infused drugs.'”'
Specifically, SSOAI of melphalan could result in vascular
effects that may alter the disposition of a subsequently
administered drug.lg Thus, a better understanding of the
toxicity of melphalan and topotecan in combination after
SSOAI and the sequence effect should be available for
routine clinical practice.

Therefore, the aims of this study were to characterize the
pharmacokinetics, toxicity, and antitumor activity of a com-
bination of melphalan and topotecan administered by SSOAI
to children with high-risk intraocular retinoblastoma.

Methods

Patients and Treatment

This study followed the tenets of the Declaration of Helsinki, and
institutional review board approval was obtained. Written informed
consent was obtained from the participants’ parents or guardians.
From October 2011 through July 2013, the melphalan—topotecan
combination regimen was offered to all children with intraocular
retinoblastoma and the following features:

1. Chemotherapy-naive unilateral retinoblastoma for which
eye-sparing therapy was proposed.

2. Group D eyes who were too young to receive SSOAI
upfront and hence received 2 to 3 cycles of carboplatin-
etoposide-vincristine systemic combination (bridge ther-
apy”’) before SSOAL A minimum of 1 month elapsed
from the last intravenous chemotherapy cycle and SSOAI
was required.

3. Bilateral retinoblastoma either with relapsed or refractory
intraocular disease after chemoreduction with systemic
chemotherapy or after SSOAI chemotherapy with
carboplatin-based regimens, melphalan as a single agent, or
both, regardless of the intraocular grouping.

The SSOALI therapy was performed according to published guide-
lines.” Each drug was infused in a pulsatile fashion over 15 minutes and
was administered sequentially in no predetermined order. Hence, the
sequence of melphalan—topotecan and topotecan—melphalan was
administered indistinctly in each cycle. The chemotherapy regimen
included (1) melphalan administered at doses that previously were
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reported as 3 mg for children younger than 2 years, 4 mg for children
from 2 to 3 years of age, and 5 mg for children older than 3 years,"
with the maximum dosage of melphalan being 0.48 mg/kg; and (2)
topotecan at a dose of 0.5 mg for those younger than 1 year and 1 mg
for older children.* Melphalan was reconstituted bedside during the
procedure, whereas topotecan was reconstituted in advance at the
hospital pharmacy.'®

Patients were examined clinically and were discharged 8 to 12
hours after the procedure. A complete blood cell count was per-
formed routinely at 10 and 21 days after SSOALI or if required for
clinical control.

Efficacy and Adverse Events Assessment

In this analysis, response was defined as tumor or seeds regres-
sion, or both, based on previously reported criteria.”’ The follow-
up of each treated eye was assessed as the interval of time since
the first cycle of melphalan and topotecan SSOAI until July 2013
or enucleation if it was required. Toxicity was graded according
to thg Common Terminology Criteria for Adverse Events version
4.0.7

Pharmacokinetic Studies: Sample Collection and
Bioanalysis

Plasma pharmacokinetic studies were attempted for every cycle in
which the patient received melphalan and topotecan combination,
depending on the availability of a suitable peripheral intravenous
access. One milliliter of blood was collected in heparinized tubes
before starting chemotherapy administration and at the end of the
infusion of each drug and 0.5, 1.0, 2.0, and 3.0 hours after finishing
the infusion of the second drug.

Blood samples were centrifuged and plasma was separated and
precipitated with cold acidic methanol as previously described.
Methanolic supernatants were stored at —20° C until assayed.
Melphalan and topotecan were assayed using a validated high-
performance liquid chromatography method coupled with a fluo-
rescence detector. The linear range for plasma melphalan and
topotecan was from 10 to 700 ng/ml and from 5 to 150 ng/ml,
respectively. The lower limit of quantitation of melphalan and
topotecan was 50 and 5 ng/ml, respectively. The interday precision
of melphalan and topotecan bioanalysis was less than 11% and 7%,
respectively.

Pharmacokinetic Studies: Data Analysis

The pharmacokinetics of melphalan and topotecan were deter-
mined by means of a nonlinear mixed effects modeling method
implemented in Monolix version (Modeles NOn Linéaires a effets
mixtes; Incuballiance, Orsay, France). We tested both 1- and
2-compartment models to describe separately melphalan and top-
otecan plasma concentration-versus-time data. Different residual
error models were evaluated, including a constant (additive) or
mixed proportional and additive error model. Models were chosen
based on the objective function value and visual inspection of
goodness-of-fit diagnostic plots.

The relationship between individual patient-specific characteris-
tics (covariates) and the pharmacokinetic parameters of melphalan or
topotecan was evaluated by means of a univariate analysis. The
covariates included dosage, age, sex, body weight, body surface
area, and sequence of treatment (melphalan then topotecan or top-
otecan then melphalan). To retain a covariate in the pharmacokinetic
model, we evaluated the significance to explain to some extent the
interindividual variability observed in the parameters. A covariate
was considered significant if its addition to the base model reduced
the objective function value by at least 3.84 units (P < 0.05) and the
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coefficient that relates the covariate and the pharmacokinetic
parameter was significantly different than 0 (P < 0.05).

Based on the individual estimated pharmacokinetic parameters
obtained from the final model (including covariates), we obtained
the simulated plasma concentration versus time data for topotecan
and melphalan to calculate by means of the log-linear trapezoidal
rule the systemic exposure (area under the concentration versus
time profile) for each cycle that a pharmacokinetic study was
performed.

In a previous study, we characterized melphalan pharmacoki-
netics after unilateral and bilateral SSOAI administrations
as described elsewhere.® Until the new schema of combined
melphalan and topotecan chemotherapy was implemented,
patients received melphalan alone, at the same reported dosages,’
and pharmacokinetic studies were carried out in consenting
patients. Thus, our previous pharmacokinetic data consisted of
plasma concentrations obtained in 39 cycles from 19 consenting
patients after melphalan single-agent SSOAI. These data were
used as a control group to assess the effect of concomitant top-
otecan on melphalan pharmacokinetics with statistical significance.

Statistical Analysis

Linear mixed effects models were used to determine the association
between melphalan systemic exposure and dosage using R-project (R
Project for Statistical Computing; available at: http:/www.r-project.
org/; accessed June 4, 2013).

For the safety analysis, we calculated the incidence of hema-
tologic toxicity as the ratio between the number of cycles in which
patients demonstrate grade III and IV neutropenia with respect to
the total number of cycles analyzed in the study. In addition, we
compared this proportion with our previous data published else-
where® regarding patients demonstrating severe neutropenia after
receiving less than 0.5 mg/kg of melphalan as a single agent, by
means of the Fisher exact test at a significance level of P < 0.05.
In addition, we calculated the sample size needed to provide
statistical significance when comparing the incidence of grade
II/IV neutropenia after melphalan single-agent treatment with
respect to the association with topotecan. The significance level
was set at 0.05 (type I error) with a power of 0.9 (type 1I error). We
considered acceptable a rate of grade III/IV neutropenia lower than
50% (as previously obtained with single-agent melphalan at doses
of more than 0.5 mg/kg). Thus, at least 34 cycles were needed to
confirm whether the difference in treatments truly existed.®
Finally, we also conducted a power analysis to calculate the
required sample size for comparison of melphalan pharmacokinetic
parameter means obtained after single-agent infusion and
concomitant with topotecan. We took into account the significance
level of 0.05 (type I error) and a power of 0.8 (type II error); the
difference of means was assumed to be significant if 25% in
clearance could be detected when adding topotecan to the infusion
of melphalan. Finally, equal standard deviation of melphalan
clearance in both groups was assumed for the analysis. Kaplan-
Meier ocular survival analysis was performed using GraphPad
Prism software (GraphPad, San Diego, CA).

Results

Patient Population

A total of 26 patients (27 eyes) received 66 SSOAI sessions of
melphalan and topotecan in combination. The median age at the time
of the first cycle was 1.6 years (range, 0.8—7.4 years). The charac-
teristics and demographics of the patients are summarized in Table 1.
Overall, 5 eyes were treated with this combination as their primary

Table 1. Patient Demographics and Characteristics at the Start of
Combination Chemotherapy

Feature Median (Range) or No.

Age (yrs) 1.6 (0.8—74)
Weight (kg) 12 (8—30)
BSA (m?) 0.51 (0.35—1.0)
Sex

Male 12

Female 14
Previous treatment

Total number of treated eyes 27

Systemic chemotherapy 22

SSOAT* 12

Bridge (group D) 2

First line (group D) 3

No. of cycles 66
Dose (mg)

2 1

3 26

3.5 2

4 19

5 8

6 8

7 1

8 1

BSA = body surface area; *SSOAI = ophthalmic artery superselective
infusion with topotecan and carboplatin or melphalan single-agent admin-
istered in previous cycles to melphalan plus topotecan combination therapy.

treatment (n = 5 patients) or bridge therapy, and 22 eyes were
treated with this combination because of relapsed or resistant
disease. All cycles were evaluable for toxicity. Pharmacokinetic
studies were carried out in 39 cycles on 21 patients. These studies
were not possible in 4 consenting patients receiving only 1 cycle of
chemotherapy because of the lack of a suitable vascular access and
in 1 patient because the patient declined to consent to the procedure.

Clinical Response to the Topotecan and Melphalan
Combination

Overall, of the 27 evaluated eyes, 21 (77.8%) responded to the
melphalan plus topotecan combination. A representative eye that
responded to the melphalan and topotecan association is shown in
Figure 1. Response of eyes that were treated with primary or bridge
therapy was better (5/5) than that of eyes with relapsed or resistant
disease (16/22). All eyes treated with primary or bridge therapy and
13 of the 22 relapsed or resistant eyes were preserved at the time
of this report, with a median follow-up of 11.7 months (range,
7.0—20.6 months). The probability of ocular survival at 1 year was
0.64 (95% confidence interval [CI], 0.4—0.8) for all eyes and 0.55
(95% CI, 0.28—0.75) for relapsed or resistant eyes (Fig 2).

Melphalan Pharmacokinetics

A total of 177 melphalan plasma concentrations from 21 patients
were used to develop the pharmacokinetic model. Based on visual
inspection of the concentration versus time data and statistical pa-
rameters, a 2-compartment model adequately fitted the melphalan
plasma data. The pharmacokinetic parameters estimated included
clearance (volume of plasma of drug cleared per unit of time), vol-
ume of distribution of the central and peripheral compartment
(hypothetical volumes in which the drug is dissolved), and inter-
compartmental clearance assuming a log-normal distribution.
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Figure 1. Fundus photographs of an eye from a child with unilateral retinoblastoma treated with melphalan plus topotecan superselective intra-arterial
infusion as primary treatment showing tumor features (A) at diagnosis and (B) after 2 cycles of this combination chemotherapy. A marked reduction in
tumor size and vascularization as well as therapy-induced calcification was observed after 2 cycles.

Subsequently, a covariate analysis was carried out to determine
the influence of demographic and clinical parameters in melphalan
pharmacokinetics. Specifically, normalizing the dose to body weight
resulted in an improvement of the model and explained 49% and
66% of the interindividual variability in clearance and volume of
distribution of melphalan, respectively. Thus, the dose subsequently
was normalized to weight, as routinely performed in the clinics.
Other demographic covariates did not improve the model further,
and thus only weight was retained with statistical significance
(P <0.001). Melphalan normalized population parameters are re-
ported in Table 2. Depicted in Figure 3A are the individual plasma
concentration versus time data; the solid line represents the model
prediction for a typical patient with a body weight of 10 kg who
received 3 mg SSOAI of melphalan concomitant with topotecan.

Interestingly, a relationship between systemic exposure to
melphalan (area under the concentration versus time profile) and
dose corrected by weight was observed as depicted in Figure 4A
and in correspondence to our previous reports of single-drug
melphalan administration based on linear mixed-effects modeling
(P <0.09).

Topotecan Pharmacokinetics

We characterized topotecan pharmacokinetics after SSOAI using
173 plasma concentrations from 21 patients for developing the
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Figure 2. Kaplan-Meier ocular survival curves for (A) all patients, (m)
bridge therapy and chemotherapy-naive patients, and (@) refractory/
resistant eyes.
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model. Population pharmacokinetics of topotecan was best described
by a 2-compartment model (Fig 3B) and using an additive residual
error model in concordance with the limit of quantitation. As
previously described for melphalan, topotecan pharmacokinetic
parameters were normalized by body weight because a statistically
significant association was observed (P < 0.001). Mean population
pharmacokinetic parameters (standard error) obtained for the final
model are described in Table 2. Still, substantial interindividual
(59%) and interoccasion variability (70%) in topotecan clearance
remained unexplained, although no other demographic parameter
could explain this variability statistically.

Effect of Sequence on Melphalan and Topotecan
Pharmacokinetics

Patients who consented to pharmacokinetic studies were given
indistinctly 1 of 2 sequences of treatment during each cycle of
chemotherapy. In 20 and 19 cycles, patients were infused with
melphalan and then with topotecan or with topotecan first
and then melphalan, respectively. As shown in Figure 4B, no
statistically significant difference was evident when comparing
melphalan systemic exposure with respect to the sequence of
drug administration (P > 0.05).

Effect of Topotecan on Melphalan Pharmacokinetics

In a previous study, we characterized melphalan pharmacokinetics
after unilateral and bilateral infusion, and these data were used as the
control group. Thereafter, we performed a population pharmacoki-
netic analysis using a nonlinear mixed-effects model, including
melphalan plasma concentration versus time data from patients who
received single-agent melphalan and the combination with top-
otecan. Then, topotecan was analyzed as a covariate to determine
whether it had an effect on melphalan pharmacokinetics. As shown
in Figure 4C, concomitant administration of topotecan had no effect
on melphalan pharmacokinetics and specifically on the systemic
exposure (P > 0.05).

Toxicity

A total of 66 cycles for 26 patients infused with melphalan and top-
otecan in combination were available from evaluation of toxicity. The
median dose of melphalan was 0.30 mg/kg (range, 0.16—0.44 mg/kg),
as presented in Table 3. In general, the combination therapy of
melphalan and topotecan SSOAI was well tolerated and very few
adverse events were recorded. There was no grade III or greater
ocular toxicity. There were 7 episodes of grade III neutropenia in 5
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Table 2. Melphalan and Topotecan Population Pharmacokinetic Parameters after Concomitant Superselective Ophthalmic Artery
Infusion in Retinoblastoma Patients

Parameter Melphalan Concomitant with Topotecan Topotecan Melphalan Single Agent*
Clearance (l/hour/kg) 0.44 (0.02) 0.67 (0.072) 0.51 (0.03)
V. (Ikg) 0.23 (0.02) 0.53 (0.09) 0.18 (0.04)
Q (I/hour/kg) 0.67 (0.14) 2.86 (0.34) 0.93 (0.15)
V, (I/kg) _ 0.26 (0.02) 0.72 (0.07) 0.25 (0.03)
AUC/D (ng*h/ml/mg") 150.8 (68.6—321.4) 95.5 (34.5—-2317.9) 165.5 (83.8—3917.6)

AUC/D = area under the concentration versus time profile corrected by dose (D); Q = intercompartmental clearance; V. = volume of distribution of the
central compartment; V,, = volume of distribution of the peripheral compartment.

Data are mean (standard error) unless otherwise indicated.
*Data previously published.
"Data are median (range).

patients and only 1 case of grade IV neutropenia, but no child had to be
hospitalized for fever or neutropenia. Thus, taking into account all
patients, the incidence of grade III and IV neutropenia was 10.6%
and 1.5%, respectively. Specifically, 7 cycles after melphalan and
topotecan SSOAI were evaluated in bridge therapy, whereas 10
cycles were evaluated in chemotherapy-naive patients. None of the 7
cycles in bridge patients and only 1 of 10 cycles in chemotherapy-
naive patients resulted in grade III neutropenia. No patient required
transfusion of blood products. Besides the hematologic toxicity, a
grade III toxicity consisting of cranial nerve III palsy that resolved
with corticosteroids occurred in 1 patient. Finally, no patient
demonstrated metastatic disease, and all were alive at the time of this
evaluation.

Interestingly, when comparing these results with our previous
data obtained in 49 cycles from 21 patients who received SSOAI
melphalan in doses of less than 0.5 mg/kg, the incidence of neu-
tropenia was 16.3%. In that previous cohort, a total of 3 episodes of
grade III and 5 of grade IV neutropenia were recorded. Hence, the
incidence of neutropenia did not change when topotecan was
administered concomitant with melphalan (P > 0.05).

Discussion

In this study, we found that the combination of melphalan
and topotecan for SSOAI treatment of retinoblastoma was
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effective and well tolerated without increased hematologic
toxicity with respect to melphalan administered as a single
drug. Melphalan pharmacokinetics was not affected by the
association with topotecan, and the sequence of drug
administration did not influence melphalan systemic expo-
sure. The systemic disposition of the proposed dose for
topotecan administered by SSOAI is described.

The clinical implications of our findings include the
description of an active chemotherapy combination regimen for
the treatment of retinoblastoma using SSOAIL However, the
ultimate efficacy of this approach compared with melphalan
alone or other combinations in terms of ocular salvage were
beyond the aims of this study. Besides, we acknowledge that
statistical improvement in eye preservation rate by adding
topotecan to melphalan SSOAI could be proved only by a
randomized comparison, which has never been done for this
pediatric population. In that sense, our speculations of a syn-
ergistic effect with topotecan were based on our previous work
in retinoblastoma cell lines, and here we described the safety
pattern of the drug association and the pharmacokinetic
behavior of topotecan and melphalan.

Our study provides solid data on the pharmacokinetics of
this combination by characterizing the systemic disposition of
each infused drug that can be associated to systemic toxicity.
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Figure 3. A, Graph showing melphalan concentration versus time profile after superselective ophthalmic artery infusion (dose, 0.32 mg/kg) in a unilateral
retinoblastoma patient. The symbols represent melphalan plasma observed concentrations and the lines represent the model-predicted concentrations. B,
Graph showing topotecan concentration versus time profile after superselective ophthalmic artery infusion (dose, 0.08 mg/kg) in a unilateral retinoblastoma
patient. The symbols represent topotecan plasma observed concentrations and the lines represent the model-predicted concentrations. h = hours.
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Figure 4. A, Graph showing the relationship between systemic exposure of melphalan (area under the concentration versus time profile) and dosage after
superselective ophthalmic artery infusion (SSOAI). B, Graph showing comparison between melphalan systemic exposure corrected by dose (AUC/D) and
the sequence of drug administration. C, Graph showing comparison melphalan systemic exposure corrected by dose (AUC/D) with and without topotecan
concomitant administration. h = hours; M-T = melphalan and then topotecan SSOAI; T-M = topotecan and then melphalan SSOAI.

For the past 5 years, SSOAI has been under debate and has
seen an exponential increase in its use for intraocular reti-
noblastoma.' " However, relatively little is known about the
pharmacokinetics of the drugs, their systemic toxicity, the
schedule of treatment, and the alternative associations of drugs.
This regimen was based on our previous experience showing
a synergistic activity of this combination in retinoblastoma
cell lines, along with a favorable ocular pharmacokinetic
profile for topotecan based on our results in non-tumor-bearing
animal models.” In those models, although topotecan showed
a preferential passage to the vitreous, where it stayed for at
least 4 hours over its calculated IC50 (50% inhibitory
concentration)’” melphalan showed a less favorable
penetration into the vitreous but higher levels in the retinal

Table 3. Population Characteristics and Safety Parameters

Melphalan
Concomitant Single-Drug
Treatment/Parameter with Topotecan Melphalan
No. of patients 26 21
No. of cycles 66 49
Mean age (range), yrs 1.6 (0.8—7.4) 1.7 (0.5—-6.2)
Mean weight (range), kg 12 (8—30) 10.1 (8.0—20.5)

Mean dosage (range), mg/kg 0.30 (0.16—0.44) 0.38 (0.24—0.50)

No. of cycles with 8 8
severe neutropenia
Incidence of neutropenia (%) 12.1 16.3

pigment epithelium, which could explain its excellent
efficacy for the treatment of eyes with retinal detachment
caused by the tumor.”* In addition, we previously reported
the impact of melphalan SSOAI dose reduction on simulated
vitreous concentrations attained in a hypothetical patient
under tandem infusion based on the ocular disposition in an
animal model. Specifically, when limiting the dose to 0.5 mg/
kg with respect to the calculated dose based on weight to
avoid severe neutropenia, the systemic exposure decreases,
but also lower vitreous concentrations should be expected after
the infusion.”

Overall, to avoid increasing the melphalan dose without
losing pharmacologically active exposure in the vitreous, we
proposed the combination of melphalan and topotecan.
These features favored the introduction of this regimen for
clinical use by our group for the treatment of high-risk
children with retinoblastoma. However, the toxicity profile
of this combination and the potential pharmacologic in-
teractions were not known. We knew from previous expe-
rience the systemic disposition of melphalan after SSOAI
single-agent administration, but no information about top-
otecan pharmacokinetics after this relatively new route of
infusion was available at the time of the present study.
Plasma pharmacokinetic studies in this situation are useful
to predict systemic toxicity, but because ocular pharmaco-
kinetic studies cannot be performed in patients, no evalua-
tion of the attained levels and disposition in the eye is
possible, so we extrapolate the data from our animal
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studies.”'? The data obtained in the present study after
topotecan SSOAI are in agreement with total topotecan
pharmacokinetic data previously reported in children. Mean
systemic clearance of total topotecan was 0.67 l/hour per
kilogram in our patients, or the equivalent of 8 l/hour if
taking into account a mean population weight of 12 kg. This
value is in concordance with a clearance of 9 to 10 I/hour
previously reported in children infused with topotecan over
30 minutes for 5 days weekly and calculated based on an
average body mass surface of 1.2 m*.”>?° Thus, topotecan
pharmacokinetics is unchanged whether it is administered as
an intravenous infusion or SSOAI in pediatric patients. Of
note is that systemic exposure to topotecan lactone has been
reported to be approximately 30% of total topotecan
(lactone plus carboxylate).'”>> Hence, because we reported
herein a median systemic exposure of 95 ng*h/ml for total
topotecan, we speculated about a topotecan lactone median
systemic exposure of approximately 30 ng*h/ml after each
cycle of SSOAIL This value is important because severe
hematologic toxicity has been reported to occur when sys-
temic exposure equals or exceeds 180 ng*h/ml, an amount
that could hardly be expected in our patients after 1 mg of
topotecan SSOAL>°

In addition, combining topotecan with melphalan forced
us to reduce by half the length of infusion of each drug
compared with our previous schedule. Decreasing the time
for angiographic exposure and anesthesia is advisable for
retinoblastoma patients based on their increased suscepti-
bility to second tumors because of irradiation.”’** Thus, it
has been suggested previously in different reports that
chemotherapﬁy infusion should last less than 30 minutes per
eye treated.”” Compared with our previous reports of
systemic pharmacokinetics of melphalan after 30 minutes
of single-drug infusion, we observed no difference in the
pharmacokinetic parameters of melphalan between
studies.® Although the rate of infusion does not seem to
affect the systemic exposure, a clear correlation between
dosage and this parameter was defined statistically; thus,
we did not perform a prospective study comparing
melphalan systemic pharmacokinetics in patients infused
over 30 minutes with respect to a shorter interval of 15
minutes.

Of note is that potential pharmacokinetic interactions be-
tween melphalan and topotecan were unknown. Specifically,
melphalan clearance is inversely related to the systemic
exposure, and thus a change in the pharmacokinetic param-
eter resulting from drug—drug interaction could determine a
different pattern of hematologic toxicity when the combina-
tion is used. That could be the case in which systemic
exposure to melphalan increases with concomitant infusion of
topotecan, and thus the myelosuppression expected for those
cycles changes according to the pharmacokinetic parameter.'*
However, melphalan pharmacokinetics were not affected
by the addition of topotecan because no change in the
pharmacokinetic parameters was observed (P >0.05). In
correspondence with comparable systemic exposures, the
incidence of severe neutropenia (grade III and IV; 12%)
was comparable with that obtained in a previous cohort
of 21 patients (49 cycles) who received only SSOAI
melphalan as a single agent at doses of less than 0.5 mg/kg

as a reference group (P> 0.05). The worst scenario would
be an incidence of 50% of severe neutropenia, as we
reported previously for melphalan single-agent SSOAI
administered at doses of more than 0.5 mg/kg.” However, that
was not the case, and no significant difference in the
proportion of neutropenia could be detected when adding
topotecan to the treatment. Taken together, the present
results show that the combined melphalan and topotecan
SSOALI resulted in the same pattern and incidence of side
effects as those previously reported for melphalan single-
agent treatment, while introducing a potentially active drug
for the treatment of this aggressive tumor.

Our study also provided data about the observed rela-
tionship between melphalan systemic exposure with respect
to dosage despite concomitant administration of topotecan.
As previously reported for melphalan administered as a
single agent for SSOAI, a linear increase in melphalan
systemic exposure with respect to dosage was observed.
The estimated population pharmacokinetic parameters ob-
tained in the present study (Table 2) were in the same range
as those reported by others after intravenous administration
in children with malignant disease undergoing stem
cell transplantation.’” Thus, despite assuming that SSOAI
is a local route for drug dosing to the eye, systemic
melphalan pharmacokinetics do not differ between SSOAI
and the intravenous administration in different pediatric
populations.

We also investigated if there was any sequence effect
in the plasma pharmacokinetics of this combination.
Melphalan SSOALI causes significant alterations in the eye
vasculature during infusion.'” Thus, it is possible that
the pharmacokinetics of other drugs administered after
melphalan may be limited by this fact. The issue of the
sequence of drug administration is important because
melphalan should be reconstituted immediately before
infusion because of its instability.'® If melphalan is to be
administered first, the entire procedure may take longer to
account for the time of drug reconstitution. Topotecan
may be reconstituted in advance because its solubility and
stability allow for preparation without losing efficacy.'®
Because we found no sequence effect on plasma
pharmacokinetics, topotecan may be infused first while
melphalan is reconstituted by another operator or in the
pharmacy on immediate call.

In conclusion, a regimen combining melphalan and
topotecan for SSOALI treatment of retinoblastoma is active
and well tolerated. This combination therapy theoretically
allows potentiation of the pharmacologic activity of both
drugs and enhanced tumor control, while not increasing
hematologic toxicity. We did not evidence a pharmacoki-
netic interaction between melphalan and topotecan, and
the sequence of drug administration did not influence
melphalan pharmacokinetics. Topotecan systemic exposure
after SSOAI of the current dose is not expected to yield
hematologic toxicity. Additional studies are needed to
compare its efficacy with that of other regimens.

Acknowledgments. The authors thank Dr. Gabriel Mato and
Dr. Eduardo Lagomarsino for drug preparation and general pro-
cedures support.



Ophthalmology Volume m, Number m, Month 2014

References

1. Shields CL, Fulco EM, Arias JD, et al. Retinoblastoma fron-
tiers with intravenous, intra-arterial, periocular, and intravitreal
chemotherapy. Eye (Lond) 2013;27:253—-64.

2. Suzuki S, Yamane T, Mohri M, Kaneko A. Selective ophthalmic
arterial injection therapy for intraocular retinoblastoma: the long-
term prognosis. Ophthalmology 2011;118:2081-7.

3. Abramson DH, Dunkel 1J, Brodie SE, et al. A phase I/II study
of direct intraarterial (ophthalmic artery) chemotherapy with
melphalan for intraocular retinoblastoma: initial results.
Ophthalmology 2008;115:1398-404.

4. Gobin YP, Dunkel 1J, Marr BP, et al. Intra-arterial chemo-
therapy for the management of retinoblastoma: four-year
experience. Arch Ophthalmol 2011;129:732-7.

5. Muen WJ, Kingston JE, Robertson F, et al. Efficacy and com-
plications of super-selective intra-ophthalmic artery melphalan
for the treatment of refractory retinoblastoma. Ophthalmology
2012;119:611-6.

6. Schaiquevich P, Buitrago E, Taich P, et al. Pharmacokinetic
analysis of melphalan after superselective ophthalmic artery
infusion in preclinical models and retinoblastoma patients.
Invest Ophthalmol Vis Sci 2012;53:4205-12.

7. Shields CL, Bianciotto CG, Jabbour P, et al. Intra-arterial
chemotherapy for retinoblastoma: report no. 1, control of retinal
tumors, subretinal seeds, and vitreous seeds. Arch Ophthalmol
2011;129:1399-406.

8. Abramson DH, Dunkel 1J, Brodie SE, et al. Bilateral super-
selective ophthalmic artery chemotherapy for bilateral retino-
blastoma: tandem therapy. Arch Ophthalmol 2010;128:370-2.

9. Marr BP, Brodie SE, Dunkel 1J, et al. Three-drug intra-arterial
chemotherapy using simultaneous carboplatin, topotecan and
melphalan for intraocular retinoblastoma: preliminary results.
Br J Ophthalmol 2012;96:1300-3.

10. Saylors RL III, Stewart CF, Zamboni WC, et al. Phase I study
of topotecan in combination with cyclophosphamide in pedi-
atric patients with malignant solid tumors: a Pediatric
Oncology Group Study. J Clin Oncol 1998;16:945-52.

11. Laurie NA, Gray JK, Zhang J, et al. Topotecan combination
chemotherapy in two new rodent models of retinoblastoma.
Clin Cancer Res 2005;11:7569-78.

12. Qaddoumi I, Billups CA, Tagen M, et al. Topotecan and
vincristine combination is effective against advanced bilateral
intraocular retinoblastoma and has manageable toxicity. Can-
cer 2012;118:5663-70.

13. Schaiquevich P, Buitrago E, Ceciliano A, et al. Pharmacokinetic
analysis of topotecan after superselective ophthalmic artery
infusion and periocular administration in a porcine model.
Retina 2012;32:387-95.

14. Zamboni WC, Houghton PJ, Johnson RK, et al. Probenecid
alters topotecan systemic and renal disposition by inhibiting
renal tubular secretion. J Pharmacol Exp Ther 1998;284:89-94.

Footnotes and Financial Disclosures

15. Nath CE, Shaw PJ, Montgomery K, Earl JW. Population
pharmacokinetics of melphalan in paediatric blood or marrow
transplant recipients. Br J Clin Pharmacol 2007;64:151-64.

16. Melphalan. In: DRUGDEX System. Greenwood Village,
CO: Truven Health Analytics. Available at: http://www.
micromedexsolutions.com/. Accessed June 4, 2013.

17. Esaki T, Nakano S, Masumoto N, et al. Schedule-dependent
reversion of acquired cisplatin resistance by S-fluorouracil in a
newly established cisplatin-resistant HST-1 human squamous
carcinoma cell line. Int J Cancer 1996;65:479-84.

18. Schrijvers D, Pronk L, Highley M, et al. Pharmacokinetics of
ifosfamide are changed by combination with docetaxel: results of a
phase I pharmacologic study. Am J Clin Oncol 2000;23:358-63.

19. Wilson MW, Jackson JS, Phillips BX, et al. Real-time oph-
thalmoscopic findings of superselective intraophthalmic artery
chemotherapy in a nonhuman primate model. Arch Oph-
thalmol 2011;129:1458-65.

20. Gobin YP, Dunkel 1J, Marr BP, et al. Combined, sequential intra-
venous and intra-arterial chemotherapy (bridge chemotherapy) for
young infants with retinoblastoma. PLoS One [serial online]
2012;7:e44322. Available at: http://www.plosone.org/article/info%
3Adoi%2F10.1371%2Fjournal.pone.0044322. Accessed October
23,2013.

21. Dunkel 1J, Lee TC, Shi W, et al. A phase II trial of carboplatin
for intraocular retinoblastoma. Pediatr Blood Cancer 2007;49:
643-8.

22. Common Terminology Criteria for Adverse Events (CTCAE)
version 4.0. National Cancer Institute, National Institutes of
Health; 2009:22-7. Available at: http://evs.nci.nih.gov/ftpl/
CTCAE/About.html. Accessed October 23, 2013.

23. Chow SC. Exact test for proportions. In: Chow SC, Shao J,
Wang H, eds. Sample Size Calculation in Clinical Research.
New York: Marcel Decker; 2003:106-37.

24. Palioura S, Gobin YP, Brodie SE, et al. Ophthalmic artery
chemosurgery for the management of retinoblastoma in eyes
with extensive (>50%) retinal detachment. Pediatr Blood
Cancer 2012;59:859-64.

25. Tubergen DG, Stewart CF, Pratt CB, et al. Phase I trial and
pharmacokinetic (PK) and pharmacodynamics (PD) study of
topotecan using a five-day course in children with refractory
solid tumors: a Pediatric Oncology Group Study. J Pediatr
Hematol Oncol 1996;18:352-61.

26. Santana VM, Zamboni WC, Kirstein MN, et al. A pilot study
of protracted topotecan dosing using a pharmacokinetically
guided dosing approach in children with solid tumors. Clin
Cancer Res 2003;9:633-40.

27. Gobin YP, Rosenstein LM, Marr BP, et al. Radiation exposure
during intra-arterial chemotherapy for retinoblastoma [letter].
Arch Ophthalmol 2012;130:403—4; author reply 404—5.

28. Bunin GR, Felice MA, Davidson W, et al. Medical
radiation exposure and risk of retinoblastoma resulting
from new germline RB1 mutation. Int J Cancer 2011;128:
2393-404.

Originally received: August 11, 2013.
Final revision: October 27, 2013.
Accepted: October 28, 2013.

Available online: mmm. Manuscript no. 2013-1338.

! Unidad de Farmacocinética Clinica, Hospital de Pediatria JP Garrahan,
Buenos Aires, Argentina.

2 Servicio de Cardiologfa-Intervencionismo, Maternidad Suizo Argentina,
Buenos Aires, Argentina.

3 Servicios de Hematologia-Oncologia, Hospital de Pediatria JP Garrahan,
Buenos Aires, Argentina.

“ Servicios de Oftalmologia, Hospital de Pediatria JP Garrahan, Buenos
Aires, Argentina.

3 Instituto Nacional de Cancer, Rio de Janeiro, Brazil.

6 Unidad de Oncologia Ocular Hospital Oncologico Luis Razzetti, Caracas,
Venezuela.


http://refhub.elsevier.com/S0161-6420(13)01052-X/sref1
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref1
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref1
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref2
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref2
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref2
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref3
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref3
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref3
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref3
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref4
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref4
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref4
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref5
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref5
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref5
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref5
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref6
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref6
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref6
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref6
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref7
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref7
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref7
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref7
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref8
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref8
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref8
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref9
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref9
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref9
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref9
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref10
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref10
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref10
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref10
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref11
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref11
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref11
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref12
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref12
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref12
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref12
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref13
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref13
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref13
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref13
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref14
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref14
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref14
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref15
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref15
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref15
http://www.micromedexsolutions.com/
http://www.micromedexsolutions.com/
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref16
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref16
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref16
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref16
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref17
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref17
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref17
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref18
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref18
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref18
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref18
http://www.plosone.org/article/info&percnt;3Adoi&percnt;2F10.1371&percnt;2Fjournal.pone.0044322
http://www.plosone.org/article/info&percnt;3Adoi&percnt;2F10.1371&percnt;2Fjournal.pone.0044322
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref20
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref20
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref20
http://evs.nci.nih.gov/ftp1/<?show [?tjl=20mm]&tjlpc;[?tjl]?>CTCAE/About.html
http://evs.nci.nih.gov/ftp1/<?show [?tjl=20mm]&tjlpc;[?tjl]?>CTCAE/About.html
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref22
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref22
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref22
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref23
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref23
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref23
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref23
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref23
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref24
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref24
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref24
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref24
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref24
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref27
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref27
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref27
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref27
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref25
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref25
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref25
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref25
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref26
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref26
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref26
http://refhub.elsevier.com/S0161-6420(13)01052-X/sref26

Taich et al + Melphalan Association with Topotecan after SSOAI

7 Consejo Nacional de Investigaciones Cientificas y Tecnicas, CONICET,
Buenos Aires, Argentina.

Financial Disclosure(s):

The author(s) have no proprietary or commercial interest in any materials
discussed in this article.

Supported by Consejo Nacional de Investigaciones Cientificas y Técnicas,
Buenos Aires, Argentina (grant no.: 11220090100343); Agencia Nacional
de Promocién Cientifica-FONCYT, Buenos Aires, Argentina (PICT

Bicentenario no.: 2010—2271); Hospital JP Garrahan, Buenos Aires,
Argentina; Fund for Ophthalmic Knowledge, New York, New York
(G.L.C., A.C.F.); and Fundacién Natalie D. Flexer de Ayuda al Nifio con
Céncer, Buenos Aires, Argentina (G.L.C., A.C.F.).

Correspondence:

Paula Schaiquevich, PhD, Unidad de Farmacocinética Clinica, Hospital de
Pediatria J.P. Garrahan, Combate de los Pozos 1881, C1245AAL, Buenos
Aires, Argentina. E-mail: paula.schaiquevich@gmail.com.


mailto:paula.schaiquevich@gmail.com

	Clinical Pharmacokinetics of Intra-arterial Melphalan and Topotecan Combination in Patients with Retinoblastoma
	Methods
	Patients and Treatment
	Efficacy and Adverse Events Assessment
	Pharmacokinetic Studies: Sample Collection and Bioanalysis
	Pharmacokinetic Studies: Data Analysis
	Statistical Analysis

	Results
	Patient Population
	Clinical Response to the Topotecan and Melphalan Combination
	Melphalan Pharmacokinetics
	Topotecan Pharmacokinetics
	Effect of Sequence on Melphalan and Topotecan Pharmacokinetics
	Effect of Topotecan on Melphalan Pharmacokinetics
	Toxicity

	Discussion
	Acknowledgments
	References


