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Abstract

Purpose Intraocular retinoblastoma
treatments often combine chemotherapy and
focal treatments. A first prospective protocol
of conservative treatments in our institution
showed the efficacy of the use of two courses
of chemoreduction with etoposide and
carboplatin, followed by chemothermotherapy
using carboplatin as a single agent and diode
laser. In order to decrease the possible long-
term toxicity of chemotherapy due to
etoposide, a randomized neoadjuvant phase
IT protocol was conducted using vincristine—
carboplatin vs etoposide—carboplatin.
Patients and methods The study was
proposed when initial tumor characteristics
did not allow front-line local treatments.
Patients included in this phase II
noncomparative randomized study of
neoadjuvant chemotherapy received
vincristin—carboplatin (new arm) vs
etoposide—carboplatin (our reference arm).
They were subsequently treated by local
treatments and chemothermotherapy. Primary
end point was the need for secondary
enucleation or external beam radiotherapy
(EBRT) not exceeding 40% at 2 years.

Results A total of 65 eyes in 55 children
were included in the study (May 2004 to
August 2009). Of these, 32 eyes (27 children)
were treated in the arm etoposide—carboplatin
and 33 eyes (28 children) in the arm
vincristin—carboplatin. At 2 years after
treatment, 23/33 (69.7%) eyes were treated and
salvaged without EBRT or enucleation in the
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arm vincristin—carboplatin and 26/32 (81.2%)
in the arm etoposide—carboplatin.
Conclusion Even if the two treatment arms
could be considered as sufficiently active
according to the study decision rules,
neoadjuvant chemotherapy by two cycles of
vincristine—carboplatin followed by
chemothermotherapy appear to offer less
optimal local control than the etoposide-
carboplatin combination.
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Introduction

The conservative management of retinoblastoma
requires a combination of several treatment
modalities in order to obtain tumor control,
preservation of the eye, and to optimize visual
function. Radiotherapy (external beam or
radioactive plaque brachytherapy) was the first
main conservative treatment. Then treatment
regimens comprising chemotherapy appeared in
order to avoid the well-known adverse effects of
external beam radiotherapy (EBRT) (especially
the increased risk of secondary tumor in the
irradiation field).? Numerous conservative
treatment modalities have been published:
cryoapplication, thermotherapy alone or
combined with systemic chemotherapy, plaque
radiotherapy, or even exclusive
chemotherapy.3~12 More recently, periocular,
intraarterial, and intravitreal administration of
chemotherapy have been used and are still
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under evaluation. These last modalities were developed
during the study period.'>!> The current conservative
strategy often needs the combination of several of the
therapeutic modalities indicated above. Our team
published, in 2008, a phase II prospective study on the
efficacy of a treatment combining local therapies or
chemothermotherapy after chemoreduction by etoposide
and carboplatin (2 cycles) whenever the tumors are not
directly treatable by local treatments.® This study
confirmed the validity of our proposed approach. Tumor
control rates were high and comparable to those reported
in other studies, and to the results of the reference
treatment, that is, EBRT. The cumulative doses of
chemotherapy used for the majority of patients were lower
than those reported in most other publications and the
immediate safety was excellent. Chemotherapy is
obviously associated with a possible long-term mutagenic
risk, especially after using etoposide in children often
presenting a constitutional mutation of the RbI gene, even
if etoposide-induced secondary leukemia has been only
very rarely reported after retinoblastoma treatment and
always after higher cumulative doses of >2g/m?1¢ The
next step was to discuss a less intensive therapy in order to
decrease the possible toxicities, and a phase II randomized
study has been realized where patients who required
neoadjuvant treatment received vincristine+carboplatin
(new arm of this study) vs carboplatin+etoposide (our
reported standard arm). This treatment was followed by
the local therapies usually used in our center. The results of
this study are presented in this paper.

Patients and methods

This was a multicenter study, designed as a phase II,
prospective, randomized, noncomparative evaluation of
two cycles of neoadjuvant chemotherapy before the
different modalities used for the conservative treatment of
retinoblastoma, such as chemothermotherapy,
thermotherapy, cryoapplication, and plaque
brachytherapy (all the local ocular treatments and
evaluations were conducted in Institut Curie).

The primary objective was to evaluate the tumor
response after vincristine-carboplatin and after
etoposide—carboplatin. The main objective was to obtain a
percentage of conservatively treated eyes without EBRT
of >60%, as obtained by our standard approach used
(etoposide—carboplatin).® Secondary objectives were
evaluation of the short, medium-, and long-term systemic
adverse effects, particularly the development of second
tumors.

All patients with unilateral or bilateral retinoblastoma
(without age limit) amenable to conservative
management in at least one eye for bilateral cases and
requiring an initial neoadjuvant chemotherapy were
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eligible for this study. Patients bearing tumors not
occupying more of half of the vitreous cavity and without
invasion of the anterior segment of the eye or extraocular
involvement. For bilateral retinoblastoma patients with
one eye requiring first-line enucleation and conservative
treatment in the other eye, the enucleated eye was not
included in the analysis. Patients harboring only tumors
that were directly amenable to local ophthalmic
treatments or chemothermotherapy (ie, tumors of

<3 mm) were not included.

According to current guidelines and legislation in
France, this interventional study was approved by an
independent ethics committee. The study sponsor had
obtained an appropriate civil liability insurance policy
and both parents signed an informed consent before
inclusion in the protocol.

Treatments

For all children, an ocular fundus examination under
general anesthesia was performed by one of the three
senior ophthalmologists. An ocular fundus diagram was
established and the Reese-Ellsworth classification as well
as the International Classification of Retinoblastoma
(ICRB)'7 were determined.

Clinical pediatric examination was performed as well
as imaging (MRI more often than CT scan) of the orbits
and brain.

Following this examination, inclusion in the study was
proposed when it was envisaged to preserve at least one
eye and when neoadjuvant chemotherapy was indicated
before the ocular treatments.

After consent of parents, randomization was realized
by the clinical investigations unit, and the child received
either vincristine-carboplatin or our standard etoposide—
carboplatin combination.

Neoadjuvant chemotherapy phase

Reference arm  Children over the age of 1 year or
weighing >10kg received etoposide 150 mg/m?/day
from day 1 to day 3 (D1 to D3) and carboplatin

200 mg/ m?/ day from D1 to D3 using a 1-h infusion for
each drug. In children under 1 year and/or weighing
<10kg, chemotherapy doses were etoposide 5 mg/kg/
day and carboplatin 6.7 mg/kg/day from D1 to D3.

A further dose reduction was used in children between
1 and 2 months: etoposide 3.3 mg/kg/day and
carboplatin 4.5 mg/kg/day from D1 to D3.

New arm of the study In children over the age of 1 year
and weighing >10kg, carboplatin 560 mg/m?*/day

(in 1-h infusion) and vincristine 1.5 mg/m?/day (bolus
infusion), maximal dose 2 mg was administered at D1.
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In children under 1 year and/or <10kg, carboplatin
doses were adjusted to the weight, 18.7 mg/kg/day at D1
and vincristine 0.05 mg/kg/day at D1.

In children from 1 to 2 months the vincristine dose was
unchanged (0.05 mg/kg/day) but a further carboplatin
dose reduction was used (12.5 mg/kg/day).

In neonates until the age of 1 month we used the same
interim chemotherapy than previously reported with two
courses of cyclophosphamide 10 mg/kg/day from D1 to
D3 and vincristine 0.05mg/kg on D1 at 2 weeks of
interval before starting vincristine-carboplatin or
etoposide—carboplatin neoadjuvant chemotherapy.®

After the second course of chemotherapy, ocular
fundus examination under general anesthesia was
performed for clinical complete ocular tumor evaluation
and to guide the following therapies for each tumor.
Conservative treatment was considered a success when
only chemothermotherapy, thermotherapy,
cryoapplication, or iodine 125 (**’I) plaque brachytherapy
were used. The need for EBRT or enucleation when the
tumor was still not amenable to conservative
management were considered as failures.

Ophthalmic therapy

The various treatment modalities proposed after the
initial chemoreduction phase (two cycles) are
chemothermotherapy (CTT), cryoapplication,
thermotherapy, and '*I brachytherapy, with the
indications adopted by our center and described
elsewhere.®

For chemothermotherapy, the technique consists a
combination of transpupillary thermotherapy (TTT)
delivered after systemic administration of carboplatin.
A dose of 560 mg/m? is administered intravenously
1 to 2 h before thermotherapy. For children weighing
<10 kg or younger than 12 months, the dose is adapted to
weight (18.7 mg/kg). TTT is then delivered under general
anesthesia with fully dilated pupils. A continuous mode
diode laser (810 nm) (Iridex, Mountain View, CA, USA) is
used with a microscope adapter allowing a spot size
ranging from 0.3 to 2.0 mm. Laser hyperthermia
(thermotherapy) is applied under the operating
microscope and through a contact lens (three-mirror lens).
Each tumor is treated separately in a single session. This
cycle is administered every 28 days for a minimum of 1 to
a maximum of 6 cycles.

These various modalities may be combined for the
treatment of one or several tumors for each eye and child.

Follow-up

Ophthalmologic ~ After treatment, monthly assessment by
ocular fundus examination under general anesthesia is

Eye

performed for the first year, and the frequency of follow-
up is then gradually reduced to a quarterly examination.
Ocular fundus photographs are regularly performed with
the Retcam (Clarity Medical Systems, Inc., Pleasanton,
CA, USA).

Long-term follow-up is performed every 3 months for
several years on an outpatient basis.

Pediatric  During treatment: Children were closely
followed for the management of chemotherapy toxicity
(digestive, hematologic, infectious), including laboratory
assessments (complete blood count, 2 to 3 times a week
and serum electrolytes, urea, creatinine, liver function
tests, before each course). Hearing assessment was
performed initially and during follow-up.18

After treatment: Clinical follow-up is realized every
2 months after completion of treatments, then every
6 months for 1 year and then annually. It includes
interview and complete clinical examination, evaluation
of growth, as well as auditory and renal function and
screening for second tumors.

Statistical methods

The primary end point of this study was the need for
EBRT or enucleation (defined as failures of the treatment)
at 2-year follow-up. Missing outcomes were considered as
failures.

Because the failure rate observed with the reference
treatment (etoposide—carboplatin) was not known with
sufficient accuracy, a randomized phase II trial was
planned, with etoposide—carboplatin arm being an
internal reference to validate the hypothesis used to
estimate the sample size. Because a usual randomized
study, designed to detect a small difference in outcomes
between the two arms, would have needed a large
number of patients (not compatible with a phase II study
nor a rare disease), no formal statistical comparison
between the two arms was planned.!%?

The decision rules were the same for our reference
(etoposide—carboplatin) and the new arm (vincristine—
carboplatin), and were defined according to the single-
stage Fleming design.?"??> The number of eyes to include
in each arm is 33 (17 to 33 patients). If >11 failures are
observed among the 33 eyes (>33.3%), the percentage of
failures is considered as superior to what was expected,
and corresponding treatment is considered uninteresting
for further evaluation. If failures are <10 (<30.3%), the
percentage of failures is considered sufficiently low to
conclude that corresponding treatment is active. Based on
previous experience,® the null hypothesis was defined as a
failure rate of >40% vs an alternative hypothesis of a
failure rate of <20%. With the above decision rules, the
probability to conclude that a treatment is effective if the



failures are <20% (ie, power in each arm) is 95%.
The probability to conclude that it is effective if the
failures are >40% (ie, type I error in each arm) is 16.9%.

In order to stop the study earlier if the failures rate is
greater than expected, a futility interim analysis was
planned. Among the first 13 eyes included in each arm
(7 to 13 patients), if >4 failures were observed at 1-year
follow-up, accrual to the corresponding arm would be
terminated. This rule allows stopping accruals in >85%
of cases if failures rate is >50%.

Because of the nature of disease under evaluation,
subjects could provide information for only one or both
eyes. Thus, two outcomes could be observed in the same
individual. Because of the small sample size of the study,
no particular technique was implemented to take into
account correlation between the outcomes observed
within one subject.

Results

During the study period (May 2004 to August 2009), 55
children (65 eyes) were recruited in the study. In the same
time period, 304 children were referred for retinoblastoma
in our center. Of these, 249 were not included (242 did not
have inclusion criteria, 1 parent refusal, and 6 children for
whom the follow-up was doubtful; see Supplementary
Figure 1 flow chart online).

Median follow-up at the time of analysis is 4.2 years in
each arm. A total of 27 children (32 eyes) were
randomized as per standard treatment: etoposide—
carboplatin. Mean age at inclusion was 11 months, and
male/female sex ratio was 13:14. A total of 28 children
(33 eyes) were randomized as ‘new treatment’:
vincristine—carboplatin.

None of the children were seen under the age of
1 month, and none of them received cyclophosphamide.
Mean age at inclusion was 11.9 months, and male/female
sex ratio was 15:13. Both arms were also comparable in
terms of unilaterality or bilaterality of cases.

All subsequent analyses were realized in terms of eyes
included in each arm (ie, 32 eyes randomized in the
standard arm and 33 eyes randomized in the
experimental arm). Initial characteristics of eye
classification according to the Reese-Ellsworth and IRC
classifications and presence of subretinal or vitreous
seeding are described in Tables 1,2,3. Group D and
secondary subretinal seeding were more frequent in the
experimental arm.

After the initial randomized phase of two cycles of
chemoreduction, the children are treated according to our
conservative standard treatments. Each type of local
treatment is described in Table 4. They are comparable in
each arm.
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Table 1 Description of Reese-Ellsworth classification: number
of eyes (%)

Reese Etoposide—carboplatin Vincristine—carboplatin
I 7 (21.9%) 4 (12.1%)

I 9 (28.1%) 6 (18.2%)

I 10 (31.5%) 15 (45.5%)

v 2 (6.2%) 3 (9.1%)

\% 4 (12.5%) 5 (15.2%)

Table 2 IRC classification: number of eyes (%)

IRC classification  Etoposide—carboplatin  Vincristine—carboplatin
A 2 (6.2%) 1 (3.0%)

B 16 (50%) 16 (48.5%)

C 7 (21.9%) 4 (12.1%)

D 7 (21.9%) 12 (36.4%)

Table 3 Presence of subretinal or vitreous seeding eyes (%)

Seeding Etoposide— Vincristine—
carboplatin carboplatin
Subretinal seeding
At diagnosis 7 (21.9%) 8 (24.2%)
After chemoreduction 3 (9.4%) 8 (24.2%)
Vitreous seeding 9.3% 9.1%

Table 4 Treatments realized after the initial chemoreduction
phase

Treatments after two cycles of Etoposide— Vincristine—

chemotherapy carboplatin carboplatin
Chemothermotherapy 30 Eyes 29 Eyes
(IV carboplatin alone and TTT)

TTT 10 Eyes 13 Eyes
Cryoapplication 12 Eyes 20 Eyes
Radioactive plaques 2 Eyes 3 Eyes

Abbreviations: IV, intravenous; TTT, transpupillary thermotherapy.

In the reference arm, 1 child did not receive any CTT,
1 child received one course, 3 children received 2 courses,
16 children received 3 courses, 6 children received 4
courses, none received 5 courses, and 1 received 6 courses
for a relapsing lesion after 3 initial courses. In the
experimental arm, 1 child did not receive CTT, none had
just one course, 3 children had 2 courses, 12 children had
3 courses, 3 children had 4 courses, 1 child had 5 courses
(for relapse after initial 3 courses), and finally 1 child
received 6 courses (4 for relapsing lesions after 2 initial
courses).

At the end of follow-up of 2 years for each child (and
eye) included, the evaluation is realized and the number
of failures is of 6 eyes in our reference arm and 10 in the

Eye



Retinoblastoma conservative treatment
L Lumbroso-Le Rouic et al

U | S
°
l'L',

Table 5 Systemic toxicities in each arm

Etoposide— Vincristine—

carboplatin carboplatin
Red blood cell transfusion 20 3
Platelet transfusion 23 5
Grade IV neutropenia 32 20
Hospitalization between courses 13 8

new arm. In the reference arm, four eyes were enucleated,
one eye received EBRT, and one was successively treated
by EBRT and enucleation. In the vincristine—carboplatin
arm, nine eyes required enucleation and one could be
salvaged by EBRT.

In both arms, failures (EBRT and/or enucleation) are
more common in group D eyes (3/6 failures in reference
arm and 6/10 in experimental arm).

Systemic toxicity is described in Table 5. As expected,
the hematological toxicity is higher in the reference arm
but no severe or unexpected toxicity has been
encountered and toxicity remains in the usual range of
chemotherapy-induced toxicity at this age. No second
cancer has been observed.

Discussion

This study describes the results of a prospective phase II
randomized noncomparative study of chemoreduction by
vincristine-carboplatin vs our standard treatment
etoposide—carboplatin. This study was planned in order
to decrease the short-, medium-, and long-term toxicities
of etoposide.

Both arms are generally comparable in terms of initial
characteristics at diagnosis. However, it must be underlined
that the proportion of group D eyes was slightly higher in
the ‘new arm’ (vincristine—carboplatin) that can have an
impact on the success of conservative treatment. More
subretinal seeding was also observed after neoadjuvant
chemotherapy in this arm. This presentation is usually
associated with a reduced eye preservation rate. The total
carboplatin dose per course was based on previous
publications and was very similar (respectively 600 and
560 mg/m” in standard and experimental arm), even
though it was administered in 3 days in the standard arm
and 1 day in the experimental arm.®

The conservative strategy adopted after
chemoreduction is comparable in the two arms and to our
usual conservative management of retinoblastomas with
children receiving local treatments and
chemothermotherapy (one-drug chemotherapy associated
to laser hyperthermia median of three cycles in each arm)
for a maximum of 6 cycles of CTT (8 cycles of
chemotherapy) for 3 children, all for relapsing lesions
(1 in the reference arm and 2 in the experimental arm).
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The total dose of carboplatin is therefore comparable to
the dose used in the three-drug regimens and VP 16 is
inferior in our standard arm.

Failures (need for enucleation or EBRT) were observed
for 6 eyes in the reference arm and 10 in the new arm, just
corresponding to the predefined threshold value for
rejecting the null hypothesis (insufficient activity).

When the study was designed, the hypothesis was that
failures would be ~40% of treated eyes, which were the
standard results for the EBRT studies for comparable
patient cohorts.?® The study initially evaluated in 10 eyes
the maximum number of failures to conclude the efficacy
of the chemotherapy association used.

In the study we observed a failure for 10 eyes in the
‘new arm’, but only 6 in the reference arm. The initial
hypothesis was therefore possibly more pessimistic than
the obtained results in each arm. Nevertheless, the
reference arm etoposide—carboplatin achieves better
results, and the new vincristine-carboplatin arm seems
insufficiently active when compared with the reference
arm, and therefore it cannot be recommended for the
chemoreduction phase.

Conservative management of retinoblastoma uses
different strategies depending on each group. Intravenous
chemotherapy is widely used in most of the protocols.
Number of drugs and cycles vary. The association of three
drugs for six cycles and the use of local adjuvant therapy
is widely used by different groups.!!242

Our previous published study showed good results of
our adopted strategy of conservative treatment
associating intravenous neoadjuvant chemotherapy with
two drugs (etoposide and carboplatin for two cycles)
followed by 2—4 cycles of carboplatin alone chemotherapy
and laser thermotherapy (chemothermotherapy). Tumor
control was obtained for 84% of the eyes and ocular
preservation in 80% of the eyes.®

Other studies suggested that less chemotherapy could
be used. The series showed that carboplatin and
vincristine or even carboplatin alone may achieve good
tumor control.1226-28

This new study shows that deescalation, using
vincristine instead of etoposide, seems not enough active
to achieve satisfactory tumor control and eye preservation
without EBRT. Furthermore, the very low risks of
etoposide-induced secondary leukemia (at the doses we
used, only for the initial two courses) should not defer
physicians from its use in this indication.

During the progress of the study, other therapeutic
approaches appeared for the conservative treatments of
retinoblastoma, and direct intraarterial chemotherapy
with melphalan or other drugs began to be used more
widely,?-3! as well as the use of periocular chemotherapy
and even intravitreal injections of cytotoxic drugs.'®
The last data on intraarterial chemotherapy seem to show



satisfactory eye preservation for first-line as well as
second-line treatments.3%3! Short-term ocular toxicity
may be seen with ischemic short-term complications
being described.3>33 However, more follow-up is needed
to evaluate long-term ocular preservation and toxicity of
the technique.

Intravitreal injection of chemotherapy may be an
interesting tool in the management of selected cases with
active vitreous seeding.!®

All these techniques can be combined to obtain the best
tumor control, especially in the more advanced D group
cases, these patients needing more treatments. Since the
end of the study bilateral group D patients are treated by
an association of six courses of three drugs chemotherapy
regimen and local adjuvant therapies. Intravitreal
injections are discussed on a case-to-case basis in the
event of intravitreal seeding. Even though the use of
intraarterial and intravitreal chemotherapy is very
interesting, intravenous chemotherapy associated with
local ocular treatments (cryoapplication and laser
thermotherapy) remains a valid and efficient conservative
management of retinoblastoma for a majority of patients.

Best ocular preservation and lowering the possible
toxicities are the main concerns of conservative treatments.

Most of the failures are observed for group D eyes. For
these advanced cases, treatment improvements are still
needed in order to obtain a better ocular preservation
with less possible systemic complications. For the less
advanced stage, deescalation of therapy must be
discussed.

This study does not allow to recommend the use of
vincristine instead of etoposide in combination with
carboplatin for the neoadjuvant treatment of intraocular
retinoblastoma before chemothermotherapy and local
adjuvant therapies.

Summary

What was known before
® Intravenous chemotherapy is the standard conservative
option for conservative treatment of retinoblastoma. Protocols
vary, with two- to three-drug regimen for 4-6 cycles.

What this study adds
® Randomized study of a two-drug regimen.
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