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Abstract
Background—The eYcacy of the
etoposide-carboplatin combination in ex-
traocular retinoblastoma is well known.
This drug combination is therefore used
in intraocular retinoblastoma, as primary
reduction chemotherapy, before local
treatment. The use of carboplatin in com-
bination with diode laser hyperthermia as
local treatment (thermochemotherapy)
has been recently described as a conserva-
tive approach avoiding external beam
radiotherapy in posterior pole tumours.
Methods—All patients were reviewed, who
were treated for retinoblastoma at the
Institut Curie between June 1994 and
October 1995, in whom treatment in-
cluded either reduction chemotherapy or
thermochemotherapy or both modalities
successively. 23 patients presenting with
unilateral (three) or bilateral (20) intra-
ocular retinoblastoma received neoadju-
vant chemotherapy consisting of two
courses of etoposide 150 mg/m2/day and
carboplatin 200 mg/m2/day for 3 days. 15
patients (17 eyes), eight of whom had
already received neoadjuvant chemo-
therapy, were treated by thermochemo-
therapy.
Results—Neoadjuvant chemotherapy:
overall, seven eyes in seven patients could
be treated conservatively, avoiding exter-
nal beam irradiation, with a median
follow up of 14 months. Thermochemo-
therapy: external beam irradiation was
avoided for 14 of the 17 eyes treated.
Conclusion—Integration of neoadjuvant
chemotherapy and combined treatment
with carboplatin and diode laser, into the
therapeutic armamentarium for retino-
blastoma allows use of more aggressive
treatments such as enucleation and exter-
nal beam radiation.
(Br J Ophthalmol 1998;82:1154–1158)

Retinoblastoma without extraocular involve-
ment has a good vital prognosis in Western
countries.1 2 Conservative approaches have
been developed in order to increase the eye
preservation rate and improve the visual prog-
nosis. When the dimensions or anatomic site of
the tumour prevent the use of classic conserva-
tive ophthalmological treatments (cryotherapy,
photocoagulation, iodine plaque irradiation),
the usual reference treatment is external beam

irradiation therapy,3 4 with its well known
adverse eVects:
x growth defect of the irradiated orbitotempo-

ral region with cosmetic sequelae1 5

x ocular adverse eVects likely to worsen the
visual (cataract) or functional prognosis (dry
eye, photophobia)2 5–7

x rare endocrine adverse eVects due to pitui-
tary irradiation, mainly consisting of defec-
tive growth hormone or thyrotropin
production8

x most importantly, in the context of patients
suVering from hereditary retinoblastoma
(bilateral or multifocal unilateral), a greatly
increased risk of sarcoma occurring within
the irradiation field.5 9 10

The development of alternative therapeutic
strategies is therefore justified in order to avoid
late eVects of external beam radiotherapy.

Neoadjuvant chemotherapy in retinoblast-
oma with intraocular involvement can there-
fore be proposed in diVerent clinical situations:
x in less extensive tumours, reduction of the

tumour volume by chemotherapy can im-
prove the accessibility to classic local con-
servative ophthalmological treatments or
new modalities such as thermochemo-
therapy

x in more extensive tumours, chemotherapy
may improve the accessibility to external
irradiation as well as a better visual progno-
sis

The choice of the combination of etoposide
and carboplatin for neoadjuvant chemotherapy
of intraocular retinoblastoma is justified by the
recognised activity of this combination in
extraocular retinoblastoma,11–13 but also by
other experiences in intraocular retino-
blastoma.14–17

The toxic eVect of hyperthermia and poten-
tiation of this eVect by simultaneous adminis-
tration of platinum analogues have been
demonstrated.18 19 Intraocular retinoblastoma
represents an interesting model for such treat-
ment because hyperthermia can be delivered
very precisely by using the diode laser. The first
results of combined carboplatin and diode
laser in retinoblastoma are very
encouraging20 21 and suggest inclusion of this
treatment in the armamentarium against
retinoblastoma.

The essential indications for treatment by
carboplatin and diode laser are small to
medium size tumours posterior to the equator.

The objectives of our study were to evaluate
the eYcacy and toxicity of the combination of
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etoposide and carboplatin and thermochemo-
therapy in patients with intraocular retinoblast-
oma.

Patients and methods
NEOADJUVANT CHEMOTHERAPY

Twenty three patients suVering from intraocu-
lar retinoblastoma not completely treatable by
ophthalmological methods were included in
this study between June 1994 and October
1995. Four eligible patients were not included
over the same period—two because of predict-
able poor compliance with follow up and two

because of infectious diseases at the time of
diagnosis (congenital toxoplasmosis, viral in-
fection).

There were 16 boys and seven girls, aged 24
days to 54 months (median 9 months)
presenting with bilateral retinoblastoma in 20
cases and unilateral retinoblastoma in three
cases.

Five patients with bilateral retinoblastoma
underwent immediate unilateral enucleation.
Thirty eight eyes were therefore evaluable for
eYcacy, corresponding to Reese groups I
(two), II (one), III (12), IV (3), and V (20). All

Table 1 Neoadjuvant chemotherapy

Eye
Age at
diagnosis

Reese group and
characteristics of the eyes at
diagnosis Response to etoposide/carboplatin

Treatment after
chemotherapy

Relapse (initial time after primary
treatment)

Follow up after
last treatment
(months)

1 R 4 months III complete fragmentation thermochemotherapy cf Table 2
L IV, TRD complete fragmentation 125I

complete reapplication thermochemotherapy
cryotherapy

2 R 3 months III partial fragmentation thermochemotherapy cf Table 2
L V, buphthalmia ocular atrophy enucleation

3 R 23 days III complete fragmentation thermochemotherapy cf Table 2
L V NE

4 R 6 months V complete fragmentation thermochemotherapy cf Table 2
2 new tumours

L III complete fragmentation thermochemotherapy
5 R 16 months I partial fragmentation thermochemotherapy cf Table 2

L III complete fragmentation EBR
6 R 18 months V, TRD partial fragmentation, TRD enucleation cf Table 2

L III partial fragmentation thermochemotherapy
7 R 15 months V, vitreous seeding, TRD complete fragmentation EBR 8 months (enucleation) 10

stable vitreous seeding
complete reapplication

L V, vitreous seeding, TRD id EBR 18
8 R 10 months V partial fragmentation enucleation

TRD
L III partial fragmentation EBR 31

9 R 3 months III partial fragmentation + 3 new tumors EBR 29
L V NE

10 R 14 months V, TRD TRD enucleation
L V, vitreous seeding +++ partial fragmentation EBR 24

reduction of vitreous seeding
11 R 15 months III partial fragmentation EBR 20

L III complete fragmentation EBR 20
12 R 24 days V, TRD partial fragmentation, TRD EBR 6 months (secondary enucleation) 6

L V, TRD partial fragmentation EBR (secondary enucleation)
TRD

13 R 4 months I partial fragmentation abstention 4 months EBR 18
L V NE

14 R 14 months V, vitreous seeding total fragmentation, stable vitreous EBR 23
TRD seeding

retinal reapplication
L V partial fragmentation enucleation

TRD, vitreous seeding? TRD, vitreous stable
15 R 9 months III partial fragmentation EBR 18

L III partial fragmentation EBR 18
vitreous progression

16 R 4 months V partial fragmentation EBR 22 months
(thermochemotherapy)

5

L IV, partial RD complete fragmentation, complete
reapplication

EBR 27

17 R 3 months V, TRD complete fragmentation EBR 18
complete reapplication
progr vitreous

L V complete fragmentation EBR 18
partial RD complete reapplication

progr vitreous
18 R 24 months V NE

L V (large T) partial fragmentation EBR 8 months (cryotherapy) 1 (lost FFU)
vitreous + reduction of vitreous seeding

19 R 8 months V partial fragmentation enucleation
vitreous seeding, TRD V+ TRD

L V partial fragmentation EBR 24
vitreous seeding stable vitreous seeding
TRD partial retinal reapplication

20 R 13 months V, TRD partial fragmentation EBR 7 months (secondary enucleation) 13
partial fragmentation

L V NE
21 R 5 months IV partial fragmentation thermochemotherapy cf Table 2

partial RD complete retinal reapplication
22 L 8 months II partial fragmentation thermochemotherapy cf Table 2
23 L 54 months V progressive disease in vitreous enucleation and

chemotherapy
24

NE = not evaluable (primary enuclation); TRD = total retinal detachment; EBR = external beam radiotherapy.
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group V cases corresponded to large tumours
(Va) and not only localised vitreous seeding
(Vb).

Chemotherapy consisted of etoposide at the
dose of 150 mg/m2/day from day 1 to day 3 by
1 hour infusions and carboplatin at the dose of
200 mg/m2/day from day 1 to day 3 by 1 hour
infusions; the doses were adapted to weight (5
mg/kg/day and 6.7 mg/kg/day respectively) in
bodies weighing less than 10 kg and under the
age of 1 year. The treatment plan consisted of
administration of two successive courses, sepa-
rated by an interval of 21 days, with ocular
fundus examination after both courses. Hae-
matological follow up consisted of at least two
blood cell counts per week, or more frequently
depending on the clinical context. Patients
received prophylactic treatment with
sulphamethoxazole-trimethoprim and platelet
transfusion recommendations were designed to
maintain the platelet count above 50 × 106/l in
order to limit the risk of intraocular haemor-
rhage.

THERMOCHEMOTHERAPY

Between January and October 1995, we treated
21 tumours in 17 eyes of 15 children with the
combination of carboplatin and diode laser.20

Retinoblastoma was unilateral in two cases,
and bilateral in 13 cases; there were nine boys
and six girls aged 1–23 months (median 6
months). The tumour diameter was between
1.5 and 10 mm (median 4.5 mm).

In eight cases, treatment was performed after
reduction of tumour volume by two courses of
etoposide and carboplatin. In all but one case
the tumour was located at the posterior pole
close to, but not invading, the macula in five
cases, and close to the optic disc in three cases.
In three cases, treatment was delivered for focal
relapse after cryotherapy, and in one case treat-
ment was delivered for recurrence after treat-
ment with carboplatin and crystal laser.

Other local treatments for other tumour sites
on the same eye were simultaneously associ-
ated in 11 eyes: cryotherapy and 125I at the reti-
nal periphery, xenon arc photocoagulation at
the posterior pole.

In one case, we treated a 5 day old baby with
diode laser alone and started carboplatin asso-
ciated with diode laser at 1 month for two
lesions very close to the macula.

The 1 hour intravenous infusion of carbopla-
tin was administered at the dose of 18 mg/kg,
while the child was in the paediatric depart-
ment. Two hours after the infusion, the child
was taken to the operating room for general
deep anaesthesia after complete pupillary dila-
tation. The tumour was treated with diode
laser (810 nm now marketed by Iris Medical
Inc) for 20 minutes by continuous mode. At
day 8, a new laser treatment, not preceded by
carboplatin infusion, was performed under
general anaesthesia. At day 28, a new course
was performed with a total of three cycles
(three intravenous infusions of carboplatin and
six laser treatments). We used a spot of 1.2 mm
and 600 mW in nine tumours, 0.8 mm and 300
mW in six tumours, and 0.3 mm and 150 mW
in four tumours.

In three cases, the tumour was totally
flattened after one cycle, but as a safety meas-
ure, we preferred complete treatment by cryo-
therapy.

Results
NEOADJUVANT CHEMOTHERAPY

EYcacy after two courses
Detailed outcome of the eyes, according to the
Reese groupings, is shown in Tables 1 and 2. In
large bilateral tumours, examination after neo-
adjuvant chemotherapy determined the need
for enucleation, specifically when total retinal
detachment persisted. Seven eyes were enucle-
ated after chemotherapy and none of them
presented any histological risk factor. Two of

Table 2 Thermochemotherapy

Patient No

Age of
diagnosis
(months)

Previous
treatment

Other local
treatment
(of other tumours
of the same eye)

Thermochemotherapy
cycles

Time to
recurrence
(months) Ocular outcome Treatment of recurrence

Follow up
after last
treatment
(months)

1 T1 R * Neoadj chemo Cryo 1 + cryo Tumour inert 23
T2 R * Neoadj chemo Cryo 3 Tumour inert 21

2 T1 R * Neoadj chemo 125I 3 Tumour inert 19
T2 R * Neoadj chemo 125I 3 Tumour inert 19

3 R * Neoadj chemo Cryo 3 5 Recurrence Ext beam irr 19
4 R * Neoadj chemo Cryo 3 2 Recurrence Ext beam irr 19

L * Neoadj chemo 3 6 Recurrence 2 cryo + Thermochemo 12
5 L * Neoadj chemo 3 Tumour inert 14
6 R * Neoadj chemo Cryo 3 3 Recurrence Thermochemo + Cryo + 125I 4
21 L * Neoadj chemo 3 2 Recurrence Cryo + 125I + Thermochemo 14
22 L * Neoadj chemo 3 24 Recurrence 3 Cryo 6
24 L 3 Neoadj chemo Cryo 3 3 Recurrence 125I 29

R Cryo + 125I
25 L 5 Cryo 3 Tumour inert 32

R Directly Enucleation Enucleation
26 R 4 Cryo Cryo + 125I 2 5 Recurrence Thermochemo 18

L Directly Enucleation
27 R 9 Cryo Cryo 1 + Cryo Tumour inert 20

L Directly Enucleation
28 L 6 Cryo Cryo 1 + Cryo Tumour inert 13

R Cryo + thermochemo (not included in the study)
29 T1 R Cryo Cryo 3 7 Recurrence 2

Ext beam irr
2

T2 Cryo Cryo 3 Tumour inert 3 3 4

T1 L 1 Laser alone Cryo + 125I 3 Tumour inert 16
T2 Laser alone Cryo + 125I 3 Tumour inert 16

30 L 9 3 Tumour inert 24

*cf Table 1.
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three patients with unilateral retinoblastoma
were suitable for a conservative approach
avoiding external beam radiotherapy with a
follow up of 6 and 14 months after the last
treatment, and five eyes of six patients with
bilateral retinoblastoma were suitable for a
conservative approach avoiding external beam
radiotherapy with a median follow up of 14
months. However, radiation therapy could not
be avoided in all cases, especially in Reese
group V eyes with large tumours.

Toxicity
Forty five courses were evaluable for toxicity.
Grade IV neutropenia with a median duration
of 10 days was observed in 31 courses. Admis-
sion to hospital for infectious problems was
necessary in 10 courses delivered to nine
patients—fever of undetermined origin during
neutropenia after five courses (median hospital
stay 5 days), septicaemia without neutropenia
in children with central venous catheter after
four courses (Staphylococcus aureus, Candida
albicans, and Pseudomonas), and viral gastroen-
teritis after one course. No haemoglobin level
was under 65 g/l; red blood cell transfusion was
necessary after nine courses in eight patients.
Platelet transfusions were necessary after three
courses in two patients.

THERMOCHEMOTHERAPY

EYcacy
Detailed outcome of the eyes is reported in
Table 2.

Figures 1 and 2 show the tumour of patient
5 immediately after and at the end of
treatment.

No relapse of tumours treated by three
cycles of thermochemotherapy occurred in
nine tumours (seven eyes of six patients) with a

median follow up of 19.2 months (range
12–32). No relapse also occurred in three
tumours (three eyes of three patients) treated
by one cycle of thermochemotherapy and
completed by cryotherapy with a follow up of
13.2, 20, and 23 months. Local relapse
occurred in nine tumours (nine eyes of eight
patients). Treatment of relapses consisted of
thermochemotherapy alone in one eye, cryo-
therapy alone in one eye, radioactive iodine
plaque alone in one eye, thermochemotherapy
and cryotherapy in one eye, thermochemo-
therapy and radioactive iodine plaque on the
peripheral part of the tumour in two eyes, and
external ocular irradiation in three eyes.

The median follow up after treatment of eyes
with local relapse was 13.8 months (range
4–29). To date, external irradiation has been
avoided in 14 of the 17 eyes.

Toxicity
Forty seven courses were evaluable for toxicity;
grade IV neutropenia was observed in 21
courses in nine patients with a median
duration of 5 days. Hospitalisation for febrile
neutropenia was required in five courses in
four patients with a duration of 4–10 days.
Other infections occurred despite the absence
of neutropenia and required hospitalisation—
three cases of septicaemia in children with cen-
tral venous catheters (S aureus and Entero-
bacter). Platelet transfusions were necessary in
six courses for five patients and erythrocyte
transfusion was necessary in one course.

We have observed one case of papillopathy
resembling central retinal vein occlusion in one
child after treatment of a juxtapapillary tumour
with a 1.2 mm spot. This papillopathy was
associated with localised serous detachment.
We also observed two cases of iridial lesions
with no visual disorders in children whose
pupils were probably insuYciently dilated dur-
ing laser treatment.

In our series, ocular fundus examination did
not reveal any particular retinal toxicity after this
treatment sequence including chemotherapy.

Discussion
NEOADJUVANT CHEMOTHERAPY

A response to chemotherapy in terms of
tumour fragmentation is generally observed in
the treatment of intraocular retinoblastoma by
etoposide and carboplatin.16 The main site of
treatment failure is the vitreous,21 although
tumour responses have also been reported in
cases of vitreous invasion present at the time of
diagnosis. The immediate toxicity of this treat-
ment is acceptable and its management corre-
sponds to the usual context of management of
chemotherapy complications in young chil-
dren. However, this toxicity is not negligible
and the indications for chemotherapy in the
treatment of intraocular retinoblastoma must
be considered in terms of the expected
therapeutic benefit.

There is a definite therapeutic benefit when
external irradiation can be avoided.16 A trial of
neoadjuvant chemotherapy is therefore justi-
fied when the initial tumour presentation
suggests that, after reduction by chemotherapy,

Figure 1 Patient 5. Clinical aspect of one of the tumours
immediately after the first diode laser treatment.

Figure 2 Patient 5. Clinical aspect of the final scar after
three years of thermochemotherapy.

Chemotherapy alone or in combination with hyperthermia in treatment of intraocular retinoblastoma 1157
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the lesions will become accessible to conserva-
tive local treatments other than external
irradiation (cryotherapy, iodine plaque, ther-
mochemotherapy, photocoagulation).

The benefit of chemotherapy is less clear in
the context of large bilateral tumours.15 The
objective is to try to improve the visual progno-
sis by releasing a healthy area of retina or even
the macula by means of the initial tumour
response. In these cases, conservative treat-
ment can only consist of bilateral external irra-
diation or unilateral irradiation with contralat-
eral enucleation, except in the experience
reported by Gallie,16 using cyclosporin in com-
bination with chemotherapy.

THERMOCHEMOTHERAPY

Thermochemotherapy requires optimal col-
laboration between paediatricians, anaesthesi-
ologists, and ophthalmologists.20 A central
venous catheter is often necessary. Pupillary
dilatation must be complete because the diode
laser must not touch the iris during treatment.
The choice of the spot diameter and energy has
to be adapted to each tumour. Underdosage
carries a risk of tumour recurrence. Overdosage
carries a risk of damage to macula or optic disc.

We consider that, even when the tumour is
totally flattened and replaced by pigment
disturbance after one cycle, the treatment was
probably too light; so as a safety measure, we
preferred to complete treatment by cryo-
therapy when possible.

Based on our experience, it seems preferable
to use a 1.2 mm spot with an energy of 600
mW, if this treatment only induces whitening
of the tumour with small haemorrhage. If the
treatment induces wide oedema around the
lesion, the hyperthermia is probably too
intense and a smaller spot size and energy
should be used, especially when treating
lesions close to the macula or optic disc.

Despite its eYcacy, we report a significant
number of local relapses after thermochemo-
therapy. Most of these relapses can be ex-
plained by an insuYcient therapeutic protocol;
only two cycles in two cases, only one spot for
a very large tumour (more than 6 mm in diam-
eter) in three cases.

This risk of local relapse is often observed
after other types of conservative ophthalmo-
logical treatments which may need to be
repeated. However, according to Murphree
and colleagues’ results,21 local relapses are usu-
ally accessible to ophthalmological treatments
avoiding external irradiation.

As this is a recent treatment with a short fol-
low up, the children are carefully followed with
examination of the fundus under general
anaesthesia every month for at least 1 year.

Conclusions
Intraocular retinoblastoma, like extraocular
lesions, is sensitive to chemotherapy with
etoposide and carboplatin.16 There is a definite
therapeutic benefit when this treatment makes
the tumour accessible to conservative treat-
ment other than external irradiation. In the
other cases, the benefit must be demonstrated
by subsequent randomised prospective trials.

The combination of carboplatin chemo-
therapy and hyperthermia with diode laser
seems to be an advance in the treatment of
retinoblastoma. It should represent a new
therapeutic approach, avoiding the need for
external beam radiation in small to moderately
large posterior pole lesions.22 Nevertheless, the
results presented here are preliminary and
need to be re-evaluated with a longer follow up.

The therapeutic benefit of chemotherapy
must also be demonstrated, in particular, in
bilateral or multifocal unilateral forms, as these
drugs might increase the risk of secondary sar-
coma, even when external irradiation has been
avoided.

We thank Drs DaltroV, Rialland, Méchinaud, Lefur, Fagnou,
and Marguerite, for their help in the follow up of patients under
chemotherapy.
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