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Abstract Retinoblastoma is the most common primary intraocular tumour in children,

with an incidence of 1in 15 000 live births. Treatment strategies for retinoblas-
toma have gradually evolved over the past few decades. There has been atrend
away from enucleation (removal of the eye) and external beam radiation therapy
toward focal ‘conservative' treatments. Every effort has been made to save the
child’s life with preservation of eye and sight, if possible.

Primary enucleation continues to be the commonly used method of treatment
for retinoblastoma. It isemployed in situationswhere eyes contain large tumours,
long standing retinal detachments, neovascular glaucoma and suspicion of optic
nerve invasion or extrascleral extension. Most of these eyes either have or are
expected to have no useful vision. Radiation therapy continuesto be an effective
treatment option for retinoblastoma. However, external beam radiotherapy has
unfortunately been associated with secondary non-ocular cancers in the field of
radiation (primarily in children carrying the RB-1 germline mutation). Ophthal -
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mic plague brachytherapy has amore focal and shielded radiation field, and may
carry lessrisk. Unfortunately, itsapplicability islimited to small to medium-sized
retinoblastomas in accessible locations. Cryotherapy and transpupillary thermo-
therapy (TTT) have been used to provide control of selected small tumours. TTT
is an advanced laser system adapted to the indirect ophthalmoscope which pro-
vides flexible nonsurgical treatment for small retinoblastomas.

Recent research in the treatment of retinoblastoma has concentrated on meth-
ods of combining chemotherapy with other local treatment modalities (TTT, radio-
therapy, cryotherapy). Thisapproach combinesthe principle of chemotherapeutic
debulking in paediatric oncology with conservative focal therapies in ophthal-
mol ogy. Termed chemoreduction, intravenous or subconjunctival chemotherapy
is used to debulk the initial tumour volume and allow for focal treatment with
TTT, cryotherapy and plaque radiotherapy. Cyclosporin has been added to the
chemotherapy regimen in several centres.

Other clinical settings where chemotherapy isconsidered are situationswhere
the histopathology suggests a high risk for metastatic disease and where there is
extraocular extension. Thereis no consensus that chemotherapy is needed when
choroidal invasion is observed on histopathology. However, in patients where
the retinoblastoma is noted beyond the cut end of the optic nerve or if there is
disruption of the sclerawith microscopic invasion of the orbital tissue, treatment
has been helpful. Systemic and intrathecal chemotherapy with local and cranial
radiotherapy has improved the survival of these patients. Most recently, the use
of new chemotherapy modalities with haematopoietic stem cell rescue or local
radiotherapy hasincreased the survival of patients with distant metastasis. Nev-
ertheless, the prognosis of patients with central nervous system involvement is

still poor.

1. Current Treatment Options
for Retinoblastoma

Although retinoblastoma is the most common
primary intraocular tumour in children, the treat-
ment of thisdiseaseisacomplex topic. Therapeutic
plans usually require a multidisciplinary approach
by a team consisting of ocular oncologists, paedi-
atric oncologists and radiation oncologists. The
most important goal isto save the child’s life, fol-
lowed by preservation of vision and the cosmetic
use of the eye. Therapy istailored to each patient,
considering the size, location, number, laterality
of tumour(s), the condition of the other eye, risk
for metastasis and secondary cancers, and systemic
status of the patient.[*11] Treatment optionsinclude
enucleation, external beam radiotherapy (EBRT),
brachytherapy, laser photocoagulation, cryother-
apy, thermotherapy, chemothermotherapy, intra-
venous chemoreduction, subconjunctival chemo-

0 Adis International Limited. All rights reserved.

reduction, and systemic chemotherapy for metas-
tasis.[-11]

Primary enucleation is the commonly used
method of treatment for retinoblastoma. Werecom-
mend primary enucleation for patients with unilat-
eral retinoblastoma in the following situations: eyes
containing large tumours (20mm in base, 10mm in
height), long standing retinal detachment, neo-
vascular glaucoma, iris neovascul arisation or seed-
ing, suspicion of optic nerve or choroid invasion or
extrascleral extension, and no expectation for use-
ful vision.[12 Primary enucleation allows curerates
of 92% in most patients with unilateral retinoblas-
toma.l1213] |n bilateral retinoblastoma, standard
therapy was enucleation in the advanced eye and
EBRT in the less advanced eye.[1Y However, in re-
cent years this standard has changed with the ad-
vent of new investigational eye preserving treat-
ment modalities.[13.14]
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EBRT has been an effective treatment option
for retinoblastomall>18l |n a recent series by
Hungerford et a.[1% ocul ar salvagerate after EBRT
was significantly improved compared with other
series.[1517] The rate of ocular salvage depended
on the stage of the disease and the use of focal
therapy for limited recurrence.['%22 Recurrence
after EBRT isarare problem which usually devel-
ops within 4 years of treatment. It appears to be
related to the stage of the disease and tumour size
at the time of treatment.[19-22]

Abramsonl?3l suggested that children carrying
the RB-1 germline mutation treated with EBRT
had a 35% cumulative risk of a second non-ocular
cancer in the radiation field by 30 years of age,
whereas children who did not carry this germline
mutation had a 6% risk. Cosmetic orbital deform-
ities and cataracts occur in 90% of EBRT-treated
retinoblastoma patients.[23] The cumulative prob-
ability of death from these second non-ocular neo-
plasms was reported to be 26% at 40 years.[24-26]
This risk was also found to be dependent upon the
age of the patient at thetime of irradiation. Patients
younger than 12 months had a much poorer prog-
nosisthan patientsol der than 12 months.[23! In con-
trast, Mohney et al.[2] found similar rates of sec-
ondary malignancies (30% at 40 years), but these
malignancies were mostly outside thefield of irra-
diation. They concluded that ‘radiation technique
and dosage’ may have contributed to previousfind-
ings.[27]

Brachytherapy offersamore focal and shielded
radiation field. The use of low energy ophthalmic
plagues (e.g. 1231, 193pd) should reduce the amount
of irradiation to the orbital bones and soft tis-
sues.[28-30] Solitary tumours up to 16mm in diame-
ter were treated with plagues.[28] The location of
the tumour isalso an important factor. Plague ther-
apy of posterior pole tumours increased the risk
of radiation retinopathy and optic neuropathy. Al-
though plague brachytherapy has been used as a
primary treatment, it is more commonly a second-
ary therapy.[28] In certain cases, tumour control and
ocular salvage can be achieved when the only other
option is enucleation.

0 Adis International Limited. All rights reserved.

Argon, diode and xenon arch lasers are used
for photocoagulation. Indicationsinclude tumours
4.5mm or lessin base and 2.5mm or lessin thick-
ness (without vitreous seeds). It is directed to
delimit the tumour and coagul ate the tumour’svas-
cular supply. Theintroduction of indirect ophthal-
moscope laser photocoagulation systems and
chemoreduction regimens have increased the util-
ity of lasers for the treatment of retinobl astoma.l3%

Cryotherapy and heat-inducing thermotherapy
modalities provide tumour destruction using infra-
red radiation, microwaves or ultrasound.[3 The
goals areto deliver temperatures of 42 to 60°C for
specific time durations. These temperatures can
leave a gray-white scar at the site. Consequently,
the settings of the laser (power and time) are mod-
ulated for each tumour. Secondary tractional or
vaso-occl usive complications can occur within the
choroid, retina, and optic nerve,

In selected patients, cryotherapy alone can be
effectivein the treatment of intraocular retinoblas-
toma.l3132] Cryotherapy is usually employed to
control local disease located at the equator or an-
terior to the equator, and when the tumour ismostly
confined to the sensory retina. The best resultswith
thistherapy are seen in tumours measuring 3.5mm
or lessin baseand 2mm or lessin thicknesswithout
seeds. Clearly, cryotherapy is not recommended
when there are extensive vitreous seeds over a
localised retinal lesion.[31:32]

Recently, anumber of researchers have become
interested in the treatment of retinoblastomas by
combining chemotherapy with other local treat-
ment modalities; this has been termed ‘chemo-
reduction’ .[1-314] Thjsapproach combinestheprin-
ciple of chemotherapeutic debulking in paediatric
oncology with the relatively noninvasive focal
therapies used in ophthalmology. Thedriving force
behind these new approaches is to avoid enucle-
ation, and/or EBRT, to save vision, and to salvage
more eyes. Chemoreduction also offers the poten-
tial to decrease therisk of secondary malignancies
associated with EBRT in patientswith RB-1 germ-
line mutation. It also carries the risk of second-
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aryhaematol ogi calcancersknowntobeassociated
with certain chemotherapeutic agents.

2. Chemotherapeutic Techniques

Chemotherapy [chlormethine (nitrogen mus-
tard)] for retinoblastoma appeared in the litera-
turein 1953.[33] Subsequent studies suggested that
the akylating agent triethylenmelanine, given by
oral, intramuscular, intravenous or intra-arterial
routes produced documented improvement in sur-
vival.[33-37] There was a decrease in usage of che-
motherapy in patientswith bilateral retinoblastoma
between 1966 and 1980.[381 With advances in the
treatment of other paediatric tumours, including
neuroblastoma and rhabdomyosarcoma, in which
chemotherapy has become standard for debulking
solid tumours to allow localised radiotherapy or
surgical excision, the interest for adjuvant chemo-
therapy for retinoblastoma was reborn,[4:343%-47]

2.1 Chemoreduction

The term chemoreduction highlights the strat-
egy of using systemic chemotherapy to shrink the
tumour making it treatable with cryotherapy, laser
photocoagulation or brachytherapy.[448 In 1976,
Campinchi et al.[*9 introduced the concept of
‘chemoreduction,” by decreasing the size of retino-
blastomas (with cyclophosphamide and vincris-
tine) prior to either enucleation or radiotherapy. In
subsequent years, other studies reported tumour
regression following combinations of cyclophos-
phamide, vincristine, doxorubicin (adriamycin)
and melphalan, and combinations of thiotepa,
nimustine (ACNU) and cisplatin (heat therapy was
added to this regimen).[39:49-50]

While chemotherapeutic agents varied accord-
ing to the preference of the paediatric oncologist,
most of the current studies have relied on vincris-
tine, etoposide and carboplatin (VEC).[1-35152] |n
a recent study,!2 a mean decrease of 35% in tu-
mour base and 49% in tumour thickness was found
by using two cyclesof aV EC regimen. The authors
noted a complete tumour response in 25 patients
(46%) and a partial responsein 29 (54%). Subreti-
na fluid completely resolved in 50 patients. Sys-

0 Adis International Limited. All rights reserved.

temic adverse effects were found to be both mild
and short term.[52 In a second published study of
130 tumoursin 52 eyes of 32 consecutive patients
observed for at least 1 year after initiation of treat-
ment, all patients had not received prior treatment
for retinoblastoma, were not eligiblefor focal treat-
ment modalities, and would have previously been
treated by enucleation or EBRT.[12 Focal treat-
mentswere delivered after the second or third cycle
of chemotherapy. 53 retinal tumours in 25 eyes of
18 patientsreceived lessthan 6 months of the VEC
regimen, and 77 retinal tumours in 27 eyes of 14
patients received 6 months of this regimen. Adju-
vant treatments (laser, cryotherapy) were applied to
93% of thetumours, of which 2% recurred over the
mean follow-up of 17 months. In those eyes with
seeds before treatment, the addition of adjuvant
treatment to VEC for 6 cycles was reported to de-
crease the vitreous seed recurrence from 75 to 0%,
and the subretinal seed recurrence from 67 to 0%.

Although the indications for chemoreduction
are not clearly established, these authorsfound that
by using chemotherapy (VEC for 6 cycles) and care-
fully applied adjuvant treatment, the ocul ar salvage
rate in Reese-Ellsworth group V patients was 78%
and in 42% of cases, enucleation or EBRT were
avoided.[52

In another series,3 33 tumours of 11 eyesin 6
patients received 2-drug chemotherapy (carbo-
platin and etoposide) for 6 to 7 monthly cycles.[53]
Eight larger tumours underwent dramatic regres-
sion, and 6 larger tumours were without growth or
further treatment for 7 to 21 months after comple-
tion of therapy. No extraocular extension, local re-
currence, or serious adverse effects wererelated to
treatment (over afollow-up period ranging from 12
to 40 months).

The addition of cyclosporin to the chemothera-
peutic regimen has been suggested to decrease
the rate of recurrent retinoblastoma.lll The logic
behind using adjuvant cyclosporin in combination
with chemotherapy for retinoblastoma arises from
itsrolein countering multiantineoplastic drug re-
sistance. In vitro studies have shown that 30%
of previously untreated, enucleated retinoblastoma
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cells demonstrate resistance to multiple antineo-
plastic drugs. This finding was correlated to the
overexpression of the multidrug resistance gene P-
glycoprotein (an ATP membrane transport pro-
tein).[5455] P-glycoprotein enables cells to trans-
port antineoplastic drugs from the intracellular
space. Cyclosporin blocks the ability of P-glyco-
protein to clear drugs from these cellsin vitro.

In aclinical study of chemoreduction with ad-
juvant cyclosporin therapy, Gallie et al.!% inclu-
ded 40 eyes of 31 bilateral retinoblastoma patients
(the other eye was enucleated in 22 patients), who
would have undergone EBRT or enucleation as
standard treatment. A variable chemotherapeutic
protocol was used for 3 to 12 months, according to
the severity of disease. Whereas some patients re-
ceived a regimen of vincristine and teniposide
every 10 days, other patients received carboplatin,
vincristine and teniposide every 3 weeks. Both
groups of patients also received cyclosporin at a
dose of 4 to 33 mg/kg increased to the maximal
tolerated dose. Focal therapy was given after 2 cy-
cles of chemotherapy and was repeated if neces-
sary. At the end of a median follow-up of 2.75
years, 85% of eyes were relapse free and enucle-
ation or EBRT was avoided in 35 of 40 eyes.[!l For
the most severe tumours (Reese-Ellsworth group
Vb), the local control rate was 88%. The authors
proposed that the addition of cyclosporin enhanced
the effectiveness of chemoreduction based on 2
findings. First, the local control rate of 85% was
better than the 37% rate seen at the same centre
using chemoreduction without cyclosporin.[51
Second, of the 9 patients who failed prior to che-
motherapy, 7 had responses to the same regimen
with adjuvant cyclosporin.

The efficacy of the single-agent intravenous
carboplatin for both intraretinal and intravitr-
eous retinoblastoma chemoreduction therapy has
been investigated.[5":58 Recently, Bechrakis et
al.159 showed the clinicopathological features of
retinoblastoma after primary chemoreduction.[>9
Five patients with sporadic bilateral retinoblas-
toma (Reese-Ellsworth group V disease) under-
went planned enucleation of their functionally
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blind eye after 2, 3, 4 and 6 courses of primary
chemotherapy with carboplatin, etoposide, cyclo-
phosphamide and vincristine. All tumours were
noted to exhibit agood responseto the therapy and
decreased in volume. One patient had a type 1 re-
gression and 4 patients had either atype 2 or atype
3 regression pattern. Histopathological examina-
tion revealed complete tumour necrosisin 1 patient
with type 1 regression after 3 courses of chemo-
therapy and in 1 patient with type 3 regression after
4 courses of chemotherapy. The remaining 3 pa-
tientswith type 2 or 3regression had histologically
active proliferating tumour cells after 2, 3 and 6
courses of chemotherapy. They observed hetero-
geneity of retinoblastoma cells, presumably dueto
variable sensitivity to chemoreduction, and pro-
posed that chemotherapy alone was not a reliable
treatment for al retinoblastomas but offered the
potential to become a first-line approach if com-
bined with other focal treatments.

2.2 Chemothermotherapy

Heat has a potential synergistic effect with both
chemotherapy and radiation for the treatment of
systemic and ocular cancers.9 |ocalised laser
thermotherapy increased the binding of platinum
to tumour DNA in a Greene melanoma model in
rabbits treated with carboplatin.[9 The combina-
tion of heat and chemotherapy is called chemo-
thermotherapy. In a retrospective, uncontrolled
study by Murphree et a2 38 eyes were treated
with primary chemotherapy (a single of dose of
carboplatin every 28 days for an unspecified num-
ber of cycles). Heat was delivered via diode laser
for 10 to 30 minutes at 300 to 700mW in avarying
protocol from 4 sessions over 2 weeks postcarbo-
platin to a single session on day 0 of carboplatin.
They found that chemothermotherapy was 100%
effective for patients with Reese-Ellsworth group
I and Il cancer. Only 2 of 4 patients with group |11
responded and all group Vb patients failed to re-
spond. Two hyperthermia sessions were deter-
mined to be the minimal effective therapy, and the
second hyperthermia session given on day 3 of the
cycle was thought to increase the effect of carbo-
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platin by a local coagulative effect. The authors
advised the use of chermothermotherapy only for
group | tumours less than 6mm in base.

2.3 Chemoradiotherapy

Kingston et al.[1] eval uated the combined effect
of chemotherapy and external beam radiotherapy
in 14 patientswith bil ateral Reese-Ellsworth group
V retinoblastoma. Before the initiation of radio-
therapy, patients received 2 cycles of chemother-
apy (vincristine, carboplatin, etoposide). Four eyes
were primarily enucleated because of severe dis-
ease at presentation. It was noted that all patients
demonstrated reduction in tumour size after 2
cycles of chemotherapy. At the median follow-up
of 60 months, 2 children died from extraocular ma-
lignancies. Of the remaining 20 eyes, 6 required
enucleation. The authors did not find an improved
eye salvagerate (70%) compared with the 66% eye
salvage rate with radiotherapy alone in their pre-
vious study, but the patients were noted to have
more severe disease at baseline than the patientsin
the previous study.!'419 Of the surviving patients,
6 of 9 group Vb eyes were preserved with chemo-
radiotherapy. Chemotherapy also has the potential
to increase radiation adverse effects.

2.4 Subconjunctival and
Intravitreal Chemotherapy

For the chemotherapy of intraocul ar retinoblas-
tomas, anideal dosedistribution wouldinvolvethe
delivery of anticancer agents exclusively to the
intraocular space of the affected eye. This would
offer almost no systemic exposure to the drug and
minimisetherisksof short- and long-term systemic
adverse effects. In a transgenic mouse model of
hereditary retinoblastoma, intravitreal injections
of carboplatin were found to inhibit intraocular
tumour formation in a dose-dependent fashion.[61]
Histopathological studies showed no evidence of
tumour at the injection sites suggesting that intra-
vitreal injections may be performed relatively
safely. In a case report from Sweden, 62 3 patients
with only 1 remaining eye which contained recur-
rent retinoblastoma and extensive vitreous seed-

0 Adis International Limited. All rights reserved.

ing, were treated with vitrectomy followed by in-
traocular chemotherapy. Two patients responded
and the third had postoperative haemorrhage and
required enucleation.

In light of the fact that intraocular procedures
open the eye to orbital seeding, and a potential for
subsequent extraocular extension, intravitreal
chemotherapy and vitrectomy should bethought of
as high risk procedures.

Mendelsohn et al.[83] studied intraocular carbo-
platin and etoposide concentrations after intrave-
nous and local peribulbar placement in nonhuman
primates. Primates were treated with (1) intravenous
carboplatin, etoposide, vincristine, (2) peribulbar
carboplatin, (3) episcleral balloon carboplatin. No
measurable amount of etoposide was detected in
the agueous or vitreous humor after intravenous
administration. The measured peak concentration
of carboplatin after intravenous administration was
1% of the peak plasmavalue. Mean measured peak
concentrations of carboplatin after epibulbar or
episcleral balloon administration were 7.68- and
9.52-fold larger, respectively, than the concentra-
tion achieved after intravenousadministration. The
authors found that peribulbar and episcleral bal-
loon administration of carboplatin was relatively
safe and resulted in higher vitreous concentrations
than intravenous administration. They emphasised
however, that in a human eye with retinoblastoma,
these results may be different.

Murray et al.[64 found a dose-dependent inhibi-
tion of intraocular tumours by subconjunctivally
injected carboplatin in atransgenic retinoblastoma
mouse model. No evidence of histopathological
toxicity was noted.

3. Chemotherapy for
Extraocular Retinoblastoma

Chemotherapy hasan important rolein the man-
agement of retinoblastomas with extraocular dis-
ease. Extraocular retinoblastoma may be localised
to the soft tissues surrounding the eye or to the
optic nerve beyond the margin of resection. How-
ever, further extension may occur into the brain and
meninges with subsequent seeding of the spinal
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fluid. Metastatic disease can involve the lungs,
bones and bone marrow.

Several risk factorsfor micrometastatic disease,
such as tumour size, length of the optic nerve
stump, extent of choroidal invasion and degree
of cell differentiation have been suggested.[656¢]
Choroidal invasion has been considered as an im-
portant risk factor for metastatic disease, but the
value of isolated choroidal invasion asarisk factor
for metastatic disease was challenged.[67-69 |t is
unknown whether or not adjuvant chemotherapy
decreases the risk of metastasis in patients with
adverse histopathological risk factors. Moreover,
histopathological risk factors such asthe degree of
differentiation or choroidal invasion cannot be de-
termined in nonenucleated eyes. For this reason
some investigators have treated all patients with
nonenucleated eyes with chemotherapy.!7?

In aseries by Schvartzman et al.,[’Y avery low
relapse rate was obtained in patients with only in-
traocular disease treated with enucleation or con-
servative treatment without adjuvant chemother-
apy (51 out of 52 patients with tumours confined
to the eye survived). They concluded that adjuvant
chemotherapy is not needed for patients with only
intraocular disease. In our review of the literature
for this article, there were studies that suggested
that the outcome of chemotherapy-treated patients
was significantly worse than nonchemotherapy-
treated bilateral retinoblastoma patients.[11:39 On
the other hand, Kingston and others have proposed
that the use of adjuvant therapy in children with
adverse histological factors improved their sur-
vival and that iswhy metastatic diseases have been
rarely seen over the past decade.l7274]

A prospective multi-institutional study was de-
signed to determine the benefits of adjuvant che-
motherapy.[7>78] Starting in 1977, patients with
group V retinoblastoma (Reese-Ellsworth classifi-
cation) were randomised after enucleation, to re-
ceiveeither chemotherapy (cyclophosphamideand
vincristine) or no chemotherapy (controls). 88 pa-
tients were enrolled, 41 on chemotherapy and 47
controls. At a median follow-up of 2 years, the
overall survival rate was 91.3%; survival ratesin

0 Adis International Limited. All rights reserved.

the chemotherapy group and the control group
were 87.6 and 95%, respectively. Overall, there
were 7 relapses, 4 outsidethe CNS, the latter being
equally distributed between chemotherapy recipi-
ents and controls. All relapses occurred within 1
year of diagnosis. All 7 had involvement of both
the choroid and the optic nerve.

3.1 Chemotherapy in Patients with
Optic Nerve Involvement

After enucleation, retinoblastoma can be found
to invade beyond the edge of surgically transected
optic nerve, or grow through the sclera. These
cases are termed micrometastatic retinoblastoma.
It is amajor prognostic factor for recurrence.[77.78]
The relapse rate has been reported to be as high as
80%.[781 While thereis no consensus as to the best
therapy for this group of patients, when micro-
metastatic extension is found (without overt evi-
dence of metastatic disease), systemic chemother-
apy with external beam irradiation is commonly
employed.

Zdlter et al.["® used enucleation and systemic
chemotherapy (cyclophosphamide, vincristine,
doxorubicin) for tumoursinvolving the optic nerve
head, and additional brain radiotherapy and intra-
thecal chemotherapy (methotrexate, cytarabine and
dexamethasone) for tumours extending beyond the
cut optic nerve. At the end of a median 63 months
follow-up (only unilateral disease), theoverall sur-
vival rate was 100% (5 of 5 patientswere alive) in
patients with only optic nerve extension, and 75%
(3 of 4 patientswere alive) in patients with tumour
involving the cut end of the optic nerve. In patients
with bilateral disease, 1 patient with only optic
nerve extension was free of disease, while of the
other 2 patients (with tumour extending beyond the
cut end of the optic nerve), 1 was alive at the end
of amedian 81 months follow-up.[70

Chemotherapy was also used in a series of 51
patients with retinoblastoma.l’ Intravenous che-
motherapy was given to all patients (including 32
unilateral, 19 bilateral tumours). Patients with ret-
inoblastoma extending to the optic nerve head,
choroid and emissaries received cyclophospha-
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mide and vincristine in addition to local radiother-
apy. Doxorubicin was added when there was ex-
tension beyond the cut optic nerve or through the
sclerainto the orbit. In patients with CNSinvolve-
ment, intrathecal chemotherapy with methotrexate,
cytarabine and hydrocortisone, and crania radio-
therapy was added. The overall survival rate was
90.6% for patients with unilateral and 84.2% pa-
tients with bilateral disease.

Schvartzman et al.l’Y reported that 10 out of 11
patients with invasion of the optic nerve up to the
cut end, and 11 of 14 patients with invasion of
the optic nerve beyond the cut end, survived at the
end of the median follow-up time of 39 months.
They used systemic chemotherapy (cycophos-
phamide, doxorubicin, vincristine) in patientswith
invasion of the optic nerve up to the cut end, and
systemic and intrathecal chemotherapy (metho-
trexate, cytarabine and dexamethasone) and orbital
radiotherapy in patients with tumours involving
the optic nerve beyond the point of transection.
Their results suggested that crania radiation could
be avoided in patients with tumours involving
the optic nerve beyond transection. The combina-
tion of tumour beyond the cut end of the optic nerve
plus full choroidal invasion was associated with a
higher risk of relapse.l’” Invasion of the optic
nerve beyond the laminacribrosabut not extending
beyond the cut end wasalesssignificant risk factor.

Few reports effectively deal with the question
of whether these patients need adjuvant chemother-
apy or radiation. However, in aretrospective study,
the mortality rate in patients treated with enucle-
ation alone was reported to be as high as 42%.[67]
Zelter, Schvartzman, and others suggested that
systemic chemotherapy alone may be used for tu-
mours invading up to the cut end of the optic nerve
or choroidal invasion.[+19.71,80-82]

3.2. Chemotherapy in Patients
with Orbital Extension

In reports from large centers, orbital extension
of intraocular retinoblastoma or orbital recurrence
after enucleation occurred in up to 12% of all reti-
nobl astomas.!83-84 Orbital extension of retinoblas-
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toma had been associated with higher mortality
rates ranging from 94 to 100%, with a mean sur-
vival of 14 months.[37.74.85 MacKay et al.[88 re-
ported that regardless of whether therapy was given,
affected patients died within 5.8 months on aver-
age, and in an earlier study,!8”1 Merriam found an
averagesurvival of 3.5 months. Reesereported that
none of his 25 patients survived when treated with
exenteration and EBRT.[88 However, this dismal
prognosis was challenged by several studies and
observations. Grabowskil84! reported a disease-
free state in 10 of 12 patients after a mean follow-
up of 44 months by using chemotherapy, whole
brain irradiation, and intrathecal chemotherapy
(when CNS metastases were present). Although
there is no standard treatment for extraocular reti-
noblastoma, therapy usually involves enucleation
of the globe, orbital radiotherapy, and intensive sys-
temic chemotherapy.[89 Most investigators have
suggested that survival isimproved when chemo-
therapy is used in combination with radiation ther-
apy.[3489 A variety of agents have been investiga-
ted, including chlormethine, triethylenemelamine,
cyclophosphamide, cisplatin, etoposide, vincristine,
dactinomycin, doxorubicin, nitrosoureas (lomust-
ine and nimustine), methotrexate, and fluoroura-
cil _[89,91-93]

Doz et al.[%3 reported their resultsin 33 patients
who received combinations of systemic and intra-
thecal chemotherapy, and orbital and cranial irra-
diation. They noted that increasing the intensity of
chemotherapy dose resulted in a shorter duration
of treatment and an avoidance or reduction in or-
bital radiation. Inamorerecent report,[* they con-
cluded that intensive chemotherapy using platinum
compounds, epipodophyllotoxins, cyclophospha-
mide, doxorubicin, and vincristine could be used
to treat patients with orbital retinoblastoma even
when associated with CNS metastases. They pre-
ferred carboplatin in chemotherapy protocols for
its ability to penetrate better into bone marrow and
CNS. They found that the plateau phase of the sur-
vival curve was reached at 15 months, with a sur-
vival rate of 34 + 8%. They aso showed that the
disease-free interval was longer when patients had
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no CNSdisease. A total of 20 of the 21 recurrences
occurred within 1 year after diagnosis of orbital
involvement.

Inaphasell study,!®! 2 courses of etoposideand
carboplatin were used for relapses in extraocular
retinoblastoma. Four partial responses were ob-
tained, 1 patient stabilised, and 1 progressed after
2 courses of this regimen. Theseinvestigators aso
added systemi c chemotherapy regimens[cyclophos-
phamide, vincristine and doxorubicin (CADO),
carboplatin, etoposide and cyclophosphamide
(CARBOPEC)], radiotherapy and brain irradia-
tion for patientswith progressive disease. They ob-
served nonevol utive disease in 4 patients, disease-
related death in 1, and progressive disease in
another patient. The follow-up of patients ranged
from 3 to 50 months.

In astudy by Goble et al.,[9 orbital recurrence
of retinoblastoma was treated with an excisional
biopsy of the tumour mass, followed by orbital
radiotherapy and systemic (cyclophosphamide,
cisplatin, vincristine, methotrexate, and etoposide)
and intrathecal (methotrexate) chemotherapy in 5
patients. They followed these patients for between
8 and 84 months and all remained alive, although
their previous study reported that 9 of 10 patients
died because of the disseminated disease.%! All
these deaths occurred within 2 years. Three of 4
exenterations performed for orbital recurrence
were found to be histopathologically incomplete.
These authors suggested that orbital exenteration
was unlikely to achieve complete surgical removal
of al recurrent tumour. They concluded that differ-
encesin survival between their studieswere dueto
more aggressive treatment in the latter study.[92:93]

3.3 Chemotherapy for Patients with
Distant Retinoblastoma Metastasis

Direct tumour-extension into the CNS and
metastatic disease are the most common causes of
death in patients with retinoblastoma.l82%4 Early
diagnosis and treatment has decreased the inci-
dence of metastatic retinoblastoma in developed
countries. In the USA, haematogenous or lym-
phatic dissemination of retinoblastomaisfound in
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lessthan 10% of cases.[%] M etastases are most fre-
quently found in the bone and bone marrow. Addi-
tional sites include the paranasal sinuses, salivary
glands, lymph nodes, subcutaneous tissue, liver,
spleen, pleura, and testes.[77:95.9€]

Multi-agent chemotherapy for metastatic reti-
noblastomawas first published by Wolff et al.[7]
Subsequent series concentrated on the use of cyclo-
phosphamide. Other agents have been incorporated
in combination including: triethylenemelamine,
doxorubicin, vincristine, cytarabine, dacarbazine,
lomustine, hydroxycarbamide, fluorouracil, meth-
otrexate, uramustine, chlorambucil, prednisolone,
dactinomycin, and mel phalan.[°7-4 In the few stud-
ies which evaluated the use of single agentsin the
treatment of metastatic retinoblastoma, cyclophos-
phamide was one of the only drugs proven to be
activein phase Il studiesin extraocular retinoblas-
toma, along with ifosfamide, doxorubicin and plat-
inum compounds.[75:76:100-83] Thys, the combina-
tion of high dose cyclophosphamide, vincristine
and carboplatin offers the possibility of additive
activity for these drugs. In some centres, this drug
combination has been used in high-risk retinoblas-
toma patients (orbital relapse or metastases) as
consolidation treatment after complete or partia
remission induced by initial conventional chemo-
therapy.[193 Melphalan, amsacrine (M-AMSA), mit-
oxantrone, cis-diamminediacquaplatinum (DDP),
fluorouracil, teniposide, peptichemio, chlorambu-
cil, uracil, chlormethine, and hydroxycarbamide
failed to produce an improvement in survi-
val _[102,103]

Doz et a.[®l reported that among 10 patients
with assessabl e soft tissue mass surrounding bone
metastases, tumour response was completein 8 pa-
tients and partial in 2 patients after 2 courses of
vincristine and carboplatin therapies in a phase |1
study. Later, these patients received systemic che-
motherapy (CADO or CARBOPEC regimens) and
brain irradiation as further treatment. However, 4
patients developed CNS involvement and died
between 4 and 19 months | ater.

Zelter et al.[7% used enucleation, local radiother-
apy and systemic chemotherapy (cyclophospha
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mide, doxorubicin, cisplatin and epipodophyllo-
toxin for 3 courses) in patients with distant meta-
stasis. Their survival rate at the metastatic disease
was 25% in unilateral patients and 0% in patients
with bilateral retinoblastoma.

Schvartzman et al.[”Y] reported that only when
malignant invasion of preauricular lymph nodes
was the only manifestation of metastatic disease did
their patients have good survival after treatment.
Their patients were treated with systemic chemo-
therapy (cyclophosphamide, doxorubicin, vincris-
tine, cisplatin, etoposide) and local radiotherapy.
All of these patients had long term survival and
gave a good response to less intensive therapy.
However, most patients with distant metastasis
demonstrated a transient complete response rate,
but then relapsed in 13 months and died.

In apatient with of disseminated metastatic ret-
inoblastoma, a preoperative regimen consisting of
etoposide, cisplatin, high dose melphalan and total
body irradiation followed by autol ogous bone mar-
row transplantation was suggested as a potentially
curative approach.[1%4 The patient was disease-free
for 17 months after this regimen.[1%] Namouni et
al.[1%8] gtydied high dose chemotherapy with
haematopoietic stem cell rescue as a consolidation
treatment in high risk retinoblastoma patients.
They used CARBOPEC followed by autologous
haematopoietic stem cell rescuein 25 patients. The
3-year disease-free survival was 67.1% but all pa-
tientswith CNS disease died. They concluded that
the CARBOPEC regimen appeared to be apromis-
ing therapeutic strategy for patients with high risk
retinoblastoma (especially those with bone and/or
bone marrow involvement). This therapy did not
work in patients with CNS involvement.

3.4. Chemotherapy for Patients
with CNS Involvement

CNS involvement usually occurs by direct ex-
tension through the optic nerve, via access to the
cerebrospinal fluid (CSF), or by vascular invasion
with haematogenous spread.[?sl If CNS involve-
ment is suspected at the time of presentation, it can
be detected through lumbar puncture with cytospin
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analysis of the CSF.[94.95] To date, the prognosis
for children with CNS retinoblastoma has been
poor. Remissions have been obtained with combi-
nations of oral lomustine and intrathecal metho-
trexate.[75’76'85]

Doz et al .[%Y reported that among 4 patientswith
CNS disease, 3 had partia remission and 1 had a
complete remission after 2 courses of vincristine
and etoposide in a phase 11 study. They needed
CARBOPEC and cranial irradiation therapy asfur-
ther therapy. Although 2 patientsdied, 2 werebeing
followed up between 19 and 51 months. Although
Zelter et al.[" used systemic and intrathecal che-
motherapy and crania radiation for CNS involve-
ment, the survival rate in their study was 0%.
Schvartzman et al.[’!! also found his overall sur-
vival rate to be 0% for patients with CNS involve-
ment. Although they exhibited an initial response
to treatment, patients usually relapsed within 13
months of diagnosis. The authors used systemic and
intrathecal chemotherapy and cranial irradiation.
They suggested that their dose of radiation therapy
might have been too low to control the CNSdisease
effectively, and that this population might benefit
from a more intense radiation therapy.

3.5. Chemotherapy for Patients with
Trilateral Retinoblastoma (Pinealoblastoma)

Trilatera retinoblastoma describes the associa-
tion of bilateral retinoblastoma and neuroblastic
tumour in the pineal gland or other midline struc-
tures. It is a major cause of mortality in children
within the first 5 years after diagnosis of bilateral
retinoblastoma.[1%71 Magnetic resonance imaging
and computed tomography are essential to this diag-
nosis. The successes seen with intensive chemo-
therapy for the treatment of neuroblastoma and
medulloblastoma with vincristine, cyclophospha-
mide and etoposide combined with intrathecal
methotrexate led to their adoptation in the treat-
ment of trilateral retinoblastoma.[197]

The treatment of 57 patients has been described
in the literature.[198-111] Seven of these were treated
with chemotherapy alone, with an average survival
time of 24.6 months, and 3 of them were still alive.
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Whenintrathecal therapy wasincorporated into the
regimen, 14 died with an average survival time of
19.8 months and 4 were till alive. The combina-
tion of chemotherapy and radiation was used for
23 of these patientsresulting in an average survival
time of 11.7 months. One patient was still alive.

The recent success with cisplatin and carbo-
platin-based chemoreduction of intraocular retino-
blastoma a so suggests that platinum-based chemo-
therapy for trilateral retinoblastoma may improve
survival .[199] Radiation therapy alone was used in
10 patients with an average survival time of 6.5
months. Experience with trilateral retinoblastoma
shows that radiation in doses greater than 50Gy
may result in lengthened survival time.[1%9 Surgi-
cal resection in combination with radiotherapy and
chemotheray was performed in 14 patents with an
average survival time of 11.1 months and 2 were
still aive. Platinum-based chemotherapy with in-
trathecal therapy and neural axis radiation therapy
is most commonly used for the treatment of tril at-
eral retinoblastoma.[109]

4. Conclusion

In developed countries, early diagnosis and
treatment (enucleation and/or radiation therapy)
has provided greater than 92% cure rates for pa-
tients with retinoblastoma. With the primary goal
of saving life vastly improved, the secondary goals
of preservation of vision and the cosmetic use of
the eye have achieved greater importance.

Following the example of paediatric oncolo-
gists, new chemotherapy techniques are being in-
vestigated to save vision and spare children from
enucleation. Chemoreduction has been used to
shrink intraocular retinoblastomas, followed by
secondary alternative therapies (radiation, laser
therapy, cryotherapy) used to destroy residual tu-
mours. Choices of chemotherapeutic agents and
routes of administration continue to evolve; while
scattered reports of secondary haematol ogical ma-
lignancies have been attributed to chemotherapy.
The long term efficacy, risks and adverse effects
attributed to chemoreduction are currently being
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investigated within the framework of a multi-
centre, prospective, randomised clinical trial.

Chemotherapy (often combined with external
beam radiation therapy) continuesto be amainstay
in the treatment of patients with metastatic retino-
blastoma. Clearly, systemic chemotherapy offers
these patients their best chance for life.
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