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Impact of Chemoreduction for Conservative Therapy for Retinoblastoma in Argentina
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Background. Few studies were reported from developing
countries regarding patient outcome and ocular survival in children
with bilateral retinoblastoma treated with chemoreduction com-
pared to external beam radiotherapy (EBRT). Procedure. We
undertook a retrospective study of three treatment eras: (1) (1988-
1995) n =68 when EBRT was used as primary conservative therapy;
(2) (1995-2003) n=46 when carboplatin-based systemic chemo-
reduction was introduced and (3) (2003-2009) (n=83) when
additional periocular chemotherapy was added for advanced tumors
and pre-enucleation chemotherapy was given for those with massive
buphthalmia. Results. The probability of 5-year disease-free survival
was 0.94 (95% confidence interval [Cl] 0.91-0.98%) without
significant differences among the three eras. Chemoreduction
reduced the use of EBRT from 84.6% to 68.7% in eras 1 and 3,
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respectively (P=0.008), which was more evident in cases with less
advanced disease. Chemoreduction also significantly improved the
5-year probability of preservation of eyes with advanced disease from
0.13 (95% C1 0.04-0.27) during era 1 to 0.49 (95% Cl 0.34-0.62) in
era 3 (P<0.0001). Chemoreduction was not associated with changes
in the probability of extraocular relapse, which was reduced after the
introduction of pre-enucleation chemotherapy. Second malignan-
cies occurred in nine cases, acute myeloid leukemia being the most
fatal one. Trilateral retinoblastoma occurred in three cases and all of
them had been exposed to chemotherapy. Conclusions. Chemo-
reduction reduced the need for EBRT in eyes with less advanced
disease and improved the preservation of eyes with advanced disease
while its effects on secondary malignancies or trilateral disease
remain unclear. Pediatr Blood Cancer © 2013 Wiley Periodicals, Inc.

INTRODUCTION

Conservative therapy for retinoblastoma evolved from the
classical treatment with external beam radiotherapy (EBRT) to
chemotherapy-based regimens in the mid 1990s. Following the
initial experience of Kingston et al. [1], chemoreduction with
carboplatin-based protocols was used as primary treatment for
intraocular disease not amenable for local therapy aiming to
decrease tumor size and make the tumors suitable for local
therapy [2]. The major achievement of this treatment was to avoid
EBRT and its mutagenic potential in a substantial number of
children [3]. With chemoreduction, most patients with less
advanced disease, which were grouped as groups A, B, and C in
the international classification responded favorably to chemothera-
py [4], so that enucleation and EBRT could be avoided in most
cases. On the other hand, patients with advanced intraocular tumors
(group D), especially those with vitreous seeds, ocular salvage rates
were substantially lower and consolidation with EBRT and usually
enucleation was required [4]. In order to improve the results in this
population, different treatment modalities such as periocular
administration of chemotherapy [5] and more recently, intra-
arterial chemotherapy [6] have been subsequently employed.
Chemoreduction treatment needs trained personnel, sophisticated
equipment for local therapy among others [7] all which are not
always available in developing countries, so publications are
relatively scarce [8—10]. This particular situation needs to be
addressed in order to make treatment strategy decisions relevant to
each setting. Thus, the paradigm for abandoning EBRT, which is
highly efficacious for conservative therapy of retinoblastoma, based
on the potentially lower long-term toxicity of chemotherapy-based
regimens may not be so clear in middle income countries because of
the relative weight of the above-mentioned problems. To our
knowledge, no report from a large cohort, even including referral
centers in developed countries, have compared the results of
conservative therapy with EBRT and that of chemoreduction.

Thus, the aims of this study were to analyze patient outcome and
ocular survival in patients with bilateral retinoblastoma treated with
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chemoreduction compared to EBRT in a large referral center in
Argentina.

METHODS

Setting

The Hospital JP Garrahan is a tertiary care public pediatric
center and all treatments are subsidized by the Government or social
security and are free of charge for all patients except for
brachytherapy, which was only available for insured patients.
However, there were many intervals where the availability of local
therapies such as lasers was limited because of lack of equipment.
Approval from our Human Investigations Committee was obtained
for this study.

Patients

All patients with bilateral retinoblastoma registered and treated
at our center from January 1988 to December 2009 were included.
In the first two eras, the Reese—Ellsworth (RE) classification [11]
was used for extent of intraocular disease evaluation and replaced
by the International Classification (original version [12]) in the third
era. For this study, the clinical charts were retrospectively reviewed
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and each eye was re-classified according to the International
Classification based upon fundoscopy drawings. Outcome was
analyzed according to the International Classification.

Conservative Treatment

It was divided into three eras:

1. January 1988 to April 1995: All group E and most group D eyes
were initially enucleated and those with groups A-C disease
were given upfront EBRT using a lens-sparing technique
delivering 45 Gy through a 10 MeV linear accelerator [13].

2. May 1995 to April 2003: In this era, chemoreduction therapy
was introduced. Those tumors that could not be controlled with
chemoreduction and local therapy, received EBRT at the same
dose and fields and those failing EBRT were enucleated. The
decision of conservation of an affected eye with EBRT was also
influenced by the status of the contralateral eye, so that children
with a fellow eye with less advanced disease were usually
enucleated without receiving EBRT. No second line chemother-
apy regimen was available and no local chemotherapy was used.
The number of cycles was not fixed and chemotherapy was
stopped when tumors became inactive as per ophthalmological
criteria. All E eyes were enucleated initially and the decision of
attempting conservative therapy for group D eyes was made
individually, depending on the status of the contralateral eye and
the disease extension.

3. May 2003 to December 2009: The same strategy of the second
era was followed for less advanced eyes. For group D eyes,
upfront periocular chemotherapy with carboplatin or topotecan
concomitantly with chemoreduction in the first 3—4 cycles was
given. In these children, the number of cycles of systemic
chemotherapy was fixed to 6 and EBRT was used as
consolidation in most cases. All eyes of group E were enucleated
upon diagnosis, however, those presenting with glaucoma and
buphthalmia received neo-adjuvant therapy followed by
secondary enucleation and adjuvant therapy regardless of the
pathology report. These children received a more intensive
chemotherapy regimen [14].

Extent of Disease Evaluation

In the first two eras, all children underwent a brain and orbit
contrast-enhanced CT scan which was gradually replaced by
standard MRI for all patients in the third one. Bone marrow
aspiration and CSF examination were done in all patients in the first
era and limited to high risk patients (but including biopsy of two
sites) from the second one onwards [15].

Chemotherapy Treatment

The chemoreduction regimen was tailored to disease extension
including carboplatin 18.7mg/kg (or 500mg/m> for children
weighing more than 12kg) on Day 1 with vincristine 0.05 mg/kg
(or 1.5 mg/m? for children weighing more than 12 kg, maximum
dose 2 mg) for children with eyes of the R-E I-III. Etoposide at a
dose of 3.3 mg/kg/day (or 100 mg/m? for children weighing more
than 12 kg) (Days 1 and 2) was added for those with groups IVand V
and those eyes with groups I-I1I that failed to be controlled with two
cycles of the vincristine and carboplatin combination [10]. In
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treatment era 3, all children with group D eyes that underwent
conservative therapy received periocular injections of 20mg of
carboplatin (2003-2008) which was replaced by topotecan (2 mg)
after a phase I study was completed (2008-2009). In both cases,
periocular chemotherapy was started after the second cycle of
intravenous chemoreduction and given for up to four doses
administered after 7 days of each cycle of intravenous
chemotherapy.

Adjuvant therapy was indicated when pathology risk factors
were present after enucleation, both for eyes initially or secondarily
enucleated. The following pathology risk factors were considered
for adjuvant therapy: any degree of scleral invasion, most cases with
postlaminar optic nerve involvement [16] and tumor at the resection
margin of the optic nerve, who also received adjuvant orbital
radiotherapy (45 Gy) up to the chiasm. The chemotherapy regimens
used for adjuvant therapy were previously published [13,14,17].

Patient Follow-up

All patients were followed by our group at least until age 18. In
all patients receiving chemotherapy, audiological evaluation was
scheduled on a yearly basis from age 5 onwards for 3-5 years after
that time. All surviving patients have at least one complete
audiological evaluation.

Statistical Analysis

Contingency tables were constructed and chi-square or Fisher
exact tests were used for categorical variables and Mann—Whitney
test was used for continuous variables. Survival status was updated
to August 2013. Curve comparison was done with the Log Rank
Test (Mantel Cox).

RESULTS

During the study period, a total of 197 evaluable children with
bilateral retinoblastoma were registered. Another 25 patients with
bilateral retinoblastoma were seen at our center in this period, but
they were considered not evaluable because they were second
opinions of patients diagnosed and treated elsewhere. Two
additional patients were diagnosed at our center, but opted for
treatment at another institution. Out of the 197 evaluable children
(Table I), 22 (11.3%) presented with unilateral tumors but had an
asynchronic bilateral tumor. A total of 177 patients (89.8%)
received conservative therapy to at least 1 eye and are analyzed for
conservative therapy.

Initial Treatment

Bilateral enucleation was needed in nine cases (4.6%),
conservative therapy to both eyes was attempted in 69 (35%) (58
with chemoreduction, 7 with bilateral EBRT, 4 with local therapy),
initial unilateral enucleation and conservative therapy of the fellow
eye was attempted in 105 cases (53.2%) (50 with chemoreduction,
40 with EBRT, 8 with local therapy, and 7 cases underwent initial
enucleation and developed metachronous involvement in the fellow
eye treated with local therapy). Thirty-two of the initially
enucleated eyes presented pathology risk factors warranting
adjuvant therapy (Table I) and 13 had a residual tumor in the
resection margin of the optic nerve. Four patients with postlaminar
optic nerve invasion and concomitant sclera invasion in the third era
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TABLE I. Clinical Characteristics and Outcome According to Treatment Era
First era (n =68) Second era (n=46) Third era (n=283) P
Age (mean) in months 13.4 (0.7-61) 15.8 (1-41) 13.3 (0-114) NS
Follow-up in months 202 (33-290) 157.3 (62-223) 71.5 (13-129) ND
(median, range)
Family history 10 (14.7%) 4 (8.7%) 13 (15.7%) NS
No. of patients with metastatic 2 (2.9%) 2 (4.3%) 4 (4.8%) NS
disease at diagnosis
Initial bilateral enucleation 4 (5.9%) 2 (4.3%) 3 (3.6%) NS
Intraocular grouping A-C=062 A-C=31 A-C=64 NS
D=32 D=39 D=59
E=42 E=22 E=43
Conservative therapy 59 (86.8%) 42 (91.3%) 76 (91.6%) NS
attempted in at least 1 eye
% receiving chemotherapy 50.7% 93.5% 98.8% <0.001
% receiving EBRT 84.6% 58.7% 68.7% 0.008
Age at the moment of EBRT 14 (2-61) 20.9 (8-55) 18.3 (5-47) <0.001
(mean) in months
Event description - Second malignancy = 6 - Extraocular relapse =3 - Trilateral retinoblastoma= 3
- Extraocular relapse =3 - Death of toxicity =1 - Metastatic disease progression =3
- Metastatic-extraocular - Second malignancy =2 - Second malignancy = 1
disease progression =4 - Metastatic disease - Extraocular relapse = 1
progression =2
Patients with pathology PLONI=8 PLONI=9 PLONI=12 ND

risk factors in initially
enucleated eyes warranting
adjuvant therapy

Tumor at the resection
margin of optic nerve =11

Scleral invasion =1
Tumor at the resection
margin of optic nerve =2

Scleral invasion =2

NS, Not significant; ND, not done; EBRT, external beam radiotherapy; PLONI, post-laminar optic nerve invasion.

received a more intensive regimen including higher dose
carboplatin and etoposide alternating with cyclophosphamide,
idarubicin, and vincrsitine [17]. These cases were not analyzed for
chemotherapy toxicity. Twelve patients (6.1%) received neo-
adjuvant therapy for the treatment of overt extraocular disease in
eight and massive buphthalmia in four. Two patients (1%) received
palliative care because of advanced metastatic disease.

Extent of Intraocular Disease at Diagnosis

Of the 177 children that underwent conservative therapy, 25
(14.1%) presented with both eyes belonging to the groups A-C, 58
(32.8%) had one eye group D and the fellow eye groups A-C,
48 (27.1%) had one eye group E and the fellow eye groups A—-C, 19
(10.7%) had both eyes group D and 27 (15.3%) had one eye group D
and the fellow eye group E. There were no significant differences
according to treatment era (Table I).

Eye Preservation

At the time of this analysis, of a total of 162 living children in
whom conservative therapy was attempted, 109 (67.3%) retain at
least one eye with useful vision, 27 (16.7%) retain both eyes while
26 (16%) have undergone bilateral enucleation. The probability of
eye preservation avoiding EBRT at 5 years for eyes belonging to the
groups A—C at the latest two eras (n =95) was 0.49 (95% CI 0.39—
0.6) since many patients had to receive EBRT for the treatment of
the fellow eye, usually of group D. In order to evaluate the
preservation of eyes with less advanced disease treated with
chemoreduction avoiding this confounding effect, we evaluated
separately those patients presenting with both eyes of groups A—-C

Pediatr Blood Cancer DOI 10.1002/pbc

(n = 16) and those with a fellow eye of group E that was enucleated
initially (n=25) together. The probability of avoiding EBRT at
5 years was 0.73 (95% CI 0.62 to 0.91) in this particular population.
The 5-year probability of eye preservation according to treatment
era and grouping of the enucleated eye is shown in Figure 1. For this
estimation, all eyes from patients with no metastatic disease,
including those initially enucleated were included.

Patient Survival

With a median follow-up of 115 months (range 31-290), the
probability 5-year overall survival for the whole group was 0.94
(95% confidence interval (CI) 0.91-0.98%), with no significant
differences among treatment periods.

Results of Pre-Enucleation Chemotherapy in Children
With Buphthalmia

Four children presenting with massive buphthalmia received
pre-enucelation chemotherapy. All of them showed regression of
disease manifestations and were enucleated after 1-3 cycles of
chemotherapy. Pathological examination of enucleated eyes
include: complete necrosis in a case, post laminar optic nerve
invasion in one case, prelaminar invasion in one case and focal
choroidal invasion in the remaining one. All are alive and disease-
free with a median follow-up of 72 months (range 31-120).

Description of Events

Extraocular relapse or progression occurred in 16 patients
(8.1%). Nine of them had progression or relapse of metastatic
disease present at diagnosis. Cases with non-metastatic disease that
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had an extraocular relapse are described in Table II. Three children
developed trilateral disease (1.5%) and two of them died despite
treatment with high dose chemotherapy and autologous stem cell
rescue. All of them belonged to the third era and had received
chemotherapy before the occurrence of trilateral disease (Table III).
Nine children had a secondary malignancy (Table III) (seven of
them outside the radiotherapy field) and five of them died. One
patient who was receiving adjuvant therapy because of tumor at the
resection margin of the optic nerve, died as a consequence of
chemotherapy toxicity because of sepsis during a neutropenic
episode. An additional patient died of sepsis during therapy for
metastatic retinoblastoma.

Chemotherapy Toxicity

Seventy-seven patients had no episode of fever and neutropenia
during treatment and there was no significant differences between
treatment era 2 and 3 and the occurrence of fever and neutropenia
(5.7% of cycles in the second era vs. 6.8% in the third). There were a
total of 18 severe documented infections and 10 patients required
transfusion support. Two children had abnormal audiology
evaluations but no therapeutic intervention was required.
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Fig. 1. Probability of ocular survival at 5 years according to group and
treatment era (eyes of patients that died of toxicity or second
malignancies are excluded). A: Groups A—C eyes. The probability of
ocular survival at 5 years for the first treatment (n = 62) era was 0.83
(95% CI 0.71-0.9), for the second treatment era (n=31) 0.9 (95% CI
0.73-0.97), and for the third treatment era (n =62) 0.8 (95% CI 0.71-
0.98). P=0.52. B: Group D eyes. The probability of ocular survival at
5 years for the first treatment (n = 30) era was 0.13 (95% CI 0.04-0.27),
for the second treatment era (n = 34) 0.38 (95% CI 0.23-0.54), and for
the third treatment era (n =47) 0.49 (95% CI 0.34-0.62); P < 0.0001.
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DISCUSSION

While the introduction of systemic chemoreduction in our
program did not affect overall or disease-free survival, it
significantly reduced the use of EBRT for the treatment of eyes
with less advanced disease, improved the preservation rate of eyes
with more advanced disease and delayed the use of EBRT in those
children requiring it.

The 5-year disease-free survival rate of children with bilateral
retinoblastoma has been over 90% for the past two decades in our
center [13,14] and the introduction of chemoreduction did not
make a significant change in survival results. Despite the
suggestion that chemoreduction may have a positive effect in
preventing systemic metastasis in high risk children because
systemically-administered chemotherapy would be useful to
manage microscopically disseminated disease [18], no such
effect was evident in our population. In the EBRT era, 28 patients
were managed without receiving chemotherapy and no extra-
ocular relapse was seen. In fact, extraocular relapse only occurred
in children already identified as high risk who were receiving
chemotherapy for residual tumor in the optic nerve. According
to our data, additional protection is not apparent if adjuvant
therapy is tailored to pathology risk factors of the enucleated
eyes. In our population, the major differences in the occurrence of
extraocular relapse between the cohorts of EBRT treated and
chemoreduction-treated patients are based on the possible
prevention of the occurrence of a tumor residue in the retrolaminar
optic nerve by the use of pre-enucleation chemotherapy [19] since
this complication was possibly prevented by pre-enucleation
chemotherapy in the third era. In our series, in four out of the seven
patients developing extraocular relapse, the relapsed tumor
originated from an eye that was treated with conservative therapy
in families that did not accept timely enucleation of the affected
eye. Our rate of refusal of 2.3% is relatively low for a developing
country [20]. The use of chemoreduction-based regimens did not
affect significantly the decision of acceptance of enucleation in our
setting.

Although there is no evident advantage in the eye preservation
rate, as reported from developed countries, children with less
advanced disease were significantly less likely to receive EBRT if
chemoreduction was given. However, EBRT was used more
frequently in our setting, probably because it was needed for a
contralateral group D eye, or by lack of availability of
brachytherapy or laser therapy or when problems of follow-up
were anticipated and EBRT was felt to be a safer alternative. Hence,
when only those eyes with bilaterally less advanced disease or those
with an enucleated fellow eye were evaluated, the use of EBRT was
only slightly higher than the reported international figures which are
in the range of 20% [21].

Our patient cohort includes a substantial number of children
presenting with bilaterally advanced disease with high risk of
blindness, thus in this population we felt it was justified to introduce
periocular chemotherapy and consolidation with EBRT upfront in
our third era. A favorable impact of chemoreduction for eyes with
advanced disease of group D was evident. However, even though
the preservation rate at 5 years doubled that of EBRT alone, the
occurrence of late relapses or ocular complications leading to
enucleation narrowed these differences in the long term and we
could not definitely determine the positive long-term effect of this
treatment in this cohort.
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TABLE II. Description of Extraocular Relapses in Non-Metastatic Patients

Patient (era)

Event

Treatment received for
retinoblastoma

Outcome

Comment

6(2)

7(2)

49 (2)

54 (1)

78 (1)

191 (1)

197 (3)

Extraocular relapse form
an eye treated with
conservative intent

Extraocular relapse form
an eye treated with
conservative intent

Extraocular relapse form
an eye treated with
conservative intent

Extraocular relapse form
an eye treated with
conservative intent

Extraocular relapse form
an enucleated eye

Extraocular relapse form
an enucleated eye

Extraocular relapse form
an eye treated with
conservative intent

Chemoreduction and
EBRT

Chemoreduction and
EBRT

Chemoreduction and
EBRT Orbital
exenteration after an
orbital relapse

Enucleation and EBRT
of the fellow eye

Bilateral enucleation,
adjuvant EBRT and
chemotherapy

Enucleation, adjuvant
EBRT and che-
motherapy

Initial chemoreduction
to both eyes, EBRT
and enucleation

Orbital progression, CNS
extension and death after
treatment with high dose
chemotherapy and ASCR

Orbital progression followed
by CNS extension and
death

Orbital relapse, CNS
extension and death

Orbital progression followed
by CNS extension and
death

CNS metastasis

CNS metastasis

CNS metastasis

Family initially declined
enucleation of second eye
and was treated
elsewhere. Came back
with orbital disease

Family refused bilateral
enucleation

Patient showed
chemoresistance from the

diagnosis

Family abandoned treatment

CNS relapse and death

Temporary abandonment
followed by CNS relapse

Death during a septic
episode

TABLE III. Description of Secondary Malignancies and Trilateral Retinoblastoma

Treatment for second

Patient (era) Second malignancy Retinoblastoma treatment Lag time®* malignancy/trilateral Outcome
26 (1) Lower limb osteosarcoma Enucleation-EBRT® 10 years Chemotherapy-surgery Alive and disease-free
for 10 years
41 (2) AML Enucleation-EBRT® 3 months  Chemotherapy Dead of progressive
Chemotherapy® disease
48 (1) Lower limb Ewing Enucleation-EBRT® 5 years High dose chemotherapy Dead of progressive
sarcoma (metastatic) and autologous stem disease
cell rescue
51 (1) Spinal ependymoma Enucleation-EBRT® 12 years Surgery Alive and disease-free
Chemotherapy® for 3 years
79 (1) Soft tissue sarcoma EBRT to both eyes 19 years Surgery chemotherapy Dead of progressive
disease
82 (1) Hemispheric low grade Enucleation, chemotherapy® 6 years Surgery Alive and disease-free
glioma and EBRT® for 7 years
92 (1) Upper limb osteosarcoma Enucleation, chemotherapy® 17 years Chemotherapy and Alive and disease-free
and EBRT® surgery for 1 year
154 (3) AML Chemotherapy® and EBRT 2 years Chemotherapy Dead of progressive
disease
45 (2) AML Neoadjuvant chemotherapy®, 2 years Chemotherapy Dead of progressive
EBRTY, bilateral disease
enucleation
142 (3) Trilateral Initial bilateral enucleation 19 months  High dose chemotherapy Dead of progressive
adjuvant chemotherapy’ and ASCR disease
182 (3) Trilateral Chemotherapy® and EBRT 15 months  High dose chemotherapy Dead of progressive
and ASCR disease
196 (3) Trilateral Initial enucleation, 8 months Conventional Alive with disease
chemotherapy® chemotherapy

ASCR, Autologous stem cell rescue. “Lag time was defined as the interval between the date of diagnosis of retinoblastoma and that of a second
malignancy or trilateral disease; A molecular re-arrangement of the 11q23 MLL gene was detected; “EBRT: External beam orbital radiotherapy
(45 Gy) up to the chiasma; “Chemotherapy for extraocular disease; “Chemoreduction; ‘Adjuvant chemotherapy because of pathology risk factors.
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The acute toxicity of chemoreduction regimens was manageable
and no toxic death was attributed to them. The patients that died
because of septic complications in our cohort had extraocular
disease and were receiving a more intensive regimen. Severe, life-
threatening complications occurred in less than 10% of the cases
receiving standard chemoreduction, but even though they were
managed successfully by our team, the situation may not be similar
in other settings with less resources and experience since toxic
mortality has been reported in children receiving standard chemo-
reduction [9]. Significant ototoxicity was evident in less than 2% of
the cases and no other unexpected toxicity occurred.

The occurrence of chemotherapy-induced acute leukemias is an
uncommon but potentially fatal complication of chemoreduc-
tion [22]. Second to sarcomas, AML accounted for one third of the
cases of secondary tumors and about two-thirds of the fatalities for
second malignancies in our cohort. Individuals with germline Rb1
mutations do not show an increased susceptibility for AML and
most reported cases are therapy-related [22]. In one of our cases,
MLL rearrangements were detected, linking it to etoposide but the
relationship with chemotherapy exposure is more difficult to
determine in the remaining two children [23]. The overall rate of
secondary malignancies was relatively low in our population and
only two irradiated children had secondary malignancies in the
irradiation field, which may be influenced by the relatively short
follow-up. The mortality of children affected with secondary solid
tumors was lower than those with secondary leukemias. There are
scant data about secondary malignancies in children with
retinoblastoma treated with chemoreduction. Turaka et al. [24]
reported that 4% of their 187 cases with retinoblastoma and germ
line mutations developed a secondary malignancy, which is
comparable to our data if our complete cohort is considered.
Thus, no definitive conclusions on the comparative effect of
chemotherapy on secondary malignancies can be elicited from our
data. As previously reported, children receiving chemotherapy and
radiotherapy appear to be at higher risk for second malignancies as
those receiving either of these alone. Since EBRT could be
significantly delayed in children receiving chemoreduction,
radiation-induced tumors may be less common since an age-
dependent effect was reported for the mutagenic potential of EBRT
in these children [25].

The occurrence of trilateral retinoblastoma was 1.5% in our
series, which is in line with current estimations [26,27] but lower
than previous studies from other groups that reported an incidence
of 6-15% [28,29]. The apparent reduction in the number of trilateral
cases in recent years was attributed to a potential protective effect of
chemotherapy [30]. Shields et al. [30] reported that none out of 99
susceptible cases treated with chemotherapy developed trilateral
disease, compared to 1 case in 18 in susceptible children without
chemotherapy exposure. In our series, 3 of 159 children who
received chemotherapy developed trilateral disease, compared to 0
of 38 that did not receive chemotherapy, which may suggest the
opposite. It may be argued that some cases with trilateral
retinoblastoma might have been missed in our initial series when
only CT scans were done for extent of disease evaluation. However,
all cases that died of CNS dissemination of retinoblastoma in our
first era had received chemotherapy and no CNS event occurred in
any other case not receiving chemotherapy. The evaluation of our
cases that died of CNS events was not consistent with pineal or
sellar masses but from progression via the optic nerve in children
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with tumor at the resection margin. Since trilateral retinoblastoma is
fatal without therapy [29], it is very unlikely that these cases were
missed. Our hypothesis is that given the low prevalence of trilateral
retinoblastoma, the possible role of chemotherapy in its prevention
or induction cannot reliably be supported from the available data
based on relatively low numbers, requiring a much larger cohort to
confirm any of these hypothesis.

To conclude, the implementation of a program of systemic
chemoreduction was feasible and associated with manageable
toxicity in our setting. It was effective in significantly reducing the
use of EBRT in eyes with less advanced tumors. For patients with
more advanced disease, there was a significant increase in the eye
preservation rate compared to EBRT, but the addition of periocular
chemotherapy followed by consolidation with EBRT did not
significantly increased eye preservation.
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