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Abstract
Aim: The purpose of this study was to evaluate the outcomes of infants diagnosed with reti-
noblastoma before 6 months of age, including the need for chemoreduction (CRD). In this age
group, dosage of CRD was reduced due to its potential for toxicity. Methods: This is a retro-
spective review from 2000 to 2009 that includes 126 eyes of 72 infants (18 unilateral, 54 bilat-
eral). Systemic CRD was administered when local modalities failed or were considered inade-
quate. Primary outcome measures were the need for CRD and globe salvage. Results: Of the
72 infants diagnosed before 6 months of age, 48 (67%) ultimately required CRD for globe sal-
vage, 40 (56%) patients before 6 months of age. Globe salvage was achieved in 62% (78/126)
of eyes overall and in 93% (68/73) of eyes with Group A-C disease. No patient was hospitalized
for CRD-related illness; survival was 100%. The mean follow-up was 52.9 months (range 1-148
months). Conclusion: Utilizing a combination of focal modalities and reduced-dose CRD, chil-
dren diagnosed with retinoblastoma before 6 months of age attain globe salvage rates com-
parable to those of older age groups. Two thirds of the infants ultimately required CRD for
globe salvage. Bilateral disease as well as Group D and E classification in at least one eye at
presentation increased the chance of requiring CRD (p < 0.0001 and p < 0.016, respectively).
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Introduction

The average age at diagnosis for intraocular retinoblastoma is 18 months, 12 months for
bilateral patients and 24 months for unilateral patients [1]. However, with improved
awareness by pediatricians and parents, many children are being diagnosed with retino-
blastoma before 6 months of age [2-5]. These children are more likely to have the hereditary
form of retinoblastoma and therefore have a higher likelihood of multiple, bilateral tumors
[2, 4]. For young children diagnosed with retinoblastoma before 6 months of age, there are
special treatment-related factors that must be considered. Enucleation can be performed in
very young infants but is technically more challenging due to the smaller orbit and the diffi-
culty of placing an adult-sized implant. Radiation was used extensively for globe salvage
prior to the 1990s [2, 4], but is now avoided in children younger than 12 months of age due
to the significant risk for secondary cancers [6]. Intra-arterial chemotherapy is usually not
considered before the child has reached 3 months of age and 6 kg of weight [7]. Systemic
chemoreduction (CRD) has been used successfully worldwide in this age group, but there are
concerns regarding its effectiveness in very young infants. This observation may be due to
the reduced vascular perfusion and drug delivery in small tumors of young patients [8] as
well as the higher risk of side effects, including a possible increased risk for hearing loss
[9-11].

At our institution, children diagnosed with retinoblastoma below the age of 6 months are
treated with a combination of focal modalities, enucleation, and a modified dose of systemic
chemotherapy, depending on the clinical presentation. As outlined by the International Clas-
sification System for Retinoblastoma [12], patients with Group A disease in one or both eyes
at presentation are managed with focal modalities only. A small minority of eyes with Group
B disease with peripheral tumors can be managed with local therapy (i.e. cryotherapy).
However, the majority of eyes with Group B disease and all eyes with Group C disease are
treated with CRD. The management of Group D disease depends on the laterality: the majority
in this age group is treated with CRD; however, enucleation is considered for eyes with Group
D disease with poor visual potential, termed Group D2, in unilateral patients [13]. Enucleation
is generally recommended for eyes with Group E disease. Chemotherapy for patients below
the age of 6 months consists of a 3-drug chemotherapy regimen with carboplatin, etoposide,
and vincristine at 50-75% of the full dose, and vincristine is not given to infants under 2
months of age due to the risk of paralytic ileus. To evaluate the results of young infants with
retinoblastoma treated in the CRD era, we retrospectively reviewed outcomes of patients
diagnosed with retinoblastoma before 6 months of age treated at Children’s Hospital Los
Angeles (CHLA).

Materials and Methods

From January 1,2000 to December 31,2009, 310 children were diagnosed with retinoblastoma at CHLA.
Within this cohort, 76 infants were diagnosed with retinoblastoma before 6 months of age. At initial diag-
nosis, there were 20 unilateral patients and 56 bilateral patients (total of 132 eyes). Four patients showed
evidence of extraocular disease at diagnosis and were excluded; they were treated according to the Children’s
Oncology Group protocol for infants with central nervous system disease [14]. Thus, 126 eyes of 72 infants
(18 unilateral, 54 bilateral) were included in this retrospective chart review. Primary outcome measures
were globe salvage, the need for CRD, and the occurrence of treatment-related complications. The Institu-
tional Review Board at CHLA approved this study.

Treatment

Systemic chemotherapy for patients under 6 months of age consisted of a modified dosing regimen with
a 50% decrease in all agents for the first cycle. At our institution, vincristine is routinely omitted for patients

KARGER

104



Ocular Oncology Ocul Oncol Pathol 2015,1:103-110

xdPathology DOI: 10.1159/000370215 © 2015 S. Karger AG, Basel
www.karger.com/oop

Berry et al.: Low-Dose Chemoreduction for Infants Diagnosed with Retinoblastoma
before 6 Months of Age

Table 1. Chemoreduction protocol at CHLA

105

Standard protocol First cycle: 50% reduced-dose protocol Subsequent cycles: 50-100% dose
tocol?
for infants <2 months for infants >2 months R
Carboplatin
Day 1 13 mg/kg (390 mg/m?) 6.5 mg/kg (195 mg/m?) 6.5 mg/kg (195 mg/m?) 6.5-13 mg/kg (195-390 mg/m?)
Day 2 13 mg/kg (390 mg/m?) 6.5 mg/kg (195 mg/m?) 6.5 mg/kg (195 mg/m?) 6.5-13 mg/kg (195-390 mg/m?)
Etoposide
Day1l  5mg/kg (150 mg/m?) 2.5 mg/kg (75 mg/m?) 2.5 mg/kg (75 mg/m?) 2.5-5 mg/kg (75-150 mg/m?)
Day2  5mg/kg (150 mg/m?) 2.5 mg/kg (75 mg/m?) 2.5 mg/kg (75 mg/m?) 2.5-5 mg/kg (75-150 mg/m?)
Vincristine
Day 1 0.05 mg/kg (1.5 mg/m?) notgiven 0.025 mg/kg (0.75 mg/m?)  0.025-0.05 mg/kg (0.75-1.5 mg/m?)P
Day 2

2 Patients are increased to 100% if they (1) are >3 months of age, (2) show no grade III toxicity to the 75% dose, and (3) have inade-
quate tumor response to the 75% dose. ® Only given to infants >2 months of age.

under 2 months of age due to theoretical concerns regarding paralytic ileus. Paralytic ileus is a complication
with vincristine therapy [15], although not specifically reported in the pediatric age group. After the first
cycle at a 50% dose of carboplatin, etoposide, and vincristine (or carboplatin and etoposide), patients are
monitored for intraocular tumor response and grade III systemic toxicity. If there is adequate tumor response
or evidence of systemic toxicity, patients are kept at the 50% dose for the next cycle. If there is inadequate
tumor response and no grade III toxicity then the dose is increased to 75%. Patients can be increased to a
100% dose of carboplatin, etoposide, and vincristine if all of the following factors are present: (1) older than
3 months of age; (2) no grade III toxicity to the 75% dose, and (3) inadequate tumor response to the 75%
dose. Standard doses at our institution are as follows: intravenous carboplatin 13 mg/kg (390 mg/m?) per
day for 2 consecutive days, etoposide 5 mg/kg (150 mg/m?) per day for 2 consecutive days, and vincristine
0.05 mg/kg (1.5 mg/m?) on the first day only (table 1). Patients with Group B disease are given 3 cycles,
patients with Group C disease 4-6 cycles, and those with Group D disease are given 6 cycles (each cycle given
28 days apart).

Chart Review

Atinitial evaluation, each patient had a screening MRI of the brain and orbits to evaluate for extraocular
disease. Staging examination under anesthesia included intraocular pressure measurements, anterior
segment evaluation, dilated fundus examination with scleral depression, B-scan ultrasound, and, for some
patients, fluorescein angiography. We classified eyes according to the International Classification System for
Retinoblastoma. A chart review was done to obtain the following information: date of birth, date of diagnosis,
gender, laterality of retinoblastoma, length of follow-up, systemic chemotherapy agents used with the
number of cycles, radiation therapy when utilized, and details of local therapy and visual acuity of the treated
eye(s) at the last follow-up visit. Complications of therapy, including National Cancer Institute CTCAE
(Common Terminology Criteria for Adverse Events) version 3 (grade III or higher), the occurrence of
secondary tumors, metastatic disease, and deaths were also recorded.

Images
Reviewed images were obtained during examination under anesthesia using a wide-angle contact
fundus camera (RetCam; Clarity Medical Systems, Inc., Pleasanton, Calif., USA) and B-scan ultrasound.

Statistical Analysis

The X2 test was used for the association between the need for CRD and baseline clinical characteristics
(table 2). The primary endpoint in the regression analysis was the need for CRD. In the univariate analysis
(table 3), logistic regression was used to assess the significant association of the need for CRD with each listed
clinical category. Multivariate analysis using logistic regression analysis was performed to further assess the
association with CRD. All results were summarized as odds ratios, 95% confidence intervals, and p values.
Statistical significance was set at a 2-sided 5% level.
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Table 2. Demographicand clinical

characteristics Characteristics No chemotherapy Chemotherapy Test of
(n=24) (n=48) association
p values
Gender 0.252
Female 14 (58) 22 (46)
Male 10 (42) 26 (54)
Family history 0.580
No 15 (63) 25(52)
Yes 9 (38) 23 (48)
Laterality <0.0001
Unilateral 13 (54) 5(10)
Bilateral 11 (46) 43 (90)
International classi- 0.004
fication?
A 2(8) 3(6)
B 1(4) 10 (21)
C 0(0) 8(17)
D 12 (50) 7 (14)
E 9 (38) 20 (42)
Eye classification 0.220
Groups A, B 3(13) 13 (27)
Group C or worse 21 (88) 35(73)
Eye classification 0.016
Groups A-C 3(13) 21 (44)
Group D or worse 21 (88) 27 (56)
Values are presented as n (%). Associations were tested using the y?
test. @ Patient’s most advanced eye.
Results

From January 1, 2000 to December 31, 2009, 72 infants were diagnosed with intraocular
retinoblastoma before the age of 6 months and treated primarily at CHLA. A total of 126 eyes
were included in this review. The average age at diagnosis was 2.7 months (range 0-5
months). Table 2 shows the distribution of the demographic and clinical characteristics of our
patient population grouped by the need for CRD.

Demographics

Of the 72 patients, 36 (50%) were female and 36 (50%) were male. A positive family
history was noted in 32 (44%) patients. The average age at diagnosis for patients with a
positive family history was 2.2 months (range 0-5 months). The 72 patients were classified
according to the International Classification System for Retinoblastoma, using the most
advanced eye in bilateral cases. Group A disease was diagnosed in 5 (8%) patients, Group B
in 11 (15%), Group C in 8 (11%), Group D in 19 (26%), and Group E in 29 (40%) patients. At
initial diagnosis, 18 (25%) patients had unilateral disease and 54 (75%) had bilateral disease.
In the unilateral cohort, 4/18 (35%) patients developed sequential, bilateral disease during
follow-up; all 4 patients developed contralateral Group A disease and none required CRD. Of
the 4 patients, 3 were diagnosed at 1 month of age and all 4 had a family history of retino-
blastoma.
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Table 3. Demographic

characteristics associated with Characteristics CRDlpatients/ Oddos ratio p value
the need for systemic CRD tota Lo Uy
Gender
Female 22/36 Reference -
Male 26/36 1.77 (0.66-4.70) 0.255
Family history
No 25/40 Reference -
Yes 23/32 1.32 (0.49-3.56) 0.581
Laterality
Unilateral 5/18 Reference -
Bilateral 43/54 7.60 (2.45-23.54) <0.0001
International classification
A 3/5 Reference -
B 10/11 6.67 (0.44-101.73) 0.172
C 8/8 NA NA
D 7/19 0.39 (0.05-2.92) 0.359
E 20/29 1.78 (0.25-12.45) 0.562
Eye classification
Groups A, B 13/16 Reference -
Group C or worse 35/56 0.43 (0.11-1.67) 0.223
Eye classification
Groups A-C 21/24 Reference -
Group D or worse 27/48 0.21 (0.06-0.80) 0.021

CI = Confidence interval; NA = not available.

Need for CRD

Of the 72 infants diagnosed with intraocular retinoblastoma before 6 months of age, 40
(56%) required CRD before the age of 6 months, and 48 (67%) were ultimately treated with
CRD. The age at administration of the first CRD cycle ranged from 0 to 9 months, with an
average of 3.1 months. Eight patients initially avoided CRD but then required it after 6 months
of age. All of these patients had bilateral disease with tumors initially treated with local ther-
apies, but with persistent activity or recurrence ultimately requiring CRD.

Outcomes

Globe salvage was achieved in 62% (78/126) of eyes overall. This includes 26 eyes that
had been enucleated primarily. Among these 26 eyes, there were 11 with Group D disease and
15 with Group E disease. The globe salvage rate was 93% (68/73) for eyes with Group A-C
disease, 27% (6/22) for Group D disease, and 13% (4/31) for Group E disease. For patients
not receiving primary enucleations, the overall globe salvage rate with focal modalities and/
or CRD was 78% (78/100), 93% (68/73) for eyes with Group A-C disease, 55% (6/11) for
Group D disease, and 25% (4/16) for Group E disease.

Among the 48 patients who received CRD, 3 required iodine-125 plaque brachytherapy
and 8 required external beam radiation (intensity-modulated radiation therapy). For the 8
patients receiving intensity-modulated radiation therapy, the average age at treatment was
16.5 months (range 11-26). All 8 eyes received a total dose of 36 Gy and they were all salvaged.
After CRD, 18 eyes ultimately required enucleation; 10 of them were eyes with Group E
disease.

KARGER

107



Ocular Oncology Ocul Oncol Pathol 2015,1:103-110

andPathology DOI: 10.1159/000370215 © 2015 S. Karger AG, Basel
www.karger.com/oop

Berry et al.: Low-Dose Chemoreduction for Infants Diagnosed with Retinoblastoma
before 6 Months of Age

Given the young age of the patients in this series, final Snellen visual acuity could not be
determined in all patients; however, 21 (30%) patients had vision better than 20/40 in at
least one treated eye at their last recorded follow-up visit.

No patient developed grade III toxicity or higher (CTCAE; absolute neutrophil count
<1,000 with febrile neutropenia). Granulocyte-stimulating factor support was a component
of the chemotherapy regimen and was required for all patients receiving full doses of the
3-drug regimen for CRD. No patients were hospitalized for illness related to CRD. One patient
developed severe hearing loss that required hearing aids. Another patient developed non-
etoposide-associated AML 12 months after the completion of CRD, and this case has been
described previously [17]. All patients were alive and no other secondary malignancies have
been identified at a median follow-up of 52.9 months (range 1-148).

Treatment Associations

Patients are grouped in table 2 by demographic characteristics and whether or not they
received CRD. As expected, laterality was significantly associated with requiring CRD. Infants
with bilateral disease were 7.60 times more likely to require CRD compared to those with
unilateral disease (p < 0.0001). Also, we found a significant association between the Interna-
tional Classification grouping and the need for CRD (x? test, p = 0.004). For eyes classified as
Groups A and B versus those classified as Groups C-E, there is no statistically significant asso-
ciation with the need for CRD (¥ test, p = 0.220). However, eye classification as Groups A-C
versus Groups D and E is significantly associated with the need for CRD (x? test, p = 0.016).
The results of the univariate analysis are shown in table 3. There was no significant associ-
ation between a positive family history of retinoblastoma and the need for CRD (p = 0.581).
We acknowledge that the need for CRD was made on a clinical basis, and therefore the same
results may not apply to other clinical settings.

Discussion

Treating children diagnosed with retinoblastoma before 6 months of age in the CRD era
poses special challenges to the ocular oncology team. Given the potential for an increased
risk for complications and systemic toxicity in these young infants, chemotherapy regimens
are modified and local therapies are emphasized. As previously reported by Abramson et al.
[2], children diagnosed early in life often have advanced disease in one or both eyes. In our
series of children diagnosed before the age of 6 months, 42% (53/126) of eyes were diag-
nosed with Group D or E disease, similar to a previously published series which included
older children [18]. As expected, given the young age at diagnosis, 75% (54/72) of our
patients had bilateral disease. Both of these factors, advanced Group D and E disease and
bilateral disease, were associated with the need for systemic CRD (p = 0.016 and p < 0.0001,
respectively).

The management of infants diagnosed before the age of 6 months in the CRD era appears
to have improved globe salvage and survival rates when compared to previous reports of
infants treated predominantly with radiation therapy [2]. With our treatment approach,
33% of infants diagnosed with retinoblastoma before 6 months of age had no CRD during
their treatment course, and 44% of patients had no CRD during the first 6 months of life. We
also demonstrated that a reduced-dose, 2- to 3-drug CRD regimen has acceptable and
tolerable systemic drug toxicity even in very young infants. When comparing the rates of
systemic toxicity between this reduced-dose approach in young infants versus all children
with Group D disease treated with CRD, the rates of grade III toxicity, hospital admissions,
hearing loss, and long-term side effects were similar [17]. No patient was admitted for
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chemotherapy-related toxicity during the follow-up period, and only 1 patient developed
detectable hearingloss. There were no chemotherapy-related secondary cancers, confirming
that even in this age group, avoiding radiation likely avoids secondary malignancies [2, 3].
With our protocol we maintained a 93% (68/73) salvage rate for eyes with Group A-C
disease, a 55% (6/11) salvage rate for treated eyes with Group D disease, and a 25% (4/16)
salvage rate for eyes with Group E disease. All of these success rates are comparable to
standard dose CRD in older age groups [17, 18], suggesting that concerns regarding tumor
drug resistance with lower dose chemotherapy regimens may be unfounded in this younger
group of patients.

The treatment approach for infants diagnosed before the age of 6 months can be particu-
larly challenging in two groups of patients: (1) unilateral patients with Group D disease and
(2) asymmetric patients with advanced disease in one eye (Group D) and less advanced
disease in the other eye (Groups A, B). For the first group of patients with unilateral Group D
disease, we recommend enucleation in most cases, particularly with poor visual potential, to
avoid 6 months of systemic chemotherapy in young infants. Sequential, contralateral eye
involvement in our group of patients was always Group A disease, which was amenable to
treatment with focal modalities without a significant loss of vision. Several authors have
previously reported thatapproximately 20% of patients before 6 months of age with unilateral
disease eventually became bilateral patients [2, 16]. Abramson et al. [2] recommended that
this factor should be considered when making treatment decisions at diagnosis, but we found
unconvincing evidence for this treatment concept in our series. Based on our findings, we do
not recommend chemotherapy for the fellow eye in this young patient group on a prophy-
lactic or ‘protective’ basis. For the second group of patients with asymmetric disease, the
clinician must make a determination whether the less involved eye can be treated success-
fully with focal modalities. If not, then the recommended treatment approach is CRD to treat
both eyes simultaneously.

Conclusion

Children diagnosed with retinoblastoma before 6 months of age more often have bilateral
disease and are justas likely to have advanced disease as older patients. A treatment approach
utilizing local treatment modalities whenever clinically indicated and enucleation for
advanced eyes spared many children systemic chemotherapy during the first 6 months oflife.
When local modalities were inadequate, a reduced-dose CRD protocol with etoposide and
carboplatin with or without vincristine was administered with good safety and a tolerable
side-effect profile. With this protocol, we report high salvage rates for eyes with Group A-C
disease and minimal long-term side effects in retinoblastoma patients diagnosed before 6
months of age.
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