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a similar overall event-free survival rate (p = 0.16). In our co-
hort, this short-course approach spared 63% (29/46) of pa-
tients with group B retinoblastoma the extra 3 cycles of sys-
temic chemotherapy.  © 2015 S. Karger AG, Basel 

 Introduction 

 Treatment of retinoblastoma using chemotherapy was 
first introduced in the early 1960s  [1, 2] . Since then, a va-
riety of chemotherapy regimens have been described, but 
none abandoned the concomitant use of radiation thera-
py until 1996  [3–6] . These studies led to the modern era 
of treatment with primary chemoreduction and concur-
rent local consolidative therapies, reserving external 
beam radiation for refractory disease  [7] . In the last de-
cade, local or regional delivery of chemotherapy to pa-
tients with retinoblastoma including intra-arterial and 
intravitreal approaches has also been described and im-
plemented globally  [8–13] .

  In 2003, the International Classification of Retinoblas-
toma grouped intraocular retinoblastoma based on tu-
mor size, location, extent of seeding, and retinal detach-
ment (groups A–E; online suppl. table  1; see www.
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 Abstract 

  Background/Aims:  Chemoreduction protocols for retino-
blastoma vary widely across institutions. Herein, we com-
pare a 3- versus 6-cycle chemotherapy approach for group B 
retinoblastoma.  Methods:  A nonrandomized, retrospective 
review of patients diagnosed with group B retinoblastoma 
from 1991–2011 at Children’s Hospital Los Angeles was per-
formed. A total of 72 eyes of 63 patients were analyzed. Mean 
follow-up time was 82 months (range 6–272 months). Main 
outcome measures were globe salvage and need for exter-
nal beam radiation.  Results:  Forty-six patients (55 eyes) were 
treated upfront with 3 cycles of carboplatin, etoposide, and 
vincristine; 17 patients (17 eyes) received 6 cycles. Thirty-sev-
en eyes (67%) in the 3-cycle group were cured with initial 
chemoreduction alone. An additional 10 eyes with persis-
tent or recurrent tumors were rescued with 3 more cycles for 
a total salvage rate of 85% (47/55 eyes). In the 6-cycle group, 
16 of 17 eyes (94%) avoided radiation and enucleation.  Con-

clusion:  The initial recurrence rate was higher for the 3-cycle 
group (p = 0.03). However, eyes failing short-course chemo-
reduction were rescued with 3 additional cycles and achieved 
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karger.com/doi/10.1159/000439593 for all online suppl. 
material)  [14] . The success of chemoreduction varies 
with the stage of disease, with groups A–C reportedly 
achieving cure rates as high as 90–100%  [15–18] . The 
globe preservation rates for group B, in particular, vary 
widely from 70 to 100% due to inherent differences be-
tween chemoreduction protocols across institutions  [19–
22] . Despite relatively high overall salvage rates for group 
B eyes, the ideal chemoreduction protocol remains un-
clear. Currently, many institutions use 6 cycles of system-
ic carboplatin, etoposide, and vincristine (CEV) as the 
first-line treatment modality for group B–D retinoblas-
toma  [5–7, 15] . At Children’s Hospital Los Angeles 
(CHLA), an overall higher dose of carboplatin is given 
over 2 days for all patients receiving chemoreduction (13 
mg/kg ×2 days), and for group B eyes, a short-course 
3-cycle chemoreduction protocol is employed. In this 
study, we evaluated outcomes of group B retinoblastoma 
eyes treated at CHLA with a short-course 3-cycle versus 
6-cycle chemotherapy approach.

  Methods 

 A nonrandomized, comparative retrospective review with data 
collection spanning 20 years from January 1, 1991 to December 31, 
2011 at CHLA was performed. The Institutional Review Board at 
CHLA approved this study.

  Patients diagnosed at CHLA with retinoblastoma and desig-
nated group B in at least 1 eye from January 1, 1991 to December 
31, 2011 at CHLA were included in this study. Patients with evi-
dence of extraocular disease at the time of diagnosis were treated 
according to the Children’s Oncology Group protocol for infants 
with central nervous system disease and were thus excluded from 
analysis. Patients treated with systemic chemoreduction protocols 
other than the standard CHLA group B treatment protocol de-
scribed below were excluded. Those treated under different proto-
cols at outside hospitals and referred for second opinions were also 
excluded.

  Treatment 
 The treatment protocol for group B retinoblastoma eyes at 

CHLA is systemic chemoreduction and local consolidation thera-
py, which includes argon (532 nm) or diode laser therapy (810 nm 
laser), cryotherapy (freeze-thaw cycle ×2) for larger lesions ante-
rior to the equator, and, rarely, radioactive plaque. The systemic 
chemoreduction protocol is summarized in online supplementary 
table 2 and includes intravenous carboplatin 390 mg/m 2  (13 mg/
kg for children <36 months) ×2 days, etoposide 100 mg/m 2  (5 mg/
kg for children <36 months) ×2 days, and vincristine 1.5 mg/m 2  
(0.05 mg/kg for children <36 months) ×1 day. Infants <6 months 
of age at diagnosis receive a modified dosing regimen with a 50% 
decrease in all agents for the first cycle  [23] . At our institution, vin-
cristine is routinely omitted for patients <2 months of age due to 
concerns regarding paralytic ileus and irritability. After the first 

cycle at 50% dose CEV (or CE), patients are then monitored for 
intraocular tumor response and grade III systemic toxicity. If there 
is adequate tumor response or evidence of systemic toxicity, pa-
tients are kept at the 50% dose for the next cycle. If there is inad-
equate tumor response and no grade III toxicity, then the dose is 
increased to 75%. Patients can be increased to 100% dose of CEV 
if all factors are present: (1) older than 3 months of age, (2) no 
grade III toxicity to 75% dose, and (3) inadequate tumor response 
to 75% dose.

  Unilateral group B cases or bilateral cases in which the group B 
eye was the most advanced eye received an initial 3 cycles of high-
dose CEV to treat the eye. In bilateral cases wherein the group B 
eye was the least advanced eye, 6 cycles of the same high-dose CEV 
regimen was given upfront based on the staging of the more af-
fected eye (group C or D). In cases where the most advanced eye 
was enucleated, the total number of cycles was dependent on the 
histopathology of the enucleated eye. If high-risk features such as 
postlaminar optic nerve invasion or massive choroidal invasion 
were found, 3 additional cycles of adjuvant chemotherapy were 
given. Since adjuvant therapy utilizes a slightly lower dose of car-
boplatin (18.6 mg/kg), these cases were excluded from the analysis 
(online suppl. table 2).

  After completion of initial chemoreduction, patients in the 
short-course 3-cycle group were referred for additional chemore-
duction (3 more cycles of high-dose CEV) if there was tumor per-
sistence or recurrence not amenable to local control. Rarely, pa-
tients also required intensity-modulated radiation therapy (IMRT) 
for salvage at a dose of 36 Gy (for all but 2 patients who were pre-
scribed 44 and 26 Gy). Patients were examined at intervals of 4–6 
weeks during treatment.

  Chart Review 
 At initial evaluation, each patient had a full staging exam under 

anesthesia (EUA) including B-scan ultrasound evaluation. Eyes 
were classified according to the International Classification Sys-
tem for Retinoblastoma  [14] . A few eyes that had been initially 
classified under the older Reese-Ellsworth system were reassigned 
according to the International Classification System for Retino-
blastoma based on fundus photos and documentation of exam 
findings. A retrospective chart review was done to obtain the fol-
lowing information: date of birth, date of diagnosis, gender, later-
ality of retinoblastoma, length of follow-up, systemic chemother-
apy agents used with number of cycles, radiation therapy when 
applicable, 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 common terminology criteria 
for adverse events (CTCAE) version 3, grade 3 or higher, addi-
tional tumors, and deaths were also recorded.

  Statistical Analysis 
 Mean, median, and standard deviations were computed using 

Microsoft Excel functions. p values were calculated with the χ 2  
function and 2-tailed T test. Kaplan-Meier curves were calculated 
with Microsoft Excel. Vassarstats.net was used to obtain the con-
fidence intervals for both cohorts.

  Images 
 Images were obtained using a wide-angle contact fundus cam-

era (RetCam II, Clarity Medical Systems, Inc., Pleasanton, Calif., 
USA) and ultrasound during EUA.
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  Results 

 From January 1, 1991 to December 31, 2011, 740 pa-
tients were referred to CHLA for retinoblastoma. Eighty-
two eyes of 73 patients were diagnosed with group B ret-
inoblastoma during EUA. One patient was excluded due 
to the presence of extraocular disease at the time of diag-
nosis and was thus treated under a different protocol. An-
other 9 patients with contralateral group E eyes with 
high-risk pathology treated with a heterogeneous combi-
nation of 6-cycle CEV (3 high-dose and 3 low-dose) were 
also excluded. Therefore, a total of 63 patients were in-
cluded in the analysis. Of these, 51 patients had bilateral 
retinoblastoma of which 42 patients had 1 group B eye 

and 9 had bilateral group B disease (60 total group B eyes 
included). Twelve patients had unilateral group B disease. 
Therefore, a total of 72 group B eyes of 63 patients were 
included in this study. A modified Consolidated Stan-
dards of Reporting Trials (CONSORT) flow diagram is 
shown in  figure 1   [24, 25] .

  Patient characteristics are listed in  table 1 . Mean age at 
diagnosis was 6.3 months (range 0.7–26.7 months). The 
majority of patients were diagnosed at <6 months of age 
(59%). In 48% (30/63) of patients, group B was the most 
advanced eye followed by group E (27%), group D (17%), 
and group C (8%). The mean follow-up time for all pa-
tients was 82 months (range 6–272 months). 

Initial 3 cycles
free of disease 67%
(n = 37 of 55 eyes)

Pa
tie

nt
s

Ey
es

Treated with chemoreduction
CEV ×3 cycles + local therapy*

(n = 55 eyes)

Initial 3 cycles:
treated with IMRT

(n = 1 of 18)

Initial 6 cycles:
treated with IMRT

(n = 1 of 1)

Initial 3 cycles:
treated with additional CEV + IMRT

(n = 2 of 18)

Initial 6 cycles
free of disease 94%
(n = 16 of 17 eyes)

Treated with chemoreduction
CEV ×6 cycles + local therapy*

(n = 17 eyes)

*Laser treatment and/or cryotherapy

All patients diagnosed at CHLA
with at least 1 group B eye
(n = 82 eyes, 73 patients)

Initial 3 cycles: success in preventing tumor regrowth in 49/55 eyes (89%)
Initial 6 cycles: success in preventing tumor regrowth in 17/17 eyes (100%)
Overall success in preventing tumor regrowth in 66/72 eyes (92%)

Initial 3 cycles: treated with
additional CEV ×3 cycles

(n = 12 of 18)

Initial 3 cycles: recurrence 33%
(n = 18 of 55)

15 eyes underwent salvage treatment
3 eyes enucleated (elective)

All group B eyes included in study
(n = 72 eyes, 63 patients)

51 bilateral disease (42 unilateral B, 9 bilateral B)
12 unilateral disease (12 unilateral B)

(mean follow-up = 82 months)

Excluded from study
(n = 10 eyes, 10 patients)
1 with extraocular disease

at diagnosis
9 treated with 3 low-dose
CEV and 3 high-dose CEV

Free of disease 50%
(n = 1 of 2 eyes;

1 of 2 eyes enucleated)

Free of disease 83%
(n = 10 of 12 eyes;

2 of 12 eyes enucleated)

Free of disease 100%
(n = 1 of 1 eye)

Free of disease 100%
(n = 1 of 1 eye)

Initial 6 cycles: recurrence 6%
(n = 1 of 17)

1 eye underwent salvage treatment

  Fig. 1.  Modified CONSORT diagram showing the progress of patients through the study  [24, 25] . 
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  Initial Chemoreduction with Short-Course 3-Cycle 
versus 6-Cycle Therapy 
 To evaluate the outcomes of chemoreduction as pri-

mary treatment for group B eyes, the data was divided 
into 2 groups: those eyes treated with 3 initial cycles of 
chemoreduction versus those treated with 6 cycles. All 
group B patients with unilateral disease or in which group 
B was the most advanced eye received 3 cycles of chemo-
reduction upfront according to the CHLA protocol (on-
line suppl. table 2). Overall, 55 eyes of 46 patients were 
treated with the short-course 3-cycle approach. This 
group of 55 group B eyes also included bilateral patients 
who had the more advanced eye (group D or E) enucle-
ated but did not receive adjuvant chemotherapy. Stan-
dard 6-cycle chemoreduction was given to 17 group B 
eyes of 17 patients based on the staging of the more ad-
vanced contralateral eye.

  Primary cure rates were higher and recurrence rates 
lower for those treated initially with 6 cycles compared to 
3 cycles of CEV ( fig. 1 ). Specifically, 16 of 17 (94%) group 
B eyes were cured with 6 CEV cycles, while only 37 of 55 
(67%) group B eyes were cured with 3 CEV cycles (plus 

local consolidation therapy). This difference was statisti-
cally significant (p = 0.03). Of the 18 eyes that failed initial 
treatment with 3 cycles of CEV, 15 (83%) were treated 
with additional chemoreduction and/or IMRT with rela-
tively high success ( fig. 1 ). Twelve of the 14 patients (86%) 
who underwent additional chemoreduction received 
those cycles within 6 months of initial treatment. For de-
tails regarding the breakdown of salvage treatment, see 
 figure 1 .

  Overall, for the 55 group B eyes treated initially with 3 
cycles of CEV (including those that received additional 
cycles as needed), the event-free globe survival rate 
(avoiding radiation or enucleation) was 85% (47/55 eyes). 
This approached the event-free survival rate for the initial 
6-cycle chemoreduction group (94% or 16/17 eyes). The 
final globe preservation rate of group B eyes treated with 
chemoreduction  plus  IMRT as salvage was 89% (49 of 55 
eyes) for those treated with 3 cycles upfront and 100% (17 
of 17 eyes) for those treated with an initial 6 cycles. At the 
end of treatment, there was no statistically significant dif-
ference in the treatment outcomes between the 2 groups 
(p = 0.16). At 60 months, the Kaplan-Meier estimate of 
globe salvage after chemoreduction alone (e.g. no IMRT) 
for the short-course 3-cycle group was 87.0% (95% con-
fidence interval 74.6–94.1%), and for the 6-cycle group 
was 94.1% (95% confidence interval 69.2–99.7%; online 
suppl. fig. 1).

  Of all the 72 group B eyes treated in this study, 19 
(26%) failed initial chemoreduction therapy and were of-
fered additional cycles of chemoreduction and/or IMRT 
as salvage therapy. Of these, 13 eyes (68%) were ultimate-
ly preserved. Overall, 66 of 72 (92%) group B eyes avoid-
ed enucleation and 63 of 72 (88%) group B eyes avoided 
enucleation and radiation altogether ( fig. 1 ).

  Toxicity and Secondary Malignancies 
 Grade 3 or higher CTCAE febrile neutropenia is de-

fined as fever of unknown origin, without clinically docu-
mented infection, with an absolute neutrophil count <1.0 
× 10 9 /l and fever >38.5   °   C. In this study, 3 of 55 (5.5%) 
patients treated with 3-cycle chemoreduction developed 
febrile neutropenia versus 7 of 17 (41%) patients who had 
been treated with 6 cycles. None of the patients developed 
hearing loss. Two patients were later diagnosed with 
pineoblastoma (both diagnosed initially with bilateral 
disease), one of whom died 2.5 years after chemoreduc-
tion. No other patient developed a secondary solid malig-
nancy, and there were no cases of metastatic disease dur-
ing the mean follow-up period of 82 months (range 6–272 
months).

 Table 1. Patient characteristics

All patients
(n = 63)

3-cycle regimen
(n = 46)

6-cycle regimen
(n = 17)

Age at diagnosis
<6 months 37 (59%) – –
6 – 12 months 20 (32%) – –
12 – 18 months 5 (8.0%) – –
>18 months 1 (1.6%) – –

Mean age at diagnosis, months
Overall 6.3 6.0 7.2
Unilateral 9.5 – –
Bilateral 5.5 – –

Gender
Male 37 (59%) 23 (50%) 14 (82%)
Female 26 (41%) 23 (50%) 3 (18%)

Laterality of retinoblastoma
Unilateral 12 (19%) 12 (26%) 0
Bilateral 51 (81%) 34 (74%) 17 (100%)

Stage of most advanced eye at time of diagnosis
B 30 (48%) 30 (65%) 0
C 5 (7.9%) 0 5 (29%)
D 11 (17%) 3 (6.5%)a 8 (47%)
E 17 (27%) 13 (28%) 4 (24%)

 a Patients were treated with 3 instead of 6 initial cycles because 
the contralateral eye was later enucleated and found to have no 
high-risk pathology.
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  Final Visual Acuity 
 Of the 72 treated group B eyes, 28 (39%) had a visual 

acuity of 20/25 or better and 37 (52%) had vision better 
than 20/50 at their last follow-up visit. Many patients 
were too young at their last follow-up visit to have their 
vision quantitatively assessed and were only able to fix 
and follow (19/72–26%; see online suppl. table 3 for fur-
ther breakdowns).

  Discussion 

 The success of using systemic chemotherapy regimens 
with local consolidative therapy for the treatment of in-
traocular retinoblastoma was initially adopted in the 
mid-1990s and is today widely accepted as a first-line 
treatment  [4–6, 26] . However, specific chemotherapy 
regimens appear to vary between centers  [5, 16, 19–22, 
27–31] . In 1996, Gallie et al.  [5]  reported treatment out-
comes using a chemoreduction protocol consisting of 
3–12 cycles of carboplatin, vincristine-teniposide, plus 
cyclosporine with relative success. The Children’s Oncol-
ogy Group (ARET0331) began a clinical trial using only 
2 agents, vincristine and low-dose carboplatin, for group 
B tumors, but the study was prematurely closed. In 2003, 
Rodriguez-Galindo et al.  [27]  also studied a 2-agent pro-
tocol using 8 cycles of carboplatin and vincristine and re-
ported an event-free survival estimate at 2 years of 59.2 ± 
12.0% for Reese-Ellsworth group I, II, and III eyes. Ra-
diation therapy was required to increase the salvage rate 
to 83.3%. In 2006, Shields et al.  [16]  reported treatment 
outcomes for group B–D eyes using a 6-cycle CEV regi-
men that incorporates a lower dose of carboplatin (18.6 
mg/kg ×1 day) to treat intraocular disease. Under this 
protocol, 93% of group B eyes were preserved with che-
moreduction. Reports of chemotherapy regimens utiliz-
ing less than 6 cycles for group B retinoblastoma in the 
literature are sparse. Bartuma et al.  [28]  reported an 80% 
overall success rate using 4–6 cycles of CEV for their pa-
tients with hereditary group B retinoblastoma. A few 
groups have reported the outcomes of using 2–4 chemo-
therapy cycles, but the majority of those patients analyzed 
were classified under the older Reese-Ellsworth system 
 [29–31] . We are not aware of any institution-based 3-cy-
cle chemoreduction protocols published in the literature 
for group B eyes.

  In this study, we assessed the outcomes of 72 eyes of 63 
patients with group B retinoblastoma treated at CHLA 
over a 20-year period and demonstrated an overall high 
success rate with our approach. Our overall globe preser-

vation rate of 88% (63/72 eyes) for group B eyes using 
CEV and local consolidation is similar to the 93% report-
ed by Shields et al.  [16] . Kaplan-Meier estimation of 
event-free survival (e.g. avoiding IMRT or enucleation) at 
60 months posttreatment was relatively equal for both 
groups of patients treated with either an initial 3 cycles of 
chemoreduction (± additional cycles as needed) or an ini-
tial 6 cycles (87 vs. 94%, respectively). Therefore, there 
was no statistically significant difference in overall out-
come between the short-course and standard chemore-
duction groups at the end of therapy.

  It is important to note that there were indeed fewer re-
currences when treating group B eyes with 6 rather than 3 
cycles of chemoreduction upfront (6 vs. 33%, respective-
ly). This highlights two important points: First, the use of 
additional chemoreduction for recurrences as needed was 
successful and improved the overall event-free survival 
rate from 67% (37/55 eyes) to 85% (47/55 eyes). This final 
globe survival rate for the short-course 3-cycle group was 
statistically similar to the 94% rate (16/17 eyes) achieved 
by the 6-cycle group after chemoreduction alone (e.g. 
without IMRT as salvage). Of note, 12 of the 14 eyes (86%) 
that required further chemoreduction received those ad-
ditional cycles within 6 months of initial treatment sug-
gesting relatively early identification of tumor persistence 
and/or recurrence. Given the well-known associated risks 
of radiation therapy including retardation of orbital bone 
growth  [32, 33]  and increased secondary malignancies 
 [34–40] , we recommend the use of additional chemore-
duction prior to IMRT for tumors refractory to initial 
short-course 3-cycle chemoreduction.

  Second, and more importantly, we observed that the 
initial 3-cycle regimen spared 63% (29/46) of patients the 
extra 3 cycles of chemotherapy without affecting the long-
term salvage rate. Using this short-course approach, some 
patients not only forgo the burden of undergoing a longer 
treatment course, but also enjoy a lower degree of expo-
sure to carboplatin and etoposide. This may minimize the 
risk of developing dose-dependent toxicities related to 
platinum and epipodophyllotoxin-based chemothera-
peutic agents. In our study, a significantly greater propor-
tion of patients treated with 6-cycle CEV (41%) devel-
oped febrile neutropenia compared to those treated with 
3 total cycles (5.5%). None of our patients developed sig-
nificant organ dysfunction such as hearing loss. Two pa-
tients were diagnosed with pineoblastoma after their ini-
tial diagnosis of intraocular retinoblastoma, one of whom 
died 2.5 years after chemoreduction therapy. Both pa-
tients had received 6 cycles of high-dose CEV based on 
the status of their non-group B eye.
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  The main limitation of this study is the retrospective 
nature of the data collection and analysis. In addition, the 
higher-dose carboplatin (13 mg/kg ×2 days) regimen 
used to treat group B retinoblastoma eyes at CHLA is dif-
ferent from the standard lower-dose 6-cycle carboplatin 
(18.6 mg/kg ×1 day) regimen used at many institutions, 
and therefore, the results cannot be compared directly. 
Nevertheless, our short-course approach using rescue 
chemotherapy as needed achieved overall preservation 
rates comparable to those reported in the literature for 
group B eyes. Moreover, it should also be noted that 59% 
of the patients in this series were diagnosed before 6 
months of age and received a lower dose regimen for at 
least a part of their course. Another limitation of this 
study is the relatively small number of patients in the 
6-cycle chemoreduction group. Nine patients treated 
with 6 cycles consisting of both high- and low-dose CEV 
were excluded in order to maintain consistency and min-
imize confounders as described above.

  This study demonstrates the validity and efficacy of 
using a short-course 3-cycle chemoreduction approach 
for patients with unilateral group B eyes or bilateral dis-
ease wherein the group B eye is the most advanced eye. 
Tumors refractory to initial therapy can be effectively 
treated with an additional 3 cycles of chemoreduction 
without lowering overall success rates. This short-course 
approach using additional cycles only as needed achieves 

equal overall salvage rates as standard 6-cycle chemother-
apy. While the additional long-term risks of using 6 che-
motherapy cycles were limited in this study, our protocol 
spares a significant number of patients the potentially 
greater morbidity and risk of dose-dependent side effects 
known to be associated with chemotherapy.
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