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Purpose: Retinoblastoma is the most common intra-
ocular malignancy in children. Since the 1990s, chemo-
therapy was indicated for intraocluar disease to reduce
the frequency of enucleation and spare the complica-
tions associated with external beam radiation. In this
study, we analyzed treatment results of retinoblastoma in
our institute.

Materials and Methods: Datas from children diagnosed
with retinoblastoma and treated at Seoul National
University Children’s Hospital between 1986 and 2008
were analyzed retrospectively. We utilized cyclophos-
phamide, vincristine, adriamycin, and methotrexate
(CVAM) for OPD-based adjuvant chemotherapy. From
1990, primary chemotherapy was administered to pa-
tients with intraocular disease for eyeball-saving and pa-
tients received a combination of etoposide, vincristine,
cisplatin (or ifosfamide) as a moderately intensive regi-
men, or a combination of cisplatin, doxorubicin, etopo-
side, and cycophosphamide (CDEC) as a highly in-
tensive regimen.

Results: One hundred eighteen children were analyzed.
There were 68 unilateral and 50 bilateral diseases. The
median age at diagnosis was 1 year and Reese-
Ellsworth stage V was the most common stage at the tim-
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e of diagnosis. All patients were treated by chemo-
therapy-based multimodality methods, and primary che-
motherapy was administered to 80 patients. The 10-year
overall and event-free survival rate of all patients were
93.9% and 91.6%, respectively. Two patients who died
were in the CDEC regimen group, but there was no sig-
nificant statistical difference in survival rates by chemo-
therapy regimens. Fifty-six of 114 eyeballs were saved
after primary chemotherapy-based treatment, and the
eyeball-saving rate was 49.1%. Six patients relapsed af-
ter enucleation and 2 patients were treated successfully
after autologous PBSCT. Osteosarcoma occurred in 2
patients as a secondary malignancy, and facial asymme-
try after radiotherapy was the most common long-term
sequelae.

Conclusions: In this study, the overall and event-free
survival rates of retinoblastoma were satisfactory and
eye-saving was possible with primary chemotherapy.
Development of new chemotherapeutic regimens and a
team approach are necessary to improve the eye-
ball-saving rate. (Cancer Res Treat. 2008;40:164-171)
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the eye ball of pediatric patients, and it is known to occur at
an incidence of approximately 1/15,000~30,000 in western
countries (1). In the past, external beam radiotherapy or
enucleation was the only treatment modality for retinoblastoma.
It has been reported, however, that such complications as
cataract, facial growth disturbance, optic neuropathy, facial
asymmetry and secondary tumor occurred following radio-
therapy (2). While the quality of life as well as a long-term
survival has been considered to be crucial in patients with
cancer, the methods of reducing the above complications or not
performing enucleation draw the attention of physicians. In
association with this, the role of chemotherapy has been
gradually increasing in recent years. The primary chemo-
therapy has been reported to reduce the overall activity and size
of tumor, thus make the local treatment possible and lower the



frequency of enucleation (3,4).

Recently, the combination modality of chemotherapy with
local treatments (cryotherapy, laser photocoagulation, plaque
bachytherapy) or enucleation or external beam radiation has
been administered to each patient according to the stage of the
tumor and the response to the treatment. Also the concomitant
treatment regimens have been developed, the autologous
hematopoietic stem cell transplantation following a high-dose
chemotherapy (5,6) has been reported to produce a long-term
survival of >90% in cases of progressive disease (7,8). As a
result of these changes, the number of cases in which the
eyeballs are preserved is also increasing (9).

Our institution has been also making the treatment in such
a manner as to enhance the eye-saving rate while improving
the survival with primary chemotherapy since 1990. In 2003,
our center reported that the eye-saving rate was 63% following
primary chemotherapy (10). Thereafter, the primary chemo-
therapy combined with other treatment modalities have been
performed depending on the disease stages of patients.

Through this study, we attempted to examine the treatment
outcome and the results of eye-ball saving following che-
motherapy based treatment at our institution in patients with
retinoblastoma.

MATERIALS AND METHODS

1) Patients and diagnosis

In the current study, we performed a retrospective analysis
of medical records of 118 patients who were diagnosed with
retinoblastoma and treated at department of pediatrics of Seoul
National University Children’s Hospital between December of
1986 and March of 2008. A diagnosis of retinoblastoma was
made based on indirect ophthalmoscope in addition to ocular
ultrasonography, computed tomography (CT) and magnetic
resonance imaging (MRI). In each patient, age at the time of
diagnosis, sex, a chief complaint at the time of diagnosis,
laterality, a family history of retinoblastoma and the presence
of Rb genes were investigated. The stage of intra-ocular tumors
was determined in accordance with criteria of Reese-Ellsworth
(RE) classification (11). Type of treatment modalities, treatment
duration, the presence and time point of enucleation, treatment
outcome, survival period and the complications following the
treatment were also examined.

2) Treatment

(1) Enucleation: Prior to the effect of primary chemotherapy
being demonstrated, enucleations were performed for the high
stage unilateral retinoblastomas and also performed for the
more progressed side eyeballs in bilateral cases while the con-
servative treatments were performed on the contralateral sides.
After the 1990s, enucleations were performed in cases in which
treatment responses were small or the lesions were progressing
despite the use of chemotherapy or local treatment or those in
which the vitreous seedings were present. Besides, enucleations
were also considered in cases in which the vitreous hemorrhage
occurred or complicated cataract was formed.

(2) Chemotherapy: The chemotherapy was primarily per-
formed for bilateral cases and unilateral ones in which the size
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and scope of tumors were small in an attempt to preserve the
eye ball. In cases in which the intra-cranial invasion or
metastasis were present, it was also performed to reduce the
range of tumors. Furthermore, it was also performed in
unilateral cases in which the invasions to optic nerve were
pathologically confirmed after enucleation, those in which the
invasions to cerebrospinal fluid (CSF) were suspected on
histopathology and in recurred cases.

In the early stage, based on the histopathologic result and
stage after enucleation, the adjuvant chemotherapy was
performed using cyclophosphamide, vincristine, adriamycin and
methotrexate (CVAM) in an outpatient setting. From 1990 on,
for the purpose of preserving the eye balls, the primary
chemotherapy was performed for the intraocular lesions based
on a treatment regimen with cisplatin, etoposide and vincristine
(CDDP+ VPO). The chemotherapy was attempted a total of 13
times. In some patients, carboplatin was used instead of cis-
platin. In cases in which the treatment responses were poor to
the combination treatment using cisplatin, etoposide and
vincristine or those in which the side effects such as
nephrotoxicity occurred, cisplatin was replaced by ifosfamide
(IFO+VPO). In cases in which no CSF invasion was iden-
tified, an intrathecal infusions of methotrexate were performed
six times, and in cases in which there were CSF invasions,
methotrexate, hydrocortisone, cytosine arabinoside (Ara-C) we-
re administered via an intrathecal route. In cases of retino-
blastoma in which the extraocular extensions were present,
those in which the treatment responses were poor despite the
alteration of treatment regimens and those in which the lesions
were recurred, such drugs as cisplatin, doxorubicin, etoposide
and cycophosphamide (CDEC), which had been commonly us-
ed to treat neuroblastoma, were administered as a highly-
intensive regimen (12-14) (Table 1).

(3) Radiotherapy: Radiotherapy was performed when me-
tastases were present in the CSF or outside of the cranial cavity,
and the extra-orbital metastases were confirmed on
histopathology after enucleation or the recurrences were noted
in areas other than the orbit. The irradiation sites included orbit,
brain and spine depending on the location of lesions.

(4) Local therapy: For local treatments, cryotherapy where
freezing and melting were repeated three times via a sclera
directly to the tumor for the purpose of necrotizing the tumor,
laser therapy where a photocoagulation was performed using a
diode laser to the adjacent area of the tumor for the purpose
of blocking the blood supply (15) and thermotherapy (16)
where the infrared ray was directly irradiated to the tumor for
the purpose of inducing thermogenic shocks were administered.

(5) Autologous stem cell transplantation: In cases in which
the tumor was recurred or persistently present despite a
continual use of combination treatments, autologous hematopoietic
stem cell transplantation following a high-dose chemotherapy
was considered. In patients who are planned to undergo au-
tologous hematopoietic stem cell transplantation, stem cells
which were collected following peripheral blood stem cell
mobilization (PBSCM) with the use of cyclophosphamide and
etoposide were stored. Then, autologous peripheral blood stem
cell transplantations (PBSCT) were performed with a condi-
tioning regimen using carboplatin (500 mg/mz/day, d-8, -7, -6),
thiotepa (300 mg/mzlday, d-5, -4, -3) and etoposide (250
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Table 1. Chemotherapy regimens

Drug Dosage

Administration

CVAM (OPD* based chemotherapy)

Class I: Tumor cells in the scleral emissaria or episcleral tissues

Cyclophosphamide 30 mg/kg/day
Vincristine 0.05 mg/kg/day
Class II: Tumor cells beyond the lamina cribrosa
Cyclophosphamide 20 mg/kg/day
— 30 mg/kg/day

Vincristine 0.05 mg/kg/day
Adriamycin 2 mg/kg/day
Methotrexate 0.4 mg/kg/day
RT orbital

Class III: Biopsy proven orbital tumors
Class IV: Gross tumor in CNS or tumor cells in CSF
Class V: Extracranial metastasis

A q 3 weeksx20
VT q 3 weeksx20

V' q 3 weeksx8
A q 3 weeksx12
IV q 3 weeksx20
Ival q 3 weeksx8
gl q weekx6

Al q 3 weeksx8
IV q 3 weeksx20
A q 3 weeksx36
V' q 3 weeksx8
ol q weekx6

IV infusion over 8 hours (do)

mix with N/S** (x3) VAl drip over 1 hour (d2,3)
maximum 2 mg IV' (1)

il q weekx6 [ it q week (week 2~6)—q 6 weeks*

v (do,1,2)

IV mixed with N/S** over 1 hour (d0,1,2)
maximum 2 mg Al (doy

ITT q weekx6 / ITT q week (week 2~6)—q 6 weeks*

V" over 6 hours (d0)
V' slowly (d2)

IV over 1 hour (d2,5)
v @34

Cyclophosphamide 20 mg/kg/day
— 30 mg/kg/day
Vincristine 0.05 mg/kg/day
Adriamycin 2 mg/kg/day
Methotrexate 0.4 mg/kg/day
RT cranial or craniospinal axis
cppp' +VPO'
Cisplatin 90 mg/m’/day
Etoposide 150 mg/rnzlday
Vincristine 1.5 mg/mz/day
Methotrexate/ +hydrocortisone + Ara-C T
Ifosfamide + VPO'
Ifosfamide 1.8 g/mZ/day
Etoposide 150 mg/mz/day
Vincristine 2 mg/mz/day
Methotrexate/ +hydrocortisone + Ara-C i
CDECT T+VCRY
Cisplatin 60 mg/m’/day
Doxorubicin 30 mg/mz/day
Etoposide 100 mg/m’/day
Cyclophosphamide 30 mg/kg/day
Vincristine 2 mg/mz/day

maximum 2 mg IV' (d0)

*outpatient department, Tintravenous, Tintrathecal, §radiotherapy,

cisplatin, {etoposideJrvincristine, **normal saline, T Tcytosine arabi-

noside, T,rcisplatineroxorubicin+etoposide+-:yclophosphamide, Svincristine.
If initial CSF cytospin was positive, intrathecal triple therapy were applied weekly during first 5 weeks, and every 6 weeks afterward.

mg/m’/day, d-5, -4, -3, -2).

3) Ophthalmologic evaluation and treatment

For the assessment of the response to the prior chemo-
therapy, patients underwent fundoscopic examination under
anesthesia (EUA) at a 1- to 2-month interval. During EUA, the

residual tumor or novel lesions were examined, and the local
treatments were initiated.

4) Statistical analysis

Overall survival and event-free survival (EFS) rates were
evaluated using Kaplan-Meier method based on the survival

data currently dated June of 2008. To make a comparison of
survivals between the chemotherapy groups, a log-rank test was
used.

RESULTS

During the study period, the number of subject patients was
118 and these patients consisted of 63 men and 55 women.
Median age at the time of diagnosis was 1 year (range 1 month
~8 years), and median follow-up period was 63 months (range
1~236 months). Chief complaints at the time of diagnosis



included 86 cases of leukocoria, 12 cases of strabismus, 4 cases
of the concurrent presence of leukocoria and strabismus and 2
cases of decreased visual acuity. Our clinical series of patients
included 68 unilateral cases of retinoblastoma and 50 bilateral
cases. The genetic test for Rb gene was performed in the 45
patients, three had positive results. The family history of
retinoblastoma was examined in 103 patients, 4 had family
histories of retinoblastoma (Table 2). In accordance with Reese-
Ellsworth classification at the time of diagnosis, stage IV was
the most prevalent stage in both unilateral and bilateral cases
(Table 3).

At the time of diagnosis, total 18 patients (15.3%) had
extra-ocular invasions. Among these patients, 3 patients (2.5%)
had tumor invasions in scleral emissary and two (1.7%) had
tumor invasions at optic nerve resection margins. In 6 patients
(5.1%), the invasions to orbit were found, and the presence of
tumor cells were confirmed in the CSF in 7 patients (5.9%).
There was one patient (0.8%) who had an intra-cranial
metastasis on MRI scan.

The types of treatment modalities were classified. This
showed that 14 patients were given chemotherapy only and 49
were additionally given it after enucleation. Twenty nine
patients underwent enucleation following the primary chemo-
therapy, 2 underwent the combination treatment of chemo-
therapy with radiotherapy. In 22 patients, chemotherapy, radio-

Table 2. Patient characteristics (n=118)

Variables Number of patients (%)

Age at diagnosis
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therapy and enucleation were all performed, and 2 patients
underwent hematopoietic stem cell transplantation following
enucleation and chemotherapy (Table 4).

By the treatment regimens, 34 patients received CVAM, 45
did CDDP+ VPO and four did IFO+ VPO regimen. CDEC
regimen was applied in 16 patients, and vincristine was added
to CDEC regimen in 15 patients. In 6 patients, CDDP + VPO
was converted to IFO+ VPO because of the elevation of serum
BUN and creatinine during chemotherapy. In 2 patients in

Table 3. Reese-Ellsworth classifications at diagnosis

Unilateral Bilateral
RE* Stage (n=68) (%) (n=50) (%)T Total (%)
I 0 (0) 12 1 (0.8)
II 6 (8.8) 5 (10) 11 (9.3)
111 15 (22) 5 (10) 20 (16.9)
v 574 4 (8) 9 (7.6)
\% 39 (57.4) 30 (60) 69 (58.5)
Unknown 344 5 (10) 8 (6.3)

*Reese-Ellsworth, "More advanced stage between both eyes is
reported here.

Table 4. Treatment combinations of all patients

Unilateral

Bilateral

< 6 months 31 (26.3)

6 months < <1 year 542

1 year < <5 year 77 (65.3)

5 year < 5 4.2
Sex (M/F)

Male 63 (53.4)

Female 55 (46.6)
Chief complaint

Leukocoria 86 (72.9)

Strabismus 12 (10.1)

Leukocoria + strabismus 4 (3.4)

Decreased visual aquity 2 (1.7

Others 14 (11.9)
Laterality

Unilateral 68 (57.6)

Bilateral 50 (42.4)
Rb* gene

Positive 3 (2.5)

Negative 42 (35.6)

Not done 73 (61.9)
Family history of
retinoblastoma

Yes 4 (3.4)

No 99 (83.9)

Not known 15 (12.7)

*Retinoblastoma.

(n=68) (%) (n=50) (%) ol (B
CTx* only 3 (4.4) 11 (22) 14 (11.9)
En—CTx* 32 (47.1) 17 (34) 49 (41.5)
CTx*—En' 22 (32.4) 7 (14) 29 (24.6)
CTx*+RT' 0 (0) 2 @) 2 (1.7)
CTx*+RT' +En' 9 (132) 13 26) 22 (18.6)
CTx*+En' +SCT' 2 (2.9) 0 (0) 2 (1.7)

*chemotherapy, Tenucleation, Tradiotherapy, ‘stem cell trans-

plantation.

Table 5. Patients distribution by chemotherapy regimens

Regimen

1 regimen (%)

Post enucleation adjuvant chemotherapy
CVAM*
Primary chemotherapy for eye ball
saving or advanced disease
CDDP' +VPOT
IFO'+VPO'
CDEC'
cpEc' +vCR'
Unknown

34 (28.8)

45 (38.1)
4 (3.4)
16 (13.6)
15 (12.7)
4 (34)

*cyclophosphamide + vincristine +gadriamycin + methotrexate, T
cisplatin, f etoposide + vincristine, *ifosfamide, ! cisplatin + doxo-
rubicin + etoposide + cyclophosphamide, Yincristine.
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whom IFO+ VPO was performed, the treatment regimen was
converted to CDDP+ VPO because of suspected renal tubulo-
pathy. There were 22 patients in whom second line chemo-
therapy regimens were alternatively performed due to the poor
treatment responses or the development of novel lesions after
first line chemotherapy (Table 5).

Radiotherapy was performed in 23 patients (19.5%), in whom
a median value of irradiated dose was 4,500 cGy (range 3,750
~11,200 cGy). Nine patients including one who got irradiation
after the recurrence in the orbit received the irradiation in the
orbit. Eye was the second common irradiation field in 7 patients,
and 2 patients who had intra-thecal metastases and the progressive
diasease got radiations in the craniospinal axis. In addition,
there was one patient with a unilateral retinioblastoma who
received radiation in the brain because new mass was found
in the brain despite of enucleation and chemotherapy com-
bination. The recurrence after radiotherapy was found in one
patient in the orbit, and this patient started to get chemotherapy
based on drugs such as intrathecal methotrexate, Ara-C and
hydrocortisone. Due to the occurrence of osteosarcoma as the
secondary cancer, however, this patient died during chemothe-
rapy.

Of total patients, the datas about local treatment were
available in 52 patients. This showed that 21 patients (17.8%)
received cryotherapy, 12 patients (10.1%) received laser therapy
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and 19 patients (16.1%) received thermotherapy.

The recurrences were seen in 6 patients (5.1%). One had a
recurrence in brain and CSF, one had a recurrence in bone
marrow, CSF and scalp; 3 had a recurrence in orbit; and the
remaining one had a recurrence in orbit and bone marrow after
enucleation. Treatments after recurrences were all made based
on the chemotherapy. The radiotherapy was added in one
patient who had a recurrence in the orbit, and hematopoietic
stem cell transplantation was performed in 2 patients. Of the
2 patients who underwent hematopoietic stem cell transplan-
tation, one patient was a boy who was diagnosed with reti-
noblastoma in the right eye at the age of three years. This
patient completed the treatment after the enucleation of right
eye, two months later, however, multiple bone metastases were
found. The patient got six cycles of chemotherapy with a
CDEC regimen, thereafter he underwent autologous PBSCT
with a conditioning regimen of carboplatin, thiotepa and eto-
poside. The total amount of hematopoietic stem cells which
were administered to this patient was 5.3x10° CD34 " cells/kg.
The neutrophil engraftment (absolute neutrophil count >0.5x 10°/L
for 3 consecutive days) was done on day 12, and the platelet
engraftment (platelet count >20x10°/L for 7 consecutive days
without transfusion) was confirmed on day 18 after the tran-
splantation. The patient was given a 3-week course of inter-
leukin-11 (75 wglkg/day) from day 1. Until now, for 94 months,
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Fig. 1. Kaplan-Meier analysis of total patients. (A) Ten-year overall survival rate; (B) Ten-year event-free survival rate of total patients.

Table 6. Treatment results of eyeball saving

Number of saved eyeballs/number of total eyeballs

Regimen - - -
Unilateral (%) Bilateral (%) Total eyeball saving (%)

CDDP*+ VPO " 1/18 21/42 22/60 (36.7)
IFo"*vpoT 0/0 4/4 4/4 (100)
CDEC% 2/4 10/20 12/24 (50)

CDEC*+VCR' 03 11/16 11/19 (57.9)
Regimen unknown 3/3 4/4 7/7 (100)
Total 6/28 (21.4) 50/86 (58.1) 56/114 (49.1)

*cisplatin, f etoposide + vincristine, f ifosfamide, §cisplatin =+ doxorubicin + etoposide + cyclophosphamide,

! vincristine.
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CTx (25)

En (27)

| Eye saved (3)| | En(22)|

[Both saved (13)* |[ En (10) | [ One saved (21) ][ En (6)' |

[ One saved (8) | | En (2) |

Fig. 2. Treatment flow by laterality and the numbers of patients whose eyes saved. CTx: chemotherapy, En: enucleation, *One of them

died due to cytomegalovirus or P.jirovceci pneumonia.
malignancy.
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Fig. 3. Kaplan-Meier analysis of enucleation free survival rate in
total patients with primary chemotherapy.

the patient is alive without any evidence demonstrating the
tumor. The another patient was a girl who was diagnosed with
retinoblastoma in the left eye, in whom the treatment was
completed after the enucleation. Six months later, however, the
recurrence was confirmed in the bone marrow and the orbit
which was located posterior to the artificial eye on the left side.
She received CDEC regimen seven times thereafter, and she
received autologous PBSCT. The total amount of hematopoietic
stem cells which were administered to this patient was 17.42x
10° CD34" cells/kg, the neutrophil engraftment and platelet
engraftment day were day 9 and day 13, respectively. In this
case, she is also still alive without disease for 4 months. In
both patients, subcutaneous injections of interleukin-2 were
performed at a dose of 3x10° TU/m” from day 28, 5 times per
a week at a 2—week interval during 3 months, and 13-cis
retinoic acids were also administered at a dose of 100 mg/m’/day
for two weeks.

As a results of treatment, 105 of 118 patients survived during
the study period; 6 were transferred to other hospitals (2
patients were hopelessly discharged); and 5 did not complete
follow-up observations. The number of patients who died was
2, both of whom had bilateral presence of the lesions. In a total
of 118 patients, overall survival and EFS rates were 93.9% and
91.6%, respectively (Fig. 1). According to the classification of
the primary chemotherapy regimens of the survived patients,

TOne of them died due to septic shock during chemotherapy to secondary

the patients of the CVAM treatment group and those of the
CDDP+ VPO regimen group and the IFO+ VPO regimen
group all survived. All death cases proved to have received
CDEC regimen, in which a 10-year overall survival rate was
95.5%. As a result of primary chemotherapy for the purpose
of preserving the eye ball, of a total of 114 eye balls, 56 eye
balls (49.1%) were preserved. Of 71 patients, 31 (43.7%) could
preserve their eye balls (Table 6). By laterality, of 68 patients
with a unilateral lesion, 43 primarily received enucleation and
the remaining 25 received the primary chemotherapy. Of these
25 patients, 3 were ultimately able to preserve their eye balls
and their eye saving rate was 4.4%. Except for one patient who
was hopelessly discharged during the treatment of a progressive
disease, no patient was noted to die until the final follow-up
was completed. Of 50 patients with a bilateral lesion, 23
primarily received chemotherapy. In the remaining 27 patients,
the eye balls with more advanced stages of the two were
enucleated priorly. Of 23 patients who underwent primary
chemotherapy, 13 ultimately preserved both eye balls, 10 pa-
tients had one eye ball enucleated. Of these 10 patients, two
had persistent lesions despite of the chemotherapy and
radiotherapy and the remaining eyes were also enucleated. On
the other hand, in 27 patients in whom the eye balls with more
advanced stages of the two eye balls were priorly enucleated,
the chemotherapy and radiotherapy were also performed. In six
patients, however, the remaining eye balls were also enucleated,
so the number of patients in whom one eye ball could be
preserved was 21. In death cases, one patient died of infections
with cytomegalovirus or P. jiroveci pneumonia during the
anti-cancer treatment with both eye balls preserved, and the
other patient died of sepsis during chemotherapy for osteo-
sarcoma as the secondary cancer after bilateral enucleation.
Except for these two patients, all the patients survived. As a
result, the number of patients in whom both eyes were
enucleated during the follow-up period was 8. Except for one
death case, at least one eye ball was preserved in 41 of 50
bilateral cases, so the eye-saving rate was 82% (Fig. 2). In
patients who primarily underwent chemotherapy, the enuclea-
tion free survival rate was 26.3%, and there was no statistically
significant difference in enucleation-free survival rate between
the treatment regimens (Fig. 3).

One of the death cases was undergoing chemotherapy after
diagnosis of a RE stage IV bilateral retinoblastoma. Due to the
suspected cytomegalovirus or P. jeroveci pneumonia and acute
respiratory distress syndrome, however, the patient died one
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Table 7. Outcomes of chemotherapy according to the
Reese-Ellsworth classification

Number of Number of Number of

RE* Stage . eyeball
eyes  enucleation .
aving
Low stage group 1 16 0 16
I 27 6 21
I 20 14 6
Sum 63 20 43 (68.3%)
High stage group v 10 4 6
A 41 34 7
Sum 51 38 13 (25.5%)
114 58 56 (49.1%)

*Reese-Ellsworth.

year after the treatment. Another patient was diagnosed with
bilateral retinoblastoma at other institution, where the patient
underwent enucleation and radiotherapy. Then, the patient was
referred to our center and then received chemotherapy. Al-
though the patient completed the treatment, the new lesions
recurred. While receiving the treatment again, the patient was
diagnosed with osteosarcoma in the mandible and died of sepsis
during the chemotherapy.

The secondary malignancy was developed in two patients, all
of which were osteosarcoma. One of them was a 10-year-old
boy who was diagnosed with osteosacoma in the left mandible
after the consummation of the treatment of his bilateral
retinoblastoma, died during the treatment for osteosarcoma. The
other patient was a 7-year-old girl who had a bilateral presence
of retinoblastoma, for which the patient underwent enucleation
of both eye balls and chemotherapy, then the patient completed
the treatment. Five years later, however, the patient was
diagnosed with osteosarcoma in the femur and lung. At the
present, the patient is receiving chemotherapy for a secondary
malignancy.

After the treatment, the complications were reported in 14
patients (11.9%), of which the facial asymmetry was the most
prevalent one (five patients [4.2%]). All of these patients
underwent radiotherapy. There were four patients with growth
disturbances and one with with neurocognitive disorder, one
with endocrine disorder, one with infertility, one with cerebral
infarction, and one with seizure and cataract, respectively.

DISCUSSION

With the increased interest in the complications of the
classical treatment modalities and in the importance of quality
of life, the crucial role of chemotherapy in the treatment of
retinoblastoma has been gradually increasing. With chemo-
therapy, the size of intraocular tumor can be decreased and
thereby the local treatments can be done. A repeated use of
chemotherapy and local treatments can eradicate the residual
tumor and it can also avoid the use of radiotherapy causing the
complications in many cases (16). In the chemotherapy for

retinoblastoma, various drugs have been combined since Cam-
pinchi et al. (13) first introduced the concept of “chemo-
reduction” where the size of tumor was reduced with the use
of such drugs as cyclophosphamide and vincristine prior to
enucleation or radiotherapy in 1976. Currently in most cases,
including platinum drugs like carboplatin, such drugs as
etoposide or vincristine are effectively used. At the present, the
effectiveness of regimens containing doxorubicin which is used
to treat neuroblastoma has been demonstrated in extraocular
tumors or in recurred cases (12-14). Still, however, contro-
versial opinions exist as to the optimal combinations of drugs
for the effectiveness and the optimal frequency of cycle in
chemotherapy. Adverse effects occurring as a result of che-
motherapy must also be considered. Such adverse effects as
bone marrow suppression, fever, infection, renal dysfunction
and the neurotoxicity of vincristine may occur. It must be noted
that these adverse effects may lead to the death.

In the current study, we attempted to assess the treatment
outcome obtained in patients with retinoblastoma who had been
diagnosed and treated at our institution during a 20-year period.
Particularly, the primary chemotherapy was persistently per-
formed since the 1990s in our institution, we attempted to
evaluate the treatment outcome and the results of eye-ball
saving based on the chemotherapy in patients with retino-
blastoma. Our results showed that the overall survival and EFS
were superior to other reports (7,8). In unilateral cases, the
proportion of patients who preserved the eye ball was lower,
but these patients had a survival rate of 100%. In bilateral
cases, 82% of patients preserved more than one eye ball. These
results indicate that both unilateral and bilateral cases consorted
to the treatment goals in patients with retinoblastoma. As
compared with other reports, however, the proportion of eye-
ball saving relative to the overall eye balls was similar or
relatively lower (17-19). In particular, the enucleation free
survival rate was lower in patients treated with CDEC regimen
known as a highly-intensive chemotherapy as the primary
chemotherapy. Presumably, these results might be due to the
earlier decision on enucleation in the CDEC regimen group
than the low-risk group because the CDEC regimen was
performed in higher stages and in more prevalent extra-ocular
invasions at the time of diagnosis. As a matter of fact, as shown
in Table 6, the eye-ball saving rate was approximately 50% in
the CDEC group and this was higher than that of the CDDP +
VPO group (36.7%). Besides, there was no significant dif-
ference in the survival between the two groups. An enucleation
free survival, which was calculated using Kaplan-Meier
method, must reflect the period elapsed until enucleation was
performed as well as whether the eye ball was preserved.
Accordingly in interpreting these results, the stage and in-
dividual situation of each patient at the time of diagnosis must
also be considered.

Given this background, whether the eye ball was preserved
depending on RE stage at the time of diagnosis was
summarized (Table 7). This showed a poorer treatment outcome
compared to that of 2003. Although unclear, it can be inferred
that the effectiveness of concomitant treatment with the primary
chemotherapy had an effect on the our findings. Presumably,
it would be the causes lowering the eye-ball saving rate in our
series that a small number of patients (n=22) were enrolled in



the study conducted in 2003 and the number of stage V eye
balls was markedly greater than that of stage IV among the
high-stage group in current study than in study of 2003.

In the current study, although the overall eye-saving rate was
lower than the previous reports, similarly to the results of
2003’s study, the eye-ball saving rate after chemotherapy in the
low-stage group was markedly higher than the high-stage
group. These results might support the previous reports that the
primary chemotherapy could contribute to improving the tre-
atment outcome in patients with lower stages of retinoblastoma.

To date, various treatment modalities have been combined to
treat patients with retinoblastoma. Even in recent years, various
new attempts have been made in a different manner from the
conventional treatment modalities. In recurred cases or ad-
vanced ones, hematopoietic stem cell transplantation following
a high-dose chemotherapy has been reported to produce a good
treatment outcome (5). Also at our institution, two patients were
given hematopoietic stem cell transplantations. In cases of
advanced disease of RE stage V, Phase I and II studies have
demonstrated the effectiveness of “Direct Intraarterial Chemo-
therapy” where anti-cancer drugs were directly administered via
an ophthalmic artery to the eye ball with the use of mic-
rocatheter, ongoing studies are conducted to make this method
commercially available thereafter (20). From the aspect of
anti-cancer chemotherapy, other studies are currently being
conducted to identify the optimal treatment regimens which are
the most effective and safe (21).

CONCLUSION

In the treatment of retinoblastoma, chemotherapy has become
recently popular in that it can reduce the complications and
raise the eye-ball saving rate, and its effectiveness has been
demonstrated throughout many studies. To date, however, no
definite treatment guidelines have been established in patients
with retinoblastoma. Therefore, with the development of che-
motherapy regimens which are more effective and less toxic,
ultimately combining the currently-available various treatment
regimens with the future ones and applying a team-based
approach which is customizable to each patient, continual
studies are warranted to minimize the morbidity and maximize
the eye-ball saving rate.
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