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Abstract
Objectives To evaluate the long-term treatment outcomes in intraocular retinoblastoma (RB) including the associated factors
for eventual treatment with external beam radiotherapy (EBRT) and enucleation as well as to analyse the risk factors for
metastasis and death in extraocular RB.
Methods Retrospective analysis of 390 eyes from 256 (89.8%) intraocular RB and 29 (10.2%) extraocular RB cases
diagnosed and treated between October 1998 and May 2018 at one of the largest tertiary care centers in Turkey.
Results Of 351 intraocular RB eyes, 53.3% had group D/E disease at presentation. 75 (21.4%) of 351 eyes underwent primary
enucleation. Of the remaining 276 eyes undergoing eye-conserving treatments, 201 (72.8%) were salvaged. Most of these
eyes were treated using intravenous chemotherapy and/or focal treatments [transpupillary thermotherapy (TTT) and cryo-
therapy] initially. EBRT was eventually required in 48 (17.4%) eyes and secondary enucleation in 75 (27.2%) eyes. At mean
follow-ups of 76.7 and 39.7 months for intraocular and extraocular RB cohorts, respectively, 180 (46.2%) eyes underwent
primary/secondary enucleation and exenteration. Overall, 13 cases developed metastasis and 9 died. Two patients with
trilateral RB also expired. Multivariable risk factors for enucleation were the presence of vitreous seeds (p < 0.001), absence of
EBRT administration (p= 0.033), 5–9 TTT applications compared with no TTT (p= 0.031), and each 1 mm increase in
tumour base diameter (p < 0.001). Univariate factors predictive of metastasis were the presence of extraocular RB detected by
imaging methods (p < 0.001) and extrascleral/optic nerve cut end involvement at histopathological examination (p < 0.001).
Conclusions In our series, 72.8% of the intraocular RB eyes undergoing eye-conserving treatments were saved. The globe
salvage rate for all intraocular and extraocular RB eyes was 53.8% and the overall survival rate was 96.1%.

Introduction

Retinoblastoma (RB) is the most common intraocular
malignant tumour in the paediatric age group [1]. It
accounts for ~4% of all paediatric malignancies [2]. RB

carries a significant risk for mortality. Worldwide, RB
survival is ~30% in Africa, 60% in Asia, 80% in Latin
America, 95% in Europe, and 97% in North America [1].
Delayed diagnosis and treatment result in advanced
intraocular RB and increase the risk of extraocular spread
[3]. During the past 30 years, conceptual changes took
place in the management of RB. There has been a shift
from globe-sacrificing methods and external beam radio-
therapy (EBRT) to globe-saving alternatives employing
chemotherapy.

The aims of this study were to evaluate the risk factors
leading to treatment with EBRT, enucleation, metastasis,
and death in patients with intraocular RB and to analyse the
outcomes after treatment in patients with extraocular RB.

Materials and methods

All cases diagnosed with RB and received treatment and
follow-up on the Ocular Oncology Service, Department of
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Ophthalmology, Ankara University Faculty of Medicine,
Ankara, Turkey between October 1998 and May 2018 were
retrospectively evaluated. Cases who had their initial
treatment at other centers and referred to us for further
management were excluded from this study. Risk factors for
EBRT, enucleation, metastasis, and death were analysed.
The study was performed according to the tenets of the
Declaration of Helsinki and informed consent was obtained
from all cases.

Intraocular retinoblastoma

Patients with intraocular RB underwent examination under
general anaesthesia by the senior author (AKG) at baseline
and at every month during treatment process until tumour
regression was noted. The frequency of follow-up visits was
subsequently adjusted according to patient needs. All cases
were classified according to International Classification of
RB (ICRB) (Supplemental Table 1) [4]. Brain magnetic
resonance imaging (MRI) studies were routinely performed
at baseline, twice yearly up to 5 years of age and then once
yearly to screen for pinealoblastoma or trilateral RB. Lum-
bar puncture and bone marrow aspiration studies were per-
formed as deemed necessary by the paediatric oncologists.

Bilateral RB cases (groups B–E) underwent intravenous
chemotherapy (CRD) consisting of vincristine, etoposide,
and carboplatin administered as six cycles at 4 week inter-
vals (Supplemental Table 2). Transpupillary thermotherapy
(TTT) and cryotherapy were used after the second or third
CRD cycle to the regressing tumours. Group A and some
group B RBs underwent TTT and cryotherapy only.

Retinal tumours, vitreous or subretinal seeds demon-
strating no significant regression after the second or third
CRD cycle were considered as unresponsive disease. Eyes
with unresponsive disease underwent Ruthenium-106
(Ru-106) plaque radiotherapy, EBRT, secondary enuclea-
tion, intraarterial chemotherapy (IAC), and/or intravitreal
chemotherapy (IVC). For EBRT, a total dose of 30–40 Gy
was used. For Ru-106 plaque radiotherapy, an apex dose of
40 Gy was prescribed. The chemotherapeutic agents used in
IAC included melphalan ( 3–7.5 mg), topotecan ( 0.5–2 mg)
and carboplatin (20–30 mg). The infusion was administered
over 30 minutes. IAC was given for 1–3 cycles on a
monthly basis. The chemotherapeutic agents used in the
IVC included melfalan (20–30 μg/0,05 ml) and topotecan
(20 μg/0,05 ml). IVC was usually administered as biweekly
or monthly cycles for 2–3 times. Eyes that occasionally
demonstrated satisfactory regression after the first IVC
cycle did not receive any further IVC treatment. All che-
motherapy drugs used had approval by the Pediatric
Oncology Review Board.

Regrowth of retinal tumours, vitreous or subretinal seeds
after initial response was defined as recurrence. New tumour

was defined as a tumour that was not contiguous with the
pre-existing tumours and not noted at baseline examination.
Recurrent and new tumours were treated by 2–4 additional
CRD cycles, TTT, cryotherapy, Ru-106 plaque radio-
therapy, EBRT, IAC, and/or IVC.

Unilateral RB (groups D-E) underwent CRD/enucleation
in the earlier phases of our study and IAC during the later
phases. Groups B-C eyes received CRD in the earlier
phases of the study and IAC in the later phases. Group A
and some group B eyes received TTT and cryotherapy only.
Treatment for nonresponding, recurrent and new tumours
were the same as for bilateral tumours with the exception of
avoidance of EBRT in unilateral cases. Despite these
medical preferences, the decision for final treatment was
made based on extensive discussion with the patient’s
family.

For eyes that underwent enucleation, high-risk histo-
pathologic features included anterior chamber invasion,
choroidal infiltration >3 mm, scleral infiltration, retro-
laminar optic nerve invasion, and any degree of combined
choroidal and optic nerve invasion (laminar or retro-
laminar). High-risk eyes received adjuvant treatment con-
sisting of 4 cycles of vincristine, etoposide, and carboplatin
chemotherapy.

Extraocular and metastatic retinoblastoma

According to the International Retinoblastoma Staging
System (IRSS), patients with extraocular RB had extraocular
extension on pathologic examination (extrascleral/cut end of
optic nerve involvement) after enucleation (Stage II) or
demonstrated clinically evident extraocular extension on
MRI at presentation (Stage III) [3]. These cases
received incisional biopsy of the orbital mass if the diagnosis
was not certain, intensive systemic chemotherapy, and
orbital EBRT followed by enucleation/exenteration if
necessary (Supplemental Table 3). Autologous stem cell
rescue (ASCR) was applied in necessary cases.

Brain MRI, bone marrow aspiration, lumbar puncture,
and other required imaging studies were concurrently per-
formed to evaluate the presence of metastases in these
cases. If there was evidence of systemic metastasis to the
central nervous system (CNS) and/or other sites, inten-
sive chemotherapy, EBRT to the relevant sites, and ASCR
were administered (Supplemental Table 3). Trilateral RB
cases were treated similar to those with CNS metastasis.

Statistical analysis

All statistical analyses were performed using SPSS for
Windows 11.5 (SPSS Inc, Chicago, IL, USA).
Kolmogorov-Smirnov test was used to assess the assump-
tion of normality. The continuous variables that do not have
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normal distribution were expressed as mean (median,
range). Categorical variables were summarized as counts
(percentages).

Univariate logistic regression analysis was used to ana-
lyse the factors leading to treatment with EBRT, enuclea-
tion, and metastasis, whereas univariate Cox proportional
hazard model was used for death. A two-sided p value <
0.05 was considered as statistically significant.

Multivariable logistic regression model was used to
predict potential risk factors of EBRT and enucleation. The
variables which had a significance level of p < 0.20 from the
univariate analysis were identified as candidate variables for
the multivariable model. Multivariable logistic regression
model was created with Backward LR method.
Kaplan–Meier survival analysis and logrank test were used
for assessing the survival rates in patients with intraocular
RB who underwent EBRT and enucleation versus who did
not undergo these treatments. Kaplan–Meier analysis were
also used to predict the survival in extraocular RB patients.

Results

During the study period from October 1998 to May 2018,
285 cases with 390 eyes affected with RB were enrolled in
this study. In total, 158 (55.4%) patients were male and 127
(44.6%) were female. The mean age was 21.8 (median:12,
range:1–204) months. In total, 26 of 285 (9.1%) cases had a
family history of RB. RB was unilateral in 180 (63.2%)
cases and bilateral in 105 (36.8%). Of 285 cases, 256
(89.8%) had intraocular RB and 29 (10.2%) had
extraocular RB.

Intraocular retinoblastoma

Patient demographics and clinical staging in eyes with
intraocular RB are given in Table 1. Of 256 cases with
intraocular RB, 161 (62.9%) had unilateral disease and 95
(37.1%) had bilateral disease. The mean largest tumour base
diameter was 13.4 (median:10, range: 1.0–35) mm and the
mean tumour thickness was 4.8 (median:4, range: 1.0–15)
mm.

Table 2 summarizes the treatment methods used in
intraocular RB. Seventy-five (21.4%) eyes underwent pri-
mary enucleation. The remaining 276 eyes had eye-
conserving treatments, including 254 with CRD, 19 with
TTT and cryotherapy only, and 3 with IAC only. The mean
number of CRD administrations was 6.2 (median: 6; range:
2–12). TTT was used as supplemental treatment in 141
(55.5%) eyes and cryotherapy in 128 (50.4%) eyes. The
mean number of TTT and cryotherapy applications were 2.8
(median: 2, range: 1–9) and 3.2 (median: 2, range: 1–15),
respectively.

Recurrent tumours were observed in 71 (25.7%) eyes.
The mean recurrent tumour number was 2.5 (median: 1,
range: 1–4). The mean time elapsed to the development of
recurrent tumours was 11.4 (median: 8, range: 2–69)
months. 22 (31.0%) of 71 eyes had second recurrence, 11
(50.0%) of 22 eyes had third recurrence and 3 (27.3%) of 11
eyes had fourth recurrence. New tumours were noted in 59
(21.4%) eyes. The mean new tumour number was 1.2
(median: 1, range: 1–3). The mean time recorded for the
development of new tumours was 9.7 (median: 6; range:
1–61) months.

Table 1 Patient demographics and clinical staging in eyes with
intraocular retinoblastoma.

Mean age (range) 21.4 (1–204)

Sex (male/female) 142/114

Laterality (unilateral/bilateral) 161/95

ICRB group Eyes (%)

A 22 (6.3)

B 114 (32.5)

C 28 (8.0)

D 90 (25.6)

E 97 (27.6)

ICRB international classification of retinoblastoma.

Table 2 Treatment methods used in intraocular RB.

Treatment methods Number of eyes receiving treatment/
Total number of eyes in cohort (%)

CRD 254/276 (92.0)

TTT 156/276 (56.5)

Cryotherapy 138/276 (50.0)

Primary enucleation 75/351 (21.4)

Unilateral RB 64/161 (39.8)

Bilateral RB 11/190 (5.8)

Secondary enucleation 75/276 (27.2)

Unilateral RB 37/97 (38.1)

Bilateral RB 38/179 (21.2)

EBRT 48/276 (17.4)

IAC 25/276 (9.1)

Primary 3/276 (1.1)

Secondary 22/276 (8.0)

Focal treatments only (TTT,
cryotherapy)

19/276 (6.9)

Ruthenium-106 plaque
radiotherapy

18/276 (6.5)

IVC 11/276 (4.0)

CRD chemoreduction, TTT transpupillary thermotherapy, RB retino-
blastoma, EBRT external beam radiotherapy, IAC intraarterial
chemotherapy, IVC intravitreal chemotherapy.
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The mean follow-up was 76.7 (median: 66, range:
1–268) months. Of 276 eyes undergoing CRD, focal treat-
ments or IAC, 201 (72.8%) could be saved. In the subgroup
of 19 eyes undergoing only focal treatments without CRD,
all eyes were salvaged. After eye-conserving treatments,
additional measures for unresponsive, recurrent and new
tumours included secondary enucleation [75 eyes (27.2%)
(37 unilateral, 38 bilateral RB)], EBRT [48 eyes (17.4%)],
IAC [22 eyes (8.0%)], Ru-106 plaque radiotherapy [18 eyes
(6.5%)], and IVC [11 eyes (4.0%)] (Table 2). The globe
salvage rate was 68.8% (33 of 48 eyes), 45.5% (10 of 22
eyes), 50.0% (9 of 18 eyes), 72.7% (8 of 11 eyes) in eyes
which underwent EBRT, IAC, Ru-106 plaque radiotherapy,
and IVC as end point (secondary) treatment respectively.

One of the three eyes undergoing primary IAC had group
C, 1 had group D, and 1 had group E RB. Of the 22 eyes
which received secondary IAC, 4 eyes had group B, 3 eyes
had group C, 11 eyes had group D, and 4 eyes had group E
RB. Among 25 eyes undergoing primary or secondary IAC,
12 eyes received 3 cycles, 4 eyes received 2 cycles, and 9
eyes received 1 cycle. All eyes which underwent primary
IAC were salvaged. After secondary IAC, the globe salvage
rate was 50.0% in group B (2 of 4 eyes), 66.7% in group C
(2 of 3 eyes), 45.5% in group D (5 of 11 eyes), and 25.0%
in group E (1 of 4 eyes).

Of the total 11 eyes which received IVC, 2 eyes had
group B RB at initial presentation but progressed to group C
at most advanced stage. The remaining 1 eye had group C, 4
eyes had group D, and 4 eyes had group E RB. In total, 3 of
11 eyes received 4 IVC cycles, 1 eye received 3 cycles, 4
eyes received 2 cycles, and 3 eyes received 1 cycle. The
globe salvage rate was 100% in groups B and C, 75.0% in

group D (3 of 4 eyes), and 50.0% in group E (2 of 4 eyes)
after IVC.

The results (odds ratio (OR), 95% confidence interval
(95% CI), and p value) of univariate and multivariable
logistic regression analysis for eventual treatment with
EBRT are shown in Table 3. Kaplan–Meier curves show
that there was no statistically significant difference in sur-
vival between patients who had EBRT versus those who did
not (p= 0.575) (Fig. 1a).

The globe salvage rate was 100% in group A (22 of 22
eyes), 86.0% in group B (98 of 114 eyes), 85.7% in group C
(24 of 28 eyes), 45.6% in group D (41 of 90 eyes), and
16.5% in group E (16 of 97 eyes). Of 75 primary enu-
cleations, 8 (10.7%) eyes demonstrated high-risk histo-
pathologic features. Of 75 secondary enucleations, 10
(13.3%) eyes demonstrated high-risk histopathologic fea-
tures. These cases were treated with 4 additional doses of
adjuvant chemotherapy. In total, 49 of 180 (27.2%) bilateral
RB eyes were enucleated versus 101 of 161 (62.7%) uni-
lateral RB eyes.

The results (OR, 95% CI, and p value) of univariate and
multivariable logistic regression analysis for treatment with
enucleation are shown in Table 4. Kaplan–Meier curves
show that there was no statistically significant difference in
survival between patients who underwent enucleation ver-
sus those who did not (p= 0.760) (Fig. 1b).

One patient with intraocular RB and retrolaminar optic
nerve invasion found at histopathological examination
developed CNS metastasis and eventually expired. One
patient with trilateral RB in the intraocular group also died.
There was no other death recorded in the intraocular
RB group and the survival rate was 99.2%. Secondary

Table 3 Univariate and multivariable logistic regression analysis for eventual treatment with EBRT.

Risk factors for EBRT Univariate logistic regression analysis Multivariable logistic regression analysis

Crude OR 95% CI p value Adjusted OR 95% CI p value

Age (Each 1 year increase) 1.010 1.000–1.019 0.052 1.021 1.009–1.032 <0.001

Tumour group by ICRB (A) 0.029 – – 0.029

B 2.432 0.530–11.148 0.253 2.752 0.499–15.165 0.245

C 4.725 0.907–24.603 0.065 9.023 1.401–58.101 0.021

D 2.660 0.573–12.349 0.212 6.709 1.138–39.562 0.036

E 0.933 0.185–4.719 0.934 3.676 0.537–25.180 0.185

Presence of subretinal seeds 0.585 0.333–1.025 0.061 – – –

Plaque radiotherapy 2.754 0.993–7.637 0.052 3.331 1.067–10.396 0.038

Absence of enucleation 0.504 0.284–0.893 0.019 0.427 0.198–0.921 0.030

Number of TTT
applications (=0)

0.014 0.014

1–4 2.133 1.194–3.809 0.011 2.149 1.095–4.218 0.026

5–9 2.689 1.043–6.932 0.041 4.188 1.394–12.580 0.011

EBRT external beam radiotherapy, OR odds ratio, CI confidence interval, ICRB international classification of retinoblastoma, TTT transpupillary
thermotherapy.
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nonocular cancers were observed in two patients. One
developed maxillary osteosarcoma and the other femur
osteosarcoma at 180 and 72 months follow-up respectively
after initial diagnosis.

Extraocular and metastatic retinoblastoma

Of 29 extraocular RB cases, 10 (34.5%) had bilateral and 19
(65.5%) had unilateral RB. Of 39 eyes with extraocular RB,

Fig. 1 Kaplan-Meier survival curves for external beam radio-
therapy (EBRT), enucleation, and extraocular extension.
a Kaplan–Meier curves show the survival rates in patients undergoing
EBRT versus those who did not have EBRT. Survival was 100% at 1
year, 96.8% at 5 years, 89.9% at 10 years in patients who had EBRT.
Survival was 97.1% at 1 year, 96.3% at 5 years, 96.3% at 10 years in
patients who did not undergo EBRT. b Kaplan–Meier curves show the
survival rates in patients who underwent enucleation versus those who

did not undergo enucleation. Survival was 98.0% at 1 year, 96.6% at 5
years, 95.3% at 10 years in patients who underwent enucleation.
Survival was 97.1% at 1 year, 97.1% at 5 years, 97.1% at 10 years in
patients who did not undergo enucleation. c Kaplan–Meier curve
shows the survival rates in patients with extraocular retinoblastoma.
Survival was 79.2% at 1 year, 68.2% at 5 years, and 58.5% at 10 years
after initial diagnosis.

Table 4 Univariate and
multivariable logistic regression
analysis for treatment with
enucleation.

Risk factors for enucleation Univariate logistic regression analysis Multivariable logistic regression
analysis

Crude OR 95% CI p value Adjusted OR 95% CI p value

Age 1.007 0.998–1.016 0.113 – – –

Family history 0.292 0.136–0.629 0.002 – – –

Tumour class by ICRB (A) <0.001 – – –

B 3.485 0.439–27.681 0.238 – – –

C 4.583 0.496–42.353 0.180 – – –

D 23.956 3.101–185.057 0.002 – – –

E 112.750 14.165–897.437 <0.001 – – –

Presence of vitreous seeds 9.510 5.917–15.283 <0.001 4.246 2.260–7.976 <0.001

Presence of subretinal seeds 4.709 3.064–7.235 <0.001 – – –

Absence of EBRT 0.504 0.284–0.893 0.019 0.411 0.182–0.931 0.033

Number of cryotherapy
applications (=0)

<0.001 – – –

1–4 0.170 0.096–0.299 <0.001 – – –

5–9 0.587 0.239–1.440 0.245 – – –

10–15 0.782 0.155–3.948 0.766 – – –

Number of TTT
applications (=0)

<0.001 – – 0.028

1–4 0.276 0.169–0.450 <0.001 0.719 0.363–1.424 0.344

5–9 0.600 0.265–1.357 0.220 3.121 1.113–8.751 0.031

Tumour base diameter (mm)
(Each 1 mm increase)

1.202 1.142–1.264 <0.001 1.175 1.112–1.242 <0.001

OR odds ratio, CI confidence interval, ICRB international classification of retinoblastoma, EBRT external
beam radiotherapy, TTT transpupillary thermotherapy.
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14 eyes (35.8%) had extraocular extension at presentation
based on orbital biopsy and/or MRI features (thickened and
infiltrated optic nerve and/or extrascleral mass together with
intraocular RB) and 25 eyes (64.1%) were found to have
histopathologic evidence of extraocular extension (optic
nerve cut end involvement and/or extrascleral exten-
sion) following enucleation.

Extraocular and metastatic RB were treated with Regi-
men A or Regimen B chemotherapy, EBRT to the brain,
spine, orbit, and other relevant sites, and ASCR as neces-
sary. Enucleation or exenteration was undertaken after
chemotherapy/orbital EBRT in 5 of 14 eyes with evidence
of extraocular extension at presentation. The mean follow-
up was 39.7 (median: 15.5, range: 1–165) months. In total,
30 of 39 (77%) extraocular RB eyes received enucleation or
exenteration. Of 30 eyes, 14 were from bilateral RB patients
and 16 were from unilateral RB patients. One patient with
extraocular RB had trilateral RB and died from intracranial
complications related to trilateral RB.

In total, 12 of 29 (41.4%) cases with extraocular RB
were found to have metastasis to various sites and grouped
as IRSS Group IVa (2 cases)/IVb (10 cases) while the rest
17 (58.6%) were classified as Group II/III disease [3]. The
metastatic sites were as follows: CNS (8 cases, 27.6%),
CNS and bone marrow (1 case, 3.4%), CNS and lymph
nodes (1 case, 3.4%), and bone (2 cases, 6.9%). Metastasis
developed in 2 cases with only extrascleral extension but no
cut-end optic nerve involvement. In total, 21 of 29 cases
with extraocular RB were alive at the end of follow-up and
survival was 72.4%. Kaplan–Meier curve shows that sur-
vival was 79.2% at 1 year, 68.2% at 5 years, and 58.5% at
10 years for patients with extraocular RB (Fig. 1c). CNS
metastasis had a bad outcome and 7 of 10 cases (70.0%)
with CNS metastasis died of the disease. One of 2 patients
with bone metastasis also expired. The rest of the patients
with CNS and distant metastasis were alive but continued to
receive treatment.

Trilateral retinoblastoma

Three of 285 (1.1%) patients had trilateral RB. Two of 3
(66.7%) patients with trilateral RB had intraocular RB and 1
(33.3%) had extraocular RB. In total, 2 of 3 patients,
one patient with intraocular and one with extraocular RB,
died from trilateral RB.

Overall globe conservation, metastasis,
and death rates

Of 351 intraocular RB eyes, 150 (42.7%) underwent pri-
mary or secondary enucleation and 57.3% of the eyes could
be salvaged. Of 276 eyes undergoing eye-conserving
treatments, 201 (72.8%) were preserved. Combining

intraocular and extraocular RB cases together, 180 out of
390 (46.2%) eyes underwent primary/secondary enucleation
and exenteration. For eyes with bilateral RB, the enuclea-
tion/exenteration rate was 28.6% (63 of 210 eyes) versus
65.0% (117 of 180 eyes) for unilateral RB. Overall, globe
salvage rate was 53.8% of all RB eyes.

Considering intraocular and extraocular RB together, 13
of 285 cases (4.6%) had metastatic disease and 9 (3.2%)
expired. Two additional patients (one in intraocular RB and
one in extraocular RB group) died from complications
related to trilateral RB. Overall, 11 of 285 patients (3.9%)
died from metastatic and trilateral RB and the survival rate
was 96.1%.

Factors that were predictive of metastasis on uni-
variate analysis were the presence of extraocular RB
detected by imaging methods (p < 0.001, OR:193.286,
95% CI: 44.021–848.663) and extrascleral/optic nerve
cut end involvement at histopathological examination
(p < 0.001, OR: 29.413, 95% CI: 3.693–234.250).

Univariate risk factors predictive of death included the
presence of vitreous seeds (p= 0.021, risk ratio (RR):
11.133, 95% CI: 1.447–85.632), presence of extraocular
RB (p= 0.021, RR: 11.133, 95% CI: 1.447–85.632),
presence of extraocular RB detected by imaging methods
(p < 0.001, RR: 50.280, 95% CI: 16.236–155.713), and
extrascleral/optic nerve cut end involvement at histo-
pathological examination (p= 0.004, RR: 20.603, 95%
CI: 2.574–164.928).

Discussion

RB is usually diagnosed at later ages in developing coun-
tries. In our study, the mean age of RB cases was
21.8 months similar to the results from the study of Mat-
tosinho et al. from Brasil with a mean age of 21.7 months
[5]. On the other hand, Gallie et al. reported that the mean
age at diagnosis was 12 and 9 months for North America
and Europe, respectively [6] and Shields et al. reported a
mean age of 18 months from USA [7].

Although extraocular RB is rare in developed countries,
it is not an unusual feature in the developing countries. Gao
et al. reported that 91.3% of RB cases were intraocular and
8.7% were extraocular in a study from South Western China
[8]. In our series, 10.2% of cases had extraocular RB at
presentation reflecting a similar proportion. Chantada et al.
reported that the frequency of extraocular RB in low middle
income countries reaches 50% of newly diagnosed cases
[9]. In other studies, extraocular RB comprised 18–40% of
all RB cases at presentation in developing countries
[10, 11].

The most commonly used treatment for RB in the past 25
years has been CRD. In our series, 276 eyes underwent eye-
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conserving treatments including CRD in the majority of
cases and 201 (72.8%) eyes could eventually be salvaged.
Shields et al quoted globe salvage rates of 100% in group A,
93% in group B, 90% in group C, 47% in group D, and 25%
in group E eyes at a median of 6.2 years follow-up follow-
ing frontline CRD [4].

Unresponsive, recurrent or new tumours following CRD
and focal treatments needed other treatments. In our series,
Ru-106 plaque radiotherapy was used in 18 (6.5%) such
eyes and 9 (50.0%) were salvaged. Similarly, Murakami
et al. reported an ocular salvage rate of 58.7% after Ru-106
plaque radiotherapy in 90 eyes with RB [12]. In our study,
EBRT was eventually needed in 48 (17.4%) eyes and 33
(68.7%) were rescued. Multivariable risk factors for treat-
ment with EBRT after CRD included increasing age,
advanced ICRB groups, and previous treatments including
plaque radiotherapy and TTT. Shields et al. reported that the
overall need for EBRT was 27.0% at 5 years [13]. Multi-
variable risk factors for EBRT included non-Caucasian vs
Caucasian race, male versus female gender, and Reese-
Ellsworth group V vs group I-IV eyes in their study [13].

IAC was used in 25 (9.1%) eyes in our series. IAC was
employed as primary treatment in 3 eyes and all eyes were
rescued. IAC was used as secondary salvage treatment after
failed CRD and focal treatments in 22 eyes and 10 of 22
(45.4%) were rescued. Significantly better results have been
reported using IAC at other centres and Francis et al. reported
that none of the 64 naïve bilateral RB eyes receiving IAC
were enucleated [14]. Shields et al. quoted that 74% of uni-
lateral RB eyes could be saved after primary IAC [15].

The most challenging aspect of RB treatment is control
of subretinal and especially vitreous seeds. IAC has largely
been ineffective in treating vitreous seeds [16]. For more
than 75 years, EBRT was the only treatment method for
vitreous seeding. In eyes with refractory vitreous seeds,
intravitreal delivery of chemotherapeutic agents has
emerged as a promising choice of treatment. Currently,
melphalan and topotecan are the most extensively used
intravitreal drugs in the treatment of vitreous seeds in RB
[17]. Munier et al. noted regression of vitreous seeds in 87%
of eyes treated with intravitreal melphalan [17]. A study by
Abramson et al. showed that IVC had an expanded spec-
trum and was successful at achieving regression of both
retinal tumours, subretinal seeds, and subretinal fluid in
addition to vitreous seeds [18]. In our series, IVC was used
as secondary treatment in 11 (4.0%) eyes with refractory
vitreous seeds following other treatments and 8 of 11
(72.7%) eyes were salvaged.

In our study, 59 of 276 (21.4%) eyes with intraocular RB
undergoing eye conserving treatments demonstrated new
tumours, and 71 of 276 (25.7%) eyes developed recurrent
tumours. The mean times to the development of new and
recurrent tumours were 9.7 and 11.4 months after initiation

of CRD, respectively. These findings emphasize the
importance of long term follow-up in intraocular RB after
CRD and focal treatments.

A total of 150 eyes with intraocular RB underwent primary
and secondary enucleation in our series. For eyes with uni-
lateral RB, the enucleation rate was 62.7% (101 of 161 eyes)
compared with 27.2% (49 of 190 eyes) for bilateral RB.
Bonanomi et al. found that the enucleation rate was 93.3% in
eyes with unilateral RB versus 50% in bilateral RB [19]. Gao
et al. similarly reported that the overall enucleation rate 90%
for unilateral RB and 46% for bilateral RB [8]. It appears that
unilateral RB behaves differently compared to bilateral RB
and enucleation rate for unilateral disease is higher world-
wide. Combining intraocular and extraocular RB, the overall
enucleation/exenteration rate was 46.2% and globe salvage
was achieved in 53.8% of the eyes in our series. The fact that
53.3% of the eyes were group D and E at presentation and
10.0% of all eyes had extraocular RB may have contributed to
the lower ocular salvage rate in our conditions.

Multivariable risk factors for enucleation in our series
included larger tumour, presence of vitreous seeds, no prior
EBRT, and fewer focal treatments. Shields et al. reported
that multivariable factors associated with enucleation were
age at diagnosis of RB >12 months, single tumour, and
tumour distance to foveola ≤2 mm [13].

Metastatic RB still remains as the major cause of mortality
from RB worldwide. The frequency of metastatic RB was
quoted at 9 and 11% in two reports from developing countries
[9, 20]. In our study, the rate of systemic metastasis from RB
was 4.6%. Tumour at the cut end of the optic nerve is the
most important risk factor for CNS metastasis in RB [21].
Retrolaminar optic nerve involvement especially when it
occurs with >3mm choroidal invasion was also found to be a
risk factor for CNS metastasis [21]. In our study, one case
with histopathologically determined retrolaminar optic nerve
involvement developed CNS metastasis. Central nervous
system involvement can also be seen in cases who have
extraocular spread without optic nerve involvement [21]. In 2
patients in our series, CNS involvement developed after
extrascleral spread without optic nerve involvement. Central
nervous system metastasis seems to have a fatal outcome
despite intensive chemotherapy and EBRT in many cases.
However, other metastatic sites such as lymph nodes, bone,
and bone marrow can be cured with intensive chemotherapy
and EBRT with variable success. Therefore, early diagnosis
and treatment of RB before it extends outside the eye through
the sclera and optic nerve is important. Our study showed that
the parameters that were predictive of metastasis on a uni-
variate level were extraocular RB detected by imaging
methods and extrascleral/optic nerve cut end involvement
detected at histopathological examination. In our study, the
risk of metastasis was approximately <1% for intraocular
RB and 41% for extraocular RB.
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In developed countries, the survival rate of children with
RB has improved over the years. However, in less-
developed countries, the survival rate is lower, with mor-
tality rates of nearly 40% in Asia and 70% in Africa [1]. The
high mortality rate in less-developed countries is mainly
related to the lack of access to adequate health care services,
poor socioeconomic conditions, and delayed diagnosis all
resulting in advanced disease at presentation. In an analysis
of gross national income of the country versus RB mortal-
ity, Chantada et al. reported that survival from RB is 30% in
low income countries, 60% in lower middle income coun-
tries, 75% in upper middle income countries, and 95% in
high income countries [9]. In our series, the overall survival
rate was 96.1% which approximates the level in high
income developed countries despite the fact that Turkey was
listed as an upper middle income country as of 2018 (http://
data.worldbank.org/country/turkey).

The limitations of our study include its retrospective
nature and possible lack of standardized treatment in similar
patients because of patient considerations and family pre-
ferences. The treatment of RB has undergone significant
changes from enucleation and EBRT to CRD over the past
25 years. As a further advancement, the addition of IAC and
IVC to the treatment armamentarium decreased the need for
EBRT, plaque radiotherapy, and enucleation during the last
10 years. In our study, ~73% of the eyes with intraocular
RB undergoing various eye-conserving methods were pre-
served, most of them undergoing intravenous chemotherapy
and/or focal treatments initially. However, our audit report
over the recent 20 years period from a major referral center
in a developing middle income country show that ~53% of
intraocular RB eyes were group D and E at presentation and
that globe salvage was possible in only 54% of all intrao-
cular and extraocular RBs.

Summary

What was known before

● Recent papers on retinoblastoma (RB) concentrate on
outcomes after newer treatments including intraarterial
and intravitreal chemotherapy in selected intraocular RB
patients but do not evaluate those in whom these
treatments may not be applicable. Further, long term
treatment outcomes for the whole cohort of intraocular
and extraocular RB patients is lacking in many middle
income developing countries.

What this study adds

● This study provides relatively long term treatment
outcomes for both intraocular and extraocular RB

patients over 20 years at one of the largest and most
frequently referred tertiary care centers in Turkey. For
intraocular RB, it assesses the risks for eventual
treatment with external beam radiotherapy and enuclea-
tion in the intravenous chemotherapy era, with intraar-
terial/intravitreal chemotherapy added to the treatment
list in the last 10 years.

● Our study also predicts the risk of death in extraocular RB
patients, which is not an uncommon situation in many
countries outside North America and Europe. It provides
real life data from a middle income developing country.
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