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Purpose. To investigate the clinical presentations and outcomes of retinoblastoma in relation to the advent of new multimodal
treatments in Thailand. Patients and Methods. Retrospective case series. We evaluated the clinical presentation, staging, details of
treatment, and treatment outcomes of retinoblastoma patients who were treated at Ramathibodi Hospital, Bangkok, Thailand,
between January 1, 2007, and December 31, 2018. The log-rank test was used to explore clinical characteristics and treatment
modalities that affected globe salvage and survival curves. Results. This study included 124 eyes of 81 patients with retinoblastoma.
Forty-three patients (53.1%) had bilateral retinoblastoma.Themedian age at diagnosis was 8months (range, 1–48months). Of 124
eyes, 9 eyes (7.3%) had extraocular retinoblastoma and 115 eyes (92.7%) had intraocular retinoblastoma, which were classified by
the International Classification of Retinoblastoma (ICRB) as group A, 4 eyes (3.5%); group B, 19 eyes (16.5%); group C, 6 eyes
(5.2%); group D, 31 eyes (27%); and group E, 56 eyes (47.8%). Treatment included systemic chemotherapy, intra-arterial
chemotherapy, ruthenium-106 plaque brachytherapy, external beam radiation therapy, cryotherapy, transpupillary thermo-
therapy, subtenon chemotherapy, and intravitreal chemotherapy. At the median follow-up period of 38.4 months (range,
0.2–148.2 months), the overall globe salvage rate of intraocular retinoblastoma was 51.7%. For unilateral retinoblastoma, globe
salvage rate was 37.5% (group B, 100%; group C, 100%; group D, 50%; and group E, 18.8%). For bilateral intraocular reti-
noblastoma, the globe salvage rate was 57.8% (group A, 100 %; group B, 94.4%; group C, 100%; group D, 64.7%; and group E,
28.2%). The overall survival rate was 93.8%. Conclusions. Recent advanced treatment modalities have improved the probability of
globe salvage. However, enucleation remains an important life-saving intervention in many advanced cases.

1. Introduction

Retinoblastoma is the most common primary intraocular
malignant tumor in children [1], with a global incidence of
approximately 7,202–8,102 annually [2]. Of these patients,

approximately 40% are in Asia-Pacific countries [3]. In
Thailand, the nation-wide multicenter population-based
prospective study of the incidence and survival rate of
childhood cancer from Thai Pediatric Oncology Group
(ThaiPOG) reported 97 cases of retinoblastoma diagnosed
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during the year 2003–2005, placing retinoblastoma as the 7th
most common childhood cancer in Thailand, with the in-
cidence of 3.1 per million population [4]. The predicted
incidence of retinoblastoma in Thailand, calculated from 67
million population, is 41 children in 2013 and 2023 [3]. The
overall survival probability at 5 years of retinoblastoma in
Thailand from nation-wide study was 73% [4]. However,
there were different treatment outcomes among each center
and region of the country. Currently, there are 7 centers that
provide treatment for retinoblastoma in Thailand, 4 in
Bangkok (capital city), and 3 in each part of Thailand, north,
northeast, and south. Previous report from 3 cancer centers
in northern, northeastern, and southern Thailand during
1990 and 2009, which included 75 retinoblastoma patients,
showed the survival rate of 40%, 50%, and 75%, respectively
[5]. Another report from a single institute of Bangkok during
1997 to 2006, which included 90 retinoblastoma patients,
showed the survival rate of 85% [6]. Numerous studies
worldwide, including Asia [7–30] andThailand [4–6, 31–34],
have described the clinical manifestations and treatment
outcomes of retinoblastoma, but these studies did not use
IAC, brachytherapy, or intravitreal chemotherapy as part of
retinoblastoma treatment [5–8, 11–13, 17–19, 23–25,
30–34]. Therefore, our study was aimed to fill in the gap in
investigating clinical presentations and treatment outcomes
of retinoblastoma in relation to the advent of recent treat-
ment modalities in Thailand.

2. Materials and Methods

2.1. Patients and Study Design. This retrospective study was
approved by the institutional review board of Faculty of
Medicine, Ramathibodi Hospital (ID 02-60-56). We eval-
uated patients diagnosed with retinoblastoma between
January 1, 2007, and December 31, 2018, at Ramathibodi
Hospital, Bangkok, Thailand. Those with inadequate data on
clinical presentation, tumor staging, and treatment modality
were excluded. Demographic data included sex, ethnicity,
age of onset, lag time from first presentation to diagnosis,
laterality, family history of retinoblastoma, presenting signs
and symptoms, follow-up time, and details of primary and
adjunctive treatments were obtained from patients’ medical
record and analyzed statistically.

2.2. Staging and Treatment. Each patient underwent a
complete ophthalmic examination under anesthesia, which
included binocular indirect ophthalmoscopy with 360-de-
gree indentation, Schiotz tonometer, and B-scan ultrasound.
Fundus imaging and fluorescein angiography were per-
formed using a wide-angle contact fundus camera (RetCam
3, Clarity Medical Systems, Inc., Pleasanton, CA, USA).
Magnetic resonance imaging of the brain and orbits was
performed in all patients to identify the presence of extra-
ocular extension and intracranial tumors (trilateral retino-
blastoma). Disease staging was classified according to
International Retinoblastoma Staging System [35], and eyes
with intraocular retinoblastoma were classified according to

the International Classification of Retinoblastoma (ICRB)
[36].

Treatment was selected based on disease stage, later-
ality, tumor location, visual prognosis, and input from the
patients’ families. For unilateral intraocular retinoblas-
toma, patients in ICRB groups A and B with macula- and/
or papilla-sparing tumors were locally treated with cryo-
therapy or transpupillary thermotherapy, depending on
tumor location. For ICRB group B patients with macular
and/or papillary involvement and patients in ICRB group
C, some patients of ICRB group D were treated with
chemoreduction (CRD) or IAC. Risks and benefits of CRD
and IAC were discussed in details with parents. Treatment
decision was based on age of patients at the time of
treatment, the feasibility of catheterization during IAC, and
input from patients’ families. For CRD, we followed the
chemotherapy protocol from Children’s Hospital of Phil-
adelphia (CHOP) retinoblastoma [37]. The CRD regimen
consisted of combined intravenous chemotherapy (car-
boplatin-etoposide-vincristine regimen), as well as local
treatments such as cryotherapy, transpupillary thermo-
therapy, and plaque brachytherapy. Intravenous chemo-
therapy was given every 3-4 weeks for a total of six cycles.
The detailed chemotherapy regimens are shown in Table 1.
For IAC, we used melphalan, carboplatin, and topotecan, as
described in our recent study [38]. Monthly examination
under anesthesia was performed during the course of the
treatment to evaluate treatment response. Primary enu-
cleation was recommended in some unilateral ICRB group
D and all unilateral ICRB group E. In case of procedure
refusal, IAC or IAC combined with CRD was proposed as
an alternative treatment. Each enucleated eye was exam-
ined meticulously by a histopathologist trained in the
evaluation of retinoblastoma globes to identify high-risk
histopathological features, including postlaminar optic
nerve involvement, choroidal involvement with a diameter
greater than 3mm, anterior chamber involvement, and/or
the involvement of both the optic nerve and choroid.
Notably, for bilateral retinoblastoma patients, the primary
treatment was CRD, with IAC reserved as an adjunctive
treatment for cases of incomplete tumor response with
CRD.

Intravitreal chemotherapy with melphalan or metho-
trexate was reserved for eyes with vitreous seeds, which
poorly respond to systemic chemotherapy and/or IAC
[39, 40]. Safety-enhancement procedures as previously
published, including ultrasonographic biomicroscopy sur-
veillance of the injection site, lowering of intraocular
pressure by paracentesis, cryotherapy at the injection site
[41], and ocular surface irrigation with sterile water [42],
were performed to prevent extraocular extension of the
tumor.

For patients with orbital retinoblastoma, high-dose
systemic chemotherapy (carboplatin-etoposide-vincristine
regimen) was administered for 3–6 cycles, followed by
enucleation or exenteration, external beam radiation therapy
(EBRT), and adjuvant chemotherapy, for a total of 12 cycles,
as previously reported [43].
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2.3. Statistical Analysis. Categorical variables were com-
pared using Pearson chi-squared or Fisher’s exact tests. The
Kaplan–Meier method was used to estimate globe salvage
and survival. The log-rank test was used to explore clinical
characteristics and treatment modalities that affected globe
salvage and survival curves. Univariate and multivariate Cox
regression analyses were used to calculate unadjusted and
adjusted hazard ratios. All statistical analyses were per-
formed using Stata, version 15.0. P< 0.05 was considered
statistically significant.

3. Results

3.1. Patient Characteristics. Of 86 patients, 5 were excluded
from the study due to incomplete data.Thus, 81 patients (124
eyes) were included in the analysis. Forty (49.4%) patients
were male. The median age at diagnosis was 8 months
(range, 1–48 months). A total of 38 (46.9%) patients had
unilateral disease, while 43 (53.1%) had bilateral disease. The
median age of onset for bilateral disease was significantly
lower than for unilateral disease (5 months vs 17 months,
P< 0.001).Themedian lag time between symptom onset and
visit to the oncology service was 6 weeks (range, 1–80
weeks). In our study, there were 4 patients (4.9%) with
familial retinoblastoma from 3 families. Two patients were
siblings from the same family, and 2 patients from 2 families
had parents with retinoblastoma.

Leukocoria was the most common presenting symptom
(n� 62 patients, 76.5%), followed by strabismus (n� 8 pa-
tients, 9.9%), eye screening (n� 4 patients, 4.9%), buph-
thalmos (n� 3 patients, 3.7%), orbital cellulitis (n� 2
patients, 2.5%), red eye (n� 1 patient, 1.2%), and poor visual
behavior (n� 1 patient, 1.2%). Overall, 84% were treatment-
naı̈ve, while 16% were treated initially from other centers.
The overall median follow-up time was 38.4 months (range,
0.2–148.2 months), which were 4.7 months (range, 0.2–9.9
months) for dead patients and 46.4 months (range, 8.4–148.2
months) for survived patients.

3.2. Stage. Of the 81 patients, 88.9% (n� 72 patients, 115
eyes) had intraocular retinoblastoma, which was unilateral
in 32 (44.4%) patients and bilateral in 40 (55.6%) patients. Of
115 eyes, 4 (3.5%), 19 (16.5%), 6 (5.2%), 31 (27%), and 55

(47.8%) were classified as ICRB groups A, B, C, D, and E,
respectively. For the unilateral tumor group (32 eyes, 27.8%),
1 (3.13%), 1 (3.13%), 14 (43.8%), and 16 (50%) were classified
as ICRB groups B, C, D, and E, respectively. For the bilateral
tumor group (83 eyes, 72.2%), 4 (4.8%), 18 (21.7%), 5 (6%),
17 (20.5%), and 39 (47%) were classified as the ICRB groups
A, B, C, D, and E, respectively. Notably, the majority of eyes
with intraocular retinoblastoma in our study exhibited
advanced stage of disease, which was classified as ICRB
groups D and E in 86 eyes (74.8%).

Extraocular extension, diagnosed on the basis of clinical
and radiological manifestations, was found in 9 of 81 pa-
tients (11.1%). Of these nine patients, four (44.4%) had overt
orbital disease, while 5 (55.6%) had radiologically detected
extraocular extension. Lumbar puncture and bone marrow
biopsy were performed in all patients with extraocular tu-
mors. No patients had central nervous system or distant
metastasis at initial presentation.

There were no statistically significant differences in
median age of onset, median lag time, sex, and laterality
between intraocular and extraocular tumor groups.

3.3. Treatment. Detailed treatment modalities of the studied
eyes are shown in Tables 2 and 3. For the unilateral intra-
ocular tumor group (32 eyes, 27.8%), 23 eyes (71.9%) were
treated with globe salvage therapy. Primary enucleation was
performed in 9 eyes (28.1%). Secondary enucleation was
performed in 11 eyes (34.4%). For the bilateral intraocular
tumor group (83 eyes, 72.2%), 69 eyes (83.1%) were treated
with globe salvage therapy. Primary enucleation was per-
formed in 14 eyes (16.9%). Secondary enucleation was
performed in 21 eyes (25.3%). High-risk pathological fea-
tures were found in 12 enucleated patients (21.8%), which all
received postenucleation adjuvant chemotherapy. There was
no local recurrence or systemic metastasis in this group of
patients at a median follow-up time of 27.4 months (range,
0.4–107.7 months).

3.4. Treatment Outcome and Survival Outcomes. With the
availability of new treatment modalities at our center, the
overall globe salvage rate for the intraocular retinoblastoma
group was 51.7% (groups A and C, 100%; group B, 94.7%;

Table 1: Retinoblastoma chemotherapy regimens [37, 43].

Agents/course
interval

Regimens

Standard dose (BW< 12 kg) Intensified dose for ICRB groups D and E
(BW< 12 kg)

High dose for extraocular
retinoblastoma

Vincristine 1.5mg/m2/day on day 1 (0.05mg/
kg/day) 1.5mg/m2/day on day 1 (0.05mg/kg/day) 0.025mg/kg/day on day 1

Etoposide 150mg/m2/day on days 1-2 (5mg/
kg/day)

180mg/m2/day on days 1-2 (6mg/kg/
day) 12mg/kg/day on days 1-2

Carboplatin 560mg/m2/day on day 1 (18.6mg/
kg/day)

420mg/m2/day on days 1-2 (14mg/kg/
day) 28mg/kg/day on day 1

Course interval Continue every 4 weeks for a total
of six cycles

Continue every 4 weeks for a total of six
cycles

Continue every 3 weeks for a total of
six cycles

ICRB� International Classification of Retinoblastoma.
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group D, 58%; and group E, 25%). Regarding to laterality,
the globe salvage rate was 37.5% in the unilateral intra-
ocular retinoblastoma group (group B, 100%; group C,
100%; group D, 50%; and group E, 18.8%) and 57.8% for the
bilateral intraocular retinoblastoma group (group A, 100%;
group B, 94.4%; group C, 100%; group D, 64.7%; and group
E, 28.2%). Five patients died in our study. The overall
survival rate was 93.8%. The detailed characteristics and
treatment course of deceased patients are summarized in
Supplement Table 1.

Kaplan–Meier analysis included 104 of 115 eyes with
intraocular tumors, 29 eyes of unilateral intraocular tumor,
and 75 eyes of bilateral intraocular tumor (Figure 1(a)); the
remaining eyes were excluded because enucleation was
initially performed at other center.The probabilities of globe
salvage for unilateral and bilateral groups were 54% and 68%
at 1 year, 41% and 64% at 2 years, and 34% and 62% at 5
years, respectively. Figures 1(b) and 1(c) show the proba-
bility of globe salvage based on ICRB classification.
Kaplan–Meier analysis showed a 5-year survival rate of
93.5%.

The hazard ratios of globe salvage according to patient
characteristics and treatment modalities are shown in Fig-
ure 2. For all eye analysis (Figure 2(a)), Cox regression
analysis showed that the bilateral group had better globe

salvage outcome (HR: 0.46, P � 0.007). However, there were
no statistically significant differences in globe salvage out-
come with respect to other characteristics and treatment
modalities by all analysis (all eyes, unilateral tumor and
bilateral tumor) (Figures 2(a) and 2(c)).

4. Discussion

Several studies have shown that the clinical characteristics
and treatment outcomes of retinoblastoma vary worldwide
(Table 4). In this study, we investigated the clinical pre-
sentations and outcomes of retinoblastoma in relation to the
advent of new multimodal treatments in Thailand. The
median age of onset was 8 months (range, 1–48 months),
which was comparable to a study from Japan (13 months)
[19]. However, an older age of onset has been reported in
studies from other nations, ranging from 13 to 36 months
[6–8, 10, 12, 13, 17, 19, 23–25, 27, 29, 30, 45–49, 51]. Al-
though our study showed an approximately equal propor-
tion of unilateral and bilateral disease (46.9% and 53.1% for
unilateral and bilateral disease, respectively), studies from
the United States [52] and India [8] have revealed higher
rates of unilateral disease than bilateral disease. Similar to
other studies [6–8, 12, 13, 17, 22–25, 53, 54], the median age
at diagnosis in our patients with bilateral disease was

Table 2: Treatment modalities and globe salvage rates for intraocular tumor according to International Classification of Retinoblastoma
(ICRB).

Treatment modalities,
n� 115

ICRB group, eyes (globe salvage, %)
A B C D E

Unilateral Bilateral Unilateral Bilateral Unilateral Bilateral Unilateral Bilateral Unilateral Bilateral

CRD — 4
(100%) 1 (100%) 9

(100%) — 2
(100%) — 9

(66.7%) 2 (0%) 19
(47.4%)

CRD+plaque — — — 2
(100%) 1 (100%) — — — —

CRD+EBRT — — — 1
(100%) — — — 1 (0%) —

CRD+ IAC — — — 2
(100%) — 1

(100%) 4 (75%) 4
(100%) 3 (0%) 6

(33.3%)

CRD+ IAC+ IVT — — — 1
(100%) — 2

(100%) 1 (100%) — —

CRD+ IAC+plaque — — — — — — 4 (75%) 1 (0%) —
CRD+ IVT+plaque — — — 2 (50%) — — — — —

CRD+ IAC+ IVT+plaque — — — 1
(100%) — — 1 (0%) — —

IAC — — — — — — 1 (0%) 1
(100%) 3 (67.7%) 1 (0%)

IAC+ IVT — — — — — — — — 1 (100%)
IAC+ IVT+plaque — — — — — — 1 (0%) —
Primary enucleation (in our
center/from referral
hospital)

— — — — — — 2 (1/1) 1 (0/1) 7 (7/0) 13 (8/5)

Secondary enucleation (in
our center/from referral
hospital)

— — — 1 — — 5 (5/0) 5 (5/0) 6 (6/0) 15 (14/
1)

Total 0 4
(100%) 1 (100%) 18

(94.4%) 1 (100%) 5
(100%) 14 (50%) 17

(64.7%)
16

(18.8%)
39

(28.2%)
ICRB� International Classification of Retinoblastoma; CRD� chemoreduction; IAC� intra-arterial chemotherapy; EBRT�external beam radiation therapy;
IVT� intravitreal chemotherapy.
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Figure 1: Kaplan–Meier survival analysis of globe salvage in intraocular tumors: (a) including all eyes (unilateral vs. bilateral); (b, c)
unilateral and bilateral: based on the International Classification of Retinoblastoma (ICRB).

–2 –1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Age of onset
Laterality (bilateral)
Lag time
CRD
CRD + IAC
CRD + EBRT
CRD + IAC + plaque
CRD + IVT + plaque
CRD + IAC + IVT + plaque
IAC
IAC + IVT + plaque

1.01 (0.99, 1.03)
0.46 (0.26, 0.81)

1.25 (0.17, 9.35)
1.18 (0.28, 4.97)
0.80 (0.10, 6.16)
1.16 (0.16, 8.66)
2.34 (0.71, 7.79)
3.00 (0.41, 22.18)

1.05 (0.51, 2.16)
1.01 (1.00, 1.02)

1.07 (0.48, 2.40)

Hazard ratio (95% CI)

(a)

Figure 2: Continued.
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significantly lower than that of patients with unilateral
disease (5 months vs 17 months, P< 0.001). The median lag
time from first presentation until detection by an ocular
oncologist was 5 weeks (range, 1–80 weeks), which was
shorter than the median of 3 months reported in a study
from India [13]. The shorter lag time may reflect increasing
public awareness and improvements in our referral systems.
No sex bias was noted in our patients, which was consistent
with many previous studies [8, 54]. However, a male pre-
dominance has been reported in some studies [13], which
might be attributed to the lack of attention to female chil-
dren in those countries, particularly in rural areas [13].
Similar to several prior studies [5, 7–10, 12, 13, 17, 19, 23–25,
27, 29, 55], the most common presenting symptom in our
study was leukocoria (76.5%), followed by strabismus
(9.9%). As an initial sign, proptosis was found in 40% of
cases in a study from Nepal [30], whereas none of our
patients exhibited proptosis at their initial visit. Most reti-
noblastoma patients in developed countries exhibit intra-
ocular tumors at presentation, while patients with
extraocular tumors are rare (3%-4%) [19, 56]. In contrast,
extraocular extension is commonly found in developing
countries in Asia, Africa, and South America (approximately
27%–69%) [10, 13, 30, 45, 48, 49]. In our study, extraocular
retinoblastoma was found in 9.8% of all cases. Our analysis
showed that the median lag time was not correlated with the
presence of extraocular extension. This might be related to

the limited number of cases with extraocular extension in
our study. Among patients with intraocular retinoblastoma,
the number of patients presenting at advanced stages (ICRB
groups D or E) are higher in developing countries including
Thailand [6–8, 10, 12–14, 27, 29, 48]. Therefore, a major
challenge in our country is the implementation of an early
detection program to minimize the progression of retino-
blastoma to advanced stages and allow for the treatment at
earlier stages of disease and have better treatment outcomes.
The main goals of retinoblastoma treatment, in descending
order of importance, are to save the life, globe, and vision of
the patient. In order to achieve the treatment goals, we
treated our patients based on laterality, tumor staging, tumor
location, visual potential, and input from patients’ families.

The role of systemic chemotherapy in preventing
pinealoblastoma and second neoplasm in germline retino-
blastoma is controversial [57–59]. We used VEC regimen in
our study for bilateral retinoblastoma patients and found
that no patients in our study developed pinealoblastoma or
second neoplasm during our study period. However, 5
patients died in our study, and 3 were chemotherapy-related
(febrile neutropenia, chemotherapy toxicity, and chemo-
therapy-induced sAML). Therefore, the risks and benefits of
systemic chemotherapy should be reviewed with family
members before the initiation of treatment. Further studies
regarding systemic chemotherapy-related complications and
its role in preventing pinealoblastoma or second neoplasms

Age of onset

Lag time
CRD

CRD + IAC
CRD + IAC + plaque

CRD + IAC + IVT + plaque

IAC

IAC + IVT + plaque

1.00 (0.29, 3.43)

1.01 (0.97, 1.04)

0.42 (0.05, 3.35)

3.83 (0.45, 32.85)

2.14 (0.45, 10.25)

1.98 (0.25, 15.93)

1.01 (0.97, 1.04)
1.95 (0.42, 9.15)

Hazard ratio (95% CI)

–2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

(b)

Age of onset

Lag time

CRD

CRD + IAC

CRD + EBRT

CRD + IAC + plaque

CRD + IVT + plaque

IAC

0.95 (0.32, 2.86)

1.00 (0.98, 1.03)

1.47 (0.19, 11.24)

3.06 (0.41, 23.07)

0.96 (0.12, 7.64)

1.97 (0.25, 15.43)

1.28 (0.50, 3.25)

1.00 (0.95, 1.04)

Hazard ratio (95% CI)

–2 –1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

(c)

Figure 2: Hazard ratio of globe salvage according to patient characteristics and treatment modalities: (a) including all eyes (unilateral vs.
bilateral); (b, c) unilateral and bilateral: based on the International Classification of Retinoblastoma (ICRB). CRD� chemoreduction;
IAC� intra-arterial chemotherapy; EBRT�external beam radiation therapy; IVT� intravitreal chemotherapy.

Journal of Ophthalmology 7



Ta
bl

e
4:

Su
m
m
ar
y
of

re
tin

ob
la
st
om

a
pa
tie
nt

ch
ar
ac
te
ri
st
ic
s
an
d
tr
ea
tm

en
to

ut
co
m
es

in
th
e
pu

bl
ish

ed
lit
er
at
ur
e1
.

A
ut
ho

r
Ye

ar
of

pu
bl
ic
at
io
n

C
ou

nt
ry

N
o.

of
pa
tie
nt
s/
ey
es

M
ed
ia
n/
m
ea
n
ag
e
of

on
se
t(
m
on

th
s)

M
os
t

co
m
m
on

pr
es
en
tin

g
sy
m
pt
om

(%
)

%
ey
es

w
ith

ad
va
nc
ed

IC
RB

gr
ou

ps
D

an
d
E

%
pa
tie
nt
s

w
ith

EO
E

Pa
tie
nt

su
rv
iv
al
ra
te

G
lo
be

sa
lv
ag
e
ra
te

fo
r

in
tr
ao
cu
la
r

tu
m
or

Fo
llo

w
-u
p

tim
e
(m

ed
ia
n

or
m
ea
n)

O
ur

st
ud

y
20
18

Th
ai
la
nd

81
/1
24

8
(1
–4

8)
Le
uk

oc
or
ia

(7
6.
5%

)
70
.2
%

6.
5%

93
.8
%

51
.7
%

38
(0
.2
–1
48
)

m
on

th
s

Fr
an
ci
s
et

al
.[
44
]

20
18

U
SA

46
/9
2

5.
48

(m
ed
ia
n)

(0
.3
3–

27
.9
)

N
A

48
.9
%

6.
52
%

97
.8
3%

91
.3
0%

38
.7

(6
.9
–6

0.
9)

m
on

th
s

G
oo

la
m

et
al
.[
45
]

20
18

So
ut
h

A
fr
ic
a

24
5/
33
0

32
.6

(m
ea
n)
±
26
.8

Le
uk

oc
or
ia

(3
7%

)
19
%
IR
SS

st
ag
e
0-
1

69
.3
9%

58
%

N
A

71
.9

(3
–2

38
)

m
on

th
s

K
al
ik
ie

ta
l.
[8
]

20
17

In
di
a

14
57
/2
07
4

24
(<
1–

37
0)

Le
uk

oc
or
ia

(7
5%

)
73
%

9%
(e
ye
)

92
%

45
%

fo
r
al
l

ey
es

30
(3
–2

34
)

m
on

th
s

A
lH

as
an

et
al
.[
9]

20
17

Sy
ri
a

37
/6
5

A
ge

4
m
on

th
s
to

1
ye
ar

in
40
.6
%

Le
uk

oc
or
ia

(5
7%

)
N
A

13
.5
0%

N
A

N
A

N
A

So
lim

an
et

al
.[
7]

20
17

Eg
yp
t

47
/7
0

24
(2
–4

9)
Le
uk

oc
or
ia

(9
6%

)
64
%

0%
10
0%

N
A

N
A

Be
rr
y
et

al
.[
46
]

20
17

U
SA

29
4/
34
5

19
.8

(m
ea
n)

N
A

G
ro
up

D
47
.8
%
;

gr
ou

p
E
52
.2
%

0.
9%

(p
at
ie
nt
)

98
.5

40
.3
%

86
.3

(m
ea
n)
±
62
.5

m
on

th
s

Li
et

al
.[
11
]

20
16

Ta
iw
an

15
4/
N
A

N
A

N
A

N
A

N
A

83
%

N
A

N
A

G
ao

et
al
.[
12
]

20
16

C
hi
na

25
3/
30
3

21
(0
–6
11
)

Le
uk

oc
or
ia

(7
1%

)
90
%

9%
91
%

21
.7
0%

16
(0
.3
–1
19
)

m
on

th
s

Se
lis
tr
e
et

al
.[
10
]

20
16

Br
az
il

14
0/
18
7

23
.5

(m
ea
n)

Le
uk

oc
or
ia

(7
4%

)
78
%

of
al
le

ye
s

36
.4
0%

86
%

29
.3
0%

32
3
(3
00
–3

46
)

m
on

th
s

C
ha
w
la

et
al
.[
13
]

20
16

In
di
a

60
0/
79
4

21
(1
–1

50
)

Le
uk

oc
or
ia

(8
3%

)
78
%

27
.7
0%

76
%

28
.2

21
(1
–6

0)
m
on

th
s

Lu
m
br
os
o-
Le

Ro
ui
c
et

al
.[
15
]

20
15

Fr
an
ce

73
0/
10
49

N
A

N
A

N
A

N
A

98
.5

N
A

93
(m

ed
ia
n

fo
llo

w
-u
p

tim
e)

m
on

th
s

G
ic
hi
co

et
al
.[
16
]

20
15

K
en
ya

16
0

N
A

N
A

N
A

N
A

27
%

N
A

37
.5

(1
–1

44
)

m
on

th
s

W
ad
de
ll
et
al
.[
14
]

20
15

U
ga
nd

a

27
0/
N
A

(1
81

be
fo
re

in
tr
od

uc
tio

n
of

ch
em

ot
he
ra
py
,8

9
af
te
r
in
tr
od

uc
tio

n
of

ch
em

ot
he
ra
py
)

N
A

N
A

98
%

af
te
r

in
tr
od

uc
tio

n
of

ch
em

ot
he
ra
py

ha
d

gr
ou

p
E
or

EO
E

N
A

45
%

(b
ef
or
e

in
tr
od

uc
tio

n
of

ch
em

ot
he
ra
py
)
an
d

65
%

(a
fte

r
in
tr
od

uc
tio

n
of

ch
em

ot
he
ra
py
)

N
A

1–
86

m
on

th
s

O
ki
m
ot
o
et

al
.

[1
9]

20
14

Ja
pa
n

34
/4
3

13
(0
.7
–7

4)
Le
uk

oc
or
ia

(9
7%

)
86
%

2.
90
%

97
%

25
.6
0%

10
6.
6
±
53

m
on

th
s

Pa
rk

et
al
.[
18
]

20
14

K
or
ea

60
0/
N
A

N
A

N
A

N
A

N
A

92
%

N
A

10
ye
ar
s

da
Ro

ch
a-
Ba

st
os

et
al
.[
22
]

20
14

Po
rt
ug
al

46
/5
9

M
ea
n
ag
e:
22
.1
9
fo
r

un
ila
te
ra
l,
6.
92

fo
r

bi
la
te
ra
l

Le
uk

oc
or
ia

(3
7%

)

54
%

Re
es
e–
El
lsw

or
th

IV
-V

N
A

98
%

23
.7
0%

12
(1
–3

3)
ye
ar
s

8 Journal of Ophthalmology



Ta
bl

e
4:

C
on

tin
ue
d.

A
ut
ho

r
Ye

ar
of

pu
bl
ic
at
io
n

C
ou

nt
ry

N
o.

of
pa
tie
nt
s/
ey
es

M
ed
ia
n/
m
ea
n
ag
e
of

on
se
t(
m
on

th
s)

M
os
t

co
m
m
on

pr
es
en
tin

g
sy
m
pt
om

(%
)

%
ey
es

w
ith

ad
va
nc
ed

IC
RB

gr
ou

ps
D

an
d
E

%
pa
tie
nt
s

w
ith

EO
E

Pa
tie
nt

su
rv
iv
al
ra
te

G
lo
be

sa
lv
ag
e
ra
te

fo
r

in
tr
ao
cu
la
r

tu
m
or

Fo
llo

w
-u
p

tim
e
(m

ed
ia
n

or
m
ea
n)

M
or
en
o
et
al
.[
20
]

20
14

A
rg
en
tin

a
43
8/
57
7

U
ni
la
te
ra
l:
35

fo
r

lo
w
er

EH
D
I
an
d
24

fo
r
hi
gh

er
EH

D
I.

Bi
la
te
ra
l:
11
.5

fo
r

lo
w
er

EH
D
I
an
d
9

fo
r
hi
gh

er
EH

D
I

N
A

N
A

N
A

89
%

N
A

N
A

Su
br
am

an
ia
m

et
al
.[
17
]

20
14

M
al
ay
sia

11
9/
16
2

22
(1
–1

23
)

Le
uk

oc
or
ia

(9
2%

)
N
A

N
A

55
%

N
A

1
ye
ar

A
l-N

aw
ai
se
h
I

et
al
.[
47
]

20
14

Jo
rd
an

71
/1
14

21
.7

(m
ea
n)

(1
–2

76
)

Le
uk

oc
or
ia

(5
4%

)

48
%

Re
es
e–
El
lsw

or
th

I–
IV

;5
2%

Re
es
e–
El
lsw

or
th

V

N
A

N
A

63
.2
%

26
.9
(0
.2
5–
16
0)

m
on

th
s

Li
m

et
al
.[
23
]

20
13

Si
ng

ap
or
e

51
/6
7

25
.7

(S
D

19
.9
)

Le
uk

oc
or
ia

(7
1%

)
88
%

0%
91
%

23
.9
0%

5
ye
ar
s

N
ab
ie

et
al
.[
24
]

20
12

Ir
an

40
/5
7

20
(2

w
ee
ks
–1

0.
2
ye
ar
s)

Le
uk

oc
or
ia

(9
8%

)
N
A

N
A

N
A

26
.3
%

fo
r
al
l

ey
es

N
A

Lu
na
-F
in
em

an
S

et
al
.[
48
]

20
12

C
en
tr
al

A
m
er
ic
a

17
1/
21
3

28
(m

ed
ia
n)

(1
–1

08
)

N
A

80
%

Re
es
e–
El
lsw

or
th

IV
–V

62
%

52
%

N
A

18
(m

ed
ia
n)

(1
–1

12
)

m
on

th
s

A
li
A
A
E
et
al
.[
49
]

20
11

Su
da
n

25
/3
1

36
(m

ed
ia
n)

(8
–6

0)
En

la
rg
ed

ey
e

(5
6%

)
N
A

64
%

56
%

N
A

15
.4

(m
ed
ia
n)

(9
–3

6)
m
on

th
s

Es
su
m
an

et
al
.

[2
7]

20
10

G
ha
na

23
/2
7

24
.0
±
11
.3

Le
uk

oc
or
ia

(8
7%

)
87
%

Re
es
e–
El
lsw

or
th

V
17
%

26
%

N
A

5.
7
m
on

th
s

Zh
ao

et
al
.[
25
]

20
10

C
hi
na

47
0/
59
5

20
(2

w
ee
ks
–1

0.
2

ye
ar
s)

Le
uk

oc
or
ia

(7
3%

)
N
A

N
A

N
A

N
A

N
A

A
tc
ha
ne
ey
as
ak
ul

et
al
.[
6]

20
09

Th
ai
la
nd

90
/1
16

18
(0
.5
–8

0)
N
A

76
%

14
%

85
%

16
%

fo
r
al
l

ey
es

27
m
on

th
s

Br
oa
dd

us
et

al
.

[5
0]

20
09

U
SA

99
2/
N
A

N
A

N
A

N
A

N
A

95
%

N
A

5
ye
ar
s

M
ac
C
ar
th
y
et

al
.

[2
8]

20
08

G
re
at

Br
ita

in
15
76
/2
15
6

N
A

N
A

N
A

N
A

U
ni
la
te
ra
lc

as
es

di
ag
no

se
d:

19
63
–1
96
7,

85
%
;

19
98
–2

00
2,

97
%
.

Bi
la
te
ra
lc

as
es

di
ag
no

se
d:

19
63
–1
96
7,

88
%
;

19
98
–2

00
2,

10
0%

N
A

5
ye
ar
s

O
zd
em

ir
et

al
.

[2
9]

20
07

Tu
rk
ey

91
/1
21

18
(2
–1
00
)

Le
uk

oc
or
ia

(6
5%

)

79
%

Re
es
e–
El
lsw

or
th

IV
-V

20
.9
%

92
%

46
.3
%

fo
r
al
l

ey
es

35
(4
–6

3)
m
on

th
s

Journal of Ophthalmology 9



Ta
bl

e
4:

C
on

tin
ue
d.

A
ut
ho

r
Ye

ar
of

pu
bl
ic
at
io
n

C
ou

nt
ry

N
o.

of
pa
tie
nt
s/
ey
es

M
ed
ia
n/
m
ea
n
ag
e
of

on
se
t(
m
on

th
s)

M
os
t

co
m
m
on

pr
es
en
tin

g
sy
m
pt
om

(%
)

%
ey
es

w
ith

ad
va
nc
ed

IC
RB

gr
ou

ps
D

an
d
E

%
pa
tie
nt
s

w
ith

EO
E

Pa
tie
nt

su
rv
iv
al
ra
te

G
lo
be

sa
lv
ag
e
ra
te

fo
r

in
tr
ao
cu
la
r

tu
m
or

Fo
llo

w
-u
p

tim
e
(m

ed
ia
n

or
m
ea
n)

Sh
ie
ld
s
et

al
.[
36
]

20
06

U
SA

16
3/
24
9

N
A

N
A

44
%

0
10
0%

73
.1
0%

6.
2
(1
–1

0.
6)

ye
ar
s

Ba
dh

u
et

al
.[
30
]

20
05

N
ep
al

43
/4
7

3.
04
±
1.
80

ye
ar
s

Pr
op

to
sis

(4
0%

)
N
A

46
.5
%

53
.5
%

N
A

M
in
im

um
2

ye
ar
s

1 S
ea
rc
h
st
ra
te
gy
:s
ci
en
tifi

c
lit
er
at
ur
es

on
re
tin

ob
la
st
om

a
tr
ea
tm

en
ts

w
ri
tte

n
in

En
gl
ish

pu
bl
ish

ed
be
tw
ee
n
20
05

an
d
20
20

w
er
e
se
ar
ch
ed

us
in
g
Pu

bM
ed
.Th

e
se
ar
ch

te
rm

s
in
cl
ud

ed
re
tin

ob
la
st
om

a,
re
tin

om
a,

re
tin

oc
yt
om

a,
ch
em

or
ed
uc
tio

n,
in
tr
a-
ar
te
ri
al

ch
em

ot
he
ra
py
,b

ra
ch
yt
he
ra
py
,e

xt
er
na
lb

ea
m

ra
di
at
io
n
th
er
ap
y,

in
tr
av
itr
ea
lc

he
m
ot
he
ra
py
,e

nu
cl
ea
tio

n,
ex
en
te
ra
tio

n,
gl
ob

e
sa
lv
ag
e
ra
te
,a

nd
su
rv
iv
al

ra
te
.Th

e
lit
er
at
ur
es

fr
om

ea
ch

co
un

tr
ie
s/
re
gi
on

s
w
er
e
se
le
ct
ed

ba
se
d

on
w
el
l-d

oc
um

en
te
d

tr
ea
tm

en
t
m
od

al
iti
es
,
tu
m
or

st
ag
in
g,

an
d

tr
ea
tm

en
t
ou

tc
om

es
.
IC

RB
�
In
te
rn
at
io
na
l
C
la
ss
ifi
ca
tio

n
of

Re
tin

ob
la
st
om

a;
EO

E
�
ex
tr
ao
cu
la
r
ex
te
ns
io
n;

N
A

�
no

na
pp

lic
ab
le
;E

H
D
I�

Ex
te
nd

ed
H
um

an
D
ev
el
op

m
en
t
In
de
x.

10 Journal of Ophthalmology



are needed to identify the true risks and benefits of systemic
chemotherapy in the treatment of bilateral retinoblastoma.

Because of the greater proportion of advanced retino-
blastoma cases in our series, the overall globe salvage rate
was 51.7%, which was much lower than that observed in
developed nations [36, 44, 56]. However, globe salvage was
achieved in 100% of patients in ICRB groups A and C, in
94.7% of patients in group B, in 58% of patients in group D,
and in 25% of patients in group E. This was comparable to
that in developed nations [36]. There was no significant
association between globe salvage outcome and treatment
modalities, as shown in Figure 2. This may be the result of
the small sample sizes within the treatment groups.

Primary enucleation remains a life-saving intervention
in advanced unilateral retinoblastoma (ICRB groups D and
E) because it can effectively cure the disease, save the pa-
tients’ life, reduce the risk of metastasis, reduce the number
of subsequent follow-up visits, and avoid possible side effects
of systemic chemotherapy or IAC. The pathological exam-
ination of enucleated eye by histopathologist trained in the
evaluation of retinoblastoma globe is crucial to identify high-
risk pathological features. Graduated intensity of post-
enucleation adjuvant chemotherapy should be given based
on pathological study of each enucleated eye [60]. In
Thailand and some other countries, especially in Asia,
primary enucleation may be unacceptable to many patients’
families. Strong advice of primary enucleation to these
families can lead to treatment refusal, abandonment of the
treatment, and subsequently loss of follow-up. In this sit-
uation globe salvage treatment may keep patients’ families
on the treatment track and make secondary enucleation
more acceptable. A study from Malaysia [51] reported that
most families refuse the treatment, as well as any further
management, upon counseling in favor of enucleation. At
our center, globe salvage treatment was offered as an al-
ternative treatment for patients with unilateral ICRB group
D or E whose families strongly refused enucleation. This was
performed with the aim of preventing families from aban-
doning treatment altogether. All of them were informed of
and accepted the risk of extraocular extension and distant
metastasis. Ultimately, there was no abandonment of
treatment in this group. In our study, 30 eyes had unilateral
intraocular retinoblastoma group D or E. Nine eyes (30%)
underwent primary enucleation, while twenty-one eyes
(70%) underwent primary systemic chemoreduction and/or
IAC with various adjuvant treatment modalities (Table 2).
The globe salvage rate was 10 eyes (33.3%) with the median
follow-up time of 26 months, and neither local recurrence
nor distant metastasis was observed. However, 11 eyes
(36.7%) did not respond to treatments and eventually un-
derwent secondary enucleation as permitted by their
families.

As shown in Table 4, the survival rate of retinoblastoma
patients in internationally published data varies from 26% to
100%, with developed nations tending to exhibit more fa-
vorable survival outcomes than developing nations. The
primary influencing factor of disease-related mortality was
extraocular extension, which was generally attributed to late
presentation and delay in the referral system. In our series,

the overall survival rate of 93.8% was consistent with the 5-
year survival estimated using Kaplan–Meier analysis. Of the
five deaths recorded in our series, two were related to
extraocular disease, and the remaining three were due to
chemotherapy-related complications (febrile neutropenia,
chemotherapy toxicity, and sAML).

The major limitation of this study was its limited scope
and sample size; all data were obtained from a single referral
center in Bangkok, which may not entirely represent reti-
noblastoma patients in Thailand. A multicenter national
study and a national system of retinoblastoma registration
are required to establish a nation-wide picture of this disease.
Education of the public and primary health care providers,
along with the implementation of a retinoblastoma
screening program, should be promoted to enable earlier
detection of retinoblastoma. This would enable patients to
achieve better treatment outcomes. In addition, proper
retinoblastoma management requires multidisciplinary co-
operation, which includes medical personals, nurses, ocu-
larists, ocular oncologists, pediatric oncologists,
interventional neuroradiologists, neurosurgeons, anesthe-
siologists, and ocular pathologists. Because these specialized
providers are not available in many areas of the country,
comprehensive referral centers may provide a solution for
the enhanced provision of retinoblastoma care in Thailand.

 . Conclusions

In summary, we have shown the clinical presentation and
treatment outcomes of retinoblastoma patients who un-
derwent recent multimodal treatments at our center,
spanning a period of 12 years. Although the treatment of
retinoblastoma remains a complex challenge inThailand, the
recent availability of advanced treatment modalities at our
center has enhanced our capacity to save lives and has in-
creased the likelihood of globe salvage.The current study fills
a gap in the existing literature by reporting clinical pre-
sentations and outcomes of retinoblastoma with the recent
multimodal treatments in Thailand.
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