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Clinical Features and Long-term Prognosis of Retinoblastoma
according to Age at Diagnosis
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Purpose: We aimed to study the clinical characteristics and long-term prognoses of retinoblastoma according to

the age at diagnosis.

Methods: A retrospective chart review of non-screened patients newly diagnosed with retinoblastoma between

January 2007 and February 2018.

Results: Among the 20 patients analyzed, 11 were diagnosed at an age younger than 1 year (group 1) and nine
at 1 year or older (group 2). The mean lag times until diagnosis were 1.0 + 0.4 and 5.0 + 2.1 months for groups
1 and 2, respectively (p = 0.056). The mean follow-up durations were 49.4 + 12.7 and 58.3 + 8.8 months, re-
spectively (p = 0.412). Group 1 had a significantly higher proportion of bilateral retinoblastoma than did group
2 (72.7% vs. 11.1%, p = 0.010). Four of five patients (80.0%) with germline RB71 mutations were diagnosed with
retinoblastoma at age 3 months or younger. The eyes of patients in group 2 had significantly higher Interna-
tional Intraocular Retinoblastoma Classification stages than did those of patients in group 1 (p for trend = 0.010).
The proportion of eyes with optic nerve invasion and those that had undergone enucleation were significantly
higher in group 2 (p = 0.033 and 0.046, respectively). Survival did not differ according to the age at diagnosis.

Conclusions: Early onset retinoblastoma does not seem to indicate poor ocular or survival prognosis in Korean

children with retinoblastoma.
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Retinoblastoma is the most common primary intraocular
malignancy in childhood. The incidence of retinoblastoma
has been reported to be 11.2 per 100,000 children aged 0 to
4 years in Korea [1], which is similar to the incidences in
the USA and Europe [2,3]. Owing to easy accessibility and
well-performed healthcare for infants and children, the
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mortality rate of patients diagnosed with retinoblastoma in
Korea has decreased to 4.5% during 2001 to 2010 [1],
which is not much different from the mortality rate of 3%
to 5% reported in other developed countries [3].

The development of retinoblastoma is initiated by the bi-
allelic inactivation of the tumor suppressor RBI gene lo-
cated on chromosome 13ql4. Studies have shown that 10%
of patients with retinoblastoma inherit a family-specific
RBI mutation from a parent, while the other 90% develop
retinoblastoma sporadically [4]. Among these patients,
30% have a sporadic germline mutation, and the remaining
60% have non-heritable retinoblastoma with two somatic
mutations [4]. For children with a family history of retino-
blastoma, early screening is usually done before the symp-
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toms appear, because early diagnosis results in a better
prognosis [5,6]. However, those with spontaneous germline
or somatic mutations are likely to be detected at a later
stage, as they are usually diagnosed only after developing
symptoms [7].

The majority of patients with germline mutations pres-
ent with multifocal bilateral retinoblastoma, usually before
1 year of age, while those with two somatic mutations al-
ways have unilateral retinoblastoma and are diagnosed
around 2 years of age [8]. Other cancers caused by germ-
line mutations, such as the BRCAI/2 mutation in breast
cancer, are often related to a worse prognosis [9,10]. A few
prior studies have examined the survival rates of retino-
blastoma patients according to the patient’s age at diagno-
sis. A study using the Korean National Cancer Registry
Database reported no difference in survival between pa-
tients diagnosed at age 1 year or younger and at age 2 years
or older [1]. Likewise, a study in Mexico showed no differ-
ence in survival rates between patients diagnosed at birth
to 6 months and at 6 to 12 months [7].

Although survival is the most important factor to consid-
er, since the survival rates of patients with retinoblastoma
in Korea and other developed countries are relatively high,
other factors such as disease stage and the possibility of eye
preservation also need attention. Despite their possible clin-
ical significance, these factors have not been addressed ac-
cording to the age at diagnosis in previous studies. There-
fore, this study aimed to examine the clinical characteristics
and long-term prognosis of retinoblastoma, focusing on the
possible differences according to the age at diagnosis.

Materials and Methods

Patient samples

This study was a retrospective chart review of patients
initially diagnosed with retinoblastoma at a single institute
in Korea between January 2007 and February 2018. Only
patients who were followed up for 6 months or more were
included for analysis.

Diagnosis and staging of retinoblastoma

The diagnosis of retinoblastoma was based on clinical
examination findings or pathological examination results.
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All patients had documented color fundus photographs ac-
quired using RetCam II (Clarity Medical Systems, Pleas-
anton, CA, USA) or a fundus camera (AFC-330, Nidek,
Gamagori, Japan; or TRC-NW6S, Topcon Corporation,
Tokyo, Japan). Fluorescein angiography and B-scan ultra-
sonography were performed for differential diagnosis and
to determine the tumor extent if clinically required. Com-
puterized tomography and magnetic resonance imaging of
the orbit were performed to evaluate tumor location and
size, the presence of calcifications, and optic nerve and ex-
traocular involvement. A bone scan was performed to
evaluate the presence of bone metastasis. The International
Intraocular Retinoblastoma Classification (IIRC) was used
for staging [11].

Genetic analysis

All patients initially diagnosed with retinoblastoma un-
der the age of 5 years were recommended to undergo ge-
netic evaluation to identify germline RB/ mutations. In our
institution, only fluorescence in situ hybridization (FISH),
which detects large deletions, and multiplex ligation-depen-
dent probe amplification (MLPA), which detects large dele-
tions and duplications, were available. Since our laboratory
did not conduct RBI gene sequence analysis, which detects
small deletions, insertions, and point mutations, polymerase
chain reaction (PCR)-direct sequencing was commissioned
at another institute when needed. After obtaining informed
consent from the patients, FISH (Cytocell, Cambridge, UK;
or Vysis, Abbott Park, IL, USA), MLPA (MRC Holland,
Amsterdam, the Netherlands), or PCR-direct sequencing
were performed alone or in combination according to the
clinician’s decision at the time of diagnosis.

Data collection

Data collected from the clinical notes included patients’
family histories of retinoblastoma, sex, initial symptom or
sign, age at onset of initial sign or symptom, age at diagno-
sis, duration of follow-up, laterality, best-corrected visual
acuity (BCVA) at the initial and final visits, genetic evalu-
ation results, IIRC group, radiological and pathological
findings, and treatment modalities. The presence of optic
nerve invasion, foveal involvement, and distant metastasis
was evaluated on the basis of fundus, radiological, and
pathological examination results.
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Statistical analysis

Statistical analyses were conducted using IBM SPSS
Statistics ver. 21.0 (IBM Corp., Armonk, NY, USA) or SAS
ver. 9.4 (SAS Inc., Cary, NC, USA). Lag time was calculat-
ed as the interval between the age at the onset of symptom
or sign and the age at diagnosis. All data are presented as
mean + standard error for continuous variables and num-
ber (%) for categorical variables. The Mann-Whitney test
was used to analyze continuous variables, and Fisher exact
test was used to analyze categorical variables. The Co-
chran-Armitage test for trend was used to assess the trends
across IIRC groups according to the age at diagnosis.
Spearman’s rank correlation analysis and logistic regres-
sion analysis were carried out to examine the associations
between variables. A p-value less than 0.05 was considered
statistically significant.

Ethics statement

The study protocol was reviewed and approved by the
institutional review board of Asan Medical Center (2018-
0383) and was conducted in adherence to the tenets of the

Declaration of Helsinki. For this type of study, informed
consent was not required.

Results

In this study, out of 28 patients diagnosed with retino-
blastoma during the study period, eight were excluded be-
cause of loss to follow-up within 6 months, and the re-
maining 20 patients were selected for analysis. Of them, 11
were diagnosed with retinoblastoma at an age younger
than 1 year (group 1) and nine at age 1 year or older (group
2). None of the patients had a family history of retinoblas-
toma, and therefore none were detected by screening. The
demographic and clinical characteristics according to pa-
tient age at diagnosis are shown in Table 1. The mean and
median ages at onset of sign or symptom were significant-
ly younger in group 1 compared with group 2: 3.0 + 0.7 vs.
29.2 + 9.2 months; 3 months (interquartile range [IQR], 1-5
months) vs. 17 months (IQR, 14-27 months), respectively,
with p < 0.001 for both comparisons. Similarly, the mean
and median ages at diagnosis were also significantly
younger in group 1 than in group 2 (4.0 = 0.9 vs. 34.3 +

Table 1. Demographic and clinical characteristics of retinoblastoma according to age at diagnosis

Characteristics Group 1" (n=11) Group 2" (n=9) p-value
Sex 0.092
Male 7 (63.6) 2(22.2)
Female 4(36.4) 7(77.8)
Age at onset of sign or symptom (mon) 3.0+£0.7 29.2+£9.2 <0.001
Age at diagnosis (mon) 4.0+0.9 343+10.0 <0.001
Lag time (mon) 1.0+ 0.4 5.0+2.1 0.056
Duration of follow-up (mon) 49.4+12.7 58.3+£8.8 0.412
Initial manifesting sign or symptom 0.056
Leukocoria 3(27.3) 6 (66.7)
Strabismus 4(36.4) 1(11.1)
Orbital swelling 1(9.1) 0(0)
Dysmorphic feature 3(27.3) 0(0)
Decreased visual acuity 0(0.0) 2(22.2)
Laterality 0.010
Unilateral 3(27.3) 8(88.9)
Bilateral 8(72.7) 1(11.1)

Values are presented as number (%) or mean + standard error.
Age at diagnosis <1 year; "Age at diagnosis >1 year.
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Table 2. Germline RBI mutation status, laterality, and initial manifesting sign or symptom according to the age at diagnosis

Patient 110, Age at diagnosis

Initial manifesting sign or  Germline RB1

Method of genetic analysis

Laterality

(mon) symptom mutation
1 0 Dysmorphic features Yes FISH for 13q14 Bilateral
2 0 Dysmorphic features Yes FISH for 13q14 Bilateral
3 1 Dysmorphic features Yes FISH for 13q14 Bilateral
4 3 Leukocoria Nil FISH for 13q14 Bilateral
5 3 Leukocoria Yes PCR-direct sequencing of RB] Bilateral
6 4 Leukocoria - - Bilateral
7 5 Strabismus Nil PCR-direct sequencing of RB1 Unilateral
8 7 Strabismus Nil FISH for 13q14 Bilateral
9 7 Strabismus Nil PCR-direct sequencing of RB/ Unilateral
10 7 Strabismus Nil PCR-direct sequencing of RB1 Unilateral
11 8 Orbital swelling Nil PCR-direct sequencing of RB1 Bilateral
+ FISH for 13q14
12 15 Leukocoria Yes PCR-direct sequencing of RB1 Bilateral
13 15 Leukocoria Nil PCR-direct sequencing of RB1 Unilateral
+ FISH for 13q14
14 16 Leukocoria Nil PCR-direct sequencing of RB1 Unilateral
15 20 Strabismus Nil PCR-direct sequencing of RB1 Unilateral
16 21 Leukocoria Nil PCR-direct sequencing of RB1 Unilateral
+ MLPA of RBI
17 21 Leukocoria Nil PCR-direct sequencing of RB1 Unilateral
+ FISH for 13q14
18 27 Leukocoria Nil PCR-direct sequencing of RB1 Unilateral
19 85 Decreased VA - - Unilateral
20 89 Decreased VA - - Unilateral

RBI = retinoblastoma 1; FISH = fluorescence in situ hybridization; PCR = polymerase chain reaction; MLPA = multiplex ligation-depen-

dent probe amplification; VA = visual acuity.

10.0 months; 4 months [IQR, 1-7] vs. 21 months [IQR, 16—
27], respectively; p < 0.001 for both comparisons). The
mean lag times until diagnosis were 1.0 = 0.4 and 5.0 + 2.1
months, respectively, for groups 1 and 2 (p = 0.056). The
mean durations of follow-up for groups 1 and 2 were 49.4
+ 12.7 and 58.3 + 8.8 months, respectively (p = 0.412). The
most common initial manifesting sign or symptom was
strabismus (36.4%) in group | and leukocoria (66.7%) in
group 2. Sex, lag time until diagnosis, duration of fol-
low-up, and type of initial sign or symptom did not differ
according to the age at diagnosis. Group | had a signifi-
cantly larger proportion of bilateral retinoblastoma (72.7%
vs. 11.1%, p = 0.010) than did group 2.

Table 2 shows the germline RB/ mutation status, lateral-
ity, and initial manifesting sign or symptom according to

the age at diagnosis. Genetic evaluations were performed
in 10 of 11 (90.9%) patients in group 1 and 7 of 9 (77.8%)
patients in group 2. The parents of patient number 6 re-
fused consent for the genetic test. Patient numbers 19 and
20 were diagnosed at age 85 and 89 months, respectively,
and were not recommended for genetic analysis by the cli-
nician. Out of the 17 patients who underwent genetic eval-
uation, five (29.4%) were found to have a germline RBI
mutation. Four of these five patients (80.0%) with germline
RBI mutations were diagnosed with retinoblastoma at age
3 months or younger. Genetic analyses for patient numbers
4,8, and 11 could not detect germline RBI mutations, even
though retinoblastoma was found in both eyes. Two of
these three patients were only tested using FISH. Patient
numbers 1, 2, and 3 with germline RB/ mutations detected
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Fig. 1. Diagnoses and long-term treatment outcomes for retinoblastoma according to the age at diagnosis. (A) The eyes of patients diag-
nosed at age 1 year or older (group 2) had significantly higher International Intraocular Retinoblastoma Classification (IIRC) stages (p for
trend = 0.010, Cochran-Armitage test). (B,C) Patients diagnosed at age 1 year or older (group 2) had a significantly higher proportion of
eyes with optic nerve invasion and eyes treated with enucleation (p = 0.033 and 0.046, respectively, Fisher exact test). (D) The proportion
of patients with distant metastasis and death were not significantly different according to the age at diagnosis (p = 0.450, Fisher exact
test). Group 1, age at diagnosis <l year; group 2, age at diagnosis >1 year.

using FISH had an initial manifesting dysmorphic feature
sign. Patient numbers 19 and 20, who were diagnosed at
the oldest ages, presented with an initial symptom of de-
creased visual acuity. Patient number 19 was initially diag-
nosed as having retinal detachment with proliferative vit-
reoretinopathy and was under simple observation without
treatment for 19 months and was only diagnosed with reti-
noblastoma on the basis of histopathologic results after be-
ing enucleated because of increasing ocular pain.

The diagnoses and long-term treatment outcomes of
non-familial retinoblastoma according to the age at diag-
nosis are shown in Fig. 1. The eyes of the patients in group
2 had a significantly higher IIRC stage than did those of
the patients in group 1 (in group 1 with group C, 10.0%;
group D, 10.0%; group E, 80.0% vs. group 2 with group A,

246

15.8%; group B, 10.5%; group C, 26.3%; group D, 21.1%;
group E, 26.3%; p for trend = 0.010) (Fig. 1A). Moreover,
the age at diagnosis (months) had a strong positive correla-
tion with IIRC stage (Spearman’s rho = 0.562, p = 0.002),
whereas the lag time until diagnosis (months) in our study
patients was significantly correlated with IIRC stage
(Spearman’s rho = 0.241, p = 0.208). The proportion of eyes
with optic nerve invasion was also significantly higher in
group 2 than in group 1 (30.0% vs. 0.0%, p = 0.033) (Fig.
1B). Compared to group 1, group 2 had a significantly
higher proportion of eyes that were enucleated (70.0% vs.
26.3%, p = 0.046) (Fig. 1C). In our study, none of the pa-
tients with bilateral retinoblastoma required bilateral enu-
cleation. All patients, except for one patient with unilateral
retinoblastoma without optic nerve involvement who had



her eye enucleated, were treated with chemotherapy. The
chemotherapy regimen included a combination of vincris-
tine, carboplatin, and etoposide, with and without cyclo-
phosphamide or ifosfamide. In all of the eyes with retino-
blastoma that were not enucleated, local therapy using
cryotherapy, laser photocoagulation, or both was adminis-
tered along with systemic chemotherapy. External-beam
radiation therapy was not performed in any of the patients,
and none of them developed second tumors during fol-
low-up. Although one patient diagnosed with group E reti-
noblastoma at 15 months, whose parents persistently re-
fused enucleation, died because of obstructive
hydrocephalus due to brain metastasis, no significant dif-
ference was observed in survival according to the age at
diagnosis (88.9% for group 2 vs. 100.0% for group 1, p =
0.450) (Fig. 1D).

Age at diagnosis (months) was significantly associated
with germline RB/ mutation (odds ratio [OR], 0.824; 95%
confidence interval [CI], 0.689-0.986; p = 0.034), but not
with nerve invasion (OR, 6.226; 95% CI, not estimated; p
= 0.549) or foveal involvement (OR, 1.087; 95% CI, 0.943—
1.252; p = 0.249). Germline RB/ mutation did not show
significant correlations with IIRC stage (Spearman’s rho =
-0.301, p = 0.143), nerve invasion (OR and 95% CI were not
estimated, p = 0.947), or foveal involvement (OR, 0.375;
95% CI, 0.063-2.244; p = 0.283).

In this study, foveal involvement was found in 13 of the
19 eyes (68.4%) in group 1 and 9 of the 10 eyes (90.0%) in
group 2, with no significant intergroup difference (p =
0.367). Of the 29 eyes of 20 patients in this study, 17 eyes
of 13 patients were salvaged. After excluding five patients
with mental retardation or who were too young to undergo
visual acuity measurement, eight eyes of eight patients
were considered suitable for measuring the BCVA at the
final visit. The eyes with retinoblastoma but without foveal
involvement had a significantly better visual acuity, with
75% of eyes having equivalent or better BCVA than Snel-
len 20 / 25, than did those with foveal involvement, all of
which had Snellen BCVA worse than 20 / 200 (p = 0.014).

Discussion

In this study, the clinical features and the clinical out-
comes of non-screened retinoblastoma patients depending
on the age at diagnosis were evaluated. We only included
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patients without a family history of retinoblastoma, and all
were diagnosed because of a certain symptom or sign. Pa-
tients with retinoblastoma who were diagnosed at an age
younger than 1 year were highly likely to have bilateral
retinoblastoma with a germline RB/ mutation (Table 1, 2).
However, interestingly, they were diagnosed at a less ad-
vanced stage and classified as having a lower IIRC stage
than were those diagnosed at an older age, thereby result-
ing in a better long-term prognosis in terms of less optic
nerve invasion and less requirement for enucleation (Fig.
1), although the lag time until diagnosis did not differ be-
tween the two groups. This is unusual for a cancer that
may develop due to a germline mutation, as germline mu-
tations such as the BRCA//2 mutation in breast cancer of-
ten suggest worse prognoses [9,10]. Survival did not differ
according to the age at diagnosis (Fig. 1). The age at diag-
nosis (months) also showed a strong positive correlation
with IIRC stage.

To our knowledge, the present analysis is the first to
show that Korean retinoblastoma patients diagnosed at less
than 1 year of age showed a tendency to be classified in a
lower IIRC stage than did those diagnosed at an older age
and that the age at diagnosis is significantly positively cor-
related with IIRC stage. In a similar context, a few recent
studies reported in other parts of Asia showed that a high-
er proportion of patients with bilateral retinoblastoma
rather than unilateral retinoblastoma were diagnosed at an
earlier IIRC stage [12,13]. As in our study, these studies
also showed that patients diagnosed at an age younger than
1 year were more likely to have bilateral retinoblastoma
rather than unilateral retinoblastoma [12,13].

The most common initial symptom or sign that led to
presentation differed according to patient age at diagnosis
in this study. Among the patients in group 1, strabismus
was the most common condition (36.4%), followed by leu-
kocoria (27.3%), and dysmorphic features (27.3%), while
among the patients in group 2, leukocoria was the most
common condition (66.7%). Many previous studies report-
ed (with consensus) that the most common presenting
symptom or sign of retinoblastoma was leukocoria
[7,12,14], which was in overall agreement with our study
findings, but none of these studies had evaluated present-
ing signs and symptoms according to the age at diagnosis.
In a study conducted in the USA, leukocoria was associat-
ed with more advanced disease, while strabismus was as-
sociated with macular involvement [14]. This association is
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consistent with our results, in that patients diagnosed at
age 1 year or older presented with a much higher propor-
tion of leukocoria and were classified in higher IIRC stages
than were those diagnosed at a younger age. However, fo-
veal involvement was also more frequently seen in those
diagnosed at age 1 year or older in our study, even though
most of them showed leukocoria rather than strabismus as
their initial presenting sign or symptom. Dysmorphic fea-
tures were the initial sign for those diagnosed at the
youngest age and appeared as part of 13q deletion syn-
drome, which also includes anteverted ear lobes, high and
broad forehead, prominent philtrum, and severe mental re-
tardation [15]. Large deletions in the RB/ gene were detect-
ed using FISH in these patients. Decreased visual acuity
was the initial symptom for two patients (10%) diagnosed
at the oldest ages, i.c., at 85 and 89 months. This is consis-
tent with the findings of previous studies, which reported
that poor vision comprises 7.7% of the presenting symp-
toms [14], and that low vision was the most common pre-
senting sign in children diagnosed at an age older than
5 years [12].

In our study, germline RB/ mutation was not significant-
ly associated with disease severity in terms of IIRC stage
and nerve invasion. Germline RB/ mutations are detected
in around 90% of patients with bilateral and/or familial
retinoblastoma and 10% of patients with non-familial uni-
lateral retinoblastoma [16,17]. In recent studies, a combina-
tion of PCR-direct sequencing of all 27 exons and their in-
tronic flanking regions of the RBI/ gene along with MLPA
to detect large deletions and duplications seems to be the
conventional method [16,18,19], with a high detection rate
of around 95% [19]. Although no single method is fully
sensitive and efficient to detect RB/ mutations, most germ-
line RBI mutations are very small deletions, insertions, or
point mutations [20], and therefore, direct sequencing is
considered the single most useful method, with a detection
rate around 70%. Cytogenetic testing techniques such as
FISH and MLPA are relatively simple to perform, but
since they detect only large chromosomal deletions, only
approximately 7% of RBI mutations can be detected
[21,22]. This explains why we were unable to detect RB/
mutations in three patients with bilateral retinoblastoma—
two of them were tested only by using FISH. Additional
testing with direct sequencing will likely reveal RB/ muta-
tions in these patients.

Enucleation is typically recommended for the eyes with
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retinoblastoma classified as IIRC group E, some eyes with
advanced group D, and eyes with suspected extra-ocular
extension [23]. Although enucleation cannot be performed
sometimes because of rejection by the patient’s family, it is
often required in advanced cases, because late removal of
IIRC group E eyes may increase mortality [24], as in one
of our patients who died because of brain metastasis after
persistent refusal of enucleation. In our study, among the
patients in group 2, 30% of the eyes had optic nerve inva-
sion and 70% of the eyes were enucleated. In contrast,
among the patients in group 1, none of the eyes had optic
nerve invasion and only 26.3% of the eyes were enucleat-
ed, thus showing a significant difference from those diag-
nosed at an older age. Although none of the published
studies examined the enucleation rate according to the age
at diagnosis, some have examined it according to laterality.
In agreement with our study, studies conducted in China
and Malaysia revealed that approximately 80% to 90% of
the eyes with unilateral retinoblastoma were enucleated;
this is a significantly higher proportion compared to the
40% to 50% enucleation rate in the eyes with bilateral reti-
noblastoma [12,13].

All patients in this study, except for one, were treated
using chemotherapy. In all of the eyes that were not enu-
cleated, consolidation therapy using laser photocoagulation
and cryotherapy was performed. Chemotherapy along with
focal treatment has been shown to be effective in previous
studies, even in advanced cases [25]. This helps to avoid
external-beam radiation therapy as in our study, as radia-
tion therapy has been reported to increase the risk of a
second cancer in the radiation field, especially in patients
with germline RB/ mutations [26], which may affect sur-
vival.

In our study, 75% of the eyes without foveal involvement
had a final Snellen BCVA equivalent to or better than 20 /
25, which is a visual acuity expected in normal eyes, even
though all eyes with foveal involvement had a Snellen
BCVA worse than 20 / 200. This result is consistent with
that of a previous study, which reported that 67% of eyes
with extrafoveal tumors had a final BCVA equal to or bet-
ter than a Snellen visual acuity of 6 / 12 [27]. Therefore,
patients with retinoblastoma who do not need enucleation
can expect good vision after sufficient treatment if the tu-
mor does not involve the fovea.

When interpreting our results, the following limitations
should be considered. First, this study was a retrospective



study, and we had to depend on the availability and accu-
racy of the medical records and examinations. In particu-
lar, the genetic analyses for most of the patients were in-
sufficient and showed a low detection rate. A complete
analysis with both direct sequencing of the RB/ gene and
cytogenetic testing would have yielded more useful results.
Second, this was a single-institution study with a small
sample size owing to the low prevalence of retinoblastoma.
Third, there is a possibility that the differences found be-
tween groups 1 and 2 may be partially due to the differ-
ences in disease duration. However, in our study, there
were no intergroup differences in the duration between the
initiation of signs or symptoms until the diagnosis of reti-
noblastoma, and no significant correlation between the lag
time and IIRC stage, which may be because the lag time
was short in most patients. This suggests that delayed di-
agnosis is not likely the main reason for the difference in
prognosis between the two groups. Despite these con-
straints, it is meaningful to report that the patients diag-
nosed at an early age with likely germline RB/ mutations
had a more favorable outcome than those with later onset
retinoblastoma with likely somatic mutations. Since genet-
ic testing for the RB/ gene is not widely available, an esti-
mation of prognosis according to the age at diagnosis may
be helpful in some institutions. Also, the present study was
the first to examine the clinical characteristics and long-
term prognoses of Korean retinoblastoma patients accord-
ing to their age at diagnosis.

In conclusion, patients diagnosed with retinoblastoma at
an age of 1 year or older were likely to have somatic RB/
mutations with unilateral retinoblastoma that was classi-
fied in a higher IIRC stage, had a higher proportion of op-
tic nerve invasion, and had a higher requirement for enu-
cleation than patients diagnosed at an age younger than 1
year, who were likely to have germline RB/ mutations
with bilateral retinoblastoma. Unlike some other cancers
caused by germline genetic mutations, germline RB/ mu-
tation with early onset retinoblastoma does not seem to
suggest a poor prognosis in Korean retinoblastoma pa-
tients.
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