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1. Introduction
Retinoblastoma (Rb) is the most common intraocular 
malignant tumor in children, accounting for approximately 
3%–4% of all malignant tumors in children aged 0–14 years 
(1,2). Currently, in developed countries with advanced 
tools for medical diagnosis, Rb can be detected early, thus 
leading to an improved survival rate of more than 95% 
for this high-mortality disease. However, the survival 
rate from this disease is still as low as approximately 50% 
worldwide (3). This may be due to the poor diagnostic 
and therapeutic capacity, as well as generally poor health 
conditions, experienced in low-income countries. This 
leads to late diagnosis of the disease and thus a high 
incidence of extraocular complications and a high risk 
of distant metastasis (4). Rb can be cured if the disease is 
diagnosed early, if disease severity is appropriately assessed, 
and if proper treatments are applied (5). Therefore, this 
study aimed to identify clinical characteristics of Rb 
patients, to find the potential relationship between clinical 
manifestations and survival rates from Rb, and to provide 

a clinical basis for prediction of disease outcomes and 
treatment options.

2. Materials and methods
2.1. Clinical data
This retrospective study with complete follow-up data 
included 314 patients who were diagnosed as having 
Rb at the Zhongshan Ophthalmic Center at Sun Yat-sen 
University from January 2003 to February 2011. Clinical 
data, including laterality of eyes, sex, age at diagnosis, 
presenting signs, lag time before treatment, survival 
conditions, and survival time, were recorded. Patients 
were followed until death or the cutoff date (February 
2013), whichever occurred first. The mean follow-up time 
was 41.4 ± 27.9 months (median, 33 months; range, 1–110 
months).

Patients’ clinical presentations at diagnosis were 
categorized into 6 groups based on the description given 
by the patients or their families: 1) leukocoria (white 
reflection from the pupil); 2) strabismus; 3) inflammation 
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with symptoms and signs such as red eye, eye pain, 
photophobia, lacrimation, hyphema, hypopyon, and/or 
orbital cellulitis; 4) blurred vision (vision loss or blindness); 
5) exophthalmos (eyeball protrusion as a result of the eye 
being pushed forward by orbitally invaded Rb); and 6) 
others, including relatively rare symptoms such as narrow 
eyes (atrophy of eyeball) and ptosis or Rb without obvious 
symptoms diagnosed by eye examination or photograph 
accidentally. If the patients presented with more than one 
type of symptom, they were classified into each appropriate 
symptom group. Lag time before treatment was defined as 
the interval between the occurrence of the first symptom 
and treatment. 
2.2. Treatment
Patients with intraocular retinoblastoma were classified 
into group A, group B, group C, group D, or group E 
according to the International Intraocular Retinoblastoma 
Classification (IIRC) (6). Patients with extraocular 
retinoblastoma were grouped into stage 1, stage 2, stage 3, 
or stage 4 according to the International Retinoblastoma 
Staging System (IRSS) (7). 

In the present study, for unilateral retinoblastoma, eyes 
in groups A, B, and C and some eyes in group D, which were 
identified using local measures (cryotherapy, transpupillary 
thermotherapy, and laser) with or without chemoreduction, 
were used. All group E, stage 1, and advanced D eyes 
were enucleated. Chemoreduction was performed with 
standard doses of VEC protocol: intravenous vincristine 
(0.05 mg/kg, day 1), etoposide (5 mg/kg, days 1 and 2), 
and carboplatin (18.6 mg/kg, day 1). Chemoreduction 
cycles were executed every 3–4 weeks for a total of 6 
cycles. For bilateral retinoblastoma, chemoreduction is 
used in most cases. Enucleation was performed on stage E 
retinoblastomas after failure to control the tumor by other 
modalities. Periorbital carboplatin injection (20 mg/2 mL) 
was given in advanced retinoblastoma cases in both eyes, 
in the only remaining eye, or in those eyes in stages 2 
and 3. In addition, for retinoblastoma cases stage 2, 3, 
and 4, the treatment consisted of enucleation, high-dose 
chemotherapy of VEC protocol (intravenous vincristine 
(0.25 mg/kg, day 1), etoposide (12 mg/kg, days 1 and 2), 

and carboplatin (28 mg/kg, day 1)), and external beam 
radiotherapy to the orbit and metastatic sites.
2.3. Statistical analysis
Statistical analyses were performed using SPSS 17.0. The 
Kaplan–Meier method was used to calculate the 5-year 
probability event-free survival (5-PEF). The log-rank 
test was used to compare the difference in survival rates. 
The Cox proportional hazards model was used to analyze 
the effects of multiple risk factors on survival situations. 
Nonparametric tests were used to compare the differences 
in sex, lag time before treatment, and age between unilateral 
and bilateral cases. Spearman correlation analysis was 
used to analyze the relationship between age and lag time 
before treatment. P < 0.05 (two-tailed test) was considered 
statistically significant. 

3. Results
3.1. Clinical data
Table 1 summarizes the clinical characteristics of patients 
with Rb. A total of 314 patients (399 eyes) were included 
in the study. In the cohort, 197 (62.7%) patients were male 
and 117 patients (37.3%) were female. Of the patients, 229 
(72.9%) had unilateral cases and 85 (27.1%) had bilateral 
cases. Of the 399 eyes, 199 (49.9%) were left eyes and 200 
(50.1%) were right eyes. 
3.2. Age at diagnosis and lag time before treatment
The mean age at diagnosis was 24.5 ± 18.2 months, 
and the average lag time before treatment was 3.6 ± 5.6 
months (range, 0–4 years). There was a positive correlation 
between age at diagnosis and lag time before treatment (r 
= 0.16, P = 0.04), indicating that the older the patients 
were at diagnosis, the more prolonged their lag time was 
before treatment. Age at diagnosis was significantly lower 
in bilateral cases than in unilateral cases (Table 1).
3.3. Clinical manifestations
Leukocoria (n = 242, 77.1%) was the most common clinical 
manifestation of Rb in patients. Patients with leukocoria 
were significantly older than those without leukocoria. 
The lag time before treatment was significantly lower in 
patients with isolated leukocoria than in patients with 
leukocoria in combination with other symptoms.

Table 1. Patients’ characteristics and outcomes according to sex and laterality.

Sex Laterality

Male
n = 197

Female
n = 197 P Unilateral

n = 229
Bilateral
n = 85 P

Mean lag time before treatment (months) 3.6 ± 5.3 3.6 ± 6.1 0.67 3.5 ± 5.4 4.3 ± 6.4    0.66

Mean  age  (months) 24.7 ± 17.7 24.1 ± 19.1 0.64 28.3 ± 19.0 14.1 ± 10.0     0.00

5-PEF (%) 82.7 77.5 0.27 82.6 75.5   0.34
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Of 43 patients with inflammation (13.7%), 8 patients 
had leukocoria and 3 patients had exophthalmos.

Of the 13 patients with strabismus (4.1%), none of them 
presented other clinical symptoms. The lag time before 
treatment in patients with strabismus was significantly 
longer than in those without. Patients with strabismus 
tended to be older than those without (P = 0.05).

Of 13 patients with blurred vision (4.1%), one 
patient had red eye and one patient had leukocoria. The 
age at diagnosis was significantly older in patients with 
leukocoria than in those without.

Of 15 patients with exophthalmos (4.8%), 9 patients 
had leukocoria for a period of time ranging from 7 days 
to 2 years before the occurrence of exophthalmos. The lag 
time before treatment was significantly longer in patients 
with exophthalmos than in those without. Patients with 
exophthalmos exhibited a tendency towards being older 
than those without.

Of the 10 patients with other symptoms (3.2%), 4 
patients were discovered accidentally. Of these 4 cases, 2 
patients had a family history of Rb and 2 patients were 
found to show abnormal pupillary reflection during photo 
acquisition. Ptosis, narrow eyes (atrophy of eyeball), and 
corneal opacity occurred in 3 cases, 2 cases, and 1 case, 
respectively.
3.4. Disease stage
There were 159 eyes from group E, 66 from group D, 
52 from group C, 136 from group B, and 9 from group 
A. A total of 44 patients had stage 1 disease, 12 patients 
had stage 2 disease, 18 patients had stage 3 disease, and 3 
patients had stage 4 disease.

3.5. General survival analysis
The 5-year survival rate of all 314 patients was 80.9%. The 
survival rate did not change after 38 months (Figure 1). 
There was no significant difference in the survival rate 
between male and female patients or between unilateral 
and bilateral cases (Table 1). 
3.6. Lag time before treatment and survival analysis
The 5-year survival rate was 84.5% for patients with lag 
time before treatment of ≤6 months and 64.7% for those 
with lag time before treatment of >6 months. There was a 
significant difference in the survival rate between these 2 
groups (P < 0.01).
3.7. Survival analysis of patients with different clinical 
manifestations
In regard to clinical manifestations, strabismus had the 
highest 5-year survival rate (100%), followed by blurred 
vision (92.3%), isolated leukocoria (85.0%), leukocoria 
(81.5%), inflammation (70.4%), and exophthalmos 
(17.8%) (Figure 2).

There was no significant difference in the survival 
rate between patients with leukocoria and those without. 
However, the 5-year survival rate in patients with isolated 
leukocoria (85.0%) was significantly higher than in those 
with leukocoria combined with other symptoms (40.1%) 
(Table 2).

The 5-year survival rate in patients with exophthalmos 
(17.8%) was significantly lower than that in patients 
without (84.1%). Patients with inflammation (70.4%) 
tended to have a lower 5-year survival rate compared 
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Figure 1. Five-year survival rate of 314 patients with Rb. Figure 2. Five-year survival rate of Rb patients with different 
clinical manifestations. 1, Strabismus; 2, blurred vision; 3, isolated 
leukocoria; 4, leukocoria; 5, inflammation; 6, exophthalmos.
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to those without (82.6%), but the difference was not 
statistically significant (P = 0.06) (Table 2).
3.8. Multiple factor survival analysis
The Cox proportional hazards model was used to analyze 
the effect of multiple factors on the survival rate of the 
314 Rb patients, including factors such as the presence 
of leukocoria, strabismus, inflammation, exophthalmos, 
or blurred vision; sex; age; laterality; and lag time before 
treatment. Exophthalmos and lag time before treatment 
were found to be significant as independent risk factors 
(Table 3).

4. Discussion
In the past few decades, the survival rate of Rb has 
significantly improved, especially in developed countries. 
The 5-year survival rate has increased to 95% and 87% in 
Europe and the United States, respectively (8). Our data 
showed that the 5-year survival rate was 80.9%, which 
was comparable to that in other developing countries and 
regions: 80.9% in Taiwan (9), 83.1% in Iran (10), and 81% 
in other developing countries (Argentina, Brazil, Turkey, 
Jordan, and Venezuela) (11). The survival rate reported in 
our study was significantly higher than that reported for 
less developed countries, such as in East Africa (30%) (12) 

and Central America (48%) (13).
In the present study, we found that leukocoria was the 

most common clinical manifestation of Rb in patients 
(77.1%), which was comparable to findings from Turkey 
(64.8%–82%) (14,15). Leukocoria is usually indicative 

of large intraocular tumors that fill the eyeball without 
extraocular invasion (16). Therefore, patients with 
leukocoria exhibit a relatively high 5-year survival rate. 
Abramson et al. reported that patients with leukocoria had 
a survival rate of 86% (17). In our study, we found that 
patients with isolated leukocoria who were younger and 
had a shorter lag time before treatment exhibited a relatively 
higher survival rate (85%). The survival rate decreased 
to 40.1% if patients with leukocoria also exhibited other 
symptoms. These findings suggest that leukocoria is a 
mild early clinical presentation, so if patients are treated 
before other symptoms occur, the survival rate can be 
significantly improved.

In our study, patients with inflammation were 
younger and had shorter lag times before treatment 
compared to those with other clinical manifestations 
except leukocoria. However, the 5-year survival rate of 
patients with inflammation was only 70.4%, and patients 
with inflammation exhibited a lower survival tendency 
compared to patients without inflammation (82.6%) 
(P = 0.06). These findings suggest that inflammation is 
more likely to occur in younger children and that its easy 
detection by parents leads to earlier diagnosis. However, 
patients with inflammation typically experience more 
severe conditions and poor prognosis. Therefore, more 
attention should be paid to those Rb patients with manifest 
signs of inflammation.

In developed countries, strabismus is the second most 
common clinical manifestation in Rb patients, followed 

Table 2. Differences in age, lag time, and 5-PEF in patients with different clinical manifestations.

Group Eyes (n)
Age (months) Lag time before treatment (months)

5-PEF (%) P
Mean ± SD P Mean ± SD P

Leukocoria 242 22.8 ± 15.3 0.02 3.8 ± 5.6 0.36 81.5 0.68

Nonleukocoria 72 30.4 ± 24.7 3.1 ± 5.8 79.1

Leukocoria (simple) 223 22.4 ± 15.6 0.15 3.2 ± 4.8 0.00 85.0 0.00

Leukocoria (combined) 19 27.6 ± 10.6 10.6 ± 9.2 40.1           

Inflammation 43 24.9 ± 20.5 0.87 2.7 ± 5.3 0.23 70.4 0.06

Noninflammation 271 24.5 ± 17.8 3.8 ± 5.7 82.6                                       

Strabismus 13 34.1 ± 22.1 0.05 8.3 ± 9.8 0.02 100 0.11

Nonstrabismus 311 24.1 ± 17.9 3.4 ± 5.3 80.1           

Blurred vision 13 53.9 ± 31.2 0.00 4.4 ± 6.5 0.60 92.3 0.34

Nonblurred vision 311 23.3 ± 16.3 3.6 ± 5.6 80.4                                       

Exophthalmos 15 29.1 ± 9.4 0.08 10.1 ± 9.7 0.02 17.8 0.00

Nonexophthalmos 299 24.3 ± 18.5 3.3 ± 5.2 84.1   
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by leukocoria (17,18). However, in our study, we found 
that strabismus occurred in only 4.1% of Rb patients. 
Strabismus is commonly associated with the occurrence 
of macular tumors or macular retinal detachment (19). 
Navo et al. (20) speculated that strabismus is the earliest 
clinical presentation of Rb and is associated with good 
prognosis, and that Rb patients with strabismus tend to 
be younger and to experience shorter disease duration, 
effectively yielding a higher survival rate (as high as 
90%) compared to patients with leukocoria. In our study, 
the survival rate of patients with strabismus was 100%. 
However, the occurrence of strabismus was not associated 
with age, and patients with strabismus had the longest lag 
time before treatment, suggesting that strabismus may not 
raise parents’ attention, thus leading to a delay in seeking 
treatment.

Blurred vision is the only clinical manifestation that 
the patients can verbalize, thus being typically detected 
in older patients. Rb is generally considered to be less 
likely to occur in older children (>5 years) and thus may 
be neglected by the examining physician (21). This may 
explain why these Rb patients had the longest lag time 
before treatment in our study. Although patients with 
strabismus and blurred vision exhibited significantly 
longer lag times before treatment compared with other 
clinical presentations, the 5-year survival rate was higher. 
Several factors may contribute to this high survival rate. 
First, the tumor site and growth rate may be an important 
factor in determining the survival of Rb patients. Tumors 
in the macula can cause an early occurrence of strabismus 
and blurred vision, but they grow slowly. Therefore, 
even though patients with strabismus and blurred vision 
typically have a longer disease course, they tend to have 
a better prognosis. Second, pathological differentiation 
of the tumor may be another factor in determining the 

survival rate of Rb patients. However, further studies are 
required to demonstrate the role of tumor differentiation 
on the survival rate of patients with strabismus and blurred 
vision.

Orbital invasion rarely occurs in Rb patients in 
developed and developing countries (11,18), but it is the 
most common symptom of Rb patients in less developed 
countries (22–24). Although patients with orbital invasion 
accounted for only 4.8% of all Rb patients in our study, 
their death rate accounted for 21.1% of Rb patients, with 
a survival rate of only 17.8%. Approximately 50% of 
patients with exophthalmos exhibited leukocoria during 
the disease course before the occurrence of exophthalmos, 
but they unfortunately were not hospitalized until after the 
occurrence of exophthalmos. Orbital invasion is generally 
thought to be a clinical manifestation associated with poor 
Rb prognosis. Even when patients with orbital invasion are 
treated aggressively, the survival rate of these patients is 
still very low. Therefore, reducing the occurrence of orbital 
invasion and its associated high mortality rate is a critical 
goal for ophthalmologists.

In the present study, the mean age at diagnosis of Rb 
was 24.5 months, which was similar to that reported in 
other developing countries and regions (24–28.5 months) 
(9–11,20) and in between the mean age in developed 
countries (19.7 months) (17) and less developed countries 
(36.5 months) (23). Navo et al. (20) found that death could 
be maximally avoided in younger Rb patients with less 
lag time before treatment if the patients were diagnosed 
early. Erwenne and Franco (25) reported that Rb with lag 
time before treatment of >6 months was associated with 
extraocular invasion and poor prognosis. Our study also 
found that lag time before treatment was a risk factor for 
death in Rb patients. The survival rate of patients with 
lag time before treatment of ≤6 months was significantly 

Table 3. Risk factors for overall survival based on clinical characteristics determined by Cox regression analysis.

Clinical characteristics β SE(β) 95% CI EXP(β) P

Leukocoria –0.20 0.39 0.38–1.74 0.82 0.60

Strabismus –6.06 138.37 0.00–1.40 0.002 0.97

Inflammation 0.11 0.13 0.86–1.45 1.12 0.40

Exophthalmos 0.55 0.08 1.47–2.04 1.73 0.00

Blurred vision –0.15 0.18 0.61–1.22 0.86 0.40

Sex 0.27 0.27 0.77 - 2.24 1.31 0.31

Age 0.00 0.01 0.98–1.02 1.00 0.97

Laterality   0.25 0.31 0.69–2.36 1.27 0.44

Lag time   0.00 0.00 1.00–1.00 1.00 0.02
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higher than that of patients with lag time of >6 months. 
In some countries, screening for early diagnosis of Rb has 
improved the early detection rate of Rb. The American 
Academy of Pediatrics recommends that the red reflex test 
should be performed in infants and children from birth 
to 2 years of age in order to screen for abnormalities of 
the posterior segment of the eye and opacities in the visual 
axis; this would help identify the common early clinical 
signs of leukocoria and strabismus in Rb patients (26). In 
Honduras, the extraocular incidence of Rb has dropped 
from 73% to 35% following efforts to educate parents with 
vaccinated children about leukocoria (27).

In summary, leukocoria, strabismus, and blurred 
vision are early mild clinical manifestations of Rb that are 
associated with better disease prognosis. Long lag time 
before treatment is a major risk factor in determining 
survival from Rb and can be significantly attenuated by 
educating parents about the disease. It is therefore of critical 
importance to introduce Rb via various media outlets in 
order to raise public awareness, thereby increasing the 
chances of early detection and the probability of survival 
of patients with Rb.
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