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Abstract

Purpose To describe the incidence and
survival rate of patients with retinoblastoma in
Taiwan over a 25-year period, from 1979 to 2003.
Methods Cases of retinoblastoma have been
reported to the Taiwan National Cancer
Registry (TNCR) since 1979. Retinoblastoma
data from 1979 to 2003 were retrieved from the
TNCR databank for analysis of both the
incidence and survival rate. Trends in the
incidence rate were estimated by calculating
the annual percentage change (APO).

Results From 1979 to 2003, a total of 380
patients (182 [47.9%] females) with
retinoblastoma were identified. Of the 380 cases,
359 patients (94.5%) were diagnosed before 5
years of age. The average annual age-
standardized incidence rate was 4.45 per million
in children under 10 years of age and 8.58 per
million in children under 5 years of age. There
was a significant increasing trend in the
incidence rate over the study period with an APC
of 2.3% (P = 0.035). Before the implementation of
Taiwan’s National Health Insurance (NHI)
Program in 1995, the mean age at diagnosis was
4.8 +13.3 years and the 5-year survival rate was
74.7%. After implementation of the NIH
Program, the mean age at diagnosis decreased to
1.6 £ 2.1 years (P<0.001) and the 5-year survival
rate increased to 84.7% (P =0.063).

Conclusions We report the first population-
based study on retinoblastoma in Taiwan.
There was a significant increasing trend in the
incidence rate from 1979 to 2003. Since the
implementation of Taiwan’s NHI, the mean
diagnostic age decreased.

Eye (2010) 24, 318-322; doi:10.1038/eye.2009.80;
published online 17 April 2009

Keywords: retinoblastoma; incidence; survival
rate; Taiwan

Y-H Chen', H-Y Lin'?, W-M Hsu?, S-M Lee'? and
C-Y Cheng'?*

Introduction

Retinoblastoma is the most common primary
intraocular malignancy in children.' The
incidence rate of retinoblastoma ranges from
1in 15000 to 1 in 20000 live births worldwide,?
and survival rate varies by country. In
developed countries, the survival rate has
increased from 30% in the 1930s to more than
90% in the 1990s, mainly because of advances in
the therapeutic strategy.® In Taiwan, an earlier
clinic-based study indicated that the survival
rate of children with retinoblastoma increased
after implementation of Taiwan’s National
Health Insurance (NHI) Program.* The
influence of the NHI Program on diagnosis and
survival, however, has not yet been assessed in
a population-based study.

Population-based data on the epidemiology
of retinoblastoma have been reported for
Europe,5 Singaporef’ and ]apan.7 In Taiwan, the
incidence rate of retinoblastoma has increased
during the past two decades.® Therefore, we
analysed the incidence trends and survival
characteristics of retinoblastoma using the
population-based data from the Taiwan
National Cancer Registry (TNCR) obtained
during 1979-2003.

Materials and methods

The TNCR, founded in 1979 by the Department
of Health, is a population-based registry in
which the data of cancer patients in hospitals
with at least 50 beds are collected and recorded
throughout the country. The registry items
include patient name, national identification
number, sex, age, date of diagnosis, date of
death, diagnostic methods, and mode of
management. The diagnostic methods were
recorded as one of the following: clinical signs,
laboratory data, imaging findings, endoscopic
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findings, exploratory surgery findings, cytologic findings,
hematopathology findings, histopathology findings, and
postmortem findings. The mode of management was
recorded as none, surgery, radiotherapy, chemotherapy,
immunotherapy, hormone therapy, supportive care,
Chinese medicine, and other treatments. Duplications of
the data were avoided because of the unique national
identification number of Taiwanese residents. Cases of
retinoblastoma, having the code 95103 according to the
International Classification of Disease for Oncology,” were
identified. In this study, data of patients with
retinoblastoma between January 1979 and December 2003
collected from the TNCR were analysed.

The age- and sex-specific incidence rates were
estimated based on the number of new cases per million
population using mid-year population counts.'” The
annual age-standardized incidence rate was calculated
by the direct method, using the 2000 world standard
population as a standard.

The trends in the incidence rate for children stratified
by sex under 5, 10, and 14 years of age were estimated by
calculating the annual percentage change (APC) from
1979 to 2003. By definition, the APC formula represents
the average percentage of increase or decrease in cancer
incidence rate per year: APC =100 x (e™—1), where
m=(y—b)/x, y=In (incidence rate), x = calendar year,
and b is the intercept constant. The null hypothesis that
was tested was APC =0, that is, m =0, with a two-sided «
of 0.05.

Survival time was defined as the time interval between
the date of diagnosis and the date of death, or the cutoff
date (31 December 2005) if the patient was still alive. The
date of death was ascertained by death registration data
sets from the Department of Health in Taiwan. Only
TNCR cases recorded after 1984, however, were linked to
the death registry database. Therefore, we were unable to
determine the survival status of cases recorded before
1984, and thus only cases recorded after 1984 were
included in the survival analysis.

Taiwan’s NHI was established on 1 March 1995. By the
end of 2003, more than 97% of the residents had joined
the insurance programme."' Mean age at diagnosis and
the 5-year survival rate before and after implementation
of the Taiwan’s NHI were compared. All analyses were
conducted using the commercial statistical software SPSS
(SPSS Inc., Chicago, IL, USA).

Results

A total of 380 cases with retinoblastoma were identified
during 1979-2003 from the TNCR; 182 (47.9%) patients
were females. Of the 380 cases, 362 (95.3%) were
diagnosed based on pathologic findings, 12 (3.2%) on
cytologic findings, and the remaining 6 (1.6%) on
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Figure 1 Age-specific incidence by single year of age and sex
in children under 14 years of age from 1979 to 2003.

imaging findings. In the TNCR database, there were no
further details regarding cytologic findings or imaging
findings.

Age at diagnosis ranged from 0 to 81 years. Of the 380
cases, 359 (94.5%) and 365 (96.1%) were diagnosed before
the age of 5 and 10 years, respectively. The incidence by
year of age for boys and girls less than 14 years of age
(n=2366) is shown in Figure 1. There was a unimodal
distribution for both males and females with a peak at
the age of 1 year. Before implementation of the NHI
Program, mean age at diagnosis was 4.8 +13.3 years,
which decreased to 1.6 +2.1 years after NHI
implementation (P <0.001).

The average annual crude incidence rate of
retinoblastoma in Taiwan during 1979-2003 was 1 in
21691 live births. The annual age-standardized incidence
of retinoblastoma by sex for children under the age of 14
years from 1979 to 2003 is shown in Figure 2. The
incidence rates did not differ significantly between males
and females (P =0.898). The annual age-standardized
incidence rates of retinoblastoma in children under 5
years of age and in children under 10 years of age are
shown in Figure 3. The average annual age-standardized
rate of retinoblastoma was 8.58 per million population
for children under 5 years of age and 4.45 per million
population for children under 10 years of age. For
children aged 14 years or younger, the average annual
age-standardized rate was 2.90 per million population.

The average annual age-standardized incidence rates
according to age groups of 0—4, 5-9, and 10-14 years in
males were 8.56, 0.26, and 0.05 per million, respectively.
For females, the average incidence rates according to age
groups of 04, 5-9, and 10-14 years were 8.60, 0.29, and
0.04 per million, respectively. The incidence rates
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Figure 2 Age-standardized incidence rates of retinoblastoma
by sex and whole population in children under 14 years of age
from 1979 to 2003.
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Figure 3 Age-standardized incidence rates of retinoblastoma in
Taiwan from 1979 to 2003 in children under 5 years of age and in
children under the age of 10 years.

according to age groups of 0—4, 5-9, and 10-14 years in
the whole population were 8.58, 0.28, and 0.05 per
million, respectively.

There was an increasing trend in the incidence rate. The
APC was 2.3% for all patients (P =0.035), 2.0% for male
patients (P =0.054), and 2.4% for female patients
(P =0.195). For children under 5 years of age and children
under 10 years of age, the APC was 3.2 (P =0.004) and
3.4% (P =0.003), respectively. The APC was 3.5%
(P=0.002) for total patients under 14 years of age.
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Figure 4 The survival curve of retinoblastoma before and after
implementation of the Taiwan National Health Insurance
Program in March 1995.

Information on the mode of management was
complete and available on 123 cases during the last 8
years from 1996 to 2003. Of them, 76 cases (61.8%)
received surgery only, 12 (10%) received surgery
combined with chemotherapy, 2 (1.6%) received surgery
combined with radiotherapy, 2 (1.6%) received surgery
combined with chemotherapy and radiotherapy, 2 (1.6%)
received surgery combined with other treatments, and 6
(4.9%) refused treatment. The remaining patients
received radiotherapy only, chemotherapy only,
chemotherapy combined with radiotherapy, or other
treatments.

A total of 238 cases, diagnosed with retinoblastoma in
or after 1984 were linked to the death registry database.
Overall, the 5- and 10-year survival rates were 80%. All of
the deaths occurred within the first 5 years after
diagnosis. Figure 4 shows the survival rate before and
after implementation of the NHI. Compared with the 5-
year survival rate before and after implementation of the
NHI, survival rate improved from 74.7 to 84.7%. This
difference, however, was not statistically significant
(P=0.063, by a log-rank test).

Discussion

On the basis of the TNCR data, there was an increasing
trend in the age-standardized incidence of
retinoblastoma from 1979 to 2003. Earlier, we reported
the incidence of retinoblastoma in children under the age
of 5 and 10 years in Taiwan from 1979 to 1996.° The
present analysis includes more cases over a longer
period. Moreover, as the TNCR is continually updated
and the data entries are regularly checked and corrected,
the results reported in this study are believed to be more
accurate and complete than in the earlier report.



The results of this study suggest that the incidence of
retinoblastoma in Taiwan is lower than that reported in
Europe. The annual age-standardized incidence rate
from 1978 to 1997 in Europe® was 4.1 per million
population in children under 14 years of age. In Asia,
population-based studies on retinoblastoma have been
reported for Singapore® and Japan.” In Singapore, the
annual crude incidence rate is 2.4 per million population
for children under the age of 10 years.® On the basis of
the National Registry of Retinoblastoma in Japan
from 1975 to 1982, the annual crude incidence is 1 in
19780 live births.”

The increasing trend of the incidence rate is higher in
Taiwan than in Europe (APC 1.4% in the general group
and 0.8% in the paediatric group).® There are several
possible reasons for this finding. First, improved access
to medical care in Taiwan may have resulted in higher
detection and diagnosis rates.*'*'* Taiwan’s NHI is a
government-sponsored NHI Program. At the end of
2003, more than 97% of Taiwan residents were enrolled
and most (>97%) of the hospital and clinics in Taiwan
belong to the insurance programme." Children under
the age of 3 years currently receive free medical care, and
others receive subsidized medical care. Su et al* reported
the effect of Taiwan’s NHI on retinoblastoma in a medical
centre. In their study, the average annual number of
reported cases increased from 3.3 to 6.5 after NHI
implementation, age at diagnosis decreased from 29 to 21
months, and there was a significantly higher 5-year
cumulative survival rate after NHI implementation.
Their results are consistent with our findings and suggest
that the access to health care improved after NHI
implementation. Moreover, although no comprehensive
data have been collected in Taiwan to fully evaluate the
NHI’s effects on the access to health care, in one small
cohort of 1025 adults, Cheng et al'* reported that patients
who were uninsured earlier had increased the number of
their outpatient visits after beginning the NHI to the
same level as those who were insured before
implementation of the NHI. Aggregated hospital
statistics indicate that the average hospital admission
rate increased from 110 times per 1000 population in 1994
to 120 times per 1000 population in 1996."

There are other possible reasons for the increasing
incidence rate of retinoblastoma in Taiwan. The
improved survival rate of retinoblastoma may increase
the probability of inheritance of the Rb1 gene, a tumour
suppressor gene, which would contribute to the higher
incidence rate.

The 5-year survival rate of retinoblastoma is 80% in
Taiwan, which is lower than that reported in Europe
(95%),’ in the United States (>93%),'* and in Japan
(10-year survival rate was 86.7% in bilateral cases and
92.3% in unilateral cases),” but close to that reported in
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Singapore (3-year survival rate was 83%).° In this study,
all of the deaths occurred within the first 5 years after
diagnosis, a finding consistent with data from
Singapore.® Despite the survival rate being lower in
Taiwan compared with Western developed countries,
Taiwan’s NHI has contributed to earlier diagnosis, which
may improve the survival rate.

The surgery rate of retinoblastoma in Taiwan was
61.8% from 1996 to 2003, which was higher than that in
Singapore (47.7%)° and in Japan (48.5%),” indicating that
surgery is the main strategy for retinoblastoma in
Taiwan.

In this study, the diagnostic age of retinoblastoma
cases ranged from 0 to 81 years. A total of 13 (3.4%) cases
were diagnosed after the age of 20 years, and all of these
diagnoses were based on histopathologic findings. It is
very likely that these atypical cases were regressed
retinoblastoma that had reactivated or undergone
malignant changes of retinoma.'®> We were unable to
obtain more detailed clinical information on these
atypical cases because there was no other relevant
information available in the TNCR database.

There are some limitations to this study. First, cases
linked to the death registry database were only available
for those diagnosed at the beginning of 1984, which
limited the power of our survival analysis. Moreover,
survival rate in patients receiving different treatments
cannot be assessed and compared, because of the lack of
complete information regarding treatment following
diagnosis. Finally, we were unable to determine an
association between survival rate and laterality
or family history due to the lack of recorded relevant
information in the TNCR. Further studies of
retrospectively or prospectively collected data on
family history and the laterality of retinoblastoma are
needed and would improve the usefulness of the
TNCR data.

In summary, these nationwide data suggest that the
incidence rate of retinoblastoma increased between 1979
and 2003. Advances in medicine and accessibility to
health care are expected to continue to improve the
survival rate of retinoblastoma in Taiwan.

Acknowledgements

We thank the Department of Health, the Executive Yuan,
Taiwan, for providing the raw data for this study.

References

1 Matthew WW, Barrett GH, Carlos RG. Socioeconomic
impact of modern multidisciplinary management of
retinoblastoma. Pediatrics 2006; 118: 331-336.

Eye



Retinoblastoma in Taiwan
Y-H Chen et a/

322

Desjardins L, Doz F, Schlinger P. Le retinoblastome. Ann
Pediatr 1996; 43: 359-371.

Shields CL, Shields JA. Recent developments in the
management of retinoblastoma. | Pediatr Ophthalmol
Strabismus 1999; 36: 8-18.

Su WW, Kao LY. Retinoblastoma in Taiwan: The effect of a
government-sponsored national health insurance program
on the treatment and survival of patients with
retinoblastoma. | Pediatr Ophthalmol Strabismus 2006; 43:
358-362.

MacCarthy A, Draper GJ, Steliarova-Foucher E, Kingston JE.
Retinoblastoma incidence and survival in European
children (1978-1997). Report from the Automated
Childhood Cancer Information System project. Eur | Cancer
2006; 42: 2092-2102.

Saw SM, Tan N, Lee SB, Au Eong KG, Chia KS. Incidence
and survival characteristics of retinoblastoma in Singapore
from 1968-1995. | Pediatr Ophthalmol Strabismus 2000; 37:
87-93.

The Committee for the National Registry of Retinoblastoma.
Survival rate and risk factors for patients with
retinoblastoma in Japan. Jpn | Ophthalmol 1992; 36:
121-131.

Eye

10

11

12

13

14

15

Cheng CY, Hsu WM. Incidence of eye cancer in Taiwan: an
18-year review. Eye 2004; 18: 152-158.

World Health Organization. International Classification of
Disease for Oncology, 2nd ed. World Health Organization:
Geneva, 1990.

Ministry of the Interior, R.O.C.. 2003 Taiwan-Fukien
Demographic Fact Book, Republic of China. Taipei: Ministry
of the Interior: Taipei, Republic of China, 2004.
Department of Health, Executive Yuan, Taiwan ROC 2004
Health and national health insurance annual statistics
information service. Available at: (http:// www.doh. gov.
tw/statistic/index.htm).

Cheng SH, Chiang TL. The effect of universal health
insurance on health care utilization in Taiwan: results from
a natural experiment. JAMA 1997; 278: 89-93.

Lu JE Hsiao WC. Development of Taiwan’s National Health
Accounts. Taiwan Econ Rev 2001; 29: 547-576.

Abramson DH, Beaverson K, Sangani P, Vora PA, Lee TC,
Hochberg HM et al. Screening for retinoblastoma:
presenting signs as prognosticators of patient and ocular
survival. Pediatrics 2003; 112: 1248-1255.

Balmer A, Munier F, Gailloud C. Retinoma. Case studies.
Ophthalmic Paediatr Genet 1991; 12: 131-137.


http:// www.doh. gov.tw/statistic/index.htm
http:// www.doh. gov.tw/statistic/index.htm

	Retinoblastoma in Taiwan: incidence and survival characteristics from 1979 to 2003
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	Notes
	References




