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Purpose: Continuous advancements in medical diagnostic technology and the growing availability of resources suggest a potential for
fluctuations in the incidence rate of retinoblastoma (Rb). This study aimed to analyze incidence data of Rb patients in Taiwan from
1999 to 2018, utilizing the nationwide Taiwan Cancer Registry (TCR) database. Additionally, we investigated the treatment modalities
used for these Rb patients and compared them with those observed in other countries.

Patients and Methods: We conducted a retrospective cohort study utilizing data from the TCR database. The study cohort
comprised individuals who were newly diagnosed with Rb between 1999 and 2018. The incidence of Rb was calculated as the
number of patients with Rb per million live births, both for the entire population and for different gender groups and time periods. The
trends in Rb incidence from 1999 to 2018 across various age groups and sexes were presented with the linear trend test.

Results: From 1999 to 2018, a total of 248 cases of Rb were identified. The overall incidence rate over this 20-year period was 60.20
cases per million live births, corresponding to 1 case per 16,611 live births. Incidence rates for each 5-year period between 1999 and
2018 exhibited no significant differences. The study cohort was predominantly male, with 134 cases (54.03%) being males and 114
cases (45.97%) being females, resulting in an overall male-to-female sex ratio of 1.18. Females had lower relative risk than males (RR:
0.92, 95% CI: 0.72—-1.19). Primary surgical intervention was the preferred treatment modality for over 75% of the cases.
Conclusion: This retrospective epidemiology study, using TCR from 1999 to 2018, indicated that no discernible trend of retino-
blastoma incidence in Taiwan. Nevertheless, continuous monitoring of incidence rates and exploration of treatment strategies for
retinoblastoma within the Taiwanese population are important to address potential changes in developing medical practices.
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Introduction

Retinoblastoma (Rb), the most prevalent intraocular cancer in children, has the potential to affect one or both eyes.
Failure to treat or delay in diagnosing retinoblastoma can result in blindness or even pose a life-threatening risk. The
incidence rate of Rb, ranging from 1 per 13,000 to 1 per 24,000 live births, has been reported in various countries
worldwide.' ™" In Taiwan, a retrospective study revealed an incidence rate of 1 per 21,691 live births for Rb during the
era of 1980s to 2000s.'® With the continuous advancements in medical diagnostic technology and the availability of more
resources, the incidence rate of Rb may potentially undergo fluctuations.

The nationwide Taiwan Cancer Registry database (TCR), which has been organized by the Health Promotion
Administration, Ministry of Health and Welfare in Taiwan for over 30 years, recruits over 97% of newly diagnosed cancer
and has significantly contributed to the foundation support for academic cancer research and most of the cancer control
policies in Taiwan.'® This database, in comparison to the National Health Insurance Research Database (NHIRD), provides
a more comprehensive array of information regarding cancer-specific data, including cancer staging and detailed information

on the initial treatment modalities.
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Utilizing the TCR, this study aimed to analyze the most current incidence data for Rb patients in Taiwan from 1999 to
2018. Furthermore, we sought to investigate the treatment modalities utilized for Rb patients and compare these

treatment decisions with those made in other countries.

Materials and Methods

Data Source

Taiwan Cancer Registry (TCR) from the Health and Welfare Data Science Center (HWDC) were used in this study.
TCR is a population-based cancer registry database that has systematically collected cancer-related information since
1979. The TCR presents high-quality data in terms of completeness and timeliness.?’ The diagnosis codes in the TCR
were categorized according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) before 2001 and the International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-
CM) after 2002. While the TCR maintained high-quality data, the accuracy rates of specific treatment-related
information may be affected by the variations in cancer types and the expertise of registrars.”*' For research
purposes, HWDC, an integrated data center, supplied relevant information from various health databases, including
TCR. For safeguarding personal data protection, HWDC plays a crucial role in effectively managing de-identified
patient data. This study was conducted in compliance with the Declaration of Helsinki and received an exemption from
review by the Institutional Review Board of the Chi-Mei Medical Center due to the utilization of de-identification data
(IRB number: 11103-E01).

Selection of Patients

Using the TCR database, patients diagnosed with ICD-9-CM code (190.5) or ICD-10-CM code (C6920, C6921, C6922)
between 1999 and 2018 were screened. A total of 620 patients were identified through coding based on the histology type
of retinoblastoma (9510 Retinoblastoma, NOS; 9511 Retinoblastoma, differentiated; 9512 Retinoblastoma, undifferen-
tiated & 9513 Retinoblastoma, diffuse). The exclusion criteria for this study included individuals with birth dates prior to
1999 or any missing data during the study period. The cohort selection process is illustrated in a flow diagram for the
selection of study subjects in Figure 1.

Statistical Analysis

In this study, descriptive statistics were used to summarize the baseline characteristics of the patients, including
age, sex, and treatment types. The documentation of treatment types includes the initial treatments, which could
be a combination, recorded when multiple treatment methods were simultaneously employed. The incidence of
retinoblastoma was calculated as the number of patients with retinoblastoma per million live births, both for the
overall population and within different sexes and time periods. Relative risks with 95% confidence intervals were
estimated using Poisson regression, a statistical method particularly well suited for modeling rare events, such as
the occurrence of retinoblastoma in our study. This approach provides a robust framework for analyzing incidence
rates and estimating relative risks, especially when dealing with time-to-event or count data. Therefore, Poisson
regression could be used to estimate the association between independent variables and the incidence of
retinoblastoma with suitable interpretability. In addition, the trends in retinoblastoma incidence from 1999 to
2018 across various age groups and sexes were presented using the Joinpoint regression model to estimate the
critical point and the trend changes.”” The average annual percentage change (APC) reflects the increasing or
decreasing rates over a defined time period. Consistent with a previous study,”® the terms “increase” or “decrease”
signify that the APC is significantly different from zero. All statistical analyses were performed using SAS
statistical software version 9.4 (SAS Institute, Inc., Cary, NC, USA), and statistical significance was set as
a p-value of less than 0.05.
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Figure | The patients’ selection of the study.

Results

Diagnostic Age Distribution

The demographic information for the study group was outlined in Table 1. From 1999 to 2018, a total of 248 cases of Rb were
identified, with none exceeding a diagnostic age of 10 years. Among these cases, 183 (73.79%) patients had a diagnostic age of
less than 2, while 65 (26.21%) had a diagnostic age of 2 or older. The majority of cases were diagnosed at the age of 0—1. As
age increased, the number of diagnoses decreased (Figure 2).

Table | Demographic Information of Retinoblastoma
in Taiwan During 1999 to 2018, Total Candidate

Participants
Variable N %
Overall 248 100.00
Age group
<2 183 73.79
22 65 26.21
Gender
Male 134 54.03
Female 114 45.97
Treatment
Without any treatment 17 6.85
Operation 193 77.82
Radiation therapy 25 10.08
Chemotherapy 113 45.56
Regional chemotherapy 33 13.31
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Figure 2 Number of cases and ratio between sex by diagnostic age in Taiwan during 1999 to 2018, total candidate participants.

Trend of Incidences During 1999-2018

The overall incidence rate over this 20 years period was 60.20 per million live births (Table 2), which corresponded to
1 per 16,611 live births. The incidence rates among males and females were 62.44 and 57.75 per million live births,
respectively. Although females presented a slightly lower relative risk of 0.92 (95% CI: 0.72—-1.19) compared to males,
the difference did not reach statistical significance. The incidence rates for each 5-year period between 1999-2018
exhibited no significant differences, ranging from 51.49 to 72.04 per million live births. While no statistically significant
disparities were observed in comparisons with the reference birth year of 1999-2003, it is worth noting that individuals
born during 2009-2013 displayed a higher relative risk (RR: 1.36; 95% CI: 0.97-1.19), and those born in 2014-2018
exhibited a reduced relative risk of retinoblastoma (RR: 0.97; 95% CI: 0.87—1.40). Furthermore, Figure 3A indicated that
the significant increasing APC were observed in the trends of retinoblastoma (Rb) incidence over the 20-year period

Table 2 Incidence of Retinoblastoma in Taiwan During 1999 to 2018, Total Candidate
Participants (N = 248)

Demographic Number of | Percentage | Incidence Relative Risk
Variable Cases Rate* (95% CI)
Overall 248 100.00 60.20 -
Sex
Male 134 54.03 62.44 Ref.
Female 114 45.97 57.75 0.92 (0.72-1.19)
Birth year
19992003 67 27.02 53.03 Ref.
2004-2008 65 26.21 66.68 1.26 (0.89-1.77)
2009-2013 67 27.02 72.04 1.36 (0.97-1.91)
2014-2018 49 19.76 51.49 0.97 (0.67—1.40)

Notes: *Incidence rate is the number of cases divided by per million live births.
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Figure 3 Incidence Trend of Retinoblastoma from 1999 to 2018. (A). Overall; (B). different age population; (C). different sex population; *p<0.05.

(APC: 5.56; 95% CI: 2.54-8.67, p < 0.05). The incidence trend within specific age groups also demonstrated significant
increases, with an APC of 3.27 (95% CI = 0.52-6.09, p < 0.05) for the age group less than 2 years old, and an APC of
6.11 (95% CI = 0.91-11.68, p < 0.05) for the age group larger and equal 2 years old (Figure 3B). However, although the
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APC indicated increasing trends in different sexes, the significance was observed only in females (APC: 7.34; 95% CI:
4.23-10.61, p < 0.05), with no significant APC noted in males (APC: 2.59; 95% CI: —3.52-9.02, p > 0.05) (Figure 3C).

Dynamic Diagnostic Age-Specific Sex Ratio Across Ages

The population was predominantly male, comprising 134 (54.03%) males and 114 (45.97%) females. The overall male-to-
female sex ratio was 1.18 (Table 1). Aside from the age-specific rates in the age 3 group being the same for male and female,
the age-specific sex ratio increased from 0.94 for ages younger than 1 year to 0.67 for ages above 4 years (Figure 2).

Treatment Selection

Over 75% of cases underwent surgical intervention as the primary treatment modality. Around 10% of cases received
radiation therapy, while approximately 46% and 13% opted for chemotherapy and regional chemotherapy, respectively.
Approximately 6.9% of cases received no treatment (Table 1).

Discussion

While Rb constitutes less than 2% of all pediatric cancers, its potential for devastating outcomes underscores the
necessity of early detection and management. Our research aimed to provide a reliable estimation of the Rb incidence
rate by conducting a nationwide population-based analysis to minimize possible selection bias.

The present study revealed an Rb incidence rate in Taiwan from 1999 to 2018 of 1 per 16,611 live births. This rate is
consistent with data from older publications in various countries, such as the Netherlands (1 per 17,000 from 1862 to
1995),% Northern Europe (1 per 16,642 from 1958 to 1998),* Kenya (1 per 17,030 from 2006 to 2007),° and Korea (1 per
16,938 from 1993 to 2010).” Recent data also aligns, including Poland (1 per 20,561 from 2010 to 2017),'* Finland (1 per
16,130 from 1964 to 2014),13 and a range of 1 per 18,000—24,000 live births in the USA.'%?* However, it is lower than
a study from 40 European countries during only the 2017 timeframe (1 per 13,844), where potential bias might be
introduced due to its method of data collection and short duration.'* Furthermore, the 40-year analysis study conducted in
the USA revealed no statistically significant trend in incidence rates across all racial and gender groups.'® This stability
has likewise been observed in other countries."'*?* Similarly, our study demonstrated no discernible trend in incidence
over the 20-year period, including subgroups based on gender and age.

Over 70% of Rb cases in this study were diagnosed before the age of two, with a male predominance observed across
nearly all age groups. The majority of Rb cases diagnosed at such a young age aligns with data from other countries (80%
before three years of age).'' However, disparities in sex ratios were noted among different countries. In most studies, the

incidence rate of Rb was similar between the sexes,”!%>

while a study in Lebanon showed the incidence was nearly twice as
high in girls than in boys."" A study conducted in Latin America reported no sex difference in retinoblastoma incidence among
patients under 15 years old. However, in the age group over 14, females exhibited a higher incidence rate.”> Consistent with
our study, a higher rate was also observed in males in the US Surveillance, Epidemiology, and End Results (SEER) Program,
despite no clear explanation for this finding.>* The age-dependent increase in the male-to-female rate ratio indicated the
necessity for further investigation into potential genetic or cultural factors influencing retinoblastoma occurrence.

Given that the only known cause of Rb is a mutation in the RB1 tumor suppressor gene on chromosome 13, initially
caused by either a hereditary or sporadic mutation, there exists a 50% likelihood of transmitting this mutation to the
subsequent generation in the hereditary form. Conversely, in the sporadic form, the mutation cannot be passed on to the
next generation. Therefore, Rb genetics should theoretically results in an even distribution between males and females.
The gender disparities observed could possibly be attributed to a relatively small population size and potentially
influenced by cultural behaviors within patrilineal societies, which prioritize sons, particularly evident in Taiwan.

A previous population-based study on Rb incidence in Taiwan utilized the Taiwan NHIRD.?” The NHIRD compre-
hensively covers inpatient and outpatient claims of various diseases based on ICD coding, providing extensive informa-
tion on demographic data, clinical visit dates, prescription details and associated costs. However, this study utilized the
TCR database, a more cancer-focused database established for surveying the incidence of cancer, capturing over 97% of
newly diagnosed cancer cases in Taiwan. This database offers a wealth of cancer-specific data, including cancer staging

and detailed insights into initial treatment modalities. The overall Rb incidence in the NHIRD study was 1 in 17,373 live
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births without a notable trend over the 1998-2011 period. With a more contemporary period analysis of the cohort, our
data were found to be consistent with the findings of this previously published study.?’ In their study, the incidence rates
based on gender were 65.81 and 48.53 per million live births for males and females, respectively. The other Taiwan’s
study with study periods from 1978 to 2015 also indicated that males had higher incidence rate than females.”® In our
study, the corresponding rates were 62.44 and 57.75 per million live births for males and females.

Notably, our study revealed that 77.8% of newly diagnosed Rb cases underwent surgical intervention as their first
treatment choice during the study period. Approximately 10% received radiation therapy, 45.6% underwent chemother-
apy, while 13.3% opted for regional chemotherapy as their initial treatment preference. In TCR, regional chemotherapy
was typically coded when a patient received localized administration of chemotherapeutic agents, such as Intra-
vitreal chemotherapy or intra-arterial chemotherapy, which is distinct from conventional intravenous chemotherapy.
The observed surgical intervention rate was relatively higher compared to other studies.®'? This could be attributed to the
convenience of seeking medical care in Taiwan and the comprehensive coverage of national health insurance imple-
mented by the Taiwan’s government to improve population healthcare. Particularly, surgery was deemed the most
effective curative method. The ease of accessing medical care and the overall cost-effectiveness associated with surgery
interventions may contribute to the observed higher rates of surgeries in Taiwan. A report from a practically large,
heterogeneous, real-world population with RB, including a total of 2854 eyes of 2097 patients from 18 ophthalmic
oncology centers across 13 countries over 6 continents, demonstrated a primary enucleation rate of 41.3%.%°

However, comparing surgical rates among different studies can be challenging due to the complex decision-making
process regarding performing enucleation or not. This complexity is usually influenced by various factors, including diverse
clinical situations, institutional resources, and considerations related to patients’ psychosocial factors and cultural beliefs.
Furthermore, the limited consensus on how to classify and treat advanced tumors, with at least three different versions of the
commonly used International Intraocular Retinoblastoma Classification (ITRC) system, has posed significant challenges.*
A recently published international survey highlighted the lack of consensus in classification schemes, which can confound
comparisons. The survey results demonstrated substantial variation in enucleation rates among centers worldwide.
Additionally, when considering geographic regions, primary enucleation rates were significantly higher in the Latin
America (57%) and Asia (40%) compared to Europe (36%), Africa (10%) and the US (8%) regions.”'

Seventeen cases in our study group were recorded as receiving no treatment. However, it was plausible that some of these
cases sought medical care abroad or even informal treatment, rendering the ultimate treatment method unknown. In the
constantly evolving landscape of Rb treatment, various alternative treatment modalities have been developing, such as
intravenous chemotherapy, intra-arterial chemotherapy, intravitreal chemotherapy, intracameral chemotherapy, among others.
Additionally, less commonly used treatments like cryotherapy, transpupillary thermotherapy, and radiation-based therapies still
remain viable options in certain circumstances.** The choice of treatment modality continues to vary, underscoring the need for
further collaboration and the development of a more unified treatment protocol based on a consensus classification in the future.

The consistent incidence trend observed over this 20-year period and the predominant occurrence of Rb cases at a young
age in our country align with data reported in other developed countries.>> This indicates the effectiveness of the current
screening policy and healthcare accessibility in Taiwan, especially given the ease of medical care access and the overall
affordability of treatment, as mentioned earlier. However, there is an ongoing need to continually optimize treatment policies.
As previously mentioned, the emergence of reliable treatments, such as intravenous chemotherapy and intra-arterial che-
motherapy, has the potential to simultaneously address organ preservation and control rates. Further studies are warranted to
explore and address this question.

There are some limitations to our present study. Firstly, essential information such as family history and genetic data
related to Rb could not be assessed using our database. To address this challenge, the future research should collect more data
about family history and genetic data to explore the effects of Rb incidence. Additionally, the inconsistency in the classifica-
tion system led to ambiguous cancer staging. Other potential risk factors, such as the extent of tumor invasion and laterality,
were also unavailable for study analysis. Lastly, the relatively small sample size in this study may be due to the relatively small
total population in Taiwan, despite the inclusion of data spanning nearly 20 years. Therefore, future research should consider
the implementation of a multi-region database to collect more sample size for increasing the statistical power and the
generalizability of findings. Nevertheless, this national recruitment data does hold clinical importance.
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Conclusion

This nationwide population-based study presents updated epidemiological insights into Rb in Taiwan, revealing an
incidence rate of 1 per 16,611 live births during the recent era (1999-2018). No discernible trend in incidence was
observed over this 20-year period. These results show a consistent pattern and align closely with studies from various
countries. Continued vigilance through nationwide population-based studies is essential for deepening the understanding
and propelling the treatment of this rare Rb disease forward. Understanding the epidemiology of Rb can support ongoing
monitoring. It also establishes the foundation knowledge for future research, significantly impacting disease under-
standing, clinical management, and patient outcomes.
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