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Abstract: Background: The present study aimed to investigate the incidence and characteristics
of retinoblastoma in the overall population of Poland. Methods: The retrospective survey of both
National Health Fund (NHF) and National Cancer Registry (NCR) databases were performed to
identify all retinoblastoma cases in Poland in the years 2010-2017. Results: During 2010-2017, the
mean age-standardised incidence of retinoblastoma (the unit of incidence is per 1,000,000 person-
years) was 10.15 (95% CI 7.23 — 13.08) among children aged 0 to 4 years and 5.39 (95% CI 4.18 — 6.60)
in those aged 0 to 9 years. During 2010-2014 (to allow 5 years of follow-up), the mean incidence of
retinoblastoma by birth cohort analysis in Poland was 4.89 (95% CI 4.04 — 5.74) per 100,000 live
births, corresponding to an incidence of 1 per 20,561 (95% CI 15,855 — 25,267) live births. In Poland,
14.6% of children with retinoblastoma had enucleation of the eye globe, 76.8% received different
types of chemotherapy combined with focal treatment, 5.9% were treated with external beam radi-
otherapy and 2.7% were treated with focal treatments only. Conclusions: The incidence of reti-
noblastoma and the pattern of medical management of retinoblastoma in Poland was similar to that
reported in developed countries in Western Europe, Asia and North America.
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1. Introduction

Retinoblastoma is the most common intraocular paediatric eye cancer. It accounts for
approximately 11% of primary cancers occurring in the first year of life, with 95% of diag-
noses before 5 years of age [1-3]. Since retinoblastoma is very aggressive, early diagnosis
and prompt treatment are vital for children to preserve their sight and life. In western
countries in Europe and North America, retinoblastoma is diagnosed early so the chances
of saving the patient’s life and preserving vision are good. However, in large regions of
Africa and Asia, where the diagnosis of retinoblastoma is delayed, the deadly effect is
observed [2-5]. In these regions, socioeconomic factors and poor recognition of the seri-
ousness of the disease result in a high mortality rate of up to 70%. At the same time, the
mortality rate in Europe and North America is 3-5 % [2]. Besides, the incidence of reti-
noblastoma also varies by race and region, from 40 to 60 per million live births, which
corresponds to 1 per 16,000 - 24,000 live births, with the greatest disease burden recorded
in the countries of Asia and Africa where the highest birth rates are recorded [2,3] But
there is a lack of data from Eastern European countries like Poland [1,3-11].

The management of retinoblastoma may also differ between developed and devel-
oping countries. The current strategy of retinoblastoma treatment aims to save the life,
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eye, vision and cosmetics of the child, in order of priority. Medical management of reti-
noblastoma includes surgical treatment (enucleation), external beam radiotherapy, sys-
temic chemotherapy with or without focal therapies such as cryotherapy, laser photocoag-
ulation and plaque radiotherapy. Recently, intra-arterial and intravitreal chemotherapies
have been used to treat retinoblastoma with the ability to save globes that otherwise
would have been enucleated [2,3].

The present study aimed to investigate the incidence and characteristics of reti-
noblastoma in the overall population of Poland in the years 2010-2017 and to report the
changes that occurred during that period.

2. Materials and Methods

Data sources, disease codes and definitions

The present study was a part of the Polish Ministry of Health project “Maps of
Healthcare Needs - Database of Systemic and Implementation Analyses” and was co-fi-
nanced by the European Union funds through the European Social Fund under the Oper-
ational Program of Knowledge Education and Development (EU grant number: POWR
05.02.00-00-0149/15-01) [12-14]. The study design was a retrospective and nationwide sur-
vey. The data concerning all patients who were diagnosed with retinoblastoma in Poland
between January 2010 and December 2017, obtained from the National Health Fund
(NHF) database of medical service, were assessed and matched with the National Cancer
Registry (NCR) [15,16]. In Poland, information related to all levels of healthcare services
at public and private institutions financed from public sources is recorded in the NHF
database. The information includes medical data and demographical features like per-
sonal identification number (PESEL), date of birth, area code, and sex of patients. The
medical data include the diagnoses coded according to the International Classification of
Diseases, 10th Revision (ICD-10), and all performed procedures coded using the Interna-
tional Classification of Diseases, 9th Revision (ICD-9), procedure codes and unique NHF
codes corresponding to certain hospital procedures. All patients with confirmed cancer
diagnoses are also registered in the National Cancer Registry (NCR). As the NCR uses the
NHF database covering the entire population of Poland, it is believed to ascertain all reti-
noblastoma cases diagnosed in Poland. During the study period, in the years 2010-2017,
each child reported in both NHF and NCR databases with a confirmed primary diagnosis
of retinoblastoma was retrospectively identified with ICD-10 code C69.2. The ICD-9 codes
16.39, 16.42 and 16.49 were used to identify retinoblastoma treatment by surgery. Chem-
otherapy treatment was identified with ICD-9 code 99.25 and external beam radiotherapy
was identified with ICD-9 codes 99.29 and 14.26 and 14.27. Focal treatment methods were
identified with the following ICD-9 codes: 99.27 and 14.27 for plaque radiotherapy, 14.24
and 14.25 for laser therapy and 14.22 and 14.32 for cryotherapy. The population data for
Poland were obtained from Statistics Poland [17].

In the first part of the study, the descriptive statistics of the retinoblastoma incidence
in Poland during 2010-2017 were performed. The analysis included the incidence of reti-
noblastoma per live birth by birth cohort analysis during 2010-2014 estimated as the num-
ber of children who developed retinoblastoma among those born in each year (birth co-
horts) divided by the total number of live-born children in that year. This allowed 5 years
of follow-up for the last analysed birth cohort and 95% confidence interval (CI) of the
incidence rate was estimated based on the normal distribution. Other analyses included
the age-standardised incidence of retinoblastoma (the unit of incidence is per 1,000,000
person-years) during the entire study period. The incidence of retinoblastoma was pre-
sented for each year separately, by age category matched with corresponding year popu-
lation data in Poland, and was calculated by dividing the number of children diagnosed
with retinoblastoma by the number of children in the same age group or by the total num-
ber of children in the studied year. Other statistical analyses included demographic char-
acteristics of children with retinoblastoma (the socio-demographic data including age, sex
and place of residence were anonymously recorded) and retinoblastoma treatment
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characteristics by treatment procedure surgery, chemotherapy, radiotherapy and focal
therapies. We performed also the statistical analysis of the trend in the number of proce-
dures in the analyzed period. The analyzed period was divided into two ranges from 2010
to 2013 and from 2014 to 2017. The proportions of procedures in both ranges were calcu-
lated and compared using two-proportions Z-Test. P values < 0.05 were considered statis-
tically significant.

Survival analysis

The second part of the present study focused on survival analysis conducted in all
patients diagnosed with retinoblastoma during the entire study period using the logistic
regression model. Kaplan-Meier curve was used to present the patient survival. To esti-
mate the survival rate of retinoblastoma patients, the NCR matched the cases diagnosed
during 2010-2017 to the vital status of the patient using information obtained from Statis-
tics Poland [17]. The odds ratios (ORs) were used to verify the risk factors (p values < 0.05
were considered statistically significant). R statistical software V. 3.6.2 was used for all
analyses.

The study adhered to the tenets of the Declaration of Helsinki for research involving
human subjects (the socio-demographic data including age, sex, and place of residence
were anonymously recorded) but we did not need any ethic committee approval. The
study protocol was approved by the Polish Ministry of Health which is entitled by the law
of the Republic of Poland to process the National Health Fund data.

3. Results

The incidence of retinoblastoma in Poland by birth cohort and standard annual analyses
are presented in Figure 1, Figure 2, Table 1 and Table 2. During the study period, the total
number of 185 children with retinoblastoma were identified in both NHF and NCR regis-
ters in Poland. Based on the aforementioned criteria, 169 of those children were born alive
between 2010 and 2017. The other 16 of children with retinoblastoma- who were born alive
before year 2010, were included into the retinoblastoma treatment analysis only. We did
not find any child with retinoblastoma aged > 10 years at the time of diagnosis. The ma-
jority of cases appeared before 5 years of age, and only 10 out of 169 children (5.9%) were
5 years or older at the time of diagnosis in Poland (Table 2). The mean incidence of reti-
noblastoma by birth cohort analysis in Poland was 4.89 (95% CI 4.04 — 5.74) per 100,000
live births during the period 2010-2014, corresponding to an incidence of 1 per 20,561 (95%
Cl 15,855 —25,267) live births. Detailed incidence rate per live birth by birth cohort analysis
in each year during the period 2010-2014 is presented in Figure 1 and Table 1. During the
period 2010-2017, the mean age-standardised incidence of retinoblastoma (the unit of in-
cidence is per 1,000,000 person-years) was 10.15 (95% CI7.23 —13.08) among children aged
0 to 4 years and 5.39 (95% CI 4.18 — 6.60) in those aged 0 to 9 years. The detailed incidence
rate of retinoblastoma in Poland by standard annual analysis during the period 2010-2017
is presented in Figure 2 and Table 2.

Demographic and clinical characteristics of children with retinoblastoma in Poland
in the years 2010-2017 are presented in Figure 3, Tables 3 and 4. In the study period, the
mean age at the time of diagnosis was 1.63 + 1.66 years. Females represented 49.7% of all
children registered with retinoblastoma. In Poland, 68.6% of retinoblastoma patients in
the years 2020-2017 lived or had lived in urban areas. During the analysed period, 14.6%
of children had surgery (enucleation of the eye globe), 76.8% received different types of
chemotherapy combined with focal treatment, 5.9% were treated with external beam ra-
diotherapy and 2.7% were treated with focal methods only, including plaque radiother-
apy, laser photocoagulation of the retina and cryotherapy. However, different treatment
patterns were observed between age groups. Among children aged 0 to 4 years, 13.9% of
children had enucleation, 77.4% received different types of chemotherapy combined with
focal treatment, 5.8% were treated with external beam radiotherapy and 2.9% were treated
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Incidence rate (per 100,000 live hirths)

with focal methods only. However, in children aged 5 to 9 years, 25% of children had
enucleation, 67.7% received different types of chemotherapy combined with focal treat-
ment, 8.3% were treated with external beam radiotherapy and none were treated with
isolated focal methods. The time trends in the medical management of retinoblastoma
patients were also observed in the analysed period in Poland. The total number of children
who had chemotherapy combined with focal treatment increased from 43.5% in 2010 to
93.1% in 2017, the number of enucleations decreased from 21.7% in 2010 to 6.9% in 2017,
and the number of external beam radiotherapies and isolated focal therapies decreased
from 30.4% and 4.4% in 2010 to 0.0% and 0.0% in 2017, respectively. The increase in chem-
otherapy combined with focal treatment and the decreases of enucleations and external
beam radiotherapies were statistically significant in the study period (p=0.00002,
p=0.00001 and p=0.00002, respectively).
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Figure 1. Incidence of retinoblastoma in Poland per live birth by birth cohort analysis during 2010-2014.

Table 1. Incidence of retinoblastoma in Poland per live birth by birth cohort analysis during 2010-2014.

2010 2011 2012 2013 2014 All
No. of live births 413,425 388,468 386,104 369,558 375,166 1,932,721
No. of retinoblastoma 16 21 16 19 22 94
Incidence per 100,000 live births 3.87 5.41 4.14 5.14 5.86 4.86
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No. of live births per 1 retinoblastoma 1:25,839 1:18,499 1:24,132 1:19,450 1:17,053 1:20,561
Mean incidence with 95%-confidence interval: 4.89 + 0.85.
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Figure 2. Incidence of retinoblastoma in Polish children by standard annual analysis during 2010-2017.

Table 2. Incidence of retinoblastoma in Polish children by standard annual analysis during 2010-2017.
2010 2011 2012 2013 2014 2015 2016 2017

No. age 0-4 years (in thousands) 1981.4 2066.6 2064.9 2023.1 1962.1 1911.3 1882.1 1888.8
No. of retinoblastoma 11 16 17 20 22 16 30 27
Incidence/1000000 person-yrs 5.55 7.74 8.23 9.89 11.21 8.37 15.94 14.29
No. age 5-9 years (in thousands) 1783.3 1811.3 1843.4 1907 1984.1 2044 2072.4 2072.3
No. of retinoblastoma 3 1 1 1 1 1 1 1
Incidence/1000000 person-yrs 1.68 0.55 0.54 0.52 0.50 0.49 0.48 0.48
All children (in thousands) 3764.7 3877.9 3908.3 3930.1 3946.2 3955.3 3954.5 3961.1
No. of retinoblastoma 14 17 18 21 23 17 31 28
Incidence/1000000 person-yrs 3.72 4.38 4.61 5.34 5.83 4.30 7.84 7.07

Incidence 10.15/1 000 000 person-yrs < 5 years of age; Incidence 5.39/1 000 000 person-yrs < 10 years of age.

Table 3. Demographic characteristics of Polish children with retinoblastoma during 2010-2017.

2010 2011 2012 2013 2014 2015 2016 2017 All
rcemeantSp 271* 153  211x 138+ 135+ 14lx 132& 171+ 163+
9 * 2.89 1.62 1.81 1.36 1.4 1.42 1.14 1.67 1.66
Fe([;;";"e 64.29% 41.18% 55.56% 57.14% 47.83% 47.06% 58.06% 32.14%  49.70%
'\é';‘o')e 35.71% 58.82% 44.44% 42.86% 52.17% 52.94% 41.94% 67.86%  50.30%
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Figure 3. Characteristic of retinoblastoma treatment methods in Polish children during 2010-2017.
Table 4. Characteristic of retinoblastoma treatment methods in Polish children during 2010-2017.
Surgery Chemotherapy with focal thera- External Beam Radiother- Isolated focal thera- All
Year Enucleation pies apy pies
n;% n;% n;% n;% n;%
0 —4 years
2010 4 (21.05%) 8 (42.11%) 6 (31.58%) 1 (5.26%) 19 (100%)
2011 4 (21.05%) 11 (57.89%) 3 (15.79%) 1 (5.26%) 19 (100%)
2012 4 (23.53%) 11 (64.71%) 1 (5.88%) 1 (5.88%) 17 (100%)
2013 7 (28%) 18 (72%) 0 (0%) 0 (0%) 25 (100%)
2014 2 (10%) 17 (85%) 0 (0%) 1 (5%) 20 (100%)
2015 0 (0%) 15 (100%) 0 (0%) 0 (0%) 15 (100%)
2016 1 (3.33%) 28 (93.33%) 0 (0%) 1 (3.33%) 30 (100%)
2017 2 (7.14%) 26 (92.86%) 0 (0%) 0 (0%) 28 (100%)
Total 24 (13.87%) 134 (77.46%) 10 (5.78%) 5 (2.89%) 173 (100%)
5—9years

2010 1 (25%) 2 (50%) 1 (25%) 0 (0%) 4 (100%)
2011 1 (50%) 1 (50%) 0 (0%) 0 (0%) 2 (100%)
2012 0 (0%) 1 (100%) 0 (0%) 0 (0%) 1 (100%)
2013 1 (50%) 1 (50%) 0 (0%) 0 (0%) 2 (100%)
2014 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (100%)
2015 0 (0%) 1 (100%) 0 (0%) 0 (0%) 1 (100%)
2016 0 (0%) 1 (100%) 0 (0%) 0 (0%) 1 (100%)
2017 0 (0%) 1 (100%) 0 (0%) 0 (0%) 1 (100%)
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Total 3 (25%) 8 (66.67%) 1 (8.33%) 0 (0%) 12 (100%)
All children
y Surgery 'Chemotherapy External Beam Radiotherapy Isolated fpcal thera- All
ear Enucleation with focal therapies 0% pies
n;% n;% ' n;% n;%
2010 5 (21.74%) 10 (43.48%) 7 (30.43%) 1 (4.35%) 23 (100%)
2011 5 (23.81%) 12 (57.14%) 3 (14.29%) 1 (4.76%) 21 (100%)
2012 4 (22.22%) 12 (66.67%) 1 (5.56%) 1 (5.56%) 18 (100%)
2013 8 (29.63%) 19 (70.37%) 0 (0%) 0 (0%) 27 (100%)
2014 2 (10%) 17 (85%) 0 (0%) 1 (5%) 20 (100%)
2015 0 (0%) 16 (100%) 0 (0%) 0 (0%) 16 (100%)
2016 1 (3.23%) 29 (93.55%) 0 (0%) 1 (3.23%) 31 (100%)
2017 2 (6.9%) 27 (93.1%) 0 (0%) 0 (0%) 29 (100%)
Total 27 (14.59%) 142 (76.76%) 11 (5.95%) 5 (2.7%) 185 (100%)
Z-test p=0.00001 p=0.00002 p=0.00002 p=0.206

Survival rate and logistic regression analysis

Survival analysis was conducted on all 169 children diagnosed with retinoblastoma
between 2010 and 2017. Kaplan-Meier curve (Figure 4) presents the patient survival. In
Poland, only 6 children born alive during the study period have died from retinoblastoma,
which gives the mortality rate of 3.55%. The logistic regression analysis showed that chil-
dren aged 0-4 years at the time of diagnosis had a significantly lower risk of death with
OR 0.075 (p= 0.009). However, sex and residence of children were not associated with
the mortality rate. The medical management of retinoblastoma was not significantly asso-
ciated with patient survival either (Table 5).

Table 5. Results of the logistic regression model of survival analysis conducted in all patients diagnosed with retinoblas-
toma during 2013-2017 in Poland.

Variable B SE P value OR 2.5% OR 97.5% OR

Intercept -0.492 1.506 0.744 0.61145309 0.01916875 9.8735799

rural _residence -0.045 0.957 0.963 0.95635294 0.11166805 5.7354009

sex_male -0.185 0.884 0.835 0.83147841 0.13349941 5.0228598

age 0-4 -2.591 0.992 0.009 0.07497658 0.01083035 0.6403799
retinoblastoma

treatment with -17.09  1926.242 0.993 0.00000004 0 4.89E+59

surgery-enucleation

retinoblastoma

treatment without  -0.353 1.191 0.767 0.70236958 0.09024939 15.1361955

surgery
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Figure 4. Kaplan-Meier curve of the retinoblastoma survival in Poland.

4. Discussion

This study evaluates the incidence and characteristics of retinoblastoma in Poland in
the years 2010-2017. Since the study is country-based and covers the overall population
of Poland, it provides for the first time data on retinoblastoma for the Eastern European
region. The analysis included both the incidence of retinoblastoma per live birth by birth
cohort analysis during 2010-2014 and the age-standardised incidence of retinoblastoma
(the unit of incidence is per 1,000,000 person-years) during the entire study period. The
incidence per live birth is a traditional method for calculating the retinoblastoma inci-
dence relative to live births in a given year. The age-standardised incidence of retinoblas-
toma is most commonly calculated for children aged under 5 years because the incidence
in children aged over 5 years is very low and is estimated to be no more than 0.3 to 0.5 per
1 million [4]. The mean incidence of retinoblastoma by birth cohort analysis in Poland was
4.89 per 100,000 live births during the period 2010-2014, corresponding to an incidence of
1 per 20,561 live births. Our results were in the middle of the range of retinoblastoma
incidence by birth cohort worldwide [2,3]. In Poland, during the period 2010-2017, the
mean age-standardised incidence of retinoblastoma was 10.2 per 1,000,000 person-years
among children aged 0 to 4 years and 5.4 in those aged 0 to 9 years, with the mean age of
1.63 + 1.66 years at the time of diagnosis. The age-standardised incidence of retinoblas-
toma shown here was similar to that reported in the previous study from Great Britain
and lower than that reported in South Korea, Singapore, the USA and in Northern Europe
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(Sweden and Finland). A comparison of the reported annual incidence of retinoblastoma
in nationwide populations against the previously published studies is presented in Table
6. The retinoblastoma incidence rate was similar between the sexes in Poland, which is in
agreement with most of the other studies. In contrast, the studies from the USA and Tai-
wan showed a higher incidence rate of retinoblastoma among boys compared with girls
[1,3].

Table 6. Comparison of reported annual incidence of retinoblastoma in nationwide populations from previously published studies.

Epidemiological study Study period Age < 5 years Age < 10 years Live births
per million per million

Sweden # 1958-1998 11.8 NA" 1:14,900
Finland # 1958-1988 11.2 NA* 1:16,100
Finland ® 1964-2014 12.1 6.5 1:16,130
Netherlands ¢ 1862-1995 NA* NA* 1:17,000
Singapore "8 1968-1995 11.1 2.4 NA*
Great Britain ° 1963-2002 10.0 35 NA*
USA 10 1975-2004 11.8 NA* NA*
USA! 2000-2009 from 11.2 to 13.2 ** NA* NA*
South Korea * 1993-2020 11.2 5.3 1:16,900
Taiwan 3 1998-2011 NA* NA* 1:17,373
Poland (present study) 2010-2019 10.2 5.4 1:20,561™

* data not available
**11.2 in males and 13.2 in females

*** birth cohort analysis during 2010-2014

Another important part of our study was the analysis of the medical management of
retinoblastoma in Poland. However, since the 1990s chemotherapy has been widely used
as a primary treatment for retinoblastoma to reduce tumour size before focal therapies,
the only definitive cure for retinoblastoma (which saves life) is the removal of the eye
globe before the tumour spreads [2,18]. The secondary aim to save vision can be achieved
with expensive treatment methods which are not available in most countries of low and
middle income. Current globe-sparing therapies, including periocular carboplatin, selec-
tive ophthalmic artery chemoreduction and intravitreal melphalan combined with focal
therapies, are being used and investigated actively [19]. In Poland, the total number of
children undergoing chemotherapy combined with focal treatment increased significantly
from 2010 to 2017. In the same period, the number of enucleations, external beam radio-
therapies and isolated focal therapies decreased. These time trends in the medical man-
agement of retinoblastoma patients observed in Poland were in agreement with the trends
of retinoblastoma management observed in the United States of America where the use
of external beam radiotherapy to treat retinoblastoma has decreased from 30% of treat-
ments in the period from 1973 to 1976 to 2% in the period from 2005 to 2008 [20]. However,
different treatment patterns were observed between age groups in Poland, with a higher
rate of enucleations in the age group of 5-9 years.

The survival analysis revealed that only 6 children born alive in Poland during the
study period died from retinoblastoma, which gives the mortality rate of 3.55%. Although
Poland is a middle-income country [21], its mortality rate was comparable to that found
in developed countries. It was lower than in Singapore, South Korea and Japan but higher
than in Great Britain [8,9,11,22]. The logistic regression model with age, sex, place of resi-
dence and medical management of retinoblastoma patients was constructed to analyze
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the risk factors of mortality. Our analysis showed that children aged 0-4 years at the time
of diagnosis had 13.3 times lower risk of death compared to the age group 5-9 years (OR=
0.075). However, sex, place of residence of children and medical management of reti-
noblastoma were not statistically associated with the mortality rate. The results of the
study from Taiwan showed that the surgical intervention of enucleation reduced mortal-
ity rate 3.7 times (OR= 0.27) when compared with other treatment methods [3].

There are some limitations to the present study. First, both NHF and NCR databases
do not include family history, pathologic reports and genetic information of retinoblas-
toma patients in Poland. Second, the cancer stage and laterality are also not available for
all included subjects. Therefore, we were unable to recognize the familial cases and the
investigation of potential risk factors of mortality was not complex. But this likely had
only a minor impact on the study findings. The population size, national recruitment and
impact of its findings on public health care policy are the most important strengths of the
present study. However, our results are specific to Poland and cannot describe other East-
ern European populations.

5. Conclusions

This is the first nationwide report of the retinoblastoma epidemiology in Poland. To
the best of our knowledge, there are no published national epidemiological studies of ret-
inoblastoma from Eastern Europe. This study shows that the incidence of retinoblastoma,
the mortality rate of patients with retinoblastoma and the pattern of medical management
of retinoblastoma in Poland was similar to that reported in developed countries in West-
ern Europe, Asia and North America. This retrospective epidemiological study on reti-
noblastoma will help the clinicians and healthcare institutions to better manage and treat
retinoblastoma patients in Poland.

Author Contributions: Michal S. Nowak and Michal Zurek conceived and designed the experi-
ments. Data was collected by Michal Zurek. The results were analysed by Michal S. Nowalk,
Bozena Romanowska-Dixon and Iwona Grabska-Liberek. The first and final drafts were written
by Michal S. Nowak. The defects of the draft were reviewed by Bozena Romanowska-Dixon. All
authors agreed on the final draft of this study.

Funding: The present study was a part of the Polish Ministry of Health project “Maps of
Healthcare Needs - Database of Systemic and Implementation Analyses” and was co-financed by
the European Union funds through the European Social Fund under the Operational Program of
Knowledge Education and Development (EU grant number: POWR 05.02.00-00-0149/15-01)

Institutional Review Board Statement: The study adhered to the tenets of the Declaration of Hel-
sinki for research involving human subjects and the study protocol was approved by the Polish
Ministry of Health which is entitled by the law of the Republic of Poland to process the National
Health Fund data.

Data Availability Statement: The National Health Fund Registry data are available at
http://www.nfz.gov.pl and the Statistics Poland data are available at http://www.stat.gov.pl

Acknowledgments: We would like to thank Miss Milena Koziol for administrative support during
the study period.

Conflicts of Interest: The authors declare no conflict of interest.

1.  WongJR, Tucker MA, Kleinerman RA, Devesa SS. Retinoblastoma incidence patterns in the US Surveillance, Epidemiology, and End
Results program. JAMA Ophthalmol. 2014; 132 (4): 478-483

10


http://www.nfz.gov.pl/
http://www.stat.gov.pl/
https://doi.org/10.20944/preprints202106.0370.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 June 2021 d0i:10.20944/preprints202106.0370.v1

10.
11.

12.

13.

14.

15.
16.
17.
18.
19.
20.

21.
22.

Dimaras H, Kimani K, Dimba EA, Gronsdahl P, White A, Chan HS, Gallie BL. Retinoblastoma. Lancet. 2012; 379 (9824): 1436-
1446

Li SY, Chen SC, Tsai CF, Sheu SM, Yeh J], Tsai CB. Incidence and survival of retinoblastoma in Taiwan: a nationwide population-based
study 1998-2011. Br ] Ophthalmol. 2016; 100 (6): 839-842

Seregard S, Lundell G, Svedberg H, Kivela T. Incidence of retinoblastoma from 1958 to 1998 in Northern Europe: advantages of birth
cohort analysis. Ophthalmology. 2004; 111 (6): 1228-1232

Nummi K, Kivela TT. Retinoblastoma in Finland, 1964-2014: incidence and survival. Br ] Ophthalmol. 2020 Mar 25:bjophthalmol-
2019-315744

Moll AC, Kuik DJ, Bouter LM, Den Otter W, Bezemer PD, Koten JW, Imhof SM, Kuyt BP, Tan KE. Incidence and survival of
retinoblastoma in The Netherlands: a register based study 1862-1995. Br ] Ophthalmol. 1997; 81 (7): 559-562

Lee SB, Au Eong KG, Saw SM, Chan TK, Lee HP. Eye cancer incidence in Singapore. Br ] Ophthalmol. 2000; 84 (7): 767-770

Saw SM, Tan N, Lee SB, Au Eong KG, Chia KS. Incidence and survival characteristics of retinoblastoma in Singapore from 1968-1995.
J Pediatr Ophthalmol Strabismus. 2000; 37 (2): 87-93

MacCarthy A, Birch JM, Draper GJ, Hungerford JL, Kingston JE, Kroll ME, Onadim Z, Stiller CA, Vincent TJ, Murphy MF.
Retinoblastoma treatment and survival in Great Britain 1963-2002. Br ] Ophthalmol. 2009; 93 (1): 33-37

Broaddus E, Topham A, Singh AD. Incidence of retinoblastoma in the USA: 1975-2004. Br ] Ophthalmol. 2009; 93 (1): 21-23

Park SJ, Woo SJ, Park KH. Incidence of retinoblastoma and survival rate of retinoblastoma patients in Korea using the Korean National
Cancer Registry database (1993-2010). Invest Ophthalmol Vis Sci. 2014; 55 (5): 2816-2821

Nowak MS, Grabska-Liberek I, Michalska-Matecka K, Grzybowski A, Koziot M, Niemczyk W, Wieckowska B, Szaflik JP. Inci-
dence and Characteristics of Cataract Surgery in Poland, during 2010-2015. Int ] Environ Res Public Health. 2018; 15 (3) pii: E435
Nowak MS, Grzybowski A, Michalska-Matecka K, Szaflik JP, Koziot M, Niemczyk W, Grabska-Liberek I. Incidence and Charac-
teristics of Endophthalmitis after Cataract Surgery in Poland, during 2010-2015. Int ] Environ Res Public Health. 2019; 16 (12). pii:
E2188

Koziot M, Nowak MS, Udziela M, Pigtkiewicz P, Grabska-Liberek I, Szaflik JP. First nation-wide study of diabetic retinopathy in
Poland in the years 2013-2017. Acta Diabetol. 2020; 57 (10): 1255-1264

The National Health Fund Data. Available at http://www.nfz.gov.pl (accessed December 1, 2020)

The National Cancer Registry Data. Available at http://onkologia.org.pl/ (accessed December 1, 2020)

Central Statistical Office of Poland Data. Available at http://www.stat.gov.pl (accessed December 1, 2020)

Kim JY, Park Y. Treatment of Retinoblastoma: The Role of External Beam Radiotherapy. Yonsei Med J. 2015; 56 (6): 1478-91
Villegas VM, Hess DJ, Wildner A, Gold AS, Murray TG. Retinoblastoma. Curr Opin Ophthalmol. 2013; 24 (6): 581-588.

Jairam V, Roberts KB, Yu JB. Historical trends in the use of radiation therapy for pediatric cancers: 1973-2008. Int ] Radiat Oncol
Biol Phys. 2013; 85(3): e151-5.

GDP per capita in PPS. European Commission Data: Available at http://ez.europa.eu/eurostat (accessed December 1, 2020)
Survival rate and risk factors for patients with retinoblastoma in Japan. The Committee for the National Registry of Retinoblastoma.
Jpn ] Ophthalmol. 1992; 36 (2): 121-131.

11


http://www.nfz.gov.pl/
http://onkologia.org.pl/
http://ez.europa.eu/eurostat
https://doi.org/10.20944/preprints202106.0370.v1

