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BACKGROUND/OBJECTIVES: Retinoblastoma is a common childhood intraocular malignancy, the bilateral form of which most
commonly results from a de novo germline pathogenic variant in the RB1 gene. Both advanced maternal age and decreasing birth
order are known to increase the risk of de novo germline pathogenic variants, while the influence of national wealth is
understudied. This cohort study aimed to retrospectively observe whether these factors influence the ratio of bilateral
retinoblastoma cases compared to unilateral retinoblastoma, thereby inferring an influence on the development of de novo
germline pathogenic variants in RB1.
SUBJECTS/METHODS: Data from 688 patients from 11 centres in 10 countries were analysed using a series of statistical methods.
RESULTS: No associations were found between advanced maternal age, birth order or GDP per capita and the ratio of bilateral to
unilateral retinoblastoma cases (p values= 0.534, 0.201, 0.067, respectively), indicating that these factors do not contribute to the
development of a de novo pathogenic variant.
CONCLUSIONS: Despite a lack of a definitive control group and genetic testing, this study demonstrates that advanced maternal
age, birth order or GDP per capita do not influence the risk of developing a bilateral retinoblastoma.

Eye; https://doi.org/10.1038/s41433-022-01992-w

INTRODUCTION
Retinoblastoma is an intraocular malignancy, accounting for 3% of
childhood cancers [1]. 95% of patients receive a diagnosis before
the age of 5 and the majority of patients will receive a diagnosis
before the age of 2 [2]. Globally, retinoblastoma is estimated to
occur in 1 in 14,000–20,000 live births [3–11] with an annual
incidence in children aged 0–4 years of roughly 11–13 per million
[2, 12–14]. Roughly 60% of cases of retinoblastoma present
unilaterally, while the remaining 40% present bilaterally [15, 16].
This bilateral phenotype generally has an earlier presentation than
is seen in unilateral cases [17]. Retinoblastoma results from either

a somatic or a germline pathogenic variant in the RB1 tumour
suppressor gene, causing inactivation [18]. Bilateral retinoblas-
toma is caused by a germline pathogenic variant, however
10–15% of unilateral cases also occur due to a germline
pathogenic variant. Meanwhile, the remaining 85–90%, somatic
changes occur to cause tumour development [19, 20]. It is
estimated that 10% of all retinoblastoma cases are inherited while
30% of retinoblastoma cases occur due to a de novo germline
pathogenic variant [21–23].
It has been determined that the number of new germline

pathogenic variants occurring in a cell increases with parental age
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[24]. Both advanced maternal and paternal ages have been
associated with various congenital syndromes, including Down
syndrome and a number of cancers [25–28]. Genetic studies have
suggested that a high proportion of RB1 germline pathogenic
variants are paternal in origin, while the influence of maternal age
is debated [23, 29]. The effect of advanced maternal age on the
risk of developing retinoblastoma is generally less studied than
advanced paternal age.
The effect of birth order on the development of de novo

germline pathogenic variants is relatively understudied. Birth
order is thought to have some influence on the development of
childhood cancers due to differences in in-utero hormone
exposure between pregnancies, particularly between the first
and the second [30, 31]. It is possible that a similar hormonal effect
in seen in retinoblastoma, as one study found an increased risk of
retinoblastoma in children who are first-born compared to those
who are not [32]. Similarly, another study has shown decreasing
risk of retinoblastoma with increasing birth order [33].
It is known that 80% of retinoblastoma cases worldwide are

observed in lower- and middle-income countries [34]. An especially
large proportion is seen in countries with high birth rates, possibly
reflecting the increased odds of the occurrence of a de novo germline
pathogenic variant with a higher number of conceptions [35].
This study tests the hypothesis that the ratio of unilateral versus

bilateral retinoblastoma could be influenced by birth order,
maternal age, or income status of the mother’s country. We chose
GDP per capita of the country of birth of the mother as our
measure. A multivariate logistic regression model is an ideal
model to explore these effects as the dependent variable is
retinoblastoma status, defined as either unilateral or bilateral.

MATERIALS AND METHODS
This study was a collaboration of 11 retinoblastoma treatment centres
located in 10 countries from five continents. The study was approved by the
London School of Hygiene & Tropical Medicine Institutional Review Board
(reference no. 15882), which granted a waiver of informed consent.
Participating centres received ethics clearance in their respective countries
according to local institutional guidelines. It was a one-year cross-sectional
analysis that included all treatment-naïve retinoblastoma patients who
presented to the participating centres from January 1, 2019 to December 31,
2019, and who were treated or offered treatment for retinoblastoma. All
patients who had received prior treatment were excluded from this study.
Cases were classed as bilateral if they were bilateral at initial

presentation, or if they originally presented unilaterally and subsequently
developed a bilateral phenotype. Cases were only included if there was
certainty of the status with regards to unilateral or bilateral disease at latest
follow up, as this was the key dependent outcome variable in the analysis.
The primary objective was to explore whether the ratio of unilateral versus
bilateral retinoblastoma was influenced by birth order, maternal age or
income status of the mother’s country.
Data were imported into SPSS version 26. Univariate analysis was

performed to determine differences in the maternal characteristics between
mothers with unilateral versus bilateral retinoblastoma, with respect to birth
order, maternal age, and GDP per capita of mother’s residence. GDP per
capita was chosen as it allowed us to assign each country a continuous
variable which can be incorporated into a regression model. Where
necessary, Log10 transformation was used to normalise data. This was
performed for maternal age. Non-parametric equivalents were used for
variables not normally distributed, such as birth order. A forward conditional
logistic regression was built to investigate usefulness of the three predictive
variables of birth order, maternal age, and GDP per capita in predicting
retinoblastoma status as a binary outcome variable: “unilateral” or “bilateral”.
Collinearity diagnostics was performed for maternal age (as Log10), BO, and
GDP per capita in order to ensure no interdependence of these variables
using a Variance Inflation Factor cut-off of <3.

RESULTS
Of the 689 total patients who presented to the participating
centres, 461 possessed a unilateral retinoblastoma, while 228

(33.1%) possessed bilateral retinoblastoma (Table 1). In total,
8 subjects were missing maternal age data and 1 subject was
missing birth order data. The full characteristics of the subjects can
be seen in Table 1. All available data were analysed and inputted
into the regression model.
The univariate analysis showed that the distributions of birth

order for bilateral versus unilateral retinoblastoma were very
similar and did not differ significantly (Table 2). The median birth
order for each group was 2. There was no significant difference in
means of maternal age between the bilateral retinoblastoma
group and the unilateral retinoblastoma group according to the
one-way ANOVA (F= 0.336, p= 0.563). In addition, there was no
significant difference in means of GDP per capita between the
groups (F= 1.872, p= 0.172) (Table 2). In the forward stepwise
conditional logistic regression, with a probability cut off for entry
p < 0.05 for removal 0.1, none of the 3 inputted predictive factors
entered the model, and only the constant entered the model (see
Table 3). Collinearity diagnostics (SPSS) for maternal age (as
Log10), birth order, and GDP per capita was performed. All three
variables could reasonably be assumed to be independent of each
other, using a Variance Inflation Factor cut-off of <3.
The ratio of unilateral versus bilateral disease, by country (GDP

per capita) is presented in Table 4. The chi-square test showed no
significant differences in the unilateral versus bilateral retinoblas-
toma between countries. For this analysis, UK and US figures were
combined due to the small numbers in these groups and their
similar GDP per capita.

DISCUSSION
This study found no association between any of the predictive
factors we used. With regards to the effect of increasing maternal
age as a risk factor for the development of bilateral retinoblas-
toma, the topic is controversial and the literature non-consistent.
There are studies that support this hypothesis as well as those that
refute it. Studies have investigated the contribution of both
maternal age and paternal age to the development of a germline
de novo pathogenic variant in RB1. Some studies have found an
effect only of advanced paternal age but not of advanced

Table 1. Laterality, maternal age and birth order characteristics of
studied population.

Factor Value Bilateral
N (%)

Unilateral
N (%)

Total N (%)

Maternal
age (years)

<20 years 19 (8.33) 36 (7.81) 55 (7.98)

20–25 61 (26.75) 146 (31.67) 207 (30.04)

26–30 77 (33.77) 154 (33.41) 231(33.53)

31–35 46 (20.18) 76 (16.49) 122 (17.71)

>35 22 (9.65) 44 (9.54) 66 (9.58)

Missing
maternal
age data

3 (1.32) 5 (1.08) 8 (1.16)

Total 228 (100.00) 461 (100.00) 689 (100.00)

Birth order 1 93 (40.79) 190 (41.21) 283 (41.07)

2 79 (34.65) 185 (40.13) 264 (38.32)

3 30 (13.16) 42 (9.11) 72 (10.45)

4 14 (6.14) 25 (5.42) 39 (5.66)

>4 12 (5.26) 18 (3.90) 30 (4.35)

Missing
birth
order data

0 (0.00) 1 (0.22) 1 (0.15)

Total 228 (100.00) 461 (100.00) 689 (100.00)
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maternal age, some have found an effect of both advanced
paternal and maternal ages, some have found an effect of
advanced maternal age only and some found an effect of neither
[15, 16, 27, 36–42]. Full characteristics of these studies can be
found in Supplemental Table 1. An advantage of this study is the
large sample size. The relatively low incidence of retinoblastoma
has meant that much of the pre-existing research uses small
sample sizes, generally with fewer than 200 case subjects
[15, 16, 27, 36, 40, 41]. Matsunaga et al. (1990) [38] used a similar
sample size to this study, with 225 sporadic bilateral subjects and
408 sporadic unilateral subjects, and their findings of no effect of
maternal age on the development of bilateral retinoblastoma
support the findings of this study [38]. This may suggest that
either chance or additional factors may be influencing results in
studies reporting a difference. Conversely, it is also possible that
this study, as well as Matsunaga et al. (1990) [38], did not detect an
effect which is present. Further large studies would be required to
investigate this.
A Swedish study by Yip et al. (2006) [37] had a similar sample

size to this study and found an influence of maternal age over 40
years on the development of a retinoblastoma [37]. Our

multivariate linear regression model assumes that any association
for increased risk of bilateral retinoblastoma with increasing
maternal age would be linear, which we did not find. However, our
analysis cannot exclude a non-linear uptick in risk with advanced
maternal age. A non-linear risk would be impossible to detect with
our data, given the very small numbers of mothers above 40 in our
study (4 subjects in the bilateral group and 9 subjects in the
unilateral group). The data from Yip et al. (2006) [37] is also
potentially flawed as laterality data was not used, therefore many
cases would have had a unilateral phenotype, which is most likely
due to a somatic pathogenic variant. Although the findings of this
study cannot definitively conclude that there is no relationship
between advanced maternal age and the development of a de
novo germline pathogenic variant in RB1, they cast doubt over the
findings of studies which have found an effect and call for much
larger studies to be developed with appropriate inclusion criteria.
In addition, it cannot be excluded that observed effects of

advanced maternal age may be a result of correlating behavioural
confounders. For example, a study by Foix-L’Hélias et al. (2012)
[43] observed a higher average maternal age in their retinoblas-
toma group than their controls, albeit with a smaller sample size
than this study, but also observed that mothers over 35 years of
age were significantly more likely to smoke than those under 35
years of age. Although this was adjusted for and the significant
influence of advanced maternal age was still seen, it is very likely
that additional behavioural differences between older and
younger mothers exist which may not have been accounted for
in some previous studies. This may provide an explanation for the
large degree of controversy within the literature.
In our study, we found no effect of birth order on the ratio of

unilateral versus bilateral retinoblastoma. However, our study does
not have a control group, so the results must be interpreted with
caution. A study by Laurvick et al. (2008) [32] suggests that the risk
of developing retinoblastoma increases with decreasing birth
order, while a study by Von Behren et al. (2011) [33] suggests that
the risk of bilateral retinoblastoma is highest in first born children
[32, 33]. It has been proposed that any influence of birth order on
the risk of developing a de novo germline pathogenic variant is
due to differences in in-utero hormone exposure. For example, it
has been found that circulating free oestradiol is significantly
higher in a first pregnancy than at a comparable time point in the
second, which is known to increase the risk of testicular cancer in
adulthood [31, 44]. It is possible that the effect of birth order is
very small, and only increases marginally with first born children.
As we did not have a control group, and only relied on the ratio
bilateral to unilateral retinoblastoma, then perhaps our sample
size was underpowered to detect this effect and our finding is a
type II statistical error. It is noteworthy that Laurvick et al. (2008)
[32] did detect a birth order effect, but only had 38 retinoblastoma
patients, with a very large control group of 576,352 controls.
Laurvick et al. (2008) [32] did not distinguish laterality or use
genetic testing so their observed effect may be due to differences
in factors affecting inheritance of an RB1 pathogenic variant. In
addition, the reported hazard ratio had a 95% confidence interval
between 0.46–1.64. As this includes 1.0, the results should be
interpreted with caution. However, both Laurvick et al. (2008) [32]
and Von Behren et al. (2011) [33] used national birth data as a
control, while this study had no disease-free control group. Full

Table 2. Univariate analysis of predictive variables (means ± SD, or median & range).

Factor Bilateral Unilateral Values

Mean maternal agea ± SD 27.62 ± 5.84 27.37 ± 5.58 F= 0.336, p= 0.563

Median birth order and range 2 (1–9) 2 (1–8) Independent Samples Mann–Whitney U Test P value = 0.376

Mean GDP per capita ± SD 7566.85 ± 11601.14 9275.02 ± 12861.30 F= 1.872, p= 0.172
aFor ANOVA for maternal age, Log10 transform was used.

Table 3. Results of stepwise conditional logistic regression of
collinearity of birth order, maternal age and GDP per capita and
phenotypic bilateral retinoblastoma. Constant=−0.704.

Variable Degrees of freedom P value

Constant 1 0.001

Birth order 1 0.201

Log10 maternal age 1 0.534

GDP per capita 1 0.067

Table 4. GDP per capita of each country in which there is a
participating centre, the proportions of bilateral to unilateral cases in
each country and the output of the Chi-square analysis.

Country GDP per
capita (US$)

Bilateral
N (%)

Unilateral
N (%)

Bangladesh 1698.3 51 (37.8) 84 (62.2)

China 9770.8 49 (29.5) 117 (70.5)

Ethiopia 772.3 25 (33.8) 49 (66.2)

France 41469.9 16 (32.7) 33 (67.3)

India 2010 45 (35.7) 81 (64.3)

Pakistan 1482.4 15 (50.0) 15 (50.0)

Peru 6941.2 8 (17.4) 38 (82.6)

Russia 11288.9 15 (35.7) 27 (64.3)

UK 42962.4 2 (14.3) 12 (85.7)

USA 62886.8 2 (28.6) 5 (71.4)

Total 228 (33.1) 461 (66.9)

Chi-Square Value 13.704

Degrees of Freedom 8

Significance 0.09
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characteristics of these studies can be found in Supplemental
Table 2.
Our study methodology has some advantages. Firstly, unlike

Laurvick et al. (2008) [32], we investigated birth order on the risk of
developing a bilateral retinoblastoma, as against unilateral
retinoblastoma, in order to more specifically investigate risk
factors for de novo germline pathogenic variants. Another strength
of our study is that multivariate logistic regression allowed us to
adjust for the effects of several possible predictor variables on the
risk of bilateral retinoblastoma, both with negative correlation (e.g.
birth order) or positive correlation (maternal age). Our model
assumptions were valid as we tested for collinearity of predictor
variables and demonstrated that they were independent and not
correlated.
We failed to find significant inter-country differences, according

to GDP per capita, between the ratio of unilateral versus bilateral
retinoblastoma tested both with non-parametric (Chi-square) and
parametric statistics (logistic regression model). There has
previously been little research into whether factors associated
with national income affect the development of de novo germline
pathogenic variants. It is known that differences in healthcare
delay diagnosis in lower-income countries and result in poorer
prognosis and a higher incidence of death before diagnosis [34].
This limitation is supported as the higher mortality before child-
bearing age decreases the incidence of familial retinoblastoma in
these countries [34]. This lack of detection of retinoblastoma
patients in many low-income countries present a challenge for
any future studies in detecting differences in rates of de novo
germline pathogenic variants in RB1.
Limitations of this study are that the data is retrospective, and

that we do not have a control group of disease-free subjects.
Although this would have been ideal, the method of using
unilateral retinoblastoma patients as a comparator against
bilateral retinoblastoma patients has been used by multiple
previous studies [15, 39, 40]. However, there may still be
differences in the investigated factors between unilateral retino-
blastoma patients and the general population so they cannot be
fully equated. Additionally, a lack of genetic testing allowing the
distinction between subjects with de novo germline pathogenic
variants, de novo somatic pathogenic variants and familial
pathogenic variants means that the groups are not fully distinct
due to a degree of overlap. As all germline de novo cases present
bilaterally, any factor which encourages the development of a de
novo germline pathogenic variant in RB1 should create a higher
level of bilateral retinoblastoma within a population. 10–15%
cases in the unilateral group will be germline in origin and would
ideally be included in the case group, however due to a lack of
genetic testing these cases cannot be distinguished from those
with somatic origin [19]. This may produce a type II error, rather
than induce a false positive result. Although any factor causing an
increased risk of developing a de novo germline pathogenic
variant in RB1 should cause an increase in the number of bilateral
retinoblastoma patients, one cannot be certain that the increase is
not due to a change in the small proportion of the patients with
somatic pathogenic variants in RB1 within the group. Therefore, a
large study with genetic testing within the methodology should
be used to draw final conclusions.
In addition to the large sample size, an advantage of this study is

that the statistics are robust. Also, the data from all of the
participating centres is near-complete and therefore may be viewed
as an accurate representation of the retinoblastoma patients from
their respective areas. Another limitation is that there was family
history of retinoblastoma in three children (one from a high-income
country and two from lower-middle income countries) and they
were detected to have retinoblastoma after routine fundus screen-
ing. We attempted to exclude all other familial cases, however these
cases may hold some influence over the results.

CONCLUSIONS
To conclude, this large study found no association between any of
the factors tested, which were increasing maternal age, birth order
or GDP per capita on the risk of developing de novo germline
bilateral retinoblastoma compared to unilateral retinoblastoma.
This therefore suggests that these factors do not contribute to the
development of a de novo germline pathogenic variant in RB1.
However, this study did not use genetic testing so could only use
laterality data as an indication of origin of the pathogenic variant
i.e. inherited, somatic or de novo. Due to the degree of conflicting
results in the literature, larger studies using genetic testing of
patients, and healthy controls should be used in order to reach an
unequivocal conclusion.

SUMMARY

What was known before

● Both advanced maternal age and decreasing birth order are
known to increase the risk of de novo germline pathogenic
variants.

● The influence of national wealth is understudied.
● Some studies report an influence of maternal age and birth

order on the risk of developing a de novo germline pathogenic
variant in RB1, causing bilateral retinoblastoma, while others
report no influence.

● There is a great deal of controversy.

What this study adds

● This study reports no statistically significant influence of these
factors on the risk of developing a de novo germline
pathogenic variant in RB1.

● This study uses one of the largest and most diverse samples
to date.
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