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Summary The incidence of unilateral, but not bilateral, retinoblastoma in human populations at different geographical locations increases
significantly with ambient erythemal dose of ultraviolet B radiation from sunlight. This supports the hypothesis that sunlight plays a role in
retinoblastoma formation.
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Table 1 Incidence of retinoblastoma at different locations

Location Latitude Annual Number of Cumulative
ambient cases incidence

erythemal studied (cases per
dose (0–14 years) million)

(MED year–1)

Denmark 56°N 1450 26.8 62
England and Wales 52°N 1620 363.9 42
Estonia 59°N 1270 4 34
Finland 61°N 1140 58 59
France 47°N 2080 20 44
German Democratic

Republic 52°N 1670 48 48
German Federal

Republic 51°N 1740 78 44
Hungary 47°N 2080 34 22
Italy 44°N 2560 36 61
Netherlands 52°N 1650 26 63
Norway 61°N 1100 26 43
Poland, Warsaw 52°N 1690 12 53
Scotland 56°N 1350 59 55
Slovakia 49°N 1940 81.8 62
Slovenia 46°N 2140 17 41
Spain 40°N 2890 12 54
Sweden 59°N 1270 87 64
Switzerland 47°N 2070 8 32
China, Shanghai 31°N 3450 13 39
Hong Kong 22°N 4160 22 46
Israel (Jews) 32°N 4320 35 35
Israel (non-Jews) 32°N 4320 9 45
India, Bangalore 13°N 5450 10 42
India, Bombay 19°N 5160 103 70
Japan 35°N 2990 177 59
Kuwait (Kuwaitis) 29°N 4910 5 31
Kuwait

(non-Kuwaitis) 29°N 4910 8 53
Philippines 15°N 4800 136.9 93
Singapore 1°N 4700 40 52
Taiwan, Taipei 25°N 3940 22 27
Thailand 14°N 5010 32.9 44
Nigeria, Ibadan 7°N 5010 14 102
Uganda 0° 5340 29 101
Zimbabwe 20°S 5340 16 85

Canada, western
provinces 52°N 1720 90.9 58

Canada, Atlantic
provinces 46°N 2100 72.5 50

Cuba 22°N 4880 120 48
Jamaica 18°N 5400 13 62
Puerto Rico 18°N 5140 68 54
Atlanta (whites) 34°N 3340 10 61
Connecticut (whites) 42°N 2290 15 41
Detroit (whites) 42°N 2430 20 50
Greater Delaware Valley 40°N 2580 63 65

(whites)
Greater Delaware Valley 40°N 2580 19 83

(non-whites)
Iowa (whites) 42°N 2500 31 70
Los Angeles (blacks) 34°N 3600 13 65
Los Angeles (whites) 34°N 3600 24 48
New Mexico (whites) 35°N 3660 8 37
New York (blacks) 42°N 2290 10 35
New York (whites) 42°N 2290 46 35
San Francisco (whites) 38°N 3110 20 67
Seattle (whites) 48°N 1960 26 69
Utah (whites) 40°N 2920 23 60
Brazil, Fortaleza 4°S 5750 12 111
Brazil, Recife 8°S 5540 27 68
Brazil, Sao Paulo 24°S 4880 108 78
Colombia, Cali 4°N 4880 12 88
Costa Rica 10°N 5160 30 98
Australia, New South
Wales 34°S 3810 76 55
Australia, Queensland 25°S 4850 25 73
South Australia 34°S 3970 5 49
Australia, Victoria 37°S 3180 14 46
Western Australia 32°S 3860 10 87
Fiji (Fijians) 18°S 4790 6 50
Fiji (Indians) 18°S 4790 4 28
New Zealand 41°S 2740 72 85

Location Latitude Annual Number of Cumulative
ambient cases incidence

erythemal studied (cases per
dose (0–14 years) million)

(MED year–1)

Retinoblastoma incidence data are taken from Parkin et al (1988) and from data used in the compilation of Parkin et al (1992).
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Table 2 Incidence of unilateral and bilateral retinoblastoma at different locations

Location Annual Number of Cumulative Cumulative
ambient retinoblastoma incidence of incidence of

erythemal cases studied unilateral bilateral
dose (0–14 years) retinoblastoma retinoblastoma

(MED year–1) (cases per million) (cases per million)

Great Britain 1620 699 27.4 16.6
India, Bombay 5160 63 59 10
Japan, Osaka 3020 56 50 18
Nigeria, Ibadan 5010 97 75 25
South Africa 4610 78 80 18

(blacks)
USA, Greater 2580 19 62 17
Delaware Valley

(blacks)
USA, Greater 2580 63 37 21
Delaware Valley

(whites)
USA (Navajo 3660 15 125 28

Indians)
USA, SEERa 2790 28 43 17

registry (blacks)
USA, SEER 2790 167 41 13

registry (whites)
Australia, 4850 25 59 22
Queensland

aData from nine population-based registries in different parts of the USA which have no overlap with any other data listed in this table. Incidence data are taken
from Parkin and Stiller (1995) and references cited therein. No other independent datasets in which incidences of unilateral and bilateral retinoblastoma were
recorded separately were identified in a literature search.
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Figure 1 Cumulative incidence of retinoblastoma for children of ages 0–14
for the locations listed in Table 1, plotted as a function of annual ambient
erythemal dose of UVB. The bold continuous line is a linear regression,
whose slope, 0.004100 ± s.e. 0.001334, is significantly different from zero
(t64 = 3.073, 0.001 < P < 0.01)
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Figure 2 Cumulative incidence of unilateral (squares) and bilateral (circles)
retinoblastoma for children of ages 0–14 at the locations listed in Table 2,
plotted as a function of annual ambient erythemal dose of UVB. Regression
lines have been fitted separately to unilateral data: broken line, slope
0.01295 ± s.e. 0.001958, significantly different from zero (t9 = 6.614,
P < 0.001); and to bilateral data, bold continuous line, slope 0.0003361 + s.e
0.0008433, not significantly different from zero (t9 = 0.3986, P > 0.5)
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