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Background: Previous analysis showed that the incidence rates of skin cancer in Singapore increased from
1968 to 2006, especially among older Chinese, and particularly for basal cell carcinoma (BCC).
Objective: We updated the skin cancer incidence rates and time trends among the Chinese, Malays, and
Indians in Singapore.
Methods: We analyzed the skin cancer incidence from the nationwide Singapore Cancer Registry from
1968 to 2016.
Results: Among 12,692 cases diagnosed from 1968 to 2016, there were 8367 (65.9%) cases of BCC, 3598
(28.3%) of squamous cell carcinoma (SCC), and 727 (5.8%) of melanoma. The mean ages at skin cancer
diagnosis were 72.7 years for SCC, 66.9 years for BCC, and 59.8 years for melanoma. Sun-exposed areas
accounted for 81.3% of BCCs, 61.6% of SCCs, and 26.7% of melanomas. The age-standardized incidence
rate of cutaneous BCC was highest in the Chinese and increased by 2.5 fold over the study period, followed
by a lower rate and slower increase in the Malays, and the lowest rate among the Indians. The SCC and
melanoma incidences remained low in all 3 ethnicities during this study period. The Chinese had the
highest relative risk for developing any skin cancer (P \ .0001) compared with those of the Malays and
Indians. Most cases of skin cancer were diagnosed at age $60, with men showing a higher incidence of
SCC compared with that of women.
Conclusion: Incidence rates of BCC have increased in Singapore, especially among the Chinese, in the past
5 decades. The SCC and melanoma incidence rates remained low and stable. ( JAAD Int 2021;4:39-45.)
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INTRODUCTION
Skin cancers are among the most commonly

occurring malignancies worldwide. In a recent
systematic review of the worldwide incidence of
nonmelanoma skin cancer, the incidence for non-
melanoma skin cancer varied widely, with the
highest rates in Australia ([1000 per 100,000
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person-years for basal cell carcinoma [BCC]) and
the lowest rates in parts of Africa (\1 per 100,000
person-years for BCC).1 This is in accordance with
the difference in Fitzpatrick skin phototypes, a
classification of skin type according to the amount
of pigment in the skin, which in turn is inversely
associatedwith the risk of skin cancer development.2
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In Canada, BCC and squamous cell carcinoma (SCC)
increased by 2.4% each year among adults aged
[40 years from the 1970s to 2000.3 In the United
Kingdom, BCC increased by 39% from 2000 to 2011
in all age groups [30 years.4 The incidence of
melanoma also increased in most Western coun-
tries.5 In the United States, the incidence increased
CAPSULE SUMMARY

d Basal cell carcinoma is the most common
skin cancer in Singapore, followed by
squamous cell carcinoma and
melanoma.

d Fairer-skinned Chinese have the highest
relative risk for developing any skin
cancer compared with those of darker-
skinned Malays and Indians.
from 1992 to 2006 among the
white-skinned population
for all age groups.6 In
Denmark, from 1985 to
2012, the incidence of inva-
sive melanoma increased by
4.5% in men and by 4.3% in
women.7

Singapore, an equatorial
country with a multiethnic
population of 5.7 million
people, has one of the high-
est UV index scores in the
world.8 In Singapore, skin

cancer is consistently ranked among the top 10
cancers, being ranked sixth among men and seventh
among women.9 Singapore is a multiracial country
with ethnic Chinese (76.2% of the citizen popula-
tion), Malays (15.0%), and ethnic Indians (7.4%).
Chinese Singaporeans make up the majority of the
population. Of note, these 3 major ethnic groups
represent people with different Fitzpatrick’s skin
types ranging from III (Chinese) to VI (Indians).

The first study of skin cancers in Singapore
reported that the overall rates of skin cancer in
Singapore increased from 6.0/100,000 person-years
in the early period of 1968 to 1972 to 8.9/100,000
person-years in the period from 1993 to 1997.10 This
small increase after about 25 years was attributed to
higher diagnosis rates because of improved health
care in Singapore. Following that, an update of skin
cancers in Singapore reported that the skin cancer
incidence rates remained stable, ranging from 8.4 per
100,000 person-years from 1998 to 2002 and subse-
quently declining slightly to 7.4 per 100,000 person-
years in the subsequent years from 2003 to 2006.11

The skin cancer incidence trend after 2006 remains
uncertain.

This study aimed to update the incidence rates
and trends of BCC, SCC, and melanoma among the 3
major Asian ethnic groups (Chinese, Malay, and
Indian) in Singapore from 1968 to 2016, using data
from the Singapore nationwide cancer registry.

METHODS
Study design

This was a descriptive study of skin cancer
data obtained from the Singapore Cancer Registry,
focusing on the 3 most common skin cancers in
Singapore: BCC, SCC, and melanoma.

Source of data. The Singapore Cancer Registry
was started in 1968 and is part of the National
Registry of Diseases Office. It collects epidemiolog-
ical and clinical data of all newly diagnosed cancer
cases while tracking cancer deaths. It provides a
comprehensive database for
the study of cancer survival
and allows a better under-
standing of the cancer trends
in the country.12 Notification
of all cases of cancers diag-
nosed or treated in Singapore
is mandatory under the
National Registry of
Diseases Act 2007.13 These
notifications are performed
via the submission of hard
or soft copies of cancer noti-
fication forms, pathology re-
ports, laboratory results, hospital records, and death
certificates.

Case definition. Skin cancer was defined ac-
cording to the site as ‘‘C43’’ and ‘‘C44’’ according to
the International Classification of Diseases, 10th
revision (ICD-10) code.14 Skin cancer sites were
categorized into sun-exposed sites (face and neck:
ICD-10 codes for C43.0-C43.3, C44.0-C44.3) and sites
that are usually not exposed to the sun (trunk and
lower limbs: ICD-10 codes for C43.5, C43.7, C44.5,
C44.7) for subgroup analysis. Melanomawas defined
as having a morphology code of ‘‘8720-8790’’. Skin
cancer with a morphology code of ‘‘8050-8078’’ or
‘‘8083-8084’’ was classified as SCC and skin cancer
coded as ‘‘8090-8098’’ was classified as BCC accord-
ing to the International Classification of Diseases for
Oncology, third edition (ICD-O-3) code.15

Statistical analysis. Direct standardization was
used to compute the standardized incidence rate,
which was an average of the age-specific rates
weighted according to the relative age distribution
of the arbitrary Segi population.16 We used general-
ized linear models with Poisson distribution
weighted by the population to compute the relative
risk and the 95% confidence intervals of skin cancer
associated with age, ethnicity, and sex in the same
model. All statistical analyses were performed using
SAS ver. 9.4 (SAS Institute Inc). The study was
approved by the Institutional Review Board at the
National University of Singapore.

RESULTS
A total of 14,441 cases of BCC, SCC, and mela-

noma were reported from 1968 to 2016. Of these,



Abbreviations used:

ASIR: age-standardized incidence rate
BCC: basal cell carcinoma
RR: relative risk
SCC: squamous cell carcinoma
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BCC comprised 65.9% (8367 cases), SCC 28.3% (3598
cases), and melanoma 5.8% (727 cases) (Table I).
There were equal numbers of men and women for
BCC (50% each), and there were slightly more men
for SCC (59.1%) and melanoma (53.5%). SCC devel-
oped in older patients (mean age 72.7 years)
compared with BCC (mean age 66.9 years) and
melanoma (mean age 59.8 years). There was also
an increase in the number of skin cancer cases
reported in the past decade (2008-2016), with
42.3% of all BCC cases, 37.1% of all SCC cases, and
36.2% of all melanoma cases reported from 2008 to
2016. Sun-exposed areas (these areas included the
lip, eyelid, ear, face, scalp and neck, and upper
limbs) accounted for the majority of BCC cases
(81.3%) and SCC cases (61.6%) but the minority of
melanoma cases (26.7%).

Table II shows the crude and age-standardized
incidence rates (ASIRs) for skin cancers from 1968
up until 2016. Overall, the Chinese had the highest
ASIRs for BCC and SCC, with Chinese men showing
higher ASIRs than those of Chinese women for these
2 cancers. The ASIR for melanoma remained low and
stable in all 3 ethnicities. The ASIRs for BCC among
the 3 ethnicities from 1968 to 2016 showed the largest
increase among the Chinese from 2.7 tumors per
100,000 person-years in 1968 to 6.9 tumors per
100,000 person-years in 2016 (an increase of 2.5
times). For the Malay, the ASIR increased approxi-
mately 2.2 times, from 1.2 tumors per 100,000
person-years in 1968 to 2.6 tumors per 100,000
person-years in 2016. The ASIR remained low among
the Indians, increasing from 0.5 tumors per 100,000
person-years in 1968 to 1.4 tumors per 100,000
person-years in 2016. In all ethnicities, the ASIR for
SCC was lower than the ASIR for BCC. The ASIR for
SCCwas stable among the Chinese, ranging between
2.4 and 2.9 tumors per 100,000 person-years
throughout this period. The ASIRs for SCC in
Malays and Indians showed a decline over the years.
The ASIRs for melanoma remained low and stable in
all ethnicities over the years (Fig 1).

Table III shows the relative risks (RRs) of skin
cancers stratified by ethnicity, sex, and age. The
Chinese, with the lightest Fitzpatrick skin phototype
among the 3 ethnicities, had a much higher RR for all
3 types of skin cancers compared with those of the
darker-skinned Malays and Indians. Men had 1.6
times the risk for SCC compared with women. (RR
1.60, P\.0001). There were no differences between
men and women for the risks of BCC and melanoma.
The RRs of skin cancers increased steeply with
increasing age, with people aged $70 years having
14.8 times and 40.4 times the risk of BCC and SCC
compared with those\40 years of age.
DISCUSSION
Our study showed that the incidence of cutaneous

BCC had increased from 1968 to 2016 and was
highest among the Chinese, followed by Malays,
and lowest among Indians. The SCC and melanoma
incidences remained low in all 3 ethnicities during
this study period. The risks of skin cancers increased
sharply with increasing age after 60 years, with men
showing a higher incidence of SCC compared with
that of women. Most BCC and SCC cases were
located on sun-exposed areas.

Increasing skin cancer incidences have been
recorded in European countries, the United States,
and Australia.1,17,18 However, there is little informa-
tion on the trends in skin cancer in Asia. In East Asia,
a recent study in South Korea used data from the
Korean nationwide cancer registry from 1999 to 2014
and reported that the incidences of cutaneous BCC,
SCC, and melanoma had increased from 1999 to
2014.19 Our study showed that the incidences in
Singapore resembled the rates reported in Japan,
which also reported that while the age-adjusted
incidence rate of BCC increased from the period
1976-1980 to 1986-1990, the rate of SCC and mela-
noma did not increase significantly.5,20 In contrast to
the increasing incidence trends of SCC and mela-
noma in Western populations,1,6,7 the incidences of
these 2 subtypes of skin cancer have been stable or
shown decreasing trends in darker-skinned popula-
tions of Asian heritage.20 Our updated study findings
are also in keeping with the previous low incidence
rate of melanoma reported from 1967 to 2006 in
Singapore.12,13 Importantly, this study confirmed the
previous epidemiologic data of the propensity for
melanomas to occur more commonly on nonesun-
exposed skin in the darker-skinned population.20

Awareness of this unique distribution and the
increased mortality of melanomas on nonesun-
exposed skin in the darker-skinned population
should be emphasized in Singapore to raise aware-
ness among physicians and patients to examine
nonesun-exposed areas during physical examina-
tion and self-examination.

Our study demonstrated that SCC was more
common in men than in women in Singapore during



Table I. Characteristics of patients in Singapore with basal cell carcinoma (BCC), squamous cell carcinoma
(SCC), and melanoma, from 1968 to 2016, by ethnicities

Skin cancer type All Chinese Malay Indian

All skin cancers, No. (%) 14,441 (100) 12,264 (84.9) 717 (5.0) 357 (2.5)
Mean age (6 SD), y 66.4 (16.8) 67.8 (16.4) 60.5 (18.4) 57.5 (18.8)
Men, No. (%) 7663 (53.1) 6233 (50.8) 397 (55.4) 210 (58.8)
Sun-exposed area, No. (%) 9902 (68.6) 8646 (70.5) 435 (60.7) 187 (52.4)

BCC 8367 7039 (84.1) 322 (3.9) 127 (1.5)
Mean age (6 SD), y 66.9 (14.5) 68.3 (14.2) 65.6 (13.8) 63.1 (14.9)
Men, No. (%) 4180 (50.0) 3309 (47.0) 156 (48.5) 64 (50.4)
Sun-exposed area, No. (%) 6804 (81.3) 5888 (83.7) 277 (86.0) 104 (81.9)

SCC 3598 3212 (89.3) 176 (4.9) 105 (2.9)
Mean age (6 SD), y 72.7 (14.0) 73.6 (13.8) 65.5 (13.8) 63.7 (13.7)
Men, No. (%) 2126 (59.1) 1860 (57.9) 115 (65.3) 67 (63.8)
Sun-exposed area, No. (%) 2217 (61.6) 2003 (62.4) 95 (54.0) 50 (47.6)

Melanoma 727 555 (76.3) 66 (9.1) 20 (2.8)
Mean age (6 SD), y 59.8 (17.7) 60.8 (17.9) 60.2 (18.2) 56.1 (11.5)
Men, No. (%) 389 (53.5) 271 (48.8) 34 (51.5) 16 (80.0)
Sun-exposed area, No. (%) 194 (26.7) 156 (28.1) 15 (22.7) 4 (20.0)

BCC, Basal cell carcinoma; SCC, squamous cell carcinoma.

Table II. Crude (CIR) and age-standardized (ASIR)
incidence rates for BCC, SCC, and melanoma by sex
and ethnicity, 1968-2016

Skin cancer

type

Ethnic

group No. CIR (95%CI) ASIR (95%CI)

BCC
Men Chinese 3309 6.1 (5.9-6.3) 6.1 (5.9-6.3)

Malay 156 1.5 (1.3-1.8) 2.1 (1.8-2.4)
Indian 64 1.1 (0.8-1.4) 1.1 (0.8-1.4)

Women Chinese 3730 6.8 (6.6-7.0) 5.5 (5.3-5.7)
Malay 166 1.7 (1.4-1.9) 2.2 (1.9-2.5)
Indian 63 1.2 (0.9-1.5) 1.5 (1.1-1.8)

SCC
Men Chinese 1860 3.4 (3.3-3.6) 3.5 (3.3-3.6)

Malay 115 1.1 (0.9-1.3) 1.5 (1.3-1.8)
Indian 67 1.1 (0.9-1.4) 1.1 (0.8-1.4)

Women Chinese 1352 2.5 (2.3-2.6) 1.9 (1.8-2.0)
Malay 61 0.6 (0.5-0.8) 0.8 (0.6-1.0)
Indian 38 0.7 (0.5-1.0) 1.0 (0.8-1.2)

Melanoma
Men Chinese 271 0.5 (0.4-0.6) 0.5 (0.4-0.5)

Malay 34 0.3 (0.2-0.5) 0.4 (0.3-0.6)
Indian 16 0.3 (0.2-0.4) 0.2 (0.1-0.4)

Women Chinese 284 0.5 (0.4-0.6) 0.4 (0.4-0.5)
Malay 32 0.3 (0.2-0.5) 0.4 (0.3-0.5)
Indian 4 0.08 (0.02-0.2) 0.08 (0.03-0.2)

ASIR, Age-standardized incidence rate; BCC, basal cell carcinoma;

CI, confidence interval; CIR, crude incidence rate; SCC, squamous

cell carcinoma.
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the study period. Earlier epidemiologic studies
reported that BCC and SCC were more common in
men than in women.17 It is believed that lifestyle
choices play a major role in this disparity between
men and women. Historically, men tended to have
occupations that required them to spend more time
outdoors, and men were also less likely to use sun
protection (protective headgear, body attire, um-
brellas, and sunscreens)21,22 or participate in cancer
screening than women.19 In addition, public aware-
ness regarding skin cancers and treatment options
remains relatively low in Asia.23-25

The global rise of skin cancer incidence could be
related to increased exposure to UV light either via
lifestyle habits or occupations,21 as well as occupa-
tional exposures to carcinogens such as coal tar.1,4

In Asia, exposure to Chinese proprietary medicines
containing arsenic26 as well as consumption of
drinking water containing inorganic arsenic27 could
be additional risk factors. The higher prevalence of
Chinese proprietary medicine use among the
Chinese in Singapore compared with that in the
other 2 minority groups could underlie the highest
incidence of skin cancers in the Chinese popula-
tion.28 A recent study conducted in a population-
based Singapore Chinese cohort showed that
higher fish intake was significantly associated with
an increased risk of SCC in a dose-dependent
manner.29 This could be related to the high arsenic
levels in seafood,30 possibly because of contami-
nants in formulated feeding pellets.29 In fact, a
study in Singapore reported that the mean daily
intake of arsenic from seafood for a 60-kg person
in Singapore reached 3.1 �g/kg body weight/d,
which was above the recommendations by the
Food and Agriculture Organization/World Health
Organization.31



Fig 1. Trends in ASIRs of (A) BCC, (B) SCC, and (C) melanoma from 1968 to 2016 in the
Chinese, Malay, and Indian population in Singapore. ASIR, Age-standardized incidence rate;
BCC, basal cell carcinoma; SCC, squamous cell carcinoma.

Table III. Relative risks of BCC, SCC, and melanoma
stratified by ethnicity, sex, and age

Demographics

BCC SCC Melanoma

Cases RR* Cases RR Cases RR

Ethnicities
Chinese 7039 1.00 3212 1.00 555 1.00
Malay 322 0.05 176 0.08 66 0.12
Indian 127 0.02 105 0.05 20 0.03

Sex
Women 4187 1.00 1472 1.00 338 1.00
Men 4180 0.94 2126 1.60 389 0.90

Age groups (y)
\40 342 1.00 64 1.00 111 1.00
40-49 822 2.23 177 2.58 100 0.84
50-59 1360 4.40 431 6.69 137 1.18
60-69 2009 6.92 712 11.51 152 1.43
701 3826 14.77 2206 40.39 227 2.34

BCC, Basal cell carcinoma; RR, relative risk; SCC, squamous cell

carcinoma.

*P values for all RR were\.0001 (95% confidence intervals are not

shown because the differences were beyond the second decimal

places for the estimates).
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In our study, we reported that the lighter-skinned
Chinese had the highest risk compared with those of
the darker-skinned Malays and Indians for devel-
oping all 3 types of skin cancer. More effort could be
made to raise the skin cancer awareness in this
high-risk group that forms the majority of the
Singapore population. Of note, the rising trend in
BCC, consistent with global trends,1,4 is of concern.
This could be partly attributed to the rapidly aging
population in Singapore as well as increased aware-
ness of BCC among family physicians with subse-
quent referrals to specialists for histologic
confirmation of BCC. In Australia, which has the
world’s highest skin cancer incidence, primary pre-
vention programs have shown success in reducing
skin cancer rates.32 However, sustained efforts may
be required for long-lasting skin cancer control.32,33

This should be balanced with other emerging health
concerns, including the postulated benefits of
vitamin D via sun exposure33 and the need for
outdoor physical activity for a healthy lifestyle.34

Future campaigns should advise about sun protec-
tion without compromising the evidence-based
advice for general good health.34

A potential limitation of this study is the under-
reporting of cases. Although the Singapore Cancer
Registry actively seeks diagnosed cases, the possi-
bility of some skin cancer cases being misdiagnosed
or not notified cannot be completely excluded. This
may lead to an underestimation of incidence rates
and trends. Nonetheless, the nationwide Singapore
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Cancer Registry, which has been in place since
1968, has been shown to be comprehensive in its
recording of cancer cases, and especially in the last
decade when reporting became mandatory.

In conclusion, our study provided an update on
the nationwide incidence of BCC, SCC, and mela-
noma in Singapore. While the incidence of BCC
increased from 1968 to 2016, and especially so for the
Chinese population, the SCC and melanoma in-
cidences remained low during this period. More
studies can be done in the future concerning
carcinogen exposures and preventive measures
such as sun protection, especially in Chinese men.

Data for this study was provided by the Singapore
Cancer Registry.
Conflict of interest
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