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AbsTrACT
Aim To investigate whether pterygium is an indicator of 
an increased risk of cutaneous melanoma (CM).
Methods A matched-cohort study, using linked health 
administrative data sets to identify all hospital-treated 
pterygium in Western Australia (WA) between 1979 
and 2014. We identified pterygium cases from hospital 
diagnosis and/or procedure International Classification of 
Diseases 9th revision (ICD-9) and 10th revision (ICD-10) 
codes and matched cases by age, sex and residential 
postcode to WA Electoral Roll controls with no known 
history of pterygium. Both cohorts were linked to the WA 
Cancer Registry and the WA Deaths Registry.
results 23 625 people had pterygium treatment (64% 
male) in WA hospitals. The median age for pterygium 
diagnosis and/or treatment was 49 years (range 14–96). 
There were significantly more CM cases in the pterygium 
cohort compared with the control cohort (1083 vs 
874; p<0.001). In a logistic regression analysis, there 
was a 24% increase in the odds of developing a CM 
in the pterygium cohort, compared with controls, after 
controlling for other predictors (OR 1.24, 95% CI 1.1 
to 1.4). The incident rate ratio (IRR) of a malignant CM 
diagnosis was 20% greater in people who had treatment 
for a pterygium compared with controls (IRR 1.2, 95% CI 
1.0 to 1.4).
Conclusion The presence of a pterygium indicates a 
significantly increased risk of developing a CM. Eye care 
providers who see patients with developing pterygia 
should advise these patients of this increased risk and 
recommend regular skin surveillance.

InTroduCTIon
Generally, earlier cancer detection leads to 
better health outcomes and improved patient 
survival.1 2 In this study, we investigated whether 
ocular pterygium is an indicator of increased risk 
of cutaneous melanoma (CM) and could therefore 
assist in early detection.

Pterygia are ocular surface lesions characterised 
by elastotic degeneration and fibrovascular prolif-
eration of the limbal conjunctiva. They can affect 
vision by inducing astigmatism or obstructing the 
visual axis. The pathogenesis of pterygia has been 
linked to solar ultraviolet radiation (UVR) exposure 
in several studies in Australia.3–5

Pterygia are common in young to middle-
aged adults resident in Western Australia (WA), 
with the highest risk in those who engage in 
outdoor activities.6–8 Similarly, CMs are common 
in people with a family or genetic history of CM 
and in those exposed to UVR. Factors that affect 
CM survival include regular surveillance9 and the 

stage at detection, with the proportion of survi-
vors decreasing with the higher initial stages of the 
disease.10 11 The incidence of CM has continued 
rising over the past 30 years in all countries, and in 
Australia,12 the age-standardised incidence of CMs 
has almost doubled, from 27 per 100 000 to 49 per 
100 000 per year.13 Approximately 15% of CMs 
are fatal, and this has remained unchanged over the 
same period in all populations.14

The International Agency for Research on 
Cancer15 recently determined that solar UVR expo-
sure causes cutaneous malignant melanoma (MM). 
This link is complex, and the degree and extent 
of solar UVR exposure have significant public 
health implications in Australia, where it has been 
estimated that 22% of the working population 
currently receive high levels of solar radiation while 
at work.16

This study used the power of whole population 
health data sets to determine whether the develop-
ment of a pterygium is an indicator of an increased 
likelihood of developing either a malignant or an 
in situ CM.

MeThods
This matched cohort study used whole-population 
linked health data sets extracted from WA hospital 
admissions or the Hospital Morbidity Data Collec-
tion (HMDC), the WA Cancer Registry and the WA 
Deaths Registry.

Pterygium cases were identified from diagnosis 
and procedure codes in HMDC for the period 
1979 to the end of 2014. Cases were identified 
using the International Classification of Diseases 
codes (ICD): ICD–9 and ICD-10-AM for either the 
principal diagnosis or any additional diagnosis of 
pterygium (372.40–45, H11.0) and/or a principal 
or additional procedure code for pterygium exci-
sion (11.31, 11.32, 11.33, 11.39 and 42 686–00, 
42 800–00). All patients diagnosed or treated in a 
public or private hospital in WA between 1979 and 
2014 were cases. Each case was assigned an index 
date that corresponded to the hospital admission 
date of their first pterygium diagnosis or treatment 
(figure 1).

Controls were a 1:1 age (±2 years), gender and 
postcode-matched cohort randomly selected from 
the WA Electoral Roll. Because voting is compul-
sory for all Australian citizens, the Electoral Roll is 
considered representative of the adult population. 
Each control was assigned the same index date as 
his/her matched case. However, as the state Elec-
toral Roll was not accessible prior to 1988, any 
controls required for index dates between 1979 
and 1987 were identified from patients in the 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjophthalm

ol-2017-310686 on 26 A
ugust 2017. D

ow
nloaded from

 

http://bjo.bmj.com
http://crossmark.crossref.org/dialog/?doi=10.1136/bjophthalmol-2017-310686&domain=pdf&date_stamp=2018-03-22
http://bjo.bmj.com/


497Crewe JM, et al. Br J Ophthalmol 2018;102:496–501. doi:10.1136/bjophthalmol-2017-310686

Clinical science

HMDC. These controls were identified from hospital inpa-
tients with a date of birth ±2 years of the matched cases, 
with a hospital separation date ±6 months of the case index 
date and with an HMDC primary diagnosis code or proce-
dure code (ICD-9) for either: otitis externa, otitis media, vari-
cose veins, haemorrhoids, upper respiratory tract infections, 
deflected septum, nasal polyps, impacted tooth, other dental 
codes, dislocations, sprains, superficial injuries, contusions, 
carpel tunnel syndrome or ingrowing nails and no history of 
pterygium.

Cases and controls were linked to the WA Deaths Registry 
and to the WA Cancer Registry to identify any individuals with a 
confirmed CM diagnosis.

The WA Cancer Registry was established in 1982, and anal-
ysis in this study was restricted to those individuals with any 
CM, MM or in situ (CACODE3: MEL) and/or ICD-9 codes: 
172.0–9, or ICD-10 codes: C43.0-C43.9 (MM of skin), 173 .n, 
or C44.0-C44.9 (other malignant neoplasms of skin), 232 .n, 
D03.0-D03.9 (melanoma in situ) and D04.0-D04.9 (carcinoma 
in situ of skin). We did not include data on basal cell carcinomas 
or squamous cell carcinomas here as neither were routinely 
reported to the WA Cancer Registry.

The selection of controls from the state Electoral Roll, the 
extraction of hospital morbidity data and the linkage to cancer 
and death registration records was performed by the Data 
Linkage Branch in the Department of Health Western Australia.

Residential postcodes were used to describe latitude and 
geographical area as either: within the Perth metro area (post-
codes 6000–6199), rural/remote (neither metropolitan nor trop-
ical regions of WA) (postcodes 6200–6699) or tropical (north of 
the Tropic of Capricorn) (postcodes 6700–6799).

statistical analysis
Bivariate associations between demographic factors and 
pterygium treatment were tested using Pearson’s χ2 test for 
categorical variables, t tests for normally distributed contin-
uous variables and the Wilcoxon rank-sum test for medians. The 
CM status of matched pairs was compared using a McNemar 
test. The association between pterygium and CM diagnosis was 
further investigated using logistic regression modeling adjusted 
for sex, age at the index date and residential postcode (urban, 
rural or tropical).

Not all people were followed for the same length of time over 
the 35 years of the study, for a variety of reasons, including death 
and therefore the opportunity for developing a CM varied. For 
cases and controls, the number of CM occurring was expressed 
as an incidence rate. The mean number of CMs per person-years 
(PY) of follow-up was calculated.

Analysis was carried out using IBM PASW (SSPS) software 
V.23 and the R statistical software (R Development Core Team 
2016).

This study was approved by the Human Research Ethics 
Committee of the University of Western Australia (RA/4/1/6878) 
and the Department of Health WA (#2014/62), and the research 
adhered to the tenets of the Declaration of Helsinki.

resulTs
There were 23 625 people admitted to WA hospitals with a diag-
nosis or treatment code for pterygium (64% male) between 1979 
and 2014 (table 1). Pterygium treated each year peaked at 56 
per 100 000 in 1981 (n=736) and declined over the following 
7 years to a low of 19 per 100 000 in 1988 (n=290). There-
after, hospital diagnoses/treatment for pterygium have remained 

Figure 1 Flow chart of pterygium cases and controls. *784 controls 
had missing dates of birth (MM/YYYY) but were age matched to 
a pterygium case with a date of birth. These were presumed to be 
individuals with no hospital, cancer or death records but present on the 
WA Electoral Roll. HMDC, Hospital Morbidity Data Collection.

Table 1 Demographics

Pterygium cases Controls  p

Sex (n (%))

  Female 8440 (36) 8440 (36)

  Male 15 185 (64) 15 185 (64)

  Total 23 625 (100) 23 625 (100)

Age at the Index date (n (%))

  <50 years 11 603 (49) 11 574 (49)

  ≥50 years 12 022 (51) 12 051 (51)

  Mean (SD) 50 (±16) 50 (±16)

Residence (n (%))

  Urban 16 384 (69) 16 213 (68)

  Rural or remote 6316 (27) 6530 (28)

  Tropical 925 (4) 882 (4)

Deaths (n (%)) 3653 (15) 4269 (18) <0.001

Cutaneous melanoma (n (%))

  Malignant 646 (2.7) 530 (2.2) <0.001

  In situ 437 (1.8) 344 (1.5) <0.001

  Total 1083 (4.6) 874 (3.7) <0.001
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relatively stable at approximately 0.04% or 39 per 100 000 annu-
ally. Most recently, in 2013, there were 1001 cases of pterygium 
treated in WA hospitals (figure 2).

The median age at the time of pterygium treatment was 49 
years (range 14–96) (figure 3). The rate of pterygium surgery 
in young people (aged <25 years) has declined from 111 per 
year in 1979 to approximately 30 per year (2010–2014) and the 
mean age of pterygium treatment has correspondingly increased 
from 43 years in 1979 to 56 years in 2013.

The majority (74%) of pterygium cases were seen in people 
born in Australia, and this was significantly higher (3.9, p<0.001, 
95% CI 3.3 to 4.5) than would be expected in the 2011 WA 
population (70% born in Australia)17 (table 2). Similarly, there 
were proportionally more pterygium cases in people born in 
North Africa, the Middle East and Oceania than expected. There 

were fewer pterygium cases in people born in Europe, Asia, 
sub-Saharan Africa and North and South America.

There were 1957 CM cases diagnosed between 1982 and 2014 
across both controls and pterygium cohorts (1176 MM, 781 in 
situ). A McNemar test of the matched pairs showed that the 
proportions with and without CM were significantly different, 
p<0.001 table 3.

Males were most commonly affected (72% of all CMs). There 
were significantly more (χ2 p=0.001) CMs in patients with 
pterygium (646 MM, 437 in situ) compared with the controls 
(530 MM, 344 in situ) (table 1).

People resident in rural and remote locations (excluding the 
northern, tropical regions of WA) had the greatest prevalence of 
MM (pterygium 3%, controls 2.7%) and in situ CMs (pterygium 
2.2% and controls 1.4%). Most MMs (66%) were diagnosed 

Figure 2 Incidence of hospital treated pterygium over 35 years.

Figure 3 Age at pterygium treatment.
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after the index date of the pterygium treatment, in cases and 
controls.

Logistic regression analysis showed that for people who had 
had pterygium treatment there was a 24% increase in the odds of 
having a CM diagnosis after controlling for sex, age at pterygium 
treatment and residential postcode. Additionally, for every year 
increase in age at the time of the pterygium treatment, there was 
a 2% increase in the odds of developing a CM, after controlling 
for other predictors (OR 1.02, p<0.001). Overall, women were 
28% less likely than men to have a CM diagnosis (OR 0.72, 
p<0.001) (table 4).

The unadjusted incident rate for all CMs in the pterygium 
cases was 3.2 per 1000 PY, 1.2 times greater (95% CI 1.0 to 
1.4) than in the control cohort 2.6 per 1000 PY. People resident 
in tropical latitudes (15oS–23.5oS) had the highest IRR for MM 
(2.9, 95% CI 2.6 to 3.2) pterygium cohort to  controls (1.3 vs 
0.4 MM per 1000 PY) (table 5).

Although there were significantly more deaths from all causes 
in the control cohort (4269) than in the pterygium cohort (3653, 
p<0.001), there was no significant difference in the number of 
deaths in people with MM (pterygium n=159, controls n=141; 
p=0.24) or in people with any CM (pterygium n=227, controls 
n=176; p=0.35). Malignant CM as the primary cause of death 
was reported in less than 1% of both the pterygium and control 
cohorts deaths (n=34 and 27, respectively, p=0.09).

dIsCussIon
These data show that in WA there is an increase in the odds of 
being diagnosed with either a MM or an in situ CM in people 
who have been treated for a pterygium. This novel marker of 
at-risk individuals is evident many years before the development 
of CM. Early detection of CMs can save lives. Health profes-
sionals who see patients with developing pterygium are well 
placed to alert these patients to this increased risk of developing 

CM, to recommend lifestyle changes and to promote regular 
skin surveillance.

Interpreting the impact of racial differences on pterygium 
development is complex. The WA population is predominantly 
Caucasian of European heritage and 15% multicultural. No 
specific data on race is collected by the Australian Bureau of 
Statistics, hospitals or the Electoral Rolls, other than that which 
relates to Indigenous Australians. A recent study carried out in 
rural WA found that 85.5% of participants were Caucasian.18 
Recent migrants to Australia are generally young adults and 
their susceptibility to UVR-related pathologies will vary with 
their racial origin and past UVR exposure. Individuals in this 
study cohort who were born in North Africa or in Polynesia 
were over-represented in the pterygium cohort, suggesting a 
high rate of UVR exposure in childhood and/or occupationally 
before or after arrival in Australia. Asian-born Australians had a 
lower prevalence of pterygium. Comparative studies of different 
racial groups have also shown variations in the prevalence of 
pterygium, with the highest rate (31%) in a Japanese cohort.19 20 
Together these findings suggest that skin pigmentation is not 
protective against pterygium development and that UVR expo-
sure, particularly as a child, is a more critical risk factor for 
pterygium development.

To the best of our knowledge, there has only been one other 
study that has reported an increased risk of developing CM with 
pterygium prevalence rates.21 Yu et al examined a random sample 
of 1 million Taiwanese for pterygium diagnoses or treatment. They 

Table 2 Country/region of birth of patients treated for pterygyium in Western Australia (WA) compared with the State distribution. Bolded regions 
show groups with higher than expected reprentations in the pterygium cohort

Geographic region
Pterygium 
cases % WA pop. % p 95% CI

Australia and new Zealand 17 460 73.9 1 647 880 70.0 <0.001 3.3 4.5

Northern European 2438 10.3 3 10 820 13.2 <0.001 2.5 3.3

Southern European 598 2.5 66 050 2.8 0.001 0.1 0.5

Southeast Asia 636 2.7 1 10 520 4.7 <0.001 1.8 2.2

Northeast Asia 136 0.6 37 680 1.6 <0.001 0.9 1.1

South and Central Asia 144 0.6 52 050 2.2 <0.001 1.5 1.7

north Africa or Middle eastern 454 1.9 21 870 0.9 <0.001 0.8 1.2

Sub-Saharan Africa 444 1.9 74 830 3.2 <0.001 1.1 1.5

Oceania (excluding Australia/New Zealand) 209 0.9 4670 0.2 <0.001 0.6 0.8

Americas 146 0.6 27 110 1.2 <0.001 0.5 0.7

Unknown/missing 960 4.1 70 0.0

Total 23 625 2 353 480

Table 3 McNemar test to compare the CM status of age-matched, 
sex-matched and postcode-matched pairs

Controls Mcnemar

Pterygium 
cases With CM (n (%)) no CM (n (%)) Total  p

With CM 53 (0.2) 1030 (4.4) 1083

No CM 821 (3.5) 21 721 (91.9) 22 542

Total 874 22 751 23 625 <0.000

CM, cutaneous melanoma.

Table 4 Logistic regression analysis. OR for the risk of developing 
CM (MM or in situ)

or 95% CI p Value

Sex

  Male 1 Ref

  Female 0.72 0.6 to 0.8 <0.001

Age at index date (pterygium treated)

  <50 years 1 Ref

  ≥50 years 1.02 1.0 to 1.0 <0.001

Resident

  Urban 1 Ref

  Rural/tropical 1.05 0.9 to 1.1 0.31

Pterygium

  No 1 Ref

  Yes 1.24 1.1 to 1.4 <0.001
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identified 19 701 pterygium cases (2% of the cohort population) 
over the most recent 14 years. Of those, only seven (0.04%) indi-
viduals had a MM diagnosis. These data reflect the lower prev-
alence of CMs in Asian populations despite being resident in 
lower latitudes (Taiwan 23.7oN) with higher levels of UVR.22 23 
By contrast, in the largely Caucasian population of WA (latitude 
15oS–35oS), the risk of developing a CM is 85 times greater than 
that reported in the Taiwanese cohort. We identified a total of 
1083 CMs (MM and in situ) diagnosed over a 32-year period in 
the cohort of people who had also had pterygium treatment.

The IRR for this study cohort, over 32 years, was lower (1.2, 
95% CI 1.0 to 1.4) than that in the Taiwanese study, over 14 
years (1.7, 95% CI 1.6 to 1.8). The IRR reflects the number of 
cases of MM in the pterygium and control groups as a ratio of 
one to the other, but it does not provide information on the 
overall number of individuals developing MM. So although we 
found a hundred times as many individuals developing MM 
(4.6%) in the pterygium cases (1,083), the Taiwanese study had 
0.04% MM cases in their pterygium group. The higher IRR 
of 1.7 in the Taiwanese study reflects a higher ratio of MM in 
the pterygium cases (n=7) compared with their control group 
(n=16) but as their total number of MM cases was very small, 
a single additional case in the pterygium group would result 
in a significant increase in the ratio. We did extract a subset 
of data from our 35-year dataset, for the same time period as 
the Taiwanese study (1997–2010), for comparison and found 
a consistent IRR (1.2, 95% CI 1.1 to 1.3) as that over the total 
35 years. It would be interesting to follow the Taiwanese cohort 
over the next 15–20 years.

This study benefited from the availability of whole population 
linked health data sets within the Western Australian state health 
and social service sector, that is representative of the wider 
Australian population.24 Data can be linked between different 
registries at the individual person level throughout the entire 
state population and so avoids bias of single treatment centres or 
individual clinicians. A weakness of this study is that only a small 
proportion of pterygium cases will receive in-hospital treatment, 
and therefore this study cohort is not fully representative of all 
individuals with pterygium.

Nevertheless, the vast majority of pterygium surgery in WA 
is performed in hospital facilities across the study period and 
would be captured. Most pterygium will remain untreated for 
many years after they become clinically obvious. Despite this, in 
this study cohort of more than 23 000 cases, most CMs (66%) 
were diagnosed after the date of the pterygium treatment.

Other factors are known to increase the risk of CM develop-
ment. Mutations in the retinoblastoma gene, a tumour suppressor 
gene causing childhood retinoblastoma, also increases the risk 
of developing CMs.25 26 Although other countries have reported 
a strong racial component to the incidence and prevalence of 
CM in Caucasians compared with African American or Hispanic 
populations, in Australia data on ‘race’ are limited to Indige-
nous Australians or Others. The current population in WA is 
predominantly (>90%) Caucasian, of European origin. Country 
of birth is routinely recorded on hospital admissions and so all 
pterygium cases derived from hospital records were grouped by 
global region of birth, as a proxy for racial groupings. The same 
information was not available for the control cohort derived 
from the State Electoral Roll. However, as voting is compulsory 
in Australia, the State Electoral Rolls are fully representative 
of the adult population and are commonly used as a source of 
control populations in epidemiology studies.

Epidemiological studies have indicated that solar UVR plays 
a major role in the pathogenesis of pterygia,5 27 first reported by 
Talbot in 194828 and continues to be reported in the Australia 
population29 30

It is now also well established that solar UVR is a causative 
agent in the initiation and progression of melanomas (squamous 
cell, basal cell carcinomas and CMs).15 Specifically, UVR has 
been proven to be a highly toxic and a mutagenic agent inducing 
damage to cellular DNA.31 However, there is also evidence that 
the relationship between UVR and CM is not a simple dose-re-
lated effect. Studies in Australia have shown that people who 
regularly work outside and receive relatively high UVR expo-
sure do not have increased rates of CMs compared with those 
working mainly indoors.32 There may be a positive case for 
moderate UVR exposure linked to sun-induced vitamin D levels, 
suggesting a beneficial role for maintaining some level of regular 
UVR exposure.28 Recent research has found that increased time 
outdoors may also be protective against developing myopia 
(short sightedness) and that people with self-reported skin 
cancers (high UVR exposures) are less likely to be myopic.33

In this study, there were significantly fewer deaths from all 
causes in the pterygium cases compared with controls, which 
suggests a positive health benefit is conferred in those who have 
pterygium and an assumed higher UVR exposure. However, this 
possible association requires further study. Continued vigilance 
and further studies are required in Australia to better understand 
and define safe UVR exposure limits that balance the mainte-
nance of adequate vitamin D levels and immune surveillance 

Table 5 Crude incidence rate ratio (IRR) of malignant cutaneous melanomas in pterygium and control cohorts

Pterygium Controls

number PY rate* number PY rate* Irr (95% CI)

All 646 346 371 186.5 530 333 847 158.8 1.2 (1.0 to 1.4)

Sex

  Male 466 220 395 211.4 388 212 653 182.5 1.2 (1.0 to 1.4)

  Female 180 125 976 142.9 142 121 194 117.2 1.2 (1.0 to 1.5)

Age group

  <50 years 228 209 021 109.1 184 205 320 89.6 1.2 (0.9 to 1.5)

  >49 years 418 137 350 304.3 346 128 527 269.2 1.1 (1.0 to 1.3)

Residential postcode

  Metropolitan 437 237 943 183.7 351 225 103 155.9 1.2 (1.0 to 1.4)

  Regional 192 95 240 201.6 173 95 316 181.5 1.1 (0.9 to 1.3)

  Tropical 17 13 188 128.9 6 13 428 44.7 2.9 (2.5 to 3.2)

 *Per 100 000 PY.
PY, total person-years in the study.
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systems, while minimising the incidence and mortality of CMs. 
This is a complex but important healthcare message to promote, 
to convey and to evaluate.34 35

Early diagnosis has been key to improving CM survival rates 
in recent years.2 There have been few treatment options that 
have improved overall survival in patients with advanced CM 
beyond 6 months and only a quarter of patients alive at 1 year 
regardless of treatment regimen. However, the advent of new 
immunotherapies targeting immune-checkpoint inhibitors 
(serine/threonine-protein kinase B-Raf) are offering the prospect 
of sustained remission in selected patients, and again these treat-
ments work better when started early rather than in patients who 
have progressed.
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