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Exploring melanoma shifts: a two-
decade analysis in New Zealand

Daniel Wen, Jack S Pullman, Avinash Sharma, Bert van der Werf, Richard C W Martin

ABSTRACT

AIMs: New Zealand melanoma incidence rates are amongst the highest in the world. The study aims to provide information on the
incidence of cutaneous melanoma in New Zealand from 2000 to 2022.

METHODS: De-identified data were extracted from the New Zealand Cancer Registry using the ICD-10 code for malignant melanoma
(C34) and melanoma in situ (MIS) (D03) from 2000 to 2022. Statistical analysis was performed to calculate melanoma incidence rates.
RESULTS: Invasive melanoma (IM) incidence rates demonstrated an increasing trend from 2000 to 2008 (+1.10 per 100,000 person-years
per year), followed by an inflection point at 2008 and then a decreasing trend from 2008 to 2022 (-0.28 per 100,000 person-years per
year), which was not statistically different from zero/no change. MIS incidence increased from 30.3 to 72.1 per 100,000 person-years
between 2000 and 2022.

coNcLUsIONS: The incidence of IM in New Zealand has plateaued in the last decade and was associated with an increase in MIS
incidence over the same period. While this trend is encouraging, further research is required to investigate whether there is an actual

declinein IM incidence.

orld-wide cutaneous melanoma
incidence has been increasing over
time, with 324,635 new cases diagnosed

in 2020.* New Zealand melanoma incidence rates
are among the highest in the world and, in New
Zealand, melanoma is the third most common
cancer among both females and males. It ranks
only behind breast and colorectal cancers in
females, and prostate and colorectal cancers
in males.?

The historical increase in invasive melanoma
(IM) incidence rates has recently been slowing,
and was expected to peak—and even reduce—
by 2016.% This effect has been attributed to the
maturity of mass prevention campaigns and the
corresponding change in behaviour towards
skin protection.*

Increase in melanoma thickness at presentation
is associated with poorer prognosis.® Previous
New Zealand data have shown an increase over
time in the thickness of melanoma at presentation.5’
This differs from studies in the United States that
show a decrease in Breslow thickness over time,
possibly reflecting earlier detection.?

While the management of melanoma is an
ever-evolving field, understanding of the latest
trends in incidence are important to guide national
and regional decision making. We examined
melanoma incidence in previous studies covering
the 1995-1999 and 2000-2004 periods.5’

The study aims to provide the most recent

information on the incidence of cutaneous
melanoma in New Zealand by analysing data from
the New Zealand Cancer Registry (NZCR) from 2000
t0 2022.

Methods

Data collection

De-identified data were obtained from the
NZCR by way of a systematic computerised search
of the ICD-10 code for malignant melanoma
(C34) from 2000 to 2022. Statutory notification of
cancer in New Zealand has been present since
1994. The information obtained included: gender,
age at diagnosis, year of diagnosis, district health
board (DHB) of domicile and Breslow thickness.
Ethnicity and mortality data were not recorded
for this study and the authors intend to perform a
separate analysis based on these parameters in a
future analysis. Melanoma T-Stage was calculated
using the American Joint Committee on Cancer
(AJCC) 8th Edition staging system.® A second com-
puterised search of the ICD-10 code for melanoma
in situ (MIS) (D03) was performed to give overall
incidence comparison data.

Inclusion criteria were all melanoma registra-
tions from 2000 to 2022 according to ICD-10 code.
Only one registration per person was included
to avoid cases of metastatic melanoma. The New
Zealand Census is performed every 5 years and has
accounted for 97.4-98.0% of the population across
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the three most recent censuses. New Zealand
census data was retrieved from Stats NZ and
population data from the 2006, 2013 and 2018
censuses was used in the statistical analysis.!%?

Statistical methods

All calculations were done using the statistical
package R, version 4.1.1." Age-standardised inci-
dence rates for IM and MIS were calculated with
standardisation to the US2000 standard population
and confidence intervals [CI] were calculated with
the Tiwari method using the R package dsrTest.*
The overall trends for IM and MIS incidence were
analysed using Joinpoint trend analysis software
version 5.01.% The population data used for these
calculations include the 2006, 2013 and 2018 census
data with use of linear interpolation for the years
between censuses.

A mixed-effectlogistic regression model was used
to: estimate the absolute IM and T-stage incidence
rate for every 5-year age band; investigate the
association between IM and MIS incidence; and
examine the interactions of other variables such
as domicile DHB. The best-fitted model between
alternative models was identified using the
minimum Akaike information -criterion (AIC)
value and the significance of variables was
analysed using the Type II Wald Chi-squared
test.'s For all analyses, the assumptions of homo-
geneity of variances and normality of residuals
were checked using the R package DHARMa."

The median Breslow thickness per year was
estimated by back transformation of data fitted
on the logarithmic scale with a linear mixed-effect
model. The logarithmically transformed values
of the Breslow thickness were used to meet the
analysis’s assumptions: homogeneity of variances
and normality of residuals. The same analysis
was performed for Breslow thickness for each
5-year age band.

Results

There were 52,933 registered cases of IM
between 2000 and 2022. All cases were included
for analysis; however, 3,909 cases did not include
a Breslow depth and therefore were excluded
from Breslow thickness analyses but otherwise
were included in all other analyses. Of these IM
patients, 28,351 (53.6%) were male. The median
age at diagnosis for females was 63.0 years (range
1-104 years), and 67.0 years (range 10-103 years)
for males. Over the same period, 58,948 cases of
MIS were registered.

36

Age-standardised incidence rate for IM
and MIS

IM incidence rates demonstrated an
increasing trend from 2000 to 2008 (+1.10 per
100,000 person-years per year), followed by an
inflection point at 2008 and then a decreasing trend
from 2008 to 2022 (-0.28 per 100,000 person-years
per year), which was not statistically different
from zero/no change. Over the study period there
was a statistically significant increase in MIS
incidence rates. MIS incidence increased from
30.3 per 100,000 person-years (95% CI 28.6—
32.2 per 100,00 person-years) in 2000 to 72.1
per 100,000 person-years (95% CI 70.0-74.3 per
100,00 person-years) in 2022. Further details are
available in Figure 1 and 2.

Gender

There was a significant difference in incidence
rates between males and females (Figure 3).
Trends show a similar incidence below the age
of 60, with females having a slightly higher inci-
dence between ages 25-50. After the age of 60,
males had a significantly higher incidence than
females (p<0.01).

Breslow thickness

The statistical model suggested that median
Breslow thickness was reducing over the last
8-10 years of the study period (Figure 4). Across
the entire study period, the median Breslow
thickness was greater for males (0.80mm) than
females (0.70mm).

T-stage

With increasing age, there was a greater
incidence across all T-stage melanomas; how-
ever, beyond the age of 80 there appears to be a
plateau in T1 and T2 incidence and an increasing
proportion of higher T-stage melanomas (T3 and
T4) with a greater increase in incidence for the
higher stages (Figure 5). Age was a significant
variable (p<0.001) for all T-stages except for T1
melanoma, and gender was a significant variable
(p<0.001) for all T-stages.

DHB of domicile

There was a significant difference in age-
standardised incidence of IM at different DHBs
(p<0.001). When comparing DHB incidences
averaged across the entire study period, Taranaki
DHB had the greatest IM incidence rate at 77.5 per
100,000 person-years, whereas Counties Manukau
DHB had the lowest melanoma incidence rate at
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Figure 1: Joinpoint model displaying US2000 age-standardised incidence rate per 100,000 person-years between

2000 and 2022.
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Figure 2: US2000 age-standardised incidence rate per 100,000 person-years between 2000 and 2022, separated by

T-stage.
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Figure 3: Combined IM and MIS incidence rate per 100,000 person-years for each age group among males and
females between 2000 and 2022, with 95% CI.
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Figure 4: Median Breslow thickness between 2000 and 2022, with 95% CI.
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Figure 5: T-stage specific incidence rate per 100,000 person-years for each age group between 2000 and 2022, with
95% CI.
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Figure 6: Mean incidence rate per 100,000 person-years by DHB region.
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32.1 per 100,000 person-years (Figure 6). Across
all DHBs, there was no association identified
between MIS and IM incidence.

Discussion

This study looked at overall incidence rates of
IM and MIS for the entire New Zealand population,
with data taken from a national database.
Mandatory reporting of cancer diagnosis to this
database has been in place since 1994, and the
authors believe it to be the most accurate way of
obtaining data from the whole country.

The results of this study suggested a plateau
or non-statistically significant decrease in the
incidence of IM from 2008 onwards according to
the Joinpoint analysis. This is a shift compared to
data from the twentieth century, which showed
exponential increases in melanoma incidence,
and previous studies from the early 2000s, which
had shown a plateau.”'®

The study also showed the incidence rates of
MIS are increasing with time, which has been
seen as a trend in previous literature.!®* However,
care must be taken when interpreting MIS data
due to the possibility of over-diagnosis of dysplastic
naevi, with high rates of inter-observer variability
between pathologists due to overlapping morpho-
logical features noted.?

Both the plateau in IM incidence and
corresponding increase in MIS incidence may be
due to the improved public awareness and early
detection of pigmented lesions. Furthermore,
there may be a contribution from the maturity
of prevention campaigns and the corresponding
change in behaviour towards skin protection.
There has also been a push by local organisations
advocating the increased use of dermatoscopy
as part of routine skin assessment in primary
care, although the nation-wide prevalence of this
practice has not been measured. Interestingly,
the plateau in IM incidence was predicted by
algorithms performed by Whiteman et al.® They
hypothesised a plateau phase in the early 2000s,
where we were both seeing the positive effects of
education campaigns in the younger population,
but also an increasingly larger older population
with a higher incidence of melanoma, therefore
no overall change in incidence rates. Once the
younger population ages, people who have been
exposed to education campaigns from birth will
make up a larger proportion of the overall pop-
ulation, and a decrease in the overall melanoma
incidence would be observed. Other countries

39

that have high incidences of melanoma (Australia,
Denmark, Norway and the Netherlands) have yet
to see a decrease in incidence.?-* The evolution
in ethnic composition of New Zealand over time
may be a confounding factor to the plateau in
IM incidence. From the 2013 to 2018 census, the
proportion of the New Zealand population that
identified as European has decreased from 66.7%
to 62.3% with a corresponding increase in mostly
the Asian ethnic groups, in whom there is a
notably lower melanoma incidence rate.!%!?
Further investigation on the specific incidence for
each ethnicity is required.

The International Agency for Research on
Cancer Global Cancer Observatory database
(GLOBOCAN) reported a combined Australian
and New Zealand age-standardised melanoma
incidence of 35.8 per 100,000 person-years in
2020, which is different to our reported rate of
41.5 per 100,000 person-years for the 2020 year.!
This discrepancy arises from a difference in data
sources. GLOBOCAN calculated the 2020 incidence
rates based on pre-2012 historical data projected
and applied to the 2020 population?* whereas
our calculations are derived from up-to-date 2023
New Zealand Ministry of Health data. Similarly, a
recent publication describing the global burden of
cutaneous melanoma in 2020, and further
projecting melanoma incidence rates to the year
2040, has been based on this GLOBOCAN data,?
and its accuracy may be limited. Caution must
be taken when interpreting these large, world-
wide database reports as accurate information
for every country may not be available at the time
of publication.

Males had a higher incidence of IM than females
for the overall study period. When broken down
by age band, there was a trend towards females
having a higher incidence in the 25-50-year
age groups, but a large divergence favouring
males at a later age. This has been demonstrated
previously,572¢ and possible reasons for this are
higher rates of intermittent sun exposure in
younger females due to sun-tanning practices
but a higher chronic life-time exposure to sun in
males due to an increase in occupational sun expo-
sure.?® The reasons for differences seen between
sexes is likely multifactorial, with immunological,
endocrine, genetic and behavioural factors all
playing a part.?’

Median Breslow thickness at presentation
appeared to be showing signs of decrease in the
final 8-10 years of the study period. This is a
trend that has been observed in other developed
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countries and differs from previous data that
showed increases in Breslow thickness over
time in New Zealand.”*® As Breslow thickness is
closely related to prognosis® it is encouraging to
see this trend. T-stage based on AJCC 8th Edition
provides a more detailed clinically significant
indication of stage at presentation compared
with Breslow thickness alone. While overall IM
incidence appears to have a downward trend
from 2008 onwards, there was not a statistically
significant downward trend for any particular
T-stage throughout the study period. Increasing
age at presentation saw higher incidences of IM
across all T-stages, with one exception. After the
age of 80, there was a plateau and decrease in the
incidence of T1 melanomas and a plateau in T2 mel-
anomas. For the same age group, we saw increases
in T3 and T4 melanomas with increasing age,
reflecting a later presentation with more advanced
melanomas for this group.

Historically, some regions of New Zealand
have been reported to have incidence figures
as high as 77.7 per 100,000 person years; the
results of this study again confirm wide variation
in IM incidence between regions.? Similar to
2000-2004, Taranaki DHB recorded the highest
incidence (77.5 per 100,000 person-years), with
Bay of Plenty (66.1 per 100,000 person-years)
and Nelson Marlborough (61.6 per 100,000
person-years) second and third respectively. The
differences in incidence between DHBs cannot be
completely explained by sunshine hours, as some
high sunshine areas such as Hawke’s Bay had a low
incidence of IM (41.7 per 100,000 person-years),
and other DHBs that traditionally have fewer
sunshine hours, such as Southern DHB, had a
higher incidence (46.1 per 100,000 person-years).
The underlying reason is likely to be multifactorial
with contributions from confounding factors such
as population ethnic composition, health literacy and
ease of access to healthcare. The lowest incidence of
IM was recorded in Counties Manukau DHB (32.1
per 100,000 person-years), likely due to the ethnic
composition of the DHB catchment area.

We saw a low incidence of MIS in South
Canterbury DHB (44.6 per 100,000 person-years),
despite this region not having a similarly low
figure for IM (56.8 per 100,000 person-years).
Given that the results are derived from NZCR data,
we consider this outlier recording to be likely due
to incomplete reporting of MIS to the NZCR in this
region. Alternatively, later diagnosis or lack of

40

access to medical assessment may account for this.

Limitations

The ethnic composition of New Zealand has
changed over time, with a relative increase in the
proportion of the Asian population.'*'? This may
influence the incidence calculations by introduction
of a larger proportion of the population that has a
documented lower incidence rate and subsequent
dilution of the at-risk group within the overall
population. Further investigation on the specific
incidence for each ethnicity is required. Further-
more, the COVID-19 pandemic spanned across
the final 3 years of the study (2000-2022), which
may have resulted in delayed presentations due
to the hesitancy of patients to access healthcare
during this period; to note, there was not an
observed significant reduction in number of cases
between 2000 and 2022. The authors’ decision to
limit registration to one per person avoids the
risk of over-estimation due to cases of metastatic
melanoma and recording residual melanoma at
the primary site as a new melanoma; however,
it also under-appreciates the burden of disease
of patients in whom multiple primary melanoma
develop during the study period. Unfortunately,
the NZCR is limited in its ability to allow for
specific data extraction to include the latter cases
and this should be taken into account during the
interpretation of the results of this study. The
US2000 standard population was selected for
statistical analysis purposes due to its similarity
to New Zealand in being a developed nation
and with the specific age population weightings;
however, the authors acknowledge the differ-
ences in ethnic composition between these two
populations, notably the lack of representation of
the Indigenous Maori and Pacific populations.

Conclusion

The incidence of IM in New Zealand appears
to have plateaued in the last decade and was
associated with an increase in MIS incidence
over the same period. We believe this is due to
the maturity of prevention campaigns, increasing
public awareness and increased GP and specialist
use of dermatoscopy. While this trend is encour-
aging, further research is required to investigate
whether there is a decline in IM incidence going
forwards. The impact of changing incidence on
melanoma-specific mortality and the influence of
ethnicity are areas for future investigation.
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