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Disparities in diagnosis of advanced melanoma: a population-
based cohort study

Meaghan E. Mavor BSc, Harriet Richardson PhD, Qun Miao PhD, Yuka Asai MD PhD,
Timothy P. Hanna MD PhD

Background: International studies have observed inequities in stage at diagnosis of melanoma. As this has not been sufficiently
studied in Canada, the purpose of this study was to investigate whether there are disparities in the diagnosis of advanced-thickness
melanoma in the province of Ontario.

Methods: In this retrospective population-based cohort study, we obtained, abstracted and linked pathology reports for a 65% ran-
dom sample of all cases of invasive cutaneous melanoma in Ontario from 2007 to 2012 in the Ontario Cancer Registry. Cases with-
out pathology reports or with unreported thickness were excluded from the primary analysis. Associations between advanced mela-
noma (thickness > 2.0 mm) and patient, health-system and tumour factors were described and analyzed using multivariable modified
Poisson regression.

Results: In total, 8042 patients had histologically confirmed melanoma and thickness information. Of these, 46.7% (n = 3755) were
female, the median age at diagnosis was 62 years and 25.7% (n = 2069) had advanced melanoma. In multivariate analyses,
advanced age (relative risk [RR] 1.53; 95% confidence interval [CI] 1.37—-1.72), male sex (RR 1.12, 95% CI 1.05-1.20), lowest socio-
economic status quintile (RR 1.24; 95% CI 1.12—1.38) and health region (RR range 0.92—-1.34, p = 0.005 for variable) were signifi-
cantly associated with advanced melanoma. Presence of ulceration significantly modified many of these associations.

Interpretation: Disparate rates of advanced melanoma according to patient and health system factors suggest there may be inequi-
table access to timely diagnosis of melanoma in Ontario. This highlights a potential opportunity for system improvement to ensure
timely and equitable access to melanoma care.

anadian studies investigating disparities in mela-
noma thickness at diagnosis have rarely been per-

formed because of the challenges in collecting
melanoma stage information at the population level. Stud-
ies conducted in other jurisdictions have found disparate
rates of advanced melanoma according to race/ethnicity,'”
socioeconomic status (SES),*¢ age,”1* sex,”!? anatomic
site,!"!? histological subtype!*!* and area of residence." As
many studies were conducted in a setting without publicly
funded universal health care (i.e., the United States), their
results may not be generalizable to populations where uni-
versal health care exists.

We set out to evaluate patient and health-system fac-
tors that are independently associated with advanced
melanoma diagnosed in the Canadian province of Ontario.
We will also describe the impact of ulceration on identi-
fied relationships, hypothesizing that this feature would
influence the ease of early detection of melanoma in our
cohort.
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Study design
This was a retrospective population-based cohort study. The
cohort was selected to provide a representative picture of dis-
parities in the diagnosis of advanced cutaneous melanoma
across Ontario.

Study population
The study was conducted using a 65% random sample of all
invasive melanoma cases diagnosed in Ontario between Jan. 1,
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2007, and Dec. 31, 2012, in the Ontario Cancer Registry
(OCR). The OCR is administered by Cancer Care Ontario,
the provincial cancer agency associated with Ontario’s single-
payer universal health system. The random sample was a con-
venience sample based on power requirements for the parent
study investigating melanoma treatment outcomes according
to stage. Patients whose first melanoma diagnosis was purely
in situ on all specimens were excluded, because of the possibil-
ity of greater screening in these individuals and the fact that
pure in situ data in the OCR are probably incomplete.
Patients determined to be from out of province and those
without a pathology report from Cancer Care Ontario were
excluded. Details of the earliest melanoma were used when
multiple primaries were reported. Patients younger than 20
years of age were also excluded.

Data sources

Ontario Cancer Registry and pathology reports

Data from Cancer Care Ontario’s population-based OCR
were used to identify cases of melanoma. This registry is
known for its very high level of accuracy and completeness
levels of 95% overall.’* Data contained in the OCR include
patient demographic characteristics and stage information on
a subset of patients seen in cancer centres and at other
selected health care sites.

Available pathology reports for all patients were provided
by Cancer Care Ontario, abstracted according to a standard-
ized algorithm and deterministically linked to each patient’s
OCR record according to their group identification. Reliabil-
ity testing indicated 97% complete agreement between all 3
abstractors (S.P., T.D. and S.R.) and a clinician (T.H.) experi-
enced in melanoma for primary variables, including stage-
defining items. Data on distant metastasis, which comprise the
M-category, were supplemented by information on stage pro-
vided by regional cancer centres.

Classification of independent variables

Patient factors

Patient characteristics included age at diagnosis, sex and SES.
Age and sex were ascertained from the OCR. SES was
assigned using the Ontario Marginalization Index (ON-
Marg). The ON-Marg is the Ontario version of the Canadian
Marginalization Index, an area-based socioeconomic measure
developed to explore differences in marginalization between
areas of Ontario.”” ON-Marg has previously been associated
with health outcomes.”?” The material deprivation dimen-
sion of the ON-Marg was used, incorporating such indicators
as education, government subsidies and income.

Disease factors

Disease characteristics include histological subtype, ana-
tomic location of the primary melanoma and ulceration sta-
tus. Histological subtype and anatomic location were avail-
able in the OCR. Presence of ulceration was available from
pathology abstraction. The presence of ulceration was used
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as a factor hypothesized to influence the ease of early detec-
tion of melanoma, affecting the strength of association
between factors of interest and thickness of melanoma. This
variable was thus tested for effect modification. When thick-
ness was available but ulceration status was missing, ulcer-
ation was assigned as “absent.”

Health-system factors
Health region and rurality were investigated. Ontario is sub-
divided into 14 health care regions called local health integra-
tion networks (LHING), each responsible for funding, coordi-
nating and providing health care services for their region.
Rurality was measured via the Rurality Index of Ontario.
"This index is a measure of the relative rurality of Ontario cen-
sus subdivisions and measures geographic factors related to
access to health services using a weighted formula that consid-
ers population size and density, travel time to the nearest basic
referral centre and travel time to the nearest advanced referral
centre.”’?! The Rurality Index of Ontario is based on a 0-100
scale, with higher scores indicating a greater degree of rurality.

Classification of dependent variable

The primary analyses were conducted with advanced mela-
noma defined as a Breslow thickness > 2.0 mm. Thickness was
chosen given its strong independent prognostic value for
overall survival and its relevance to most cases of melanoma
diagnosed at the population level; advanced thickness is the
most common reason for advanced stage, defined as American
Joint Committee on Cancer (AJCC) stage II-IV. Unlike other
stage-related variables (e.g., N- and M-category), thickness is
available in pathology reports systematically collected by the
OCR for the vast majority of patients.

Secondary analyses were conducted defining advanced
melanoma as an AJCC 7th edition stage II and above. By defi-
nition, all melanomas > 2.0 mm are stage II or above. Data
abstracted from pathology reports were used to derive AJCC
stage. When elements of the AJCC stage were missing, mini-
mum stage was assigned.

Statistical analyses

All statistical analyses were conducted using SAS version 9.4
(SAS Institute Inc., Cary, NC). Univariate associations were
assessed with y? statistics. All variables independently associ-
ated with advanced melanoma, with p < 0.20, were added into a
mutually adjusted multivariable modified Poisson model with a
robust error variance; variables remained in the model with p <
0.20. Effect modification was assessed by including interaction
terms with ulceration status and each of the variables and
assessing their significance. Sensitivity analyses were con-
ducted to assess our assumptions regarding missing data. The
Kaplan—Meier product-limit method was used to characterize
survival stratified by the presence of advanced melanoma.

Ethics approval

This study was approved by the Queen’s University Health
Sciences and Affiliated Teaching Hospitals Research Ethics
Board (EPID-425-13).
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Study population

Our 65% random sample included 9687 patients with a diag-
nosis of cutaneous melanoma in the OCR between 2007 and
2012. Following exclusions, 8042 patients comprised our
thickness-based study cohort (Figure 1).

Table 1 presents cohort characteristics overall and strati-
fied by ulceration. Table 2 presents the percentages of
patients with each characteristic (patient, disease and health-
system factors) who had advanced melanoma. There were sig-
nificant differences for all variables (p < 0.001). Older patients,
male patients and those living in the most deprived SES quin-
tile were more likely to have advanced melanoma. Patients
with nodular melanomas or with ulceration were also more
likely to have advanced melanoma. Those with melanomas
diagnosed on the head or neck and unspecified areas were
more likely to have advanced disease.

Effect modification

Interaction terms for the presence of ulceration were statisti-
cally significant (p < 0.05) for age, SES and histology, and
body site approached significance (p = 0.05). For this reason,
we performed analyses stratified by ulceration (Table 2 and
Table 3). Similar significance of interactions was observed
using the advanced AJCC stage definition (Appendix 1, avail-
able at www.cmajopen.ca/content/6/4/E502/suppl/DC1).

Relative risk of advanced melanoma
Results for the univariate and multivariate modified Poisson
regression are presented in Table 3. Univariate analyses

revealed significant associations between all variables and
advanced melanoma (p < 0.05). Notably, in bivariate analysis,
associations between rurality and the variables for SES and
LHIN were observed. When all variables were included in
the modified Poisson model, rurality lost significance (p = 0.6),
and it was removed from the final model.

After controlling for all variables in the final model, men
had a 12% greater risk of being diagnosed with advanced
melanoma than women (relative risk [RR] 1.12; 95% confi-
dence interval [CI] 1.05-1.20). Risk of advanced melanoma
also increased with age. For example, those between the ages
of 76 and 85 years had a 27% greater risk than those aged 56
to 65 years (RR 1.27; 95% CI 1.16-1.40). In addition,
patients living in neighbourhoods in the most deprived SES
quintile had a 24% greater risk of advanced melanoma than
those in the least deprived SES quintile (RR 1.24; 95% CI
1.12-1.38). There was also variation between the LHINS,
with the RRs of individual LHINSs ranging from 0.92 to 1.34
(p = 0.005). When stratified by ulceration status, disparities
were greatest for non-ulcerated cases, and they were attenu-
ated for many of the estimated RRs for ulcerated cases (Table
3); however, many remained significant. Similar, albeit
attenuated, findings were observed using our definition of
advanced melanoma based on AJCC stage when stratified by
ulceration (Appendix 1).

Survival analyses
Five-year overall survival was 81% for our entire cohort. Sur-
vival of patients with advanced melanoma was 55.9%, com-
pared with 89.7% for patients with non-advanced melanoma
(p <0.001; Figure 2).

65% random sample of all cutaneous

melanoma diagnoses made in Ontario

between 2007 and 2012 from the OCR
n = 9687

Target population of 8958 patients

A
Final sample of 8042 patients

Excluded:

Not melanoma n =53

Out of province n =248

First diagnosis in situ n =393

< 20 years of age, or date of death was
before date of diagnosis n = 35

Excluded:
¢ No pathology record from CCO n = 350
* Unreported thickness n = 566

Figure 1: Flow diagram for selection of thickness-based study cohort. Note: CCO = Cancer Care Ontario,

OCR = Ontario Cancer Registry.
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Table 1 (part 1 of 2): Characteristics of the overall cohort with thickness information, and
stratified by ulceration status

Overall Ulceration absent Ulceration present
Characteristic n = 8042 n = 6581 n=1461
Patient factors
Sex, %

Male 53.3 51.1 63.1
Female 46.7 48.9 36.9
Median age, yr (mean) 62 (61.52) 61 (60.28) 69 (67.09)

Age group, %
20-45yr 172 18.7 10.2
46-55 yr 18.5 19.5 13.6
56-65 yr 214 22.0 18.6
66-75 yr 20.1 19.7 21.9
76-85 yr 175 15.9 24.9
>85yr 54 4.2 10.8

Material deprivation, %
Least deprived 271 278 24.0
Quintile 2 23.8 23.6 24.9
Quintile 3 19.5 19.2 20.8
Quintile 4 14.2 13.8 16.0
Most deprived 9.0 8.4 11.8
Data missing 6.3 72 25

Health-system factors

LHIN, %
LHIN A 8.3 8.6 70
LHIN B 77 8.1 5.8
LHIN C 9.3 9.5 8.7
LHIN D 4.9 4.7 6.1
LHIN E 10.6 11.0 8.9
LHIN F 6.6 6.7 6.3
LHIN G 5.8 5.8 6.0
LHIN H 12.2 121 12.6
LHIN | 6.5 6.3 74
LHIN J 13 * *
LHIN K 3.3 3.3 3.4
LHIN L 13.3 12.6 16.2
LHIN M 5.7 5.6 5.8
LHIN N 4.4 * *

Median ruralityt (mean) 5.0 (13.49) 5.0 (13.48) 5.0 (13.52)
Rural (= 40), % 10.2 10.0 10.6
Non-major urban (9.01-39), % 26.2 26.3 26.2
Major urban (0-9), % 574 56.6 60.9
Data missing, % 6.3 71 2.4
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Table 1 (part 2 of 2): Characteristics of the overall cohort with thickness information, and
stratified by ulceration status
Overall Ulceration absent Ulceration present
Characteristic n = 8042 n = 6581 n = 1461
Disease factors
Median Breslow thickness 0.87 (2.02) 0.70 (1.28) 3.86 (5.34)
(mean), mm
T1 (< 1.0), % 55.7 66.8 6.0
T2(>1,<2.0),% 18.6 19.1 16.0
T3 (>2.0,<4.0), % 13.1 9.0 31.3
T4 (> 4.0), % 12.7 5.1 46.8
Histological subtype, %
Superficial spreading 411 45.0 23.7
Lentigo maligna 8.1 9.3 2.7
Acral lentiginous 1.6 1.1 3.9
Nodular 13.2 7.3 39.8
NOS 31.8 33.7 23.4
Other 4.1 3.6 6.4
Body site, %
Extremities 46.2 46.5 45.0
Face 12.4 12.6 1.7
Head and neck 5.7 5.3 77
Trunk 32.2 32.5 31.1
Unspecified 3.5 3.2 4.5
Presence of ulceration, %
Present 18.2 - -
Absent 81.8 - -
Lymph node involvement, %
Present 10.0 5.8 28.8
Absent 90.0 94.2 71.2
Distant metastases, %
Present 1.2 0.8 3.2
Absent 98.8 99.2 96.9
Note: LHIN = local health integration network; NOS = not otherwise specified.
*Censored because of small cell counts.
tRurality was measured using the Rurality Index of Ontario.

Sensitivity analyses
Several sensitivity analyses were conducted to ensure the
robustness of the assumptions made for missing data. For cases
with thickness data but missing ulceration data, there was a
negligible difference in RRs in models with unreported ulcer-
ation set as “missing,” where unreported ulceration cases were
excluded, and where unreported ulceration was set to “absent.”
It was hypothesized that patients with no pathology
report more often had an advanced-stage cancer and were
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too ill for further testing. Indeed, those with no pathology
reports had lower survival, had a higher proportion of
melanoma not otherwise specified (NOS) in the OCR and
were more likely to have an “unspecified” location of the
primary melanoma than those who had a pathology report
(data not shown). In a model assuming patients without
pathology reports had an advanced-stage melanoma, there
were negligible differences in RRs compared with the
baseline model.
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Table 2 (part 1 of 2): Presence of advanced melanoma (> 2.0 mm thickness) according to study factors, for the
overall cohort and stratified by ulceration status

Presence of advanced melanoma
(> 2.0 mm thickness)*

Ulceration Ulceration
Overall absent present
Characteristic (n =8042) (n =6581) (n=1461) p valuet

No. of patients with advanced melanoma (%) 2069 (25.7) 929 (14.1) 1140 (78.0)
Patient factors

Sex, % Overall: p < 0.001
Male 29.6 15.8 79.7 Abs v. pres: p < 0.001
Female 214 12.3 75.1

Age Overall: p < 0.001
Median age, yr (mean)t 69 (67.16) 67 (65.9) 71 (68.2) Abs v. pres: p < 0.001

Age group. %

20-45 yr 15.0 8.2 711
46-55 yr 19.4 11.0 73.9
56-65 yr 22.4 13.1 72.3
66-75 yr 270 14.9 75.9
76-85 yr 371 20.9 83.5
>85yr 53.2 315 91.1
Material deprivation, % Overall: p < 0.001
Least deprived 229 12.8 75.2 Abs v. pres: p < 0.001
Quintile 2 25.3 12.9 78.5
Quintile 3 28.3 16.2 78.3
Quintile 4 30.0 17.8 774
Most deprived 35.1 19.8 83.8
Data missing 8.8 3.8 75.0
Health-system factors
LHIN, % Overall: p < 0.001
LHIN A 213 1.3 775 Abs v. pres: p < 0.001
LHIN B 22.7 13.5 80.0
LHIN C 23.4 13.5 72.4
LHIN D 23.9 9.1 75.3
LHIN E 24.3 14.2 80.8
LHIN F 247 13.8 772
LHIN G 25.4 15.2 70.1
LHIN H 25.5 12.8 80.4
LHIN | 26.8 13.6 76.9
LHIN J 26.9 § §
LHIN K 271 15.7 76.0
LHIN L 29.2 15.1 78.5
LHIN M 31.2 19.4 83.3
LHIN N 317 § §
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Table 2 (part 2 of 2): Presence of advanced melanoma (> 2.0 mm thickness) according to study factors, for the
overall cohort and stratified by ulceration status
Presence of advanced melanoma
(> 2.0 mm thickness)*
Ulceration Ulceration
Overall absent present

Characteristic (n =8042) (n =6581) (n=1461) p valuet

Health-system factors cont’d

Rurality Overall: p < 0.001
Median rurality (mean)f 5.0 (13.4) 5.0 (13.3) 5.0 (13.5) Abs v. pres: p < 0.001

Rural (= 40), % 278 16.0 78.1
Non-major urban (9.01-39), % 25.7 14.5 76.7
Major urban (0-9), % 272 14.9 78.6
Data missing, % 9.2 41 771

Disease factors

Histological subtype, % Overall: p < 0.001
Superficial spreading 13.6 8.0 61.9 Abs v. pres: p < 0.001
Lentigo maligna 9.3 6.5 52.5
Acral lentiginous 512 23.0 87.7
Nodular 77.9 63.0 90.2
NOS 18.9 10.6 72.8
Other 54.7 42.3 86.2

Body site, % Overall: p < 0.001
Extremities 24.6 13.2 777 Abs v. pres: p < 0.001
Face 25.5 15.4 74.3
Head and neck 38.9 24.0 84.8
Trunk 24.2 12.8 80.3
Unspecified 33.8 19.3 78.0

Presence of ulceration, % Overall: p < 0.001
Present 78.0 - - -

Absent 141 - - -

Lymph node involvement, % Overall: p < 0.001
Present 73.4 54.5 90.5 Abs v. pres: p < 0.001
Absent 20.4 1.6 73.0

Distant metastases, % Overall: p < 0.001
Present 615 38.0 87.0 Abs v. pres: p < 0.001
Absent 25.3 13.9 777

Note: Abs = absent, LHIN = local health integration network; pres = present.

*Percentages are calculated as 100% minus the percentage of patients with the same characteristic who had non-advanced melanoma.

1p values based on y? test.

1Values shown for median and mean are for the subset with advanced melanoma.

§Censored because of small cell counts.

In this contemporary Canadian melanoma cohort from
Ontario, we discovered substantial differences in risk of
advanced melanoma for patients living in more deprived
regions of the province and for patients living within certain
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health regions (LHINSs). There was also a greater risk of
advanced melanoma for men and for older patients. These
findings are important given the large differences in survival
observed for patients with advanced melanoma in our cohort.
The disparities were greatest when ulceration was absent,
which may hold relevance for the development and evaluation
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Table 3 (part 1 of 2): Relative risk of advanced melanoma from modified Poisson regression, including results stratified
by ulceration status

Stratified adjusted model
Unstratified

unadjusted model

Unstratified adjusted
model*

Ulceration absentt Ulceration presentt

RR: No interactions

Variable

RR (95% Cl)
n = 8042

(95% Cl)
n = 8042

RR (95% Cl)
n = 6581

RR (95% Cl)
n = 1461

Patient factors

Sex
Male 1.38 (1.28-1.49) 1.12 (1.05-1.20) 1.14 (1.01-1.27) 1.08 (1.02-1.14)
Female 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Aget
20-45 yr 0.67 (0.57-0.78) 0.83 (0.73-0.94) 0.75 (0.61-0.93) 1.01 (0.90-1.14)
46-55 yr 0.87 (0.76-0.99) 0.97 (0.87-1.09) 0.92 (0.77-1.12) 1.04 (0.94-1.16)
56—-65 yr 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
66-75 yr 1.20 (1.07-1.36) 1.13 (1.03-1.25) 1.13 (0.95-1.34) 1.08 (0.98-1.18)
76-85 yr 1.66 (1.48-1.85) 1.27 (1.16-1.40) 1.40 (1.19-1.64) 1.15 (1.05-1.25)
> 85 yr 2.38 (2.10-2.69) 1.53 (1.37-1.72) 2.04 (1.68-2.49) 1.26 (1.16-1.37)

Deprivationt
Least deprived

1.00 (ref)

1.00 (ref)

1.00 (ref)

1.00 (ref)

Quintile 2 1.11 (0.99-1.23) 1.05 (0.96-1.15) 0.99 (0.85-1.16) 1.05 (0.97-1.13)
Quintile 3 1.24 (1.11-1.38) 1.12 (1.02-1.23) 1.24 (1.05-1.46) 1.03 (0.95-1.12)
Quintile 4 1.31 (1.17-1.48) 1.14 (1.03-1.26) 1.19 (1.00-1.41) 1.01 (0.91-1.10)
Most deprived 1.53 (1.35-1.74) 1.24 (1.12-1.38) 1.31 (1.08-1.58) 1.10 (1.01-1.20)
Missing 0.39 (0.29-0.52) 0.56 (0.44-0.71) 0.40 (0.26-0.63) 1.01 (0.83-1.22)

Health-system factors
LHIN

LHIN A 0.73 (0.62-0.87) 1.04 (0.90-1.19) 0.88 (0.69-1.14) 1.06 (0.94-1.19)
LHIN B 0.78 (0.65-0.92) 1.08 (0.94-1.25) 1.04 (0.82-1.33) 1.06 (0.94-1.19)
LHIN C 0.80 (0.68-0.94) 1.09 (0.95-1.24) 0.99 (0.79-1.25) 0.99 (0.88-1.12)
LHIN D 0.82 (0.67-1.00) 1.00 (0.86-1.18) 0.76 (0.53-1.09) 1.06 (0.93-1.21)
LHIN E 0.83 (0.72-0.97) 1.10 (0.97-1.24) 0.99 (0.79-1.24) 1.08 (0.98-1.20)
LHIN F 0.85 (0.71-1.01) 1.09 (0.94-1.26) 0.98 (0.76-1.27) 1.06 (0.94-1.20)
LHIN G 0.87 (0.73-1.04) 0.92 (0.79-1.07) 0.83 (0.65-1.06) 0.90 (0.78-1.03)
LHIN H 0.87 (0.76—1.01) 1.05 (0.93-1.18) 0.95 (0.76-1.18) 1.06 (0.96-1.17)
LHIN | 0.92 (0.77-1.09) 1.04 (0.91-1.19) 0.97 (0.75-1.27) 1.04 (0.93-1.16)
LHIN J 0.92 (0.66-1.28) 1.20 (0.91-1.58) 1.15 (0.70-1.90) 1.07 (0.86-1.33)
LHIN K 0.93 (0.75-1.15) 1.15 (0.96-1.38) 1.02 (0.77-1.36) 1.04 (0.88-1.23)
LHIN L 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
LHIN M 1.07 (0.91-1.26) 1.34 (1.16-1.54) 1.33 (1.04-1.70) 1.15 (1.03-1.29)
LHIN N 1.09 (0.91-1.30) 1.27 (1.09-1.47) 1.25 (0.95-1.64) 1.13 (1.01-1.26)
Rurality§
Major urban 1.00 (ref) - - -

Non-major urban
Rural

Missing data

0.95 (0.87-1.03)
1.02 (0.91-1.16)
0.34 (0.25-0.45)

CMAJ OPEN, 6(4)
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by ulceration status

Table 3 (part 2 of 2): Relative risk of advanced melanoma from modified Poisson regression, including results stratified

Unstratified
unadjusted model

Stratified adjusted model
Unstratified adjusted

model* Ulceration absentt Ulceration presentt

RR: No interactions

Lentigo maligna

Head and neck

0.69 (0.53-0.88)

Nodular 5.72 (5.22-6.27)

NOS 1.39 (1.23-1.56)

Other 4.01 (3.52-4.57)
Body sitet

Extremities 1.00 (ref)

158 (1.39-1.79)

Face 1.03 (0.92-1.17)

Trunk 0.98 (0.90-1.07)

Unspecified 1.37 (1.15-1.63)
Ulceration

Present 5.53 (5.18-5.90)

Absent 1.00 (ref)

0.67 (0.52-0.85)
2.84 (2.57-3.15)
1.29 (1.16-1.44)
2.79 (2.45-3.18)

1.00 (ref)
1.17 (1.05-1.30)
0.97 (0.87-1.08)
0.97 (0.90-1.05)
1.22 (1.05-1.42)

3.22 (2.97-3.49)
1.00 (ref)

0.63 (0.45-0.87)
6.60 (5.71-7.64)
1.33 (1.12-1.58)
4.82 (3.97-5.87)

1.00 (ref)
1.36 (1.13-1.63)
1.05 (0.88-1.26)
0.96 (0.84-1.10)
1.29 (1.01-1.66)

RR (95% Cl) (95% Cl) RR (95% Cl) RR (95% Cl)
Variable n = 8042 n = 8042 n = 6581 n = 1461
Disease factors
Histologyt
Superficial 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Acral 3.76 (3.11-4.53) 2.15 (1.83-2.52) 2.52 (1.62-3.92) 1.40 (1.23-1.59)

0.86 (0.63—1.18)
1.45 (1.33-1.59)
1.16 (1.04—1.29)
1.36 (1.21-1.52)

1.00 (ref)
1.05 (0.96—1.14)
0.92 (0.83-1.01)
1.00 (0.93-1.06)
1.08 (0.95-1.23)

*Controlled for sex, age, deprivation, LHIN, histology, site and ulceration.
tControlled for sex, age, deprivation, LHIN, histology and site.

tVariable that had a significant interaction with ulceration.

§Rurality was not included in the adjusted model.

Note: Cl = confidence interval, LHIN = local health integration network, NOS = not otherwise specified, ref = reference, RR = relative risk.

of early detection strategies for melanoma. These associations
suggest that there may be inequitable access to timely diagno-
sis of cutaneous melanoma in Ontario, requiring further
investigation and action.

There are important strengths to our study. Our cases of
melanoma came from the OCR, which is population based.
"This provincial database is known for its level of population
coverage, and a contemporary study suggests capture rates of
95.7% or more for melanoma in 2007-2009 even for com-
munity laboratory pathology reports.'®*> This coverage was
important as melanoma can be diagnosed and treated in a
variety of health care settings. As pathology reports for all
cancer diagnoses are archived by the OCR, we could under-
take primary data collection on pathologic stage information.
This improved the generalizability of our findings to the
population of Ontario and allowed us to characterize and
measure the burden of advanced melanoma in Ontario using
a population-based sample.

We found disparate rates of advanced melanoma accord-
ing to sex, age, SES, LHIN, histology, ulceration and ana-
tomic location. Our results suggest that each of these vari-
ables is independently associated with advanced melanoma
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in Ontario. Our stratified analyses suggest that larger dispar-
ities exist when ulceration is absent. To explain this finding,
we hypothesize that disparities may be more pronounced
when melanoma is asymptomatic (e.g., some non-ulcerated
melanomas) or there is disparate awareness of certain warn-
ing signs between groups (e.g., the ABCDEs of melanoma:
asymmetry, border, colour, diameter and evolution). The
melanoma ABCDEs are perhaps the warning signs best
known to the public, and together they are particularly rele-
vant to superficial spreading melanoma; thick melanomas are
more likely to be nodular, ulcerated, fast growing and
non-pigmented.

Advanced age was associated with advanced melanoma. The
reason is probably multifactorial. It may be that when mela-
noma is more difficult to detect, a situation captured indirectly
in our study by lack of ulceration, older individuals are even less
likely to self-detect a melanoma in its early stages or promptly
seek medical attention than younger individuals. Other health
issues and symptoms may be considered more pressing. It may
also be that disparities in awareness of the early warning signs
of melanoma exist by age and that this has a stronger influence
on the detection of non-ulcerated melanomas.
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Figure 2: Overall survival stratified by presence of advanced melanoma (> 2.0 mm thick). Five-year survival is 90% for
patients with non-advanced melanoma and 56% for patients with advanced melanoma.

After adjustment for other factors, men were still at a greater
risk of being diagnosed with advanced melanoma than women
(RR 1.125 95% CI 1.05-1.20). There may be differences in
health-seeking behaviour between the sexes or differences in
tumour-related factors other than ulceration. In keeping with
known epidemiology, men were more likely than women to be
diagnosed with a trunk melanoma; trunk lesions on men most
often occur on the back, impeding self-detection.??

We found variation in the risk of advanced melanoma
according to an area-level measure of SES. Those in the
lowest SES quintile (the most deprived) had a 24%
increased risk of being diagnosed with advanced melanoma
(RR 1.24; 95% CI 1.12-1.38). The relative risk of
advanced melanoma was greater in this group when ulcer-
ation was absent. It may be that those living in more
deprived neighbourhoods are less likely to appreciate the
seriousness of their lesion until it displays more advanced
features such as ulceration, or they may be unable to advo-
cate for themselves when they suspect an unusual lesion.?*
Moreover, there may be issues regarding access to care for
those of lower SES. For instance, those of lower SES may
be unable to afford travel to a specialist, particularly if they
live outside of a major urban centre where specialists are
concentrated. Notably, the number of dermatologists per
100 000 population is greatest in the Toronto Central,
Central and Champlain LHINs, with a substantially lower
supply of these specialists in all other LHINs.?

Finally, we observed variations in advanced melanoma
diagnoses across health regions in Ontario, even after adjust-
ing for other factors such as SES and age. Although the pro-
portion of melanoma diagnoses closely followed the propor-
tion of the population living in the health care region (data
not shown), there was variation in the proportion of advanced
melanoma diagnoses across the LHINS, ranging from 21% to
32% (p = 0.0009 across the LHINs). There may be system-
level differences in access to care and/or quality of care. There
is a need for research elucidating details of the diagnostic
pathways and access to specialist care for patients in different
LHINSs. Variation in access to dermatologists and other skin
care specialists across the LHINS is one hypothesis.

Limitations

There are several limitations to this study. There is a risk of
misclassification of stage and pathologic prognostic factors. To
mitigate this risk, thickness and stage data were collected
directly from pathology reports using a standardized algo-
rithm. We used ecologic measures of SES. Household and
individual-level SES variables such as income can vary substan-
tially within regions. This is a recognized limitation of any
study using measures based on postal codes and is acknowl-
edged. The lack of significance of rurality in our final model
may have related to correlation with SES and LHIN. We did
not investigate pure in situ disease as complete population data
were unavailable. There were missing thickness data; however,
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our sensitivity analyses revealed that our assumptions were
robust. A stage-based analysis was also undertaken. With some
evidence of missingness not at random and limited missing
data, multiple imputation was not employed. Finally, there is
the possibility of residual confounding. For example, the pres-
ence of comorbidities has the potential to influence the associ-
ation between several of our variables and advanced mela-
noma; however, comorbidity is correlated with age, sex and
SES, which we controlled for in our analysis.**

Conclusion

This was a contemporary study of melanoma in a universal
health care setting, adding to the limited population-level
literature on the diagnosis of advanced melanoma in Canada.
We discovered clinically relevant differences in the risk of
advanced melanoma according to SES and health region
(LHIN). There was also more advanced melanoma diagnosed
in men and older individuals, which may relate in part to inegq-
uitable access to care, even within a universal health care set-
ting. As expected, survival was substantially worse for patients
with advanced melanoma in our cohort. Disparities were
greater when ulceration was absent; this holds relevance for the
development and evaluation of system-level interventions for
early detection. Future research is required to delve into the rea-
sons why these disparities in advanced melanoma diagnosis exist,
to help improve early detection and potentially increase survival.
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