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ABSTRACT
Objective To characterise diagnostic pathways for 
patients with melanoma in routine practice and compare 
patient, disease and diagnostic interval (DI) characteristics 
across pathways.
Design Descriptive cross- sectional study using 
administrative health data.
Setting Population- based study in Ontario, Canada.
Participants Patients with melanoma diagnosed from 
2007 to 2019.
Main outcome measures We used latent class cluster 
analysis to create clusters of patients with similar 
diagnostic experiences to characterise diagnostic 
pathways in routine practice. Indicator variables 
characterised the patient’s keratinocyte carcinoma and 
dermatologist history, presentation pattern, procedure 
types, number of visits and procedures, and the activity on 
the diagnosis date. χ2 tests and Pearson residuals were 
used. We characterised clusters by the lengths of their DI, 
primary care subinterval and specialist care subinterval.
Results There were 33 371 patients diagnosed with 
melanoma from 2007 to 2019. We identified four 
diagnostic pathways: ‘primary care only’ (n=6107), 
‘referred to specialist with immediate action’ (n=8987), 
‘multiple visits and procedures in specialist care’ 
(n=11 893) and ‘specialist care only’ (n=6384). Patient, 
disease and DI characteristics varied across pathways. 
Pathway types varied regionally. A higher proportion in the 
‘primary care only’ pathway lived in rural areas whereas 
a higher proportion in the ‘referred to specialist for 
immediate action’ and the ‘specialist care only’ pathways 
lived in major urban centres. Across pathways, the median 
DI varied from 1 to 67 days, the median primary care 
subinterval varied from 1 to 30 days and the median 
specialist care subinterval varied from 1 to 25 days. 
Patients in the ‘primary care only’ pathway experienced 
the shortest DIs, and patients in the ‘multiple visits and 
procedures in specialist care’ pathway experienced the 
longest DIs.
Conclusions and relevance We identified four melanoma 
diagnostic pathways. The shortest DI, the ‘primary care 
only’ pathway, highlights the important role of primary care 
and the need to reduce the wait for specialists. Diagnostic 

processes varied across geographical locations. Future 
research should address reasons for these differences, 
including whether they are associated with inefficient or 
inappropriate care.

INTRODUCTION
Protracted and inefficient diagnostic path-
ways are associated with increased patient 
anxiety,1–3 and they likely consume unneces-
sary healthcare resources.4 Evidence is mixed 
on whether protracted pathways are associated 
with melanoma stage progression.5–9 Admin-
istrative health data allow us to characterise 
system- related diagnostic intervals (DIs), 
which is the time and activity from patient 
presentation to a physician to the melanoma 
diagnosis.10 This phase is important to study 
to potentially identify modifiable system 
factors for quality improvement. Few studies 
have examined the melanoma diagnostic 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ There are very few population- based studies exam-
ining the various diagnostic pathways that patients 
with melanoma undergo and the factors that affect 
them, such as patient, disease and system- level 
factors.

 ⇒ An empirical approach was used to identify the 
diagnostic pathways, allowing us to objectively ex-
amine the routes to diagnosis for all patients with 
melanoma in Ontario.

 ⇒ Using the administrative health data limited the 
ability to comprehensively describe the diagnostic 
pathways and fully understand why a patient may 
have undergone several investigations prior to their 
definitive diagnosis.

 ⇒ Misclassification of visits labelled melanoma- related 
is possible, although using control charts to assign 
look- back periods for encounter inclusion minimises 
this possibility.
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process, and they have been limited by their small sample 
size and use of selective samples.11 12 One exception 
is a population- based study by Baade and colleagues 
that described the diagnostic process in Queensland, 
Australia.13 They found that most patients first saw their 
primary care provider (PCP), though the diagnostic route 
varied by demographics and area of residence.13

Given the limited evidence on population- level char-
acteristics of melanoma diagnostic pathways required to 
inform quality improvement, and how patient, disease, and 
system characteristics vary across the different pathways, 
we set out to investigate melanoma diagnostic pathways 
in routine practice in a large population- based sample. 
We investigated and characterised melanoma diagnostic 
pathways in routine practice in a large population- based 
cohort in the Canadian province of Ontario, where there 
is near- complete population coverage of its health admin-
istrative data. This allows a comprehensive overview of 
routine patient management in Ontario, and our findings 
provide insights into potentially vulnerable subgroups 
and circumstances in other health systems.

METHODS
Study design
This was a descriptive population- based cross- sectional 
study that used linked health administrative databases held 
at ICES, formerly known as the Institute for Clinical Evalu-
ative Sciences. ICES is an independent, non- profit research 
institute whose legal status under Ontario’s health infor-
mation privacy law allows it to collect and analyse health-
care and demographic data, without consent, for health 
system evaluation and improvement. Ontario has a publicly 
funded universal health system that allows nearly all resi-
dents to access medically necessary hospital and physician 
services. This project was approved by the Health Sciences 
Research Ethics Board at Queen’s University. Participant 
consent was waived as the research falls under Article 5.5A 
of the Tri- Council Policy Statement 2 (TCPS 2). Patients 
were not involved in creating the research question or the 
outcome measures nor were they involved in the design 
and implementation of the study. Study results and impli-
cations were presented at meetings and conferences.

Study population
The study included individuals diagnosed with cutaneous 
melanoma in Ontario between 1 January 2007 and 31 
October 2019. Patients were excluded if they had less 
than 60 months of continuous Ontario Health Insurance 
Plan (OHIP) coverage preceding diagnosis and less than 
6 months of continuous OHIP coverage postdiagnosis, 
were missing age or sex data, were under 20 years of age, 
were non- Ontario residents, or had concurrent cancer. 
We further excluded those for whom we were unable to 
assign a DI.

Determination of diagnostic pathways
Determination of the DI and its subintervals
This study was part of a larger study that included the 
creation of a linked dataset containing the DI for patients 

with melanoma in Ontario.14 15 Determining the DI 
involved the use of OHIP physician claims data and Cana-
dian Institute for Health Information (CIHI) hospital and 
outpatient data. The DI spans from the first cancer- related 
encounter with the healthcare system (the index date) to 
the cancer diagnosis date.10 The method of identifying 
cancer- related healthcare encounters employed a control 
chart statistical methodology with category- specific look- 
back periods to maximise the identification of melanoma- 
specific encounters. Briefly, healthcare encounters were 
identified as melanoma- related if the frequency of occur-
rence increased in the 0–3 months prior to melanoma 
diagnosis compared with a 12–15 month background 
or control period. Control charts were used to identify 
the point in time prior to diagnosis when the weekly 
encounter rate exceeded the rate that would be expected 
based on the background rate of the encounter. This 
method has been described in more detail elsewhere.14–17 
There were 16 groupings of probable melanoma- related 
healthcare encounters, and all instances of these encoun-
ters were collected for all patients (although 16 categories 
were used to determine the start of the melanoma DI, 18 
categories were used to describe the activities occurring 
within the DI (online supplemental appendix A)). These 
encounters were used to characterise the DI.15 The first 
melanoma- related encounter was assigned as the index 
date.10

The primary care subinterval was defined as the time 
from the first visit with a non- melanoma- related specialist 
to either the first visit with a melanoma- related specialist 
or the diagnosis date, if no melanoma- related specialist 
was seen. The specialist care subinterval was the time 
from the first melanoma- related specialist visit to the diag-
nosis date (figure 1).

Determination of pathway variables
Pathway variables were derived from the encounters used 
to define the DI (see online supplemental appendix A 
for a list of categories). Pathway variables were guided 
by provincial melanoma pathway guidelines,18 19 expert 
clinical knowledge (TPH, YA, HL, NJLH, FCW), our 
previous work in colorectal cancer4 and data availability. 
Pathway variables included characteristics of the index 
visit of the subintervals, the number of visits and proce-
dures within the subintervals, the activity on the diagnosis 
date, and patient history, including history of keratino-
cyte carcinoma (KC) and history with a dermatologist 
(figure 1). See online supplemental appendix B for more 
information.

Patient and disease characteristics
All patient variables were assigned as of the patient’s 
index date. Age and sex were available from the Regis-
tered Persons Database. Comorbidity was assigned using 
the Johns Hopkins ACG System V.10.0.1 (build 879) 
Aggregated Diagnosis Groups.20 Socioeconomic status 
was assigned at the dissemination area level using the 
material deprivation index quintile from the Ontario 
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Marginalisation Index.21 22 Rurality was assigned at 
the census subdivision level using the rurality index of 
Ontario, a measure of relative rurality based on geograph-
ical factors related to access to health services.23 24 The 
history of KC in the 5 years prior to the index date was 
assigned based on an algorithm developed by Chan et 
al, which was shown to have 82.3% sensitivity and 92.9% 
specificity.25

Ontario Cancer Registry provided melanoma case infor-
mation, including histology, anatomical location, diagnosis 
date and stage; previously abstracted pathology reports for a 
subset of patients were also used to assign stage.

System characteristics
At the time of this study, Ontario was divided into 14 local 
health integration networks (LHINs), which were respon-
sible for funding, coordinating and providing healthcare 
services for their region. LHIN number was anonymised. 
‘Established with dermatology’ was defined as three or 
more dermatologist visits (OHIP) in the 5 years prior to 
the index contact date. Census data were used to calcu-
late dermatologist density per 100 000 population.

Statistical analyses
We used latent class cluster analysis (LCCA) of the 
pathway variables to identify clusters of patients with 
similar diagnostic experiences. These clusters are our 
diagnostic pathways. LCCA is a model- based clustering 
approach which identifies K unobserved latent classes 
based on response patterns of clustering variables.26 27 
Each patient is assigned a posterior probability of cluster 
membership based on the distribution of pathway vari-
ables and is assigned to the cluster with the maximum 
probability of membership.26 27

To determine the number of clusters, we examined 
2–11 cluster solutions to identify the optimal classifica-
tion scheme and plotted the resulting Bayesian Informa-
tion Criterion (BIC). The cluster number was chosen by 
considering the BIC value (smaller values are better), the 
relative change in BIC per additional cluster,28–30 as well 
as model usefulness.

We described the clusters according to the distribution of 
pathway variables and described demographic and disease 
characteristics, as well as the distribution of the DI and its 
subintervals. We evaluated the association between pathway, 
demographic, and disease variables and cluster member-
ship using χ2 tests. To determine which cells most strongly 
contributed to a significant χ2 statistic, we calculated Pearson 
residuals for each cell31 and highlighted those cells with a 
Pearson residual ≤−15 or ≥15 for pathway variables and ≤−4 
or ≥4 for patient and disease characteristics. A larger Pearson 
residual was chosen for pathway variables since, by definition, 
the distribution of these variables should be significantly 
different between clusters.

LCCA was conducted using the poLCA package in 
RStudio, and clustering variables were entered into the 
model as categorical variables, as presented in table 2. 
Once cluster membership was assigned, further analyses 
were conducted using SAS Enterprise Guide V.7.1 (SAS 
Institute, Cary, North Carolina, USA).

RESULTS
Study population
The final cohort consisted of 33 371 patients (figure 2). 
Table 1 presents patient and disease characteristics. The 
average age was 63.6 (SD 15.7) years and 54.6% were 

Figure 1 Pathway variables for latent class cluster analysis. CIHI, Canadian Institute for Health Information; ER, emergency 
room; GP/FP, general practitioner/family physician; KC, keratinocyte carcinoma; NA, not applicable.
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men. The stage was missing for 45.1%, but for those with 
stage information, 58% had stage I. 17% had a history of 
KC, and 20% were established with a dermatologist prior 
to their index date. Almost 20% of the cohort lived in 
counties with no dermatologists.

Characteristics of the clusters
Based on the largest difference in BIC values for succes-
sive clusters, a four- cluster solution was optimal for this 
dataset (figure 3). The distribution of pathway variables 
according to the cluster can be found in table 2. Influen-
tial cells are indicated in bold. The proportion of patients 
in clusters 1–4 was 18.3%, 26.9%, 35.6% and 19.1%, 
respectively.

Cluster 1 was comprised of all patients without a 
specialist care subinterval, and we have called this the 
‘primary care only’ pathway. Compared with other clus-
ters, patients in cluster 1 were less likely to be established 
with a dermatologist, more likely to have a biopsy at the 
start of their primary care subinterval, more likely to 
have multiple visits and procedures in the primary care 
subinterval, and more likely to have a procedure related 
to disease spread on their diagnosis date. They had an 
average of 1.8 visits in their DI and underwent an average 
of 1.2 procedures.

Cluster 2 contained patients with both primary care and 
specialist care subintervals, and we have called this cluster 
the ‘referred to specialist with immediate action’ pathway. 
Compared with other clusters, patients in cluster 2 were 
more likely to initially see a general practitioner/family 
physician (GP/FP) and more likely to have only one visit 

and no procedures in their primary care subinterval. 
These patients were more likely to see a dermatologist 
at the start of their specialist care subinterval and have a 
biopsy on the first day of their specialist care subinterval. 
All patients in cluster 2 had one visit and one procedure 
in their specialist care subinterval. Patients in cluster 2 
had an average of 2.2 visits in their DI and underwent an 
average of 1.1 procedures.

Cluster 3 contained patients with both primary care 
and specialist care subintervals, and we refer to this 
cluster as the ‘multiple visits and procedures in specialist 
care’ pathway. Like cluster 2, patients in cluster 3 were 
more likely to see a GP/FP at the start of their primary 
care subinterval and more likely to have one visit and no 
procedures in their primary care subinterval. They were 
more likely to see a plastic surgeon or general surgeon at 
the start of their specialist care subinterval, more likely 
to have a consult only at the start of this subinterval and 
were more likely to have multiple visits and procedures in 
their specialist care subinterval. Patients in cluster 3 had 
an average of 4.4 visits within the DI and underwent an 
average of 1.8 procedures.

Cluster 4 contained all patients who did not have a 
primary care subinterval, and we have called this cluster 
the ‘specialist care only’ pathway. Compared with other 
clusters, patients in cluster 4 were more likely to have 
a history of KC and more likely to be previously estab-
lished with dermatology. These patients were more likely 
to see a dermatologist at the start of their specialist care 
subinterval, have an ‘other’ skin procedure on the first 
visit in the specialist care subinterval, and have multiple 
visits and procedures in their specialist care subinterval. 
Patients in cluster 4 had an average of three visits in their 
DI and underwent an average of 1.7 procedures.

Patient, disease, and DI characteristics across diagnostic 
pathways
Patient characteristics according to the cluster can be 
found in table 1. Influential cells are bolded. Compared 
with other clusters, patients in cluster 1 had a lower 
comorbidity burden, were more likely to live in rural 
and non- major urban areas with no dermatologists, and 
more likely to live in LHINs E and M. These patients were 
more likely to be diagnosed with melanoma not otherwise 
specified with an unknown location and more likely to be 
diagnosed with stage IV disease. Cluster 1 patients had 
the shortest DI, with a median of 1 day.

Compared with other clusters, patients in cluster 2 were 
younger with a lower comorbidity burden and more likely 
to have melanomas on the extremities. These patients 
were more likely to live in major urban areas, high 
dermatology- dense counties and LHINs B and F. Patients 
in this cluster had the second longest DI, with a median 
of 31 days, the longest primary care subinterval, and the 
shortest specialist care subinterval.

Compared with other clusters, patients in cluster 3 were 
more likely to live in LHINs C, G, H and I. They were also 

Figure 2 Cohort creation flowchart. OCR, Ontario Cancer 
Registry; OHIP, Ontario Health Insurance Plan.
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Table 1 Demographic, disease and DI characteristics for whole cohort and by cluster

Characteristic
Overall cohort
(n=33 371)

Cluster 1 
(primary care 
only)
(n=6107)
18.3%

Cluster 2 (referred 
to specialist with 
immediate action)
(n=8987)
26.9%

Cluster 3 (multiple 
visits and procedures 
in specialist care)
(n=11 893)
35.6%

Cluster 4 
(specialist care 
only)
(n=6384)
19.1%

Patient factors

Sex

  Male 54.6 54.2 52.2 54.7 58.3

  Female 45.4 45.8 47.8 45.3 41.7

Age

  Mean (SD) 63.6 (15.7) 62.1 (15.4) 62.4 (15.9) 64.2 (15.8) 65.6 (15.2)

  20–45 13.5 15.2 15.2 12.8 10.9

  46–55 16.1 17.2 17.9 15.7 13.6

  56–65 22.2 23.8 22.8 21.7 21.0

  66–75 22.9 23.0 21.2 23.1 24.9

  76–85 18.2 16.1 16.3 18.7 21.9

  >85 7.0 4.7 6.7 8.0 7.8

Comorbidity

Minor ADG

  0–1 10.2 11.2 11.2 9.8 8.5

  2 10.0 11.2 10.4 10.0 8.0

  3 11.7 13.0 13.0 11.6 8.7

  4 13.1 14.5 13.1 13.1 11.7

  5 12.7 12.3 13.0 12.9 12.5

  6 11.4 11.2 11.5 11.1 11.7

  7 9.7 9.3 8.9 9.7 11.2

  8 7.7 6.9 7.3 7.4 9.5

  9+ 13.7 10.5 11.5 14.4 18.3

Major ADG

  0 38.0 41.7 41.4 37.9 29.7

  1 30.6 31.4 31.3 29.8 30.2

  2 17.5 16.2 15.8 17.1 21.6

  3+ 14.0 10.7 11.5 15.2 18.5

Deprivation quintile

  1 (least deprived) 26.2 25.6 26.0 24.7 29.6

  2 22.9 22.5 23.3 22.6 23.0

  3 20.2 21.1 20.2 20.7 18.5

  4 16.8 17.2 16.4 17.4 16.0

  5 (most deprived) 13.2 12.8 13.4 13.9 12.1

  Missing 0.7 0.8 0.6 0.7 0.8

Rurality

  Rural 11.6 17.2 9.6 11.0 10.0

  Non- major urban 28.1 36.2 24.7 28.4 24.5

  Major urban 60.4 46.6 65.7 60.7 65.5

Disease factors

Histology

Continued
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Characteristic
Overall cohort
(n=33 371)

Cluster 1 
(primary care 
only)
(n=6107)
18.3%

Cluster 2 (referred 
to specialist with 
immediate action)
(n=8987)
26.9%

Cluster 3 (multiple 
visits and procedures 
in specialist care)
(n=11 893)
35.6%

Cluster 4 
(specialist care 
only)
(n=6384)
19.1%

  Superficial spreading 
melanoma

34.9 33.8 36.7 36.1 31.5

  Nodular melanoma 11.5 10.1 11.6 13.3 9.7

  Lentigo maligna 
melanoma

8.4 3.9 8.0 9.2 11.7

  Acral lentiginous 
melanoma

0.9 0.7 0.8 0.9 1.3

  Other 3.6 2.9 3.4 4.0 3.8

  NOS 40.6 48.7 39.6 36.6 42.0

Location

  Extremities 44.4 44.9 48.4 42.6 41.7

  Trunk 32.1 34.6 32.2 31.6 30.7

  Face 12.1 6.9 11.8 13.6 14.5

  Scalp and neck 6.7 4.6 6.1 7.3 8.3

  NOS 4.7 9.0 1.5 4.9 4.8

Stage

  I 32.2 33.1 33.5 31.0 31.8

  II 13.0 11.8 13.5 14.1 11.6

  III 7.1 7.1 7.4 7.5 5.8

  IV 2.6 4.3 1.1 2.8 2.5

  Missing 45.1 43.7 44.4 44.6 48.3

System factors

County- level dermatologist density, per 100 000 population

  0 18.9 28.5 15.3 18.5 15.7

  >0, ≤1 13.9 15.0 12.4 15.2 12.7

  >1, ≤2 32.2 31.2 31.3 35.0 29.4

  >2 34.9 25.2 41.1 31.3 42.3

LHIN*

  A 7.1 3.1 8.0 6.3 11.2

  B 9.6 10.0 11.8 7.2 10.3

  C 8.8 4.0 9.0 10.5 10.2

  D 5.3 6.6 4.6 5.2 5.2

  E 10.2 17.9 9.0 8.7 7.2

  F 6.5 4.7 7.8 6.1 7.1

  G 5.5 5.8 3.3 7.4 4.6

  H 11.7 8.4 12.6 13.3 10.8

  I 6.8 6.3 5.5 8.2 6.5

  J 1.7 2.4 0.6 2.0 1.7

  K 3.3 2.8 3.8 3.6 2.6

  L 13.3 12.3 14.3 13.1 13.3

  M 5.7 9.9 5.9 3.8 4.8

  N 4.6 5.6 3.8 4.6 4.5

Table 1 Continued
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more likely to have nodular melanomas and melanomas 
diagnosed on the face. Patients in this cluster experi-
enced the longest DI, with a median of 67 days, and the 
longest specialist care subinterval.

Finally, compared with other clusters, patients in 
cluster 4 were older and had a higher comorbidity 
burden. These patients were more likely to live in the 
least deprived neighbourhoods, major urban areas 

Characteristic
Overall cohort
(n=33 371)

Cluster 1 
(primary care 
only)
(n=6107)
18.3%

Cluster 2 (referred 
to specialist with 
immediate action)
(n=8987)
26.9%

Cluster 3 (multiple 
visits and procedures 
in specialist care)
(n=11 893)
35.6%

Cluster 4 
(specialist care 
only)
(n=6384)
19.1%

Interval characteristics (days)

DI length (n=33 371)

  25th percentile 8.0 1.0 14.0 35.0 1.0

  50th percentile 36.0 1.0 31.0 67.0 23.0

  75th percentile 85.0 21.0 67.0 112.0 91.0

  90th percentile 142.0 68.0 115.0 175.0 146.0

Primary care subinterval 
length

(n=26 987)

  25th percentile 6.0 1.0 13.0 10.0 –

  50th percentile 22.0 1.0 30.0 27.0 –

  75th percentile 54.0 21.0 66.0 56.0 –

  90th percentile 100.0 68.0 113.0 99.0 –

Specialist care 
subinterval length

(n=27 264)

  25th percentile 1.0 – 1.0 9.0 1.0

  50th percentile 6.0 – 1.0 25.0 23.0

  75th percentile 42.0 – 1.0 57.0 91.0

  90th percentile 97.0 – 1.0 100.0 147.0

The bolded cells denote Pearson residuals >|4|.
n is the number of observations.
*LHINs have been anonymised.
ADG, adjusted diagnostic groups; LHIN, local health integration network; NOS, not otherwise specified.

Table 1 Continued

Figure 3 Value of Bayesian Information Criterion according to number of clusters and difference in BIC values across 
successive clusters.
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Table 2 Distribution of pathway variables

Overall 
cohort
(n=33 371)

Cluster 1
(Primary 
care only)
(n=6107)
18.3%

Cluster 2
(Referred to 
specialist with 
immediate 
action)
(n=8987)
26.9%

Cluster 3
(Multiple visits 
and procedures in 
specialist care)
(n=11 893)
35.6%

Cluster 4
(Specialist 
care only)
(n=6384)
19.1%

History of KC in 5 years prior to index date

  Yes 17.3 11.2 11.2 15.7 34.7

  No 82.7 88.9 88.8 84.3 65.3

Established with dermatology prior to index date (3+ visits in 5 years)

  Yes 19.7 6.7 13.0 14.3 51.7

  No 80.3 93.3 87.0 85.7 48.3

Initial presentation

  ER 1.2 2.3 1.0 1.3 0.0

  GP/FP 74.8 90.3 94.2 92.3 0.0

  Melanoma- related specialist 19.1 0.0 0.0 0.0 100.0

  Other 4.9 7.4 4.8 6.3 0.0

Primary care subinterval

Activity on index date

  Biopsy 12.7 53.2 3.1 5.6 0.0

  ‘Other’ skin procedure 2.5 5.4 2.4 2.5 0.0

  Procedure related to disease spread 0.3 0.9 0.1 0.2 0.0

  Head imaging 0.2 0.4 0.1 0.3 0.0

  No procedure 65.2 40.2 94.4 91.1 0.0

  Not applicable 19.1 0.0 0.0 0.0 100.0

Number of melanoma- related visits

  1 65.0 59.8 90.3 93.4 0.0

  2 10.5 27.3 6.3 10.6 0.0

  3+ 5.4 12.8 3.4 6.0 0.0

  Not applicable 19.1 0.0 0.0 0.0 100.0

Number of melanoma- related procedures

  0 56.6 9.4 91.5 84.9 0.0

  1 19.3 71.9 6.9 12.0 0.0

  2 3.8 14.6 1.1 2.3 0.0

  3+ 1.2 4.1 0.5 0.8 0.0

  Not applicable 19.1 0.0 0.0 0.0 100.0

Specialist care subinterval

Initial presentation

  GP/FP consult 4.7 0.0 7.7 6.3 2.0

  Dermatologist 47.0 0.0 65.5 45.4 68.8

  Plastic surgeon 12.9 0.0 11.0 21.7 11.5

  General surgeon 12.0 0.0 13.6 18.6 9.2

  Otolaryngologist 1.9 0.0 1.9 2.2 2.9

  Neurosurgery/Neurology 0.7 0.0 0.0 1.1 1.3

  CIHI record 2.6 0.0 0.4 4.7 4.4

  Not applicable 18.3 100.0 0.0 0.0 0.0
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and LHIN A. These patients were also more likely to 
have lentigo maligna melanoma and live in counties 
with the highest dermatologist density. Cluster 4 had 
the second shortest DI, with a median of 23 days, and 
had a similar specialist care subinterval as cluster 3.

DISCUSSION
We identified four diagnostic pathways experienced by 
patients with melanoma in Ontario, which varied by each 
of our pathway variables. The patterns of use of primary 
and specialist care differentiated the clusters. Patients in 

Overall 
cohort
(n=33 371)

Cluster 1
(Primary 
care only)
(n=6107)
18.3%

Cluster 2
(Referred to 
specialist with 
immediate 
action)
(n=8987)
26.9%

Cluster 3
(Multiple visits 
and procedures in 
specialist care)
(n=11 893)
35.6%

Cluster 4
(Specialist 
care only)
(n=6384)
19.1%

Activity on index date

  Biopsy 41.4 0.0 91.7 21.5 47.2

  ‘Other’ skin procedure 9.0 0.0 8.3 9.3 18.2

  Procedure related to disease spread 0.7 0.0 0.0 1.3 1.2

  Head imaging 0.5 0.0 0.0 0.9 1.0

  No procedure 2.1 0.0 0.0 3.3 4.6

  Consult 28.0 0.0 0.0 59.6 27.9

  Not applicable 18.3 100.0 0.0 0.0 0.0

Number of melanoma- related visits

  1 35.6 0.0 100.0 5.3 35.7

  2 23.1 0.0 0.0 51.7 24.4

  3 10.0 0.0 0.0 20.1 15.1

  4 4.8 0.0 0.0 9.3 7.9

  5 3.0 0.0 0.0 5.3 5.7

  6 1.6 0.0 0.0 2.8 3.2

  7+ 3.5 0.0 0.0 5.6 7.9

  Not applicable 18.3 100.0 0.0 0.0 0.0

Number of melanoma- related procedures

  0 3.2 0.0 0.0 6.9 3.8

  1 55.0 0.0 100.0 49.4 54.9

  2 15.2 0.0 0.0 29.8 23.9

  3 4.6 0.0 0.0 8.0 9.0

  4+ 3.8 0.0 0.0 6.0 8.4

  Not applicable 18.3 100.0 0.0 0.0 0.0

Diagnosis

Activity on diagnosis date

  Biopsy 85.0 76.6 91.6 85.5 82.7

  ‘Other’ skin procedure 2.3 2.2 5.3 0.1 2.1

  Procedure related to disease spread 1.5 6.6 0.0 0.7 0.4

  Head imaging 0.3 1.1 0.0 0.2 0.2

  Other procedure 0.9 3.8 0.0 0.4 0.2

  Consult 0.8 0.1 0.0 1.6 0.8

  No activity on OCR diagnosis date 9.3 9.7 3.1 11.6 13.7

The bolded cells denote Pearson residuals >|15|.
CIHI, Canadian Institute for Health Information; ER, emergency room; GP/FP, general practitioner/family physician; KC, keratinocyte 
carcinoma; OCR, Ontario Cancer Registry.

Table 2 Continued
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cluster 1 had their melanomas excised in primary care 
without prior consultation with a specialist, patients in 
cluster 2 were immediately referred to a specialist for 
excision, whereas those in cluster 3 had multiple visits 
and procedures in their specialist care subinterval prior 
to the diagnosis of melanoma. We did not find evidence 
of a primary care subinterval for patients in cluster 4, and 
these patients most often initially saw a dermatologist.

There were differences in patient, disease and health 
system characteristics, as well as the length of the DI 
and its subintervals, across the four diagnostic pathways. 
Notably, patients in the ‘primary care only’ (cluster 1) 
pathway had the shortest median DI, while patients in the 
‘multiple visits and procedures in specialist care’ (cluster 
3) had the longest median DI. We also saw variations 
in pathway membership by LHIN. This may be partly 
explained by the differences in the degree of rurality and 
dermatologist supply across LHINs, but may also suggest 
variation in care received across the province.

CCO’s (Cancer Care Ontario) melanoma pathway map 
recommends that PCPs biopsy suspected melanomas 
when possible and refer patients otherwise.19 However, 
only 18.3% of our cohort were diagnosed in primary 
care, prior to seeing a specialist (cluster 1). Patients diag-
nosed within primary care were more likely to live in rural 
areas, suggesting that physicians practising in rural areas 
are more likely to perform biopsies and other specialist 
services, possibly due to the scarce supply of specialists. 
This is consistent with previous research in Northern 
Scotland and Queensland, Australia which found that 
patients living in rural areas were more likely to have 
melanomas excised in primary care and less likely to see 
a dermatologist.13 32

The melanoma DI length varied across pathways. 
During the period of this study, the Canadian Task Force 
on Preventive Healthcare suggested that physicians in 
Canada could follow guidelines set out by Australia and 
New Zealand (due to the unavailability of Canadian- 
specific guidelines), which state that biopsy should be 
completed within 2 weeks of initial GP consult and 
referral to a specialist should occur within 2 weeks where 
management by primary care is inappropriate.33 Patients 
in clusters 1 and 4 (37% of our cohort) experienced 
care that most strongly adhered to this wait time guid-
ance whereas patients in clusters 2 and 3 had care that 
diverged. Potential reasons for delay include accessibility 
of specialists, misdiagnoses, incorrect referrals or proce-
dures or complexity of diagnostic procedures. A limited 
number of rapid- access skin clinics have recently been 
introduced in Ontario to expedite the DI and reduce 
the number of unnecessary procedures. These rapid- 
access skin clinics have the potential to greatly reduce the 
wait time between a PCP visit and a specialist visit for a 
biopsy, as well as reduce the number of unnecessary visits 
and procedures in the primary care and specialist care 
subintervals.

Our study has several strengths. First, this is a large 
population- based study, which was able to objectively 

examine routes to diagnosis for all patients with mela-
noma in Ontario, Canada. We were able to use health 
administrative data to create and analyse our diagnostic 
pathways. Second, we used LCCA to create the clusters of 
patients. This method ensured that clusters were created 
based on important differences in the pathway- variable 
distributions, rather than relying on subjective groupings.

Our study has some limitations. Our study variables do 
not comprehensively describe the diagnostic pathway. 
Finer detail on disease presentation and urgency of 
referral may have identified more pathways, and the 
inclusion of histology and imaging results would have 
allowed us to better capture the relevance of the proce-
dures to the melanoma diagnostic pathway. Many 
patients had multiple procedures prior to their defini-
tive diagnosis. These procedures may have been neces-
sary if the patient presented with multiple lesions, and 
do not necessarily represent inappropriate care. Patient 
chart review was not used to validate diagnostic pathway 
assignment, as this was not feasible in the context of the 
current work. We were unable to determine if a patient 
presented with multiple lesions. Patients in cluster 4 were 
more likely to have a history of KC (34.7% of patients) 
and be previously established with dermatology (51.7% of 
patients). It is possible that some procedures we captured 
were not related to the melanoma, but rather, related to 
their previous dermatological concerns. Future research 
should separately examine the diagnostic pathways for 
patients with a history of KC and those previously estab-
lished with dermatology, as methods for index date deri-
vation may need to be adapted for these populations. 
Race- based data was not available, due to government 
privacy legislation. Finally, there may have been misclassi-
fication introduced, in that some of the encounters that 
were deemed melanoma- related may have occurred for 
reasons other than the melanoma. Our approach using 
control charts and signal strengths to assign category- 
specific look- back periods14 16 enhanced by clinical review 
is designed to maximise the chance that the encounter 
recorded in administrative records was related to the 
melanoma diagnosis.

Conclusion
In this population- based study, we found important 
opportunities for quality improvement in melanoma diag-
nosis. Thirty- six per cent of patients with melanoma in 
Ontario followed the most guideline- divergent diagnostic 
pathway (cluster 3), with 80% in that cluster exceeding 
current provincial waiting standards.18 There were often 
multiple procedures leading to diagnosis for patients in 
clusters 1, 3 and 4. We found large differences in the diag-
nostic process according to dermatologist supply, rurality 
and LHIN of residence. Notably, the ‘primary care only’ 
pathway had the shortest time to diagnosis, suggesting 
the importance of supporting primary care biopsy, where 
appropriate, consistent with current provincial guidelines. 
A means to provide more timely and efficient melanoma 
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diagnosis must be developed to ensure the highest quality 
diagnostic care for those with suspicious skin lesions.

Author affiliations
1Division of Cancer Care and Epidemiology, Sinclair Cancer Research Institute, 
Queen's University, Kingston, Ontario, Canada
2Department of Public Health Sciences, Queen's University, Kingston, Ontario, 
Canada
3Division of Dermatology, Department of Medicine, Queen's University, Kingston, 
Ontario, Canada
4Department of Oncology, Queen's University, Kingston, Ontario, Canada
5South East Regional Cancer Program, Kingston, Ontario, Canada
6Department of Surgery, Sunnybrook Health Sciences Centre, Toronto, Ontario, 
Canada
7Department of Surgery, University of Toronto, Toronto, Ontario, Canada

Acknowledgements This study was supported by ICES, which is funded by an 
annual grant from the Ontario Ministry of Health (MOH) and the Ministry of Long- 
Term Care (MLTC). This study also received funding from the Canadian Institutes of 
Health Research (CIHR) Doctoral Award. This document used data adapted from the 
Statistics Canada Postal CodeOM Conversion File, which is based on data licensed 
from Canada Post Corporation, and/or data adapted from the Ontario Ministry of 
Health Postal Code Conversion File, which contains data copied under license 
from © Canada Post Corporation and Statistics Canada. Parts of this material are 
based on data and/or information compiled and provided by: Canadian Institute for 
Health Information (CIHI), MOH, Ontario Health (OH), and Toronto Community Health 
Profiles. The analyses, conclusions, opinions and statements expressed herein are 
solely those of the authors and do not reflect those of the funding or data sources; 
no endorsement is intended or should be inferred. We thank the Toronto Community 
Health Profiles Partnership for providing access to the Ontario Marginalization Index

Contributors MEM, TPH and PAG conceptualised and designed the study. 
MEM performed the statistical analyses. MEM, TPH, PAG, NJLH, FCW, HL and YA 
interpreted the data. MEM, TPH and PAG drafted and edited the manuscript. MEM, 
TPH, PAG, NJLH, FCW, HL and YA critically reviewed the manuscript for important 
intellectual content. TPH and PAG contributed equally to this work as supervisors 
and co- senior authors. MEM is responsible for the overall content as guarantor.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and is approved by the 
Health Sciences Research Ethics Board at Queen’s University (Study: EPID- 696- 20). 
Participant consent has been waived as the research falls under Article 5.5A of the 
Tri- Council Policy Statement 2 (TCPS 2).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available. The dataset from this study is 
held securely in coded form at ICES. While legal data sharing agreements between 
ICES and data providers (eg, healthcare organisations and government) prohibit 
ICES from making the dataset publicly available, access may be granted to those 
who meet prespecified criteria for confidential access, available at www.ices.on.ca/ 
DAS (email:  das@ ices. on. ca).

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 

properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Meaghan E Mavor http://orcid.org/0000-0001-6876-4822

REFERENCES
 1 Montgomery M, McCrone SH. Psychological distress associated with 

the diagnostic phase for suspected breast cancer: systematic review. 
J Adv Nurs 2010;66:2372–90. 

 2 Brocken P, Prins JB, Dekhuijzen PNR, et al. The faster the 
better?—A systematic review on distress in the diagnostic phase of 
suspected cancer, and the influence of rapid diagnostic pathways. 
Psychooncology 2012;21:1–10. 

 3 Liao MN, Chen MF, Chen SC, et al. Uncertainty and anxiety during 
the diagnostic period for women with suspected breast cancer. 
Cancer Nurs 2008;31:274–83. 

 4 Guan Z, Webber C, Flemming JA, et al. Real‐world colorectal cancer 
diagnostic pathways in Ontario, Canada: A population‐based study. 
European J Cancer Care 2022;31. 

 5 Baade PD, English DR, Youl PH, et al. The relationship between 
melanoma thickness and time to diagnosis in a large population- 
based study. Arch Dermatol 2006;142:1422–7. 

 6 Brochez L, Verhaeghe E, Bleyen L, et al. Time delays and related 
factors in the diagnosis of cutaneous melanoma. Eur J Cancer 
2001;37:843–8. 

 7 Schmid- Wendtner MH, Baumert J, Stange J, et al. Delay in the 
diagnosis of cutaneous melanoma: an analysis of 233 patients. 
Melanoma Res 2002;12:389–94. 

 8 Tyler I, Rivers JK, Shoveller JA, et al. Melanoma detection in British 
Columbia, Canada. J Am Acad Dermatol 2005;52:48–54. 

 9 Cassileth BR, Clark WH, Heiberger RM, et al. Relationship between 
patients’ early recognition of melanoma and depth of invasion. 
Cancer 1982;49:198–200. 

 10 Weller D, Vedsted P, Rubin G, et al. The Aarhus statement: improving 
design and reporting of studies on early cancer diagnosis. Br J 
Cancer 2012;106:1262–7. 

 11 Hajdarevic S, Hörnsten A, Sundbom E, et al. Health- care delay in 
malignant melanoma: various pathways to diagnosis and treatment. 
Dermatol Res Pract 2014;2014:294287. 

 12 Cicchiello M, Lin MJ, Pan Y, et al. An assessment of clinical 
pathways and missed opportunities for the diagnosis of nodular 
melanoma versus superficial spreading melanoma. Australas J 
Dermatol 2016;57:97–101. 

 13 Baade PD, Youl PH, English DR, et al. Clinical pathways to diagnose 
melanoma: a population- based study. Melanoma Res 2007;17:243–9. 

 14 Mavor ME. Melanoma diagnostic processes and the occurrence 
of advanced disease in Ontario [Doctoral]. Kingston, ON: Queen’s 
University, 2022.

 15 Mavor ME, Hanna TP, Asai Y, et al. Factors associated with the 
melanoma diagnostic interval in Ontario, Canada: a population- 
based study. Br J Cancer 2024;130:483–95. 

 16 Groome PA, Webber C, Whitehead M, et al. Determining the Cancer 
Diagnostic Interval Using Administrative Health Care Data in a Breast 
Cancer Cohort. JCO Clin Cancer Inform 2019;3:1–10. 

 17 Webber C, Flemming JA, Birtwhistle R, et al. Colonoscopy resource 
availability and its association with the colorectal cancer diagnostic 
interval: A population‐based cross‐sectional study. Eur J Cancer 
Care 2020;29:e13187. 

 18 Cancer Care Ontario. Skin Cancers Pathway Map. 2020.
 19 Milkovich J, Hanna T, Nessim C, et al. Restructuring Skin Cancer 

Care in Ontario: A Provincial Plan. Curr Oncol 2021;28:1183–96. 
 20 Johns Hopkins University School of Public Health. The John Hopkins 

ACG System. 11.0 ed. Baltimore, MD. 2011.
 21 Matheson FI, Smith KLW, Dunn JR, et al. ON- Marg user guide 

version 1.0. Toronto, ON: Centre for Research on Inner City Health, 
2011.

 22 Zygmunt A, Tanuseputro P, James P, et al. Neighbourhood- level 
marginalization and avoidable mortality in Ontario, Canada: a 
population- based study. Can J Public Health 2020;111:169–81. 

 23 Kralj B. Measuring “rurality” for purposes of healthcare planning: an 
empirical measure for Ontario. Ont Med Rev 2000;67:33–52.

 24 Kralj B. Measuring rurality - RIO2008_basic: methodology and 
results. Toronto, ON: OMA Economics Department, 2009.

 25 Chan A- W, Fung K, Tran JM, et al. Application of Recursive 
Partitioning to Derive and Validate a Claims- Based Algorithm for 
Identifying Keratinocyte Carcinoma (Nonmelanoma Skin Cancer). 
JAMA Dermatol 2016;152:1122–7. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
30 Jan

u
ary 2025. 

10.1136/b
m

jo
p

en
-2024-086140 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

www.ices.on.ca/DAS
www.ices.on.ca/DAS
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-6876-4822
http://dx.doi.org/10.1111/j.1365-2648.2010.05439.x
http://dx.doi.org/10.1002/pon.1929
http://dx.doi.org/10.1097/01.NCC.0000305744.64452.fe
http://dx.doi.org/10.1111/ecc.13603
http://dx.doi.org/10.1001/archderm.142.11.1422
http://dx.doi.org/10.1016/s0959-8049(00)00418-4
http://dx.doi.org/10.1097/00008390-200208000-00012
http://dx.doi.org/10.1016/j.jaad.2004.04.031
http://dx.doi.org/10.1002/1097-0142(19820101)49:1<198::aid-cncr2820490138>3.0.co;2-9
http://dx.doi.org/10.1038/bjc.2012.68
http://dx.doi.org/10.1038/bjc.2012.68
http://dx.doi.org/10.1155/2014/294287
http://dx.doi.org/10.1111/ajd.12416
http://dx.doi.org/10.1111/ajd.12416
http://dx.doi.org/10.1097/CMR.0b013e328194f265
http://dx.doi.org/10.1038/s41416-023-02518-1
http://dx.doi.org/10.1200/CCI.18.00131
http://dx.doi.org/10.1111/ecc.13187
http://dx.doi.org/10.1111/ecc.13187
http://dx.doi.org/10.3390/curroncol28020114
http://dx.doi.org/10.17269/s41997-019-00270-9
http://dx.doi.org/10.1001/jamadermatol.2016.2609
http://bmjopen.bmj.com/


12 Mavor ME, et al. BMJ Open 2025;15:e086140. doi:10.1136/bmjopen-2024-086140

Open access 

 26 Magidson J, Vermunt JK. Latent class modeling as a probabilistic 
extension of K- means clustering. Quirk's Mktg Res Rev 
2002;20:77–80.

 27 Magidson J, Vermunt JK. Latent class models for clustering: a 
comparison with K- means. Can J Market Res 2002;20:37–44.

 28 Nylund KL, Asparouhov T, Muthén BO. Deciding on the Number 
of Classes in Latent Class Analysis and Growth Mixture 
Modeling: A Monte Carlo Simulation Study. Struct Equ Modeling 
2007;14:535–69. 

 29 Flynt A, Dean N. A Survey of Popular R Packages for Cluster 
Analysis. J Educ Behav Stat 2016;41:205–25. 

 30 Lezhnina O, Kismihók G. Latent Class Cluster Analysis: Selecting the 
number of clusters. MethodsX 2022;9:101747. 

 31 Sharpe D. Chi- Square test is statistically significant: Now what? 
Practical assessment, research, and evaluation. 2015;20.

 32 Green J, Murchie P, Lee AJ. Does patients’ place of residence 
affect the type of physician performing primary excision of 
cutaneous melanoma in northern Scotland? J Rural Health 
2013;29 Suppl 1:s35–42. 

 33 Cancer Council Victoria and Department of Health Victoria. Optimal 
cancer care pathway for people with melanoma, 2nd edn. Melbourne: 
Cancer Council Victoria, 2021.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
30 Jan

u
ary 2025. 

10.1136/b
m

jo
p

en
-2024-086140 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://dx.doi.org/10.1080/10705510701575396
http://dx.doi.org/10.3102/1076998616631743
http://dx.doi.org/10.1016/j.mex.2022.101747
http://dx.doi.org/10.1111/jrh.12011
http://bmjopen.bmj.com/

	Characterising melanoma diagnostic pathways for patients in routine practice using administrative health data in Ontario, Canada: a population-based study
	Abstract
	Introduction
	Methods
	Study design
	Study population
	Determination of diagnostic pathways
	Determination of the DI and its subintervals
	Determination of pathway variables
	Patient and disease characteristics

	System characteristics
	Statistical analyses

	Results
	Study population
	Characteristics of the clusters
	Patient, disease, and DI characteristics across diagnostic pathways

	Discussion
	Conclusion

	References


