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Abstract Melanoma is often managed outside hospital

settings, creating the potential for underreporting to cancer

registries. To our knowledge, completeness of melanoma

capture in cancer registries has not been assessed using

external data sources since the 1980s. We evaluated the

melanoma capture rate from 1993 to 2009 in a provincial

cancer registry. We identified all melanoma diagnoses in

pathology reports from a major community laboratory in

Ontario, Canada. Pathologically confirmed diagnoses were

linked to Ontario Cancer Registry (OCR) records using

health insurance numbers. We calculated capture rates as

the proportion of patients with melanoma confirmed by a

pathology report, with a corresponding melanoma diag-

nosis in OCR. OCR captured 3,798 of 4,275 (88.8, 95 %

confidence interval: 87.9, 89.8 %) invasive melanoma

diagnoses over the 17-year period. Annual capture rates of

94 % or higher were found for over half the study period.

Among all 29,133 melanoma diagnoses in OCR, 27.6 %

were registered based on a pathology report alone, com-

pared with 3.4 % for non-cutaneous malignancies. This

suggests that comprehensive capture of melanoma cases by

a provincial cancer registry is achievable using source data

from community laboratories. There is a need for ongoing

validation to ensure data remain accurate and complete to

reliably inform clinical care, research, and policy.
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Abbreviations

ICD International Classification of Diseases for

Oncology

OCR Ontario Cancer Registry

Introduction

The incidence of cutaneous melanoma continues to

increase, ranking as the fifth–seventh most common

malignancy in North America and Europe [1–5]. Popula-

tion-based data from cancer registries are critical for

surveillance of temporal trends in melanoma incidence and

appropriate allocation of resources to implement and

evaluate preventative and therapeutic interventions. Unlike

non-cutaneous malignancies, which are mostly treated in

hospital settings where registry reporting systems are well

established, the diagnosis and treatment of melanoma are

often performed in community clinic settings. To capture

these melanoma diagnoses, cancer registries must rely

primarily on pathology reports from community-based

laboratories. Physician reporting of melanoma has histori-

cally accounted for less than 1 % of registered melanomas,

even when required by law [6].
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These challenges in ascertainment have raised concerns

about significant underregistration of melanoma diagnoses

[6–12]. To our knowledge, the completeness of melanoma

capture in cancer registries has not been audited directly

using an external community data source since the 1980s

[10, 11]. We evaluated the Ontario Cancer Registry (OCR)

capture rate for invasive cutaneous melanomas diagnosed

from 1993 to 2009 using pathology reports from a com-

munity laboratory in Canada.

Methods

The OCR is the primary source of population-based

information on cancer diagnoses in the province of Ontario,

Canada, and its 13.5 million residents. The registry, foun-

ded in 1964 and coordinated by Cancer Care Ontario,

passively registers incident cases of invasive cancer (ex-

cluding cutaneous basal and squamous cell carcinomas).

OCR records only the first cancer diagnosis per tissue site

in a given individual. Diagnoses are classified according to

the International Classification of Diseases for Oncology

(ICD-9/ICD-O-1). OCR also records which of its four

major data sources were the basis for registering a cancer

diagnosis: (1) hospital discharge and ambulatory care

records from the Canadian Institute for Health Information;

(2) pathology reports from hospital and community labo-

ratories; (3) consultations and treatment records from

regional cancer centers; and (4) death certificates from the

Ontario Registrar General, with a given cancer listed as the

underlying cause of death [5, 13, 14].

To evaluate completeness of melanoma capture in OCR,

we obtained all pathology reports for skin specimens col-

lected from Ontario residents and submitted to LifeLabs in

1993–2009. Under the single-payer, provincial govern-

ment-administered healthcare system, LifeLabs is the one

of four community laboratories accredited in Ontario to

process specimens collected outside of hospital settings.

LifeLabs maintains electronic records of pathology reports

for skin biopsy specimens. The synoptic reports contain

two standard fields with menu-driven terminology (labo-

ratory diagnostic code; diagnosis text), and two free-text

fields (diagnosis; body site).

We conducted an electronic text search for pathology

reports containing the word ‘‘melanoma.’’ For each iden-

tified report, we manually reviewed the diagnosis fields and

classified the diagnosis as melanoma in situ, invasive

melanoma, or other. Reports with inconclusive diagnoses

of melanoma were not classified as melanoma cases. For

individuals with multiple tissue specimen collections dur-

ing the study period, we included only the first invasive

melanoma diagnosis. Data extraction was completed

independently by two individuals; any disagreements were

resolved by discussion, and if necessary, involvement of a

third individual.

LifeLabs pathology reports and OCR data were held

securely in a linkable and coded form at the Institute for

Clinical Evaluative Sciences, Toronto, Canada. We linked

all LifeLabs pathology reports to OCR using unique

encrypted identifiers, enabling us to identify patients who

had an invasive cutaneous melanoma diagnosis recorded in

both a LifeLabs pathology report and OCR.

Our main objective was to determine the melanoma

capture rate in OCR, defined as the proportion of individ-

uals with their first-ever invasive cutaneous melanoma

confirmed by a LifeLabs pathology report who had a

melanoma diagnosis recorded in OCR within 60 days of

the pathological diagnosis date. We defined the patholog-

ical diagnosis date as the specimen collection date recorded

on the pathology report. The OCR diagnosis date corre-

sponds to the date of the first-ever melanoma diagnosis

registered for a given individual in OCR. We excluded

cases where the OCR diagnosis date preceded the patho-

logical diagnosis date by more than 60 days because the

older OCR record likely represented a separate melanoma

diagnosis. For cases captured in OCR, we tabulated the

time difference between the pathological and OCR diag-

nosis dates.

To examine whether cases were more likely to be cap-

tured if other OCR data sources (hospital records, cancer

center records, death certificates) also contained melanoma

diagnoses, we reviewed the non-pathological data sources

for a period within 180 days of the pathological diagnosis

date. To evaluate the extent to which melanoma was

treated in community clinic versus hospital settings, we

determined the proportion of all melanoma registrations in

OCR that were based solely on pathology reports and no

other information source (hospital records, cancer center

records, death certificates), compared with other non-cu-

taneous cancers.

Results

We identified 6,044 pathology reports from LifeLabs

containing the word ‘‘melanoma’’ in the diagnosis field

from 1993 to 2009. The majority had a diagnosis of inva-

sive melanoma (n = 5,200). The remaining reports

described melanoma in situ (n = 523), inconclusive diag-

noses of possible melanoma (n = 32), and diagnoses other

than melanoma (n = 289). The 5,200 pathology reports of

invasive melanoma corresponded to 4,528 unique patients.

We excluded 253 of these cases because the OCR date

preceded the pathological diagnosis date by more than

60 days. Our final cohort consisted of 4,275 patients with

melanoma.
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Overall, OCR captured 3,798 of 4,275 melanoma

patients (88.8, 95 % confidence interval: 87.9, 89.8 %)

over the 17-year period (Table 1). Annual rates of 94 % or

higher were found for over half of the study period (9 of the

17 years). The capture rate in 1993 was 80.4 % and

improved in subsequent years (88.7–98.2 %), with the

exception of 2004 (66.8 %) and 2005 (51.4 %). In the

anomalous period from 2004 to 2005, there was no sub-

stantial annual decrease in the overall number of melanoma

cases recorded in OCR (Fig. 1).

Of the 3,798 patients with pathologically confirmed

melanoma captured in OCR, the majority (n = 3,514;

92.5 %) had an OCR diagnosis date matching the patho-

logical diagnosis date (Table 2). The OCR diagnosis date

preceded the pathological diagnosis date for 3.0 %

(n = 116) of patients; about one-fifth of these discrepant

dates differed by 30–60 days. For the remaining 168 cases

(4.5 %), the OCR diagnosis date trailed the pathological

diagnosis date; the discrepancy was 30–60 days for about

one-third of these patients.

Of the 3,798 pathologically confirmed LifeLabs cases

captured in OCR, 54.7 % (n = 2,079) did not have a

melanoma diagnosis recorded in any other data source

(hospital records, cancer center records, or death certifi-

cates) within 180 days of the pathological diagnosis date,

compared with 79.7 % (380/477) of the cases that were not

captured in OCR.

Among all 29,133 patients with melanoma diagnoses in

OCR from 1993 to 2009, 27.6 % were registered based on

a pathology report alone, without information from hospital

records, cancer centre records, or death certificates. The

proportion increased from 16 % in 1993 to over 30 % after

2004. The corresponding overall figure for non-cutaneous

malignancies was 3.4 %.

Discussion

Population-based cancer registries are widely used for

epidemiological research and melanoma surveillance.

Rigorously evaluating the completeness of registered

diagnoses enables a better understanding of the degree of

underestimation of melanoma incidence, which can impact

public health policy and resource allocation. Most studies

Table 1 Ontario Cancer Registry capture rates for pathologically

confirmed invasive melanoma cases, stratified by year of pathological

diagnosis at LifeLabs

Year Capture ratea

1993 80.4 % (78/97)

1994 93.3 % (97/104)

1995 92.9 % (104/112)

1996 94.1 % (143/152)

1997 90.3 % (158/175)

1998 93.9 % (215/229)

1999 94.2 % (259/275)

2000 95.6 % (240/251)

2001 96.7 % (263/272)

2002 95.2 % (218/229)

2003 88.7 % (268/302)

2004 66.8 % (225/337)

2005 51.4 % (171/333)

2006 96.0 % (286/298)

2007 96.1 % (294/306)

2008 95.7 % (352/368)

2009 98.2 % (427/435)

Total 88.8 % (3,798/4,275)

Excluding 2004–2005 94.4 % (3,402/3,605)

a Proportion of patients with invasive melanoma diagnosed on

LifeLabs pathology report whose diagnosis is recorded in Ontario

Cancer Registry within 60 days of the pathological diagnosis date

Fig. 1 Number of patients with melanoma registered annually from

1993 to 2009 in the Ontario Cancer Registry

Table 2 Time difference between OCR diagnosis date relative to

LifeLabs pathological diagnosis date

Number of patients (%)

n = 3,798

31–60 days before 24 (0.6 %)

1–30 days before 92 (2.4 %)

Same date 3,514 (92.5 %)

1–30 days after 105 (2.8 %)

31–60 days after 63 (1.7 %)

Cancer Causes Control (2016) 27:137–142 139

123



have estimated melanoma capture rates using indirect

methods of assessment with inherent limitations [6, 8, 9,

12, 13, 15–19]. Two direct audits using external patho-

logical and clinical data from the 1980s found melanoma

capture rates of 74 % in England; 96 % in Scotland; and

88 % in Massachusetts, USA [10, 11]. To our knowledge,

we have conducted the first direct assessment of melanoma

capture rates in recent decades using case ascertainment

from an external community data source. By linking OCR

data to melanoma pathology reports from a major com-

munity laboratory, we found a melanoma capture rate of

91 % overall and at least 95 % annually for over half of the

17-year period.

Melanoma is unique among registered cancers because

it is amenable to diagnosis and treatment in an outpatient

community setting, meaning that pathology reports from

community laboratories are often the sole data source for

ascertaining diagnoses. Overall, a quarter of all melanoma

cases captured in OCR were diagnosed and managed

entirely outside of hospital settings, compared with only

3.4 % for non-cutaneous malignancies. This presents

challenges to cancer registries that rely on hospital records

and death certificates as major sources of information.

Our study showed that the proportion of melanoma

cases registered based on a pathology report alone (i.e.,

cases that were diagnosed and managed outside of hospital

settings) increased from 16 % in 1993 to over 30 % after

2004. This trend may be due to improved detection of

early-stage melanomas, which are more amenable to

treatment in the community. Also, a new electronic

reporting system for pathology laboratories was introduced

by OCR in 2003, which may have led to increased

reporting thereafter from community laboratories.

Despite the greater reliance on a single community-

based data source, we found that high capture rates (up to

98 % annually) are achievable for melanoma. This con-

trasts with previous studies where melanoma was histori-

cally estimated to have one of the lowest capture rates

among any major cancer type [16, 17]. There is no legal

requirement in Ontario to report cancer diagnoses directly

to OCR, and reporting by the four accredited community

pathology laboratories is voluntary [20]. Since reporting of

pathology data is negotiated independently with each lab-

oratory, the relatively small number of community labo-

ratories likely helped to achieve high capture rates for

melanoma in OCR.

Potential explanations for the missing melanoma diag-

noses in OCR include lack of voluntary data transfer from

pathology laboratories to OCR, or miscoding of melanoma

diagnoses received by the OCR registration system. Missed

cases were more likely than captured cases to have the

LifeLabs pathology report as the only data source reporting

a melanoma diagnosis (80 vs. 55 %), confirming the

challenges with capturing melanoma cases treated outside

of hospital settings. The other 20 % of missed cases had

melanoma diagnoses coded in multiple data sources rou-

tinely available to OCR, including hospital records and

death certificates. These cases may have been missed due

to coding errors or failure to transmit data to the registry.

Studies based on other cancer registries have suggested that

missed cases of melanoma tend to be less advanced, with

diagnosis and treatment performed in an outpatient setting

[9, 10].

We identified two anomalous years (2004 and 2005)

during which capture rates were significantly lower (66.8

and 51.4 %, respectively). The transition to the new OCR

electronic pathology data submission system in 2003 may

explain the lower capture rates in the subsequent 2 years.

Low capture rates of LifeLabs cases in 2004–2005 did not,

however, produce a substantial decrease in the overall

number of melanoma cases recorded in OCR during these

2 years. Epidemiological analyses based on OCR mela-

noma data should, nevertheless, consider the potential

impact of decreased capture rates from LifeLabs in

2004–2005.

Our study was also the first to compare the diagnosis

date recorded in OCR relative to the diagnostic pathology

report. The majority (92.5 %) of melanomas had matching

OCR and pathological diagnosis dates. For the 3 % of

cases where the OCR date preceded the pathological

diagnosis date, it is likely that the OCR melanoma regis-

tration reflected either the same or a separate tumor diag-

nosed from another data source, such as a tissue specimen

submitted to a different pathology laboratory. In 1.7 % of

cases, the OCR diagnosis date was more than 30 days after

the date of the LifeLabs pathology report, suggesting that

the particular report was missed or incorrectly recorded by

OCR.

Our study has some limitations. First, we only used

pathology data from one major community laboratory in

Ontario. However, our results should be generalizable to

melanomas diagnosed at other laboratories in the province,

as there are unlikely to be systematic differences between

laboratories that would affect the completeness of OCR

registration. Second, OCR registers only the first incident

melanoma diagnosis for a given patient. This method of

dealing with multiple primary tumors is particularly prob-

lematic for melanoma, given that 3–9 % of patients

develop a second primary melanoma [21–24], and that

previous melanoma is an independent risk factor for a

subsequent primary melanoma [25–27]. For patients with

multiple primary melanomas whose first melanoma diag-

nosis preceded the LifeLabs pathology report, the LifeLabs

report would not have been registered as a distinct mela-

noma diagnosis in OCR. To avoid misclassifying these

cases as missed melanoma registrations, we excluded from
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our cohort any patients who had a prior melanoma diag-

nosis recorded in OCR more than 60 days before the

pathological diagnosis date. Third, because we only had

pathology reports from one major laboratory, we were

unable to calculate the accuracy of OCR melanoma diag-

noses. For example, if the LifeLabs pathology report stated

a diagnosis other than melanoma, yet there was an OCR

diagnosis of invasive melanoma registered for the same

patient at a similar time, we could not be sure whether this

represented a false positive record in OCR or whether the

patient also had a separate melanoma diagnosed based on

hospital records or a biopsy submitted to a different labo-

ratory. Fourth, we focused on melanoma diagnoses made in

the community setting. The OCR capture rate would be

higher if we included cases diagnosed at hospitals and

cancer centers, where additional source records would be

available to help identify melanoma diagnoses for regis-

tration. However, the overall effect would be relatively

minor, as the majority of melanoma diagnoses are made in

the community.

We have shown that comprehensive capture of mela-

noma cases by a provincial cancer registry is achievable

using source data from community pathology laboratories.

There is a need for ongoing validation of cancer registries

to ensure that registered melanoma data remain accurate

and complete in order to reliably inform clinical care,

research, policy, and public health interventions.
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