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Abstract

Objective: To compare the accuracy, costs and utility of using the National Death Index (NDI) and state-based
cancer registries in determining the mortality status of a cohort of women diagnosed with ovarian cancer in the early
1990s Methods: As part of a large prognostic study, identifying information on 822 women diagnosed with ovarian
cancer between 1990 and 1993, was simultaneously submitted to the NDI and three state-based cancer registries to
identify deceased women as of June 30, 1999. This was compared to the gold standard of ‘definite deaths’. A
comparative evaluation was also made of the time and costs associated with the two methdissults: Of the 450
definite deaths in our cohort the NDI correctly identified 417 and all of the 372 women known to be alive (sensitivity
93%, specificity 100%). Inconsistencies in identifiers recorded in our cohort files, particularly names, were responsible
for the majority of known deaths not matching with the NDI, and if eliminated would increase the sensitivity to 98%.
The cancer registries correctly identified 431 of the 450 definite deaths (sensitivity 96%). The costs associated with
the NDI search were the same as the cancer registry searches, but the cancer registries took two months longer to
conduct the searcheLonclusions and Implications: This study indicates that the cancer registries are valuable, cost
effective agencies for follow-up of mortality outcome in cancer cohorts, particularly where cohort members were
residents of those states. For following large national cohorts the NDI provides additional information and flexibility
when searching for deaths in Australia. This study also shows that women can be followed up for mortality with a
high degree of accuracy using either service. Because each service makes a valuable contribution to the identification
of deceased cancer subjects, both should be considered for optimal mortality follow-up in studies of cancer patients.

Key Words: Cancer mortality statistics - National Death Index - cancer registries

Asian Pacific J Cancer Prev, 7, 41-45

Introduction also passed periodically to other specialised repositories such
as individual state and territory cancer registries.

In Australia, the registration of death has been The completeness and quality of mortality data are
compulsory since about the mid 1850s (Australian Instituterucial as a basis for good epidemiological research. It is
of Health and Welfare, 2005a). Information about death itherefore desirable that data repositories are regularly
recorded on a death certificate and, along with accompanyi@gsessed for the quality of their data collection and retrieval
demographic and administrative information is registere@irocedures. We report here the comparative cost and utility
with the Registrar General of Births, Deaths and Marriagesf using the NDI and three state-based cancer registries
in each state and territory. These data are then pass@uring a follow-up study of women diagnosed with ovarian
periodically to other repositories of vital records for, amongancer in the early 1990s.
other things, use in public health research and planning. One
such repository, the National Death Index (NDI), is aMaterials and Methods
particularly useful resource because it registers all deaths
recorded in Australia since 1980 and can use up to 19 The women in this study were participants in a large
identifying criteria for matching purposes (Sadkowsky,Australian case-control study of ovarian cancer conducted
2001). It has consistently been shown to have high sensitivity the early 1990s (Purdie et al., 1995). The study population
and specificity for death ascertainment (Magliano et algomprised 822 women (cases) with histologically confirmed
2003; Kelman, 2000; Powers et al., 2000). Death data aiecident epithelial ovarian cancer and 855 aged-matched
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controls. Cases were women treated in major gynaecologgratching: surname, first name or initial, full date of birth,
oncology centres in New South Wales and Victoria betweesex, date of diagnosis/last contact and address (none
1991 and 1992, and in Queensland from 1991 to 1993. Agissing), hospital attended (2.5% missing), hospital
part of a follow-up study we tracked all the women whddentification number (26% missing), middle name or initial
were diagnosed with ovarian cancer (cases) for mortalit{7 9% missing), occupation code (6.2% missing) and country
using both the NDI and state-based cancer registries.  of birth (<1% missing).
The NDI used a probabilistic record linkage-matching

National Death Index package (Automatch) followed by clerical review to match

The NDI is a computerised list of death records inour cohort to their records (Australian Institute of Health
Australia compiled by the Australian Institute of Health andand Welfare, 2005b; Sadkowsky, 2001). The matching
Welfare (AIHW) (Australian Institute of Health and Welfare, software followed predefined algorithms each with slightly
2005b). The NDI database includes all deaths since 198lifferent constraints by varying the variables that had to
and is updated every two to three months from records efiatch (Sadkowsky, 2001). In the first pass surname, gender,
the Registrar-General, Births, Deaths and Marriages in ttend date of birth had to match precisely, with successive
six Australian States and two Territories. At the time of thipasses being more liberal (and matches less certain).
study, the NDI death records were complete through to tHadividual passes are not mutually exclusive so women with
end of June 1999. After obtaining ethical clearance, NDEtommon names may be identified in several passes. The
users submit information on as many as 19 potentialancer registries use algorithms based on a combination of
matching variables (e.g. names, date of birth, sex, alternagégandard identifying information (names, sex, and date of
names, marital status) from which returned records argirth) and matches were reviewed clerically by registry staff.
ranked on the basis of a probabilistic scoring mechanism to Wetracked all the information on each search including
determine the likelihood of a true match. The user must therumbers of hours worked, costs and total time. We classified
decide which NDI records are associated with the subjectdDI matches on all identifiers as ‘probable matches’.

in question. ‘Doubtful matches’ were matches identified by the NDI
using the less stringent algorithm that allowed for significant
Cancer registries variation in identifying information (those with very low

Each Australian State and Territory maintains a cancegrobabilistic scores). Matches with the cancer registries were
registry which provides information on incidence of andall considered ‘probable matches’ because we did not have
survival from cancer (Australian Institute of Health anda probabilistic score to make an evaluation of the likelihood
Welfare, 2005c¢). Notification of malignant neoplasms is aa match. We presumed that the remaining subjects without
statutory requirement in all Australian States and Territoriegrobable or doubtful matches were alive.
for public and private hospitals, departments of radiation In our analyses we compared results from the NDI and
oncology, nursing homes, pathology laboratories, outpatientsincer registry searches with our presumed gold standard
departments and day procedure centres (Australian Instituefinite deaths’. Definite deaths comprised deaths
of Health and Welfare, 2005c). Mortality data are obtainea@scertained from multiple sources (NDI, cancer registries,
periodically by abstraction from the files of the Registrathospital records and physicians reports), traced, reviewed
General, Births, Deaths and Marriages in each State amadd verified with a death certificate by two investigators
Territory. This is supplemented with information from (CN, CB).
hospital inpatient notifications and, in some States, on an
ad hoc basis via links to other cancer registries and the NIResults
if it is known or suspected that the person with cancer has
moved interstate. After obtaining ethical clearance from Ittook approximately 6 months to obtain ethics approval
individual cancer registries, users submit information orirom the NDI and three state-based cancer registries. The
matching variables (e.g. names, date of birth, sex, date BDI search took two months from ethics approval being
diagnosis/last contact) from which records are returned if @ranted to receiving results, compared to two to four months
possible match is made. The user must then decide whiébr the cancer registry searches. The total costs, excluding

records represent the subjects in question. personnel time for the NDI to match the 822 women were
$890 ($250 for the ethics approval and $640 for the
Comparison study matching) in 1999. One cancer registry charged a matching

After obtaining ethical clearance from the AIHW andfee ($250) in 1999.
cancer registries, we searched for deaths in our cohort of The NDI provided a list of matches for each study
ovarian cancer patients up to June 30, 1999. Using the NBUbject, a probabilistic score for each match and an ascribed
we searched for all deaths (n=822), and at each cand&D cause of death code. Each cancer registry returned a
registry we searched for deaths in the state where cases Hiatiof the names of matches. Death certificates were obtained
been initially diagnosed e.g. we searched the Queensladitectly from two of the cancer registries and from the
Cancer Registry for the cases diagnosed in Queensland. TRegistrar, Births, Deaths and Marriages in the other state.
following identifiers were available from our cohort for At June 30 1999 there had been 450 ‘definite deaths’ in
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Table 1. Comparison of ‘Definite Deaths’ and NDI and  that 18 had not been identified by the NDI because names

Cancer Registries Probable Deaths recorded in our cohort files were significantly different from
Definite deaths those on the NDI (the use of aliases, surname changes and
Dead Alive significant spelling variations) and 3 had differences in date
NDI Dead 417 0 | 417 of birth. A further 4 deaths had not been registered on the
Alive 33 372 405 NDI at the time of matching (these women had all died in
450 372 | 822 the 6 months prior to matching). One woman had died

Sensitivity = 417/450 = 93%, Specificity 372/372 = 100% overseas and her death had not been registered in Australia

- and for the remaining 7 non-matches no obvious reasons
Definite deaths

Dead Alive were found. Recalculation of the sensitivity, removing the
CANCER Dead 431 0 431 woman that had died overseas and the 4 deaths that had not
REGISTRIES  Alive 19 372 | 391 been registered with the NDI from the denominator increased

450 372 | 822 the sensitivity to 94% (417/445). Elimination of the non-

Sensitivity =431 /450 = 96%, Specificity 372 /372 = 100 % matches resuI'Fing from variations in names and dates Qf pirth

in our cohort files could potentially increase the sensitivity

our case group and 372 women remained alive. The NDb 98% (438/445).

identified 439 potential matches with the 822 cases in our Of the 19 deaths missed by the cancer registries, 10 had

cohort. Of these 14 were repeat records, that is, individudied in a state/territory other than that in which they were

women were matched with two (and in one case thre@yiginally diagnosed. Three deaths were not matched because

different deaths on the NDI and 1 match was with a mal@f discrepancies in date of birth and the remaining 6 non-

The remaining 424 matches were reviewed clerically (CNmnatches were unexplained.

DP). 417 were classified as ‘probable matches’ and 7 as Figure 1 shows the overlap between the two sources of

‘doubtful matches’ (matches with very low probability scoresdecedent information. Of all ‘probable matches’ the NDI

and non ovarian cancer cause of death). Probable matcla®l cancer registries agreed on 398 deaths (89% of deaths).

with the NDI, cancer registries and ‘definite deaths’ arelThe NDI identified 19 deaths which the cancer registries

compared in Table 1. The sensitivity of the NDI was 93%lid not and the cancer registries identified 33 deaths that

(417 matches of 450) and the specificity 100%. The cancée NDI did not find.

registries identified a total of 431 women from the cohort as

deceased and after clerical review (CN, DP) all wer®iscussion and Conclusions

classified as ‘probable matches’. This equated to a sensitivity

of 96% for the cancer registries. This study has demonstrated that the NDI and cancer
Manual review of all deaths missed by the NDI andegistries were both able to provide reliable and accurate

cancer registries was undertaken, including re-submissignformation regarding deaths for a cohort of female cancer

of records to each of the agencies for re-assessment. Revipatients. We found that the NDI correctly identified 93% of

of the 33 deaths that failed to match to the NDI, revealedefinite deaths and the cancer registries 96%. These results

Deaths registered with the NDI and CR

A

NDI 19 (4%) 398 (89%) 33 (7%) Cancer
registries
\ 4 A4
Deaths registered on the NDI Deaths registered with the CR
but not with the CR but not the NDI

Figure 1. Comparison of Deaths Identified Using the NDI and Cancer Registries
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are comparable to Powers et al. (2000) who comparegcilitate the registration of deaths in Australia (Magliano et
mortality data from the Australian Longitudinal Study onal., 2003). It is thought that this will improve the quality
Women'’s Health to the NDI in 12,432 women and reporte@dnd accuracy of death data.
a sensitivity of 95%. Our results and those of Power et al. Although the amount of the time taken from approval of
(2000) provide evidence that mortality studies of womerthics applications to receiving the death data was a little
do not necessarily mean poorer ascertainment of death. Qgnger for the cancer registries compared to the NDI, the
results for the NDI are also as good as other Australiagosts associated with the searches were equivalent. Currently
validation studies of men and women reported by Kelma(in 2005) the NDI charges an Ethics Committee review fee
(2000) and Magliano et al. (2003) who found sensitivitiesf $250 (regardless of success of the application) and the
of 89% and 94% respectively. Kelman (2000) comparedervice charges for manipulation and dealing with the data
mortality information obtained from families with that of are $160 per hour or $1000 per day (Australian Institute of
the NDI in a cohort of patients (n=2,990) who had receiveg@iealth and welfare, 2005b). The pro rata charge for matching
medical implants. Magliano and colleagues (2003) in theipy one registries was $250 in 1999.
study of 5,821 Australian participants in the long-term  The NDI does however have several advantages over
intervention with Pravastatin in ischaemic disease studfhe cancer registries, including greater flexibility when
reported that the sensitivity increased from 94% to 98% whegbnducting searches. It allows matching on many identifiers.
subjects with mis-recorded identifiers were excludedit also provides the coded cause of death for matches and
Currently we have no validation studies to compare oudleals with interstate migration by identification of the state
cancer registry result with, but we assume the slightly bettgyr territory in which the death occurred and the
sensitivity for the cancer registries may be the result oforresponding certificate number. Importantly it provides a
rigorous manual rexaew of all matches by registry staff. probabilistic score to assist researchers in determining the

In determining the accuracy of mortality services suchikelihood of a true match.
as the NDI, researchers must consider both the method of When funding levels permit, both the NDI and cancer
matching (algorithm) as well as the information in theregistries can be used to enhance the certainty of identifying
databases. A matching algorithm may use single (i.e. sociakaths. For example, researchers relying solely on the cancer
security number) or multiple (i.e. names and date of birthjegistries for mortality ascertainment will invariably fail to
matching criteria (Blakely and Salmond, 2002). Both thadentify some proportion of actual decedents because of
NDI and cancer registries used probabilistic record linkagiterstate migration. Because of the higher costs associated
and a multiple matching algorithm that allowed for minorwith searches of the NDI compared with cancer registries,
discrepancy in names (limited to common variations) angost-effective two stage search protocols might be developed
date of birth. Name changes disproportionately involvghat save more expensive NDI searches for study subjects
women, and indeed patients whose names in the NDI amt located during initial searches of the cancer registries.
cancer registry files differed substantially from the names This research indicates that local sources such as the
recorded previously in our cohort files were not successfullgancer registries remain valuable agencies for short term
identified. This source of inaccuracy is potentially avoidabléollow-up of cancer cohorts, particularly if the cohort was
by using unique identifiers, such as the personadtate-based, but for those with more extensive budgets the
identification number used in Scandinavian countries or RIDI provides additional flexibility and information that the
de facto national personal identification number such as thgancer registries do not.
social security number in the US (currently not available in
Australia). A number of US studies have shown that thﬂcknowledgments
social security number is the most important determinant of
sensitivity, and when used, the sensitivity of the NDI exceeds This study was supported in part by a grant from the
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date personal identification information and using additionafunding to recruit women for the case-control study was
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