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Completeness of cancer registration: a new method for
routine use
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Summary We report a new method of estimating the completeness of cancer registration, in which the proportions of unregistered patients
are derived from the time distributions of three probabilities, each of which can be directly estimated from the registry’s own data — the
probabilities of survival, of registration of the cancer during the patient’s life, and of the mention of cancer on the death certificate of a cancer
patient who dies. This method allows completeness to be assessed routinely by factors such as age, sex, geographical area and tumour type.
© 2000 Cancer Research Campaign
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Population-based cancer registries form a valuable resource f&mith, 1982; Draper et al, 1989 Swerdlow et al, 1993;
public health and research, by providing information on theWarnakulasuriya et al, 1994). The proportion of eligible patients in
surveillance of cancer incidence and survival. The utility of suclthis external sample who were also registered by the cancer
registries depends heavily on the completeness with whichegistry provides an estimate of completeness. Some authors have
patients eligible for registration are ascertained, but registriessed capture—recapture analyses to estimate completeness fror
rarely report their completeness because it is difficult to measuréwo or more sources (Robles et al, 1988; Brenner, §)99%his
Current methods of estimating completeness have several defectgportunistic approach is convenient and labour-saving, but relies
The most widely used approach employs indirect indices of thbeavily on the independence of the two data sources and this may
completeness of registration, such as the ratio of cancer incidenbe difficult to check. Moreover, such methods are unable to esti-
to mortality in a given period, or the percentage of ‘death certifiimate the number of cases not routinely notified to the registry by
cate only’ (DCO) registrations (Parkin et al, 1994). The values o&ny of the sources, and lack the statistical power to detect incom-
such indices can be compared with those obtained in othereteness at an early stage (Schouten et al, 1994).
registries. However, they give only a broad indicator of quality, not The method proposed here addresses the defects of existing
an accurate estimate of completeness, and interpretation depemdsthods in several ways. It is based on the logical flow of data in
on assumptions about survival rates and the level of completenesge registration system, and on the time distribution of various
in the other registries. Although the ratio of DCO to total registraprobabilities inherent in this flow. It is thus in principle adaptable
tions is widely used as an ‘important check on the completeness td cancer registries with different patterns of registration. It does
registration’ (Parkin and Muir, 1993), Brenner (18pBas shown not require re-abstraction of data, and can be executed rapidly anc
that it is unreliable even as an indirect guide. inexpensively, thus providing routine surveillance of completeness
A second approach involves re-ascertainment of cases. Thmy variables such as tumour site, age, sex and geographic area.
registry’s staff search the medical records of all patients in a suit-
able sample of hospitals or other data sources for all registrable
cancers. The proportion of eligible patients who are already regig\-'lE.“'":")s

tered is then a direct and quantitative estimate of completenespne aim of cancer registries is to register cancers at, or soon after

However, this approach is too expensive and time-consuming fQfiagnosis. However, some cases are missed. UK cancer registrie:

routine use, and only assesses the completeness of patiegsain patient information from hospitals, pathology laboratories,

attending the data sources sampled. Results have rarely begp practices, general cancer registries in other regions where

published (Heiberger et al, 1983; Mattsson et al, 1985; Galceran glempers of their populations may have been treated and from

al, 199_5)- ] o ] specialist cancer registries restricted to a particular age group
A third approach involves obtaining an independent sample of; tymour site. Additionally, copies of all death certificates

cancer patients resident in the registry’s territory, e.g. from COhorrtnentioning malignant disease are sent by the Office for National

studies that do not rely on the same flagging system as the regisiyaiistics (ONS) to the cancer registry.

(Hunt and Coleman, 1987; Storm, 1988; Villard-Mackintosh et al,

1988; Hawkins and Swerdlow, 1992), or a series of clinical cases

(Haddow, 1968; Larsson, 1971; Freedman, 1978; Nwene and
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Relationships between the various possible categories of registered and unregistered cancer patients at time t after diagnosis

The following methodology relies on the assumptions that death who dies in the time intervat (t,,) after diagnosis includes a
certificates are received fall patients dying with malignant mentionof cancer
disease mentioned on the death certificate, and that patients are notu(t) is the probability that a patient surviving until titne
registered from sources other than death certificates after death. A after diagnosis is still unregistered
search of the Thames Cancer Registry’s database found no patient
who were known from independent sources to have died for who
a death certificate had not been received from ONS. Moreovet,
only a fraction of a per cent of patients dying without cancer beind. Missing Proportion ‘missing’ at time after diagnosis is
mentioned on the death certificate (who would not have been given by
:jee%ltsr:(.ered initially from the death certificate) were registered after M(t) = prob (surviving andtill being unregistered at timg t
Since cancer patients who subsequently die with cancer ~ s(t) - u(®
mentioned on the death certificate are (in the UK) routinely noti2. Lost From the survival distribution, the probability that a
fied to the relevant registry, fatal cases are highly likely to be death occurs during the time intervil{,,) is
registered. The patients who remain unregistered at a given time
after diagnosis of cancer are of two types. Firstly, patients who are s(t) - s({,,)
all\{e and still unreg|§tereq (ie. missing from the rgg|stgr). or Then prob (death occurs in interval (tt,,) and cancer not
patients who have died without being registered during life, an(rjnentioned)
remain unregistered because the death certificate did not mention
cancer. There is little chance of such patients ever being registered, = [s(t) — s(t,,)] - [1 — m(§)]
and such cases may be described as ‘lost’ to the system. This
process is illustrated in Figure 1.
We define three time-dependent probabilities, as follows:

We can then derive the proportions of ‘missing’ (M) and ‘lost’
) patients as follows:

Since any patient who has died without being registered had
clearly not been registered whilst still alive, it follows that

prob (death occurs in interval (t,,) and patient not previously
registered anatancer not mentioned on death certificate)

= [st) = s(t.)] - [1=m(@] - u(t)

s(,) is the probability that a cancer patient is still surviving
at timet, after diagnosis
m(;) is the probability that the death certificate of a patient
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At time T after diagnosis, a cancer patient who is dead yeby the survival distribution of those DCI patients whose details were
remains unregistered could have died at any tif@t<T). Thus  successfully traced back from the death certificate who were
the proportion ‘lost’ at time T is given by diagnosed in the required peripdpecific for age at death, sex,
tumour type and geographic area.

It may be possible to refine the method further by categorizing
dead cases by place of death (e.g. hospital, hospice, home, etc.)
However, this idea has not been pursued in the current study.

L(T) = prob (dead by time T anthregistered andancer not
mentioned)

= Jp Is(t) = s(t,)] - [1 = m(p] - u(®)}
witht <T <t and wherd (=0) is the time of diagnosis.

Completgness at t'me.T after dlagnosisT), can now be found Probability that cancer is mentioned on the death
by subtracting from unity the proportions of patients who are

o . certificate, m(t)
missing’ or ‘lost’, to give
C(T) = 1 - M(T) — L(T) -Ia—relsn((:)?/\? ::agst_lrnr‘]lztzg an;)r;]ac;?ncer regls.tratlons for patle_nts who
. ple of patients used to estimate th
=18 u () =Tl Is) = )] - [2 - m] - u®) survival distribution can also be used for this purpose. The numer-
also witht <T <t . ator is the number of deaths in the given interval since diagnosis
Thus, if reasonable estimates of the three time-dependent proda which the death certificate includes a mention of cancer, while
bilities implicit in Figure 1 can be obtained, then completeness caihe denominator is the total number of deaths in the same interval.
be readily estimated(t) can be obtained from the distribution of The simplest approach is to use patients diagnosed in a given
survival times for registered patienta(t) can be estimated from calendar period who are now dead. This will tend to overestimate
the death certificates of a sample of registered patients who hatiee true probability of cancer being mentioned on the death certifi-
died, andu(t) from the distribution of the interval between diag- cate, since all patients who die of their cancers will be registered,
nosis and registration. whilst some patients who die of other causes will not.

Probability of survival,  s(t) Probability of failure of registration before death, u(t)

The survival distribution can be estimated using the actuariarhe cancer registry receives copies of all death certificates
method (Cutler and Ederer, 1958; Esteve et al, 1994). Conventianentioning cancer for deaths in its territory, irrespective of
amongst cancer registries is to calculate survival for all cancefghether the patient has already been registered. Crucially, this
diagnosed in a given period among residents of its territorysource of information depends on civil death registration, and is
Patients registered solely from a death certificate (DCO cases) atempletely independent from the sources of routine cancer regis-
usually excluded because their date of diagnosis is unknowmration. These certificates enahlé) to be calculated for cancer
However, this practice can lead to bias. Berrino et al (1995) havgeaths occurring in a given period.

shown that patients dying with cancer mentioned on the death The periods from diagnosis to registration and from diagnosis to
certificate have poorer survival than patients dying of other causegeath are calculated (with estimates for DCOs being made as
and that the percentage reduction in estimated survival resultingescribed above). The probability of a patient not being registered
from the inclusion of DCO cases is generally of the same order dg:fore death can then be estimated with the same approach as fc
the proportion of such cases in the series under study. If possibleurvival, but treating registration before death as the ‘event’, and
DCOs should be included as outlined below. censoring at death.

It is important to estimate the survival distribution for patients This was refined by censoring at 1 year before death, because
rather than tumours. Some 5-10% of cancer patients will eventiwhe probability of registration among those who die of cancer
ally develop more than one primary, but the criteria for registeringncreases during the year or so before death. The death certificate:
a second primary vary between cancer registries (Parkin et af patients sampled to estimaté) contain a mention of cancer,
1994). It is in any case intuitively sensible to include each patienvhereasu(t) is to be applied to survivors and to patients whose
only once, using the date of registration of the first tumour. death certificate does not mention cancer. Censoring 1 year before

It is not clear how DCOs should be included in estimates otleath removes most of this excess probability, and the resultant
survival, since both their date of diagnosis and their duration ofistribution is more suitable for non-cancer deaths.
survival are unknown. To address this problem a working assump-
tion was made that, for any given period, the unknown number
cancer patients whose true date of diagnosis lies within that period,
but who will eventually be registered as DCOs, is the same as théhe survival distributiors(t) was based on 56 992 cases ‘diag-
number of DCOs recorded as dying in that period. If the survivahosed’ in 1987, including 14 409 DCO cases dying in 1987, but
distribution of cases diagnosed in 1987 were required, foexcluding non-melanoma skin cancers and patients resident
example, the estimate would be based on non-DCO ciags  outside the registry’s territory. Five years after diagnosis, almost
nosedn 1987 and DCO caselyingin 1987. 80% of these patients had died (Figure 2).

DCOs are distinguished from other death-certificate-initiated m(t) was calculated from the records of patients diagnosed in
(DCI) cases only in that the registry has not succeeded in tracintP87 who had died by the end of 1993. The data comprised 42 971
the patient's medical record to obtain the date of diagnosis. ppatients (including 14 409 DCOs) whose death certificate did
therefore seems reasonable to apply the survival distribution ahention cancer and 2620 patients whose death certificate did not.
successfully traced-back DCI patients to those for whom traceh the period immediately after diagnosis, as expected, most death
back was unsuccessful, i.e. the DCO cases. certificates mentioned cancer, but this proportion fell to approxi-

The survival times for DCO cases can therefore be approximatedately 80% by 5 years after diagnosis.

ESULTS
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Figure 2 The estimated survival distribution s(t) for all cancer patients
(excluding non-melanoma skin cancer) diagnosed in 1987
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Figure 4 The completeness of cancer registration C(T) at Thames Cancer

Registry for all cancers diagnosed in 1987 (excluding non-melanoma skin

cancer) by

The probability of failure of registration before deatft), was

time since diagnosis

and 7313 (16.1%) DCOs. In the first 6 months after diagnosis,very
few surviving cases were registered (Figure 3). Most registrations
of survivors occurred between 6 months and 2 years after diag-
nosis, and the probability that a surviving case remained unregis-
tered gradually fell to 23% at 5 years after diagnosis.

Since this study was performed, improvements to the computer-
ized matching of records together with active tracing of
unmatched deaths have reduced the DCO rate at Thames Cancer
Registry to 10.5% at the end of 1998.

Figure 4 shows the derived distribution of completer&§9
with time for Thames Cancer Registry. The area above the bold
curve represents the patients who remain unregistered at any given
time. The thinner line divides these unregistered patients into those
who are still alive (the ‘missing’) and those who have died without
cancer being mentioned on the death certificate, and who are
unlikely ever to be registered (the ‘lost’). The results indicate that
Thames Cancer Registry attains 92.1% completeness 5 years after
diagnosis for all cancers.

The same method was used to calculate completeness by age
and cancer site. The samples used to calculate the distributions
s(t), m(t) andu(t) were restricted to the age group or cancer site of
interest. Otherwise, the calculations were performed exactly as
above.

For estimation of completeness by age at diagnosis, the selec-
tion of DCOs causes difficulty, because the age at diagnosis is
unknown. However, since age at death is available, we can apply
the survival distribution of those patients whose date of diagnosis
and duration of survival are known as a result of trace-back from
the death certificate to each DCO in the same category of age at
death. (We used the conventional 5-year age groups.) The esti-
mated age at diagnosis for each DCO can then be found by
subtraction. Those patients registered as a DCO whose estimated
age at diagnosis falls outside the specified range are then ignored.
The rest of the calculations are as before, within each age group at
diagnosis.

Figure 5A shows the pattern of completeness by time since
diagnosis for selected cancer sites. Registration appears most
complete for lung cancer, the most lethal of those shown.
Melanoma of the skin is the least complete of the selected sites.
Whilst breast cancer and melanoma have similar survival distribu-
tionss(t), u(t) is higher for melanoma, resulting in lower complete-
ness.

Figure 5B shows the results for different age groups. In general,
completeness is higher at older ages due to the fact that survival
rates are lower in older patients, and death certificates can be used
to improve case ascertainment. The only exception appears to be
that childhood cancers (0—14 years) are more completely regis-
tered than those in young adults. This is due to greater efficiency
of the routine registration procedures for the youngest patients.

Completeness of registration for other combinations of factors
can be obtained by a suitable choice of the samples for estimating
the three probability distributions.

DISCUSSION

calculated from all cancer deaths recorded at the registry duringne advantage of this method over others in common use is that it
1991. As before, patients with non-melanoma skin cancer anshows how the completeness of registration of cancer patients
patients resident outside the registry’s territory were excluded. Theéiagnosed in a given period increases with time since diagnosis.
45 384 cancer deaths comprised 9744 (21.5%) registrations mad@other advantage is the inclusion of an estimate of the
before death, 28 327 (62.4%) patients whose registration wgsercentage of cancer patients who are likely never to be registered
made from the medical records after receipt of a death certificatghe ‘lost’ group). Further, the interpretation of this estimate of
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record this date, it would be desirable to include it in any future
A national minimum data set. If dates of registration have only been
recorded for the paStyears, them(t) and hence completeness can

100 ) only be calculated up fbyears after diagnosis. Ideally, the date of
registration should be available for 3 or more years before the
method is implemented, in order to ensure that the probability
distribution of registration before death is estimated for a reason-
able period.

Secondly, it is also essential that copies of all death certificates
mentioning cancer should be received. This may be a problem for
------------------- small regional registries in countries where there is no national
follow-up system or matching with a national death index.

Thirdly, knowledge of whether each case is DCI is also
required, in order to estimate the survival times for DCO cases as
described above.

The method should improve comparability between cancer
registries, since estimates of completeness could now refer to stan.

L

Completeness (%)

ATolor - dard intervals such as 1, 2 or 5 years after diagnosis, and shoulc

@ Breast enable more systematic exploration of variation in completeness

¥ Cervix by factors such as age, sex and type of tumour. However, the esti-

#, Melanoma mate of completeness should not be over-interpreted if the

1 2 3 4 5 numbers used in the samples to calculate the underlying distribu-
Time since diagnosis (years) tions are small. The effects of smaller numbers can be seen in the

‘lumpiness’ of some of the estimates presented in Figure 5.
Treatment of cancer patients is continually improving, leading

to increased survival and an ever greater proportion of patients
B being ‘cured’ to eventually die of other causes, with no mention of
cancer on the death certificate. Unless registration procedures
improve, this will result in decreased levels of completeness.
Incompleteness results in biased estimates of cancer incidence
prevalence and survival. The routine publication of completeness
figures for standard intervals would aid the interpretation of such
measures.
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