
Introduction 
The purpose of population-based cancer reg-
istries is to estimate the cancer burden in their 
area, to observe trends and regional differ-
ences and to provide a database for epidemi-
ological research. Population-based cancer 
registries can only reach their goals when they 
are complete or to a large extent complete. An 
incomplete cancer registry is only of limited 
use. First, the cancer incidence is underesti-

mated. Second, it is also possible that some 
subgroups of cancer patients are more likely 
to be registered than others, thereby misrep-
resenting the distribution of age or stage of 
disease or the regional distribution of cases. 
Third, trends in completeness of registration 
may be mistaken for trends in incidence. Re-
searchers can assess whether cancer registry 
data are representative and useful for their 
purpose if an estimate of completeness of 
registration is available. Several of the Ger-

man cancer registries still have to show that 
they operate effectively. One of the indicators 
used to measure effectiveness is complete -
ness of registration. Outside Germany and 
the United Kingdom not many cancer regis-
tries publish indicators for completeness 
regularly. 

Available Methods for 
 Estimating Completeness 
Completeness is defined as the proportion of 
diagnosed cancer cases that are registered. 
Several methods to assess completeness have 
been proposed [1]. 
1. Completeness can be estimated using the 

proportion of cases for which the first and 
possibly only source of information is a 
death certificate (DCN cases). An estimate 
of completeness is then given by 

 
 

 

 where DCN denotes the proportion of 
DCN cases and M : I denotes the mortality 
to incidence ratio [1] which can be com-
puted as the number of deaths from a par-
ticular cancer in a given year divided by 
the number of incident cases for the same 
cancer in this year. 

2. Comparing current incidence rates or 
numbers of cases registered to appropriate 
numbers from the past within the same reg-
istry is termed historic data method [1]. 
Observed trends can be taken into account. 

3. Completeness can also be estimated by 
comparing figures from the cancer regis-
try under consideration with data from a 
presumably complete reference registry. 
This can be done by simply comparing 
incidence rates. 
a) In a more rigorous approach, the 

number of cases can be estimated using 
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Summary 
Objectives: Several methods for estimating 
completeness in cancer registries have been 
proposed. Little is known about their relative 
merits. Before embarking on a systematic 
comparison of methods we wanted to know 
which indicators were currently in use and 
whether there had been comparative investi-
gations of estimation methods. 
Methods: We performed a survey among 
European cancer registries asking which 
methods for estimating completeness they 
used and whether they had performed com-
parisons of methods. 
Results: One hundred and ninety-five Euro-
pean cancer registries were contacted after 
identification using membership directories of 
the European Network of Cancer Registries 
(ENCR) and of the International Association 
of Cancer Registries (IACR). Fifty-six (29%; 
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22%–36%) of the 195 cancer registries re-
plied. Forty-eight (86%; 74%–94%) of these 
stated that they estimated completeness. Thir-
ty-five (73%; 58%–85%) used historic com-
parisons, 31 (65%; 49%–78%) compared 
their data with a reference registry, 28 (58%; 
43%–72%) registries used mortality inci-
dence ratio. Capture-recapture methods were 
applied in only 12 (25%; 14%-40%) registries. 
The flow method was used by ten (21%; 
10%–35%) registries. There were regional 
 differences in the use of methods. 
Comparisons of methods were rare and 
usually restricted to real data at hand. A sys-
tematic comparison including all indicators 
actually in use in cancer registries was not 
 reported. 
Conclusions: A comparison of methods 
under well defined realistic conditions seems 
to be indicated. Unifying the methods for esti-
mating completeness would improve validity 
of comparisons between cancer registries. 
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age-specific incidence rates of the ref-
erence registry and the demographic 
structure of the registry population 
under consideration. 

b) The expected number of cases is esti-
mated from the mortality rates in the reg-
istry population under considera tion and 
the incidence and mortality rates in the 
reference registry population. 

4. Capture-recapture methods have been 
used to estimate completeness of disease 
registries [2–5], although their usefulness 
has been questioned [6, 7] and some prob-
lems are known [8]. 

5. Independent case ascertainment [1] can 
be regarded as a special case of capture-
 recapture methods. An independent data 
base of cancer cases may be available, e.g. 
data collected for a clinical or epidemi-
ological study or data obtained for admin-
istrative purposes. This database and the 
registry database can be linked – given 
confidentiality issues do not prohibit the 
linkage. The proportion of cancer cases in 
the independent database that are also 
known to the cancer registry can serve as 
an estimate of completeness. 

6. The flow method by Bullard et al. [9] uses 
three time-dependent probabilities: the 

probability that a patient survives until 
time t, the probability that the death cer-
tificate of a patient who dies in the interval 
after time t mentions cancer, and the prob-
ability that a patient survives until time t 
and remains unregistered. From these the 
completeness at any time can be estimated. 

7. The method proposed by Haberland [10, 
11] is based on a paper by Colonna et al. [12] 
in which cancer incidence rates for the 
whole of France were estimated from inci-
dence rates from regional registries covering 
only part of the country and both national 
and regional mortality rates. This method is 
also based on mortality incidence ratios 
(M/I) but extends the simple rule of propor-
tion by introducing log- linear models for 
trends of mortality and incidence. 

 
The proposed methods have as prerequisites 
certain assumptions such as independence of 
sources, constant trend, or similarity of 
cancer risk and prognosis in compared re-
gions. However, these assumptions are rarely, 
if ever, met in practice. Little is known about 
the merits and weaknesses of these proce -
dures in realistic settings. Mattauch [13] per-
formed a comparison of methods using data 
from the Münster cancer registry and found 

considerable differences between methods in 
some instances. Silcocks and Robinson [14] 
compared the flow method and capture-
 recapture methods in a simulation study with 
focus on the confidence intervals obtained. 
They found that point estimates for com-
pleteness differed although width of con-
fidence intervals was similar. They concluded 
that one or possibly both approaches may not 
be appropriate and advocated the use of the 
flow method. Recently they also compared 
the flow method and the DCN method using 
Ajiki’s formula [15, 16] in a simulation study 
[17]. They found that the flow method gave 
more realistic results than the DCN method 
which grossly underestimated completeness. 

We wanted to obtain an overview over 
methods currently in use in cancer registries 
in Europe. The main objective of the research 
reported here was to find out whether cancer 
registries a) actually estimated completeness, 
b) if so which methods they used and how fre-
quently, and c) if not why not. Additionally, 
we were interested in the software used and in 
modifications of published methods. A fur -
ther aim was to collect information on un-
published methodological and comparative 
investigations. The survey was intended as a 
starting point for a more methodological 
 research project. An in-depth discussion of 
merits and weaknesses of the proposed esti-
mation methods is beyond the scope of this 
paper. The latter is addressed in [18].  

Methods 

For practical purposes the survey was re-
stricted to European cancer registries, Euro-
pean being defined by membership in the 
ENCR or by being mentioned in the Euro-
pean section of the IACR [19]. 

A short questionnaire was developed, 
mainly including questions on methods used 
for reporting and calculating completeness. 
We asked about the DCN-method, historical 
comparison, comparison with a reference 
registry, independent case ascertainment, 
flow method [9], method based on mortality 
incidence ratio as described by Colonna et al. 
[12], and the capture-recapture method. 
Further methods could be specified. We also 
asked for the frequency of use (never, rou-
tinely, on special occasion). As several respon-
dents ticked the boxes “routine use” or “on 

Table 1  
Response rates  
by region 
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Region of registry Responders Number of  
registries  
in region N % 

East (Belarus, Bulgaria, Czech  
Republic, Hungary, Poland, Republic of 
Moldova, Romania, Russian Federation, 
Slovakia, Ukraine; Armenia, Georgia, 
 Kyrgyzstan, Ukraine) 

 5 18  28 

North (Channel Islands, Denmark,  
Estonia, Faeroe Islands, Finland,  
Iceland, Ireland, Isle of Man, Latvia, 
 Lithuania, Norway, Sweden, United 
 Kingdom of Great Britain and Northern 
Ireland; Bermuda) 

15 50  30 

South (Albania, Andorra, Bosnia  
and Herzegovina, Croatia, Gibraltar, 
Greece, Holy See, Italy, Malta, Monte -
negro, Portugal, San Marino, Serbia, 
Slovenia, Spain, The former Yugoslav 
 Republic of Macedonia; Cyprus, Turkey) 

 9 13  69 

West (Austria, Belgium, France,  
Germany, Liechtenstein, Luxembourg, 
Monaco, Netherlands, Switzerland) 

27 40  68 

All regions 56 29 195
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special occasion” but left the others empty, we 
interpreted missing values as “never”. Addi-
tionally we asked for availability of software, 
performance of method comparisons, refer-
ences, contact details and interest in feedback. 

We first distributed the questionnaire 
among the 11 German population-based 
cancer registries. After receiving responses 
from German registries we changed the 
layout slightly. In April 2005, we sent ques-
tionnaires to all 153 non-German cancer 
 registries listed in [20] and asked for comple-
tion. The questionnaires were sent with a 
cover letter that explained the research pro-
ject using stationery of the Cancer Registry 
Rhineland Palatinate. In August 2006, the list 
was updated using the membership direc -
tories of the ENCR [21] and the European 
section of the IACR [19]. We contacted all 
registries in the updated list containing 195 
addresses, unless they had already returned 
the questionnaire. This reminder was sent by 
E-mail when an E-mail address was available, 
otherwise by ordinary mail. 

The returned questionnaires were en -
tered into an Access database. The analysis is 
based on all questionnaires received up to 
 October 2006. We computed appropriate ab-
solute and relative frequencies. We also give 
95% exact confidence intervals for relative 
frequencies. Statistical analysis was per -
formed using SAS 9.1 after converting the 
 Access database into a SAS data set. 

For regional analyses, the group definition 
by the United Nations Population Division 
[22] was adapted as some of the ENCR 
members belong to Asia or America accord-
ing to this classification. Asian countries 
 formerly belonging to the Soviet Union are 
added to the Eastern Europe category, Turkey 
and Cyprus are added to Southern Europe 
category, and Bermuda is combined with the 
United Kingdom (�see Table 1). 

Results 

Only 56 registries (29%; 22%–36%) returned 
the questionnaire. The response rate was 
higher in Northern and Western Europe. 

Forty-eight (86%; 74%–94%) of these 
registries stated that they estimated com-
pleteness, 8 (14%; 6%–26%) reported that 
they did not estimate completeness. Three of 
the latter deemed it unnecessary. The follow-

ing other reasons for not estimating com-
pleteness were stated by one or two registries 
each: takes too much time, no software avail-
able, nobody in the registry capable of doing 
it, incidence comparison with other registries 
is performed, all pathologists contribute, 
other priorities and limited staffing, new reg-
istry. The proportion of registries using the 
various methods can be seen in �Table 2.  

Most registries reported that they used 
historical comparisons routinely. Many regis-
tries compared their data with a reference 
registry, mainly as a routine exercise. Mortal-
ity incidence ratio was a commonly used in-
dicator, whereas independent case ascertain-
ment and other capture-recapture methods 
tended to be used on special occasions. The 
flow method was only used in ten registries. 

There were regional differences in the 
choice of method (�see Fig. 1). While most 
responding cancer registries in Southern and 
Northern Europe (n = 18, 86%; 64%–97%) 
reported the use of historical comparisons 
only 13 (59%; 36%–79%) of the cancer regis-
tries in Western Europe did so. The DCN-
method seems to be popular in Eastern Eu-
rope – four of five replying registries used it – 
whereas in Western Europe only four (18%; 
5%–40%) of the responding registries men-
tioned using it. The flow method and cap-
ture-recapture methods were not used in the 
responding Eastern European registries at all, 
whereas the flow method was used by six 
(43%; 18%–71%) of the Northern European 

registries – particularly in the United King-
dom. 

Few registries confirmed the availability of 
software. Twelve (25%; 14%–40%) cancer 
registries stated to have software for com -
parison with a reference registry, ten (21%; 
10%–35%) of the registries quoted software 
for historical comparisons or for mortality 
incidence ratio. Eight (17%; 7%–30%) regis-
tries had access to software for the flow 
method. Software for the DCN method was 
mentioned by six (13%; 5%–25%) registries, 
independent case ascertainment and capture-
recapture by four (8%; 2%–20%) and other 
methods by three (6%; 1%–17%). 

Modifications of published methods were 
rarely mentioned. Two registries compared 
current M/I ratios with M/I ratios from pre-
vious years. One registry explicitly stated to 
compare M/I ratio with those from other reg-
istries. 

Estimation of completeness was mostly 
performed by epidemiologists (n = 30, 63%; 
47%–76%) or by statisticians (n = 23, 48%; 
33%–63%). Medical doctors (n = 13, 27%; 
15%–42%), computer scientists (n = 10, 21%; 
10%–35%) and cancer registrars (n = 7, 15%; 
6%–28%) were also involved. 

Only 14 (29%; 17%–44%) of the cancer 
registries that performed estimation of com-
pleteness had ever applied more than one 
method to a dataset and compared results. 

When asked for publications 21 (44%; 
29%–59%) cancer registries referred to tech-

Table 2 Frequency of use of various methods (multiple answers possible)

Method Method is applied 

no information  
or never 

routine use special occasion 

N % N % N % 

Bullard 38 79  5 10  5 10 

Capture/recapture 36 75  5 10  7 15 

DCN method 22 46 14 29  2  4 

Historical comparison 15 31 35 73          0  0 

independent case ascer-
tainment 

28 58  9 19 13 27 

Mortality/incidence ratio 
(Colonna) 

15 31 18 38 10 21 

Comparison with refer-
ence registry 

19 40 24 50          7 15 

Number of 
registries 

N 

48 

48 

48 

48 

48 

48 

48
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nical reports, 11 (23%; 12%–37%) men-
tioned publication in peer-reviewed journals 
and five (10%; 3%–23%) other publications. 
Fifteen (31%; 19%–46%) registries answered 
that they had not published results concern-
ing estimation of completeness. 

Some registries provided useful references 
to their own work concerning estimation of 
completeness or gave information on on-
going work in this field, e.g. [14, 23–30]. 

Discussion 

Summary of Results 

Most of the cancer registries that completed 
the questionnaire estimate completeness in 
some way. Simple methods such as DCN-
method, historical comparisons, comparison 
with reference registry and M/I ratio are pre-
ferred. Modification or extension of pub-
lished methods are rarely stated. Within the 
cancer registries methodological develop -
ments and comparisons are rare and if they 
have been performed they have been based on 
real registry data at hand. 

Limitations 

The generalization of our results is limited as 
the response rate is low and varies between 
European regions. A fairly large proportion of 
cancer registries from Germany, the Nether-
lands, Scandinavia and the United Kingdom 
responded. These cancer registries are how-
ever generally reasonably well funded and 
cover major parts of the population. On the 
other hand, response rates are very low for 
registries in Eastern and Southern Europe, 
many of which are small, restricted to a small 
population or to a small selection of diseases, 
or have to function on limited funds. The 
more sophisticated methods tend to be used 
more frequently in Western Europe and 
Northern Europe. It may be speculated that 
small registries and registries with little re-
sources have not responded. Such registries 
presumably would prefer simple methods to 
estimate completeness or not estimate it at all. 
This would mean that the use of the more 
sophisticated procedures was overestimated. 

Although there had been a pre-test, some-
times questions where not understood as they 
had been intended. Some registries reported 
plans rather than the current status. From 
further comments given, we concluded that 
sometimes by “method based on M/I ratio” 

only the simple M/I ratio instead of the 
model-based procedure was meant. The avail-
ability of software was often negated although 
the respective method was used. From free 
text notes it may be concluded that in these 
cases standard software such as Excel or statis-
tical packages such as STATA or SAS are used. 

Conclusion 

This survey confirms the impression gained 
from literature search: there are very different 
methods in use and there are hardly any com-
parative studies about the performance of in-
dicators of completeness. The investigations 
found in the literature and indicated in this 
survey apply several indicators for complete-
ness to the same real dataset. However, it is 
unsatisfactory that applying several indi-
cators may yield considerably different results 
[13]. A systematic comparison including all 
indicators actually in use in cancer registries 
has not been performed so far. So a method 
comparison under realistic and well defined 
conditions extending or complementing the 
work by Silcocks and Robinson [14, 17] seems 
to be indicated. Unifying the methods for es-
timating completeness would improve valid-
ity of comparisons of completeness between 

Fig. 1  
Proportion of cancer 
registries within each 
region using various 
methods of estimat-
ing completeness 
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cancer registries. This can be targeted once 
the relative merits of the  procedures in use 
have been assessed. 
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