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A B S T R A C T

Aim: To provide a comprehensive evaluation of the quality of the data collected on both

solid and non-solid tumours at the Cancer Registry of Norway (CRN).

Methods: Established quantitative and semi-quantitative methods were used to assess

comparability, completeness, accuracy and timeliness of data for the period 1953–2005,

with special attention to the registration period 2001–2005.

Results: The CRN coding and classification system by and large follows international stan-

dards, with some further subdivisions of morphology groupings performed in-house. The

overall completeness was estimated at 98.8% for the registration period 2001–2005. There

remains a variable degree of under-reporting particularly for haematological malignancies

(C90–95) and tumours of the central nervous system (C70–72). For the same period, 93.8% of

the cases were morphologically verified (site-specific range: 60.0–99.8%). The under-report-

ing in 2005 due to timely publication is estimated at 2.2% overall, based on the number of

cases received at the registry during the following year.

Conclusion: This review suggests the routines in place at the CRN yields comparable data

that can be considered reasonably accurate, close-to-complete and timely, thereby justify-

ing our policy of the reporting of annual incidence one year after the year of diagnosis.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

The reporting of neoplasms (and certain precancerous le-

sions) to the Cancer Registry of Norway (CRN) has been com-

pulsory following a directive from the Ministry of Health and

Social Affairs in 1951. A Health Registry Act came into force in

2002 that included statutory regulations for the CRN,1

strengthening the legal obligation to report new precancerous

and cancerous cases, and requiring all hospitals, laboratories

and general practitioners in Norway to report these cases.
er Ltd. All rights reserved
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This legislation, the efficient reporting from multiple sources

and the trace-back routines have been built up at the Registry

over the last decades.

Several studies at the regional2 and site-specific level3–5

have reported an overall estimated of completeness at the

CRN at greater than 95%. An overview of these studies is given

in the Appendix. An evaluation of the data quality at CRN was

recently included as a special issue of the Registry’s annual

report Cancer in Norway.6 Selected results from that evaluation

are elaborated and discussed in this paper.
.
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The overall aim of this study is to provide a comprehensive

evaluation of the data quality of the data at the CRN for all

cancer types, applying the principles and techniques of eval-

uation described in the accompanying reports on data quality

methods in this issue.7,8

2. Material

2.1. Sources of information in the Cancer Registry of
Norway

Hospitals, pathological laboratories, general practitioners and

the National Statistics Office (Statistics Norway) provide the key

information that enables the CRN to collect, code and store

data on cancer patients in Norway. Clinical notifications are

reported on structured templates with one form for solid can-

cers and another for non-solid tumours. Information is sought

on localisation, the extent of the disease and treatment on

these forms. In addition, some site-specific forms with addi-

tional clinical information exist for malignant lymphoma,

chronic lymphatic leukaemia, and cancers of the breast, ovary,

prostate and colorectum. Pathology notifications from all the

laboratories are copies of the laboratory workers’ own reports,

which are routinely sent to the CRN. The pathological notifica-

tions provide either histological, haematological, cytological

or autopsy information. Statistics Norway provides information

on the cause of death notified on death certificates (DCs), and

updates monthly the vital status (alive, dead or emigrated) of

all registered persons in the CRN.

The CRN has also received data files with discharge diag-

nosis from 1998 on all patients treated for malignant and pre-

malignant conditions in every Norwegian hospital and

outpatient clinic. The discharge diagnoses are used as basis

for sending out reminders for clinical notification.

Three times a year, reminders are sent to all hospitals and

physicians that have failed to initially report new cases within

2 months of diagnosis or have given insufficient information

for registration. Elderly patients residing in Nursing homes

are generally diagnosed in the hospital. Reminders are, how-

ever, sent to the nursing home where the pathological notifi-

cation states them as the clinical contact institution, or if a

cancer diagnosis is mentioned on the death certificate and

no additional information is available from hospitals or path-

ological laboratories.

In addition to the discharge diagnoses, laboratory reports

and the mentioning of cancer on the death certificate provide

the basis for these reminders.

As with the other Nordic countries, patients are identified

through a unique 11-digit personal identification number.

This number is assigned to all newborns and people residing

in Norway, and through the consequent effectiveness of re-

cord linkage, provides a reliable means of tracking patients,

and keeping the potential duplication of registered cases

down to a minimum.

2.2. Data material in this study

Data for the period 1953–2006 were extracted from the CRN.

For the evaluation of comparability, the whole time span

was used, whereas selected recent years were used in the
application of methods for the evaluation of validity, com-

pleteness and timeliness. The specific years utilised are given

in the methods section. The dataset for the period 2001–2005

comprised 119,049 incident cases diagnosed in 114,381 per-

sons. Analyses are presented at the two-digit ICD-10 level fol-

lowing a translation from ICD-7, with the codes C39, C76 and

C80 defined as ‘other or unspecified’ cancers. Population data,

stratified by year, sex and age were provided by Statistics

Norway.
3. Methods

A brief overview of the subset of techniques covered by Bray

and Parkin and Parkin and Bray7,8 that have been applied to

the data from the CRN is set out below, together with a spec-

ification of the relevant time periods used for each method.

3.1. Comparability

Comparability is the extent to which coding and classification

procedures at the CRN, together with the definitions of

recording and recording specific data items adhere to agreed

international guidelines. The topics covered here are interna-

tional standards for classification and coding of neoplasms

(1953–2006), as well as the definitions of incidence, incidence

date and multiple primaries.

3.2. Completeness

Completeness is defined as the extent to which all diagnosed

neoplasms in Norway are included in the registry database.

Three semi-quantitative methods are included here, namely

the historic data method (stability of data over time (1953–

2006) and age-specific incidence rates of childhood cancer

(2001–2005) with the corresponding reference intervals based

on deciles for childhood cancer published in CI5 Volume VIII9

(Table 1 of Parkin and Bray8)), the mortality: incidence ratio

(the ratio 2000–2004 compared with one minus five year rela-

tive survival for cases diagnosed in 1996–2000) and the num-

ber of sources/notifications per case (for the registration

period 2001–2005). Among the quantitative methods outlined

by Parkin and Bray,8 we have applied the capture–recapture

(cases diagnosed in 2001–2005) and the ‘flow’ method (cases

diagnosed in 1999 and followed up to the end of 2004).

3.3. Validity (accuracy)

Validity is defined as the proportion of cases in the CRN with a

given characteristic which truly have this attribute. Among

the validity measures described by Bray and Parkin,7 the pro-

portions with histological verification (for registrations 2001–

2005), obtained through death certificate sources only (2001–

2005) and missing information (the proportion of cases regis-

tered with primary site unknown (PSU), by age groups, and

the proportion with stage unknown, by site, in the period

2001–2005) are presented, and compared with selected Euro-

pean registries for patients diagnosed in 1998–2002, as part

of the compilation of Cancer Incidence in Five Continents (CI5),

Volume IX.10
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3.4. Timeliness

Timeliness is evaluated in terms of the time from diagnosis to

registration, and the time from registration to the reporting of

incidence via the annual report, Cancer in Norway.

4. Results

4.1. Comparability

Incident cases in Norway comprise all malignant and in situ

neoplasms, and the incidence reported in Cancer in Norway

(CiN) includes all cases with the 5th-digit behaviour code 3

according to ICD-O-3, for haematological malignancies, and

ICD-O-2, for other tumours. Cases with 5th-digit behaviour

code 1 are also included for tumours of the central nervous

system.

Fig. 1 gives an overview of the international standards that

have been followed11–16 for the classification and coding of

neoplasms from the start of cancer registration in 1953 up

to the latest year available at the time of publication, 2006.

The topography codes have been converted to ICD-1017 for

reporting purposes. Some morphology codes have been devel-

oped due to the need for further subdivision of ICD-O-2 and

ICD-O-3 on the basis of additional information on morphol-

ogy, cytochemistry and immunophenotype, especially within

the haematological malignancies. These subdivisions are

listed in ICD-O-3 as separate terms, but with the same mor-

phology code.
Year

Morphology

Topography

19701953

In-house 3-digit system
1953-1970

M
4-digit s

mo
1

(with loca
19

In-house system similar to ICD- 
6

1953-1970

CONVERSION
The 3-digit system recoded

to MOTNAC

CONVERSION
All codes recoded

to ICD-7

Fig. 1 – The standards of classification and codin

Table 1 – Age-specific incidence rates per 100,000 for
childhood cancer by gender, Norway, 2001–2005.

Age Boys Reference Girls Reference

0–4 23.5 (<12.3 – >24.7) 19.5 (<9.7 – >21.4)

5–9 12.3 (<8.5 – >15.6) 14.0 (<6.9 – >12.0)

10–14 15.3 (<8.5 – >15.0) 11.1 (<6.8 – >13.6)
The in-house rules for the registration of incidence date

(for the reporting of new cases or calculating survival) depart

from the European Network of Cancer Registries (ENCR) rec-

ommendations,17 as the Registry always registers the earliest

incidence dates reported on the sources of notification,

whereas the ENCR rules are based upon a hierarchy of possi-

ble sources. For the period 2001–2005, 19.7% of the cases had a

different date on applying the ENCR rules. For these cases, the

median difference between the ENCR-defined date and the in-

house incidence date was 10 days.

For reporting and comparability with other registries it is,

however, possible, when needed, to select and give priority

to the date when the specimen was taken.

The recording of multiple primary tumours in the main

follows the recommendations given by ENCR.18 The recogni-

tion of two or more primary cancers does not depend on time,

and the groups of topography codes considered as single sites

(from ICD-O-2 and ICD-O-3) are followed, with systemic and

multicentric cancers counted only once. The CRN has, how-

ever, used a more detailed grouping of specific histologies

considered to be different for the purposes of defining multi-

ple tumours. If a new tumour has a different morphological

code (e.g. the first four of the six digits denote a different cell

type), it is considered by an in-house physician for possible

classification as a new cancer. Also, there is a further consid-

eration of whether two tumour diagnoses with identical mor-

phological codes for the same site more than 4 months apart

constitute a new tumour or a recurrence. For the purposes of

incidence reporting, the yearly publication from the CRN in-

cludes the first primary tumour within the same three char-

acter categories of the topography code in each patient.

4.2. Completeness

The assessment of historic incidence trends, by sex, for some

selected cancers is shown in Fig. 2. While the gradient varies

with cancer, the annual trends do not appear to fluctuate in

any systematic pattern. The age-specific incidence rates for
19931986 2002

Non-solid tumours 
only:

ICD-O-3
with local extensions 

2002-Present

OTNAC
ystem (with local 
difications)
970-1992

ICD-7 
l modifications)
70-1992

Non-solid tumours only:
Kiel’s classification 

with local extensions 
1986-2001

 

ICD-O-2
(with local modifications)

1993-present

CONVERSION
Since 1993, semi-automatic 

conversion of ICD-O-2 to ICD-7  
codes

ICD-O-2
(with local modifications)

1993-Present

g of neoplasms followed, Norway 1953–2007.



E U R O P E A N J O U R N A L O F C A N C E R 4 5 ( 2 0 0 9 ) 1 2 1 8 – 1 2 3 1 1221
childhood cancer in the period 2001–2005 are shown by sex in

Table 1. The values for girls aged 5–9 years were outside the

upper limit of the reference interval.

In general, there was a strong coherence between the M:I

ratio and 1 – overall survival, e.g. cancers with poor survival

as pancreas, liver, oesophagus and lung cancers had M:I ratios

close to 1 (Fig. 3). Discrepancies between the two variables

were mostly in the direction of M:I being higher the 1-sur-

vival. Fig. 4 shows a comparison of the M:I ratios for all cancer

sites for diagnoses in 2000–2004 in Norway and Finland. There
Fig. 3 – Mortality:incidence ratios (2000–2004) versus 1-s
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Fig. 2 – Annual trends in age-standardised (world) incidence rat

Norway.
appears to be reasonable concordance in the M:I ratios be-

tween the two countries, although a statistical test for varia-

tions according to neoplasm flagged cancers of the

gallbladder, pleura, penis, bladder, eye, lip, colon and pros-

tate, as well as other leukaemia, multiple myeloma and mel-

anoma of skin, as significantly different (data not shown).

The average number of notifications per case, for all sites

combined, was 3.2 (Table 2). Breast and cervical cancers were

among sites with the highest rate of notifications per case,

whereas cancers of the central nervous system, kidney or
urvival (based on diagnoses in 1996–2000), Norway.
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Acute leukaemia
Multiple myeloma

Pleura
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Pharynx
Colon

Other leukaemia
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Other female genital organs
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Brain. central nervous system
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Fig. 4 – Comparison of mortality:incidence ratios by cancer

site, Norway versus Finland, 2000–2004.
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multiple myeloma were among sites registered with a low

number of notifications per case.

Estimates of completeness, using the capture–recapture

method, are given in Table 3. For the period 2001–2005, and

for all sites combined, 93% of the cases notified by clinicians

(n = 103,644) were also registered with information from at

least one other source. For pathological notifications

(n = 99,552) or cases notified via a DC (n = 17,786), notifications

from one of the other two sources were present for 91.4% and

93.1% of the cases, respectively. In the same period, a total of

11,671 (9.8%) cases were registered without a clinical notifica-

tion (ranging from 5.4% in 2001 to 19.3% in 2005). For most

cancers, the dependencies were (weakly) positive between

notifications by clinicians and DCs and also between notifica-

tions from clinicians and pathologists. The dependencies be-

tween DCs and pathology notifications were mostly negative.

The overall completeness for the period 2001–2005, esti-

mated by the capture/recapture method, was 98.8%. The low-

est completeness was estimated for pancreas (95.7%),

multiple myeloma (95.5%), leukaemia (94.6%) and central ner-

vous system (93.8%). The overall completeness 5 years from

the year of diagnosis in 1999, as estimated by the flow meth-

od, was 97.8% (Fig. 5). This Figure shows the completeness, for

all sites combined, estimated with the flow method for cancer

cases diagnosed in 1999 and who were followed up until 31st

December 2004. Overall completeness for these cases was low

for the first and second year of registration, but increased to

well over 95% during the third year.
4.3. Validity (accuracy)

A total of 93.8% of the cancer cases registered in the per-

iod 2001–2005 were morphologically verified (Table 2).

Fig. 6 shows that the proportion of morphologically veri-

fied cases in Norway compared to other European

registries.

The proportion of DCO cases 2001–2005 was 0.9%, and

there were some variations according to cancer site (Table

2). Three-quarters of the cancer sites listed had %DCO less

than 1%; the highest proportions included pancreatic (3.6%)

and liver cancer (3.3%). Fig. 7 shows the comparison of

%DCO, for all sites combined, with other European registries.

The DCO proportions in Norway rank amongst the lowest in

Europe, irrespective of sex.

The overall proportion of cases registered with PSU was

2.2% in the period 2001–2005. Sub-analyses showed that the

proportion of PSU was very low in the age-group 0–44 (0.4%).

It increased to 1.3% and 1.5% for the age-groups 45–64 and

65–74, respectively, and then peaked at 3.6% for the oldest

age-group (P75 years). Comparisons of %PSU in Norway to

other European registries are shown in Fig. 8.

The proportion with stage unknown for diagnoses in 2001–

2005 varies considerably by cancer site, ranging from 42%

with missing stage information for prostate cancer to 4% for

cervical cancer to 0.5% for female breast cancer (data not

shown).

4.4. Timeliness

The median time from the date of diagnosis to a registration

of a new case has been reduced from over 525 days in 2001 to

261 days in 2005. Table 4 shows the number of cancer cases

diagnosed in the year 2005 as enumerated on 29th November

2006 (time of first publication), and 19th November 2007

(about one year later). The difference of 2.2% overall gives

an estimate of the under-reporting in 2005 due to early

publication.
5. Discussion

The prerequisites for population-based high quality cancer

incidence data are favourable in Norway with mandatory

reporting, unique personal identification numbers and more

than 50 years of experience in cancer registration. The pres-

ent evaluation of the quality of data supports the notion that

the Registry has a high degree of comparability, complete-

ness, accuracy and timeliness. Some heterogeneity was, how-

ever, observed for some quality indicators for specific cancer

sites. Cancers of the breast, cervical, colorectal and prostate

cancer were found to have very favourable values for all as-

pects assessed, whereas leukaemias generally and cancers

of the central nervous system and pancreas did not meet

the highest standards.

The overall completeness estimates from the present

study indicate that recent registration data from Norway are

among the most complete among the European Registries.

In the comparison of quality indicators with other European

registries, the CRN had results equivalent to the other Nordic



Table 2 – Number of cases, average number of notifications per case, percentage morphologically (%MV), and percentage
obtained from death certificate (%DCO), Norway, 2001–2005.

ICD-10 Site Cases Notificat. per case MV% %DCO

C00–96 All sites 119049 3.2 93.8 0.9

C00 Lip 373 3.5 99.7 0.0

C01–02 Tongue 389 4.7 98.7 0.0

C03–06 Mouth, other 404 4.7 99.8 0.0

C07–08 Salivary glands 199 4.1 98.5 0.0

C09–14 Pharynx 588 4.5 99.0 0.2

C15 Oesophagus 934 3.3 97.1 1.4

C16 Stomach 2833 3.2 97.7 0.6

C17 Small intestine 510 3.0 98.1 0.0

C18 Colon 10954 2.8 96.6 0.7

C19–21 Rectum, rectosigmoid, anus 6051 3.3 98.4 0.4

C22 Liver 627 2.5 85.0 3.3

C23–24 Gallbladder, bile ducts 681 2.7 85.3 1.5

C25 Pancreas 3161 2.3 69.8 3.6

C26 Other digestive organs 438 2.4 65.2 11.4

C30–31 Nose, sinuses 201 4.7 99.5 0.0

C32 Larynx, epiglottis 609 4.1 99.0 0.2

C33–34 Lung, trachea 11235 3.2 90.4 1.5

C38 Mediastinum, pleura 100 3.2 72.4 4.0

C40–41 Bone 216 4.8 97.2 0.5

C43 Melanoma of the skin 5255 3.0 99.5 0.2

C44 Skin, non-melanoma 6040 2.3 99.8 0.0

C45 Mesothelioma 360 3.8 97.5 0.0

C46 Kaposi’s sarcoma 46 2.4 93.5 0.0

C47 Autonomic nervous system 47 4.6 97.9 0.0

C48–49 Soft tissues 625 4.6 98.1 0.0

C50 Breast 13701 4.3 99.3 0.2

C53 Cervix uteri 1469 5.9 99.8 0.1

C54 Corpus uteri 3160 4.7 99.2 0.2

C55 Uterus, other 46 3.0 82.6 4.3

C56 Ovary 2270 4.8 95.3 0.8

C51–52,C57 Other female genital 662 5.0 96.4 2.0

C58 Placenta 20 2.9 60.0 0.0

C61 Prostate 16559 2.5 97.1 0.9

C62 Testis 1280 3.0 99.5 0.2

C60, C63 Other male genital 220 4.2 98.2 0.9

C64 Kidney excluding renal pelvis 2761 2.3 85.5 1.1

C65 Renal pelvis 340 2.8 98.0 0.0

C66–68 Bladder, ureter, urethra 6270 3.2 98.2 0.6

C69 Eye 308 2.4 71.2 0.3

C70–72 Central nervous system 4572 2.1 63.2 0.9

C73 Thyroid gland 1000 3.6 99.1 0.2

C37, C74–75 Other endocrine glands 118 3.7 81.4 2.5

C39, C76, C80 Other or unspecified 2614 2.4 64.6 5.9

C81 Hodgkin lymphoma 561 3.7 99.6 0.2

C82–85, C96 Non-Hodgkin lymphoma 3663 4.3 98.9 0.3

C88 Malignant immunoproliferative diseases 221 2.1 97.3 2.3

C90 Multiple myeloma 1680 2.1 97.2 1.8

C91–95 Leukaemia 2678 2.6 97.7 2.0
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registries, all of whom have reported completeness in the

range of 96–100%.19–24

The high degree of completeness is supported by earlier

Norwegian studies investigating cancers of the prostate, head

and neck and ovaries.3–5 In these studies, more than 99% of all

patients in hospital files were also registered in the cancer

registry. The study by Lund from 1981, involving 12% of the to-

tal Norwegian population in 1976, indicated that the overall

completeness in the CRN was 97.6%, with a very high com-

pleteness for most solid tumours.2 Regarding the quantitative
methods, the completeness estimates from the flow method

were lower than the estimates from the capture–recapture

method. A limitation of the former method is that it relies

on the follow-up of vital status several years after the date

of diagnosis. Thus, completeness was based on cases diag-

nosed in the year 1999, whereas the capture–recapture meth-

od estimated completeness for cases diagnosed in 2001–2005.

Both methods are based on the assumptions that are not di-

rectly verifiable. The capture–recapture method has been crit-

icised because it assumes independence between the sources



Direction of dependency:

aC: P versus D: between pathology and death certificate sources for all clinical records.

bP: C versus D: between clinical and death certificates sources for all pathology records.

cD: C versus P: between clinical and pathology sources for all death certificates.

Shading indicates which of the two sources were merged.

The two sources with same-direction dependencies were collapsed to a single group and compared with the third (other-direction dependant)

source in a two-source capture-recapture analysis to obtain the estimates of completeness. Italicised completeness estimates should be inter-

preted with particular caution: either they were derived for sites where the numbers of patients from the death certificate source were relatively

sparse (C00, C01-02), or dependencies were in the same direction for all three two-source estimates (C07-08, C30-31 and C60,63). In the latter

instance, the two sources with the strongest dependencies were collapsed, and completeness estimated using the same procedure as above.

Completeness estimates for C47 and C58 could not be obtained due to low number of cases.
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Fig. 5 – Completeness of ascertainment according to time

since diagnosis, all cancer sites combined, in Norway, based

on registrations in 1999.
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of information, although Brenner has shown that the method

often gave reliable estimates when two sources were evalu-

ated against the third source.25 Among other assumptions,

the flow method requires the date of the first registration of

each case is systematically recorded, and remain unaltered,

irrespective of further data acquisition. It is difficult under

such circumstances to decipher which of the methods would

yield the more reliable estimates of completeness. A thorough

comparison between the two methods for specific cancer

types is certainly warranted, with a focus on the similarities

and differences between the completeness estimates in rela-

tion to the specific assumptions underlying each method.
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Fig. 6 – Percentage morphologically verified (%MV) cases: compa

diagnoses in 1998–2002, all cancer sites combined, by sex.
The semi-quantitative assessments of completeness fur-

ther supported the concept of close-to-complete incidence

data; the limited fluctuation in the time trends of cancer inci-

dence rates, for instance, indicates stable reporting routines

with time. The childhood cancer incidence rates were above

the lower limit of the reference intervals, indicating that un-

der-reporting is not likely. For girls aged 5–9 years, the Norwe-

gian rates were above the upper limits of the reference

interval. This could be an indication of duplicate registration,

but in light of the identification of patients by their unique 11-

digit personal identification number, combined with the name

and address, this interpretation is unlikely to be correct.

Observed M:I ratios can be compared with standard val-

ues from the same region and tests performed to determine

significant differences (see Appendix, Parkin and Bray,

2008b). The method was used in this paper to compare

the M:I ratios of 34 cancers in Norway with those in Finland

under the assumption that the latter country was applica-

ble as a standard and death registration was complete.

Finland is well known to have high quality data and a high

degree of completeness and would seem reasonable to con-

sider as such a reference.26 While 11 of the 34 cancer sites

analysed were flagged as statistically significant, factors

other than true differences in the levels of completeness

may be in operation, including variations in case fatality.

Moreover, several of those cancer sites flagged were

associated with few deaths (lip, penis), while others were

heavily influenced by variations in diagnostic intensity

and registration practices (prostate and bladder cancer,

respectively).
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Table 4 – Registered cancer cases in Norway, 2005 as obtained from the registry extracted 29th November 2006 and 19th
November 2007.

ICD-10 Site Cases 2005 Difference %

2006 2007

C00–96 All sites 24,199 24,730 531 2.2

C00 Lip 77 85 8 10.4

C01–02 Tongue 77 76 –1 –1.3

C03–06 Mouth, other 81 81 0 0.0

C07–08 Salivary glands 48 51 3 6.3

C09–14 Pharynx 132 127 –5 –3.8

C15 Oesophagus 198 197 –1 –0.5

C16 Stomach 515 531 16 3.1

C17 Small intestine 89 91 2 2.2

C18 Colon 2219 2249 30 1.4

C19–21 Rectum, rectosigmoid, anus 1228 1251 23 1.9

C22 Liver 131 136 5 3.8

C23–24 Gallbladder, bile ducts 140 146 6 4.3

C25 Pancreas 575 617 42 7.3

C26 Other digestive organs 107 97 –10 -9.3

C30–31 Nose, sinuses 38 40 2 5.3

C32 Larynx, epiglottis 109 113 4 3.7

C33–34 Lung, trachea 2252 2313 61 2.7

C38 Mediastinum, pleura 22 18 –4 –18.2

C40–41 Bone 43 42 –1 –2.3

C43 Melanoma of the skin 1136 1151 15 1.3

C44 Skin, non-melanoma 1342 1335 –7 –0.5

C45 Mesothelioma 73 79 6 8.2

C46 Kaposi’s sarcoma 9 11 2 22.2

C47 Autonomic nervous system 9 10 1 11.1

C48–49 Soft tissues 124 130 6 4.8

C50 Breast 2798 2817 19 0.7

C53 Cervix uteri 292 297 5 1.7

C54 Corpus uteri 666 669 3 0.5

C55 Uterus, other 11 7 –4 –36.4

C56 Ovary 422 424 2 0.5

C51–52, C57 Other female genital 153 150 –3 –2.0

C58 Placenta 6 6 0 0.0

C61 Prostate 3631 3665 34 0.9

C62 Testis 249 255 6 2.4

C60, C63 Other male genital 48 50 2 4.2

C64 Kidney excluding renal pelvis 565 581 16 2.8

C65 Renal pelvis 51 51 0 0.0

C66–68 Bladder, ureter, urethra 1227 1245 18 1.5

C69 Eye 47 50 3 6.4

C70–72 Central nervous system 806 953 147 18.2

C73 Thyroid gland 226 227 1 0.4

C37, C74–75 Other endocrine glands 19 23 4 21.1

C39, C76, C80 Other or unspecified 504 496 –8 –1.6

C81 Hodgkin lymphoma 113 115 2 1.8

C82–85, C96 Non-Hodgkin lymphoma 780 775 –5 –0.6

C88 Malignant immunoproliferative diseases 32 35 3 9.4

C90 Multiple myeloma 330 360 30 9.1

C91–95 Leukaemia 449 502 53 11.8
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The M:I ratio analyses did, however, flag both multiple

myeloma and other leukaemia, and reiterates previous find-

ings of under-reporting of haematological malignancies at

the Registry.2 The registration of multiple myeloma and leu-

kaemia were 78.6% and 91.9% complete, respectively,2 in line

with the reports from many other countries.27–29 Lund ex-

plained the under-reporting partly as a result of poor report-

ing routines in the departments of internal medicine. A

recent study of the quality of registration of myeloma in Nor-

way found a completeness of 92.7% in the 1990s, based on an
independent case ascertainment method.30 This corresponds

well with our estimate of 95.5% completeness based on the

capture–recapture method, indicating that the completeness

has increased since the 1970s, but still not at a level seen

for most solid tumours.

The diagnosis of haematological malignancies is often

given by a clinician, partly based on the haematology re-

port. The possibility to send out reminders to the clinicians,

based on Norwegian hospital discharge files since the late

1990s, has probably contributed significantly to the increase
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in completeness. This trace-back system collects cases with

a cancer code (ICD-10) from hospital records, and has prob-

ably also increased the level of completeness for cancers

with a low proportion of morphologically verified tumours,

such as cancers of the central nervous system and pan-

creas. A large proportion of brain tumours are diagnosed

based on imaging, without morphologically verification. Be-

fore the hospital discharge files were used to send out

reminders in Norway, some of these tumours were probably

not registered at all, or were only picked up as death certif-

icate initiated cases.

During the recent years, the Cancer Registry has ex-

tended beyond collecting information at the time of diagno-

sis, to include more clinical data on treatment and follow-

up of patients.31–33 This has been accompanied with feed-

back to each hospital on various quality indicators, includ-

ing the proportion of patients with local recurrence and

receiving a magnetic resonance imaging, to enable bench-

marking of the hospital with the rest of the country.34 This

system calls for the timely publication of cancer statistics.

The Norwegian cancer incidence for 2005 was published

by the end of 2006, with a calculated under-reporting of

2.2% of cases that arrived after the date of first publication.

The late arrival of clinical notifications for some cancers,

like those of the lip, central nervous system and leukaemia,

causes deficits of a larger magnitude (10–20%). For the CRN,

rapid dissemination of accurate and close-to-complete data

outweighs concerns regarding the accrual of additional

cases over several years, given that they represent a minor

proportion of the total annual incidence. Timeliness is ex-

pected to further improve in the coming years, due to the

recent introduction of electronic data reporting from the

hospitals.

Validity in the present study was evaluated according to

three indicators. For all sites combined, 93.8% of the cases

were morphologically verified (MV), 0.9% were registered

on the basis of a death certificate only (DCO), and 2.2%

were registered with primary site unknown (PSU). Sub-anal-

yses showed that the proportion of PSU was twice as high

in cancer patients aged 75 years or more, compared to pa-

tient aged between 65 and 74 years. The pattern of de-

creased validity of data for the elderly patients are also

reflected in a study of the elderly population in the Nether-

lands, where unknown primary tumour site was ranked as

one of the most frequent site-specifications in older age-

groups.35

Comparisons with selected European registries 1998–2002

from CI5 Volume IX10 showed that Norway had the eighth

highest %MV of thirty two countries, suggesting a relative

high validity of the registered cases. The accuracy of regis-

try data in Norway has been reviewed for cancers of the

central nervous system (CNS),36 cancers of the head and

neck,4 prostate3 and ovary.5 All these studies assessed accu-

racy by re-examination of a random data sample. The eval-

uation of the CNS found that the rate of errors concerning

the overall incidence rates was 0.3%, whereas in total, 9.3%

of the cases evaluated had errors of varying severity.36 The

re-evaluation of 15992 head and neck cancers cases, re-

ported that 1.6% of these cases were registered with errors

that needed to be corrected. The level of erroneous coding
was, however, highest in the late 1960s and early 1970s.4

The evaluation of accuracy in prostate cancer registration,

found that 0.5% of the data elements had errors, and a de-

tailed review of 1% of the registered cases diagnosed in

1957–1989, revealed that one of 298 cases (0.3%) was errone-

ously registered as a cancer case.3 Finally, a study assessing

the validity of ovarian cancer, found the accuracy of diagno-

sis to be around 92%.5

These quality investigations above tended to be part of

larger studies. While relatively few studies have been pub-

lished on data quality specifically in Norway, researchers

perform quality checks including searches for errors and

inconsistencies, extreme values and rechecks of unexpected

outcomes, before analyses are conducted. Detected errors

are reported to the coding staff for correction in the data-

base. Thus, as the research activity has increased within

the Registry during the recent years, there is a more thor-

ough evaluation of data quality extending beyond the rou-

tine checks employed by the coding staff, improving the

accuracy of the data at the CRN. Further improvements in

data quality may be achieved by the establishment of the

cancer-specific clinical registries.31–33 At present, registries

for prostate, colorectal, lung and ovarian cancer and malig-

nant melanoma have been launched, with lymphoma and

breast cancer registries planned to begin in 2009.
6. Conclusion

This review indicated that the routines in place at the CRN

yield comparable data that can be considered reasonably

accurate, close-to-complete and timely, and serves as a justi-

fication for our policy of reporting annual incidence one year

after the close of registration.
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Appendix

Site Quality aspects Study period Methods Main results and conclusions Reference

All cancer

sites

Completeness 1976 Completeness was estimated by matching

of cases registered in the Cancer Registry

of Norway against those registered within

the Economic and Medical Information

system. The study included cancer cases

diagnosed in 1976 in the hospitals of

either Rogaland or Oppland county

The overall completeness, three years after

diagnosis, was estimated to be 97.6%. In total, 34

cases of 1417 cancer cases registered in EMI were

not registered in the Cancer Registry of Norway.

The study revealed local differences in reporting

routines between the hospital departments. For

cancer of lymphatic and haemopoietic tissues

reporting was markedly poorer than that for

other sites; especially for multiple myeloma or

leukaemia, where completeness was estimated to

be 78.6% and 91.8%, respectively

[2]

Neoplasms

of central

nerve

system

Validity/quality of

data

1955–1984 All cases registered with primary central

nervous system neoplasms diagnosed in

the period between 1955 and 1984 were

included (n = 8933)

Validity. In total, 86 cases were found to be

registered with minor or major errors that were

corrected. The main source of error was

misinterpretation of data by cancer registry staff

(67 of 109 cases)

[36]

Validity. The dataset was checked for

errors, and seven categories of neoplasms

records likely to be faulty were defined

and identified for extensive study (n = 109)

Quality of data. Errors concerning total incidence

rates and rates for main groups of gliomas,

meningiomas and neurilemmomas represented

0.3% of the total, and altogether 9.3% of errors of

varying severity were revealed.

Quality of data. The second approach was

to evaluate the quality of the corrected

data. This was done by a random draw of

300 cases

The study concluded that the data in the

Norwegian Cancer Registry was of sufficient

validity

Prostate

cancer

Completeness Completeness

1960, 1975 and

1981

Completeness. Data were matched and

evaluated against diagnostic indices at

eight selected hospitals in Norway and

against death certificates from Statistics

Norway

Completeness. The deficiency in reporting of

prostate cancer was less than 1%. The

completeness was found to improve with the

number of years following registration: 99% and

close to 100% after 5 and 10 years, respectively.

The completeness following one year of

registration was 95%

[3]

Internal validity Internal validity

1957–1986

Internal validity. The validity control was

based on a detailed reanalysis of an

approximately 1% sample of the registered

data during the period 1957–1986

Internal validity. The validity control revealed

errors in 0.5% of the data elements. One false

positive case was found among 298 cases

controlled (0.3%)

(continued on next page)
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Site Quality aspects Study period Methods Main results and conclusions Reference

Head and

neck cancer

Consistency of

classification and

coding and basis of

diagnosis

1953–1991 Consistency and basis of diagnosis. All

histological codes for (16,104) cases of

head and neck malignancies were

reviewed. A set of criteria for acceptable

histological diagnosis were defined, and

cases that did not meet the acceptance

criteria were subjected to a re-evaluation

of the pathologists’ reports (369 cases).

The percentage of cases not histologically

verified or solely registered on the basis of

death certificate was calculated for

consecutive decades throughout the study

period

Consistency and basis of diagnosis. Of 16,104

cases, 369 (2.3%) fulfilled criteria for further

scrutiny. No changes were made in 98.4% of the

cases in the crude series. The level of erroneous

coding was highest in the late sixties and the

early seventies, and dropped to an all time low

after 1980.

[4]

Only 46 cases were registered solely on the basis

of death certificates. The percentage of cases

lacking microscopic confirmation dropped from

5.7% in 1953–1962 to 2.1% in 1983–1991

Completeness Completeness. Completeness was

checked against hospital-based registries

in two university clinics in Oslo

Completeness. All patients in the hospital-based

patient registry were also registered in the Cancer

Registry. In addition, 44 patients treated in the

hospitals were found in the cancer registry and

not in the hospital registry

Ovarian Completeness 1987–1996 Completeness. Re-ascertainment. Persons

identified with ovarian cancer in the

Cancer Registry or in the hospital’s

discharge registers were included in the

study

Completeness. The overall completeness for

ovarian cancer was found to be 99.6%. The organ

specific completeness of registration of histologic

verified ovarian cancer within the Cancer Registry

was 95.3%; 0.9% was erroneously coded and 3.5%

had their diagnosis changed to ovarian cancer at

re-evaluation

[5]

Reproducibility of

the histopathologic

diagnosis

Histological re-evaluation of 729 cases Histological re-evaluation. In total 91% of the

cases had a primary histological diagnosis. The

accuracy of the diagnosis for 591 cases identified

with a histological diagnosis was estimated at

92%. Coding errors were found in 2% of these

cases, while in 6% of the cases it was not possible

to reproduce the original diagnosis of ovarian

cancer at re-evaluation
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