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Background: To assess the agreement between the causes of death assigned by a blinded

and uniform review panel of the Rotterdam section of the European Randomised Study

of Screening for Prostate Cancer and the official vital statistics and to explore the possible

effect of the use of either of these two sources on the outcome of the screening trial.

Methods: A total of 670 deaths amongst men with prostate cancer, reviewed by the causes

of death committee (CODC) up to 31st December 2006 were included in this study. The

kappa statistics with confidence intervals (CI), sensitivity and specificity of the official sta-

tistics were determined, with the CODC considered the gold standard. The rate ratio (RR)

and 95% confidence intervals (95% CI) for prostate cancer mortality, official statistics rela-

tive to CODC, were calculated following the Mantel–Haenszel procedure.

Results: The overall concordance and the kappa between official statistics and the CODC

were 90.6% and 0.76 (0.71–0.82), remaining comparable when only the CODC category def-

initely prostate cancer was applied, with the sensitivity of official statistics increasing from

88.3% to 91.3% and specificity hardly changing (91.3% and 90.5%). High specificity and lower

sensitivity is observed in the screening arm, whilst the opposite was seen in the control

arm in men aged 55–69 and 70–74 years at entry. Considerable lower false positive rate

was seen for both age groups in the screening arm (3.9% and 4.7%) compared to the control

arm (8.4% and 14.3%). A statistically significant excess of prostate cancer death was

observed for the official statistics in the age group 70–74 years, 1.53 (1.07–2.19), whilst it

was not significant for men aged 55–69 at entry, 1.06 (0.83–1.36).

Conclusion: In the Rotterdam ERSPC section, official statistics tended to overreport prostate

cancer as an underlying cause of death, particularly in the age group 70-plus in the control

arm, which would overestimate the true effect in favour of screening.
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1. Introduction

Prostate cancer is still the most common malignancy diag-

nosed amongst men in many Western countries, and the

third leading cause of death from cancer in men.1 An early re-

sult of the European Randomised Study of Screening for Pros-

tate Cancer (ERSPC) trial demonstrated that prostate specific

antigen (PSA) based screening reduced the mortality from

prostate cancer. After a median follow-up period of 9 years,

a 20% reduction was observed in the screening arm relative

to the control arm that was not offered screening.2 A second-

ary efficacy analysis, adjusting for both non-compliance and

contamination, showed a reduction of 31% in the risk of death

from prostate cancer3, confirming the outcome of the inten-

tion-to screen analysis.

As in any cancer trial with cause-specific disease as major

endpoint, a clear answer on the cause of death in the ERSPC

trial is crucial for assessment of the true effect of the prostate

cancer mortality.4 Sesso and colleagues6 demonstrated in

their study comparing causes of death between nosologists

and review panel that committees reviewing study endpoints

is the preferred strategy in studies where specific causes of

death are required, otherwise causes of death determined

by nosologists can be done with. In his paper, Dubben5 illus-

trated that misattribution of the cause of death would lead

to loss of statistical power, which jeopardises outcome of a

trial. As previously reported for randomised screening trials

of breast cancer7,8, prostate cancer9 and colorectal cancer10,

deaths in men with prostate cancer in the ERSPC trial were

also ascertained by causes of death committees, for which

algorithms have been developed to review the causes of death

in all men diagnosed with prostate cancer in both trial arms.4

These procedures were designed to ensure unbiased deci-

sions on the cause of death in men with prostate cancers.

In this paper, we compared the causes of death amongst

deceased men with prostate cancer coded from death certifi-

cates and registered at Statistics Netherlands with those as-

signed by the causes of death committee (CODC) of the

Rotterdam ERSPC section, based on the review of medical re-

cords and additional medical information, and explored the

possible effect of the use of either of these two sources on

the outcome of the screening trial.

2. Methods

2.1. Rotterdam section of ERSPC

The details of the Rotterdam section of ERSPC have been

described in detail in Ref. 11. Briefly, men aged 55–74 years

living in the city of Rotterdam and 12 neighbouring munici-

palities selected from population registries of the respective

municipalities were personally invited to participate in the

screening trial. Men who responded by returning the intake

questionnaire and who provided written informed consent

were randomised (participation rate, i.e. the proportion of

men invited and actually randomised, was 49%). A total of

42,376 men in the target population were randomised to the

screening arm (n = 21,210) and the control arm (n = 21,166)
between June 1994 and March 2000. A re-screening interval of

4 years was used after the prevalence screening round and

after the protocol change in February 199712, the initial and

follow-up screenings in this centre were solely based on PSA

testing with a cut-off level of 3.0 ng/ml as referral for biopsy.

The written informed consent also granted permission for

exchange of information with the participant’s general practi-

tioner, and retrieval of relevant follow-up data from the

Causes of Death Registry, General Practitioner laborato-

ries13,14, cancer registry and from the Nationwide Network

and Registry of histo- and cytopathology. Up to 31st December

2006, there were a total of 3120 men with a prostate cancer

diagnosis (screening and control arms combined) and 679

deaths amongst these men.

2.2. Reviewed causes of death

As described previously by De Koning and colleagues4, data

on prostate cancer other than those screen-detected, i.e.

interval cancer in the screening arm, prostate cancer diagno-

ses amongst non-participants in the screening arm and men

in the control arm, were obtained from linkages with the re-

gional Comprehensive Cancer Registry, Rotterdam. For each

deceased man with prostate cancer, all available information

of medical records from either primary or secondary care

(including outpatient visit letters, letters from specialists, lab-

oratory results, radiology and pathology reports) was col-

lected. The anonymous and for trial arm blinded

information was reviewed by the CODC using the flow charts

as reported in reference.4 The CODC was also blinded to the

causes of death registered at Statistics Netherlands.

The final cause of death of the cases reviewed that re-

sulted from the flowchart was classified as definitely inter-

vention-related, probably or possibly prostate cancer or

other intercurrent causes (with or without prostate cancer

as a contributory factor). For the final analyses of the ERSPC

trial,2 it was proposed to apply the categories, definitely pros-

tate cancer death, probable prostate cancer death and inter-

vention-related deaths as primary outcome measures for

disease-specific mortality.

2.3. Official causes of death

Data on vital status of the participants were ascertained

through linkages of the trial database to those of the Central

Bureau of Genealogy (CBG) and Causes of Death Registry of

Statistics Netherlands.15 Record linkage with the CBG was

necessary for men recruited in one municipality that did

not provide a personal administrative number, which was re-

quired for linkage with the Causes of Death Registry of Statis-

tics Netherlands. Through CBG, the death certificate number,

date and place of death and birth date were obtained which

were then applied as a key linkage to obtain the cause of

death (underlying and contributory) from the Causes of Death

Registry of Statistics Netherlands. Causes of death were re-

ported according to coding system of the International Classi-

fication of Diseases Ninth Revision (ICD-9, 1994–1995; n = 3

deaths), and Tenth Revision (ICD-10, from 1996 onwards).
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The outcome of these linkages was analysed by SJO, who is

not a member of the CODC. The official causes of death were

not disclosed to the CODC. Men coded at Statistics Nether-

lands as died from prostate cancer as underlying or contribu-

tory cause of death and for whom no prostate cancer

diagnosis was reported by the cancer registry, were notified

to the CODC, using the trial number, for inclusion in the

review process, without disclosing the official cause of

death.

2.4. Statistical analysis

All deaths amongst men with prostate cancer up to the cut-

off date 31st December 2006 and having been reviewed were

included in this study. Analyses were restricted to the causes

of death amongst the deceased men in whom prostate cancer

was diagnosed after the randomisation (incident cases) either

by detection at screening or otherwise diagnosed as reported

by the cancer registry. As it is not yet allowed to analyse the

data by study arm before publication of the final analysis of

the ERSPC trial, no absolute numbers of prostate cancer

deaths by study arms are disclosed.

The causes of death as assigned by the CODC were consid-

ered the gold standard. The sensitivity and the specificity of

the official statistics were calculated defined as the propor-

tion of deaths assigned by both sources as due to prostate

cancer (sensitivity) and as due to other causes (specificity)

and the proportion of false positive as the prostate cancer

deaths registered at Statistics Netherlands for men coded

dead from other cause by the CODC. The observed proportion

of concordant causes of death between the two sources and

the agreement were estimated by means of the kappa statis-

tics with 95% confidence intervals (95% CI). A kappa of 1 indi-

cates perfect agreement, whilst a kappa of 0 or less indicates

no agreement.
Table 1 – Numbera of men randomised, with prostate cancer and
by Statistics Netherlands and the causes of death committee (c

5

(A) No. of randomised men 34
No. of deaths 3

Prostate cancer as cause of death
Underlying causeb

Contributory

(B) No. of incident prostate cancer 1
No. of reviewed deaths among prostate cancer patients

Prostate cancer as cause of death
Definitely
Intervention related
Probable

Other causes
Prostate cancer contributory
Prostate cancer possible

a Trial arms combined, excluding all men with prevalent prostate cance

randomisation (n = 8).
b Causes of death as assigned by Statistics Netherlands.
The rate ratio (RR) and 95% confidence interval (CI) for

prostate cancer mortality, Statistics Netherlands relative to

CODC, were calculated following the Mantel–Haenszel proce-

dure to adjust for the 5-year age groups16 to detect excess

prostate cancer deaths in one of the sources. The cumulative

prostate cancer mortality rate by year since randomisation

according to data from the two sources is presented graphi-

cally. The RR of the combined arms was chosen in order not

to disclose the rate per study arm.

3. Results

From the start of the screening trial in the Rotterdam section

until the cut-off date of 31st December 2006, with a mean fol-

low-up duration of 9 years, a total of 8204 men (19.4%) aged

54–75 years at entry died in the trial cohort, the study arms

combined, excluding all men with a prostate cancer diagnosis

prior to randomisation. The mean age at death was 72.3

(55–86) and no statistically significant difference was observed

between the screening and the control arm forall cause mortal-

ity, relative risk = 1.03 (95% CI 0.98–1.07, P = 0.230).

Table 1A shows the distribution of the number of deaths

according to official statistics (Statistics Netherlands) by age

group at entry and by prostate cancer as either underlying

cause or contributory factor. According to the official statis-

tics, 212 deaths out of 8204 were from prostate cancer as

underlying cause of death.

Table 1B shows the causes of death as assigned by the

CODC of the Rotterdam section. A total of 670 deaths amongst

men with incident prostate cancer who died up to and includ-

ing 31st December 2006, in both study arms, were reviewed

and n = 173 deaths were attributed to prostate cancer as defi-

nite or probable prostate cancer death or death related to

prostate cancer intervention based on review of the medical

records of the deceased men.
deceased from prostate cancer and other causes as assigned
ut-off date December 2006).

Age group at entry (years)

4 55–59 60–64 65–69 70–74 75 Total

5 13,494 11,252 10,072 7037 118 42,310
8 1259 1700 2528 2620 59 8204

1 32 37 66 75 1 212
0 7 22 36 24 0 89

4 702 792 932 607 14 3061
2 76 116 245 226 5 670

0 31 28 54 47 1 161
0 3 3 2 0 0 8
0 0 1 1 2 0 4
2 42 84 188 177 4 497
0 1 1 2 2 0 6
0 0 1 3 1 0 5

r (diagnosis before randomisation; n = 59) and men who died before
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3.1. Causes of death committee versus Statistics
Netherlands

Table 2 shows the outcome of the review of the n = 670 pros-

tate cancer patients by the CODC cross-tabulated against

the cause of death registered as official at Statistics Nether-

lands. Amongst the men reviewed, the vital status of three

men (n = 2 definitely prostate cancer death and n = 1 non-

prostate cancer cause of death) could be ascertained in nei-

ther the registry of the CBG nor the Causes of Death Registry

of Statistics Netherlands. These men were further excluded

from the comparison of the agreement between the two

sources.

In the official statistics, there were n = 18 men in whom

prostate cancer was present at death as underlying cause

(n = 18, mean age at death 77.0, range 62–84) although no diag-

nosis of prostate cancer is known for these men. These cases

are currently under review and are considered as false posi-

tives in the official statistics in additional analyses. The ob-

served agreement between Statistics Netherlands and the

CODC was 90.6% (604/667) and kappa 0.76 (95% CI 0.71–0.82),

and a sensitivity of 88.3% (151/171) and a specificity of 91.3%

(453/496). Including the n = 18 prostate cancer deaths in offi-

cial statistics without diagnosis affected the specificity, which

declined to 88.2% and the false positive rate increased from

6.4% to 8.9%.

The sensitivity, specificity and the false positive rate of the

official statistics versus the CODC for the control and the

screening arm are presented in Table 3 for the reviewed cases

by age group 55–69 and 70–74 years at entry and year of fol-

low-up (2002 and 2006). For men aged 55–69 years at entry,

analysis of the deaths from prostate cancer in the two study

arms revealed that the sensitivity of official statistics slightly

declined in the screening arm, from 85.7% in 2002 to 84.6% in

2006, whereas the sensitivity remained unaltered in the con-

trol arm, i.e. 89.3% in 2002 and 89.9% in 2006. The specificity in

the screening arm remained high and unchanged at 95.2% in
Table 2 – Attribution of causes of death according to the CODC

Statistics Netherlands Sensitivity
(95% CI)

CODC Prostate
cancer

Other Total

Prostate cancerc 151 20 173 88.3% (82.3–9
Other 43 453 497
Under reviewe 18 – 18
Total 212 473 685

Definitely prostate
cancer

146 14 161 91.3% (85.5–9

Other 48 459 509
Under review 18 – 18
Total 212 473 685
a Abbreviations: CODC, causes of death committee and CI, confidence int
b Excluding the cases under review and those unknown to Statistics Net
c Coded by the CODC as definitely and probably prostate cancer deaths
d Calculated assuming the cases with no prostate cancer diagnosis unde
e No prostate cancer diagnosis registered at the cancer registry for the n

statistics; cases are under review.
2006 against a specificity of 84.9% in the control arm, which

increased from 73.9% in 2002. The proportion of false positive

prostate cancer deaths (i.e. attribution to prostate cancer by

the official statistics for men coded death from other cause

by the CODC) also differed amongst the two study arms. In

the screening arm, this proportion was comparable between

2002 and 2006, 3.6% in 2002 and 3.9% in 2006, whilst in the

control arm higher figures were noticed, 11.8% in 2002 and

8.4% in 2006. In the older age group 70–74 years at entry, the

sensitivity declined in both arm, although more pronounced

in the screening arm. The specificity (slightly) increased in

both study arms. Similar to the age group 55–69, the false po-

sitive rates were higher in the control arm compared to the

screening arm, 14.3% and 4.7% in 2006, respectively.

3.2. Cumulative prostate cancer death and rate ratio
Statistics Netherlands relative to CODC

Fig. 1 shows the cumulative prostate cancer mortality for the

age group 55–69 and 70–74 years at entry, calculated on the

basis of the prostate cancer deaths assigned by the CODC

(definite, probable and intervention related), and those regis-

tered as underlying cause at Statistics Netherlands, including

on the one hand only prostate cancer deaths amongst men

with confirmed diagnosis and on the other hand including

the 18 prostate cancer deaths without diagnosis. In the age

group 55–69 years, a divergence in mortality rates of the pros-

tate cancer deaths according to the CODC and Statistics Neth-

erlands occurred after 10 years follow-up. In the age group

70–74, the two curves based on data of Statistics Netherlands

followed the same course in the first 7 years and started to

diverge thereafter. A divergence from the rates calculated

on the basis of data of the CODC occurred already after year

3 in trial.

At the cut-off date 31st December 2006, median follow-up

9.2 years, the rate ratio Statistics Netherlands relative to the

CODC indicated an excess of prostate cancer death registered
and official statistics.a

b Specificityb

(95% CI)
Observed

concordance
Kappa statistics

(95% CI)

2.5) 91.3% (88.4–93.6) 90.6% 0.76 (0.71–0.82)
88.2% (84.9–90.7)d 88.2% 0.71 (0.65–0.77)

5.0) 90.5% (87.6–92.9) 90.7% 0.76 (0.71–0.82)

87.4% (84.2–90.1)d 88.3% 0.71 (0.65–0.77)

erval.

herlands.

and deaths related to prostate cancer intervention.

r review false positives in official statistics.

= 18 who died of prostate cancer as underlying according to official
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Fig. 1 – Cumulative prostate cancer mortality in the age groups 55–69 and 70–74 years at entry. Legend: PCa, prostate cancer

and CODC, causes of death committee.

Table 3 – Sensitivity and specificity of official statistics versus the CODC by age group at entry and year of follow-upa.

Age
group
at entry
(years)

Follow-up
year

Reviewed
men

(cumulative N)

Obs.
concordance

(%)

Sens.
(%)

Spec.
(%)

FP
(%)

Control arm Screening arm

Sens. (%) Spec. (%) FP (%) Sens. (%) Spec. (%) FP (%)

55–69 2002 161 90.1 87.8 91.1 6.2 89.3 73.9 11.8 85.7 95.5 3.6
2006 434 91.0 87.6 92.3 5.5 89.9 84.9 8.4 84.6 95.2 3.9

70–74 2002 84 91.7 100.0 89.2 8.3 100.0 76.5 15.4 100.0 93.8 5.2
2006 226 89.8 89.8 89.8 8.0 95.5 80.0 14.3 85.2 94.3 4.7

a Abbreviations: CODC, causes of death committee, Obs., observed, Sens., sensitivity, Spec., specificity, and FP, false positive.
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at Statistics Netherlands for the age group 70–74 years at en-

try, 1.27 (95% CI 0.87–1.84), which became higher and statisti-

cally significant when the rate of all prostate cancer death

(including the n = 18 cases under review) is compared to those

reviewed, 1.53 (95% CI 1.07–2.19). For the age group 55–69 at

entry, no differences are observed in the rates of Statistics

Netherlands for this age group, with a non-significant rate ra-

tio of 1.06 (95% CI 0.83–1.35). A non-significant higher mortal-

ity of prostate cancer death as seen from the official statistics,

disregard the status of prostate cancer diagnosis, 1.10 (95% CI

0.86–1.40).

4. Discussion

In the current study, we assessed the agreement between the

Statistics Netherlands and CODC, considered the gold stan-

dard, for the prostate cancer death and death from other

causes in the Rotterdam section of the ERSPC and explored

the possible effect of the use of either of these two sources

on the outcome of the screening trial. The results indicated

substantial agreement between the CODC and Statistics

Netherlands as determined by the kappa statistics. The high

proportion of concordance, even when only the CODC cate-

gory definitely prostate cancer was considered, is in line with

those previously reported in studies comparing official causes

of death or death certificate causes with reviewed medical re-

cords.15–19

In the Finnish section of ERSPC, the agreement of the

causes of death had been assessed before and showed higher
overall concordance between official causes of death and the

review panel, 97.4% (kappa 0.95)18, than that observed in cur-

rent study, 90.6% (kappa 0.76). Possible explanations for this

discrepancy might lie in different systems of coding at Statis-

tics Finland compared to The Netherlands, as the Finnish re-

view panel used the same algorithm as in Rotterdam, high

autopsy rate in the Finnish sample (32.7%). The number of

cases of the Finnish review committee included in the analy-

sis was fewer than in our current study, n = 315 versus n = 670.

Furthermore the age groups invited for participation in the

trial are different, in that, in the Finnish section were ran-

domised men aged 55, 59, 63 and 67 years versus 55–74 years

in the Rotterdam section.

The official vital statistics had both high sensitivity (88.3%)

and high specificity (91.3) at the cut-off date of December

2006. In the core age group, 55–69 years at entry, there was a

tendency of unaltered specificity in the screening arm and

increasing specificity in the control arm over time, whilst

the opposite was observed for the sensitivity. It might be ar-

gued that this change might be due to coding procedures over

time, but a recent report of Statistics Netherlands demon-

strated high agreement in the coding of prostate cancer as

underlying cause (breast cancer being higher).20 Conse-

quently, this finding says something about the completion

of death certificates, as this reflects the accuracy of the physi-

cian concerned6, who was more or less aware of the screening

status of the deceased and the outcome of treatment. The lat-

ter is illustrated by the observed excess prostate cancer mor-

tality (not statistically significant) of 27% in the age group 70–
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74 years (6% in the age groups 55–69), amongst cases for

whom the prostate cancer had been ascertained and of 53%

when the false positives are included. This has been referred

to by Black and colleagues21 as sticky-diagnosis bias, an over-

estimation of the cause-specific mortality in the screening

arm, because the disease is more likely to be diagnosed in

the screening than in the control arm and consequently neg-

atively affects the true effect of screening, i.e. no effect of

screening. As the data were not analysed by study arm, we

cannot report the direction of the effect of the excess prostate

cancer deaths reported by the official statistics. However, this

finding implies that blinded review of the causes of death

amongst older prostate cancer patients in a trial is of vital

importance to detect the true reduction. This is underlined

in the decrease in the sensitivity in this age group over time

from 100% in 2002 to 89.9% in 2006, which can be attributed

to the well-known misclassification of underlying cause of

death in older individuals due to (multiple) co-

morbidities.15,22

Misclassification of the underlying cause-of-death would

be detrimental for intervention studies in which changes

(i.e. reduction) in the disease-specific death rate is the study

endpoint. Lloyd-Jones and colleagues23 stated, after assess-

ment of the accuracy of death certificates for coding coronary

heart disease as the underlying cause of death, that the sole

use of death certificates might cause an underestimation of

the true effect of the intervention, with a bias towards the

null, although the latter is likely to be more pronounced in

studies on cardiovascular disease than in cancer studies, for

which the death certificate has a higher sensitivity and spec-

ificity. In the analysis of four of the Swedish breast cancer

screening trials, Nystrom and colleagues8 demonstrated that

only marginal differences were present in the RR of breast

cancer death when calculated based on causes assigned by

the review panel (End point Committee) and causes of death

from Statistics Sweden. Similarly, Doria-Rose and col-

leagues19 found that RRs using mortality review data tended

to provide a slightly higher impact of screening on mortality

of specific cancer sites (lung, breast and colon cancer). How-

ever, this remained uncertain in the current study as no anal-

ysis disclosing the prostate cancer mortality rate in the two

study arm was performed. Nevertheless, prostate cancer as

a cause of death was slightly higher in both study arms

according to the official statistics and judging by the propor-

tion of false positive attribution of death to prostate cancer

in the control arm of about 8% in the age group 55–69 and

14% in the age group 70–74 years, and twice as low in the

screening arm, more deaths were misattributed to prostate

cancer in the control arm than in the screening arm in the

official statistics. This implies that calculation of the estimate

of the risk of prostate cancer death in the screening arm rel-

ative to the control group using official statistics might yield

an overestimation of the true effect of screening, suggesting

a higher reduction in the prostate cancer mortality than ex-

pected based on reviewed data.

In conclusion, the agreement of official causes of death

with the CODC in the Rotterdam section of ERSPC is high

for men in whom prostate cancer has been confirmed,

although, official statistics tended to overreport prostate can-

cer as underlying death, particularly in the age group 70-plus
in the control arm, which would overestimate the true effect

on cancer specific mortality in favour of PSA based screening.
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