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Aim: To characterise the variation in performance indicators of the Finnish cervical screen-

ing programme by screening laboratory and to assess whether the performance affects cer-

vical cancer incidence.

Methods: Cervical cancer screening data from 1999 to 2003 from six well-established

laboratories were used to analyse rates for follow-up recommendations, referrals and his-

tologically confirmed dysplastic lesions. Laboratory-specific cervical cancer incidences for

1954–2003 were assessed using the cancer registry files.

Results: Differences in follow-up recommendations were up to 3.1-fold and 2.2-fold in

referrals; differences in the rates for CIN1, CIN2 and CIN3+ were up to 4.5-, 4.7-, and 1.5-

fold, respectively. Pre-screening incidence rates for cervical cancer varied 1.5-fold by labo-

ratory, with no major differences in the incidence trends since the onset of screening.

Conclusion: The performance of a cervical screening programme differs by screening labo-

ratory but does not materially affect the overall programme effectiveness. This leads to var-

iation in cost-effectiveness and probably in avoidable adverse effects. In cervical cancer

screening studies, the outcome should be selected as closely as possible to the true mea-

sure of programme effectiveness, prevented invasive cervical cancers and subsequent

deaths.

� 2006 Elsevier Ltd. All rights reserved.
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er Ltd. All rights reserved

81; fax: +358 9 673 108.
cancer.fi (L. Kotaniemi-T
screening with the Papanicolaou (Pap) smear in the mid

1960s both cervical cancer incidence and mortality rates have

reduced by 80% throughout the country.1 Most other cervical
.
alonen).

mailto:laura.kotaniemi-talonen@cancer.fi


170 E U R O P E A N J O U R N A L O F C A N C E R 4 3 ( 2 0 0 7 ) 1 6 9 – 1 7 4
screening programmes based on conventional cytology have

reached a 20–80% reduction in the incidence of invasive cervi-

cal cancer.2 The success of the Finnish programme is based

on multiple organisational and societal factors: invitational

coverage of the target population is high as a nationwide pop-

ulation registry based on unique personal identifiers is used

for invitations, individual invitation letters with pre-fixed

appointment times are widely used, screening visits are free

of charge for the attendees, screening samples are collected

by trained registered nurses or midwives, smears are ana-

lysed mainly in laboratories specialised in cervical cytology,

histological confirmation and treatment procedures are con-

ducted by highly qualified professional personnel, and report-

ing the screening results to a nationwide mass screening

register within the Finnish Cancer Registry is mandatory for

quality assurance purposes. Moreover, the nationwide cancer

registry continuously produces information on the effective-

ness of the programme.

Up to the 1990s the Finnish cervical screening programme

was organised and monitored by the Finnish Cancer Organi-

sations (FCO). Since then, many of the screening laboratories

formerly owned by the FCO have been privatised, and the

monitoring role of the FCO has diminished. Historically, no

national guidelines for cytological and histological reporting

or for quality assurance in cervical cancer screening have ex-

isted in Finland, and no certification has been required from

the laboratories analysing cervical screening samples. There-

fore, it is possible that the variation among screening labora-

tories for diagnostic criteria is great. The variation in

cytological and histological criteria among laboratories may

lead to local differences in the rates of follow-up recommen-

dations, referrals, histologically detected lesions and treat-

ments, and eventually to differences in costs and screening-

related disadvantages.3

The aim of the current study was to characterise the vari-

ation in performance indicators of the Finnish cervical cancer

screening programme by screening laboratories. We also as-

sessed whether laboratory-related differences in perfor-

mance affect cervical cancer incidence rates.

2. Materials and methods

2.1. Study material

The Finnish cervical cancer screening programme is targeted

for 30- to 60-year-old women and, as a rule, invitations are

five-yearly; however, in most municipalities women with

Pap class II cytology result on the screening test are re-in-

vited within the programme the following year (risk group

screening). Since 1999 this screening programme has served

as a basis for a randomised evaluation of automation-as-

sisted cytology: in six well-established screening laboratories

(five laboratories of the Finnish Cancer Organisations (FCO)

and the laboratory of the Helsinki municipality, later of the

Helsinki and Uusimaa Hospital District), one-third of the

screening samples have been analysed with automation-as-

sisted technology. Up to 2003, based on data with 777,144

screening invitations, we have observed only minor differ-

ences in cytological and histological detection rates between

the automation-assisted and conventional screening arms
(data not shown). Conventional and automation-assisted

screening protocols have been described in previous

articles.4,5

For the current analysis, we included all the data on the

randomised evaluation trial, including information on invita-

tions, screening visits, cytological diagnoses and histological

confirmations. The performance indicators of interest were

test positivity (recommendation for cytological follow-up,

referral for further examinations), histological detection

(CIN1, CIN2, CIN3+), and positive predictive value (PPV) for

various histological cutoffs (CIN1+, CIN2+, CIN3+). The

screening laboratories were coded with the letters A–F in

descending order based on the total number of screening

invitations.

During the current study period, all cytological samples ta-

ken within the Finnish screening programme were classified

according to the Papanicolaou classification system, where

class I is normal, class II atypical but non-malignant (corre-

sponds to reactive changes or ASC-US or LSIL in the Bethesda

2001; borderline changes in British terminology), class III sug-

gestive of malignancy (ASC-H, LSIL or HSIL; mild to moderate

dyskaryosis), class IV strongly suggestive of malignancy (HSIL;

moderate to severe dyskaryosis), and class V conclusive for

malignancy. All women with classes III–V cytology were re-

ferred for colposcopy. Most women with Pap class II were rec-

ommended for cytological follow-up after 6–12 months, and

those with persistent abnormal smears were referred for col-

poscopy. The histological classification of the biopsies was

based on the dysplasia classification system (the WHO classi-

fication), in which condyloma acuminatum and condyloma

plana were not included in the category of mild dysplastic le-

sions. In the present study, the classification for cervical

intraepithelial neoplasia (CIN) was used.

Incidence rates for invasive cervical cancer (ICD-10 code

C53) by laboratory area were drawn from the files of the Finn-

ish Cancer Registry. The rates and trends were compared

within the main target population of the programme, among

women from 30 to 64 years.

3. Statistical analysis

Laboratory-specific rates for test positivity measured by rec-

ommendations for follow-up smears and referrals for further

examinations, and rates for histological detection measured

by CIN1+, CIN2+ and CIN3+ were analysed with Poisson

regression.6 Laboratory C, which had the most constant out-

comes during the study period, was used as the reference.

In addition to crude estimates (RRcrude), estimates adjusted

(RRadj) for randomisation group (automation-assisted, con-

ventional), age group (20–39, 40–49, 50–72), invitational group

(five-yearly or risk group screening), and invitational year

were reported with 95% confidence intervals (CI).

A positive predictive value was defined as the proportion

of women with histologically confirmed lesions among the

women referred for colposcopy. PPVs were calculated for his-

tological cutoff CIN1+, CIN2+ and CIN3+. The association be-

tween PPV proportions and referral category was tested for

all three cutoffs with an extended Mantel–Haenszel test.7

Cervical cancer incidence for the screening period (1964–

2003) among women aged 30–64 was modelled by Poisson
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regression including year of diagnosis, laboratory area and

their interaction as explanatory variables.

4. Results

Following the 777,144 invitations for organised cervical

screening during the years 1999–2003, altogether 548,205

(70.5%) screening visits were recorded. By screening labora-

tory, the attendance rate ranged from 65.7% to 78.8%, being

lowest in the biggest laboratories. The proportions of abnor-

mal smears (Pap classes II–V) varied between laboratories

from 3.6% to 10.8%. This was followed by variation in the pro-

portions of follow-up recommendations (range from 3.2% to

10.2%) and referral rates (from 0.45% to 1.12%). Histologically

confirmed dysplastic lesions were detected in 0.19–0.52% of

the screened women (Table 1).

The variation by screening laboratory in the rates of follow-

up recommendations and referral rates was statistically highly

significant. Even when controlled for randomisation group, age

group, invitational group and invitational year, up to 3.1-fold

differences in relative risk estimates for follow-up recommen-

dations were obtained; for referrals the differences in RR esti-

mates were up to 2.2-fold (Table 2). Variation between

laboratories in the rates of histologically confirmed lesions

was also significant, but it diminished towards high-grade le-

sions: at the level of CIN1 the differences between adjusted

RR estimates were up to 4.5-fold, at the level of CIN2 up to

4.7-fold, and at the level of CIN3+ 1.5-fold (Table 3).

PPV estimates for the histological cutoff of CIN1+ were be-

tween 32.8% and 52.0%, for CIN2+ between 23.2% and 36.9%,
Table 1 – Description of the study data by screening laboratory

A B C

n % n % n %

Invitations 227,266 100.0 200,103 100.0 132,349 100.0

Screens 156,699 68.9 131,386 65.7 93,778 70.9

Screening

test result

156,698 100.0 131,386 100.0 93,778 100.0

Pap class I 142,510 90.9 118,979 90.6 90,296 96.3

Pap class II 12,768 8.1 10,888 8.3 3017 3.2

Pap class III 1270 0.81 1239 0.94 393 0.42

Pap class IV 145 0.09 157 0.12 69 0.07

Pap class V 5 0.00 10 0.01 0 –

Inadequate 0 – 113 0.09b 3 0.00

Cytological

follow-up

12, 563 8.0 10,835 8.2 2965 3.2

Referral 1764 1.13 1487 1.13 538 0.57

Colposcopy 1716 1.10 1471 1.12 518 0.55

Other 48 0.03 16 0.01 20 0.02

Histologically

detected lesion

807 0.52 704 0.54 241 0.26

CN1 323 0.21 177 0.13 67 0.07

CIN2 216 0.14 331 0.25 75 0.08

CIN3 250 0.16 162 0.12 92 0.10

Invasive cancer 18 0.01 34 0.03 7 0.01

a Participated in 1999–2002.

b All inadequate samples were collected in 2003, when they represented
and for CIN3+ between 12.8% and 23.5%. Variation in the esti-

mates by laboratory was statistically significant (Table 4).

In 1954–1958, well before organised screening started in

Finland, the five-yearly average incidence rates for invasive

cervical cancer varied within the target population by labora-

tory area from 44.4 to 30.2 per 100,000 woman-years, i.e. there

was maximally a 1.5-fold variation in the observed rates

(Fig. 1). Since the onset of screening, a proportionally uniform

decrease in cervical cancer incidence has occurred in all lab-

oratory areas: in the Poisson regression the main effects of

laboratory area (p < 0.0001) and calendar year (p < 0.0001) were

highly significant, whereas the interaction between these

variables showed no statistical significance (p = 0.20).

5. Discussion

Overall variation in performance indicators was highly signif-

icant between the well-established screening laboratories

within the Finnish screening programme. The differences in

follow-up recommendations were up to 3.1-fold and 2.2-fold

in referrals; differences in the rates for CIN1 and CIN2 were

up to 4.5- and 4.7-fold, respectively. At the level of CIN3+,

the variation by laboratory was the least, 1.5-fold. As histori-

cal differences in cervical cancer incidence between labora-

tory areas were also about 1.5-fold, observed variation in the

CIN3+ rates is likely to be mostly due to differing background

risks.

Previous trend analyses have suggested at least moderate

variation in performance but only minor differences in the

overall programme effectiveness between laboratories in Fin-
Laboratory

D E Fa All

n % n % n % n %

96,822 100.0 73,166 100.0 47,438 100.0 777,144 100.0

76,385 78.9 53,912 73.7 36,045 76.0 548,205 70.5

76,385 100.0 53,912 100.0 36,045 100.0 548,204 100.0

68,100 89.2 49,495 91.8 34,763 96.4 504,143 92.0

7831 10.3 4007 7.4 1122 3.1 39,633 7.2

402 0.53 375 0.70 152 0.42 3831 0.70

38 0.05 35 0.06 8 0.02 452 0.08

3 0.00 0 – 0 – 18 0.00

11 0.01 0 – 0 – 127 0.02

7823 10.2 4033 7.5 1381 3.8 39,600 7.2

452 0.59 531 0.98 166 0.46 4938 0.90

447 0.59 500 0.93 162 0.45 4814 0.88

5 0.01 31 0.06 4 0.01 124 0.02

235 0.31 174 0.32 70 0.19 2,231 0.41

68 0.09 51 0.09 15 0.04 701 0.13

79 0.10 55 0.10 16 0.04 772 0.14

82 0.11 62 0.12 36 0.10 684 0.12

6 0.01 6 0.01 3 0.01 74 0.01

0.4% of all the smears.



Table 2 – Crude and adjusted relative risks for the two levels of test positivity (cytological follow-up and referral) by
screening laboratory, in comparison to laboratory C

Laboratory Cytological follow-up Referral

RRcrude RRadj CI 95% RRcrude RRadj CI 95%

A 2.54 2.44 2.34–2.54 1.96 1.79 1.63–1.98

B 2.61 2.61 2.51–2.72 1.97 1.77 1.60–1.95

C 1.00 1.00 – 1.00 1.00 –

D 3.24 3.10 2.97–3.23 1.03 0.96 0.84–1.09

E 2.37 2.23 2.13–2.34 1.72 1.57 1.39–1.77

Fa 1.21 1.16 1.09–1.24 0.80 0.79 0.66–0.94

Adjusted figures are controlled for randomisation group, age group, invitational group and invitational year.

For both levels of test positivity the p-value for RRadj was <0.001.

a Participated in 1999–2002.

Table 3 – Crude and adjusted relative risks for CIN1, CIN2 and CIN3+ by screening laboratory, in comparison to laboratory C

Laboratory CIN1 CIN2 CIN3+

RRcrude RRadj CI 95% RRcrude RRadj CI 95% RRcrude RRadj CI 95%

A 2.89 2.65 2.04–3.45 1.72 1.58 1.21–2.05 1.62 1.49 1.18–1.87

B 1.89 1.69 1.27–2.24 3.15 2.60 2.02–3.35 1.41 1.18 0.92–1.50

C 1.00 1.00 – 1.00 1.00 – 1.00 1.00 –

D 1.25 1.16 0.83–1.63 1.29 1.24 0.90–1.70 1.09 1.05 0.79–1.40

E 1.32 1.22 0.85–1.76 1.28 1.19 0.84–1.69 1.20 1.11 0.81–1.51

Fa 0.58 0.59 0.34–1.03 0.56 0.55 0.32–0.94 1.03 0.98 0.67–1.42

Adjusted figures are controlled for randomisation group, age group, invitational group and invitational year.

For CIN1 and CIN2 the p-value for RRadj was <0.001, for CIN3+ p = 0.002.

a Participated in 1999–2002.

Table 4 – Positive predictive values for histologically detected lesions by screening laboratories, calculated for histological
categories CIN1+, CIN2+ and CIN3+

Laboratory Referral CIN1+ CIN2+ CIN3+

n % n % n %

A 1764 807 45.7 484 27.4 268 15.2

B 1487 704 47.3 527 35.4 196 13.2

C 538 241 44.8 174 32.3 99 18.4

D 452 235 52.0 167 36.9 88 19.5

E 531 174 32.8 123 23.2 68 12.8

Fa 166 70 42.2 55 33.1 39 23.5

For all histological cutoffs the p-value for RRadj was <0.001.

a Participated in 1999–2002.
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land.8,9 Even though the variation in performance was greater

than reported earlier, the current results on effectiveness are

in line with the previous analysis. However, as the laborato-

ries included in this study have a long history of mutual col-

laboration and cooperation, the overall variation in the

performance indicators between all laboratories analysing

screening smears in Finland is probably even greater than

now described.1,3,10 Analogously with our study, wide varia-

tion in screening results, especially in low-grade cytology,

has been reported between screening laboratories in England

and between local screening programmes in Italy.11,12 In a

study comparing performance indicators between 18 Euro-

pean countries, CIN3 detection rates were observed to vary

8-fold, which was suggested to be mainly due to differences
in diagnostic and registration criteria and only partly due to

differences in background risks.13 However, in that study

the variation due to a background risk could not be clearly

distinguished from the variation related to differing criteria.

In general, monitoring the extent of variation in screening

performance is useful, because it is likely to predict the effect

of the programme.

Some of the cytological and histological variations can be

explained by differences in diagnostic criteria: those screen-

ing laboratories that favour high specificity tend to be conser-

vative with respect to the grading of cytological

abnormalities, and laboratories putting focus on sensitivity

have less stringent cytological criteria as they are not willing

to miss any lesion. This kind of variation in cytological
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Fig. 1 – Cervical cancer incidence among 30- to 64-year-old women in 1954–2003 by laboratory area.
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criteria results could lead to large laboratory-specific differ-

ences in CIN1 and CIN2 profiles, as is also seen in the current

data. High numbers of histologically confirmed low- to mod-

erate-grade lesions may represent overdiagnosis and over-

treatment, whereas very low numbers may result from

underdiagnosis, possibly causing delays in treatments. It is

not evident whether a new screening method will eliminate

these intimate problems in cervical cancer screening: in the

current study the laboratory-related variation in performance

was similar for both screening tests (data not shown).

Compared to many other countries, the results of the Finn-

ish screening programme are excellent, i.e. the programme

sensitivity for progressive cervical cancer precursors is

high.2,14 Average referral rates in Finland are markedly low –

the specificity of the programme is high. Despite the 3-fold

differences in the rates of follow-up smear recommendations,

2-fold differences in referral rates, and more than 4-fold dif-

ferences in the rates of lesions requiring treatment, there is

no evidence that any laboratory is inferior to the others in

terms of cervical cancer incidence. Nevertheless, by strength-

ening the collaboration between individual screening labora-

tories and by committing the laboratories to a nationwide

feedback or auditing programmes, the diagnostic criteria for

cytology and histology could be further developed and, thus,

the cost-effectiveness of the screening programme improved.

In the current study, we estimated the effectiveness of the

screening programme by screening laboratory in terms of his-

tologically confirmed CIN3+ lesions and by comparing the

CIN3+ rates to laboratory-specific cervical cancer incidence

trends. This is not an entirely optimal approach: historical

differences in the screening coverage and compliance and

in the uptake of opportunistic Pap smears, and potential dif-

ferential fluctuations in the background risk could partially

affect these trends. Therefore, we cannot rule out small dif-

ferences in effectiveness between laboratories. Interval can-

cer incidence is a more reliable outcome indicator than

detection of any precancerous lesion. Mortality due to cervi-
cal cancer could also be used as outcome indicator, if taken

into account that not only the variation in diagnostic criteria

for precancers, but also treatment procedures may affect

these cause-specific mortality rates. In the literature on cervi-

cal screening, even the histologically confirmed CIN2+, which

is more susceptible to variation due to differences in diagnos-

tics and background risks than CIN3+, is widely accepted as a

reasonable outcome indicator – which should be discouraged.

In conclusion, the performance of the cervical screening

programme differs by screening laboratory, but the overall

programme effectiveness is not materially affected. This

leads to a variation in cost-effectiveness and probably in the

avoidable adverse effects of the cervical cancer screening pro-

gramme. For this, in cervical cancer screening studies the

outcome should be selected as closely as possible to the true

measure of programme effectiveness, which is the number of

prevented invasive cervical cancers and subsequent deaths.
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