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HSPH’s Marvin Zelen dies at 87
Was considered a ‘tremendous force’ in biostatistics
November 19, 2014 | Editor's Pick
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Harvard Professor Marvin Zelen was noted for developing the statistical methods and study designs that are used in clinical cancer trials, in
which experimental drugs are tested for toxicity, effectiveness, and proper dosage.

HSPH Communications

Professor Marvin Zelen of the Department of Biostatistics at the Harvard T.H. Chan School of Public Health
(HSPH) died on Nov. 15 after a battle with cancer. He was 87.

Zelen was the Lemuel Shattuck Research Professor of Statistical Science, as well as a member of the Faculty
of Arts and Sciences Emeritus at Harvard University. He served for a decade in the 1980s as chair of HSPH’s
Department of Biostatistics. He was known as a giant in his field, and as a man of vision, generosity, and
warmth.

Zelen was noted for developing the statistical methods and study designs that are used in clinical cancer
trials, in which experimental drugs are tested for toxicity, effectiveness, and proper dosage. He introduced
measures to ensure that data from the trials were as free as possible of errors and biases — measures that are
now standard practice. Zelen helped transform clinical trial research into a well-managed and statistically
sophisticated branch of medical science. His work in this area led to significant medical advances, such as



Outline

• Screening is different from prevention/treatment

• Bathtub-shaped Hazard Ratio function

• Trial (experimental) data: prostate (PSA) and colon (FOBT)

• Breast Cancer Screening with Mammography:
21st century (non-experimental) population-based studies

• It’s all about TIMING – and the Lexis diagram helps !!

• Technical details on our model



Ways in which cancer screening differs from
prevention/treatment

• Prevention aims to stop cancer from ever developing

• Treatment combats it once it becomes apparent

• Screening: pursuit of earlier diagnosis

• disease not necessarily present at 1st screen.. must repeat
• benefits not immediate, but delayed, & time-limited
• in screening: no screening comparisons, if screening works

as intended, mortality hazard rates are non-proportional



Bathtub-shaped Hazard Ratio function

not shown), the apparent reductions associated with screening
are 1–205/250 � 18%, 1–370/500 � 0.26%, and 1–620/750 �
17%, respectively. In contrast, the reductions are 35% and
52% if averaged over years 5 through 19 (any manifestation
of effect of early treatment) and 10 through 14 (maximal
manifestation), respectively.

Relative to the yearly numbers of deaths in the absence
of screening and early treatment, each separate cycle pro-
duces its own “deficit” or “trough.” The left “lip” of each
trough reflects the delay between the time when cancers are
detected at a curable stage and when they would otherwise
have been fatal. Deaths that occur earlier were not averted by
the screening diagnosis and treatment, because the cancer
was already incurable at the time of screening. The right lip
(where again no deaths are averted) reflects the limits of the

“reach” of the screening instrument—a feature that is dis-
cussed subsequently. The width of each separate trough
reflects the person-to-person variation in “x”, whereas the
volume of the trough reflects the overall impact of the single
application. Continued regular cycles of an effective screen-
ing program eventually produce a steady state. If screening is
discontinued, cancer mortality among the screened persons
reverts to what one would observe with no screening as the
last of the delayed deficits are expressed. The parametric
relations in Figure 1 are described in more detail in Miettinen’s
analysis.1

The principle of looking in the appropriate window
after initiation of screening is widely appreciated by those
who examine nonexperimental data on screening. For ex-
ample, investigators4–8 and commentators9 have assessed
whether the extensive prostate-specific antigen (PSA)-based
screening begun around 1990 has produced corresponding
shortfalls in prostate cancer deaths in the early 2000s. Ap-
propriately, none of these assessments considered the declin-
ing prostate cancer death rates in some countries in the early
1990s as evidence of the benefits of PSA-based early detec-
tion and treatment, nor did they take unchanged rates in other
countries as evidence that earlier treatment had no impact.
After all, PSA-based screening was not even available in the
1980s to detect—at a curable stage—the cancers that proved
fatal in the early 1990s. The pattern of prostate cancer
mortality soon after the introduction of PSA was uninforma-
tive and correctly ignored. Similarly, to study the impact of
the NHS Breast Screening Programme, which was initiated in
Wales in 1991, Fielder and colleagues10 focused on deaths
from breast cancer among women who were diagnosed after
the program began and who died after 1998.

Curiously, it is in studies in which experimental data
have been available—from randomized clinical trials of
screening for cancer of the breast, colon, and lung—that the
principle of “looking in the right window” has been more
neglected. Morrison’s textbook11 devotes a few sentences to
this principle; but it then goes on, in all of the examples, to
compare cumulative mortality—over the entire period of
screening and follow up—in the screened and unscreened
groups, no matter how long the duration of screening. Until
recently, other investigators have done the same.

Caro and McGregor2 were apparently the first to use
this data analysis principle. In a report to the Quebec health
ministry, they state: “The difference in cumulative mortality
obscures the effect of screening because there is a lag of
several years between screening and the time that deaths
would have otherwise occurred and, thus, mortality during
these early years cannot be influenced by screening. To
obtain more revealing estimates requires translating the re-
ported figures to time-specific breast cancer mortality rates
(incidence densities).”

FIGURE 1. Reductions in cancer deaths in a hypothetical
situation in which screening is carried out for 10 years. The
dots in a specific row in the upper part of the figure represent
the deaths averted by that year’s screening; the dots in the
region entitled “totals” in the lower portion of the figure
represent the aggregated numbers of deaths averted, whereas
the smaller dots represent deaths that are not averted. The
curve represents the mortality rate ratio (left vertical axis) and
its complement (right vertical axis).
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<— deaths averted by screen 1
<— deaths averted by screen 2

...

<— deaths averted by screen 10

Figure (after Miettinen et al. 2002.) is from Hanley
JA. Analysis of Mortality Data From Cancer
Screening Studies: Looking in the Right Window.
Epidemiology, Vol 16, 2005, pp 786-790.

See also. Liu Z at al. J Med Screening. 2013.



‘% Reduction function’ (bathtub shape)

• The asymptote is the ultimate estimand

• It is determined by ...

– number and spacing of rounds, and

– the contribution of each round of screening

• From published trials, can one ..

– estimate the ‘% Reduction function’ ?

– estimate contribution of each round ?
(?? function shape if different schedule or if a program)



PROSTATE CANCER



Screening & Prostate-Ca Mortality in Randomized European Study ’92-’08 (“ERSPC” nejm2009.04)

As of December 31, 2006, with an average follow-up time of 8.8 years, there were 214 prostate-cancer deaths in the
screening group and 326 in the control group. (...) The adjusted rate ratio for death from prostate cancer in the
screening group was 0.80 (95% CI, 0.65 to 0.98; P=0.04).

“PSA-based screening reduced the rate of death from prostate cancer by 20%. ”



RE-ANALYSIS OF ERSPC DATA
using

year-specific prostate cancer mortality ratios



(A) Overall vs. (B) Year-specific mortality ratios
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 Department of Clinical 
Chemistry, Helsinki University 

Central Hospital Laboratory 
Division (HUSLAB), Helsinki, 

Finland (Prof U-H Stenman PhD); 
FIMLAB, Department of 

Pathology, Tampere, Finland

analysis of incidence of prostate cancer with 1–9 years’ 
follow-up. Appendix pp 13–16, 20, 21 shows the analysis 
considering all available ages. Appendix p 17 shows a 
further secondary analysis of the results per centre for the 
core age group excluding France. No adjustment of 
signifi cance for α-spending in sequential analyses was 

applied because the present analysis is protocol based and 
not driven by statistical signifi  cance.17,18 Cumulative 
prostate cancer mortality by group was calculated with 
the Nelson-Aalen method.17 Number needed to invite 
(NNI) to avert one prostate cancer death was calculated as 
the inverse of the absolute risk reduction, and the number 
needed to detect (NND) as the NNI multiplied by the 
excess incidence of prostate cancer in the intervention 
group. Analyses were done with Stata version 12.1.

This trial is registered with Current Controlled Trials, 
number ISRCTN49127736.

Role of the funding source
The funders of the study had no role in the study design, 
data collection, data analysis, data interpretation, or writing 
of the report. Access to data was limited to the independent 
data centre led by SMM. None of the investigators had 
access to outcome data outside the planned offi  cial reports 
of the data centre. FHS produced the primary version and 
was responsible for submitting the report.

Results
In the core group of men aged 55–69 years, excluding 
France, 162 388 were randomly assigned, of whom 
145 died between randomisation and screening. With 
data truncated at 13 years of follow-up, 7408 prostate 

Intervention group Control group Rate ratio*
(95% CI)

p value Rate diff erence per 
1000 person-years*
(95% CI)

Rate diff er-
ence per 
1000 men*

Adjusted rate ratio 
in attenders*
(95% CI) 

p value

Prostate 
cancer 
deaths
(n)

Person-
years

Rate 
per 1000 
person-
years

Prostate 
cancer 
deaths
(n)

Person-
years

Rate 
per 1000 
person- 
years

Years 1–9 193 614 590 0·31 278 751 777 0·37 0·85 (0·70 to 1·03) 0·10 −0·06 (−0·12 to 0·01) −0·46 ·· ··

Years 1–11 265 732 133 0·35 415 896 367 0·46 0·78 (0·66 to 0·91) 0·002 −0·10 (−0·17 to −0·04) −1·02 0·71 (0·58 to 0·88) 0·001

Years 1–13 355 825 018 0·43 545 1 011 192 0·54 0·79 (0·69 to 0·91) 0·001 −0·11 (−0·18 to −0·05) −1·28 0·73 (0·61 to 0·88) 0·0007

*Adjusted by centre and for the randomisation ratio 1:1·5 intervention group versus control group in Finland.

Table 3: Prostate cancer mortality in the intervention and control groups during three time periods truncated (all centres, core age group, France excluded except for years 1–9)

Figure 2: Nelson–Aalen estimates of cumulative prostate cancer mortality (all centres, excluding France)
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Intervention group Control group Rate ratio*
(95% CI)

Rate diff erence 
per 1000 
person-years*
(95% CI)

Rate 
diff erence 
per 1000 
men*

Prostate 
cancer
(n)

Person-
years

Rate per 
1000 
person- 
years

Prostate 
cancer
(n)

Person-
years

Rate per 
1000 
person-
years

Years 1–9 including France 7902 835 353 9·46 5726 984 993 5·81 1·64 (1·58–1·69) 3·69 (3·42–3·95) 26·5

Years 1–9 6147 585 627 10·50 4127 736 688 5·60 1·91 (1·83–1·99) 5·00 (4·68–5·32) 39·0

Years 1–11 6797 692 186 9·82 5262 873 415 6·02 1·66 (1·60–1·73) 3·90 (3·61–4·20) 35·5

Years 1–13 7408 775 527 9·55 6107 980 474 6·23 1·57 (1·51–1·62) 3·44 (3·16–3·72) 34·8

*Control group for Finland weighted by 1:1·5.

Table 2: Prostate cancer incidence in the intervention and control groups during three time periods truncated (all centres, core age group, France 
excluded except for years 1–9)
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cancer cases were diagnosed in the intervention group 
and 6107 cases in the control group (fi gure 1).

The median age at randomisation was 60·2 years 
(table 1). The overall compliance with biopsies was 
85·6%, 20 188 of 23 574 screen-positive tests. On average, 
men in the intervention group were screened 2·3 times 
(ranging from 1·6 times in Belgium with a 7-year 
interval to 3·5 times in Sweden with a 2-year interval). 
Of the screen-positive men who underwent a biopsy, 
4883 (24·2%) were diagnosed with prostate cancer 
within 12 months after testing (table 1).

With follow-up truncated at 13 years, prostate cancer 
incidence was 9·55 per 1000 person-years in the 
intervention group and 6·23 in the control group (table 2).

With follow-up truncated at 13 years, prostate cancer 
mortality was 0·43 per 1000 person-years in the inter-
vention group and 0·54 per 1000 person-years in the 
control group (RR of 0·79, 95% CI 0·69–0·91, p=0·001; 
table 3, fi gure 2). We recorded a similar RR after 11 years 
(table 3). After adjustment for non-participation, we noted 
an RR of 0·71 (95% CI 0·58–0·88, p=0·001) after 11 years 
and 0·73 (0·61–0·88, p<0·0007) after 13 years (table 3).

The absolute risk reduction in prostate cancer mortality 
at 13 years of follow-up in the intervention group compared 
with the control group, after adjustment for the 
randomisation ratio of 1:1·5 in Finland was 0·11 prostate 
cancer deaths per 1000 person-years or 1·28 prostate 
cancer deaths per 1000 men, which yielded an NNI of 781 
(95% CI 490–1929) and an NND of 27 (17–66). The NNI 
and NND were substantially decreased from follow-up to 
9 years (NNI 1410, NND 48) and 11 years (NNI 979 
[95% CI 594–2770], NND 35 [21–96]).1,2 All-cause mortality 
did not diff er between the two trial groups (table 4).

In addition to the core age group, we noted a signifi cant 
reduction in prostate cancer mortality for all 181 999 men 
aged 50–74 years at entry (excluding France; table 4). The 

eff ect of screening did not signifi cantly diff er across 
5-year bands in the core age group or across the entire 
age range, but, most likely by chance, we noted a 
signifi cant reduction in prostate cancer mortality in the 
65–69 year age group. We recorded a non-signifi cant 
increase in prostate cancer mortality in the 70 year and 
older screening group (table 4); however, men in this age 
group were screened only once, which might explain the 
absence of an eff ect of starting to screen late in life.

Figure 3 shows prostate cancer mortality for the two trial 
groups in 4-year intervals from date of randomisation. At 
0–4 years the RR was 0·88 (95% CI 0·58–1·34), which 
decreased to 0·82 (0·64–1·06) at 4–8 years, and further 
decreased to 0·72 (0·59–0·88) at 8–12 years.

An analysis of prostate cancer mortality in the inter-
vention and control groups in the core age group of 
individual centres showed signifi cant RRs only for 
Sweden (0·62 [95% CI 0·41–0·92]) and the Netherlands 

Figure 3: Nelson-Aalen estimates of cumulative prostate cancer in both 
groups by 4-year periods (all centres, excluding France)
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Intervention group Control group Rate ratio (95% CI) p value
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Deaths (n) Person-years Rate per
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All-cause mortality 

Core age group 15 369 825 018 18·6 19 108 1 011 192 18·9 1·00 (0·98–1·02) 0·82

All ages 18 251 935 185 19·5 21 992 1 120 432 19·6 1·00 (0·98–1·02) 0·98

Prostate cancer mortality

Age groups (years)

≤54 6 64 265 0·09 7 62 312 0·11 0·84 (0·28–2·49) 0·75

55–59 114 411 834 0·28 174 524 314 0·33 0·81 (0·93–1·03) 0·09

60–64 121 240 895 0·50 159 280 404 0·57 0·90 (0·71–1·15) 0·41

65–69 120 172 289 0·70 212 206 474 1·03 0·69 (0·55–0·87) 0·002

70≥  66 45 903 1·44 58 46 928 1·24 1·17 (0·82–1·66) 0·40

Core age group 355 825 018 0·43 545 1 011 192 0·54 0·79 (0·69–0·91) 0·001

All ages 427 935 185 0·46 610 1 120 432 0·54 0·83 (0·73–0·94) 0·004

Test for heterogeneity for prostate cancer mortality: all ages χ²₄=6·26 p=0·18; core age group: χ²₂=2·31 p=0·32.

Table 4: All cause and prostate cancer mortality by age at randomisation (France excluded)

See Online for appendix



COLON CANCER



FOBT screening for colon cancer – Minnesota Trial 1976-2008



FOBT screening for colon cancer – Minnesota Trial 1976-2008



Long-Term Mortality after Colorectal-Cancer Screening

n engl j med 369;12 nejm.org september 19, 2013 1109

adjusted relative-risk estimates for death from 
colorectal cancer for the annual-screening and 
biennial-screening groups were 0.65 (95% CI, 
0.52 to 0.80) and 0.76 (95% CI, 0.61 to 0.95), 
respectively.

Annual or biennial screening with fecal occult-
blood testing had no apparent effect on all-cause 
mortality. The relative risk of death from any 
cause was 1.00 (95% CI, 0.99 to 1.01) with an-
nual screening, 0.99 (95% CI, 0.98 to 1.01) with 
biennial screening, and 1.00 (95% CI, 0.98 to 
1.01) with annual and biennial screening com-
bined (Fig. 2 and Table 1). No effect was seen on 
deaths from causes other than colorectal cancer; 
the relative risk of death from causes unrelated to 
colorectal cancer was 1.00 (95% CI, 0.99 to 1.02) 
with annual screening, 1.00 (95% CI, 0.98 to 1.01) 
with biennial screening, and 1.00 (95% CI, 0.99 
to 1.01) with annual and biennial screening com-
bined (Fig. S5 in the Supplementary Appendix). 
The causes of death are provided in Table S1 in 
the Supplementary Appendix.

SUBGROUP ANALYSES
Figure 3 shows the numbers of participants who 
underwent randomization, the numbers of those 
who died from colorectal cancer, and the relative 
risks for the subgroups of age and sex, according 
to each study group and the combined screening 
groups. Graphs of cumulative colorectal-cancer 
mortality and corresponding relative risks for the 
subgroups are shown in Figures S6 and S7 in the 
Supplementary Appendix. The reduction in 
colorectal-cancer mortality was larger for men 
than for women in both screening groups and in 
the two groups combined; the relative risk of 
death from colorectal cancer was 0.61 (95% CI, 
0.47 to 0.80) for men vs. 0.75 (95% CI, 0.57 to 
0.97) for women in the annual-screening group, 
0.63 (95% CI, 0.48 to 0.82) vs. 0.92 (95% CI, 0.72 
to 1.18) in the biennial-screening group, and 0.62 
(95% CI, 0.50 to 0.78) vs. 0.83 (95% CI, 0.67 to 
1.04) in the combined screening groups. The in-
teraction between sex and screening, as mea-
sured by the ratio of the relative risk for men to 
that for women, was significant in the biennial-
screening group (P = 0.04 for interaction) but not 
in the annual-screening group or the two groups 
combined (P = 0.30 and P = 0.06, respectively, for 
interaction).

The relative risks of death from colorectal 
cancer among participants who were less than 
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Figure 1. Cumulative Colorectal-Cancer Mortality.

Cumulative colorectal-cancer mortality was assessed on the basis of Kaplan–
Meier estimates, evaluated at monthly time points. Point estimates and 95% 
confidence intervals at 30 years are also shown.
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Cumulative all-cause mortality was assessed on the basis of Kaplan–Meier 
estimates, evaluated at monthly time points. Point estimates and 95% con-
fidence intervals at 30 years are also shown.
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Measuring the mortality reductions produced by Irish
and Danish breast-cancer screening programs
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ESTIMANDS

• Traditional 1-number answer

• More-refined/meaningful estimands and answers



Best studies: use date of diagnosis to emulate RCT
Cancer Registry: EXCLUDE WOMEN DIAGNOSED BEFORE PROGRAM BEGAN



1993

FUNEN ↓ 1993

‘REST’ ↑ 1993





RESULTS

traditional
1-number summaries

(proportional hazards model)







Republic of Ireland
2 phases, 8 years apart

RESEARCH ARTICLE

Mortality reductions due to mammography
screening: Contemporary population-based
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Canada, 2 Graduate Entry Medical School, University of Limerick, Limerick, Ireland, 3 National Cancer
Registry Ireland, Cork, Ireland

☯ These authors contributed equally to this work.
* james.hanley@McGill.CA

Abstract

Our objective was to compare breast cancer mortality in two regions of the Republic of Ire-

land that introduced a screening programme eight years apart, and to estimate the steady-

state mortality deficits the programme will produce. We carried out age- and year-matched

between-region comparison of breast cancer mortality rates, and of incidence rates of stage

2–4 breast cancer, in the eligible cohorts. The regions comprised counties that, beginning in

early 2000 (region 1) and late 2007 (region 2), invited women aged 50–64 to biennial mam-

mography screening. The data were supplied by the National Cancer Registry, Central Sta-

tistics Office. As impact measures, we used age-and-year-matched mortality (from breast

cancers diagnosed from 2000 onwards), rate ratios and incidence rate ratios in the com-

pared regions from 2000 to 2013. Ratios were adjusted for between-region differences in

background rates. In cohorts too old to be invited, death rates in regions 1 and 2 were 702

per 0.91 and 727 per 0.90 million women-years respectively (Ratio 0.96). In the eligible

cohorts, they were 1027 per 2.9 and 1095 per 2.67 (Ratio 0.88). Thus, rates in cohorts that

could have benefitted were 9% lower in region 1 than region 2: (95%CI: -20%, +4%). The
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Fig 2. Numbers of screening invitations received by women in various birth-cohorts in regions 1 and 2, together with
mortality rates and their ratios. Insets show the extent of each region, and (in purple) the fractions of those aged 50–85 in each
quintile of the deprivation index, with ‘-‘ denoting the least and ‘+’ the most deprived. For each birth cohort, the numbers of
screening invitations received by the end of the indicated years are indicated by squares ranging in colour from white (0) to black
(7), and the numbers received by the end of 2013 are shown to the right of their last follow-up year. The Region 1 vs. Region 2
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Abstract
The mortality impact in cancer screening trials and population programs is usually expressed as a single hazard ratio or

percentage reduction. This measure ignores the number/spacing of rounds of screening, and the location in follow-up time
of the averted deaths vis-a-vis the first and last screens. If screening works as intended, hazard ratios are a strong function

of the two Lexis time-dimensions. We show how the number and timing of the rounds of screening can be included in a

model that specifies what each round of screening accomplishes. We show how this model can be used to disaggregate the
observed reductions (i.e., make them time-and screening-history specific), and to project the impact of other regimens. We

use data on breast cancer screening to illustrate this model, which we had already described in technical terms in a

statistical journal. Using the numbers of invitations different cohorts received, we fitted the model to the age- and follow-
up-year-specific numbers of breast cancer deaths in Funen, Denmark. From November 1993 onwards, women aged 50–69

in Funen were invited to mammography screening every two years, while those in comparison regions were not. Under the

proportional hazards model, the overall fitted hazard ratio was 0.82 (average reduction 18%). Using a (non-proportional-
hazards) model that included the timing information, the fitted reductions ranged from 0 to 30%, being largest in those

Lexis cells that had received the greatest number of invitations and where sufficient time had elapsed for the impacts to

manifest. The reductions produced by cancer screening have been underestimated by inattention to their timing. By
including the determinants of the hazard ratios in a regression-type model, the proposed approach provides a way to

disaggregate the mortality reductions and project the reductions produced by other regimes/durations.

Keywords Screening, mortality, non-proportional hazards ! Birth-cohorts ! Lexis diagram ! Disaggregation !
Design matrix

Introduction

A single hazard ratio is appropriate if the reduction in

hazard rates is immediate and sustained. Examples include
the near-immediate and continued protection against HIV

acquisition following adult circumcision, the decades of

protection afforded by a vaccine, and the near immediate
and sustained mortality reduction from one-time-screening

for abdominal aortic aneurysms [1]. A single ratio is also

appropriate if—as with blood thinners/beta-blockers—one
limits the time-window to when the agent is active.

Cancer screening comparisons generate non-propor-

tional hazards: mortality reductions appear after some
delay following the first screen, and eventually disappear

following the last one. In prostate cancer screening, the

delay is considerable. After an average of 9 years [2] the
reported hazard ratio (HR) was 0.8, i.e., the average

reduction was 20%. However, hazard rates only began to

diverge after 7 years; a re-analysis [3] using time-specific
data made this delay even clearer. As one commentator [4]

wrote, ‘‘Perhaps a better summary… is not the 20% overall

reduction… but the combination of no reduction in the first

& James Anthony Hanley
james.hanley@McGill.CA
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both the Copenhagen and Funen studies, a background
difference could also be accommodated by including the

pre-1994 data, and by including in our model a parameter

representing this difference.

The fitting

Figure 1b shows data for three selected (a,y) Lexis cells,

with PY1 and PY0 person years in the invited and unin-

vited, and numbers of deaths D1 and D0. If the latter are
assumed to follow two Poisson distributions, and if one

conditions on D = D1 ? D0, then D1 | D follows a bino-

mial distribution with ‘denominator’ D and a ‘proportion’
parameter p that is a function not just of PY1 and PY0, but

also of how ‘non-null’ the hazard ratio is at that point in

time [24]. For example, in the third row of Fig. 1b, if the
HR were 0.8, then the expected split of the 19 deaths

should be proportional to (2491 9 0.8): (19,788 9 1), or

1.7:17.3, yielding a Binomial distribution with ‘n’ = 19
and p = 0.09. The hazard ratio HR[a,y] [9, 19, 24] in cell

(a,y) is a function of the two model parameters (d,s) and
the number and timing of the preceding screening invita-
tions. Since the HR in a cell also represents the proportion

of otherwise-fatal cancers that would still be fatal despite

the screening, it was calculated as the probability that each
of the preceding rounds of screening failed to avert the

death, i.e. as the product of the complements of the P

function described above, evaluated at the time-lags cor-
responding to these preceding rounds. See the last equation

in Fig. 1b and the convolutions pictured in Fig. 1a. As

explained elsewhere [9, 19], the probability function was
taken to have a gamma function shape, but with the scale

parameter constrained (larger amounts of data would have
allowed this constraint to be removed). The two model

parameters d and s were fitted by summing the cell-specific

log-likelihood contributions, and numerically maximizing
the sum.

Results

Over all ages and follow-up years in the Lexis diagram, the
‘average’ Funen-RestDK difference, i.e., the ‘reduction’ or

‘deficit’ in breast cancer mortality in Funen that is ‘at-

tributable’ to the screening, was 18%. This is a smaller
reduction that the 22% seen in the follow-up that ended on

December 31, 2009 [21]. Part of this difference may be the

play of chance, and part may be because we now include
deaths from cancers that are only diagnosed after the

women stopped being screened (at age 70).

To motivate the model-based measures, we first present
year-specific comparisons in Fig. 3. Once segregated into 3

birth cohorts, each 5 years wide, the yearly numbers of

deaths in Funen are in the single digits, and so the year-
specific mortality rate differences are noisy. With the help

of some smoothing, however, it seems that the reductions

in those who—because they were already in their late 60s
in 1994—received the fewest invitations (red) do not per-

sist for as long as those in the cohorts—in their late 50s in

1994—who received the most (blue). Moreover, the
reductions in the intermediate (green) cohorts—in their

early 60s in 1994—also began to disappear earlier.

The model-based estimates were that the maximum
probability of being helped by a single round of screening

1994 2000 2005 2010 2015

Age

Age
No. of
Invitations

52

65 7

57

78 7

62

83 4

67

88 2

60 6

55 3

50 1

Invitations [FUNEN only]
None in FUNEN,
or in 'Rest' of Denmark

7 (of 41) 
birth-cohorts

are shown

Fig. 2 Schematic of the
screening invitations extended
to, and follow-up of, women in
Funen birth cohorts (7 shown).
None were extended to the
corresponding cohorts of
women in the ‘‘rest’ of Denmark
until late 2007

J. A. Hanley, S. H. Njor
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BASIC IDEA IN (2 parameter) MODEL

• Think of a population without a program, and the women
who died of breast cancer in a certain year.

• If these women could have been offered JUST ONE
SCREEN in one of the years before they were diagnosed,

• which year would have been optimal?

what % of them would have had their deaths averted
because of the earlier detection and treatment that
resulted from that earlier detection?



cancers at that age that would still be fatal despite the
screening.

Like other trials/programs, Funen did not limit the

invitations to one age (50) in one year (1994). It invited all
birth cohorts every 2 years while they are between age 50

and 69. The invitations can be visualized in what is known

as a ‘Lexis Diagram’ [24], which shows how different
cohorts progress simultaneously along the two time scales

of age—on the vertical axis—and calendar time—on the

horizontal axis. In the data-analysis, we will divide the ages
and years into 1-year bins that taken together form small

1 9 1 Lexis ‘squares’ or ‘cells,’ and use the number of

breast cancer deaths in each small square in each region as
a separate Poisson random variable. Thus, as is seen in the

Lexis Diagram in Fig. 2, those oldest when the program

was begun, and youngest at the last invitation before the
follow-up ended, did not receive as many invitations as

those who are 50 when the program started. As a result of

these variations, and of the ‘delay’ principle’, the HR
‘surface’ over this Lexis space must be a strong function of

the age and calendar-year (or age and follow-up year) time

scales.

The data

We retrieved data from the Danish cause of deaths register
on all breast cancer deaths until 31 December 2015. Data

on invitation to mammography screening in Funen were

retrieved from the Funen mammography screening register.
For each of the relevant ages (a) in each of the 22 years

(y) after the Funen program began, the data consisted of the

numbers of breast cancer deaths (D1 and D0), and corre-
sponding women years (WY1 and WY0), in Funen (1) and

the parts of Denmark where mammography screening did

not start until late 2007 (RestDK) (0). The values for 3
selected cells are shown in the rows in panel (b) of Fig. 1,

along with when—counting back from (a,y)—the Funen

birth cohort received screening invitations. These screening
histories can be thought of as the ‘Design Matrix’ in this

regression-type model. Since the breast cancer mortality

rates in the years before 1994 were very similar in Funen
and the comparison region, we ignore these pre-screening

data. The original Njor article also documented the degree

of opportunistic screening, breast cancer treatment proto-
cols, and multidisciplinary breast cancer management

teams in Funen before and during screening, and in the rest

of Denmark in the same calendar periods. As was done in

Data for, and fitting of, HR model

No.
Deaths

Person
Years

Invitation History
('Design' Matrix)

Year[y] Age[a] D0 D1 PY0 PY1 How many years earlier

2014 87 11 1 16,827 2,101 20 18

2013 81 24 3 17,034 2,227 19 17 15 13

2012 75 18 1 19,788 2,491 17 15 13 11 9 7 5

etc. .. .. . ..,... .,... etc.

D1 + D0 = D fixed D1 ~ Binomial(D, π)

with

π = HRay × PY1 (HRay × PY1 + 1 × PY0)

HRay = ∏
AgeAtS< a

Prob.not.helped.by.screen.at.age.AgeAtS

 Model for impact of 1,2, .. ,7 rounds of screening

noitcudeRRH

P

τ

Otherwise-fatal cancers

%01

%019.0

%028.0

%037.0

0.6

0.5

0.4

0.3

0.2

0.1

76
5

4
3

2

1

deaths averted
because of (biennial)

screen no. ...

δ

0

0x:

2

2

4

4

6

6

8

8

10

10

12

12

14

14

16

16

18

18

20

20

22

22

Years after 1st screen

Probability (P) of being helped if the 1st and
only screen were x = 0, 1, ..., 22 years before
cancer would(otherwise) have proved fatal

Further descriptions of 2 model parameters and 
model fitting, and examples are available in Liu,
Hanley, Saarela, Dendukuri. Int. Stat. Rev, 2015.

(b) (a)

Fig. 1 Schematic showing the model for the reductions produced by
one or more rounds of screening, the required data to fit the 2
parameters d and s, and the fitting of these two parameters. Shown in
blue in panel a is the probability (P) that cancers that (in the absence
of screening) proved fatal at age awould have been averted by the
possibly earlier treatment prompted by a single round of screening
x years earlier. x is shown in blue along the horizontal axis at the top.
As shown by the blue arrow, it is approximately 6% when
x = 10 years. The probability is greatest, at d percent, when the
screen was s years previously. Shown as black, again as a function of
x, are the probabilities (P) that these otherwise fatal cancers would
have been averted as a result of 2, 3, … 7 rounds of screening offered
every two years from age a- x onwards, where x denotes the length

of time between the first screen and attaining age a. The complement
of P[x] can be interpreted as the probability that, despite screening,
the cancer will still prove fatal. It can also be interpreted as a Hazard
Ratio (HR) at age athat is B 1. The proportion (probability) itself can
be interpreted as the reduction in the mortality rate at age ain persons
for whom it has been x years since their first screen (horizontal axis at
bottom). Compared with the single-round HR in blue, the HR
generated by multiple screens extends deeper, over a longer time-
window, and exhibits a bathtub shape with a delay, a nadir or
sustained asymptote, and an eventual return to 1 after all the effects of
the last screen have been expressed. Shown in panel b are the data for,
and fitting of the 2 parameters (d and s) of the model. (Color
figure online)

Disaggregating the mortality reductions due to cancer screening: model-based estimates from…

123

Author's personal copy



assumed a proportional hazards model where reductions

are constant over follow-up time.
The proposed model is a first step towards describing the

time-specific reductions a sustained screening program

might produce. Whereas earlier efforts used moving aver-
ages [18], or directly fitted a smooth HR curve [3] without

regard to the screening schedule, the present approach uses

fundamental (rather than design-dependent) parameters
that, coupled with the schedule (the design matrix), pro-

duce a HR function.

The average 18% reduction one obtains either by fitting
a proportional hazards model over the Lexis cells, or using

them as strata in a Mantel–Haenszel summary ratio, does

not mean that 10 biennial screenings from 50 to 69 would
avert 18% of the breast cancer deaths that would otherwise

have occurred. This single estimate is arbitrary, and par-
ticular to the age-mix at intake, the numbers of invitations

received, and duration of follow-up. The model-based cell-

specific reductions are much more realistic, and show what
was accomplished by the various amounts of screening up

to the ages and years in question. As expected, the reduc-

tions vary considerably in age and time: cohorts first

screened in their 50s—and thus more often—had much

larger mortality deficits that those first screened at later
ages—and less often.

Our proposed model separates the fundamental

‘screening ability’ parameters (d,s) from the design matrix
(each row of which is the invitation history for a Lexis

cell); thus, as in a regression context, it allows one to

estimate the HR curve for a new ‘row,’ i.e. a specific
screening frequency and duration. The overall 18%

reduction, and the single-percentage reductions reported

from all screening trials do not correspond to any specific
estimand, but rather to an average over some mix of fre-

quencies and durations, and follow-up years.

Traditionally, cost–benefit models of a sustained
screening program have been quite complex. The disag-

gregated reductions derived from our approach, coupled
with the desired screening schedule, provide a transparent

yet flexible way to project the benefits with screening

regimes that have not been tested. As an unusual but telling
example, the average reduction of 22% in the biennial

screening arm of the colon cancer screening trial [8] was

computed over 30 years without considering the number of
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age reductions in breast cancer mortality. They were derived from the
Maximum Likelihood estimates of the two model parameters

(maximum probability of being helped by a single round of screening
8 years previously: 9%) and the number and timing of the preceding
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IRELAND



Age Age

50 50
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56 56
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% Reductions
Deaths

in ABSENCE of,
or DESPITE,
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Design Matrix, Mortality Data, Parameter Fitting

-1-2-3-4-5-6-7-8-9-10-11-12 AGE YEAR  No. Deaths

YEAR BEFORE DEATH

WEST   80     2003          2------------

EAST   80     2003          5------------

WEST   75     2011          7------------

EAST   75     2011          5----------S-

WEST   64     2003          5------------

EAST   64     2003          2S-S---------

WEST   68     2009          4------------

EAST   68     2009          2----S-S-S---

WEST   62     2012          6-S-S--------

EAST   62     2012          3-S-S-S-S-S-S

WEST   68     2011          4------------

EAST   68     2011          5----S-S-S-S-

WEST   56     2011          5S-S---------

EAST   56     2011          2-S-S-S------
S: Screen Invitation

} Binomial
Binomial P = function of
- Region, Relative Population Sizes,
- NUMBER & TIMING of Screens
- IMPACT of each ROUND of SCREENING
- Participation Rate



PARAMETER ESTIMATES

Data max[ LogL(δ, τ ) ] δ̂ (%) τ̂ (yrs.)

-1930.8 7.6% 6.7

-1471.2 5.7% 8.0

+ -3402.5 6.6% 6.7



INTER-COUNTRY: WHO DATA (INCIDENT + PREVALENT)
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Our Model ... in more detail (written/video)

Webpage: screening

http://www.biostat.mcgill.ca/hanley/screening/

Methods

http://www.biostat.mcgill.ca/hanley/screening/section2.mov

Applications: (TRIALS) Lung Cancer; Colon Cancer

http://www.biostat.mcgill.ca/hanley/screening/section3.mov

http://www.biostat.mcgill.ca/hanley/screening/
http://www.biostat.mcgill.ca/hanley/screening/section2.mov
http://www.biostat.mcgill.ca/hanley/screening/section3.mov


SUMMARY
• Societal: delayed returns vs. upfront investments, harm
• Data analysis: respect cancer screening principles: (((((hhhhh1-number
→ HR function, based on interpretable parameters, over Lexis space

• Breastcheck: “↓ mortality from breast cancer by 20% in ten years”

Steady state: invited from 50 onwards, followed to (say) 85, when full
benefits of all invitations have been expressed, and HR reverts to 1.
Estimand: depth & extent of the full bathtub-shaped HR curve.

• Invitations, not screenings: Reductions averaged over those who
did/did not participate. Ones for those who did are presumably higher.

• Future work: Data to fit HR functions are hard to come by. WHO has
year-and-age-specific breast cancer mortality data from 20-30 countries
that introduced national mammography screening programs, starting at
different times .

• Plan to use between-country rather than within-country
contrasts, but

• (by modelling, rather than registries) first remove numbers
of cases that could not have benefitted from the program.
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Why do statisticians commonly limit their inquiries to Averages?

F. Galton, Natural Inheritance, 1889.

“It is difficult to understand why statisticians commonly limit
their inquiries to Averages, and do not revel in more
comprehensive views.

Their souls seem as dull to the charm of variety as that of the
native of one of our flat English counties, whose retrospect of
Switzerland was that, if its mountains could be thrown into its
lakes, two nuisances would be got rid of at once.”



million women-years (WY) and 727 per 0.91 million women-years, respectively (Mantel-
Haenszel Rate Ratio 0.96). In the age cohorts that were eligible to be invited to screening, the
corresponding death rates were 1,027 per 2.90 million women-years and 1,095 per 2.67 million
women-years, respectively (Mantel-Haenszel Rate Ratio 0.88). Thus, adjusted for age, calendar
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Fig 1. The ages when they were diagnosed with, and died of, breast cancer: 66 women in one selected cohort in region 2. Some 9,274
women, aged 54 in the year 2000, followed to the end of 2013. This cohort received just two screening invitations, at ages 62 and 64, too late to
alter the course of these 66 fatal cancers. The lengths of the lighter portions of the lines are the maximal amounts by which screening might have
advanced their diagnosis and treatment. Lines are drawn diagonally to orient readers to the full Lexis diagrams used in Figs 2 and 3.

https://doi.org/10.1371/journal.pone.0188947.g001

Mortality reductions due to mammography screening: Contemporary population-based data
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OVERLOOKED PRINCIPLES
How not to conduct population-based studies

Breast cancer mortality in neighbouring European
countries with different levels of screening but similar
access to treatment: trend analysis of WHO mortality
database
Philippe Autier research director 1, Mathieu Boniol senior statistician 1, Anna Gavin director 2, Lars J
Vatten professor 3

1International Prevention Research Institute, 95 Cours Lafayette, 69006 Lyon, France; 2Northern Ireland Cancer Registry, Belfast, Northern Ireland,

UK; 3Department of Public Health, Norwegian University of Science and Technology, Trondheim, Norway

Abstract
Objective To compare trends in breast cancer mortality within three
pairs of neighbouring European countries in relation to implementation
of screening.

Design Retrospective trend analysis.

Setting Three country pairs (Northern Ireland (United Kingdom) v
Republic of Ireland, the Netherlands v Belgium and Flanders (Belgian
region south of the Netherlands), and Sweden v Norway).

Data sourcesWHO mortality database on cause of death and data
sources on mammography screening, cancer treatment, and risk factors
for breast cancer mortality.

Main outcomemeasuresChanges in breast cancer mortality calculated
from linear regressions of log transformed, age adjusted death rates.
Joinpoint analysis was used to identify the year when trends in mortality
for all ages began to change.

Results From 1989 to 2006, deaths from breast cancer decreased by
29% in Northern Ireland and by 26% in the Republic of Ireland; by 25%
in the Netherlands and by 20% in Belgium and 25% in Flanders; and by
16% in Sweden and by 24% in Norway. The time trend and year of
downward inflexion were similar between Northern Ireland and the
Republic of Ireland and between the Netherlands and Flanders. In
Sweden, mortality rates have steadily decreased since 1972, with no
downward inflexion until 2006. Countries of each pair had similar
healthcare services and prevalence of risk factors for breast cancer
mortality but differing implementation of mammography screening, with
a gap of about 10-15 years.

Conclusions The contrast between the time differences in
implementation of mammography screening and the similarity in
reductions in mortality between the country pairs suggest that screening
did not play a direct part in the reductions in breast cancer mortality.

Introduction
Deaths from breast cancer are decreasing in North America,
Australia, and most Nordic and western European countries.1-3
After more than 20 years of intensive mammography screening
in some of these countries, however, it is still difficult to
determine howmuch of the observed reduction in mortality can
be attributed to earlier detection of breast cancer or to improved
management.4 5 This difficulty stems from the limited ability of
most observational and modelling studies to disentangle the
effects of early detection, treatment, and efficiency of healthcare
systems on mortality.6

Deaths from cervical cancer have decreased substantially in the
same countries.3 7 Reductions in cervical cancer mortality in
Nordic countries from 1965 to 1980 were related to nationwide
screening programmes from the 1960s (Iceland, Finland). In
countries where screening programmes were delayed (Norway),
the reduction in mortality became apparent many years later.
Finland implemented a nationwide cytology screening
programme in the 1960s, and from 1970 to 1980 mortality from
cervical cancer decreased by 50%. In Norway, a nationwide
programme was implemented 15 years later, and from 1970 to
1980 mortality from cervical cancer decreased by only 8%.
Access to surgery and radiotherapy was comparable between
the Nordic countries, and the clear differences in mortality trends
could be attributed to time differences in the implementation
of screening. These data remain the most compelling evidence
that cytology screening reduces mortality from this cancer.8 9

Studies of cervical cancer mortality at the population level
suggest an approach that may help clarify the effectiveness of
mammography screening. A review of randomised trials on
mammography screening carried out by an international expert
group suggested that in areas with screening attendance of at
least 70%, a reduction in breast cancer mortality by about 25%
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programme was implemented 15 years later, and from 1970 to
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the Nordic countries, and the clear differences in mortality trends
could be attributed to time differences in the implementation
of screening. These data remain the most compelling evidence
that cytology screening reduces mortality from this cancer.8 9
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Figures

Fig 1 Year of first invitation for mammography screening and age adjusted (European standardised rates) breast cancer
mortality in women of all ages in Sweden and Norway

Fig 2 Participation in mammography screening and age adjusted (European standardised rates) breast cancer mortality in
women of all ages in the Netherlands and Belgium

Fig 3 First year of organised screening programme and age adjusted (European standardised rates) breast cancer mortality
in Northern Ireland and Republic of Ireland
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This big-data approach dilutes the measured impact

1. WHO? Most of the breast cancer deaths in Northern
Ireland in the early 1990s involved cancers that had been
diagnosed before the screening was introduced. These
women could not have been helped by the program.

2. WHEN? Because of the ‘detectability vs. curability’
tradeoff, mortality deficits produced by cancer screening
become evident only after some delay.

3. HOW MUCH? The closer to the upper screening age when
the program began, the smaller the number of invitations
received



Smaller data: use date of diagnosis to emulate RCT
(cancer registry data are required to do this)

Papers

Breast cancer mortality in Copenhagen after introduction of
mammography screening: cohort study
Anne Helene Olsen, Sisse H Njor, Ilse Vejborg, Walter Schwartz, Peter Dalgaard, Maj-Britt Jensen, Ulla Brix Tange,
Mogens Blichert-Toft, Fritz Rank, Henning Mouridsen, Elsebeth Lynge

Abstract
Objectives To evaluate the effect on breast cancer mortality
during the first 10 years of the mammography service
screening programme that was introduced in Copenhagen in
1991.
Design Cohort study.
Setting The mammography service screening programme in
Copenhagen, Denmark.
Participants All women ever invited to mammography
screening in the first 10 years of the programme. Historical,
national, and historical national control groups were used.
Main outcome measures The main outcome measure was
breast cancer mortality. We compared breast cancer mortality in
the study group with rates in the control groups, adjusting for
age, time period, and region.
Results Breast cancer mortality in the screening period was
reduced by 25% (relative risk 0.75, 95% confidence interval 0.63
to 0.89) compared with what we would expect in the absence of
screening. For women actually participating in screening, breast
cancer mortality was reduced by 37%.
Conclusions In the Copenhagen programme, breast cancer
mortality was reduced without severe negative side effects for
the participants.

Introduction
In the overview of five randomised trials from Sweden, a reduc-
tion of 29% was found in breast cancer mortality in women aged
50-69 at randomisation after a follow up of 5-13 years.1

Organised, population based, mammography service screening
was introduced on the basis of these results in Copenhagen, the
capital of Denmark, in 1991.2 Since then the validity of the trial
results and the justification of mammography screening have
been debated intensively.3 4 Furthermore, the adaptation of trial
results to routine health care is not straightforward. Examining
whether the screening programmes actually reduce mortality
due to breast cancer is therefore important.

In Denmark, mammography screening was introduced in
only three out of 16 administrative regions. The regions without
a mammography screening programme thereby provide a natu-
ral control group during the full period of follow up. In addition,
opportunistic screening has been limited.5 Taking advantage of
this “natural experiment,” and using the nationwide population
and health registers in Denmark, we developed a method to
determine the effect of mammography service screening on
breast cancer mortality.6 We present here the results of the first
10 years of screening in Copenhagen.

Methods
Model
We used a Poisson regression model with a study group, a
historical control group, a national control group, and a histori-
cal national control group (fig 1).6 We studied the effect of invita-
tion to as well as participation in screening. The end point was
mortality due to breast cancer.

The study group included women invited to screening in
Copenhagen during the first five invitation rounds from 1 April
1991 to 31 March 2001. The screening interval was two years.
The target group included about 40 000 women aged 50-69 at
the start of each invitation round. The second invitation round
included women aged 50-71, but in subsequent rounds no more
women above the age of 69 were invited. The first invitations
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Fig 1 Study design for the evaluation of mammography screening in
Copenhagen, Denmark

Cite this article as: BMJ, doi:10.1136/bmj.38313.639236.82 (published 13 January 2005)

BMJ Online First bmj.com page 1 of 5



Papers

Breast cancer mortality in Copenhagen after introduction of
mammography screening: cohort study
Anne Helene Olsen, Sisse H Njor, Ilse Vejborg, Walter Schwartz, Peter Dalgaard, Maj-Britt Jensen, Ulla Brix Tange,
Mogens Blichert-Toft, Fritz Rank, Henning Mouridsen, Elsebeth Lynge

Abstract
Objectives To evaluate the effect on breast cancer mortality
during the first 10 years of the mammography service
screening programme that was introduced in Copenhagen in
1991.
Design Cohort study.
Setting The mammography service screening programme in
Copenhagen, Denmark.
Participants All women ever invited to mammography
screening in the first 10 years of the programme. Historical,
national, and historical national control groups were used.
Main outcome measures The main outcome measure was
breast cancer mortality. We compared breast cancer mortality in
the study group with rates in the control groups, adjusting for
age, time period, and region.
Results Breast cancer mortality in the screening period was
reduced by 25% (relative risk 0.75, 95% confidence interval 0.63
to 0.89) compared with what we would expect in the absence of
screening. For women actually participating in screening, breast
cancer mortality was reduced by 37%.
Conclusions In the Copenhagen programme, breast cancer
mortality was reduced without severe negative side effects for
the participants.

Introduction
In the overview of five randomised trials from Sweden, a reduc-
tion of 29% was found in breast cancer mortality in women aged
50-69 at randomisation after a follow up of 5-13 years.1

Organised, population based, mammography service screening
was introduced on the basis of these results in Copenhagen, the
capital of Denmark, in 1991.2 Since then the validity of the trial
results and the justification of mammography screening have
been debated intensively.3 4 Furthermore, the adaptation of trial
results to routine health care is not straightforward. Examining
whether the screening programmes actually reduce mortality
due to breast cancer is therefore important.

In Denmark, mammography screening was introduced in
only three out of 16 administrative regions. The regions without
a mammography screening programme thereby provide a natu-
ral control group during the full period of follow up. In addition,
opportunistic screening has been limited.5 Taking advantage of
this “natural experiment,” and using the nationwide population
and health registers in Denmark, we developed a method to
determine the effect of mammography service screening on
breast cancer mortality.6 We present here the results of the first
10 years of screening in Copenhagen.

Methods
Model
We used a Poisson regression model with a study group, a
historical control group, a national control group, and a histori-
cal national control group (fig 1).6 We studied the effect of invita-
tion to as well as participation in screening. The end point was
mortality due to breast cancer.

The study group included women invited to screening in
Copenhagen during the first five invitation rounds from 1 April
1991 to 31 March 2001. The screening interval was two years.
The target group included about 40 000 women aged 50-69 at
the start of each invitation round. The second invitation round
included women aged 50-71, but in subsequent rounds no more
women above the age of 69 were invited. The first invitations

Ag
e 

(y
ea

rs
)

40

60

70

80
Copenhagen

50
Historical control group

Follow up
Study group

Time

Ag
e 

(y
ea

rs
)

1 April 1981 1 April 1991 1 April 2001
40

60

70

80
Denmark except Copenhagen, Fyn, and Frederiksberg

50
Historical national control group

Follow up
National control group

Fig 1 Study design for the evaluation of mammography screening in
Copenhagen, Denmark

Cite this article as: BMJ, doi:10.1136/bmj.38313.639236.82 (published 13 January 2005)

BMJ Online First bmj.com page 1 of 5

Copenhagen

Rest of Denmark (10 x )





.

( 25% ↓ )



Our Model ... in more detail

Webpage: screening
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Design Matrix, Mortality Data, Parameter Fitting

-1-2-3-4-5-6-7-8-9-10-11-12 AGE YEAR  No. Deaths

YEAR BEFORE DEATH

WEST   80     2003          2------------

EAST   80     2003          5------------

WEST   75     2011          7------------

EAST   75     2011          5----------S-

WEST   64     2003          5------------

EAST   64     2003          2S-S---------

WEST   68     2009          4------------

EAST   68     2009          2----S-S-S---

WEST   62     2012          6-S-S--------

EAST   62     2012          3-S-S-S-S-S-S

WEST   68     2011          4------------

EAST   68     2011          5----S-S-S-S-

WEST   56     2011          5S-S---------

EAST   56     2011          2-S-S-S------
S: Screen Invitation

} Binomial
Binomial P = function of
- Region, Relative Population Sizes,
- NUMBER & TIMING of Screens
- IMPACT of each ROUND of SCREENING
- Participation Rate
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EXTRA SLIDES



Why do statisticians commonly limit their inquiries to Averages?

F. Galton, Natural Inheritance, 1889.

“It is difficult to understand why statisticians commonly limit
their inquiries to Averages, and do not revel in more
comprehensive views.

Their souls seem as dull to the charm of variety as that of the
native of one of our flat English counties, whose retrospect of
Switzerland was that, if its mountains could be thrown into its
lakes, two nuisances would be got rid of at once.”



Timing of cholesterol reductions produced by statins

3 dogs at 20 mg/kg/day; 3 at 50 mg/kg/day

Fig. 6. Hypolipidemic effects of mevastatin in dogs. Three dogs received mevastatin for 13 days (from day 0 to 
day 12) at a dose of 20 mg/kg per day (A) or 50 mgikg per day (B) (Replotted from Fig. 1 of ref. 6). (Used with 
permission, Atherosclerosis. 1979. 32: 307-313.) 

We felt that mevastatin should be evaluated more perti- 
nently in animal models comparable to FH in humans, 
since in patients with FH, regulation of HMG-CoA 
reductase is partially or completely lost, resulting in high 
reductase activity (42). At that time, however, such an 
animal model was not available. 

The nonionic detergent Triton WR-1339 was shown to 
produce hypercholesterolemia in rats (66). Using this 
model, several groups suggested that the elevated levels of 
hepatic HMG-CoA reductase were responsible for the in- 
crease in plasma cholesterol (67-69). Mevastatin was 
found to be slightly effective in these animals, giving up 
to 21% reduction of plasma cholesterol at 100 mg/kg (70). 
These results aroused a glimmer of hope, but were still 
not sufficient. 

Commercial eggs contain - 300 mg of cholesterol, and 
according to our preliminary analyses, two-thirds of this 
amount of cholesterol is derived from diet and the re- 
mainder is supplied by de novo synthesis. We expected 
that the level of cholesterol synthesis in hens that were ac- 
tively producing eggs would be higher than that in 
roosters. We fed hens a commercial diet supplemented 
with 0.1% mevastatin for 30 days. As expected, plasma 
cholesterol was reduced by as much as 50%, while body 
weight, diet consumption, and egg production were not 
significantly changed throughout the experiments (71). 

The success in the experiments in hens opened up an 
opportunity to conduct experiments in dogs and mon- 
keys. In dogs, mevastatin reduced plasma cholesterol by 
30% at a dose of 20 mg/kg and as much as 44% at 50 
mg/kg (Fig. 6) (6). &Lipoprotein (LDL) was markedly 
reduced by mevastatin while a-lipoprotein (HDL) was 

not lowered but, rather, increased slightly. In early 1977, 
we gave mevastatin to monkeys for 11 days. The reduction 
of plasma cholesterol was 21% at a dose of 20 mg/kg and 
36% at 50 mg/kg (Fig. 7) (7). Plasma triglyceride levels 
were not changed significantly in either dogs or monkeys. 
Fecal excretion of bile acids was slightly elevated in dogs 
but not significantly changed in monkeys (6, 7). 

Monkey (50 mg/kg/day) 
200 

"1 , I ; 
0 

-16 -8 0 8 16 24 

Days 

Fig. 7. HypoJipidemic effects of mevastatin in cynomolgus monkeys. 
Three monkeys received mevastatin at a dose of 50 mg/kg per day for 
11 days (from day 0 to day 10) (Reproduced from Fig. 1 of ref. 7). (Used 
with permission, Lipids. 1979. 14: 585-589.) 
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Timing of cholesterol reductions produced by statins

Humans



The loneliness of the long-distance trialist

1 2 3 4 5 6 7 8 9 10 11 12
0

0.002

0.004

0.006

0.008

0.01

Timing of Screening Effects
(as seen in cumulative cause-specific mortality curves)

Abdominal Aortic Aneurysms

(One-off Screening, MASS)

Control

Arm

Screening

Arm

Prostate Cancer

(q 4y, ERSPC )

Control

Arm

Screening

Arm

Cumulative Cause-Specific Mortality

Follow-Up Year Supp Fig. A


