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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
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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
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...

<— 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.
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Magnitude of reductions being achieved with
contemporary mammography

Estimates from (non-experimental) population-based studies



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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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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Why this big-data approach DILUTES the impact

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.

Screening pursues not-yet-diagnosed cancers
(so as to treat them earlier)
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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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i.e., they focused on
women who were
eligible for the
program, or would
have been, had it
been available in that
region or at that time.



Original Article

Decline in breast cancer mortality: How
much is attributable to screening?

Sisse Helle Njor1, Walter Schwartz2, Mogens Blichert-Toft3 and
Elsebeth Lynge1

Abstract
Objectives: When estimating the decline in breast cancer mortality attributable to screening, the challenge is to provide valid
comparison groups and to distinguish the screening effect from other effects. In Funen, Denmark, multidisciplinary breast cancer
management teams started before screening was introduced; both activities came later in the rest of Denmark. Because
Denmark had national protocols for breast cancer treatment, but hardly any opportunistic screening, Funen formed a ‘‘natural
experiment’’, providing valid comparison groups and enabling the separation of the effect of screening from other factors.
Methods: Using Poisson regression we compared the observed breast cancer mortality rate in Funen after implementation of
screening with the expected rate without screening. The latter was estimated from breast cancer mortality in the rest of
Denmark controlled for historical differences between Funen/rest of Denmark. As multidisciplinary teams were introduced
gradually in the rest of Denmark from 1994, the screening effect was slightly underestimated.
Results: Over 14 years, women targeted by screening in Funen experienced a 22% (95% confidence interval 11%–32%)
reduction in breast cancer mortality associated with screening (a reduction in breast cancer mortality rate from 61 to 47
per 100,000). The estimated reduction for participants corrected for selection bias was 28% (13%–41%). Excluding deaths in
breast cancer cases diagnosed after end of screening, these numbers became 26% and 31%, respectively.
Conclusions: There is additional benefit in reducing breast cancer mortality from the early detection of breast cancer through
mammographic screening over and above the benefits arising from improvements in treatment alone.

Keywords
screening, breast cancer, mortality, treatment

Date received: 11 September 2014; accepted: 19 November 2014

Introduction

The purpose of mammography screening is to reduce
breast cancer mortality. An early summary of randomized
controlled trials data from Sweden indicated a 25% reduc-
tion in breast cancer mortality for women targeted by
screening at ages 50–69,1 although reduced mortality in
randomized controlled trials does not necessarily mean
that screening also works in routine health care.

An observed reduction in breast cancer mortality can
be attributable to both treatment and screening effects.2

The introduction of mammography screening is often clo-
sely connected to establishment of multidisciplinary breast
cancer management teams, making it impossible to distin-
guish one effect from the other. To determine how much
of the observed reduction in breast cancer mortality is
attributable to screening, the challenge is to distinguish
the screening effect from effects of advances in treatment.

In the county of Funen, Denmark, an organized bien-
nial screening programme for women aged 50–69 was

introduced in November 1993. The programme was
assessed as satisfactory on the European short-term indi-
cators.3 While a few other areas in Denmark started
screening at about the same time as Funen, the rest of
Denmark started screening in 2008 (see Figure 1).4

From August 1979 Funen introduced multidisciplinary
teams, consisting of specialized surgeons, breast radiolo-
gists, specialized pathologists, and oncologists, whereas
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Farimagsgade 5, DK 1014 Copenhagen K, Denmark
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screens, while women with fatty breast tissue had one view
oblique mammography. From 2004 onwards, all women
had two-view mammography. All mammograms were
centrally evaluated independently by two radiologists,
and were compared at subsequent screens with those
taken earlier. During the first invitation round the partici-
pation rate was 84%.3

Regional, organized programmes with biennial mam-
mography screening of women aged 50–69 were imple-
mented in the municipalities of Copenhagen in 1991,
Frederiksberg in 1994, Bornholm in 2001, and in part of
the County of Vestsjælland in 2004. The national roll out
of organized mammography screening in Denmark com-
menced in 2008.4

Construction of study group Funen1993–2007/09 and
regional control group rest-DK1993–2007/09

The study group Funen1993–2007/09 included women invited
to the Funen mammography screening programme with-
out prior invitation to any of the other organized pro-
grammes (see Figure 3). A woman was considered at
risk from the date of her first invitation until date of
death, emigration, or end of follow-up.

The Danish Central Population Register holds infor-
mation on current and historical addresses for all citizens
living in Denmark since 1968. Information from the
Central Register and in all other registers used in the pre-
sent study can be linked by personal identification
number. Date of first invitation and participation was
retrieved from the Funen County IT-Centre mammog-
raphy screening database, however, in this database an
invitation date could be overwritten at re-invitation.

For women who participated continuously in the pro-
gramme this does not happen. It was, however, a problem
to find the first invitation date for some subgroups, such
as initial non-attenders, who later contacted the pro-
gramme to obtain a new invitation date. For these
women, date of first invitation was defined based on
stored invitation dates, date of birth, and addresses in
the Population Register. Women living in Copenhagen,
Frederiksberg, Vestsjælland, or Bornholm at screening
age and operational periods for these programmes prior
to their first invitation to the Funen programme, were
excluded from Funen1993–2007/09.

The study group Rest-DK1993–2007/09 was constructed
to resemble Funen1993–2007/09 and included women from
the rest of Denmark except Copenhagen, Frederiksberg,
Vestsjælland, or Bornholm, where screening programmes
had been in place. For simplicity, we call this area rest of
Denmark, shortened to rest-DK. Data from the
Population Register were used for this purpose. Women
in rest-DK1993–2007/09 were allocated pseudo first invita-
tion dates on a random basis, based on the invitation
schedule used in Funen1993–2007/09.

Because women born after 1 January 1938 could have
been invited to the national screening programme from 1
January 2008 onwards, these women were followed-up
only until 31 December 2007. Women born before 1
January 1938 could not have been invited to the national
screening programme, and were therefore followed-up
until 31 December 2009. Person years at risk were accu-
mulated from the woman’s entry into Funen1993–2007/09 or
rest-DK1993–2007/09 until death, emigration, or end of
follow-up (31 December 2007 or 31 December 2009),
whichever came first.

Figure 3. Study design illustrated in Lexis’ diagram.
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Objectives To estimate the impact of service mammography screening on breast cancer mortality
using European incidence-based mortality (IBM) studies (or refined mortality studies). IBM studies
include only breast cancer deaths occurring in women with breast cancer diagnosed after their first
invitation to screening.
Methods We conducted a literature review and identified 20 publications based on IBM studies.
They were classified according to the method used for estimating the expected breast cancer
mortality in the absence of screening: (1) women not yet invited; (2) historical data from the
same region as well as from historical and current data from a region without screening; and
(3) historical comparison group combined with data for non-participants.
Results The estimated effect of mammography screening on breast cancer mortality varied across
studies. The relative risks were 0.76–0.81 in group 1; 0.75–0.90 in group 2; and 0.52–0.89 in
group 3. Study databases overlapped in both Swedish and Finnish studies, adjustment for lead
time was not optimal in all studies, and some studies had other methodological limitations. There
was less variability in the relative risks after allowing for the methodological shortcomings.
Conclusions Based on evidence from the most methodologically sound IBM studies, the most likely
impact of European service mammography screening programmes was a breast cancer mortality
reduction of 26% (95% confidence interval 13–36%) among women invited for screening and
followed up for 6–11 years.

INTRODUCTION

T he purpose of mammography screening is to decrease
mortality from breast cancer in the target population,
and breast cancer mortality is, therefore, the key

outcome variable in any evaluation. Breast cancers diag-
nosed prior to screening cannot benefit from screening, so
the potential effect of a breast cancer screening programme
should be based only on mortality occurring from breast
cancer diagnosed after the first invitation to screening (i.e.
‘refined’ or ‘incidence-based mortality, IBM’).

Mammography screening has been implemented in many
European countries, based on the results of the randomized
controlled trials.1 However, the effect of screening on breast
cancer mortality might differ between clinical trials and
routine service screening programme where, for example,
screening may be undertaken by initially less experienced
personnel and there are differences between the populations
screened. It is therefore important that the outcome of
screening in routine health care, usually referred to as
service screening, is monitored.2 We aimed to provide an
overview of IBM studies of service mammography screening
in Europe.

METHODS

We defined IBM studies as studies including only breast
cancer deaths occurring in women targeted for screening,
with breast cancer diagnosed after their first invitation to
screening. We restricted our analysis to studies covering at
least some of the age groups 50–69.

We conducted a literature review of service mammography
screening and breast cancer mortality using PubMed
(Appendix A). From 5009 abstracts, 122 were considered rel-
evant by a documentalist (C Bellisario, CPO Torino) and an
epidemiologist (P Armaroli, CPO Torino). Criteria for inclu-
sion in the review were: (a) the study provided original data
on a population-based screening programme in Europe; (b)
a study outcome was breast cancer mortality; (c) the analysis
included at least some of the age groups between 50 and 69;
and (d) the study used IBM. In addition to the literature
search, the Working Group added publications fulfilling the
inclusion criteria but not identified by the search and new
publications that became available after March 2011 (n ¼
4). Twenty publications were identified in total,3–22 one
from Denmark, seven from Finland, two from Italy, one
from Norway, one from Spain and eight from Sweden.
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Background
A challenge in quantifying the effect of screening mammography on breast-cancer 
mortality is to provide valid comparison groups. The use of historical control subjects 
does not take into account chronologic trends associated with advances in breast-
cancer awareness and treatment.

Methods
The Norwegian breast-cancer screening program was started in 1996 and expanded 
geographically during the subsequent 9 years. Women between the ages of 50 and 69 
years were offered screening mammography every 2 years. We compared the inci-
dence-based rates of death from breast cancer in four groups: two groups of women 
who from 1996 through 2005 were living in counties with screening (screening group) 
or without screening (nonscreening group); and two historical-comparison groups 
that from 1986 through 1995 mirrored the current groups.

Results
We analyzed data from 40,075 women with breast cancer. The rate of death was re-
duced by 7.2 deaths per 100,000 person-years in the screening group as compared 
with the historical screening group (rate ratio, 0.72; 95% confidence interval [CI], 
0.63 to 0.81) and by 4.8 deaths per 100,000 person-years in the nonscreening group 
as compared with the historical nonscreening group (rate ratio, 0.82; 95% CI, 0.71 to 
0.93; P<0.001 for both comparisons), for a relative reduction in mortality of 10% in 
the screening group (P = 0.13). Thus, the difference in the reduction in mortality be-
tween the current and historical groups that could be attributed to screening alone 
was 2.4 deaths per 100,000 person-years, or a third of the total reduction of 7.2 
deaths.

Conclusions
The availability of screening mammography was associated with a reduction in the 
rate of death from breast cancer, but the screening itself accounted for only about a 
third of the total reduction. (Funded by the Cancer Registry of Norway and the Re-
search Council of Norway.)
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Screening program was started in one region in 1996 and
expanded to all 6 regions during subsequent 9 years.

Women between the ages of 50 and 69 years were offered
screening mammography every 2 years.
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established two historical comparison groups that 
mirrored the implementation of the screening pro-
gram during the 10-year period preceding the 
screening program.

Thus, we defined four groups of women, in-
cluding those in whom a first invasive breast can-
cer had been diagnosed: two current groups of 
women who from 1996 through 2005 were living 
either in counties in which the screening program 
had been implemented (screening group) or in 
counties in which the program had not been im-
plemented (nonscreening group), and two histor-
ical-comparison groups that from 1986 through 
1995 mirrored the county residence of the current 
groups before the implementation of the screen-
ing program (Fig. 1) (see the Supplementary Ap-
pendix, available with the full text of this article 
at NEJM.org).

As pointed out, each county was required to 
establish multidisciplinary breast-cancer manage-
ment teams and breast units before enrollment 
in the national screening program. As a result, the 
screening program consists of two components: 
screening mammography and care from multi-
disciplinary teams. For women between the ages 
of 50 and 69 years who were invited to participate 

in the program, the change in mortality after the 
introduction of the screening program can be re-
lated to both the introduction of screening mam-
mography and the establishment of multidisci-
plinary teams. However, for women who were 
outside the age range that was eligible for the 
screening program (i.e., those between the ages of 
20 and 49 years and those between the ages of 70 
and 84 years) in the counties in which screening 
was available, the change in mortality could be 
related only to the establishment of multidisci-
plinary teams, since these women were not invited 
to undergo mammography.

Study Oversight
The Norwegian Social Science Data Services ap-
proved the study, which was funded by the Can-
cer Registry of Norway and the Research Council 
of Norway. The study was conducted in accordance 
with the protocol, which is available at NEJM.org.

Statistical Analysis
We obtained information on breast cancer as the 
underlying cause of death through regular linkage 
between the Cancer Registry and the Cause of 
Death Registry at Statistics Norway. To isolate the 
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Figure 1. The Four Study Groups, According to Region and Year.

The 19 counties were grouped into six regions according to the date of introduction of the screening program, which 
was implemented throughout the country in a staggered fashion, starting in 1996. The screening group consisted of 
women who received a diagnosis of breast cancer after the introduction of the screening program. The nonscreen-
ing group consisted of women living in regions where screening was not offered in the same calendar period that 
screening was offered in other regions. The historical study groups consisted of women residing in the 19 counties 
in the 10-year period before screening was offered. A screening round lasted for 2 years, and the first year of the 
first round was included in both the screening and nonscreening groups (purple).
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group difference — 2.4 deaths per 100,000 per-
son-years (95% CI, −1.7 to 6.5) — can be attributed 
to the screening program alone, representing a 
third of the total estimated reduction in mortal-
ity (2.4 of 7.2).

Among women between the ages of 50 and 69 
years in the screening group, those with stage I 
tumors had a relative reduction in mortality of 
16%, as compared with their historical counter-
parts (rate ratio, 0.84; 95% CI, 0.63 to 1.11); among 
women in the nonscreening group, the corre-
sponding reduction was 13% (rate ratio, 0.87; 
95% CI, 0.62 to 1.23). Among women with stage II 
tumors, those in the screening group had a 
marked 29% reduction in mortality, as compared 
with their historical counterparts (rate ratio, 0.71; 
95% CI, 0.58 to 0.86); among women in the non-
screening group, the reduction was 7% (rate ratio, 

0.93; 95% CI, 0.76 to 1.12). Among women with 
stage III or IV tumors, the improvement in prog-
nosis was similar with and without the screening 
program (rate ratio for death in both groups, 0.70; 
95% CI, 0.57 to 0.86 for the screening group and 
0.56 to 0.87 for the nonscreening group).

Among women who were not eligible for 
screening because they were younger than 50 years 
of age or older than 69 years of age, there was also 
a significant reduction in the rate of death from 
breast cancer, as compared with their historical 
counterparts (Table 1). Women in these age groups 
who were in the screening group but were not eli-
gible for the screening program had the benefit of 
the multidisciplinary breast-cancer management 
teams. Among women under the age of 50 years, 
there was a nonsignificant relative increase in mor-
tality of 4% (P = 1.00) after the introduction of the 

Table 1. Rates of Death from Breast Cancer, According to Study Group and Age.*

Age Group and Mortality Data Nonscreening Groups Screening Groups Difference

Historical
Group

Current 
Group

Historical
Group

Current 
Group

Nonscreening 
Groups†

Screening 
Groups‡

Nonscreening 
Groups vs. 
Screening 
Groups§

50–69 Yr

No. of deaths 494 396 555 423

No. of person-yr 1,898,989 1,866,741 2,197,469 2,337,323

No. of deaths/100,000 person-yr 26.0 21.2 25.3 18.1 4.8 7.2 2.4±4.1

Rate ratio for death (95% CI) 0.82 (0.71–0.93) 0.72 (0.63–0.81) 0.10 

20–49 Yr

No. of deaths 238 183 332 267

No. of person-yr 3,842,740 4,030,443 5,134,212 5,357,163

No. of deaths/100,000 person-yr 6.2 4.5 6.5 5.0 1.7 1.5 −0.2±4.4

Rate ratio for death (95% CI) 0.73 (0.63–0.92) 0.77 (0.65–0.90) −0.04

70–84 Yr

No. of deaths 429 386 623 465

No. of person-yr 1,101,019 1,173,624 1,349,967 1,318,004

No. of deaths/100,000 person-yr 39.0 32.9 46.1 35.3 6.1 10.8 4.7±6.9

Rate ratio for death (95% CI) 0.84 (0.74–0.97) 0.76 (0.68–0.86) 0.08

* Only women between the ages of 50 and 69 years were invited to participate in screening mammography. All women in this group were also 
eligible for treatment by the multidisciplinary teams that are part of the screening program.

† For the nonscreening groups, the value shown is the difference between the rate of death in the historical group and that in the current 
group. This difference represents changes in mortality over time as a result of increased breast-cancer awareness, improved therapy, and 
more sensitive diagnostic tools.

‡ For the screening groups, the value shown is the difference between the rate of death in the historical group and that in the current group. 
This difference represents changes in mortality both over time and after introduction of the breast-cancer screening program.

§ For the comparison of the nonscreening groups with the screening groups, the value shown is the difference between the two rate-of-death 
differences. This value represents the effect of introducing the breast-cancer screening program. Plus–minus values are 95% confidence 
 intervals.
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Results & Conclusions

The rate of death was reduced by 7.2 deaths per 100,000
person-years in the screening group as compared with the
historical screening group (rate ratio, 0.72; and by 4.8 deaths
per 100,000 person-years in the nonscreening group as
compared with the historical nonscreening group (rate ratio,
0.82; for a relative reduction in mortality of 10% in the
screening group. Thus, the difference in the reduction in
mortality between the current and historical groups that could
be attributed to screening alone was 2.4 deaths per 100,000
person-years, or a third of the total reduction of 7.2 deaths.

The availability of screening mammography was associated
with a reduction in the rate of death from breast cancer, but the
screening itself accounted for only about a third of the total
reduction.
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established two historical comparison groups that 
mirrored the implementation of the screening pro-
gram during the 10-year period preceding the 
screening program.

Thus, we defined four groups of women, in-
cluding those in whom a first invasive breast can-
cer had been diagnosed: two current groups of 
women who from 1996 through 2005 were living 
either in counties in which the screening program 
had been implemented (screening group) or in 
counties in which the program had not been im-
plemented (nonscreening group), and two histor-
ical-comparison groups that from 1986 through 
1995 mirrored the county residence of the current 
groups before the implementation of the screen-
ing program (Fig. 1) (see the Supplementary Ap-
pendix, available with the full text of this article 
at NEJM.org).

As pointed out, each county was required to 
establish multidisciplinary breast-cancer manage-
ment teams and breast units before enrollment 
in the national screening program. As a result, the 
screening program consists of two components: 
screening mammography and care from multi-
disciplinary teams. For women between the ages 
of 50 and 69 years who were invited to participate 

in the program, the change in mortality after the 
introduction of the screening program can be re-
lated to both the introduction of screening mam-
mography and the establishment of multidisci-
plinary teams. However, for women who were 
outside the age range that was eligible for the 
screening program (i.e., those between the ages of 
20 and 49 years and those between the ages of 70 
and 84 years) in the counties in which screening 
was available, the change in mortality could be 
related only to the establishment of multidisci-
plinary teams, since these women were not invited 
to undergo mammography.

Study Oversight
The Norwegian Social Science Data Services ap-
proved the study, which was funded by the Can-
cer Registry of Norway and the Research Council 
of Norway. The study was conducted in accordance 
with the protocol, which is available at NEJM.org.

Statistical Analysis
We obtained information on breast cancer as the 
underlying cause of death through regular linkage 
between the Cancer Registry and the Cause of 
Death Registry at Statistics Norway. To isolate the 
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Figure 1. The Four Study Groups, According to Region and Year.

The 19 counties were grouped into six regions according to the date of introduction of the screening program, which 
was implemented throughout the country in a staggered fashion, starting in 1996. The screening group consisted of 
women who received a diagnosis of breast cancer after the introduction of the screening program. The nonscreen-
ing group consisted of women living in regions where screening was not offered in the same calendar period that 
screening was offered in other regions. The historical study groups consisted of women residing in the 19 counties 
in the 10-year period before screening was offered. A screening round lasted for 2 years, and the first year of the 
first round was included in both the screening and nonscreening groups (purple).
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[Illustrative] Reductions in breast-cancer 
mortality as functions of the duration of screening
and the time elapsed since it was begun, in the 
10-year period 1996-2005 in Norway.

Reductions only occur several years after screening

commences; the more rounds of screenings there are,

the greate the attained reduction is; at some point

after the last screening the rates return to what they

would have been in the absence of screening.

An average that includes – and is dominated by -
the (early) years in which mortality is not
affected by screening and excludes (later) years
in which it is, provides a diluted measure of
a cancer screening program’s impact on mortality
from the disease.

Hanley JA. Epidemiologic Reviews, 2011
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Abstract
Objective To evaluate the effectiveness of contemporary mammography
screening using individual information about screening history and breast
cancer mortality from public screening programmes.

DesignProspective cohort study of Norwegian womenwhowere followed
between 1986 and 2009. Within that period (1995-2005), a national
mammography screening programme was gradually implemented, with
biennial invitations sent to women aged 50-69 years.

Participants All Norwegian women aged 50-79 between 1986 and 2009.

Main outcome measures Multiple Poisson regression analysis was
used to estimate breast cancer mortality rate ratios comparing women
who were invited to screening (intention to screen) with women who
were not invited, with a clear distinction between cases of breast cancer
diagnosed before (without potential for screening effect) and after (with
potential for screening effect) the first invitation for screening. We took
competing causes of death into account by censoring women from further
follow-up who died from other causes. Based on the observed mortality
reduction combined with the all cause and breast cancer specific mortality
in Norway in 2009, we used the CISNET (Cancer Intervention and
Surveillance Modeling Network) Stanford simulation model to estimate
how many women would need to be invited to biennial mammography
screening in the age group 50-69 years to prevent one breast cancer
death during their lifetime.

Results During 15 193 034 person years of observation (1986-2009),
deaths from breast cancer occurred in 1175 women with a diagnosis
after being invited to screening and 8996 women who had not been
invited before diagnosis. After adjustment for age, birth cohort, county
of residence, and national trends in deaths from breast cancer, the
mortality rate ratio associated with being invited to mammography
screening was 0.72 (95% confidence interval 0.64 to 0.79). To prevent

one death from breast cancer, 368 (95% confidence interval 266 to 508)
women would need to be invited to screening.

Conclusion Invitation to modern mammography screening may reduce
deaths from breast cancer by about 28%.

Introduction
The efficacy of mammography screening was tested in
randomised trials in the 1970s and 1980s.1 More than 10 years
ago, an overview by the World Health Organization indicated
that mammography screening may reduce mortality from breast
cancer by 25%.2 However, the methods used by some of the
original trials have been criticised, and a report from the
Cochrane Collaboration considered the estimates of mortality
benefit from many of those trials to be invalid.3 4 Recent
advances in modern chemotherapy and adjuvant treatment have
improved the survival of women with breast cancer,5 6 and
progress in treatment has led some investigators to question the
need for early detection of breast cancer by mammography
screening.7

Updated studies are clearly needed, but new randomised trials
are not realistic and evaluations of modern screening require
accurate information about screening history compared with
the timing of breast cancer diagnosis, as well as precise and
long term follow-up of mortality. Many observational studies
have assessed breast cancer mortality associated with
mammography screening, but results have been inconsistent,
ranging from no effect to improvedmortality benefits than those
obtained in the original screening trials.8-16 Norway provides an
ideal setting to study the effects of mammography screening,17 18
but in two previous Norwegian studies that used an incidence
based mortality approach, only fractions of the available and
potentially important data were included in the analyses.8 11
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Breast cancer mortality rates in women who were invited to
screening (intention to screen)

vs.
in women who were not invited,

with a clear distinction between cases of breast cancer
diagnosed before (without potential for screening effect) and
after (with potential for screening effect) the first invitation for
screening.

[≈ 35 term] model included county as a factor, and natural
splines to allow for non-linear variations in age, period, and
cohort effects.
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Incorporating NO. & TIMING of Screens

Estimate impact of (each) single round of screening:

Liu, Hanley, et al. parametrization, in RCT context, easily
extended to population-based studies



Single-Round Model and its 3 Parameters
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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) 
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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
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