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Outline

• Goal of a trial vs. quantifying what a program might do

• Estimand in the case of a program with a specified schedule

• Going from trial to program:

- disaggregate trial data: fit parameters that measure impact of 1 round;

- then compound the impacts of the specified schedule

• Case Studies: cancer of the lung, colon

• Level of ERSPC data that would allow projection for prostate
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TRIAL: goal, data analysis, usual statistics

• H0: x rounds of screening (specific spacing): no mortality reduction

• Test statistic based on # deaths at end of (ave) 8.8 y of f-up (2006.12.31)

326
785585PY vs. 214

643401PY : RateRatio = 0.8→ P=0.04

• ‘% Reduction’ statistic (at that time): 100× (1− 0.8) = 20%.

• NLST Design: driven by power calculations (all deaths up to Tanalysis)
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What payers would like to know about a PROGRAM

(a) Age-specific numbers of prostate cancer deaths in a steady state population with a given age-structure,
     if screening had not been available, and if screening had been available from ages 50 to 70

(b) The corresponding age-specific prostate cancer mortality rate ratios
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WebFigure 2. Age-specific numbers of prostate cancer deaths and prostate cancer mortality rate ratios.
Age-specific numbers from Quebec in the early 1990s are used to represent the (steady-state) annual numbers of prostate cancer deaths in the absence of screening.
The numbers of annual deaths that there would have been in these same population had a screening program been available [from when men reach the age of 50 until
they turn 70] are hypothetical. Note that these two sets of numbers are age-specific, not cumulative – they decrease if the age range is extended past 85 – and merely
reflect the exponential rise in prostate cancer death rates with age.
 
The rate ratio graph in panel (b) is modeled after Figure 2-5(b) in Morrison and is designed to illustrate (from left to right) its three features: the time-lag until the deaths
averted by screening become apparent, the 20 years of full benefit that follow – after this lag -- the 20 years of screening, and the disappearance of the effect (i.e., a
reversion to late-age mortality rates in the unscreened scenario) at some point after the last age at which men are screened.

[Hypothetical, but loosely modelled after age-structure and actual numbers of deaths in Canada in 1990s.

Delay between when screening starts & first mortality deficits begin, and when screening stops & last deficits end]
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In relative terms: Rate Ratio (or %Reduction) Function for PROGRAM

(a) Age-specific numbers of prostate cancer deaths in a steady state population with a given age-structure,
     if screening had not been available, and if screening had been available from ages 50 to 70

(b) The corresponding age-specific prostate cancer mortality rate ratios
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WebFigure 2. Age-specific numbers of prostate cancer deaths and prostate cancer mortality rate ratios.
Age-specific numbers from Quebec in the early 1990s are used to represent the (steady-state) annual numbers of prostate cancer deaths in the absence of screening.
The numbers of annual deaths that there would have been in these same population had a screening program been available [from when men reach the age of 50 until
they turn 70] are hypothetical. Note that these two sets of numbers are age-specific, not cumulative – they decrease if the age range is extended past 85 – and merely
reflect the exponential rise in prostate cancer death rates with age.
 
The rate ratio graph in panel (b) is modeled after Figure 2-5(b) in Morrison and is designed to illustrate (from left to right) its three features: the time-lag until the deaths
averted by screening become apparent, the 20 years of full benefit that follow – after this lag -- the 20 years of screening, and the disappearance of the effect (i.e., a
reversion to late-age mortality rates in the unscreened scenario) at some point after the last age at which men are screened.
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‘% 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

• For discussion, see Liu et al. J Med Scr (our website)
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2002 Paradigm shift

For personal use. Only reproduce with permission from The Lancet Publishing Group.

6th year; and from the 7th year onward, the deaths from
breast cancer in the screened cohort were fewer than in
the control cohort. On the basis of years 8–11, year 11
being the last one with information available, the point
estimate for the rate ratio is 14/31=0·45 (95% CI
0·24–0·84). Table 1 is specific to those who, at entry into
the study, were 55 years of age or older.

The corresponding results for women 45–54 years of
age at entry into the study are given in table 2. In years
1–5, the rate ratio was 10/4=2·5 (95% CI 0·8–8·0); and in
years 8–11 it was 11/15=0·7 (0·3–1·6).

Discussion
In the Malmö study report, despite the Discussion
paragraph cited here, the Abstract highlights the total
numbers of breast-cancer deaths over almost the entire
period (10 years) of screening and surveillance:
“Altogether... 63 v 66 women died of breast cancer...”,
and the corresponding 10-year numbers are also given
separately for women 55 years or older and for those
younger than 55 years at entry into the study. For the
older women, these numbers are given as “35 v 44;
relative risk 0·79 (0·51 to 1·24).” And the conclusions in

divided by population-time in the appropriate time
interval is the proper meaning of mortality (mortality rate)
in this context.

Whereas Gøtzsche and Olsen did not examine the
principle that any mortality benefit of screening-
associated early intervention becomes apparent only after
a delay of several years, we set out to examine the results
of the Malmö study more closely from this vantage point.
This assessment was possible because two requirements
were met: the yearly numbers of deaths from breast cancer
as of the time of study entry were reported for a sufficient
number of years, and the screening was not discontinued
prematurely. The Canadian trials did not meet these
requirements.

Methods
Since the screened and control cohorts were of very
similar sizes, we focused on the relative sizes of the yearly
numbers of deaths from breast cancer in the two cohorts
after entry into the study; and because the yearly numbers
of breast-cancer deaths were small, we supplemented
them with their corresponding 3-year moving averages,
using the latter as the basis for addressing the mortality
ratios specific to each of the successive years after entry
into the trial. In the pattern of these rate ratios over time,
our main interest was in the asymptote (RR*<1) that the
mortality rate ratio approaches with increasing time since
randomisation, since this is the fatality rate of interest and
the complement of this ratio (1–RR*) is the proportion of
breast-cancer deaths preventable by screening-associated
early interventions but not by late interventions.

Our concern was to determine whether this asymptotic
rate ratio, specific to deaths after a sufficient delay from
the inception of screening, shows “reliable” (significant
and valid) evidence of reduced mortality from breast
cancer. If in a given interval there were d1 deaths from
breast cancer among the screened and d0 deaths among
the controls, d1+d0=d, then the point estimate of the rate
ratio was d1/d0 and the Gaussian test statistic was
g=(d1–d/2)/(d/4)1/2. Like the Malmö investigators, we
derived 95% CIs by the test-based method,10 raising the
point estimate to the powers 1± 1·96/g.

Results
Table 1 shows, for successive years after entry into the
Malmö study, the respective numbers of breast-cancer
deaths in the screened and control cohorts, respectively,
together with the corresponding mortality rate ratios.
Initially, over the first 5 years since study entry, the
numbers in the screened cohort exceeded those in the
control cohort (16 vs 13); equivalence was reached in the

2 THE LANCET • http://image.thelancet.com/extras/1093web.pdf

Year Screened cohort Control cohort Rate ratio 

Actual Moving Actual Moving (95% CI)

number average number average

1 0 0
2 4 1·3 5 2·0 0·7
3 0 3·3 1 2·7 1·2
4 6 4·0 2 2·7 1·5
5 6 5·3 5 4·0 1·3
6 4 5·7 5 5·7 1·0
7 7 5·0 7 7·3 0·7 (0·36–1·31)
8 4 4·3 10 8·3 0·5 (0·27–1·00)*
9 2 2·7 8 6·3 0·4 (0·19–0·94)*
10 2 3·3 1 7·0 0·5 (0·23–0·99)*
11 6† 12†

*Based on years 8–11, rate ratio point estimate is 14/31=0·45 (95% CI
0·24–0·84). †Some of these deaths (from 1987) probably belong to year
10 or even to year 9.

Table 1: Number of breast-cancer deaths by year after entry
into Malmö study for women 55–69 years of age at entry

Year Screened cohort Control cohort Rate ratio 

Actual Moving Actual Moving (95% CI)

number average number average

1 1 0
2 0 1·3 1 0·3 4·0
3 3 1·3 0 0·7 2·0
4 1 3·0 1 1·0 3·0
5 5 3·7 2 2·0 1·8
6 5 4·0 3 3·7 1·1
7 2 4·3 6 4·0 1·1 (0·49–2·37)
8 6 4·3 3 4·7 0·9 (0·44–1·98)
9 5 3·7 5 3·0 1·2 (0·51–2·95)
10 0 1·7 1 4·0 0·4 (0·15–1·14)
11 0 6*

*Some of these deaths probably belong to year 10 or even to year 9.

Table 2: Numbers of breast-cancer deaths by year after entry
into Malmö study for women 45–57 years of age at entry

Screening No screening

S

FRR
Lmax S�(Lmax�Lmin)

Lmin

M
D
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Time since start of screening

Relevant
follow-up

FRR manifest

0

1

Follow-up experience in a randomised controlled trial
comparing screening for cancer with no screening in respect
to cause-specific mortality: interrelations of parameters
At any given point in the follow-up there is a particular mortality density,
MD, among the screened and the not screened; for an interval of t to
t+dt, with dC cases expected in it, MDt=dC/Pdt, where P is the size of the
population. Contrasting the screened with the not screened, there is the
corresponding mortality-density ratio, MDR. This ratio is depicted as a
function of time since entry into the trial. The early excess mortality
among the screened is not shown, since focus is on the intended result
of reduced fatality rate, FR, quantified in terms of fatality-rate ratio, FRR.
MDR coincides with FRR in a particular interval of follow-up time if the
duration of screening, S, exceeds the difference between the maximum,
Lmax, and minimum, Lmin, of the time lag from early diagnosis to the death
prevented by early intervention but not by late intervention (ie, in the
absence of screening).

Miettinen et al. 2002 THE LANCET http://image.thelancet.com/extras/1093web.pdf
(on our website)

{Morrison has simpler version in his 198x book}
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Why %reduction function is the shape it is
ORIGINAL ARTICLE

Analysis of Mortality Data From
Cancer Screening Studies
Looking in the Right Window

James A. Hanley

Background: Appropriate statistical analysis is required to measure
the impact of early detection and treatment of cancer. The current
practice of using cumulative mortality ignores both (1) the delay
between early treatment and the time that any averted deaths would
have otherwise occurred, and (2) cessation of these delayed benefits
some time after screening is discontinued.
Methods: We use time-specific mortality density ratios to estimate
the mortality ratio in the “window of influence.” We then use
time-specific incidence density ratios to assess the extent to which
the removal of polyps and other possibly precancerous lesions
detected by fecal occult blood screening reduces the incidence of
colorectal cancer.
Results: Applied to a theoretical example, the current practice of
using cumulative mortality substantially underestimates the reduc-
tion in mortality achievable by early treatment. If there is sufficient
time for the full impact to emerge, time-specific mortality patterns
provide a more accurate measure. In a previous analysis of the
screening study, the reduction in cumulative incidence in the
screened groups was just under 20%. In our reanalysis, yearly
incidence density ratios indicate that had screening not been inter-
rupted, there might have been a 40% reduction in incidence.
Conclusions: Time-specific mortality ratios provide a more sensi-
tive measure of the effects of early detection and treatment. Mea-
sures based on cumulative mortality are diluted by inclusion of
deaths that occur soon after the initiation of screening as well as
deaths that occur too long after the cessation of screening.

(Epidemiology 2005;16: 786–790)

In the design of trials to assess the mortality reduc-
tion resulting from screening-induced early interventions

against cancer, considerable care is taken to generate high-
quality data. The statistical analyses of these data usually
measure the reduction in cumulative mortality. Unfortu-
nately, by mixing “irrelevant experience with the relevant
experience,”1 these analyses underestimate the impact of
early intervention. We discuss a data analysis principle, long
established but seldom practiced until recently,1–3 and illus-
trate its sharpness by an unusual example.

The purpose of cancer screening is to detect and treat a
lesion now that if left to present itself at a later date would
prove fatal x years from now. If such early treatment is
successful, the resulting “cure” will contribute to a deficit of
mortality x years from now, ie, there will be fewer cancer
deaths at that time. Deaths that are averted by today’s early
treatment, but that would not have been averted by later
treatment, create a delayed shortfall that will be distributed
within some future time window. Outside this window, can-
cer mortality statistics will resemble those in a nonscreened
population.

Figure 1 shows the reductions in cancer deaths in a
hypothetical situation in which screening is carried out for 10
years. For example, as a result of the screening activities in
year 1, the earlier detection and associated earlier treatment
averted 1 death that would otherwise have occurred in year 5,
2 that would have occurred in year 6, and so on (13 in all). As
a result of the several years of screening, the total numbers of
deaths that would otherwise have occurred in years 5, 6,
7, . . . are 1, 3, 6, . . .. The totals remain in steady state (13
averted deaths) in years 10 to 14. Because of the cessation of
screening in year 10, the “deficits” diminish from years 15
onward; the last deficit is visible in year 19. In the absence of
10 years of screening, there would be no averted deaths. The
curve in the bottom of the figure contrasts the mortality in the
presence and absence of screening (assuming equal amounts of
experience): the mortality rate ratio is 25/25 � 1.0 for years 1 to
4; it falls to 24/25 � 0.96 in year 5, to 22/25�0.88 in year 6, and
so on. Using cumulative mortality up to years 10, 20, and 30 (30

Submitted 15 November 2004; accepted 25 January 2005.
From the Department of Epidemiology, Biostatistics, and Occupational

Health, McGill University, Montreal, Quebec, Canada.
Funding provided by the Natural Sciences and Engineering Research Council

of Canada.
Correspondence: James A. Hanley, Department of Epidemiology, Biostatis-

tics, and Occupational Health, McGill University, 1020 Pine Avenue
West, Montreal, Quebec, H3A 1A2, Canada. E-mail:
James.Hanley@McGill.CA.

Copyright © 2005 by Lippincott Williams & Wilkins
ISSN: 1044-3983/05/1606-0786
DOI: 10.1097/01.ede.0000181313.61948.76

Epidemiology • Volume 16, Number 6, November 2005786

Epidemiology, Vol 16, No. 6, November 2005, pp 786-790 (our website)
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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).

Epidemiology • Volume 16, Number 6, November 2005 Cancer Screening Studies: Data Analysis
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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). { same 2005 article }

This theoretical example compounds the
round by round impacts.

Our task will be the reverse:

dis-aggregate the yearly totals into the

round by round impacts
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Why number & timing of screens matter

The first to reiterate the principle explicitly in the open
literature appears to have been Miettinen.1,3 Much of the
quote in the previous paragraph is a paraphrase of his argu-
ments. When he applied this principle to the data from the
Malmö mammographic screening trial, in which other au-
thors could see little impact on mortality,12 the impact be-
came much clearer and stronger.

His reanalysis prompted me to revisit the data from
another cancer screening study that we had previously used
(without questioning the data analysis) in our graduate teach-
ing in epidemiology.

EXAMPLE AND METHOD
In 1999, Mandel et al13 reported the latest results of a

large U.S. randomized trial of the effect of fecal occult blood
screening on colorectal cancer mortality. In 2000,14 they
reported the effect on the incidence of colorectal cancer. A
total of 46,551 people were recruited between 1975 and 1978
and randomly assigned to annual screening, biennial screen-
ing, or usual care. The incidence end point makes this a
particularly sensitive model because of the shorter time scale
between action and impact: the focus of the analysis was the
impact of discovering and removing polyps and other pre-
cancerous lesions that might otherwise (in the absence of this
screening and removal) become cancer. A second, unplanned
feature of this trial was the pattern and duration of screening.
Screening was conducted between 1976 and 1982 and, after
a hiatus resulting from a lack of funding, resumed in 1986.
All screening was completed in 1992.

The reanalysis presented here is based on the patterns
of incidence of colorectal cancer in the first 18 years of the
study. In the original report, the authors calculated the ratio of
the 18-year cumulative incidence of colorectal cancer in each
of the 2 screening groups to the incidence in the control
group.14 This ratio was used to measure the extent to which
screening affected incidence. Relative to the control group,
the 18-year cumulative incidence ratios were 0.80 and 0.83
for the annual screening and biennial screening groups,
respectively.

Our analysis is based on the numbers of cases of
colorectal cancer reported in Table 1 of the article (417, 435,
and 507 respectively); the numbers at risk at years 0, 2, . . . ;
18 reported at the foot of Figure 1, and the plotted cumulative
incidence for each year.14 From these pieces of information,
the numbers of new cases of colorectal cancer for each
separate year after the introduction of the program were
reconstructed. Because the patterns in the 2 screening arms
did not differ much, they were combined. The yearly inci-
dence ratios for the screening group relative to the control
group were then calculated using the moving averages of the
data for 3 adjacent years.1,3 Because the focus here is on
avoiding bias in point estimation, interval estimates1 are not
shown.

RESULTS
Part A of Figure 2 shows the cumulative incidence of

colorectal cancer in the screened and unscreened study
groups for each of the 18 years of follow up. The reported
reduction in incidence in the screened groups (just under
20%) reported by Mandel and colleagues was based on the
cumulative incidence at 18 years. Our yearly incidence den-
sity ratios, shown in part B, yield a stronger and more visible
“signal.” This new analysis highlights the lag from screening
to impact, the lag from the discontinuation of screening to the
loss of impact, and (after the resumption of screening) the lag
from screening to impact. It suggests that had screening
continued uninterrupted, there would have been a sustained
reduction in incidence of at least 40%. This interpretation is
different from that in a review,15 which stated, “In the U.S.
study, colorectal cancer incidence rates were reduced by 20%
and 17% in the annually and biennially screened groups, but
only after 18 years. No incidence reduction has been ob-
served in either of the 2 European studies, both of which have
offered the test at 2-yearly intervals, although the cohorts
have been followed for only 13 years so far, and at that stage
no effect on incidence was discernible in the US data.”

DISCUSSION
In many studies focusing on cancer mortality, the

reductions may be obscured or minimized by a number of

FIGURE 2. Colorectal cancer in the unscreened and screened
study groups (annual and biennial combined) based on data in
Mandel et al.14 The 2 6-year periods when screening was
conducted are shown as thicker lines on the time axis. Cumu-
lative incidence (A) is per 1000. Yearly incidence density ratios
(B) are shown as points.
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FIGURE 2. Colorectal cancer in the
unscreened and screened study groups
(annual and biennial combined) based
on data in Mandel et al. The two 6-year
periods when screening was conducted
are shown as thicker lines on the time
axis, and the funding-related hiatus as a
gap. Cumulative incidence (A) is per
1000. Yearly incidence density ratios (B)
are shown as points.

same 2005 article (our website)
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% REDUCTION FUNCTION for Prostate Cancer

(assuming same ‘average’ schedule as in ERSPC)

2010 CURVE-FITTING
(no attempt to dis-aggregate the effects)

– see 2010 J Med Scr article on our website –



Orientation ‘De-compose & Compound’ Case studies ERSPC

(A) Overall vs. (B) Year-specific mortality ratios
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Hanley, J Med. Screening, 2010. No.s deaths & men being followed: PostScript files behind pdf file, NEJM article
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% REDUCTION FUNCTION

A new approach based on dis-aggregation and compounding

developed under CIHR grant
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Objective

• A screening trial typically involves a few screens.

• What if screening had been continued longer?

• Objective: to obtain probabilistic projections for mortality
reductions due to a sustained screening program
implemented in a population, based on trial data.
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Challenge

• To project the mortality impact, we have to

1. decompose the observed impact in a trial into
round-specific ones.

2. compound the round-specific impacts to project that of a
screening program.
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Essence of new approach

• Retrospective in spirit

• Target is those cancers that would prove fatal in absence
of screening

• We parametrize and fit a model for the probability that such
persons would have been helped by a round of screening
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Decomposition: 1st round
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2nd round
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3rd round

0 2 4 6 8 10

Follow−up years

M
or

ta
lit

y 
re

du
ct

io
n

40 %

30 %

20 %

10 %

0 %

s3 = 2

●

0.061

T0 = 5



Orientation ‘De-compose & Compound’ Case studies ERSPC

All 3 rounds
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Compound: 1st round
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2nd round
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3rd round
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All 3 rounds

0 2 4 6 8 10

Follow−up years

M
or

ta
lit

y 
re

du
ct

io
n

40 %

30 %

20 %

10 %

0 %

s1 = 0 s2 = 1 s3 = 2

●

0.133

T0 = 5



Orientation ‘De-compose & Compound’ Case studies ERSPC

And so on
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LUNG CANCER
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The US National Lung Screening Trial (NLST)
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

10.1056/nejmoa1102873 nejm.org 1

original article

Reduced Lung-Cancer Mortality with Low-Dose 
Computed Tomographic Screening

The National Lung Screening Trial Research Team*

The members of the writing team (who 
are listed in the Appendix) assume re-
sponsibility for the integrity of the article. 
Address reprint requests to Dr. Christine 
D. Berg at the Early Detection Research 
Group, Division of Cancer Prevention, 
 National Cancer Institute, 6130 Execu-
tive Blvd., Suite 3112, Bethesda, MD 
20892-7346, or at bergc@mail.nih.gov.

* A complete list of members of the Na-
tional Lung Screening Trial research 
team is provided in the Supplementary 
Appendix, available at NEJM.org.

This article (10.1056/NEJMoa1102873) was 
published on June 29, 2011, at NEJM.org.

N Engl J Med 2011.
Copyright © 2011 Massachusetts Medical Society.
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Background
The aggressive and heterogeneous nature of lung cancer has thwarted efforts to 
reduce mortality from this cancer through the use of screening. The advent of low-
dose helical computed tomography (CT) altered the landscape of lung-cancer screen-
ing, with studies indicating that low-dose CT detects many tumors at early stages. 
The National Lung Screening Trial (NLST) was conducted to determine whether 
screening with low-dose CT could reduce mortality from lung cancer.

Methods
From August 2002 through April 2004, we enrolled 53,454 persons at high risk for 
lung cancer at 33 U.S. medical centers. Participants were randomly assigned to un-
dergo three annual screenings with either low-dose CT (26,722 participants) or sin-
gle-view posteroanterior chest radiography (26,732). Data were collected on cases of 
lung cancer and deaths from lung cancer that occurred through December 31, 2009.

Results
The rate of adherence to screening was more than 90%. The rate of positive screen-
ing tests was 24.2% with low-dose CT and 6.9% with radiography over all three 
rounds. A total of 96.4% of the positive screening results in the low-dose CT group 
and 94.5% in the radiography group were false positive results. The incidence of 
lung cancer was 645 cases per 100,000 person-years (1060 cancers) in the low-dose 
CT group, as compared with 572 cases per 100,000 person-years (941 cancers) in 
the radiography group (rate ratio, 1.13; 95% confidence interval [CI], 1.03 to 1.23). 
There were 247 deaths from lung cancer per 100,000 person-years in the low-dose 
CT group and 309 deaths per 100,000 person-years in the radiography group, 
representing a relative reduction in mortality from lung cancer with low-dose CT 
screening of 20.0% (95% CI, 6.8 to 26.7; P = 0.004). The rate of death from any cause 
was reduced in the low-dose CT group, as compared with the radiography group, 
by 6.7% (95% CI, 1.2 to 13.6; P = 0.02).

Conclusions
Screening with the use of low-dose CT reduces mortality from lung cancer. (Funded 
by the National Cancer Institute; National Lung Screening Trial ClinicalTrials.gov 
number, NCT00047385.)

The New England Journal of Medicine 
Downloaded from nejm.org on June 29, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 
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NLST

• 53,454 smokers randomized to either low-dose CT scans
or chest X-rays.

• Cumulative lung cancer mortality reduction (CT vs. X-ray)
after 7 years of follow-up:

1 − 467
552

≈ 15%.

• Screening was discontinued after 3 years; the impact on
mortality had already faded by the last year of follow-up.

• What if the screening had been continued?
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NLST data
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NLST data (2)
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NLST fit
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NLST projection
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COLON CANCER
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The Minnesota Colon Cancer Control Study (MCCCS)
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MCCCS

• 46,551 healthy volunteers randomized to either annual or
biennial fecal occult blood (FOB) testing, or control.

• 30 year follow-up.
• Cumulative colorectal cancer mortality reduction (biennial

vs. control and annual vs. control) after 30 years of
follow-up:

1 − 237
295

≈ 20% and 1 − 200
295

≈ 32%.

• Feature: 4-year funding-related hiatus in screening.
• Presumably, the reductions would have been larger without

such an interruption.
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MCCCS cumulative mortality
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MCCCS yearly data
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MCCCS yearly data (2)
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MCCCS fit
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MCCCS projection
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MCCCS (and other) data

• Separate data on each of 2 screening regimens, but all 3
arms used to estimate impact of 1 round

• Could also combine log-likelihoods from different studies
(with possibly different schedules) of same screening test
to estimate impact of 1 round
(like adding rows to design matrix for a regression model)

• Staggered entry, so timing of 4-year funding-related hiatus
not as simple as displayed.

• Limited to data scraped from Figure in NEJM article
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Parametric forms of ‘1-round reduction’ functions

22 REFERENCES

0 5 10 15 20

M
o
rt

a
lit

y
 r

e
d
u
c
ti
o
n

γ = 20%,

µ = 6 yrs,

σ = 2 yrs

α = 9.0
β = .67

40 %

20 %

0 %

A 0 5 10 15 20

γ = 30%,

µ = 6 yrs,

σ = 2 yrs

α = 9.0
β = .67 yrs

40 %

20 %

0 %

B

0 5 10 15 20

M
o
rt

a
lit

y
 r

e
d
u
c
ti
o
n

γ = 20%,

µ = 11 yrs,

σ = 2 yrs

α = 30
β = .36 yrs

40 %

20 %

0 %

C 0 5 10 15 20

γ = 20%,

µ = 6 yrs,

σ = 4 yrs

α = 2.3
β = 2.7 yrs

40 %

20 %

0 %

D

0 5 10 15 20

Follow−up years

M
o
rt

a
lit

y
 r

e
d
u
c
ti
o
n

γ = 8%,

α = 1.7
β = 2 yrs

40 %

20 %

0 %

E 0 5 10 15 20

Follow−up years

γ = 11%,

µ = 9 yrs,

σ = 3.3 yrs

40 %

20 %

0 %

F

Fig. 2. Impact of a single round of screening at time s1 = 0, with different patterns determined by
different parameter inputs. Solid and dashed lines correspond to Equations (3.3) and (3.3), respectively.
Panels E and F correspond to the fitted reduction patterns in the examples of Sections 4.1 and 4.2,
respectively.

.

Fig. 2. Impact of a single round of
screening at time s1 = 0, with different
patterns determined by different
parameter inputs. Solid and dashed
lines correspond to Gaussian-like and
Gamma-like functions, respectively.

Panels A-D are hypothetical;

Panel E: fitted to the NLST data,

Panel F: fitted to the MCCCS data.
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2014: BACK TO PROSTATE CANCER
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Screening schedule
ERSPC / Sweden Age at 
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Screening schedule
ERSPC / Finland Age at 

2006.12.31Cohorts of men

S Round of screening

1995 2000 2005Year:
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Numbers of Deaths
ERSPC / Sweden Age at 

2006.12.31Cohorts of men

S Round of screening

Prostate Cancer Death in Control Arm

Prostate Cancer Death in Screening Arm
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Data required to estimate 3 parameters (θ1, θ2, θ3)
Country Lexis Rectangle Screening History ManYears % Screening No. Deaths

Yr. in Trial Age (Scr. arm) Scr. : Ctl. Scr. : Ctl. Scr. : Ctl.

SWEDEN 2 58 S. 1 : 1 70 / 10 0 / 1
... 3 64 S.S 1 : 1 70 / 10 0 / 1
... 3 66 S.S 1 : 1 70 / 10 0 / 1
... 4 64 S.S. 1 : 1 70 / 10 1 / 0
... 4 67 S.S. 1 : 1 70 / 10 1 / 0
... 5 62 S.S.S 1 : 1 70 / 10 1 / 0
... 5 64 S.S.S 1 : 1 70 / 10 1 / 0
... 5 66 S.S.S 1 : 1 70 / 10 0 / 1
... 5 68 S.S.S 1 : 1 70 / 10 2 / 1
... 6 60 S.S.S. 1 : 1 70 / 10 1 / 0
... 6 61 S.S.S. 1 : 1 70 / 10 0 / 1
... 6 65 S.S.S. 1 : 1 70 / 10 1 / 1
... 6 68 S.S.S. 1 : 1 70 / 10 1 / 1
... 7 62 S.S.S.S 1 : 1 70 / 10 1 / 0
... 7 66 S.S.S.S 1 : 1 70 / 10 1 / 2
... 7 67 S.S.S.S 1 : 1 70 / 10 0 / 1
... 7 70 S.S.S.. 1 : 1 70 / 10 0 / 1



Orientation ‘De-compose & Compound’ Case studies ERSPC

Country Lexis Rectangle Screening History ManYears % Screening No. Deaths

Yr. in Trial Age (Scr. arm) Scr. : Ctl. Scr./Ctl. Scr./Ctl.

... 8 63 S.S.S.S. 1 : 1 70 / 10 0 / 1

... 8 65 S.S.S.S. 1 : 1 70 / 10 0 / 1

... 8 68 S.S.S.S. 1 : 1 70 / 10 0 / 1

... 9 64 S.S.S.S.S 1 : 1 70 / 10 0 / 1

... 9 65 S.S.S.S.S 1 : 1 70 / 10 0 / 1

... 9 67 S.S.S.S.S 1 : 1 70 / 10 1 / 0

... 9 68 S.S.S.S.S 1 : 1 70 / 10 0 / 1

... 9 70 S.S.S.S.. 1 : 1 70 / 10 2 / 1

... 9 71 S.S.S.... 1 : 1 70 / 10 1 / 0

... 9 72 S.S.S.... 1 : 1 70 / 10 0 / 2

... 10 64 S.S.S.S.S. 1 : 1 70 / 10 1 / 0

... 10 67 S.S.S.S.S. 1 : 1 70 / 10 1 / 0

... 10 69 S.S.S.S.S. 1 : 1 70 / 10 0 / 2

... 10 70 S.S.S.S... 1 : 1 70 / 10 2 / 0

... 10 71 S.S.S.S... 1 : 1 70 / 10 1 / 1

... 10 72 S.S.S..... 1 : 1 70 / 10 1 / 0

... 10 73 S.S.S..... 1 : 1 70 / 10 1 / 2



Orientation ‘De-compose & Compound’ Case studies ERSPC

Country Lexis Rectangle Screening History ManYears % Screening No. Deaths

Yr. in Trial Age (Scr. arm) Scr. : Ctl. Scr./Ctl. Scr./Ctl.
... 11 65 S.S.S.S.S.S 1 : 1 70 / 10 1 / 0
... 11 66 S.S.S.S.S.S 1 : 1 70 / 10 0 / 2
... 11 68 S.S.S.S.S.S 1 : 1 70 / 10 0 / 1
... 11 69 S.S.S.S.S.. 1 : 1 70 / 10 0 / 1
... 11 70 S.S.S.S.S.. 1 : 1 70 / 10 0 / 1
... 11 72 S.S.S.S.... 1 : 1 70 / 10 0 / 1
... 11 73 S.S.S...... 1 : 1 70 / 10 0 / 1
... 11 74 S.S.S...... 1 : 1 70 / 10 1 / 1
... 12 66 S.S.S.S.S.S. 1 : 1 70 / 10 0 / 1
... 12 67 S.S.S.S.S.S. 1 : 1 70 / 10 0 / 2
... 12 69 S.S.S.S.S.S. 1 : 1 70 / 10 0 / 1
... 12 72 S.S.S.S..... 1 : 1 70 / 10 1 / 0
... 12 73 S.S.S.S..... 1 : 1 70 / 10 0 / 1
... 12 74 S.S.S....... 1 : 1 70 / 10 0 / 1
... 12 75 S.S.S....... 1 : 1 70 / 10 0 / 3
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Country Lexis Rectangle Screening History ManYears % Screening No. Deaths

Yr. in Trial Age (Scr. arm) Scr. : Ctl. Scr.:Ctl. Scr./Ctl.

FINLAND 2 68 S. 1 : 1.2 75 : 5 ? : ?
... 7 71 S...S.. 1 : 1.2 75 : 5 ? : ?
... 11 78 S...S...... 1 : 1.2 75 / 5 ? : ?
... ... ... ... ... ... ...

N-LANDS 10 75 S...S..... 1 : 1 70 / 10 ? : ?
... 12 80 S........... 1 : 1 70 / 10 ? : ?
... 12 80 S........... 1 : 1 70 / 10 ? : ?
...

BELGIUM etc etc ? 1 : 1 78 / 12 ? : ?
... ... ... ? 1 : 1 78 / 12 ? : ?

ITALY etc etc ? 1 : 1 72 / 11 ? : ?
... ... ... ? 1 : 1 72 / 11 ? : ?

SUISSE etc etc ? 1 : 1 74 / 13 ? : ?
... ... ... ? 1 : 1 74 / 13 ? : ?

SPAIN etc etc ? 1 : 1 70 / 10 1 : 0
... etc etc ? 1 : 1 72 : 12 1 : 0
... etc etc ? 1 : 1 72 : 12 0 : 1
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FUNDING, CO-ORDINATES, DOWNLOADS
Natural Sciences and Engineering Research Council of Canada
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Canadian Institutes of Health Research (2011-2014)
........................................................................
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http://www.med.mcgill.ca/epidemiology/hanley/screening

BIOSTATISTICS

http:/p: /wwwwwww.mw.mw.mmcgill.ca/ca/a epiepiepiepi-bibbiostosts at-at-aa occh/g/ggrad/bib ostatistit cs/


	Orientation
	FakeTitle1

	`De-compose & Compound'
	FakeTitle1

	Case studies
	FakeTitle1

	ERSPC
	FakeTitle1


