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Summary: the 3 points I wish to make

• With their blindness to the delay until the reductions in mortality are
expressed, the prevailing design and data-analysis of cancer screening
trials under-estimate the mortality reductions that would be
produced by a sustained screening program

• P-value-driven stopping rules exacerbate the underestimation

• We might be able to avoid such misleading numbers if we
(i) recognize the issue, and avoid the standard RCT paradigm
(ii) run trials with sufficient rounds of screening and sufficient follow-up
(iii) spend major portion of career waiting to measure real reductions
(iv) analyze the data using time-specificity
(v) focus on the parameters that describe impact of 1 round of screening



Outline

• The mortality reductions produced by a screening regimen:
what payers want to know

• European Randomized Study of Screening for Prostate Cancer

• Data-analysis practice in other cancer screening trials

• How to stop a screening RCT at a 20% mortality reduction? [Theorem]

• A way ahead?



What payers would like to know...

(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.



They could arrive at these numbers if they had...

(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.



Can they obtain these (or asymptote) from published reports?
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A bs tr ac t

Background
The European Randomized Study of Screening for Prostate Cancer was initiated in 
the early 1990s to evaluate the effect of screening with prostate-specific–antigen 
(PSA) testing on death rates from prostate cancer.

Methods
We identified 182,000 men between the ages of 50 and 74 years through registries 
in seven European countries for inclusion in our study. The men were randomly 
assigned to a group that was offered PSA screening at an average of once every 4 years 
or to a control group that did not receive such screening. The predefined core age 
group for this study included 162,243 men between the ages of 55 and 69 years. The 
primary outcome was the rate of death from prostate cancer. Mortality follow-up 
was identical for the two study groups and ended on December 31, 2006.

Results
In the screening group, 82% of men accepted at least one offer of screening. During 
a median follow-up of 9 years, the cumulative incidence of prostate cancer was 8.2% 
in the screening group and 4.8% in the control group. The rate ratio for death from 
prostate cancer in the screening group, as compared with the control group, was 
0.80 (95% confidence interval [CI], 0.65 to 0.98; adjusted P = 0.04). The absolute risk 
difference was 0.71 death per 1000 men. This means that 1410 men would need to 
be screened and 48 additional cases of prostate cancer would need to be treated 
to prevent one death from prostate cancer. The analysis of men who were actually 
screened during the first round (excluding subjects with noncompliance) provided 
a rate ratio for death from prostate cancer of 0.73 (95% CI, 0.56 to 0.90).

Conclusions
PSA-based screening reduced the rate of death from prostate cancer by 20% but was 
associated with a high risk of overdiagnosis. (Current Controlled Trials number, 
ISRCTN49127736.)

Copyright © 2009 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at MCGILL UNIVERSITY LIBRARY on March 18, 2009 . 



...

RESULTS

“During a median follow-up of 9 years, the prostate cancer
mortality rate ratio in the screening group, as compared with
the control group, was 0.80 (95% confidence interval [CI], 0.65
to 0.98; adjusted P=0.04). (...) ”

CONCLUSIONS

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



Cumulative Risk of Death from Prostate Cancer.

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).

http://content.nejm.org/cgi/content/full/NEJMoa0810084


Cumulative vs. Year-specific Mortality...

in 100,000 men
(average age at entry: 62 years)

if screened using PSA test

0, 1, 2, 3, or 4 times,

tests 4 years apart

and followed for (9) 20 years

HYPOTHETICAL DATA



Cumulative & Year-specific results, if screen 0,1,...,4 times, q 4y [HYPOTHETICAL]
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* Each arrow indicates the timing of a screen for prostate cancer.
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(B) Year-specific Rate Ratios & Percent Reductions [HYPOTHETICAL]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1177 3640

1 278
-24%

1055

-10%

2 258
-29%

895

-24%

3 257
-29%

707

-40%

4 257
-29%

601

-49%

(A) Yearly No. of Prostate Cancer DeathsNo. of 
Screens*

No. of Prostate Cancer Deaths over...
20 Years 9 years

Fig2

* Each arrow indicates the timing of a screen for prostate cancer.

(B)

Percentage
 Reduction
 in Yearly
 Cause-Specific
 Mortality Rate

Cause-Specific
 Mortality

 Rate Ratio

100%0

75%0.25

50%0.5

25%0.75

0%1

1, 2, 3, 4: No. of Screens for Prostate CancerOne Screen for Abdominal Aortic Aneurysm

1 1

1
1

1 1 1 1 1

2

2
2

2 2

3

3

3
3

4 4 4

Year of F.U.:

Year of F.U.:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20



RE-ANALYSIS OF ERSPC DATA



emphasis on time-specificity

• Year-specific∗ mortality rate ratios

• Moving averages∗ to reduce the statistical noise (deaths in
moving 3-year intervals)

• Smooth curve for rate ratio function (data bins 0.2 y wide).

∗ cf. Miettinen et al. 2002



Year-specific prostate cancer mortality ratios
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Year-specific prostate cancer mortality ratios

67%

(B)
Prostate Cancer Mortality Rate Ratio (S / C)
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BREAST CANCER

IN EVERY INSTANCE: REDUCTION UNDER-ESTIMATED

See

Miettinen et al., Lancet 2002;

Hanley, Epidemiologic Reviews 2011.



LUNG CANCER



Mayo Lung Project (chest x-ray & sputum cytology)

• Enrollment: 1971-1976;
negative on ‘prevalence’ screen;
screening every 4 mo. for 6 years (vs., on enrollment,

recommendation to receive annual chest x-ray & sputum cytology).
• JNCI 2000: “Lung Cancer Mortality in the Mayo Lung

Project: Impact of Extended Follow-up”
Would 24-year follow up "allow for a reduction in
lung cancer mortality to be observed?”

• ALL lung cancer deaths, from those in year...
• 1, before impact could become evident,

to
• 24, 18 years after last screen.



National Lung Screening Trial (NLST)
• Enrollment: August 2002 - March-2004

3 annual screens: low-dose helical CT (vs. standard chest X-ray).
Primary scientific goal:

to determine whether three annual screenings
with low-dose helical computerized tomography
(LDCT) reduces [sic] mortality from lung cancer

• Press Releases, November 2010:
Screening of people at high-risk for lung cancer with low dose CT
significantly reduces lung cancer death: 20% fewer lung cancer
deaths [ACR]

An interim analysis of the study’s primary endpoint, reported to the
DSMB on October 20, 2010, revealed a deficit of lung cancer deaths
in the LDCT arm, and the deficit exceeded that expected by chance,
even allowing for the multiple analyses conducted during the course
of the trial. Data presented at previous meetings of the DSMB did
not meet the requirements for statistical significance with respect to
the primary endpoint. [NCI(US)]



ACR Imaging Network: Press Release

“Deficit”: 88



Timing of the ‘deficit’ of (442-354=) 88 deaths

? ? ?

Year: 1 2 3 4 5 6 7 8 ALL
Screens ↑ ↑ ↑

? CXR arm: 10 38 65 75 82 90 60 22 442

?? LDCT arm: 10 36 59 59 56 63 50 21 354
?? deficit (no.): 0 -2 -6 -16 -26 -27 -10 -1 -88
?? deficit ( %): 0% 5% 9% 21 % 32% 30% 17% 5% 20%

?? LDCT arm: 8 30 52 60 66 73 48 17 354
?? deficit (no.): -2 -8 -13 -15 -16 -17 -12 -5 -88
?? deficit ( %): 20% 21% 20% 20% 20% 19% 20% 23% 20%

?? LDCT arm: ? ? ? ? ? ? ? ? 354
?? deficit (no.): -? -? -? -? -? -? -? -? -88
?? deficit ( %): ? % ? % ? % ? % ? % ? % ? % ? % 20%



20% MORTALITY REDUCTION

A UNIVERSAL CONSTANT IN SCREENING TRIALS?



Reductions in ‘event rates’: 5 ‘prevention’ studies
• HPV 6,11,16,18 infection:

- Quadrivalent human papillomavirus (HPV) vaccine
• Paralytic or non-paralytic poliomyelitis:

- Salk Vaccine
• HIV infection:

- (Adult) Circumcision
• Death from ruptured abdominal aneurym:

- Ultrasound screening
• Vascular events:

- Statin treatment [elevated C-reactive protein at entry]

QUESTION: Shape of ↓ (t) function, i.e., % Reduction in Rate
as function of follow-up time, if rates based on...

• all events up to that point in f-up time? (1 ‘average’ rate) ?
• when in f-up time events occurred (’time-specific’ rates) ?



P=0.05 (2-sided)
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B Paralytic or non-paralytoc poliomyelitis:
Salk Vaccine

B

Event Number: 1 2 3 4 5 ... 95 96 97 98 99 ... 195 196 197 198 199

Arm: P P P V V ...  V  V  V  P  V ...   V   V   P   P   V

Cum. No. Events, V: 0 1 2 2 2 ... 26 26 26 27 28 ...  54  54  55  56  57

Cum. No. Events, P: 1 1 1 2 3 ... 69 70 71 71 71 ... 141 142 142 142 142

Percent Reduction:           ... 62 63 63 62 61 ...  62  62  61  61  60
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C HIV:
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D Death from ruptured abdominal aneurym:
Ultrasound screening

E

E Vascular events:
Statin treatment [elevated C-reactive protein at entry]

----------------------------------------

Screening for cancer of the...

a Colon: (once-only sigmoidoscopy)

a
b Prostate: (PSA)

b

c Lung: (CT)

c

d Breast (hypothetical)

d

d



P=0.05 (2-sided)
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If intervention continues
over time to deflect the
same % of events, an
estimate of the % reduction,
based on the total number
events in more (person)-time
will be more precise

Mortality reductions from
cancer screening manifest
distally. Enrolling and
following more people for short
length of time yields a more
precise UNDERestimate.

The seemingly-universal 20%
reduction is an artifact of
prevailing data-analysis
methods and stopping rules.

If use all data from time
screening commences, the
first % reduction which was
statistically different from zero
does not answer the question
of interest to payers.



PLANS



Data and Methods, Parameters, their Use
• Data: completed RCTs of screening for prostate, breast,

colon and lung ca; population-based screening programs.
• 3 Parameters (‘deliverables’) and how they will be fitted:
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y = years since screening commenced
• Rate ratio in Year y, Age a in Study s :
RateRatio(y, a, s) =
sum of reductions from all previous
rounds of screening in study s
• Design matrix: 1 row per y-a-s ‘cell’
• No. deaths in screening arm

No. deaths in 2 arms combined in each ‘cell’
• Fit by Max. Likelihood (binomial model)

• USE: project mort. reductions due to a screening regimen
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Of 134 faecal DNA samples analysed, 17 were found to
have BAT26 alterations. Examples of the results from this
assay are shown in the figure. All 17 faecal DNA samples
yielding a positive BAT26 test were subsequently found to
have been derived from patients with colorectal cancer (table).

Among the cancer patients with proximal lesions, the
clinical sensitivity of the BAT26 faecal DNA test was 
37% (17 of 46 [95% CI 23–52]), with no positives among 
69 individuals with normal colonoscopies or among 
19 individuals with adenomas. The specificity was therefore
100% (95% CI 95–100). None of the patients in our cohort
had variant BAT26 alleles in their germ line.4

To determine the concordance of BAT26 alterations
between faecal DNA and tumours, we microdissected
neoplastic lesions from paraffin-embedded specimens of all
65 tumours (46 cancers plus 19 adenomas). DNA of
adequate quality was recovered from 57 lesions, and 18 cases
with BAT26 alterations were seen, all among cancers. 17 of
these 18 cases corresponded to those with positive faecal
tests, and in each of these cases, the size of the BAT26
alteration in tumour and faecal DNA was identical (figure).

The results recorded above have several important
implications for faecal DNA testing. First, they provide
compelling evidence that mutations in faeces can be used to
identify patients with cancer. The fact that 17 of the 18 cases
with BAT26 mutations in their tumours gave rise to a
positive faecal DNA test, coupled with the zero false-positive
rate, was of particular note. Second, the results show that
proximal cancers do not represent a barrier to faecal DNA
analysis. Third, small samples of stool, rather than whole
stools, could be analysed effectively, facilitating collection
and storage of specimens for analysis. Finally, the proportion
of mutant DNA molecules in faecal DNA ranged from 1·1%
to 10·6%. Thus, techniques to assess faecal DNA mutations
need be no more sensitive than this to detect most
mutations. In the one sample that was a false negative,
increasing the potential sensitivity five-fold by analysing an
additional 2000 BAT26 genes in faecal DNA did not result
in detection of the mutation.

One practical application of these findings involves
combination of BAT26 with sigmoidoscopy. Cost-
effectiveness modelling has indicated that sigmoidoscopy
combined with unhydrated faecal occult blood tests can be
more effective than colonoscopy for colorectal cancer
screening.1 The sensitivity of the BAT26 assay is similar to
that of the unrehydrated faecal occult blood tests but is more
expensive. This cost disadvantage is counterbalanced by the
fact that the BAT26 test seems to be substantially more
specific, thereby precluding the need for follow-up
colonoscopies in many patients with false-positive faecal
occult blood tests. Furthermore, the BAT26 test does not
require patients to change their dietary habits before testing,
nor to provide several faecal samples, potentially increasing
compliance. Prospective studies to validate the sensitivity
and specificity in a screening context, and to compare
efficacy and cost-effectiveness with other screening
strategies, are justified by the results reported above.
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Mammographic screening: no
reliable supporting evidence?
Olli S Miettinen, Claudia I Henschke, Mark W Pasmantier, 
James P Smith, Daniel M Libby, David F Yankelevitz

Much confusion is being generated by the conclusion of a recent
review that “there is no reliable evidence that screening for
breast cancer reduces mortality.” In that review, however, there
was no appreciation of the appropriate mortality-related measure
of screening’s usefulness; and correspondingly, there was no
estimation of the magnitude of this measure. We take this
measure to be the proportional reduction in case-fatality rate, and
studied its magnitude on the basis of the only valid and otherwise
suitable trial. We found reliable evidence of fatality reduction,
apparently substantial in magnitude.

Lancet 2002; 359: 404–06

Total number Number positive Number negative for 
of patients for BAT26 mutations BAT26 mutations in 

in faecal DNA faecal DNA
No neoplasia 69 0 69
With adenoma 19 0 19

<1 cm 14 0 14
�1 cm 5 0 5

With cancer 46 17 29
Dukes’ A 5 1 4
Dukes’ B 22 11 11
Dukes’ C 11 4 7
Dukes’ D 8 1 7

Results of analysis of faecal DNA for BAT26 alterations

........



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.”



Summary: my 3 points again

• With their blindness to the delay until the reductions in mortality are
expressed, the prevailing design and data-analysis of cancer screening
trials under-estimate the mortality reductions that would be
produced by a sustained screening program

• P-value-driven stopping rules exacerbate the underestimation

• We might be able to avoid such misleading numbers if we
(i) recognize the issue, and avoid the standard RCT paradigm
(ii) run trials with sufficient rounds of screening and sufficient follow-up
(iii) spend major portion of career waiting to measure real reductions
(iv) analyze the data using time-specificity
(v) focus on the parameters that describe impact of 1 round of screening
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The loneliness of the long-distance trialist
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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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Norway - ‘before-after’ study

n engl j med 363;13 nejm.org september 23, 2010 1203
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Effect of Screening Mammography on Breast-Cancer  
Mortality in Norway

Mette Kalager, M.D., Marvin Zelen, Ph.D., Frøydis Langmark, M.D., and Hans-Olov Adami, M.D., Ph.D.

A bs tr ac t

From the Cancer Registry of Norway, Oslo 
(M.K., F.L., H.-O.A.); the Departments of 
Epidemiology (M.K., H.-O.A.) and Bio-
statistics (M.Z.), Harvard School of Pub-
lic Health; and the Dana–Farber Cancer 
Institute and Harvard Medical School 
(M.Z., H.-O.A.) — all in Boston; and the 
Department of Medical Epidemiology 
and Biostatistics, Karolinska Institutet, 
Stockholm (H.-O.A.). Address reprint re-
quests to Dr. Kalager at Oslo University 
Hospital, Department of Surgery, Monte-
bello, 0310 Oslo, Norway, or at mkalager@
hsph.harvard.edu.

N Engl J Med 2010;363:1203-10.
Copyright © 2010 Massachusetts Medical Society.

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.)

The New England Journal of Medicine 
Downloaded from www.nejm.org at MCGILL UNIVERSITY LIBRARY on October 1, 2010. For personal use only. No other uses without permission. 

Copyright © 2010 Massachusetts Medical Society. All rights reserved. 

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.



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.



Time-insensitivity: not exclusive to RCT reports

Paraphrase of (refused)
letter by JH to NEJM re
2010 analysis of data from
Norway

Kalager Zelen

Langmark Adami.

Epidemiologic
Reviews, 2011
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WebFigure 6:
[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.


