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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 / non-proportional hazards
(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
[and Göteborg portion of this study]

• 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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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?



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

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

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



RE-ANALYSIS OF ERSPC DATA
using

year-specific prostate cancer mortality ratios



(A) Overall vs. (B) Year-specific mortality ratios
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Summary
Background Prostate cancer is one of the leading causes of death from malignant disease among men in the developed 
world. One strategy to decrease the risk of death from this disease is screening with prostate-specifi c antigen (PSA); 
however, the extent of benefi t and harm with such screening is under continuous debate. 

Methods In December, 1994, 20 000 men born between 1930 and 1944, randomly sampled from the population 
register, were randomised by computer in a 1:1 ratio to either a screening group invited for PSA testing every 2 years 
(n=10 000) or to a control group not invited (n=10 000). Men in the screening group were invited up to the upper age 
limit (median 69, range 67–71 years) and only men with raised PSA concentrations were off ered additional tests such 
as digital rectal examination and prostate biopsies. The primary endpoint was prostate-cancer specifi c mortality, 
analysed according to the intention-to-screen principle. The study is ongoing, with men who have not reached the 
upper age limit invited for PSA testing. This is the fi rst planned report on cumulative prostate-cancer incidence and 
mortality calculated up to Dec 31, 2008. This study is registered as an International Standard Randomised Controlled 
Trial ISRCTN54449243.

Findings In each group, 48 men were excluded from the analysis because of death or emigration before the 
randomisation date, or prevalent prostate cancer. In men randomised to screening, 7578 (76%) of 9952 attended at 
least once. During a median follow-up of 14 years, 1138 men in the screening group and 718 in the control group were 
diagnosed with prostate cancer, resulting in a cumulative prostate-cancer incidence of 12·7% in the screening group 
and 8·2% in the control group (hazard ratio 1·64; 95% CI 1·50–1·80; p<0·0001). The absolute cumulative risk 
reduction of death from prostate cancer at 14 years was 0·40% (95% CI 0·17–0·64), from 0·90% in the control group 
to 0·50% in the screening group. The rate ratio for death from prostate cancer was 0·56 (95% CI 0·39–0·82; p=0·002) 
in the screening compared with the control group. The rate ratio of death from prostate cancer for attendees compared 
with the control group was 0·44 (95% CI 0·28–0·68; p=0·0002). Overall, 293 (95% CI 177–799) men needed to be 
invited for screening and 12 to be diagnosed to prevent one prostate cancer death. 

Interpretation This study shows that prostate cancer mortality was reduced almost by half over 14 years. However, the 
risk of over-diagnosis is substantial and the number needed to treat is at least as high as in breast-cancer screening 
programmes. The benefi t of prostate-cancer screening compares favourably to other cancer screening programs.

Funding The Swedish Cancer Society, the Swedish Research Council, and the National Cancer Institute.

Introduction
The European Randomised Study of Screening for 
Prostate Cancer (ERSPC) compared a group of men 
invited for prostate-cancer screening based on prostate-
specifi c antigen (PSA) with a control group without any 
active intervention. Interim analyses, based on a median 
follow-up of 9 years,1,2 showed that men randomised to 
active screening had a signifi cant reduction in prostate-
cancer mortality; rate ratio (RR) 0·80 (95% CI 0·65–0·98, 
adjusted p=0·04).1 The number of men needed to be 
screened (NNS) to prevent one death from prostate 
cancer was 1410 (or 1068 in men who were actually 
screened1), which is similar to breast and colorectal 
cancer screening.3–6 However, the number of men needed 
to treat (NNT) to prevent one death was high (48 men), 
which might be explained by only 9 years of follow-up or 
by screening that resulted in the detection of a large 
proportion of indolent cancers.

These reports provide the fi rst level one evidence that 
PSA-based prostate-cancer screening can reduce prostate-
cancer mortality. An open question, however, is whether 
the modest benefi t in reduced cancer mortality 
documented thus far outweighs the harms of over-
detection. This issue is emphasised by the report from 
another large screening trial, the US-based Prostate, Lung, 
Colorectal, and Ovarian Cancer (PLCO) screening trial, 
which found no diff erence in prostate-cancer mortality 
between men randomised to screening and those in the 
control group at 11·5 years  of follow-up.7 Other 
randomised studies have either been too small8,9 or 
criticised for methodological problems.10,11

The Göteborg randomised population-based prostate-
cancer screening trial is a prospective randomised trial, 
planned and started in 1995, assessing the eff ects of 
PSA-based screening every 2 years. The trial is truly 
population-based, as individuals from the population 

Hugosson et al. Lancet Oncol. 2010 Aug;11(8):725-32. Epub 2010 Jul 2.
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This study shows a much higher mortality reduction 
than in previous studies: an RR of 0·56 in this study 
compared with 0·80 in the ERSPC (0·84 if the Swedish 
cohort is withdrawn),1 and no reduction in the PLCO study.7 
Several factors might account for this. First, the men in 
our study were younger (median age 56 years at baseline) 
than in both previous publications (median age >60 years). 
Younger men are less likely than older men to have 
incurable prostate cancer at the fi rst screening and are 
therefore more likely to gain the full benefi t of screening. 
Second, the PSA threshold for biopsy was lower in our 
study than in most other ERSPC branches and in the 
PLCO trial. However, DRE was never used as a screening 
tool in our study, but was used by most ERSPC centres at 
the fi rst screening round and in the design of PLCO trial. 
Addition of DRE in our study might have resulted in an 
even larger mortality reduction than seen in our study, 
although only a few incurable cancers were found in men 
who attended the programme, and some of these incurable 
cancers were still non-palpable at diagnosis.12 Third, the 
interval of screening in this study (every 2 years) was 
shorter than in the other ERSPC branches (every 4 years), 
although longer than in the PLCO trial (every year). Fourth, 
this study had a much higher rate of biopsy for men with a 
positive screening result (93% vs 30–40% in PLCO19), a 
much lower rate of PSA testing before the start of the study 
(estimated as 3% vs 44% in PLCO), and probably a lower 
rate of contamination in the control group than in the 
PLCO trial. Fifth, the present study has much longer 
follow-up than do the ERSPC and PLCO studies (median 
14 years from randomisation vs 9 years for ERSPC,1 and 
11·5 years for PLCO7). 

Up to 10 years of follow-up, the Nelson-Aalen plot in 
our study resembles that which was published in the 
ERSPC study, suggesting that most of the benefi t from 
screening occurs after 10 years (fi gure 3). This is to be 
expected from a disease with long a lead-time and a long 
natural course.20,21

Although the median follow-up from randomisation is 
long, the follow-up time measured from prostate-cancer 
diagnosis is rather short; 6·7 years for attendees versus 
4·3 years for controls in this study compared with 6·3 
versus 5·2 years in the PLCO study.7 

The reasons as to why our study shows an important 
mortality reduction and the PLCO trial did not, despite a 
similar follow-up after diagnosis in the two studies, might 
in part be explained by the absence of pre-screening in our 
study, which meant many aggressive cancers were still 
detectable. Furthermore, contamination in the control 
group was low—at least during the fi rst 5 years of our 
study. An indication of these important diff erences is that 
despite the randomisation of 76 693 men in the PLCO trial 
versus 19 904 in our study, only 174 prostate-cancer deaths 
were recorded in the PLCO trial7 compared with 122 in our 
study. The men in the PLCO trial were also older.

The RR of 0·56 within 14 years corresponds to an 
absolute risk reduction of 0·40% and no eff ect on overall 
mortality (similar number of men at risk at 14 years, 
[fi gure 3] and similar number of total deaths in the study 
group [table 4]). These low mortality fi gures are related to 
the young age of participants at the start of the study and 
the comparatively short follow-up after prostate-cancer 
diagnosis. Because about 5% of deaths among Swedish 
men are caused by prostate cancer,22 it is obvious that we 
have so far studied only the early eff ects of screening. 
If the relative-risk reduction is sustained over time the 
mortality reduction, even measured in terms of absolute-
risk reduction, might become important. An indication of 
this is the large diff erence between the arms in the 
number of men needing endocrine treatment—182 (1·8%) 
in the control group versus 103 (1·0%) in the screening 
group. The fact that 79 more men in the control group 
were treated with endocrine treatment than in the 
screening group might also be regarded as an important 
advantage. The increased ratio of unrelated deaths 
reported in the screening group compared with the 
control group (9·6% vs 7·5%) is explained by the longer 
follow-up of patients with prostate cancer in the screening 
group than in the control group, because there is no 
diff erence in non-prostate-cancer mortality if Kaplan-
Meier estimates are calculated from diagnosis. 

The high rate of attendance to this PSA-based screening 
programme is corroborated by fi ndings from several 
uncontrolled trials. Bartsch and co-workers23 reported that 
86·6% of men accepted an off er of a free PSA test and 
that 85·0% of those with raised PSA concentrations 
consented to additional urological assessment with 
prostate biopsies.23 Moreover, all centres in the ERSPC 
study reported a high acceptance rate for screening.1 The 
screening procedures with PSA testing and prostate 
biopsy are seldom associated with severe psychological 
distress, even for men with repeatedly raised PSA 
concentrations.24,25 We therefore conclude that acceptance 
is not an obstacle for a population-based prostate-cancer-
screening programme.

Figure 3: Cumulative risk of death from prostate cancer using Nelson-Aalen cumulative hazard estimates
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YEARLY numbers of Pr Ca Deaths in Control and Screening groups



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.



BREAST CANCER

EVERY TRIAL & META-ANALYSIS:
and (nejm2010) REPORT on NORWAY NATIONAL SCREENING PROGRAM:

REDUCTION UNDER-ESTIMATED

• Miettinen et al., Lancet 2002.

• Hanley, Epidemiologic Reviews 2011.

• Hanley, Liu, Strumpf, Dendukuri, McGregor.
“No.s of breast cancer deaths averted by mammography screening”.
(Response to Canadian Task Force on Preventive Health Care)
... manuscript under review at Canadian Medical Association Journal



LUNG CANCER



Deaths from lung cancer in the NLST,
with corresponding relative deficit in CT arm

What was reported (NEJM Aug 4, 2011) ...

Follow-up Year: 1 2 3 4 5 6 7 ALL
Screens ↑ ↑ ↑

X-ray Arm: 442
CT Arm: 354

Relative Deficit: 20%

Year-specific data extracted from graph in that report ...

X-ray Arm: 37 68 82 95 84 73 4
CT Arm: 31 57 67 84 72 42 3

Relative Deficit: 16% 16% 18% 12% 14% 42%

Further year-specific numbers essential to measure impact of 3 rounds of screening.



20% MORTALITY REDUCTION

A UNIVERSAL CONSTANT IN SCREENING TRIALS?



Reductions in ‘event rates’: 3 ‘prevention’ studies

• HPV 6,11,16,18 infection:
- Quadrivalent human papillomavirus (HPV) vaccine

• Paralytic or non-paralytic poliomyelitis:
- Salk Vaccine

• Death from ruptured abdominal aneurym:
- Ultrasound screening

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
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Accumulating results for trials where reductions in1,2,3:
event rates are virtually immediate, and sustained
 - lowest 3 curves, reductions: >95%, ~60%, >45%
 
Likewise for trials of screening for cancer of the...4,5,6:
 - PROSTATE, using the PSA test (Schröder et al., 2009)
 - COLON, using once-only sigmoidoscopy (Atkin et al., 2010)
 - LUNG, using Low-Dose Computed Tomography (NLST, 2011)
 
Accumulating results for a hypothetical trial7:
of cancer screening. In this model program,
screening continues for many years and
produces mortality reductions of [0%], [2%],
[14%] and [35%] in years 1, 2, 3 and 4
and a full [50%] reduction
each year thereafter.

1) Human Papilloma Virus (HPV) infection
[Quadrivalent HPV vaccine]

2) Paralytic/non-paralytic poliomyelitis
[Salk Vaccine]

3) Death from ruptured abdominal aortic aneurysm
[Ultrasound screening]

5) COLON

4) PROSTATE

6) LUNG

[0%]

[2%]

[14%]

[35%]
[50%]

[50%]

[50%]

7)



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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• Fit by Max. Likelihood (binomial model)

• USE: project mort. reductions due to a screening regimen



Mortality deficits produced by 1 or more rounds of screening

No. deaths
each year
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(d)

0

20

40

60

80

100

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19 S20
50

1 1
2

1
2
3

1
2
3
4

55

1
2
3
4
5

2
3
4
5

3
4
5

4
5

5

60

etc.

65

16
16
17

16
17
18

16
17
18
19

70

16
17
18
19
20

17
18
19
20

18
19
20

19
20

20

75
Age Average over:  27y

(50-76)
20y
(54-73)

60%

40%

20%

Mortality deficits produced by once-a-year screening for 20 years, beginning when women reach 50, and ending when they reach 69



Observed breast cancer mortality deficits in 5 Mammography Trials

Study
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• Canadian Task Force guidelines are based on
data-analyses that ignore some essential principles of
cancer screening. The analyses underestimate the
reductions in breast cancer mortality that would be seen
in the 50-80 age range if women were screened regularly
from when they reach age 50 until 69.
• We use year-specific data from the trials used by the
Task Force, to quantify the magnitude and timing of the
mortality reductions in relation to the no. & timing of the
rounds of screening. We use the nadirs of the rate ratio
curves as conservative estimates of what the reduction
would be in a sustained program.
• Based on the 5 studies with adequate participation, 20
years of screening, 50–69, would be followed by 20 years
(55–74) in which the breast cancer mortality reduction in
these years would be ≥ 40%, with smaller deficits in
other years. Fewer than 200 women would need to
participate in such a program in order to avert a breast
cancer death in the age range 50-80.
• The mortality reductions in these five studies are at
least double the “average” figure of 21% used by the
Task Force, while the number of women who, from age
50, would need to participate in a 20 year-screening
program to avert one breast cancer death is a fraction of
the 720 calculated by the Task Force.

.



Size of Female Population of Canada
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Yearly numbers of br. ca. deaths without a sustained screening program

50 55 60 65 70 75 80 85 Age

26
1

25
6

25
2

24
7

23
7

22
7

22
0

21
5

21
0

20
7

20
7

19
2

17
3

16
5

15
9

15
1

14
3

13
5

12
8

12
3

11
8

11
5

11
3

10
9

10
6

10
5

10
3

10
1

96 91 87 84 80 76 70

Canadian Female
Population(K)

No. of Breast
Cancer Deaths

per Age-band

0

50

100

150

In absence of screening



Mortality Rate Ratios with a sustained screening program from ages 50-69
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Yearly numbers of br. ca. deaths DESPITE sustained screening program
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Yearly number of br. ca. deaths AVERTED by sustained screening program
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Number Needed to Participate in Mammography Screening Program

• To avert 1 breast cancer death in the age-band 50-85, an
average of 261K/1,310 = 200 women who reach 50 each
year would need to participate in such a 20-year program.
(Women who participate fully have a better than 1/200 probability of benefitting)

.
• Alternative calculation: 30-year Br Ca Mortality Risk:

... 3.3% if no screening (br. ca. rates in 1990s)

... 2.5% if 40% reduction for each year 55-75 (RCTs)

... 0.8% Risk Difference

.
Thus if 100/0.8 = 125 women participated in such a
program at the same intensity as in the trials, one breast
cancer death in the age range 50 to 80 would be averted.
(Probability of benefit for a woman who participates fully greater than 0.8%.)



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 / non-proportional hazards
(v) focus on the parameters that describe impact of 1 round of screening
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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.”
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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.
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Accumulating results for trials where reductions in1,2,3:
event rates are virtually immediate, and sustained
 - lowest 3 curves, reductions: >95%, ~60%, >45%
 
Likewise for trials of screening for cancer of the...4,5,6:
 - PROSTATE, using the PSA test (Schröder et al., 2009)
 - COLON, using once-only sigmoidoscopy (Atkin et al., 2010)
 - LUNG, using Low-Dose Computed Tomography (NLST, 2011)
 
Accumulating results for a hypothetical trial7:
of cancer screening. In this model program,
screening continues for many years and
produces mortality reductions of [0%], [2%],
[14%] and [35%] in years 1, 2, 3 and 4
and a full [50%] reduction
each year thereafter.

1) Human Papilloma Virus (HPV) infection
[Quadrivalent HPV vaccine]

2) Paralytic/non-paralytic poliomyelitis
[Salk Vaccine]

3) Death from ruptured abdominal aortic aneurysm
[Ultrasound screening]

5) COLON

4) PROSTATE

6) LUNG

[0%]

[2%]

[14%]

[35%]
[50%]

[50%]

[50%]

7)

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.



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

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

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

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

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

Monkey (50 mg/kg/day) 
200 

"1 , I ; 
0 

-16 -8 0 8 16 24 

Days 

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



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]
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Norway - ‘before-after’ study
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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 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

Cohort of women

Breast cancer deaths, in absence of screening
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Reduction due to screening
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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.



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



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


