
Cancer ‘screening’: principles, programs, performance

James Hanley
Epidemiology, Biostatistics & Occupational Health, McGill University, Canada

Epidemiology Seminar Series
McGill University

2019-10-21

www.biostat.mcgill.ca/hanley/screening

www.biostat.mcgill.ca/hanley/screening


OUTLINE

• Principles

• Programs

• Estimands https://www.latin-is-simple.com/en/vocabulary/verb/3691/

unprincipled 1-number answers based on proportional hazards model

https://www.latin-is-simple.com/en/vocabulary/verb/3691/


How many screening tests have you undergone?
https://www.uptodate.com/contents/
screening-tests-in-children-and-adolescents

https://www.merckmanuals.com/en-ca/professional/pediatrics/
health-supervision-of-the-well-child/
screening-tests-for-infants,-children,-and-adolescents

https://www.canada.ca/en/indigenous-services-canada/services/
first-nations-inuit-health/health-care-services/nursing/
clinical-practice-guidelines-nurses-primary-care/
pediatric-adolescent-care/
chapter-3-pediatric-prevention-health-maintenance.html#a224

https://www.newbornscreening.on.ca

https://www.chudequebec.ca/patient/maladies,-soins-et-services/
m-informer-sur-les-soins-et-services/
programme-quebecois-de-depistage-neonatal-sanguin.aspx

https:
//naitreetgrandir.com/fr/etape/0_12_mois/developpement/nouveau_
ne/fiche.aspx?doc=naitre-grandir-bebe-nouveau-ne-test-depistage
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Broader meanings of ‘screening’
the verb ‘to screen’: (OED link)

I. To protect, conceal, or divide, and related senses

II. To sieve, filter; to evaluate, analyse. [9 and 11]

III. To project on to or display on a screen, and related senses.

Phrasal verbs
With adverbs in specialized senses. to screen out

a. To obtain, remove, or separate (something, esp. impurities or unwanted material) from a substance, mixture, etc.,
using a large sieve or other filter. Cf. sense 9a.

b. To identify, select, exclude, or remove by means of screening (screening n. 8). Cf. sense 12.

1931 Milbank Memorial Fund Q. Bull. 9 135/2 A test of the entire group by tuberculin – to screen out those with
significant tuberculous infection.

1968 International Herald Tribune 3 Sept. 7/3 The FBI has improved its methods of screening out inaccurate
reporting.

2007 Independent 26 Feb. 30/3 Cracking down on bars and clubs which fail to screen out underage drinkers, often
closing them down by court order for weeks at a time.

................................................................................................................................
Medical concept of screening: Stedman’s Medical Dictionary; Miettinen et al., 2019

https://www-oed-com.proxy3.library.mcgill.ca/view/Entry/173441?rskey=OsuOUO&result=3&isAdvanced=false#eid
https://www.springer.com/gp/book/9783030061753


TEXTBOOK: Screening in Chronic Disease. Alan Morrison

1992 Edition
https://books.google.ca/books/about/Screening_in_Chronic_
Disease.html?id=HSoQAQAAMAAJ&redir_esc=y

Early detection, or screening, is a common strategy for controlling chronic disease, but
little information has been available to help determine which screening procedures are
worthwhile, and how often, or to whom, they should be applied. This book presents the
epidemiological methods that can be used to answer such questions. The book
focuses on the description and measurement of changes in the natural history of
disease brought about by early detection and treatment. Valid methods for assessing
the usefulness of screening in reducing morbidity and mortality are emphasized and
both ...

1985 Edition https://mcgill.on.worldcat.org/oclc/11030220 and
https://www.amazon.ca/Screening-Chronic-Disease-Alan-Morrison/
dp/0195035054

This timely book presents the epidemiologic methods that can be used to determine
when screening procedures are indicated, focusing on how to describe and measure
changes in the natural history of disease brought on by early treatment, lead time, and
prognostic selection. The author explains how to assess the usefulness of screening in
reducing morbidity and mortality, and provides thorough descriptions of the
experimental and case-control approaches. "An intelligent account of the role ...

https://books.google.ca/books/about/Screening_in_Chronic_Disease.html?id=HSoQAQAAMAAJ&redir_esc=y
https://books.google.ca/books/about/Screening_in_Chronic_Disease.html?id=HSoQAQAAMAAJ&redir_esc=y
https://mcgill.on.worldcat.org/oclc/11030220
https://www.amazon.ca/Screening-Chronic-Disease-Alan-Morrison/dp/0195035054
https://www.amazon.ca/Screening-Chronic-Disease-Alan-Morrison/dp/0195035054
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Preface

All screening programmes do harm. Some do good as well and,
of these, some do more good than harm at reasonable cost.

It is the responsibility of policy-makers, public health practitioners, managers,
and the clinicians involved in screening to ensure that only programmes
that do more good than harm at reasonable cost are implemented and,
when they are implemented, that they are managed in such a way as to
achieve a level of quality which will ensure that the balance of good and harm
demonstrated in research is reproduced in the ordinary service setting.

Unfortunately , many screening services either have been introduced on the
basis of inadequate evidence that they do more good than harm at
reasonable cost or, even if introduced on good evidence, are managed so
badly that the efficacy demonstrated in research is not translated into
effectiveness in practice. This results in a waste of resources and in harm to
those individuals who accept the offer of screening.



Clinicians’ and public health practitioners’ viewpoints on screening

A clinician is faced with a patient in front of them suffering
advanced disease. They inevitably think ‘if only this person had
been tested 10 years ago they could have had intervention
before symptoms and they would be well.’ Screening seems an
obvious thing to do.

A public health practitioner is faced with a population in front
of them – imagine the crowd at a vast festival, for example.
They are searching for the needle in the haystack – the tiny
number of people who can be found at the moment of
opportunity for altering the course of disease. Yet everyone
must be tested and nobody must be harmed.

Therefore the public health physician, who does not have a time
machine to travel back in time and intervene in that one future
patient, is more cautious about screening. [RMM Box 2.3]



“Key events for screening...”:

• Two reports were published, both in 1968. One was from
the Nuffield Provincial Hospitals Trust (1968) the other
from the World Health Organization (Wilson and Jungner
1968). These began the process of questioning some of
the accepted beliefs about screening.

• Two randomized control trials were established, one at
Kaiser Permanente in 1964 (Friedman et al. 1986), the
other in south-east London in 1967 (South-East London
Study Group 1977), with the aim of measuring the impact
of (the) periodic examination on mortality rates, on general
health, and on use of health services.



The Nuffield Provincial Hospitals Trust (1968)
bacteriuria in
pregnancy

breast
cancer

iron deficiency
anaemia

deafness in
childhood

diabetes mellitus

glaucoma cervical
cancer

phenylketonuria pulmonary
tuberculosis

rhesus haemolytic
disease of newborn.

Their conclusion: six of the ten programmes they examined were ‘seriously
deficient’, meaning that it was not possible to say whether the screening
programmes did more good than harm. Even for the four that did have valid
evidence ( deafness, phenylketonuria, tuberculosis, and rhesus haemolytic
disease), the authors found important gaps in the available information. The
overall conclusion, summarized in the Preface, was:

public funds can be, and it seems may already have been,
diverted from fields of certain benefit to procedures which are not
proved and possibly harmful

Nuffield Provincial Hospitals Trust (1968) p. viii.



Wilson and Jungner’s ‘guides to planning case finding’

Wilson and Jungner reviewed most of the specific conditions for which screening
programmes had been claimed to bring benefit, and found problems with almost all of
them. They set out ten tentative principles, which they called ‘guides to planning case
finding’. We have listed these ten principles, as they appear in the original 1968
publication.

‘Guides to planning case-finding’ [ Max Wilson and Gunnar Jungner (1968) pp. 26 - 27 ]

1. The condition sought should be an important health problem.

2. There should be an accepted treatment for patients with recognized disease.

3. Facilities for diagnosis and treatment should be available.

4. There should be a recognizable latent or early symptomatic stage.

5. There should be a suitable test or examination.

6. The test should be acceptable to the population.

7. The natural history of the condition, including development from latent to declared disease, should be
adequately understood.

8. There should be an agreed policy on whom to treat as patients.

9. The cost of case-finding (including diagnosis and treatment of patients diagnosed) should be economically
balanced in relation to possible expenditure on medical care as a whole.

10. Case-finding should be a continuing process and not a ‘once and for all’ project.



Early Detection of Cancer – Early On

Ch. 2. Early Detection &
Mass Screening
Ch. 4. Occupational
Carcinogenesis
Ch. 5. The Nazi Diet
Ch. 6. The Campaign
against Tobacco [incl. 1939

‘case-control’ study by Franz Müller]

1913: American Society for the
Control of Cancer formed [out of
American Gynecological Society]

1940s: American Cancer Society

VOL. 42 AUGUST, 1941 No. 2 
-- 

Original Communications 

THE DIAGNOSTIC VALUE OF VAGINAL SMEARS IN 
CARCINOMA OF THE UTERTJS” 

GEORGE N. PAPANICOLAOU, M.D., PH.D., AND HERBERT F. TRAUT, M.D., 
NEW YORK, N. Y. 

(From the Departments of Anatomy asd of Gynecology and Obstetrkes of the 
Cornell Utiversity Medied College and the New Pork Hospital) 

T HE death rate from carcinoma of the female genital tract is approxi- 
mately 32,000 per year in the United States and of this figure, four- 

fifths, or 26,000 deaths per year, may be said to be due to cancer of the 
uterus. This rate has remained practically constant during the past 
twenty-five ye8rs.l 

One of the factors probably responsible for this rather discouraging 
situation is the fact that, despite the progress in methods of treatment, 
no significant improvement has been achieved in the diagnosis of malig- 
nant growths of the female genital tract, more particularly in their early 
stages. Indeed, it seems very likely that until enough is known about. 
t,he etiology of cancer to make it possible to place efficient prophylacbic 
weapons in physicians’ hands, no radical change in the picture can be 
expected unless the introduction of new methods makes possible an earl) 
diagnosis of the disease. 

Early diagnosis and treatment yield a high percentage of cures in 
both carcinoma of the fundus and of the cervix. The present difficulty 
in accomplishing an early diagnosis lies in the fact that we must depend 
largely upon the subjective symptoms of the disease to brin? the patient 
to the physician, and by the time the patient becomes sufficiently aware 

*This study has been aided by the Commonwealth Fund. 
Presented before the New York Obstetrical Society, March 11, 1941. 

NOTE: The Editors accept no responsibilit:) for the views and statements of 
authors as published in their I (Original Commumcations. ” 
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The diagnostic value of vaginal
smears in carcinoma of the uterus

George N Papanicolaou MD PhD
and Herbert F Traut MD

PAPA4NICOLAOU-TRAUT : VAGINAL SMEARS IN CARCINOMA 0~ UTERUS 1% . 

pletely wash away the cellular deposits for a period of several hours. If  there is 
a considerable amount of fluid of either serosal or sanguineous character, dilution 
will occur, in which case it is wise to make several smears to obtain the rrprcsenta- 
tive cell constituents which are ordinarily seen in a single smear. 

METHOD OF STAINING VAGISAI, SMEARS 

Detailed instructions for staining vaginal smears are given hy Papanieolaou 
in a recent article.4 For general gynecologic diagnosis, stains DF20 or DF32 give 
satisfact,ory results. Slides are first stained in hematoxylin. A goad nuclear staili- 
ing is very essential for the recognition of malignant, changes. 

DESCRIPTION OF SMEARS SHOWISG SQUAMOKS CARCINOMA OF THE CERVIX 

Cervical malignancy, ic our experience, is revealed in vaginal smears 
by the appearance of characteristic cells. These are, we think, derived 
from the superficial layers of the tumor which undergo continual desqua- 
mation. These cells show great variety of form and size, much greater 

Fig. l.--Pipette and bottle used for preparing vaginal smears. 

than that seen in sections of the tumor. Their disl,inctive features lie 
in their structural abnormalities. They do not fall into the categories 
of any of the cell types found in the vaginal fluid of normal women or 
of women having benign tumors or other pathologic lesions of the uterus. 

It is well to bear in mind that the isolated cells or at the most, groups 
of a few cells as seen in any smear preparation do not possess the orient’- 
ing characteristics seen by the mieroscopist in tissue preparations of 
carcinomatous tissues, and that, therefore, a more intimate and critical 
knowledge of cytology is required for a correct interpretation. It is 
necessary, therefore, to enter into a detailed account of the characteristic 
appearance of the abnormal cells found in the vaginal smears of women 
harboring carcinoma of the fundus or cervix of the uterus. 

The most characteristic feature of the abnormal cells is the atypical 
form and structure of their nuclei. These often are very large, far sur- 
passing normal size (Figs. 3 and 4; compare with Fig. 2). The 
chromatin frequently shows a characteristic distribution in the form of 
conspicuous granules and of one or more small nucleoli (Figs. 3 and 4). 

1945: cervical smears, Ayre spatula



Cancer Screening: Technologies, Trials

Organ Technology Major Trials

Uterine Cervix ‘Pap’, HPV

Female Breast Physical exam, mam-
mography, MRI

US(NYC), Sweden, Canada, UK

Neuroblastoma urine [catecholamine
metabolites]

(Japan), Quebec[’89.05.01-’94.04.30] Germany

Colon FOBT, FIT, -scopy Minnesota, UK, PLCO

Prostate DRE, PSA Quebec, Sweden, PLCO, ERSPC

Lung X-Ray, CT Mayo Clinic, PLCO, NLST, NELSON

Ovary serumCA125,
transvaginal ultrasound

PLCO, UKCTOCS

Pancreas, Thyroid
Skin, Mouth, . . .



Benefits and harms
(& the role of time)

“The evil that men do lives after them;
The good is oft interred with their bones,”

In many screening contexts,
– the harm is immediate
– the good is delayed (and harder to measure)

Large variation in reports of ‘the good’ because first principles
of screening have been ignored

• Time (early detection) — e.g.: trials
• Who might benefit (early detection) – e.g.: populations



Time-pattern in reduction(s) in rates

Activity ↓ Risk/Rate of

PKU screening Intellectual disability, ..

Vaccination Measles, Polio, ..

Screen for heart defects Sudden death in athletes

Adult circumcision HIV

Ultrasound screening Death from AAA rupture

↓ virtually immediate, and sustained
X1-number summary from PH model



METHODS

The design of MASS is described in detail elsewhere.4

Briefly, a population based sample of 67 770men aged
65-74 was recruited during 1997-9 from four centres in
the UK and randomised to receive an invitation to
screening for abdominal aortic aneurysm (invited
group) or not (control group). Among the 33 883 men
invited to screening, principally in a primary care set-
ting, 27 204 (80%) attended and 1334 aneurysms (dia-
meter ≥3.0 cm) were detected. Within this group of
detected aneurysms, surveillance involved rescanning:
annually for those with diameters of 3.0-4.4 cm and
every three months for those of 4.5-5.4 cm. Patients
were referred to a hospital outpatient clinic for possible
elective surgery when the aneurysm reached 5.5 cm,
the aneurysm had expanded by 1.0 cm or more in
one year, or symptoms attributable to the aneurysm
were reported.
We collected additional data from local hospital

records on follow-up ultrasound scanning done within
medical imaging departments and surgery for abdom-
inal aortic aneurysm. The UK Office for National Sta-
tistics notified us of deaths up to 31 March 2008, after
matching on the unique National Health Service
(NHS) number for each participant. Follow-up ranged
from 8.9 to 11.2 years (mean 10.1 years). The primary
outcome of interest—deaths related to abdominal aor-
tic aneurysm—is defined as all deaths within 30 days of
any surgery (electiveor emergency) for abdominal aor-
tic aneurysm plus all deaths with codes 441.3-441.6
(international classification of diseases, ninth revision;
see table 1).

We used unadjusted Cox regression to compare
deaths related to abdominal aortic aneurysm (censor-
ing other causes of death) and all cause mortality
between the two randomised groups. Life years gained
was derived as the area between the Kaplan-Meier
curves of deaths related to abdominal aortic aneurysm
for the control and invited groups, adjusting for the
effect of deaths from other causes.14 We also obtained
an unbiased randomisation based estimate of the ben-
efit of attending initial screening.15 This estimate was
calculated by subtracting from the controls a group
that is equivalent to the non-attending group among
those invited, thus leaving a control group comparable
to those attending in the invited group.
We estimated the cost effectiveness of screening

from a UK health service perspective, for follow-up
truncated at 10 years. The relevant unit costs are
taken from a recent UK Department of Health
report16; these are based on a detailed costing exercise
at 2000-1 prices17 uplifted to reflect 2008-9 prices.
Events costed include each invitation to screening
(£1.74; €2.02; $2.88), reinvitation to screening
(£1.70), initial scan (£25.31), recall scan (£61.07), refer-
ral for consideration for elective surgery (£411.07),
elective surgery (£9165), and emergency surgery
(£14 825). We applied discounting at the currently
recommended rate of 3.5% per year for both costs
and effects. Incremental costs and the cost effectiveness
ratio take into account censoring at the end of follow-
up by dividing the follow-up into intervals of six
months.18 19 We used Fieller’s method to calculate the
confidence interval for the incremental cost effective-
ness ratio.20

RESULTS

The flow of participants in the trial is as reported
previously,5 except for two features. Firstly, of the
1334 men with abdominal aortic aneurysm detected
at initial scan, 72% (n=963) had complete clinical fol-
low-up to 10 years according to the protocol; this com-
pares with 76% at seven years. Secondly, inability to
follow up deaths because some men may have moved
was 2.7% at 10 years, compared with 2.1% at seven

Table 1 | Deaths related to abdominal aortic aneurysm*, ruptured abdominal aortic aneurysm,
and other causes of death

Category Control group (n=33 887) Invited group (n=33 883)

Deaths related to aneurysm:

<30 days after elective surgery† 13 21

Ruptured aneurysm‡ 251 110

Ruptured aneurysm of unspecified site§ 32 24

Total No 296 155

Hazard ratio (95% CI) 1 (reference) 0.52 (0.43 to 0.63)

Ruptured aneurysm:

Non-fatal rupture 78 42

Total incidence of rupture¶ 374 197

Hazard ratio (95% CI) 1 (reference) 0.52 (0.44 to 0.62)

Other causes of death:

Ischaemic heart disease 2448 2324

Other cardiovascular 1391 1430

Non-cardiovascular** 6346 6365

All deaths 10 481 10 274

Hazard ratio (95% CI) 1 (reference) 0.97 (0.95 to 1.00)

*Codes 441.3-6 (international classification of diseases, ninth revision), or equivalently codes I71.3-4 and 8-9
(international classification of diseases, 10th revision).
†Those with ICD-9 codes 441.3-6 who died within 30 days of elective surgery are classified here.
‡ICD-9 codes 441.3 (ruptured abdominal aortic aneurysm) and 441.4 (abdominal aortic aneurysm without
mention of rupture), and all deaths occurring within 30 days of emergency surgery for abdominal aortic
aneurysm.
§ICD-9 codes 441.5 (ruptured aortic aneurysm at unspecified site) and 441.6 (aortic aneurysm at unspecified
site without mention of rupture).
¶Deaths related to abdominal aortic aneurysm plus incidence of non-fatal ruptured abdominal aortic aneurysm.
**Includes 19 deaths of unknown cause.
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Fig 1 | Cumulative deaths related to abdominal aortic
aneurysm, by time since randomisation
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Time-pattern in reduction(s) in rates/levels

Agent ↓ Risk/Rate/Level of
Blood thinners Stroke/MI
Statins LDL cholesterol

↓ disappears when agent removed



PROSTATE cancer screening: a ‘1-number’ reduction

“Average f.-up: 8.8y. Rate ratio for death from prostate cancer
in screening group:’ 0.80→ ‘AVERAGE’ reduction of 20%.”



(A) Overall vs. (B) Year-specific mortality ratios

67%

(B)
Prostate Cancer Mortality Rate Ratio (S / C)
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Follow-Up Year:
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Hanley, J Medical Screening, 2010.



FOBT screening for COLON cancer – Minnesota Trial 1976-2008



FOBT screening for COLON cancer – Minnesota Trial 1976-2008



Long-Term Mortality after Colorectal-Cancer Screening

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

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

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

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

The relative risks of death from colorectal 
cancer among participants who were less than 

C
um

ul
at

iv
e 

C
ol

or
ec

ta
l-C

an
ce

r M
or

ta
lit

y

0.03

0.02

0.01

0.00
0 5 10 15 20 25 30

Years since Randomization

No. at Risk
Control
Biennial screening
Annual screening

14,497
14,635
14,658

13,103
13,243
13,294

11,320
11,445
11,437

9157
9323
9219

6741
6802
6802

4450
4583
4498

Control
Biennial screening
Annual screening

0.03 (0.03–0.03)
0.02 (0.02–0.03)

  0.02 (0.02–0.02)

Cumulative Colorectal-Cancer Mortality
at 30 Yr (95% CI)

Control

Biennial

Annual

Figure 1. Cumulative Colorectal-Cancer Mortality.

Cumulative colorectal-cancer mortality was assessed on the basis of Kaplan–
Meier estimates, evaluated at monthly time points. Point estimates and 95% 
confidence intervals at 30 years are also shown.
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Figure 2. Cumulative All-Cause Mortality.

Cumulative all-cause mortality was assessed on the basis of Kaplan–Meier 
estimates, evaluated at monthly time points. Point estimates and 95% con-
fidence intervals at 30 years are also shown.
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Radiologists as Statisticians & vice versa
2014-10-15, 1:21 PMThe 1970 Draft Lottery in R
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Figure 1. Rep. Alexander Pirnie, R-NY, draws the first capsule in the lottery drawing held on Dec. 1, 1969. The capsule contained
the date, Sept. 14.

The last capsule drawn contained the date December 31. It was estimated by the Pentagon that men with draft
numbers in the last third, numbers 200 to 366, would escape the draft entirely. In fact, no man with a draft
number higher than 195 was called to duty.

The fairness of the draft lottery was immediately debated. Critics contended that the process was not truly
random. A New York Times article quoted a White House source as saying "discussions that the lottery was not
random are purely speculative." In that same New York Times article, Senator Edward Kennedy was quoted as
asking the National Sciences the "apparent lack of randomness" in the selection.

The Data

The data is publicly available on the internet. One source is the Data and Story Library. The draft lottery data is
located at the following URL:

http://lib.stat.cmu.edu/DASL/Datafiles/DraftLottery.html

If you have not imported data into R from external sources, you might want to first work through the activity
Importing Data in R.

One technique, as explained in Importing Data in R, suggests copying the data into a plain text file. Open a
simple text editor (e.g., Notepad on Windows or Textedit on the Mac). Copy and paste the lottery data from the
above URL, including headers (but not the descriptive information above the headers), and save the file as
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In the activity Boxplots in R we learned how to use R's boxplot command to produce a boxplot of a data set. To
examine the "fairness" of the Selective Service's draft lottery, we will produce "side-by-side" boxplots for each
month of the year. That is, we will produce 12 boxplots, one for each month of the year, each containing an
analysis of the associated draft numbers for that month. The following command will produce these "side-by-
side" boxplots shown in Figure 4.

> boxplot(Draft_No. ~ Month, data=lottery)

Figure 4. Side-by-side boxplots of draft numbers for each month.

Because the data in Month is categorical (you can see this by typing lottery$Month), the model formula
Draft_No. ~ Month causes the boxplot command to group the numerical data in Draft_No. according to the
categories in Month. Therefore, the command boxplot(Draft_No. ~ Month, data=lottery) creates 12 boxplots,
one for each month. For example, the boxplot for April (see Apr in Figure 4) contains an analysis for only those
draft numbers that were assigned to birth-dates in April. Similar comments are in order for the remaining
months.

Unfortunately, the months are sorted in alphabetical order (the default behavior). It would be more appropriate
if they were sorted in chronological order, January first, February second, etc. One solution would be to boxplot
the draft numbers versus the month number.

> boxplot(Draft_No. ~ Mo.Number, data=lottery)

This command produces the side-by-side boxplots shown in Figure 5.
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Figure 2. A scatterplot of Draft_No. versus Day_of_year.

One could also "attach" the dataframe lottery (see Dataframes in R). When we "attach" a dataframe, we can
access the columns without using the dollar notation. Thus, we can plot Draft_No. versus Day_of_year with
the following commands.

> attach(lottery)
> plot(Day_of_year,Draft_No.)

It is good practice to "detach" the dataframe when finished.

> detach(lottery)

Readers should check that these commands produce a scatterplot identical to that shown in Figure 2.

Efficient Use of Dataframes

R's plot command, coupled with a "model formula," it the most efficient way to produce a scatterplot. Without
further explanation, enter the following code. Note: Remember that ~ is a "tilde", not a minus sign, and is
located to the immediate left of the 1 key on the second row from the top of your keyboard.

> plot(Draft_No. ~ Day_of_year, data=lottery)

This command will produce the scatterplot shown in Figure 3. Note that it is identical to the scatterplot shown
in Figure 2.
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Figure 6. Side-by-side boxplots of draft numbers sorted by month.

Interpretation of Results

The image in Figure 6 is perfect. The months are now sorted in chronological order. But now, what does the
image of side-by-side boxplots tell us?

Remember, the heavy horizontal bar in each box is the median of the data set. The median draft number for the
month of December is very disconcerting. Remember, the lower the draft number, the more likely you would be
inducted to serve in Vietnam. Why does the month of December have a median that is significantly lower than
most of the other months. It seems that the men with birthdays in December are being unfairly selected. Indeed,
with the exception of October, the last remaining months of the year all have medians that are significantly
lower than the medians of the previous months. Something strange is going on!

One story offers a hint of an explanation. It seems that the capsules containing birthdays for January were
placed in a shoe-box, thoroughly mixed, then poured into the glass container shown in Figure 1. Then the same
procedure was followed for the capsules containing birthdays in February, stirring them thoroughly in a shoe-
box, then pouring them into the glass container. This same procedure was followed for the remaining months.
December was the last month processed, or so the story goes.

However, this is quite disturbing. If capsules were selected from the top of the glass container, they were more
likely to be a December birthday. According to the story, the person making the draws did not always reach
deep into the pile of capsules. This may be one explanation for why so many December birthdays were selected
early in the process and assigned low draft numbers (which correlates to a higher chance of being drafted).

This story may be an oversimplification. Readers are encouraged to explore the reasons for why this process
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Long-Term Mortality after Colorectal-Cancer Screening

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

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

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

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

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

Cumulative colorectal-cancer mortality was assessed on the basis of Kaplan–
Meier estimates, evaluated at monthly time points. Point estimates and 95% 
confidence intervals at 30 years are also shown.
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Figure 2. Cumulative All-Cause Mortality.

Cumulative all-cause mortality was assessed on the basis of Kaplan–Meier 
estimates, evaluated at monthly time points. Point estimates and 95% con-
fidence intervals at 30 years are also shown.
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Figure 5–4: Panel A: Empirical and fitted mortality reductions based on the yearly
numbers of colorectal cancer deaths in the two screening arms of the Minnesota
Colorectal Cancer Screening Study, with the 4-year hiatus. The size of each dot is
proportional to the information contribution of the empirical year-specific mortality
ratio. Because the hiatus was in calendar-time rather than follow-up time, and entries
were staggered, the timing of the screens, each denoted by an S, is only approximate.
Panel B: Projection of yearly mortality reductions in colorectal cancer that would
be generated by 15 years of uninterrupted annual and biennial fecal occult blood
screening. The grey area represents time-specific 95% confidence bands under the
biennial screening regimen.
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Abstract

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Introduction

A single hazard ratio is appropriate if the reduction in

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

acquisition following adult circumcision, the decades of

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

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

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

Cancer screening comparisons generate non-propor-

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

following the last one. In prostate cancer screening, the

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

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

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

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

reduction… but the combination of no reduction in the first

& James Anthony Hanley
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both the Copenhagen and Funen studies, a background
difference could also be accommodated by including the

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

representing this difference.

The fitting

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

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

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

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

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

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

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

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

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

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

of otherwise-fatal cancers that would still be fatal despite

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

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

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

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

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

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

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

log-likelihood contributions, and numerically maximizing
the sum.

Results

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

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

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

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

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

women stopped being screened (at age 70).

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

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

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

of some smoothing, however, it seems that the reductions

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

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

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

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

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

1994 2000 2005 2010 2015

Age

Age
No. of
Invitations

52

65 7

57

78 7

62

83 4

67

88 2

60 6

55 3

50 1

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

7 (of 41) 
birth-cohorts

are shown

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

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

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

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

• which year would have been optimal?

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



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

Like other trials/programs, Funen did not limit the

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

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

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

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

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

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

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

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

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

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

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

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

scales.

The data

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

on invitation to mammography screening in Funen were

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

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

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

the parts of Denmark where mammography screening did

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

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

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

regression-type model. Since the breast cancer mortality

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

data. The original Njor article also documented the degree

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

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

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

Data for, and fitting of, HR model

No.
Deaths

Person
Years

Invitation History
('Design' Matrix)

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

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

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

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

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

D1 + D0 = D fixed D1 ~ Binomial(D, π)

with

π = HRay × PY1 (HRay × PY1 + 1 × PY0)

HRay = ∏
AgeAtS< a

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

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

noitcudeRRH

P

τ

Otherwise-fatal cancers

%01

%019.0

%028.0

%037.0

0.6

0.5

0.4

0.3

0.2

0.1

76
5

4
3

2

1

deaths averted
because of (biennial)

screen no. ...

δ

0

0x:

2

2

4

4

6

6

8

8

10

10

12

12

14

14

16

16

18

18

20

20

22

22

Years after 1st screen

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

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

(b) (a)

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

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

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

time-specific reductions a sustained screening program

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

regard to the screening schedule, the present approach uses

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

duce a HR function.

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

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

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

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

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

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

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

tions vary considerably in age and time: cohorts first

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

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

Our proposed model separates the fundamental

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

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

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

reduction, and the single-percentage reductions reported

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

quencies and durations, and follow-up years.

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

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

yet flexible way to project the benefits with screening

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

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

computed over 30 years without considering the number of
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Our Model ... in more detail (written/video)

Webpage: screening

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

Methods

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

Applications: (TRIALS) Lung Cancer; Colon Cancer

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

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


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

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

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

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

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

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

• (by modelling, rather than registries) first remove numbers
of cases that could not have benefitted from the program.



WEB PAGE

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

or Google "James Hanley McGill screening"

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


FUNDING

Canadian Institutes of Health Research
2011-2019

Economic and Social Research Institute (Ireland)
1969

https://www.esri.ie/people/james-hanley

https://www.esri.ie/people/james-hanley
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Loneliness of Long-Distance (non-)Experimentalist
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Why do statisticians commonly limit their inquiries to Averages?

F. Galton, Natural Inheritance, 1889.

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

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



Cancer of the uterine cervix

1939: Papanicolaou began collaboration with gynaecologist and pathologist, Herbert F. Traut, and gynaecologist,
Andrew Marchetti. All women admitted to the obstetrical and gynaecological service at the New York Hospital
routinely underwent a vaginal smear. Findings included the astounding discovery that cancers unsuspected in
asymptomatic women, and undemonstrable by biopsy, could be detected by use of the vaginal smear.

Link: Papanicolaou GN, Traut HF. The diagnostic value of vaginal smears in carcinoma of the uterus. Am J Obstet
Gynecol 1941

Monograph "Diagnosis of Uterine Cancer by the Vaginal Smear" containing drawings of the various cells seen in
patients with no disease, inflammatory conditions and pre-clinical and clinical carcinoma.

Link: eponyms-and-names-in-obstetrics-and-gynaecology

Link: Ayre, James Ernest (1910-1974) Ayre’s Spatula

Link: A Simple Office Test for Uterine Cancer Diagnosis. CMAJ 1944

Link: Ayre%27s_spatula [Wiki]

Link: https://www.eurocytology.eu/en/course/1119

Link: The History of Cervical Screening I: The Pap. Test. Shaw; J Soc Ob GynCan 2000
Link: Mortality from cancer of uterus in Canada and its relationship to screening for cancer of cervix. Miller, 1977
Link: The Annual Pap Test: A Dubious Policy Success. Foltz and Kelsey. 1979.
Link: Reduced cervical cancer incidence and mortality in Canada: national data from 1932 to 2006. Dickinson
Link: Nordic countries, Incidence, 1955-2010

http://www.epi.mcgill.ca/hanley/screening/PapanicolaouTraut1941.pdf
http://www.epi.mcgill.ca/hanley/screening/PapanicolaouTraut1941.pdf
https://www.cambridge.org/core/books/eponyms-and-names-in-obstetrics-and-gynaecology/8B4CAFBDF80CEF7441CF6532779CF26D
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/A772687F7FA37582E8F43B9F18FB4A08/9781108421706c1_1-13.pdf/ayre_james_ernest_19101974.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1581512/
https://en.wikipedia.org/wiki/Ayre%27s_spatula
https://www.eurocytology.eu/en/course/1119
http://www.epi.mcgill.ca/hanley/screening/HistoryCervicalCancerScreeningShaw2000.pdf
http://www.epi.mcgill.ca/hanley/screening/Miller1976IntJCancer.pdf
https://www.ncbi.nlm.nih.gov/pubmed/104191
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3562530/
http://www-dep.iarc.fr/NORDCAN/english/Graph4l.asp?cancer=212&female=2&country%5B%5D=208&country%5B%5D=246&country%5B%5D=578&country%5B%5D=752&sYear=1940&eYear=2020&incidence=1&stat=3&age_from=1&age_to=18&orientation=2&grid=1&line=2&moving=5&submit=%A0%A0%A0Execute%A0%A0%A0


Neuroblastoma

Link: A population-based (Quebec) study of the usefulness of
screening for neuroblastoma. Lancet, 1996

Link: Screening of infants and mortality due to neuroblastoma.
Quebec. NEJM 2002

Link: neuroblastoma screening at one year of age. Germany.
NEJM 2002

Link: A Halt to Neuroblastoma Screening in Japan. NEJM 2004

http://www.epi.mcgill.ca/hanley/screening/NeuroblastomaScreeningQuebecLancet1996.pdf
http://www.epi.mcgill.ca/hanley/screening/NeuroblastomaScreeningQuebecLancet1996.pdf
http://www.epi.mcgill.ca/hanley/screening/NeuroblastomaScreeningQuebecNEJM2002.pdf
http://www.epi.mcgill.ca/hanley/screening/NeuroblastomaScreeningQuebecNEJM2002.pdf
http://www.epi.mcgill.ca/hanley/screening/NeuroblastomaScreeningGermanyNEJM2002.pdf
http://www.epi.mcgill.ca/hanley/screening/NeuroblastomaScreeningGermanyNEJM2002.pdf
http://www.epi.mcgill.ca/hanley/screening/JapanHALT2004.pdf


Breast Cancer

Link: Mammography and Beyond: Developing Technologies for the Early Detection of Breast Cancer ("to see today
with the eyes of tomorrow": a history of screening mammography) Lerner, 2001

Link: Periodic breast cancer screening in reducing mortality from breast cancer. Shapiro, Strax, Venet. JAMA. 1971.

Link: Screening for breast cancer in Quebec: estimates of health effects and of costs : report to the Ministre de la
santé et des services sociaux du Québec by the Conseil d’évaluation des technologies de la santé. Caro, 1990

Link: Is screening for breast cancer with mammography justifiable? Gozsche, Lancet 2000
Link: Mammographic screening: no reliable supporting evidence? Miettinen, et al. Lancet 2002

Link: Measuring Mortality Reductions in Cancer Screening Trials. Hanley. Epi. Reviews 2011.

Link: The impact of mammographic screening on breast cancer mortality in Europe: a review of observational
studies. Broeders et al. J Med Screen. 2012.

Link: Breast cancer mortality in mammographic screening in Europe: a review of incidence-based mortality studies.
Njor et al. J Med Screen. 2012.

Link: Measuring the Mortality Impact of Breast Cancer Screening. Hanley et al. Can J Pub Health 2013

Link: "A spider’s web": from The emperor of all maladies: a biography of cancer. Siddhartha Mukherjee. 2010.

http://www.epi.mcgill.ca/hanley/screening/ToSeeTodaywiththeEyesofTomorowAHistoryofScreeningMammography.pdf
http://www.epi.mcgill.ca/hanley/screening/ToSeeTodaywiththeEyesofTomorowAHistoryofScreeningMammography.pdf
https://jamanetwork.com/journals/jama/fullarticle/360624
https://mcgill.on.worldcat.org/oclc/1096363514
https://mcgill.on.worldcat.org/oclc/1096363514
http://www.epi.mcgill.ca/hanley/screening/gotzsche2000Lancet.pdf
http://www.medicine.mcgill.ca/epidemiology/hanley/screening/Miettinen2002Screening2articles.pdf
http://www.medicine.mcgill.ca/epidemiology/hanley/screening/EpiReviews2011.pdf
https://www.ncbi.nlm.nih.gov/pubmed/22972807
https://www.ncbi.nlm.nih.gov/pubmed/22972807
https://www.ncbi.nlm.nih.gov/pubmed/22972809
https://www.ncbi.nlm.nih.gov/pubmed/22972809
http://www.medicine.mcgill.ca/epidemiology/hanley/Reprints/HanleyEtAlCJPH2013.pdf
http://www.epi.mcgill.ca/hanley/screening/EmperorAllMaladies.pdf


Lead-Time Bias & Length-Based Sampling
Link: pages 292-293 of the Emperor of All Maladies: The story of identical twins Hope
and Prudence
.............
Link: pages 7-9 ]Length-biased sampling] in these Class Notes from bios601

Example: Imagine you wished to estimate the mean length of words by sampling
words from some text. An application might be the mean length of the words used by
Donald Trump and Hillary Clinton in the US presidential debate in 2016.
Here are the files:

http://www.biostat.mcgill.ca/hanley/screening/transcript.trump.txt
http://www.biostat.mcgill.ca/hanley/screening/transcript.clinton.txt

One way would be print the text file and blindly stick pins in the pages and take as your
sample the words you land on.

Another would be to extract the words and put them in a data frame, 1 word per row,
like this:

http://www.biostat.mcgill.ca/hanley/screening/words.trump.all.txt
http://www.biostat.mcgill.ca/hanley/screening/words.clinton.all.txt

and to sample the rows.

Which method gives the more valid estimate?

http://www.epi.mcgill.ca/hanley/screening/EmperorAllMaladies.pdf
http://www.epi.mcgill.ca/hanley/screening/EmperorAllMaladies.pdf
http://www.biostat.mcgill.ca/hanley/bios601/Epidemiology1/epi-notes-bios601-2009.pdf
http://www.biostat.mcgill.ca/hanley/screening/transcript.trump.txt
http://www.biostat.mcgill.ca/hanley/screening/transcript.clinton.txt
http://www.biostat.mcgill.ca/hanley/screening/words.trump.all.txt
http://www.biostat.mcgill.ca/hanley/screening/words.clinton.all.txt
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million women-years (WY) and 727 per 0.91 million women-years, respectively (Mantel-
Haenszel Rate Ratio 0.96). In the age cohorts that were eligible to be invited to screening, the
corresponding death rates were 1,027 per 2.90 million women-years and 1,095 per 2.67 million
women-years, respectively (Mantel-Haenszel Rate Ratio 0.88). Thus, adjusted for age, calendar
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Fig 1. The ages when they were diagnosed with, and died of, breast cancer: 66 women in one selected cohort in region 2. Some 9,274
women, aged 54 in the year 2000, followed to the end of 2013. This cohort received just two screening invitations, at ages 62 and 64, too late to
alter the course of these 66 fatal cancers. The lengths of the lighter portions of the lines are the maximal amounts by which screening might have
advanced their diagnosis and treatment. Lines are drawn diagonally to orient readers to the full Lexis diagrams used in Figs 2 and 3.

https://doi.org/10.1371/journal.pone.0188947.g001
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OVERLOOKED PRINCIPLES
How not to conduct population-based studies

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

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

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

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

Design Retrospective trend analysis.

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

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

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

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

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

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

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

Studies of cervical cancer mortality at the population level
suggest an approach that may help clarify the effectiveness of
mammography screening. A review of randomised trials on
mammography screening carried out by an international expert
group suggested that in areas with screening attendance of at
least 70%, a reduction in breast cancer mortality by about 25%

Correspondence to: P Autier philippe.autier@i-pri.org

Reprints: http://journals.bmj.com/cgi/reprintform Subscribe: http://resources.bmj.com/bmj/subscribers/how-to-subscribe
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Abstract
Objective To compare trends in breast cancer mortality within three
pairs of neighbouring European countries in relation to implementation
of screening.

Design Retrospective trend analysis.

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



Breast cancer mortality in neighbouring European
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access to treatment: trend analysis of WHO mortality
database
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Abstract
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of screening.

Design Retrospective trend analysis.

Setting Three country pairs (Northern Ireland (United Kingdom) v
Republic of Ireland, the Netherlands v Belgium and Flanders (Belgian
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Data sourcesWHO mortality database on cause of death and data
sources on mammography screening, cancer treatment, and risk factors
for breast cancer mortality.

Main outcomemeasuresChanges in breast cancer mortality calculated
from linear regressions of log transformed, age adjusted death rates.
Joinpoint analysis was used to identify the year when trends in mortality
for all ages began to change.
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29% in Northern Ireland and by 26% in the Republic of Ireland; by 25%
in the Netherlands and by 20% in Belgium and 25% in Flanders; and by
16% in Sweden and by 24% in Norway. The time trend and year of
downward inflexion were similar between Northern Ireland and the
Republic of Ireland and between the Netherlands and Flanders. In
Sweden, mortality rates have steadily decreased since 1972, with no
downward inflexion until 2006. Countries of each pair had similar
healthcare services and prevalence of risk factors for breast cancer
mortality but differing implementation of mammography screening, with
a gap of about 10-15 years.

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

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

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

Studies of cervical cancer mortality at the population level
suggest an approach that may help clarify the effectiveness of
mammography screening. A review of randomised trials on
mammography screening carried out by an international expert
group suggested that in areas with screening attendance of at
least 70%, a reduction in breast cancer mortality by about 25%
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Figures

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

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

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

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

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

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



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

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

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

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

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

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



“Cancer can be cured if detected early”



Every automobile gets a regular checkup; that is obvious.
Shouldn’t the much more complicated machine of the
human body also get regular checkups?

L: Breast Self-Exam. R: Tracking menstrual cycles (uterus)





more from Gardner (USA)



1912 American Gynecological Society met in Washington, D.C.
1913 American Society for the Control of Cancer formed
1913 What Can We Do about Cancer? Ladies’ Home Journal
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1938


