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The 21st Century Cures Act(2016)

Subtitle C
Modern Trial Design and Evidence Development
Sec. 3021. Novel Clinical Trial e Requires FDA to hold a public meeting and 1ssue guidance documents

Designs. that would assist sponsors in incorporating adaptive designs and novel
statistical modeling into new drug applications.

e Requires FDA to evaluate the use of real world evidence to help support

Sec. 3022. Real World Evidence. the approval of a new indication for a previously approved drug and to
help support or satisfy post-approval study requirements.

e Requires the Secretary of HHS to harmonize differences between the

Sec. 3023. Protection of Human human subject regulations under the Common Rule and the Federal

Research Subjects. Food DI'Ug and Cosmetic Act.

e Streamlines the institutional review board process for trials that are
being conducted at multiple sites.

Sec. 3024. Informed Consent e Provides FDA the flexibility to waive or alter informed consent
Waiver or Alteration for Clinical requirements for clinical trials with minimal risk, similar to existing
Investigations. flexibility for HHS and NIH under the Common Rule.
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A Demonstration of the Second Rule in the Essay towards the Solution
of a Problem in the Doctrine of Chances

Issue 54,
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Bayes’ theorem examined in the light of experimental

sampling

BAYES' THEOREM, EXAMINED IN THE LIGHT
OF EXPERIMENTAL SAMPLING.

By EGON 8. PEARSON, M.A.

1. In reading from the long succession of papers, and chapters in books on the
theory of probability that have been written on the problem of “inverse prob-
abilities” during the last century and a half, it is difficult not to be struck by the
absence of any systematic attempt to put the theoretical rules to the test. Both
the supporters and detractors of what has been termed Bayes’ Theorem have relied
almost entirely on the logic of their argument; this has been so from the time
when Price*, communicating Bayes' notes to the Royal Society, first dwelt on the
definite rule by which a man fresh to this world ought to regulate his expectation
of succeeding sunrises, up to recent days when Keynest has argued that it is
almost discreditable to base any reliance on so foolish a theorem. Such appeals to
experience as have been made are of little final value; Venn} it is true realised
that the rule could not be tested by single instances but only in the long run of
experience, yet after giving three unfavourable cases he was content to leave
matters with the assurance that the experimenter “could hardly fail” to find
himself “ grossly wrong ” if he based his expectation on the rule in further trials.
The main reason why the critics have failed to produce any solid evidence in
favour of their contentions, is perhaps because they have felt that the “equal
distribution of ignorance” and the “distribution of a priori probabilities” are
conceptions too intangible and unreal to be brought to the test of numbers, but
the supporters of the theory can have no excuse for leaving matters as they stand
except the plea of the time and labour involved in collecting data. If Bayes'
Theorem is of practical value to the statistician it must be possible to show by
a series of ad hoc experiments that the predictions which it makes are in fact
justified. My excuse therefore in returning to this much and long discussed
subject is to describe the results of a long series of experimental samplings which
have been carried out at intervals during the last four years with a view to making
more clear the use and the limitations of Bayes' Theorem in the field of practical
statistics. But before dealing with the experiments it will be helpful to consider
certain aspects of the problem from the theoretical point of view.

According to Price§, Bayes originally reached his result by a “ very ingenious
solution ” based on the supposition that * the chance was the same that the prob-
* Phil. Trans, Vol. rarn 1763, p. 370 et seq.

+ A Treatise on Probability, 1921, p. 882.

1 The Logic of Chance, 1876, p. 180,
§ loc. cit,

Egon PearsonDXEBD:E

Biometrica (17) 388-442,1925
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Credibility procedures: Laplace’s generalization of Bayes’
rule and the combination of collateral knowledge with
observed data — :

CREDIBILITY PROCEDURES
LAPLACE'S GENERALIZATION OF BAYES' RULE
AND THE COMBINATION OF
COLLATERAL ENOWLEDGE WITH OBSERVED DATA

BY ARTHUR L. BAILEY

“If thou canst believe, all things are possible
to him that believeth.”
Mark 9:23

BaileyD:&X
The casualty insurance business has used eredibility formulas or procedures a I ey l:llm

for many years in making rates or in experience rating plans. These formulas
have been used to determine the weight to be given to the indications of actual
observations in a combination of such indications with a priori expectations
which were based either on other actual data, on prior knowledge or on rea-
sonable assumptions made before actual observations were available. Such
formulas have invariably provided that the weight to be given to actual
observations increase as the volume of such observations increases.

Last December the discussion of a paper by Mr. T. O. Carlson, entitled
“Statistical and Actuarial Procedures in Liability Insuranece”*[1], pointed out
that casualty insurance uaderwriters and actuaries believe that they are not
devoid of knowledge before they have acquired any statistics from observed
data, and that this belief results in the use of credibility formulas to produce
weighted averages of that prior knowledge and the information provided by
the observed data. The remarks made at that time were general and unsup-
ported by any demonstration. In fairness to other statisticians and to students
of casualty insurance, it appears desirable to present a complete development
from basic principles to show exactly the basis upon which credibility formulas
rest and to make evident the point at which the classical statistical theory,
particularly that of statistical estimation, departs from that used by cas-
ualty actuaries.

The bas}s fohr tl;ese credibility formulas lillashbeen 'Is}hgrofound rgyggeg to
most people who have come in contact with them. actuary fin em -
difficult t.g explain and, in some cases, even difficult to understand. Paradoxical Vo I u XXXVI I I Pa g e 7 2 3 1 1 9 5 0 4
as it may be, the more contact a person has had with statistical practices in

other fields or the more training a person has had in the theory of mathemati- Proceedings Of the Casualty

cal s&tg.tistics. tl}-:e m?rc"le diﬂ‘}cul_]lt it hais been to understand these credibility
procedures or the validity of their application. i I
The credibility formulas for casualty insurance have been accepted in the ACtuar | al S ocCi ety
past, and continue to be accepted at the present time, because it appears to
most people to be logical and reasonable to give the indications of a large

volume of data more consideration or weight than the indieations of a small
volume of data. How much weight the indications of specific volumes of data

* Numerals in brackets refer to the References at the end of this paper.
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Smoking and Carcinoma of the Lung

BRITISH MEDICAL JOURNAL

LONDON SATURDAY

SEPTEMBER 30 1950

SMOKING AND CARCINOMA OF THE LUNG

PRELIMINARY REPORT .

By

RICHARD DOLL, M.D., MR.C.P.
Member of the Sratistical Research Unit of the Medical Research Counci]

AND

A. BRADFORD HILL, Ph.D., Dn.Sc.

Professor of Medical Stavisties, London School of Hygiene and Tropical Medicine ; Honorary Direcror of the Stasistical
Research Unir of rhe Medical Research Councl!

In England and Wales the phenomenal increase in the
number of deaths attributed to cancer of the lung pro-
vides one of the most striking changes in the pattern of
mortality recorded by the Registrar-General, For example,
in the quarter of a century between 1922 and 1947 the
annual numbeér of deaths recorded increased from 612 to
9.287. or roughly fifteenfold. This remarkable increase is,
of course, out of all proportion te the increase of popula-
tion—both in total and, particularly, in its older age groups.
Stocks (1947), using standardized death rates to allow for
these population changes, shows the following trend : rate
per 100,000 in 1901-20, males 1.1, females 0.7 ; rate per
100000 in 1936-9, males 10,6, females 2.5, The rise seems
te have been particularly rapid since the end of the first
world war ; between 1921-30 and 19404 the death rate of
men al ages 45 and over increased sixfold and of women of
the same ages approximately threefold. This increase is still
comtinuing. It has occurred, too, in Switzerland, Denmark,
the U1.5.A,, Canada, and Australia, and has been reported
from Turkey and Japan,

Many writers have studied these changes, considering
whether they denote a real increase in the incidence of the
disease or are doe merely w0 improved standards of diag-
nosis.  Some belicve that the latter factor can be regarded
as wholly, or at least mainly, responsible—for example.
Willis (1948), Clemmesen and Busk (1947), and Steiner
{1944). On the other hand, Kennaway and Kennaway
(1947) and Stocks (1947) have given good reasons for
believing that the risc is at least partly real. The latter,
for instance, has pointed out that * the increase of certified
respiratory cancer mortality during the past 20 vears has
been as rapid in country districts as in the cities with the
best diagnostic facilities, a [act which does not support the
view that such increase merely reflects improved diagnosis
of cases previously certified as bronchitis or other respira-
tory affections.” He also draws attention to differences in
moriality between some of the large cities of England and
Wales, differences which it is difficult to explain in terms
of diagnostic standards.

The lurgl: and continued increase in the recorded deaths
even within the last five years, both in the national figures
and in those from teaching hospitals, also makes it hard to
believe that improved diagnosis is entirely responsible, In
short, there is sufficient reason to reject that factor as the

whole explanation, although no onc would deny that it
may well have been contributory. As a corollary, it is
right and proper to seek for other causes,

Possible Causes of the Increase

Two main causcs have from lime to time been put for-
ward : (1) a gencral atmospheric pollution from the exhaust
fumes of cars, from the surface dust of tarred roads, and
from gas-works, industrial plants, and coal fires; and
(2) the smoking of tobacco. Some characteristics of the
former have certainly become more prevalent in the last
50 years, and there is also no doubt that the smoking of
cigarettes has greatly increased. Such associated changes
in time can, however, be no more than suggestive, and until
recently there has been singularly little more direct ewi-
dence. That evidence, based upon clinical axperience and
records, relates mainly to the use of tobacco, For instance,
in Germany, Midller (1939) found that only 3 out of 86
male patients with cancer of the lung were non-smokers,
while 56 were heavy smokers, and, in contrast, among 86
“ healthy men of the same age groups ™ there were 14 non-
smokers and only 31 heavy smokers, Similarly, in America,
Schrek and his co-workers (1950) reported that 14.6% of
82 male patients with cancer of the lung were non-smokers,
against 23.9% of 522 male patients admitted with cancer
of sites other than the upper respiratory and digestive
tracts, In this country, Thelwall Jones (1949—personal
communication) found & non-smokers in 82 patients with
proved carcinoma of the lung, compared with 11 in a corre-
sponding group of patients with diseases other than cancer ;
this difference is slight, but il is more striking that there
were 28 heavy smokers in the cancer group, against 14 in
the comparative group.

Clearly none of these small-scale inquiries can be
accepted as conclusive, but they all point in the same direc-
tion. Their evidence has now been borne out by the results
of a large-scale inquiry undertaken in the USA. by
Wynder and Graham (1950).

Wynder and Graham found that of 605 men with
epidermoid, undifferentiated, or histologically unclassified
types of bronchial carcinoma only 1.3% were “non-
smokers "—that is, had avefaged less than one cigar-
ette a day for the last 20 years—whereas 51.2% of them
had smoked more than 20 cigarettes a day ower 1h:‘s;3m=

Doll & HillDFwX

Br Med J. 1950 Sep
30;2(4682):739-48.
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