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Breastconservation
therapy

is an appropriate
m

ethod
ofprim

ary
therapy

in
the m

ajority
ofw

om
en

w
ith

stage
I and II breastcancer and is preferable

because
it providessurvivalequivalentto total m

astectom
y

and axillary
dissection

w
hile

preserving
the breast.

(M
edian follow

-up
6.5 yearsin 6 m

ajor trials)
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54.9 percent) or in recurrence as a first event (odds ra-
tio, 1.01), but radiotherapy w

as associated w
ith few

er
isolated local recurrences (odds reduction, 15!

8 per-
cent; P

"
0.06).

Trials Invo
lvin

g
 O

th
er C

o
m

p
ariso

n
s

O
f the rem

aining com
parisons of m

ortality, only one
w

as statistically significant (Fig. 3f and A
ppendix 2C

);
in this trial m

astectom
y plus axillary clearance plus

som
e radiotherapy appeared to be better than breast-

conserving surgery w
ithout axillary clearance but w

ith
additional radiotherapy. T

he difference in m
ortality (64

percent vs. 72 percent; P
"

0.01) w
as greater than w

ould
be expected from

 the other results presented here. T
his

m
ay 

reflect 
the 

particular 
treatm

ents 
used 

in 
this

study
13 or the effects of chance, as is possible in any tri-

al. A
nalyses of m

ortality in various other trials of local
therapy are listed in A

ppendix 2D
.

D
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C
U

S
S
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N

Som
e of the local therapies for breast cancer had

substantially different effects on the rates of local recur-
rence, but there w

ere no definite differences in overall
10-year survival. It has long been accepted that radio-
therapy can delay or prevent local or regional recur-
rence in w

om
en w

ith early breast cancer, as m
ay m

ore
extensive surgery. M

ore recently, it has appeared that

radiotherapy can also produce a sm
all increase in the

rate of death from
 causes other than breast cancer. 4 In

this extensive overview, w
e confirm

ed these findings,
but w

e could not assess separately the effects of treat-
m

ent on deaths from
 cardiovascular or other specific

causes or the relevance of particular details of radiolog-
ic or surgical technique. O

ur findings indicate, how
ev-

er, that the absolute excess rate of non
–breast-cancer

m
ortality during the first decade or so after radiother-

apy is strongly related to age. A
m

ong w
om

en w
ho w

ere
under 50 w

hen they underw
ent irradiation, the appar-

ent excess is just a few
 deaths not due to breast cancer

per 1000 w
om

en, w
hereas am

ong w
om

en w
ho w

ere 60
or older at the tim

e of radiotherapy, it is a few
 per 100.

A
s Table 2 suggests, the excess m

ay persist for m
ore

than 10 years. If such a proportional excess persists in-
definitely, the absolute excess m

ight becom
e apprecia-

ble even am
ong w

om
en w

ho w
ere under 50 w

hen they
received radiotherapy. A

lthough the radiotherapy tech-
niques differed substantially am

ong the studies, the
overall result still provides a valid m

easure of the value
of such treatm

ent.
A

 central question about local therapy for early
breast cancer is w

hether m
ore-extensive treatm

ent sig-
nificantly reduces long-term

 m
ortality from

 breast can-
cer. T

he current analyses show
 that any reduction can-

not be large, at least during the first decade. B
ut even

a sm
all difference could be im

portant, especially if
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The random
ised

studies: m
ortality

results
have

been
published,and

the
m

edian
follow

up
is

now
approxim

ately
14.7

years. 3,12–16
In

this
report,

w
e

provide
a

pooled
analysis

(m
etaanalysis)

of
the

updated
results

of
these

6
trials.

T
he

m
ajor

strength
of

a
pooled

analysis
is

that
it

allow
s

one
to

detectsm
alldifferences

in
outcom

e
thatm

ight
not

be
readily

evident
in

the
individual

trials.
A

n
additional

strength
of

this
particular

analysis
is

that
it

dem
onstrates

outcom
es

after
long-term

follow
up.

In
this

analysis,
w

e
com

pare
overall

m
ortality

and
recurrence

risk
betw

een
patients

treated
w

ith
M

T
and

B
C

T
.

W
ithin

these
trials,

there
w

ere
differing

definitions
for

“lo-
coregionalrecurrence.”

T
herefore,to

facilitate
com

parisons,w
e

calculated
results

for
both

locoregionaland
totalrecurrence.

StatisticalM
ethods

T
he

m
ethod

of
Y

usuf
etal 17

w
as

used
to

com
bine

odds
ratio

estim
ates

from
differenttrials.From

the
2

!
2

table
for

each
trial,the

observed
num

ber
(O

)
of

treatm
ent

events
w

as
com

pared
w

ith
that

expected
(E

)
under

the
null

hypothesis
given

the
num

bers
ofpatients

perarm
and

the
totalnum

berof
events.

T
he

discrepancy
O

–E
betw

een
the

observed
and

expected
num

bers
of

treatm
ent

events
w

as
standardized

by
dividing

by
the

square
root

of
its

variance,
V

,
to

form
a

z-score:
Z

"
(O

–E
)/V

1/2.
T

he
odds

ratio
w

as
estim

ated
as

exp{(O
–E

)/V
}.A

pooled
odds

ratio
w

as
obtained

as
follow

s:
O

–E
values

w
ere

sum
m

ed
across

trials,as
w

ere
V

values,and
the

pooled
odds

ratio
estim

ate
w

as
exp{#

(O
-E

)/#
V

}.
H

eterogeneity
of

results
from

different
trials

w
as

checked
using

the
test

statistic
Q

"
#

{(O
–E

) 2/V
}-{#

(O
–

E
)}

2/#
V

,
w

hose
null

distribution
is

approxim
ately

chi-
squared

w
ith

degrees
of

freedom
equal

to
1

less
than

the
num

ber
of

trials.
O

dds
ratios

and
confidence

intervals
for

differenttrials
w

ere
plotted

in
a

Petogram
using

a
doubling

scale
so

that,for
exam

ple,odds
ratios

of
2:1

and
1:2

appear
equidistantand

in
opposite

directions
from

the
nullodds

ratio
of

1.G
albraith

18

plots
w

ere
also

used
in

w
hich

the
am

ount
of

inform
ation

in
different

trials
(reflected

by
1/se,

w
here

se
is

the
standard

deviation
of

the
log

odds
ratio

estim
ate)

is
plotted

on
the

horizontal
axis

and
the

z-scores
are

plotted
on

the
vertical

axis.T
he

slope
ofthe

bestfitting
line

through
these

points
and

forced
through

the
origin

is
the

pooled
log

odds
ratio

esti-
m

ate.N
egatively

sloped
lines

indicate
thatB

C
T

is
better,and

positively
sloped

lines
indicate

thatM
T

is
better.A

lso
show

n
in

the
G

albraith
plot

are
dotted

lines
parallel

to,
and

2
units

above
and

below
,

the
regression

line.
T

hese
are

to
visually

assess
w

hether
trial

results
are

hom
ogeneous;

under
hom

o-
geneity,only

approxim
ately

1
in

20
points

should
lie

outside
the

2
dotted

lines.

RESU
LTS

T
able

1
show

s
the

m
ortality

results
and

w
eight

each
trial

receives
in

the
pooled

analysis.
Figure

1
show

s
a

Petogram
of

odds
ratios

and
their

confidence
intervals

ordered
by

interval
length.

T
rials

w
ith

sm
aller

intervals
contain

m
ore

inform
ation.

O
nly

1
trial

(E
O

R
T

C
)

produced
statistically

significant
results,

and
the

pooled
odds

ratio
w

as
not

statistically
significant

(odds
ratio

$O
R

%,1.070;95%
confidence

interval$C
I%,0.935–1.224;P

"
0.33).T

he
G

albraith
plotin

Figure
2

show
s

a
slightly

positive
slope

w
ith

a
w

eak
suggestion

of
im

proved
results

w
ith

M
T

.
N

one
of

the
6

points
lie

outside
the

2
dotted

lines,so
results

of
different

trials
appear

to
be

hom
ogeneous.

T
able

2
show

s
the

locoregional
recurrence

results
and

w
eight

each
trial

received
in

the
pooled

analysis.
T

here
w

as
a

substantial
reduction

in
locoregional

re-
currence

for
M

T
com

pared
w

ith
B

C
T

.
T

he
Petogram

of
Figure

3
show

s
that4

of
the

6
trials

dem
onstrated

statistically
significant

benefit
for

M
T

,
and

the
pooled

odds
ratio

also
show

ed
a

statistically
significantbenefit(O

R
,1.561;95%

C
I,

1.289
–1.890;

P
&

0.001).
T

he
relatively

steep
slope

in
the

G
albraith

plot
of

Figure
4

reinforces
the

conclusion
that

M
T

reduces
locore-

gional
recurrence.

Figure
4

also
show

s
that

results
w

ere
heterogeneous

across
trials.A

pproxim
ately

half
of

the
points

w
ere

beyond
or

at
least

on
the

border
of

the
2

dotted
lines,

TA
BLE

1.
M
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T
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B
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T
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O

dds
R
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C
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W
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P-06
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0.989
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0.046
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H
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1.032
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0.080
N

C
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1.146
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0.241
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R

(Paris)
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33/91
0.662

(0.354–1.240)
0.355

E
O

R
T

C
10801

208/448
165/420

1.338
(1.023–1.750)

0.065
D

anish
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35/429
1.029

(0.633–1.671)
0.213

Pooled
1.070

(0.935–1.224)
1
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The random
ised

studies: Localrecurrence

w
hereas

w
e

w
ould

only
expectapproxim

ately
1

in
20

outside
the

dotted
lines

assum
ing

hom
ogeneity.

T
he

statistical
test

corroborates
this

visualim
pression;the

hom
ogeneity

P
value

is
0.003.

O
ne

approach
to

heterogeneity
is

a
sensitivity

analysis
to

see
w

hether
results

change
w

hen
1

trial
is

excluded.
A

nother
approach

is
to

use
a

random
-effects

m
etaanalysis

allow
ing

random
trial-to-trial

variability
beyond

that
ex-

plained
by

sam
pling

variability.T
he

locoregional
recurrence

difference
betw

een
B

C
T

and
M

T
rem

ained
significant

in
sensitivity

analyses
and

random
-effects

m
etaanalysis.

T
able

3
show

s
the

total
recurrence

rates
of

different
trials

and
the

w
eight

each
received

in
the

pooled
analysis.

M
T

reduced
overall

recurrence
(O

R
,

1.361;
95%

C
I,

1.171–1.582;
P

!
0.001).

T
he

Petogram
in

Figure
5

show
s

that
3

of
the

4
trials

w
ith

total
recurrence

data
show

ed
a

statistically
significant

benefit
for

M
T

.
Figure

6
show

s
that

the
trials

had
evidence

of
hetero-

geneity.
T

w
o

of
the

4
trials

are
outside

the
dotted

lines
beyond

w
hich

only
5%

w
ould

be
expected

if
the

trials
w

ere
hom

ogeneous.
T

he
P

value
for

hom
ogeneity

of
0.015

pro-
vides

statistical
confirm

ation
that

trials
w

ere
heterogeneous.

D
espite

the
fact

that
trials

w
ere

heterogeneous,
a

sen-
sitivity

analysis
in

w
hich

1
trial

at
a

tim
e

w
as

discarded
confirm

ed
the

benefit
of

M
T

in
term

s
of

overall
recurrence

(data
not

show
n).

FIG
U

RE
2.

A
G

albraith
plot

of
the

m
ortality

data
from

the
6

trials
show

s
a

slightly
positive

slope,
a

w
eak

suggestion
of

im
proved

results
w

ith
m

astectom
y.

N
one

of
the

results
from

the
6

trials
lie

outside
the

2
dotted

lines,
so

results
of

the
different

trials
appear

to
be

hom
ogenous.

TA
BLE

2.
LocorgionalRecurrence

(N
um

ber
ofPatients

W
ith

LocoregionalRecurrence/N
um

ber
Random

ized)

T
rial

B
reast-conserving

T
herapy

M
astectom

y
O

dds
R

atio
(95%

C
onfidence

Interval)
W

eight

N
SA

B
P-06

129/628
87/589

1.484
(1.106–1.992)

0.041
W

H
O

(M
ilan)

30/352
8/349

3.365
(1.751–6.468)

0.202
N

C
I–U

SA
31/121

11/116
3.010

(1.547–5.857)
0.209

IG
R

(Paris)
12/88

15/91
0.802

(0.354–1.814)
0.315

E
O

R
T

C
10801

76/448
45/420

1.683
(1.146–2.471)

0.070
D

anish
20/430

27/429
0.728

(0.405–1.311)
0.163

Pooled
1.561

(1.289–1.890)
1

FIG
U

RE
1.

M
ortality

results
show

n
on

a
Petogram

w
ith

odds
ratios

and
confidence

intervals.O
nly

1
trial(EO

RTC
)produced

significant
results,and

the
pooled

odds
ratio

w
as

not
statisti-

cally
significant

(odds
ratio,

1.070;
95%

confidence
interval,

0.935–1.224;P
"

0.33).
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Rem
arks

•
Studies are

statistically
hom

ogenousre m
ortality

•
…

butheterogenousre localrecurrence
(lum

pectom
y

→
 

quadrantectom
y)

•
Resultsnot sensitive to exclusion

ofany
ofthe trials

•
1990 statem

ent, 1995 and 2005 findingsconsistent
•

Com
patible

w
ith

the EBCTCG overview
soflesservs m

ore
surgery

•
Com

paresbreastconserving
surgery+ RT w

ith
m

astectom
y+ RT 

w
hen

indicated



Clinical panoram
a afterthe trials

•At average
less advanced

disease
•M

uch
w

iderindicationsfor adjuvantsystem
ictherapy

•Guidelinesgenerally
prescribe

m
icroscopically

free
m

argins
•Considerably

betterdiagnosticproceduresto confirm
m

ultifocality
•A m

uch
largerproportion ofw

om
en

having
screen-detected

disease



The three
last pointshave

a largerim
pactin the BCT group:

A stage
drift ofa largerproportion ofsevere

casesin the M
T group

follow
s.

Lead
tim

e
is added

at a largerquantity
to the BCT group.

Today’spracticesalso
invokesa situation w

here
in observational

studies there
are

few
patients w

ho
have

M
T in reality

could
have

been
offered

BCT on sound m
edicalgrounds.



Rand
Baseline

Intervention
A

Baseline
Intervention

B

Protocolised
follow

-up

A proper random
isation

createstw
o

groupsvery
sim

ilarat baseline
before

any
intervention:

Avoidsselection
bias, the m

ajor threatin clinicalstudies. ITT possible.

W
ell-defined

interventions dictatesindicationsfor add-on therapies: avoidsconfounding.

W
ell-defined

and recorded
follow

-up: avoidsinform
ation bias

Confounding
and inform

ation bias not ”autom
atically” rem

oved
by random

isation



Clinical 
practice

Baseline
Intervention

A?

Baseline
Intervention

B?

Not
protocolised
follow

-up

Selection: m
any

factorsofthe process not recorded
at all and m

any
othersare

recorded
crudely

or w
ith

m
isclassification. Few

M
T patients today

not even
suitable

for BCT. 

Interventions not w
elldefined

and e.g. inform
ation on add-on therapiesm

ay
be com

pletely
m

issing.

Follow
-up

not protocolised
and sim

ilarfor groups: m
ay

not be large
problem

 for m
ortality.

Essentially
a PP analysis



M
ethods

to m
im

ic
RCT in observationaldata

•No consensus
•Propensity

scoring
only

accountsfor know
n

and m
easured

disturbing
factors
•Instrum

ental variable
analysiscan

accountfor unknow
n

and 
unm

easured
factors, butrequire

strongerassum
ptions

•Both
m

ethodsare
only

valid for those
patients w

ho
m

ighthave
been

offered
both

treatm
ents: m

ay
be a very

sm
all group

today
•All m

odelling
require

advanced
assum

ptions–
m

ostoften
not 

verifiable
•FurtherdifficultiesifITT should

be m
im

icked



O
R

IG
IN

A
L

A
R

TIC
LE

O
bservationalStudies

Analyzed
Like

Random
ized

Experim
ents

An
Application

to
Postm

enopausalHorm
one

Therapy
and

Coronary
HeartDisease

M
iguelA.H

ernán, a,b
Alvaro

Alonso, c
Roger

Logan, a
Francine

G
rodstein, a,d

K
arin

B.M
ichels, a,d,e

W
alter

C
.W

illett, a,d,fJoAnn
E.M

anson, a,d,g
and

Jam
es

M
.Robins a,h

B
ackground:

The
W

om
en’s

H
ealth

Initiative
random

ized
trial

found
greatercoronary

heartdisease
(C

H
D

)risk
in

w
om

en
assigned

to
estrogen/progestin

therapy
than

in
those

assigned
to

placebo.
O

bservationalstudieshad
previously

suggested
reduced

C
H

D
risk

in
horm

one
users.

M
ethods:U

sing
data

from
the

observationalN
urses’H

ealth
Study,

w
e

em
ulated

the
design

and
intention-to-treat(ITT)

analysis
of

the
random

ized
trial.The

observational
study

w
as

conceptualized
as

a
sequence

of
“trials,”

in
w

hich
eligible

w
om

en
w

ere
classified

as
initiators

or
noninitiators

of
estrogen/progestin

therapy.
R

esults:The
ITT

hazard
ratios

(H
R

s)(95%
confidence

intervals)of
C

H
D

forinitiators
versus

noninitiators
w

ere
1.42

(0.92–2.20)forthe
first2

years,and
0.96

(0.78–1.18)forthe
entire

follow
-up.The

ITT
H

R
sw

ere
0.84

(0.61–1.14)in
w

om
en

w
ithin

10
yearsofm

enopause,
and

1.12
(0.84–1.48)in

the
others

(P
value

forinteraction
!

0.08).
These

ITT
estim

ates
are

sim
ilar

to
those

from
the

W
om

en’s
H

ealth
Initiative.B

ecause
the

ITT
approach

causes
severe

treatm
ent

m
is-

classification,
w

e
also

estim
ated

adherence-adjusted
effects

by
in-

verse
probability

w
eighting.The

H
R

s
w

ere
1.61

(0.97–2.66)forthe
first2

years,and
0.98

(0.66–1.49)forthe
entire

follow
-up.The

H
R

s
w

ere
0.54

(0.19–1.51)
in

w
om

en
w

ithin
10

years
after

m
enopause,

and
1.20

(0.78–1.84)in
others

(P
value

forinteraction
!

0.01).W
e

also
present

com
parisons

betw
een

these
estim

ates
and

previously
reported

N
urses’

H
ealth

Study
estim

ates.
C

onclusions:
O

ur
findings

suggest
that

the
discrepancies

betw
een

the
W

om
en’s

H
ealth

Initiative
and

N
urses’

H
ealth

Study
ITT

esti-
m

atescould
be

largely
explained

by
differencesin

the
distribution

of
tim

e
since

m
enopause

and
length

of
follow

-up.

(Epidem
iology

2008;19:766–779)

C
ausalinferences

are
draw

n
from

both
random

ized
exper-

im
ents

and
observational

studies.W
hen

estim
ates

from
both

types
ofstudies

are
available,itis

reassuring
to

find
that

they
are

often
sim

ilar. 1–3
O

n
the

other
hand,w

hen
random

-
ized

and
observational

estim
ates

disagree,
it

is
tem

pting
to

attribute
the

differences
to

the
lack

of
random

treatm
ent

assignm
entin

observationalstudies.
This

lack
of

random
ization

m
akes

observationaleffect
estim

ates
vulnerable

to
confounding

bias
due

to
the

different
prognosis

of
individuals

betw
een

treatm
ent

groups.The
po-

tential
for

confounding
m

ay
dim

inish
the

enthusiasm
for

other
desirable

features
of

observational
studies

com
pared

w
ith

random
ized

experim
ents–greatertim

eliness,lessrestric-
tive

eligibility
criteria,

longer
follow

-up,
and

low
er

cost.
H

ow
ever,even

though
random

ization
is

the
defining

difference
betw

een
random

ized
experim

ents
and

observational
studies,

further
differences

in
both

design
and

analysis
are

com
m

on-
place.A

s
a

consequence,observational-random
ized

discrepan-
cies

cannotbe
autom

atically
attributed

to
random

ization
itself.

In
this

paper
w

e
assess

the
extent

to
w

hich
differences

otherthan
random

ization
contribute

to
discrepantobservational

versus
random

ized
effectestim

ates
in

the
w

ell-know
n

exam
ple

ofpostm
enopausalestrogen

plus
progestin

therapy
and

the
risk

of
coronary

heartdisease
(C

H
D

).Specifically,w
e

explore
dis-

crepancies
attributable

to
different

distributions
of

tim
e

since
m

enopause,length
offollow

-up,and
analytic

approach.
The

published
findings

on
this

topic
can

be
briefly

sum
-

m
arized

as
follow

s.
Large

observational
studies

suggested
a

reduced
risk

of
C

H
D

am
ong

postm
enopausal

horm
one

users.
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M
ost often

O
bs and RCT agree, but…



Another notable exam
ple

ofdiscrepancy
observationalstudies

and RCT:

HRT aftera breastcancer diagnosis. A carefully
done

case/control
study

(and w
eakercohortstudies) had

contrary
resultsto tw

o
RCT:s.



W
e

w
illnot know

ifan observationalstudy
livesup

to ourpresent dem
andson causalinference

in clinicalstudies
untilw

e
have

done
the confirm

ing
RCT.

In today’sclinicalpractice, how
ever, a new

 trial ofBCT vs
M

T m
ay

not be a high
priority.


