
There is growing interest in the overdiagno-
sis of breast cancer resulting from mam-
mography screening.1,2 It has been sug-

gested that incidence rates after the introduction of
mammography screening are higher than would be
expected from the early detection of clinically sig-
nificant disease alone. The clinical importance of
ductal carcinoma in situ has long been unclear, and
recent attention has also focused on the potential
overdiagnosis of invasive cancer.1,3,4 Furthermore,
more frequent screening, wider age ranges and
higher false-positive rates in much of North Amer-
ica may result in increased overdiagnosis5 in com-
parison with Europe, the source of most reports.

The Screening Mammography Program of
BC provides bilateral 2-view mammography
screening to female residents of British Colum-
bia. The program began in 1988 at a single loca-
tion and progressively expanded by adding cen-
tres in larger communities and extending mobile

services; by 2000, geographic coverage was
effectively 100%. Women aged 40–79 years are
eligible to self-refer. Since 1997, women aged
40–49 years are reminded to return annually, and
those over 50 years of age are reminded to return
biennially. Women outside of this age-range can
undergo screening with a physician’s referral.
Rates of abnormal results on screening mam-
mography in British Columbia are comparable to
the community rates seen in the United States.6

Our primary objective for this study was to
estimate the extent of overdiagnosis of breast
cancer due to screening. To do this, we examined
cancer rates in the following subpopulations: all
women 1970–1979, and women in 2005–2009
classified by active and nonactive participation in
screening. From 1970 to 1979, screening was
infrequent and no organized program existed. In
the period 2005–2009, screening was well estab-
lished and  the use of hormone replacement ther-
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Background: There has been growing interest
in the overdiagnosis of breast cancer as a
result of mammography screening. We report
incidence rates in British Columbia before and
after the initiation of population screening
and provide estimates of overdiagnosis.

Methods: We obtained the numbers of breast
cancer diagnoses from the BC Cancer Registry
and screening histories from the Screening
Mammography Program of BC for women aged
30–89 years between 1970 and 2009. We calcu-
lated age-specific rates of invasive breast cancer
and ductal carcinoma in situ. We compared
these rates by age, calendar period and screen-
ing participation. We obtained 2 estimates of
overdiagnosis from cumulative cancer rates
among women between the ages of 40 and 89
years: the first estimate compared participants
with nonparticipants; the second estimate com-
pared observed and predicted population rates.

Results: We calculated participation-based esti-
mates of overdiagnosis to be 5.4% for invasive

disease alone and 17.3% when ductal carcinoma
in situ was included. The corresponding popula-
tion-based estimates were –0.7% and 6.7%. Par-
ticipants had higher rates of invasive cancer and
ductal carcinoma in situ than nonparticipants
but lower rates after screening stopped. Popula-
tion incidence rates for invasive cancer increased
after 1980; by 2009, they had returned to levels
similar to those of the 1970s among women
under 60 years of age but remained elevated
among women 60–79 years old. Rates of ductal
carcinoma in situ in creased in all age groups.

Interpretation: The extent of overdiagnosis of
invasive cancer in our study population was
modest and primarily occurred among women
over the age of 60 years. However, overdiag-
nosis of ductal carcinoma in situ was elevated
for all age groups. The estimation of over-
diagnosis from observational data is complex
and subject to many influences. The use of
mammography screening in older women has
an increased risk of overdiagnosis, which
should be considered in screening decisions.
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apy for menopause had declined.7 Our secondary
objective was to determine the changes in popu-
lation incidence of breast cancer, both invasive
and ductal carcinoma in situ, following the
implementation of a population-based screening
program. Thus, we report an analysis of popula-
tion age-specific incidence rates in British
Columbia over a 40-year period (1970–2009).

Methods

Study population and data sources
We obtained data on invasive breast cancer and
ductal carcinoma in situ diagnosed in female resi-
dents of British Columbia between 1970 and 2009
from the BC Cancer Registry. We obtained esti-
mates of population size for the same period from
BCStats. We extracted data on identifiers and
mammography screens performed between 1988
(the screening program’s inception) and 2009
from the Screening Mammography Program of
BC database, which is a complete longitudinal
record of all screens performed as part of the pro-
gram. We used health plan identifiers, names and
birthdates to link screening data to the data from
the Vital Statistics Agency of British Columbia
record of deaths and the BC Cancer Registry to
identify deaths and cases of breast cancer.

Outcome measures
We calculated cancer detection rates at first
screen (either invasive or ductal carcinoma in
situ) as the number of cases detected divided by
the number of women who underwent screen-
ing. For all other analyses, we calculated inci-
dence rates of breast cancer by dividing the
number of cases by the total time-at-risk. Where
applicable, rates were standardized to the 1991
Canadian population.

We used 2 methods to estimate overdiagnosis.
Each method relied on estimated cumulative rates
of breast cancer among women between the ages
of 40 and 89 years for the period 2005–2009. For
the first method (the participation method), over-
diagnosis was estimated using the difference
between the cumulative rates of breast cancer
among women undergoing active screening and
women who never underwent screening or who
discontinued screening (nonactive screening). For
the second method (the population method), over-
diagnosis was estimated using the difference
between observed and predicted population
cumulative rates in 2005–2009. The predicted
rates were based on trends in 1970–1979.

For the participation method, each woman’s
time-at-risk in 2005–2009 was dynamically allo-
cated by attained age to 2 mutually exclusive
states corresponding to periods of active and

nonactive screening (Figure 1). A woman was
considered to be in an active screening state after
undergoing a screen until either 60 months (5 yr)
had elapsed without screening or she died. Fol-
lowing a diagnosis of breast cancer or reaching
80 years of age, a woman remained in her cur-
rent state (i.e., active or nonactive).

We chose a period of 60 months to represent
an interval in which rates would likely be influ-
enced by previous screening based on estimates
of sojourn times.8 Women who were in the active
screening group stayed there after 80 years of
age to identify any compensatory drop in rates
(due to early detection) when screening ceased.9

We calculated total age-specific  active-
screening times-at-risk by summing contributions
from individual women. We determined total age-
specific nonactive-screening times-at-risk by sub-
tracting the corresponding total for active screen-
ing from the total times-at-risk obtained from
published mid-year population totals. Women
who never underwent screening thus contribute to
the nonactive screening times-at-risk. Breast can-
cer diagnoses, other than those determined by the
results of a first screen, were allocated to age-spe-
cific active and nonactive screening states accord-
ing to the age and state of the woman at diagnosis.

We calculated age-specific detection rates at
first screen for women first undergoing mam-
mography in 2005–2009. We calculated age-spe-
cific incidence rates for women in both the active
and nonactive screening states. We calculated the
cumulative rates of cancer between the ages of
40 and 89 years by summing the relevant age-
specific incidence rates. To calculate the cumula-
tive rate while in active screening, we added the
first-screen detection rate at age 40 to reflect the
impact of the first screen on cumulative risk.

For the population method, we obtained pre-
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Figure 1: Schematic of the allocation of time-at-risk to active and nonactive
screening states. A woman was considered to be in active screening after
undergoing screening until either 5 years had elapsed without a mammogra-
phy screen or she died. A woman remained in her current screening state after
a diagnosis of breast cancer or reaching 80 years of age.
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dicted  age-specific rates of invasive cancer in
2005–2009 by projecting linear calendar trends
over 1970–1979 within 10-year age groups. The
projected cumulative rate of ductal carcinoma in
situ for 2005–2009 in the absence of screening
was taken to be the observed rate in the non -
active screening group in 2005–2009.

Statistical analysis
We calculated age-specific incidence rate ratios
and 95% confidence intervals (CIs) by comparing
2005–2009 to 1970–1979 using Poisson regres-
sion. We estimated linear calendar trend rate ratios
of age -specific invasive cancer during 1970–1979
using this method, which we then used to predict
age-specific incidence rates in 2005–2009 in the
absence of screening. Rate ratio CIs were based
on the Wald statistic for a Poisson distribution. We
calculated the variances of the cumulative rates as
the sums of the variances of the age-specific rates
obtained from the Poisson distribution.

Results

The number of screens performed by the Screening
Mammography Program of BC increased substan-
tially in the 1990s as the program expanded to pro-
vide service throughout the province. Few women
under 40 years of age or older than 80 years of age
underwent screening during this period (Table 1).
Of the 1 387 197 screens performed in 2005–2009
among women aged 40–89 years, 197 928 (14.3%)
were first screens. The modal ages of women
undergoing their first screen were 40–41 years
(23.3%), corresponding to initial eligibility at the
age of 40, and 50–51 years (8.5%), corresponding
to targeted invitation letters sent to women aged 50.
The number of in situ cancers increased rapidly as
the program expanded, although the start of the
increase predated widespread organized screening
and was likely related to screening outside of the
program. Numbers of invasive breast cancers
increased over the study period, but this seems to

Table 1: Distribution of cases of breast cancer and ductal carcinoma in situ, mammography screenings 
and population years-at-risk, by age group and period  

 No. of cases 

Period Age group, yr Years-at-risk 
Mammography 
screenings, no. 

Invasive breast 
cancer 

Ductal 
carcinoma in 

situ 

1970–1979 30–39 1 537 498           0    566      22 

 40–49 1 310 140           0 1 821    101 

 50–59 1 249 583           0 2 703    106 

 60–69    943 503           0 2 483      71 

 70–79    558 996           0 1 641      54 

 ≥ 80    298 675           0    966      30 

1980–1989 30–39 2 422 444         56    914      40 

 40–49 1 668 976     5 538 2 267    173 

 50–59 1 415 857     4 297 2 934    198 

 60–69 1 342 795    3 066 4 065    199 

 70–79    868 461       796 3 140    159 

 ≥ 80    428 466         74 1 704      42 

1990–1999 30–39 3 192 387     4 180 1 136    106 

 40–49 2 782 701 441 338 3 878    638 

 50–59 1 842 518 377 433 4 392    691 

 60–69 1 521 985 286 919 5 100    657 

 70–79 1 228 348 163 148 5 100    513 

 ≥ 80    659 604   15 653 2 700    133 

2000–2009  30–39 3 042 072     3 217 1 132    103 

 40–49 3 472 765 871 237 4 790 1 005 

 50–59 2 908 523 803 709 6 377 1 279 

 60–69 1 893 532 532 565 5 950 1 059 

 70–79 1 377 651 300 283 5 055    748 

 ≥ 80    981 835   12 693 3 375    159 
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have been primarily driven by population aging and
growth, as suggested by the changes in person
years-at-risk  during each period (Table 1).

Age-standardized rates of invasive cancer in
women over 60 years of age tended to peak
around 1990, whereas the rates in women less
than 60 years of age showed no consistent pattern
(Figure 2). Linear calendar trends in age-specific
rates during the period 1970–1979 were not sig-
nificant in any age group (Table 2). Rates of inva-
sive breast cancer did not decline significantly in
any age group and significantly increased only
for women aged 60–79 years (Table 2). After
1980, rates of ductal carcinoma in situ increased
in all age groups but appeared to level off after
2000 (Figure 3). Using the rates from 1970–1979
as the reference groups, the rate ratio for ductal
carcinoma in situ for the period 2005–2009 was
significantly increased for all women under 80
years of age and showed the highest increases in
age groups eligible for screening (Table 2).

The rate of invasive cancer detected at a first
screen generally increased with age, but the rate of
ductal carcinoma in situ showed no clear relation
to age (Table 3). Dividing the detection rate for
invasive cancer at first screen (Table 3) by the inci-
dence rate in the active screening group (Table 3)

provides an indication of the lead time associated
with screening. This ratio was less than 2 in
women aged 40–44 years but exceeded 4 in
women beyond age 75, suggesting lead time
increases with age, and shows the potential influ-
ence of first screens on overall rates in the popula-
tion. During nonactive screening periods in 2005–
2009 (Table 3), rates of invasive disease were
lower in women under age 60 and higher in
women over age 70 than population rates in 1970–
1979; in contrast, rates of ductal carcinoma in situ
were higher in all age groups in 2005–2009.

Rates of invasive disease in 2005–2009 were
higher in the active screening group than in the
nonactive screening group for all ages, except  for
woman more than 80 years old. After the age of 80
years, there was a compensatory drop in rates
(Table 3). The estimated cumulative rate of inva-
sive disease for a woman starting screening at age
40 and continuing to age 89 was 137 per 1000,
compared with 130 per 1000 among women in the
nonactive screening state. Thus, the participation
estimate of overdiagnosis is 5.4% (7/130) (17.3%
[24/139] when ductal carcinoma is included).

Applying age-specific linear calendar trend
rate ratios (Table 2) to the corresponding age-
specific rates of invasive cancer for 1970–1979
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Figure 2: Age-standardized incidence rates of invasive breast cancer among women in British Columbia by
age and year of diagnosis.
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(Table 3) resulted in projected age-specific rates
for 2005–2009, which were summed to give pro-
jected cumulative rates for ages 40–89 years. The
projected cumulative rate is 141 per 100 (150 per
1000 when ductal carcinoma in situ is included).
Thus, the population estimate of overdiagnosis of
invasive breast cancer is –0.7% (–1/141) (6.7%
[10/150] with inclusion of ductal carcinoma in
situ). However, CIs for the projected cumulative

rate of invasive breast cancer are wide: the 95%
CI for the population estimate of overdiagnosis is
–21% to 30%.

Interpretation
Among women undergoing screening for breast
cancer through the Screening Mammography Pro-
gram of BC, the rates of invasive breast cancer in
2005–2009 were significantly elevated for women

Table 2: Breast cancer incidence age-specific rate ratios for linear calendar trends during 1970–1979 
and for 2005–2009 v. 1970–1979

Age, yr

Linear calendar trends
1970–1979 

Population incidence for 2005–2009 v.
1970–1979 (reference) 

Invasive breast cancer Invasive breast cancer Ductal carcinoma in situ

 RR per year 95% CI RR 95% CI RR 95% CI

30–39 1.02 0.99–1.05 0.92 0.82–1.04 2.02 1.27–3.23 

40–49 0.99 0.97–1.00 1.01 0.95–1.07 4.10 3.31–5.08 

50–59 1.00 0.99–1.01 0.97 0.92–1.02 4.64 3.80–5.67 

60–69 1.01 1.00–1.03 1.21 1.15–1.28 7.49 5.87–9.57 

70–79 1.01 0.99–1.03 1.25 1.18–1.33 6.43 4.79–8.62 

≥ 80 1.00 0.98–1.02 1.06 0.98–1.15 1.40 0.95–2.05 

Note: CI = confidence interval, RR = rate ratio 
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Figure 3: Age-standardized incidence rates of ductal carcinoma in situ (DCIS) among women in British
Columbia by age and year of diagnosis.
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between the ages of 60 and 79 years, compared
with 1970–1979. Although participation in screen-
ing was common among women aged 40–59 years,
no sustained increase was seen in this age group.
These results suggest that the effect of screening on
overdiagnosis may be age dependent.

Rates of invasive disease for active and nonac-
tive screening states were higher in 2005–2009
than in the whole population in 1970–1979, sug-
gesting that the rate of breast cancer had increased
because of changes in population risk. Observed
trends in invasive cancer incidence in the 1970–
1979 prescreening period were modest. Increasing
lead time with age, as shown by an increasing
ratio between cancer detected at first screen and
the incidence rate for active screening, suggests
that the time required for a compensatory drop
will increase with age. Conversely, the low ratios
for women under 50 years of age suggests short
lead times and low potential for overdiagnosis, as
was seen in a study from Sweden.10

Long-term follow-up of clinical trials of mam-
mography screening provide the most rigorous
method to measure the extent of overdiagnosis.9

Moss and colleagues11 reviewed findings from clin-
ical trials and included results on both invasive and
in situ disease; no increase was seen in trials where
intervention and control groups underwent screen-
ing at trial conclusion, whereas increases ranging
from 4% to 31% were found in trials where screen-
ing did not occur at trial conclusion. These results
suggest that the duration of screening may not be
an important influence on rates of overdiagnosis.

Several authors have reported on changes in
population incidence rates of breast cancer after
the institution of screening for the disease.1,2,4,12

Jørgenson and Gotzsche3 reviewed trend-based
estimates of overdiagnosis, including one from
Canada, and derived an overdiagnosis estimate
of 52% for invasive cancer alone. The studies
included in their review showed large increases
in the incidence of invasive breast cancer follow-
ing the introduction of screening, an effect we
did not see in British Columbia.

A review of European studies summarized
estimates of overdiagnosis,13 and companion arti-
cles provided commentary on methodology
issues14–16 in the estimation of overdiagnosis. The
European review found that, for estimates con-
sidered to be adequately adjusted, overdiagnosis
ranged from 1%–10%. These are in agreement
with the results we report, because we controlled
for biases that have been previously identified.16

A study from the United States17 using data from
the Surveillance, Epidemiology and End Results
(SEER) Program compared population rates of
breast cancer over 1976–2008 among women over
40 years of age and found a large increase, with an Ta

b
le

 3
: R

at
es

 o
f 

b
re

as
t 

ca
n

ce
r 

b
ef

o
re

 a
n

d
 a

ft
er

 t
h

e 
st

ar
t 

o
f 

th
e 

m
am

m
o

g
ra

p
h

y 
sc

re
en

in
g

 p
ro

g
ra

m
, b

y
sc

re
en

in
g

 s
ta

te

A
g

e,
yr

19
70

–1
97

9 

20
05

–2
00

9 

Fi
rs

t 
sc

re
en

s 
A

ct
iv

e 
sc

re
en

in
g

 
N

o
n

ac
ti

ve
 s

cr
ee

n
in

g
 

Y
ea

rs
-

at
-r

is
k 

(1
00

0s
) 

R
at

e 
o

f
in

va
si

ve
ca

n
ce

r
p

er
 1

00
0 

R
at

e 
o

f
D

C
IS

p
er

 1
00

0 

N
o

. o
f

p
at

ie
n

ts
sc

re
en

ed
(1

00
0s

) 

R
at

e 
o

f
in

va
si

ve
ca

n
ce

r
p

er
 1

00
0 

R
at

e 
o

f
D

C
IS

p
er

 1
00

0 

Y
ea

rs
-

at
-r

is
k 

(1
00

0s
) 

R
at

e 
o

f
in

va
si

ve
ca

n
ce

r
p

er
 1

00
0 

R
at

e 
o

f
D

C
IS

p
er

 1
00

0 
Y

ea
rs

-a
t-

ri
sk

 (
10

00
s)

 

R
at

e 
o

f
in

va
si

ve
ca

n
ce

r
p

er
 1

00
0 

R
at

e 
o

f
D

C
IS

p
er

 1
00

0 

40
–4

4 
65

5 
1.

1 
0.

08
 

88
.8

 
1.

5*
 

0.
89

* 
24

3 
1.

1 
0.

28
 

61
4 

1.
0 

0.
11

 

45
–4

9 
65

5 
1.

7 
0.

08
 

44
.5

 
2.

8 
1.

17
 

44
6 

1.
6 

0.
44

 
45

4 
1.

4 
0.

18
 

50
–5

4 
65

2 
2.

1 
0.

10
 

29
.1

 
4.

7 
1.

55
 

50
3 

1.
8 

0.
48

 
33

9 
1.

7 
0.

17
 

55
–5

9 
59

8 
2.

3 
0.

07
 

14
.3

 
5.

4 
0.

98
 

46
8 

2.
3 

0.
54

 
27

7 
2.

0 
0.

15
 

60
–6

4 
52

3 
2.

6 
0.

07
 

9.
6 

8.
3 

2.
61

 
37

6 
3.

0 
0.

69
 

21
7 

2.
5 

0.
18

 

65
–6

9 
42

1 
2.

7 
0.

08
 

6.
3 

11
.2

 
1.

43
 

28
6 

3.
5 

0.
74

 
16

9 
2.

9 
0.

27
 

70
–7

4 
31

9 
2.

9 
0.

08
 

3.
3 

14
.1

 
1.

80
 

22
4 

3.
8 

0.
74

 
15

0 
3.

1 
0.

25
 

75
–7

9 
24

0 
2.

9 
0.

12
 

1.
7 

16
.0

 
1.

72
 

17
2 

4.
0 

0.
81

 
15

3 
3.

3 
0.

29
 

80
–8

4 
16

4 
3.

2 
0.

12
 

0.
3 

14
.5

 
2.

90
 

12
7 

3.
0 

0.
25

 
13

8 
3.

8 
0.

17
 

85
–8

9 
  9

2
3.

4 
0.

08
 

0.
1 

0.
0 

0.
0 

72
 

2.
9 

0.
10

 
  9

9
4.

2 
0.

09
 

C
u

m
u

la
ti

ve
 r

at
e

12
4 

4 
13

7†
 

26
† 

13
0 

9 

95
%

 C
I

12
1 

to
 1

27
3 

to
 5

 
13

3 
to

 1
41

25
 t

o
 2

8
12

6 
to

 1
34

8 
to

 1
0

N
o

te
: C

I =
 c

o
n

fi
d

en
ce

 in
te

rv
al

, D
C

IS
 =

 d
u

ct
al

 c
ar

ci
n

o
m

a 
in

 s
it

u
. 

*U
se

d
 t

o
 e

st
im

at
e 

th
e 

d
et

ec
ti

o
n

 r
at

e 
o

f 
fi

rs
t 

sc
re

en
s 

at
 a

g
e 

40
 y

ea
rs

.
†I

n
cl

u
d

es
 d

et
ec

ti
o

n
 r

at
e 

o
f 

fi
rs

t 
sc

re
en

s 
at

 a
g

e 
40

 y
ea

rs
, g

iv
en

 b
y 

th
e 

d
et

ec
ti

o
n

 r
at

e 
at

 a
g

e 
40

–4
4 

ye
ar

s.

CMAJ, July 9, 2013, 185(10) E497

Research



Research

E498 CMAJ, July 9, 2013, 185(10)

overdiagnosis estimate of about 33% for invasive
and in situ cancer combined. The estimate of over-
diagnosis of ductal carcinoma in situ alone was
similar to that found in British Columbia.17 Adjust-
ment for the effects of time trends, early detection
and first screens was limited.

A recent study from Norway18 was able to
identify women who had undergone screening
within the population and allow for a compen-
satory drop. The authors estimated overdiagnosis
rates between 10% and 20%, depending on the
group under consideration.

Thus, the estimate of overdiagnosis in our
study is compatible with the estimates seen in
randomized trials and more well-controlled pop-
ulation studies.

Limitations
Several factors should be considered in assessing
our study’s results. Unlike other studies, we were
able to remove the effect of first screens after the
age of usual screening initiation. First screens
have a high detection rate and can inflate inci-
dence rates. However, the resulting participation-
based estimate of overdiagnosis was potentially
biased by self-selection for ongoing participation.
High socioeconomic status is associated with
increased likelihood of screening,19 as well as with
an increased risk of breast cancer,20 which could
produce overestimation of the rate of overdiagno-
sis. The population-based estimate of overdiagno-
sis is not subject to selection bias and includes
allowance for a compensatory drop; however, it
involves the projection of cancer rates over 30
years, which is subject to considerable uncer-
tainty. Population estimates of overdiagnosis are
likely to be smaller than participation estimates
because of dilution by nonparticipants.

Conclusion
We found a modest association between screening
and overdiagnosis of invasive breast cancer after
allowing a period of 10 years for a compensatory
drop after screening had stopped. Overdiagnosis of
invasive disease was confined to screening among
women older than 60 years of age. For ductal carci-
noma in situ, a period of 10 years may be insuffi-
cient, because the lead time may be substantially
longer with the likelihood that many identified
cases might never lead to invasive cancer. Further
research aimed at identifying the time required for
the compensatory drop in rates is needed and
whether overdiagnosis associated with screening is
age dependent. As age increases, both the lead time
of screening and the likelihood of competing mor-
tality increase so that the likelihood a woman will
survive for the compensatory period declines, and
the risk of overdiagnosis increases. It is important

to consider the effect of age in discussing screening
options with patients and to consider the likelihood
of overdiagnosis in the management of ductal car-
cinoma in situ, especially in older women.
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