
Abstract. Background: The upper outer quadrant (UOQ) of
the breast is the most frequent site for incidence of breast cancer,
but the reported disproportionate incidence in this quadrant
appears to rise with year of publication. Materials and Methods:
In order to determine whether this increasing incidence in the
UOQ is an artifact of different study populations or is
chronological, data have been analysed for annual quadrant
incidence of female breast cancer recorded nationally in
England and Wales between 1979 and 2000 and in Scotland
between 1980 and 2001. Results: In England and Wales, the
recorded incidence of female breast cancer in the UOQ rose
from 47.9% in 1979 to 53.3% in 2000, and has done so linearly
over time with a correlation coefficient R of +0.71±SD 0.01
(p<0.001). Analysis of independent data from Scotland showed
a similar trend in that recorded female breast cancer had also
increased in the UOQ from 38.3% in 1980 to 54.7% in 2001,
with a correlation coefficient R for the linear annual increase of
+0.80±SD 0.03 (p<0.001). Conclusion: These results are
inconsistent with current views that the high level of UOQ breast
cancer is due solely to a greater amount of target epithelial tissue
in that region. Identification of the reasons for such a
disproportionate site-specific increase could provide clues as to
causative factors in breast cancer.

The incidence of breast cancer is rising in Britain (1), and

indeed all over the world (2, 3), but the reasons for the rise

remain to be identified. Numerous clinical studies, dating

back decades, have shown that the upper outer quadrant

(UOQ) of the breast is the most frequent site of carcinoma,

but an adequate explanation for this asymmetric occurrence

of breast cancer within the breast has never been established.

This basic observation has become textbook fact (4), and

remains true for countries as disparate as India (5), the West

Indes (6) and Italy (7), and irrespective of race within any

one country (8). Furthermore, the UOQ is not only the most

common site of the tumour in cancer, but also in many

benign breast conditions including fibroadenoma and breast

cysts (9) and phyllodes tumour (10, 11). The UOQ is also the

most frequent site of male breast cancer (12, 13). 

However, it is interesting to note that the reported incidence

of breast cancer in the UOQ of the breast appears to rise

disproportionately with year of publication. In 1926, 30.9% of

breast cancer was reported to be in the UOQ (14), but reports

between the years 1947-1967 suggested that the proportion of

breast cancer in the UOQ was 43-48% (15-19). A study in 1994

reported 60.7% of breast cancers in the UOQ (7).

The accepted explanation for the disproportionate

incidence of breast cancer in the UOQ of the breast is that

this region of the breast contains a greater proportion of the

epithelial tissue, which is the target site for breast cancer.

However, evidence for this explanation is lacking and seems

to be anecdotal in origin (4). If this trend of increasing

incidence of breast cancer in the UOQ is a function of time

and is not a reflection of different study populations, then

this would question the explanation for the high incidence

of breast cancer in the UOQ as being due solely to the

presence of more epithelial tissue in that region. In order to

determine whether there is a chronological increase in

breast cancer incidence in the UOQ within a single

population, data have been analysed on the quadrant

incidence of female breast cancer recorded nationally for

England and Wales for the available years of 1979 to 2000.

Comparative independent data for Scotland have been

analysed for the years 1980 to 2001.
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Materials and Methods

Data collection for England and Wales. The incidence of breast

cancer in England and Wales is recorded by the Regional Cancer

Registeries and collated on a national basis. From 1979 to 1994,

this was recorded collectively by the Office of National Statistics in

London, UK. Since 1995, the London Office has continued to

record data from England, while the data from Wales has been

recorded separately by the Welsh Cancer Intelligence and

Surveillance Unit in Cardiff. Since 1979, incidence data has been

requested annually according to quadrant under the fourth digit

ICD9 codes for 174 (1979-1994) or ICD10 codes for 50 (1995-

2000). The information was separated into seven regions of the

breast under the following codes: ICD174.0 / 50.0 nipple and

areola, ICD174.1 / 50.1 central portion, ICD174.2 / 50.2 upper

inner quadrant, ICD174.3 / 50.3 lower inner quadrant, ICD174.4 /

50.4 upper outer quadrant, ICD174.5 / 50.5 lower outer quadrant,

ICD174.6 / 50.6 axillary tail. Total incidence data for England and

Wales from 1979 to 2000 was returned with quadrant information

under the ICD9/10 codes 174.0/50.0 – 174.6/50.6 in 212,677 returns.

Data collection for Scotland. The incidence of breast cancer in

Scotland is recorded independently by the Cancer Intelligence

Group, NHS Scotland in Edinburgh. Incidence data has been

requested annually according to quadrant since 1980. Incidence data

from 1980 to 2001 was returned with quadrant information in 17,911

returns. The information was recorded using the same coding system

of the breast as for the data from the London and Cardiff offices.

Between the years 1980 and 1996, there was an annual lack of

compliance with quadrant information in an overall average of 82.5%

(± SD 2.53%) of cases. However, as a result of reorganization of

cancer registration procedures, the lack of compliance has decreased

sharply since 1997 to an overall average between 1997 and 2001 of

47.8% (± SD 2.54%).

Data analysis. All data were analysed and statistical parameters

calculated using Origin 7 (Microcal Software Inc., Northampton,

MA, USA). Linear regression analysis (by the method of least

squares) was used to calculate the slope of the line, its standard

error and the correlation coefficient (R) together with the standard

deviation of the fit (±SD). The probability (p value) that R is zero

was obtained from the F distribution.
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Figure 1. England and Wales: Trend in proportional annual incidence of female breast cancer in the upper outer quadrant (UOQ) of the breast from
1979 to 2000. Each point represents the ratio of recorded incidence in UOQ to the total incidence recorded in that year with site-specific information.
Linear regression analysis was used to calculate a line of best fit. Table I gives the slope of the line, its standard error and the correlation coefficient (R)
together with the standard deviation (SD) of the fit; the probability (p value) that R is zero was obtained from the F distribution.



Results

Female breast cancer incidence in England and Wales. Over

the period 1979 to 2000, the incidence of female breast

cancer has increased in England and Wales from 74.4 per

100,000 population (European age-standardised rate

(EASR)) (21,446 new cases recorded) in the year of 1979 to

113.8 per 100,000 population (EASR) (35,903 new cases

recorded) in the year of 2000. 

Within the 212,677 returns made with site-specific

information between 1979 and 2000, 52.5% of the returns

were in the UOQ of the breast (111,583 cases recorded).

Other sites in the breast were returned at lower frequencies:

3.9% in the nipple and areola (8,222 cases recorded), 11.2%

in the central portion (23,780 cases recorded), 14.6% in the

upper inner quadrant (31,064 cases recorded), 6.4% in the

lower inner quadrant (13,570 cases recorded), 9.8% in the

lower outer quadrant (20,836 cases recorded) and 1.7% in

the axillary tail (3,622 cases recorded).

Inspection of the annual incidence rates returned for

each of these sites in the breast shows that, as the incidence

of breast cancer has risen overall between 1979 and 2000, it

is also increasing in all of these sites. However, it does not

appear to be increasing in all quadrants relative to one

another at the same rate. Figure 1 shows the trend between

1979 and 2000 in breast cancer in the UOQ of the breast,

expressed as a ratio of the annual incidence in the UOQ to

the total incidence recorded in that year with site-specific

information. This shows that within the site-specific returns,

the incidence of breast cancer is increasing in the UOQ

relative to total site-specific returns. The correlation

coefficient (R) for the linear increase in UOQ breast cancer

was +0.713 with a standard deviation (SD) of the fit of

±0.014 and a p-value obtained from the F distribution of

<0.001 (Table I). The rate of increase in the UOQ over and

above total breast cancer was calculated from the slope of

the line and gave a value of 0.0021±0.0005 per annum

(Table I). Over a 21-year time-span from 1979 to 2000, the

incidence of breast cancer in the UOQ relative to total site-

specific returns has risen disproportionately from 47.9% in

1979 to 53.3% in 2000.

Figure 2 shows the trends in breast cancer for each of the

other quadrants of the breast between 1979 and 2000. For each

quadrant, the annual incidence was expressed as a ratio of the

incidence in that quadrant to the total incidence recorded in

that year with site-specific information. Calculation of each

correlation coefficient (R) together with the standard deviation

of the fit (±SD) confirmed that no other quadrant showed any

significant increase in breast cancer incidence relative to total

site-specific returns (Table I).

Figure 3 shows the trend in breast cancer in the UOQ

relative to total site-specific returns for three separate age

groupings: 0-49 years, 50-69 years and 70+ years. Of the

212,677 returns made with site-specific information, there

were 48,017 returns in the 0-49 year age grouping, 99,393

returns in the 50-69 year age grouping, and 65,267 returns in

the 70+ year age grouping. In both the 0-49 and 50-69 year

groups, there was a significant linear increase in UOQ

breast cancer with p-values obtained from the F distribution

of <0.0001 (Table I). It is interesting that the line of best

fit suggests the highest proportion of UOQ breast cancer to

be in the youngest age group (Figure 3).

Female breast cancer incidence in Scotland. In Scotland, the

incidence of female breast cancer has risen from 84.9 per

100,000 population (EASR) (2,480 new cases recorded) in
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Table I. Statistical parameters relating to Figures 1-5. Linear regression analysis was used to calculate the slope of the line (slope), its standard error
(error) and the correlation coefficient (R) together with the standard deviation of the fit (SD). The probability (p value) that R is zero was obtained from
the F distribution. Values are shown for breast cancer in England and Wales in the upper outer quadrant (UOQ) (Figure 1), in other quadrants (Figure
2) and for the UOQ divided into three separate age groupings (Figure 3). Values are shown for breast cancer in Scotland in the UOQ (Figure 4), in
other quadrants (graphs not shown) and for the UOQ divided into three separate age groupings (Figure 5).

England and Wales Scotland

Quadrant of the breast Ages Slope error R SD p value Slope error R SD p value

Upper outer quadrant all ages +0.0021 0.0005 +0.713 0.014 0.0002 +0.0056 0.0009 +0.800 0.028 <0.0001

Nipple and areola all ages –0.0015 0.0002 –0.839 0.007 <0.0001 –0.0023 0.0009 –0.480 0.028 0.0238

Central portion all ages +0.0001 0.0003 +0.048 0.009 0.8330 –0.0030 0.0009 –0.604 0.027 0.0029

Upper inner quadrant all ages –0.0005 0.0002 –0.534 0.005 0.0104 +0.0007 0.0004 +0.332 0.013 0.1309

Lower inner quadrant all ages +0.0004 0.0001 +0.632 0.004 0.0016 +0.0013 0.0004 +0.624 0.010 0.0019

Lower outer quadrant all ages +0.0003 0.0002 +0.368 0.005 0.0923 +0.0002 0.0005 +0.087 0.014 0.7000

Axillary tail all ages –0.0009 0.0001 –0.964 0.002 <0.0001 –0.0024 0.0004 –0.830 0.011 <0.0001

Upper outer quadrant 0-49 years +0.0028 0.0006 +0.735 0.017 <0.0001 +0.0065 0.0018 +0.626 0.054 0.0018

Upper outer quadrant 50-69 years +0.0025 0.0005 +0.753 0.144 <0.0001 +0.0054 0.0010 +0.762 0.030 <0.0001

Upper outer quadrant 70+ years +0.0010 0.0005 +0.400 0.015 0.0648 +0.0058 0.0015 +0.663 0.043 0.0008



ANTICANCER RESEARCH 25: 2543-2550 (2005)

2546

Figure 2. England and Wales: Trends in proportional annual incidence of female breast cancer in sections of the breast other than the upper outer quadrant
from 1979-2000. Each point represents the ratio of recorded incidence in that quadrant of the breast to total incidence recorded in that year with site-specific
information. For each graph, linear regression analysis was used to calculate a line of best fit. Table I gives the values for each slope, its standard error and
the correlation coefficient (R ) together with the standard deviation (SD) of the fit; the probability (p value) that R is zero was obtained from the F distribution.



the year of 1980, to 109.8 per 100,000 population (EASR)

(3,485 new cases recorded) in 2001.

Within the 17,911 returns made with site-specific

information between 1980 and 2001, the site of greatest

incidence within the breast was again the UOQ in 52.6% of

the returns (9,418 cases recorded).

Figure 4 shows the increasing trend between 1980 and

2001 of breast cancer in the UOQ, expressed as a ratio of

annual incidence rate in the UOQ as a proportion of the

total incidence rate recorded in that year with site-specific

information. The correlation coefficient for the linear

increase observed was +0.800, with a standard deviation of

the fit of ±0.028 and a p-value obtained from the F

distribution of <0.0001. As for the data for England and

Wales, no other quadrant showed any significant increase

over the total (Table I). Over a 21-year time-span, the

incidence of breast cancer in the UOQ has risen

disproportionately from 38.3% in 1980 to 54.7% in 2001.

As for England and Wales, the trend in breast cancer in the

UOQ relative to total site-specific returns has been further

analysed for three separate age groupings: 0-49 years, 50-69

years and 70+ years (Figure 5). Of the 17,911 returns made

with site specific information, there were 3,909 returns in the

0-49 year age grouping, 8,430 returns in the 50-69 year age

grouping, and 5,572 returns in the 70+ year age grouping. In

all three age groupings, there was a significant linear increase

in UOQ breast cancer (Table I). Furthermore, again the line

of best fit suggests the highest proportion of UOQ breast

cancer to be in the youngest age group (Figure 5).

Discussion

Within the overall increase in the rate of breast cancer

incidence, this study shows that according to the site-specific

information available, female breast cancer in Britain is

increasing disproportionately in the UOQ relative to other

quadrants of the breast. Furthermore, this disproportionate

increase is rising annually in that quadrant in a linear mode.

That the UOQ is the most frequent site of breast cancer is in

agreement with decades of previous studies (see introduction).
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Figure 3. England and Wales: Trend in proportional annual incidence of female breast cancer in the upper outer quadrant (UOQ) of the breast for
three separate age groups 0-49 years, 50-69 years and 70+ years. Presentation of the data is exactly as given in Figure 1 except for the division into the
three age groupings. For each age group, linear regression analysis was used to calculate a line of best fit and statistical parameters are given in Table I.



However, this study describes, for the first time, a

disproportionate increase, year by year, in that quadrant

within two single populations (England and Wales; Scotland).

The main uncertainty in this study regards the incomplete

compliance with returns of quadrant information, which

leaves open the possibility of recording bias between the two

data sets, one with quadrant information and one lacking

site-specific information. Introduction of the breast

screening programme in the late 1980s did not influence the

overall trends observed, and it is most likely that site-

specific recording was related to individual doctor and/or

centre compliance. However, although compliance was

incomplete, it must be taken into account that the overall

numbers of returns made with site-specific information were

large, particularly for England and Wales which included

212,677 returns in the study.

An attempt to address the issue of recording bias was

made by obtaining incidence data from two independent

sources. Breast cancer statistics are recorded for Scotland

in Edinburgh independently from those for England and

Wales in London and Cardiff. However, a similar

disproportionate increase in breast cancer in the UOQ was

found within the Scottish data as for data from England and

Wales. This makes the results less likely to be due to

recording bias since the same bias would have to be

operating in the two independent data sets. Furthermore,

the sharp increase in Scotland in compliance with return of

site-specific information between 1996 and 1997 as a result

of reorganization of the cancer registration procedures (see

ªaterials and Methods section) did not influence the

overall pattern of increasing UOQ breast cancer. This lack

of effect of an increase in site-specific returns from an

average of 17.5% (1996 and before) to an average of 52.2%

(1997 and after) lends further support to the results not

being dependent on a recording bias due to lack of

compliance with returns of site-specific information.

Following the introduction in Britain of the breast

screening programme in the late 1980s, the recorded
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Figure 4. Scotland: Trend in proportional annual incidence of female breast cancer in the upper outer quadrant (UOQ) of the breast from 1980 to 2001.
Each point represents the ratio of recorded incidence in the UOQ to the total incidence recorded in that year with site-specific information. Linear
regression analysis was used to calculate a line of best fit. Table I gives the slope of the line, its standard error and the correlation coefficient (R) together
with the standard deviation (SD) of the fit; the probability (p value) that R is zero was obtained from the F distribution.



incidence rates of breast cancer rose sharply in immediate

subsequent years in the screened age group (50-64 year

olds) (1, 20). Further separation of the data used in this

study into three age groupings (0-49 years, 50-69 years and

70+ years) demonstrated that the disproportionate increase

in UOQ breast cancer was not confined to the screened age

group (50-64 years) in either of the two study populations,

England and Wales or Scotland. It is noteworthy that, in

fact, the proportion of UOQ breast cancer was highest in

the youngest age group.

The reasons for the disproportionate annual increase in

breast cancer in the UOQ remain unknown at this time. It

has long been assumed that more breast cancers occur in

the UOQ because there is a larger volume of epithelial

breast tissue in that quadrant (4). However, to explain a

disproportional annual rise in UOQ breast cancer, as

described here, would require an unlikely annual migration

of breast tissue into the UOQ. Other workers have also

queried the current explanatory dogma through their

studies, showing an even distribution of cancer between

quadrants in large and small breasts, despite the less

marked quadrant distribution of the tissue in the smaller

breasts (9). A more recent study of genomic patterns of loss

of heterozygosity and allelic imbalance in breast quadrants

from 21 breast cancer patients showed increased levels of

genomic instability in the outer breast quadrants, suggesting

that increased levels of breast cancer in the UOQ might

result from the development of genetic alterations in that

region of the breast rather than from only a greater tissue

volume (21). The results presented here add to the

uncertainty of the explanation of the large incidence of

breast cancer in the UOQ being due solely to a greater

amount of breast tissue in that region. Whilst more breast

cancers will occur at the site of greatest target tissue, other

reasons must also exist to explain the site-specific increase.

One possible explanation could relate to the increasing use

of cosmetics applied to the adjacent underarm and upper

breast area. Risk factors for breast cancer include genetic

and hormonal components (3) and these underarm

cosmetics are known to contain both DNA-damaging

chemicals and chemicals which can mimic oestrogen action

(22-25), and recent epidemiological research shows that
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Figure 5. Scotland: Trend in proportional annual incidence of female breast cancer in the upper outer quadrant (UOQ) of the breast for three separate
age groups 0-49 years, 50-69 years and 70+ years. Presentation of the data is exactly as given in Figure 4 except for the division into the three age
groupings. For each age group, linear regression analysis was used to calculate a line of best fit and statistical parameters are given in Table I.



greater use of these cosmetics can reduce the age of breast

cancer diagnosis (26). However, it is possible that other

aetiologies also exist. Alterations to the proportion of breast

cancers in each quadrant are important clinically in view of

reported differences in survival of patients with inner versus
outer quadrant breast cancers (27). Of greater importance,

however, is the possibility that this disproportional site-

specific increase in UOQ breast cancer could provide clues

to causative factors in breast cancer, the identification of

which are essential if a strategy for breast cancer prevention

is ever to become a realistic goal.
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