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Abstract
Introduction: There has been a significant improvenent in breast cancer survival in
the UK in recent decades. Changes in the moleculapidemiology of breast cancers
may have contributed to this, but the existing evidnce may be confounded by
heterogeneity of laboratory protocols. Methods: Artived tumour samples from all
breast cancer surgery patients at two Glasgow hogpis from 1984-86 and 1996-97
were sought, and linked to clinicopathologic, screeng, demographic and survival
data. Samples were placed in tissue microarrays and underwent
immunohistochemistry for ER, PR and Her-2 with strict standardisation. H&E
sections were constructed to assess tumour gradeestilts: In 1984-86 8% of
tumours were grade 1 and 42.9% grade 3 but in 19987 14.9% were grade 1 and
36.8% grade 3 (p=0.009). In 1984-86 64.2% of tumosirwere ER positive and in
1996-97 71.5% were ER positive (p=0.042). This ditbt appear to be a function of
breast screening as there was a significant rise IBR positivity in symptomatic
patients between the two cohorts. 44.9% of tumourén 1984-86 and 49.9% of
tumours in 1996-97 were PR positive. 21.5% of tumas in 1984-86 and 20.6% of
tumours in 1996-97 were Her-2 positive (p=0.772).-year survival in 1984-1986
patients was significantly lower than in 1996-199patients (p<0.001). When the
effect of cohort on survival was adjusted for thesehanges in ER status and grade,
cohort remained a significant independent factor. ©nclusions: This study suggests
a small but significant rise has occurred in the inidence of ER positive tumours in
women in Glasgow. There has also been a shift inae distribution of tumours,

The changes do not fully explain improvements in l@ast cancer survival but should



be borne in mind when applying the results of clirgal trials performed in the past to

the women of today.

Breast cancer is the commonest cancer in womehanUK, with over 40,000 cases
diagnosed annually. The epidemiology of the disaasenusual as survival rates are
increasing in the face of increasing incidence srai€oleman, 2000). Reasons for
increasing survival undoubtedly include advancesienin hormonal and
chemotherapeutic management, in addition to a trémdards multidisciplinary
management and specialist surgeons. The UK’s naitilen mammographic screening
programme was designed to reduce mortality. Intemidiit has been suggested that over
time the epidemiology of breast cancer may havenbeeanging, with a greater
percentage of tumours being oestrogen receptor BRjive than in the past (Bradburn
1998; Glass 2007; Pujol 1994; Li 2003; Henley 200%ywever, the disadvantage of
studying retrospective data on ER status is ttatédhommended assays used to establish
ER status, and hence their sensitivity and spdgifihave changed over time. The
following study was therefore undertaken to demmasttrends in the molecular biology
of breast cancers in patients from two large centire Glasgow by performing
immunohistochemistry on archived tumour samplesrehy avoiding artefactual changes
in receptor status over time. A secondary aim wasdk retrospectively at the survival
of the patients in the study.

Materials and Methods

Patient Selection

The current study aimed to compare the moleculanptype of stored tissue samples
from two separate cohorts of patients, defined hmy period in which they had their
surgery. All female patients who had surgery foeraple breast cancer at two teaching
units in Glasgow in the pre-defined periods 19886Land 1996-1997 were identified
retrospectively from the Scottish Cancer Registatadase, sample size calculation
having revealed that at least 712 patients wereined|to detect a rise in the percentage
of ER positive tumours from 60% to 70% with a powér80%. The study had local

ethics committee approval. Full pathological, demapdic (including whether tumours



were detected at screening mammography) and Ssyegival data (deaths from breast
cancer or unrelated causes) was either availabla the Scottish Cancer Registry or
obtained from the patient’'s case record or patholagrords. Deprivation status was
ascertained using established postcode Carstapsvdion categories (1-7) derived
from 1981 or 1991 census data. For each patreatchived paraffin-embedded tumour
block was searched for within the relevant pathpldgpartment.

Construction of tissue microarrays

Most of the tumours had been originally fixed arrhalin, but tumours from 1984 to
1986 at one hospital had been fixed in mercurioraihe. To allow grading of tumours
and marking of tumour areas guh-thick section was taken from each block. Sections
were prepared according to routine pathologicahriepies for paraffin-embedded
sections, stained using haematoxylin and eosin taed sent to a pathologist for
determination of tumour grade using the modifiedr8eBloom-Richardson scale and
marking of suitable tumour areas. Three 0.6mm tarccores were then taken from the
marked areas in each tumour block and placed iataffin blocks in tissue microarray
format, with 198 cores per block. Sections from hedodock were taken to allow
immunohistochemistry for oestrogen receptor (ER)gpsterone receptor (PR) and Her-
2 receptor to be performed; each full set of sestionderwent ER, PR or HER-2
immunohistochemistry at the same time to ensurendstaisation of laboratory
conditions.

Immunohistochemistry

Positive and negative control slides were wused iache protocol. ER
immunohistochemistry was carried out using NovaeasF11l mouse anti-human ER
with secondary antibody and visualisation reagsuofplied by Dako; optimisation steps
revealed optimal staining to be achieved with a ua&mprotocol at a dilution of 1:50,
with epitope retrieval carried out using EDTA at @D with a microwave pressure
cooker technique for 5 minutes. After the primamyitzody step, slides were refrigerated
overnight, with the rest of the steps carried out raom temperature. PR
immunohistochemistry was carried out using Daké B®use anti-human progesterone
receptor with secondary antibody and visualisatieagents also supplied by Dako;

optimisation steps revealed optimal staining tcabkieved using a dilution of 1:50 and



epitope retrieval using citrate pH 6.0 and a mi@wesv pressure cooker technique for 5
minutes, with the final protocol being carried @itroom temperature using a Dako
Autostainer. Her-2 immunohistochemistry was caroetlin a Dako Autostainer at room
temperature using the standard Dako Herceptesiqobt

Analysis

Once immunohistochemistry had been carried outh eare was assessed by light
microscopy and scored by an experienced scoreg usiweighted histoscore ([% of
tumour cells scoring at intensity 1] + [2x % scagriat intensity 2] + [3 X % scoring at
intensity 3] (Fraser, 2003)\s each tumour had been cored in triplicate a nestoscore
for each core was calculated. For ER and PR, ‘pesivas taken as a histoscore of 10 or
over and for Her-2 positivity was taken as a higtos of 90 or over. A second
experienced scorer examined 10% of the cores, €gakrd, 2006). Statistical analysis,
performed using SPSS statistics software, versib, included chi-squared analysis to
compare percentage positivity, t-test to comparenseand Kaplan-Meier survival
analysis with log-rank test and Cox’s proportiohakard regression. Cox’s proportional
hazard regression was performed in a stepwisediaskiohort, ER status, Her-2 status,
grade, nodal status, tumour size, age, screentddtestatus, and deprivation category
were inserted into the model. The final model edelll those variables in which a
difference in survival could be explained by onemwre other variables, and generated
hazard ratios for death from breast cancer for @adable after adjusting for the others

Results
The original sample size was 1076 patients (42384-86 [‘cohort 1'] and 653 in 1996-
97 ['cohort 2']) from which 900 tumour blocks weagailable for analysis (323 in cohort
1, 577 in cohort 2). The demographics of the padievhose tumour blocks were
available are seen in Table 1. Mean age of diagneas 56.9 in the first cohort and 58.4
in the second cohort, (p =0.049) with median agdiafnosis in the first cohort being 59
and in the second 58. All tumours in the first abh@ad been detected symptomatically
rather than by screening, the screening programenéndy yet to be introduced in
Scotland. There was no statistically significantfedlence in the cohorts as regards

socioeconomic status.



Table 1: Patient demographics

1984-1986 1996-1997

Mean age at diagnosis 56.9 584

Median age at diagnosis 59 58

Age range 23-74 24-93

%detected at screening 0 29

Affluent patients % 12.1 16.5

Intermediate patients % 40.9 47.2

Deprived patients % 47 36.3

Node positive % 59.3 42.4

862 of the 900 samples (95%) underwent grade asaRB% of the tumours in cohort 1
and 19% of tumours in cohort 2 did not undergo ERnunohistochemistry due to
fragmented cores or absence of tumour in the ¢arethe same reasons 14% of tumours
in the first cohort and 10% in the second cohord diot undergo PR
immunohistochemistry, and 15% of tumours in thistfcohort and 18% of tumours in

the second cohort did not undergo Her-2 staining.

Grade:

In cohort 1, 8% were of tumours were graded overaljrade 1, 49.2% were of grade 2,
and 42.9% were grade 3. In cohort 2, 14.9% of tusauere grade 1, 48.3% grade 2 and
36.8% grade 3 (p for difference between cohort®3®).0 The frequencies of grade

distribution in the two cohorts are representelligtogram format in figures 1 and 2.

Figure 1: Histogram of grade distribution in 198386 cohort
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Figure 2: Histogram of grade distribution in 199897 cohort
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Analysis of grade distribution within symptomatic and screen-detected patients



Further analysis of tumour grade distribution rdeéathat there was no significant
difference in grade distribution between symptonaly-detected patients in the two
cohorts (p=2).

A direct comparison of screen-detected versus symatic tumours in cohort 2 showed
that within screen-detected tumours, 22.3% werdeyfg 53% were grade 2 and 24.7%
were grade 3. Within symptomatic tumours, 12.2%uafours were grade 1, 46.8% were
grade 2 and 41% were grade 3. This difference aderdistribution was significant
(p<0.001) suggesting that the difference in graridution between the two cohorts
appears to be being exerted by the screen-detéwtedurs in cohort 2 having fewer
grade 3 and more grade 1 tumours.

A further analysis was performed in order to estentae effects of screen-detection on
grade in women having a subsequent or ‘incidenttest in cohort 2 as compared to
symptomatic women in cohort 2; eliminating prevakscreened women should
eliminate the postulated effect of length bias wmdur grade. Data on whether tumours
were detected in a woman having her first screea subsequent screen had not been
recorded; however any women aged 50 to 53 withreescdetected tumour is likely to
have been having a first screen as these are #weagvhich women are invited for a
first screen. Therefore analysis was made of tadeydistribution within screen-detected
tumours in women aged over 53 as compared with g@umwomen. A potential
confounding factor in the use of the age cut-offtfas analysis is that some women over
53 may be having a first screen having not attersdbeeening previously and some 53-
year old women may have previously had a screed 8@@nd be having a repeat screen.
For symptomatic tumours in cohort 2: 12.2% of tunsonere grade 1, 46.8% were grade
2 and 41% were grade 3. For tumours presumed ddtattsubsequent screen in cohort
2: 21.9% of tumours were grade 1, 52.3% were gPaded 25.8% were grade 3. p value
was <0.001 showing that there was a significariedifice in grade distribution between
women likely to have been having an ‘incident’ screand those with symptomatic

tumours.



ER status:

In the 1984-86 cohort, 64.2% of tumours underg@Ryimmunohistochemistry were ER
positive. In the 1996-97 cohort, 71.5% of tumouesevpositive (p=0.042). There was no
difference in the mean ER score of the two groupsan ER score of cohort 1 was 97.1
and mean ER score of cohort 2 was 102 (p=0.454tohort 1 the median ER score was
104.2; the interquartile range was 190; in cohdit€median ER score was 120 and the

interquartile range 180.

ER status and screening:

Within the tumours that successfully underwent BERlysis, 66.8% of symptomatically-
detected tumours and 78.4% of screen-detected tsmeere ER positive (p=0.009). In
the 1996-97 cohort there remained a higher pergentd ER positive patients in the
screen-detected patients than in the symptomatierps (78.4% of screen-detected and
68.8% of symptomatic patients, p=0.024). In additivere was a significant difference in
ER status between the symptomatic patients inrtdh@and cohort 2, with 64.2% of
patients in cohort 1 and 68.8% of symptomatic pégién cohort 2 being ER positive.

PR status:

44.9% of the 1984-86 cohort tumours that undenimunohistochemistry and 49.9%
of the 1996-97 cohort were PR positive; this risaswnot statistically significant
(p=0.181). The mean PR score in cohort 1 was 4id2tlse mean score in cohort 2 was
37.9 (p=0.418). The median PR score in cohort 1 @vasd the interquartile range 79.6;
the median PR score in cohort 2 was 8.3 and teeguértile range 61.3.

ER/PR status:

The combined ER/PR status of the tumours in eablort that underwent both ER and
PR immunohistochemistry was also assessed: + \igegositivity and — negativity (see
table 2)

Table 2: Joint ER and PR distribution



Status % of cohort 1 % of cohort 2
ER+/PR- 42.4 46.7

ER+/PR- 21.8 24.8

ER-/PR- 33.3 235

ER-/PR+ 25 5

¥> analysis revealed a significant difference in distiion between the cohorts. Of

particular note is the marked decrease over timenpercentage of tumours that were
ER and PR negative from 33.3% to 23.5%.

Her-2 status

In the tumours that underwent Her-2 analysis, 5%lof tumours in 1984-86 were Her-2
positive and 20.6% of tumours in 1996-97 were Heogitive (p=0.772). The mean Her-
2 score in the 1996-97 was lower than it had beet®B4-86 (43.1 vs 52.2) but this did
not reach statistical significance (p=0.170). Thedlian Her 2 score in cohort 1 was 0 and
the interquartile range 50; the median Her2 scoreohort 2 was 0 and the interquartile

range 66.7.

Survival

Kaplan-Meier analysis and log-rank test were penfmd to assess survival differences
(overall and breast-cancer specific survival) bemvehe two cohorts and between
subgroups (analysis performed on those patients ssvhdumours underwent

immunohistochemistry). Log-rank test confirmed thamulative 5-year survival in the

1984-1986 cohort was significantly lower than ie t996-1997 cohort (0.580 vs 0.834,
p<0.001); Log-rank test also confirmed that brezestcer-specific 5-year survival in

cohort 1 was significantly lower than in cohort @620 vs 0.887, p<0.001). 5 year



breast-cancer specific survival was significantighler in ER positive patients than ER
negative patients in the study (0.856 vs 0.647,@3D.

In cohort 1, disease-specific survival was higineER positive than ER negative patients
(0.709 vs 0.453, p<0.001); this is demonstratdifumre 3.

Figure 3: Breast-cancer specific survival by ERustan 1984-86 cohort
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In cohort 2, 5-year survival was again signifidparttigher in ER positive than ER
negative patients (p<0.001); however the surviifference between the two groups
appears much narrower (0.930 vs 0.786 - see Fijure



Figure 4: Breast cancer-specific survival by ERustdn 1996-97 cohort
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Survival analysis by screen-detected or symptomatistatus

When all the study patients were assessed, dispesific survival in those women
whose tumours were screen-detected was significamther than those who had
tumours detected symptomatically (0.916 vs 0.758.@01). However, when cohort 2
was analysed alone there was no disease-specifitvaudifference between women
whose tumours were screen-detected and those whaseurs were detected
symptomatically (0.916 vs 0.874, p=0.148). Withymgtomatic patients only, there was
a significant survival difference between cohorentl 2 (0.614 in cohort 1 and 0.874 in
cohort2, p<0.001). In both cohort 1 and cohorh@jal status was related to survival,
with node positive patients having a lower 5-yeanvival than node-negative patients
(0.523 vs 0.799 and 0.801 vs 0.946, with p<0.0@dlefich). As with ER status, in the
second cohort again the survival difference appktrde narrower than in the first.



Cox’s proportional hazard regression

When the effect of cohort type (1 or 2) on surviwals adjusted for differences in ER

status alone using Cox’s proportional hazard regpas the cohort type was a significant

independent factor in survival. After correcting &l the factors in the model, the effect

of cohort on survival persisted; patients in cotbiad a higher relative risk of death

than cohort 2, with hazard ratio of breast cane=thl of 3.43. Grade, screen-detected
status, Her-2 status and intermediate deprivatiatus were not independent predictors
of survival in the study as a whole and could bglared by differences in other factors.

Increasing age, increasing tumour size, node-pesititatus, ER negative status and
deprived status correlated with increased hazatokedist cancer death after adjustment

for other factors.

Discussion

This study has a demonstrated a rise over timéenpercentage of breast cancers that
were ER positive. The rise from 64.2% to 71.5%tadistically significant and clinically
significant - in that a rise in the number of bteasnours potentially responsive to
hormonal manipulation could contribute to incregssurvival rates as a result of the
clear prognostic advantage of hormone-treated ESttipe disease over ER negative
disease (Clarke, 2005). There was also a sigmifichange in combined ER/PR receptor
status, most notably a marked decrease in the meigee of tumours that had the poor
prognostic ER negative/PR negative status. Theepgésge of tumours that were PR
positive and Her-2 positive did not change overetimotably there was no change in
mean score over time for any of the three receptors

A significant change in grade distributionsaseen, particularly a reduction in the
frequency of grade 3 tumours and an increase ifirélggiency of grade 1 tumours. This
distribution change appeared to be exerted by theepce of screen-detected tumours in
the second cohort, as there was no significanéwiffce in the grade distribution of the
symptomatically-detected tumours in both cohorhe pathological grade of screen-
detected tumours and its significance has receaivach attention in the literature; while



it is accepted that tumours detected at a firggesing mammogram are of lower grade
than symptomatically detected tumours it is un@erts to whether this represents an
interruption of phenotypic drift or whether themer-grade tumours are detected at
screening because of their longer asymptomaticlipieal phase (Alexander,1997;
Crisp, 1993; Duffy, 1991; Tabar, 1999). An attemats made here to estimate whether
women were receiving an incident screen or notleagth bias is a problem with
prevalence screen-detected tumours; the resultgesteyl a significant difference in
grade between symptomatic patients and patienisadgpatumour detected at an incident
screen. This would appear to support the theoryploénotypic drift but clearly
misclassification of screening episode is a cleasjble confounding factor.

The study has also demonstrated signifidédférences in the percentage of tumours
that are ER positive within patients with screetedeed compared to symptomatic
tumours, with 78.4% of screen-detected and 68.8%ywiptomatic patients in the newest
cohort being ER positive. Certainly there is evickerio suggest that screen-detected
tumours are more likely to be ER positive than tigga(Klemi, 1992; Ernst, 2002),
probably because the ER positive tumours are mke#yIto be slower growing with a
significant asymptomatic phase. It is notable thatER positive rate increase over time
is not explained by the screened patients alon#é) the ER positive rate increase
persisting within the symptomatic patients.

Studies in the affluent Marin County aréeSan Francisco suggested that rates of
ER positive disease with incidence rates of ER tiegadisease remaining fairly
constant. (Benz, 2003). A study of women in thhgdaKaiser Permanente health plan in
the US calculated annual incidence rates of ERitineand ER positive breast cancers
in the women in the health plan, and found thattb&ence rate for ER negative disease
had remained relatively constant with an abruptidedrom 1999 onwards, whereas for
ER positive disease there was a significant risadidence throughout the study period,
particularly in the period of 1983-1986 when thesgs an annual increase in incidence of
18.9% (Glass,2007). A study of 12000 tumours betw#873 and 1992 in the US
showed a significant increase in the percentageumfours that were ER positive
(Pujol,1994) after adjustment for the distributiof other clinicopathological factors.



Other smaller studies have also suggested a rigergentage of ER positivity over time
(Bradburn,1998; Henley, 2005; Li,2003).

In most of the studies of trend€R status over time, the assays and criteria
used to determine ER positivity changed severaddiauring the study periods as a result
of development of new methods of ER determinatiBtudies of the concordance of
ligand-binding assay and immunohistochemistry hstwvewed that the concordance can
be as low as 82% (Allred, 1990). In the currentdgtwe used immunohistochemistry on
all samples, thereby eliminating the possibilitgttan increase in ER positivity has been
artefactual. Furthermore for each antibody, all thsamples underwent
immunohistochemistry together to eliminate the ptié effect of changing laboratory
conditions on staining.

The ER content of tumours increase$ wige (McCarty KS, 1983) with more
than 80% of breast cancers in women over 45 beRga@sitive (Glass,2007). The age
range in the second cohort was slightly greatahésecond cohort, but the mean and
median age of diagnosis in the two cohorts werélairnwith there being no significant
difference in median age at diagnosis.; 85% of wotinethe 1984-86 cohort were over
45 and 86.6% of the 1996-1997 cohort were over Hierefore age has not been a
confounding factor in the study.

One explanation for a preferential increase in E&Sitive tumours could be a
population-wide change in the prevalence of cerfattors that have been shown to
increase the frequency of ER positive disease. Sactors include late age at first
pregnancy and postmenopausal obesity (Althuis4200lditz, 2004; Potter, 1995); use
of hormone replacement therapy was linked to ERtigesdisease in one study only
(Potter, 1995). There is evidence that the peaggntof all children being born to
mothers of age 35 and over is increasing in Scofland that mean BMI and prevalence
of obesity are increasing (Brown, 2007). In Endldhe estimated prevalence of HRT
use in 45-64 year olds increased from 2.2% in 1®872% in 1994 (Townsend,1998);
since then there appears to have been little changesvalence of use (Bromley, 2004),
with unpublished work by the authors of the curgntly suggesting that this is also true
for Scotland. Unfortunately data on hormone therapg by the patients in the current



study had not been routinely recorded and the aleseh case notes for many of the
women in the 1984-86 cohort precluded the abidtgétermine this.

The authors acknowledge that study wageped to detect a 10% difference in ER
positive prevalence, and is hence underpowerecetectthe observed 7% difference.
The inability to retrieve tumour block for all patits means that the calculated figures to
not represent the entire two cohorts of patiertis; ¢ohort is further reduced by the
tumours which were not suitable for immunohistoctstim because of sampling error or
damage to the core while being inserted into tb&ug microarray, a factor common to
studies involving tissue microarray immunohistocksm. Those tumours which
underwent analysis should be representative ofdhert as a whole.

Breast cancer-specific and overall 5-year survimatohort 1 were significantly lower
than in cohort 2. 5 year breast-cancer specifiwigalr was significantly higher in ER
positive patients than ER negative patients in shely overall and in each cohort
independently. In the second cohort, improved satvin ER positive patients may
reflect the fact that in 1984-1986, whilst begirgiito be used, hormonal therapies may
have been relatively under-prescribed by todayandards due to different ER
techniques and cut-offs for ‘positivity’ and difeart advice on suitability for hormonal
therapy; the more marked survival improvement in ri€igative patients over this time
period is most likely due to improvements in chemeodpy. Unfortunately treatment
data is not available for the women in this stualy,in 1984-86 the Cancer Registry did
not routinely record treatment received and casesnwere not available.

In the second cohort there was no disease-spetifival difference between women
whose tumours were screen-detected and those whaseurs were detected
symptomatically; within the symptomatic patientseréh was a significant survival
difference between cohorts. However, this cannotdiectly extrapolated to the
conclusion that screening prolongs survival; thiea$ of screening on survival as
opposed to mortality are complex because of thential for lead-time bias and further
analysis of these data is outwith the scope o€timeent study.

A true change in ER status could have profound izafibns for the application of data
from clinical trials carried out in previous decade the women of today, as a change in

the prevalence of ER positive disease could altteroverall survival benefit seen from



chemotherapy and different hormonal therapies.sltaiso possible that changes in
hormone receptor status are contributing to themiesl survival increases.

The patients in cohort 1 had a higher relativk adeath than cohort 2 with a hazard
ratio of breast cancer 3.43 after correcting fbtuahour and demographic factors; when
the effect of cohort on survival was adjusted f&t &atus alone the cohort remained a
significant independent factor in survival. As egigel the difference in survival between
cohorts is not fully explained by differences in BRtus; the fact that cohort remains an
independent factor in survival after adjustmentdrdemographic and tumour factors
supports the suggestion that treatment and globalgement changes have contributed
to changes in survival over time (Bradburn, 1988»m the literature, the contribution of
screening to this survival improvement remains t@sar (Blanks, 2000; Thomson, 2004;
Stockton, 1997).
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