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Abbreviations

ALND
CI
CK
ER
FFPE
FNA
HE
HER2
HIER
HR
[HC
PR
RFS
RR
SN
SNB

Axillary lymph node dissection
Confidence interval

Cytokeratin

Oestrogen receptor
Formalin-fixed paraffin-embedded
Fine-needle aspiration
Haematoxylin and eosin

Human epidermal growth factor receptor 2
Heat-induced epitope retrieval
Hazard ratio
Immunohistochemistry
Progesterone receptor
Recurrence-free survival

Relative risk

Sentinel node

Sentinel node biopsy



Definitions

Due to there being different definitions of node-negative, isolated
tumour cells, micrometastases and macrometastases these terms are not
abbreviated but written in full throughout the text. The definitions vary
in different editions of the AJCC and UICC classifications; the
definitions used in various part of the text should be clear from the
context.

In brief:

Before 2002'

Node-negative No metastatic tumour deposits in lymph nodes
Micrometastases Metastasis measuring >0 and <2 mm
Macrometastases Metastasis >2 mm

AJCC and UICC 6™ edition®?, 2002

Node-negative Negative nodes clinically including isolated
tumour cells

Isolated tumour cells Epithelial deposits <0.2 mm in lymph nodes
Micrometastases Metastasis >0.2 mm and <2 mm
Macrometastases Metastasis >2 mm

AJCC and UICC 7™ edition* >, 2010 and 2009

Node-negative Negative nodes clinically including isolated
tumour cells
Isolated tumour cells Epithelial deposits <0.2 mm/<200 cells in lymph

nodes
Micrometastases Metastasis >0.2 mm/>200 cells and <2 mm
Macrometastases Metastasis >2 mm



Papers

This thesis is based on the following papers, which will be referred to
by their Roman numerals.

I Grabau D, Jensen MB, Rank F, Blichert-Toft M.
Axillary lymph node micrometastases in invasive breast cancer:
national figures on incidence and overall survival. APMIS 2007
Jul;115(7):828-837

11 Grabau D, Ryden L, Ferné M, Ingvar C.
Analysis of sentinel node biopsy — a single-institution experience
supporting the use of serial sectioning and immunohistochemistry
for detection of micrometastases by comparing four different
histopathological laboratory protocols. Histopathology. 2011
Jul;59(1):129-38.

III  Grabau D, Dihge L, Fern6 M. Ingvar C, Ryden L.
Completion axillary dissection can safely be omitted in screening
detected breast cancer patients with micrometastases. Results
from a decade from a single institution. (Submitted)

IV Grabau D, Bendahl P-O, Rydén L, Stal O, Ferndé M. For the South
and South-East Breast Cancer Groups.
The prevalence of immunohistochemicallt determined oestrogen
receptor positivity in primary breast cancer is dependent on the
choice of antibody and method of heat-induced epitope retrieval —
prognostic implications? (Submitted)



Abstract

Background. The Swedish national cancer strategy programme
published in 2009 emphasises the patient perspective and focuses on the
patient process. Over the years the different modalities in breast cancer
treatment are changing position, making accurate diagnosis and quality
assurance in breast pathology even more important than before.

Aims. The aim of paper I was to examine overall survival in women
with micrometastases in relation to node-negative women. In paper II
four different routine methods for the pathological work-up of frozen
section negative sentinel nodes (SN) were compared to find the method
showing the largest fraction of patients with small deposits in SN, in
order to achieve the highest possible confidence in the negative status.
In paper III the aim was to determine whether screening status
influences the proportion of patients with additional positive nodes in
the axillary lymph node dissection (ALND) specimen after the SNs
have been diagnosed with micrometastases. Paper IV deals with
immunohistochemistry with the aim of comparing the prevalence of
oestrogen receptor (ER)-positive patients when the ER status was
determined by three different antibodies and heat-induced epitope
retrieval (HIER) methods in premenopausal stage II patients.

Material. In paper I the study cohort consisted of 6,959 women with
T1-T3, NO-N1, MO primary breast cancer aged below 75 years and
registered in the Danish Breast Cancer Database from 1 January 1990 to
31 October 1994. The study cohort in paper II was a consecutive series
of 1,576 women with a first primary operable breast cancer treated at
the University Hospital of Lund from 1 January 2001 to 31 December
2009, of whom 1,098 had sentinel node biopsy (SNB). In paper III the
study cohort was 1,993 consecutive women with first primary unilateral
breast cancer, of whom 1,458 had SNB, treated at Skane University
Hospital, Lund between 2001 and 2011. In paper IV ER status was
assessed on tissue microarrays, with three different ER antibodies and
HIER methods: 1D5 in citrate pH 6, SP1 in Tris pH 9 (n=390) and
PharmDx in citrate pH 6 (n=361).

Results. Paper I showed in a multivariate analysis that women with
micrometastases had a significantly higher risk of death than did node-
negative women (adjusted relative risk = 1.49, 95% CI: 1.18-1.90)
(p<0.01). The result of paper II was that a combination of teamwork and



the addition of intensive IHC for cytokeratin (CK) at fixed levels
resulted in 13% more patients with isolated tumour cells and
micrometastases than if a method with step sections at fixed intervals
were used. In paper III the results of a logistic regression analysis
showed 5 times higher odds for further metastases in the ALND in
patients with micrometastases in SNs when symptomatic presentation
was compared with screen-detected breast cancer. The findings in paper
IV were that the prevalence of ER-positivity was higher with SP1 (75%
and 72%) compared with 1D5 (68% and 66%) and PharmDx (66% and
62%) at cut-offs of 1% and 10%, respectively. The repeatability was
good for all antibodies and cut-offs with overall agreement >93%.

Conclusion. Patients with micrometastases detected in ALND have an
inferior 10-year overall survival compared with node-negative patients.
SN examination with step sections at fixed levels including CK at each
level is important in ensuring that the node-negative group really is
node-negative.  Screen-detected breast cancer patients  with
micrometastases have 5-time lesser odds for additional metastases in the
completion ALND compared with symptomatic patients, and are
thereby candidates for the omission of completion ALND. The
prevalence of ER-positive breast cancer patients is dependent on the
antibody and HIER method.



Background

Nearly 8000 patients are diagnosed with a new breast cancer each year
in Sweden®. The Swedish breast cancer group maintains the national
guidelines’, and local applications of the guidelines are produced®.

Breast cancer treatment
1. Screening and diagnosis

Sweden was the first country to offer a public mammography screening
programme to all women in the target population, which in recent years
has been extended from 50-70 years to 40-74 years. Inspired by the
beneficial results of the randomised Swedish screening studies’, pilot
projects started in Denmark in 1990' and in Norway in 1996. Public
mammography screening programmes have been running nationwide in
Sweden since 1997, in Norway since 2005 and in Denmark since 2007.
In screening, there is a calculated risk of overdiagnosis due to the lead
time, and in a population-based study from Malmo overdiagnosis was of
the order of 10%''. Much debate is ongoing concerning the effect of
public screening programmes for breast cancer'” . The relative
survival of women with breast cancer in the Nordic countries is steadily
increasing'® and screening might contribute about one third of the
reduction in the rate of death. Improvements in diagnosis and treatment
might account for the rest'”.

Women with suspicious lesions on the screen mammogram (2-view)

and symptomatic patients are referred to clinical mammography (3-view)
including clinical investigation and, when necessary, biopsied, either by

core needle biopsy or fine-needle aspiration (FNA)'®. At the same time,

ultrasound examination of axillary nodes is performed and, if the nodes

are suspicious, a FNA follows. The result of this triple diagnostic

procedure decides the women’s subsequent treatment. Benign cases are

referred back to the screening programme without further treatment.

Where there is doubt or a malignant diagnosis, the patient is discussed

at the multidisciplinary conference.



2. Surgery

In patients with a diagnosis of invasive breast cancer, partial
mastectomy'’ or mastectomy'®, depending on cosmetic concerns and
concomitant conditions, is the standard treatment except for patients
with local advanced cancer who are offered neoadjuvant therapy before
surgery. Axillary staging in ultrasound and clinically negative patients is
performed by sentinel node biopsy (SNB)'?. It is still standard today for
sentinel node (SN)-positive patients to bee offered completion axillary
lymph node dissection (ALND).

3. Systemic therapy

In addition to the TNM (T = tumour, N = node and M = metastases)
classification and age, the administration of adjuvant systemic medical
therapy is based on the immunohistochemical translation of the results
of gene expression profiles® allocating patients to molecular subtypes
even though these groups are not completely equivalent’’. The luminal
A group, oestrogen receptor (ER)/progesterone receptor (PR)-positive,
human epidermal growth factor receptor 2 (HER2)-normal and with a
low Ki67 index, constitutes about 50% of breast cancer patients, and if
risk factors are found these patients are offered adjuvant endocrine
therapy. Patients that are ER-positive, PR-positive or negative with a
high Ki67 are allocated to the luminal B group, and these patients
receive chemotherapy and endocrine therapy if they have risk factors.
The HER2 group comprises patients with amplified HER2, and patients
in this group are recommended chemotherapy and trastuzumab if they
have tumours more than 5 mm in size or are node-positive. The triple-
negative group (ER- and PR-negative with normal HER2) is a
heterogeneous group of patients® including among others metaplastic
invasive ductal carcinomas with poor prognosis, and the adenoid cystic
carcinomas that rarely metastasize when located in the breast. In
Sweden these triple-negative patients as a group are offered
chemotherapy if they have risk factors. Only patients with negative
nodes or ITC in the SN and a tumour size of 10 mm or less (for HER2-
amplified tumours 5 mm or less) are not offered any systemic medical
adjuvant therapy. Patients with four or more positive nodes receive
screening for distant metastases and, if positive, they are offered
systemic therapy. Adjuvant radiation therapy of the breast is offered to
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all patients treated by partial mastectomy and, where there are two or
more positive axillary nodes, also to the axilla.

4. Introduction

In 2009, the Swedish national cancer strategy programme was
published23. The programme emphasises the patient perspective and
focuses on the patient process. This approach offers new challenges to
the multidisciplinary patient team by reorganising the cancer patient
processes, which focus on delivering the results of the diagnostic
procedure in time, when the patient needs it, instead of the old focus on
each department’s production. This organisation also offers new options
for breast pathology in terms of communication between disciplines. In
addition, breast pathologists might play a more active role in
multidisciplinary teams in order to provide the best fundamentals for
treatment plans. Quality assurance (QA) of the breast cancer patient
process is paramount, yet today there is no agreed QA programme
involving the total patient process. The requirements of a specialist
breast unit have been agreed by EUSOMA?". Traditionally biomarker
QA in pathology laboratories is performed in two steps: the internal QA
at the laboratory, covering the implementation of optimal protocols and
the control of day-to-day variation, and the external QA achieved by
participation in QA programmes executed by, for example Nordigc*or
UK Nequas®®. In Sweden pathology laboratories engaged in breast
pathology can achieve accreditation of breast diagnoses by SWEDAC?’,
and most laboratories have done so today.

The survival of breast cancer patients today is dependent on adequate
surgery and the administration of systemic adjuvant therapy to risk
patients. Sweden has one of the best 5-year survival rates for breast
cancer in the world, and many more women resident in Sweden live
with breast cancer than do women dying from the disease. The
drawback of adjuvant systemic therapy is that in fact many patients do
not need it, and only experience the side effects. This overtreatment can
only be dealt with by the more precise characterisation of patients that
will benefit from a specific therapy.

In this context several aspects of breast pathology are important. The

widespread use of large sections in Sweden might contribute to better
local control, especially in women treated by partial mastectomy,
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because this technique examines a larger proportion of the resection
margin compared with sampling with conventional small sections®. In
addition to the QA of biomarkers, uniform and intensive examination of
SN is important in order to assure a negative status in patients allocated
to the node-negative group. This is especially important because those
women that can be cured by surgery alone, and who do not benefit from
further adjuvant systemic therapy, come from the node-negative group.

The importance of metastases to the ipsilateral axillary lymph nodes
was first shown by Adair in 1933%°. In 1971 Huvos et al.*® were the first
authors to report on micrometastases finding no difference in the
recurrence-free survival (RFS) or OS of 40 patients with
micrometastases compared with 62 node-negative and 125 with
macrometastases with 8 years of follow-up. In a cohort of 565 patients
with a maximum of 4 years of follow-up, Fisher et al.*' showed that the
RFS or OS of patients with micrometastases did not differ from those of
node-negative patients. Fisher et al.’', in a multivariate analysis, also
showed that the number of involved nodes was more important than
micro- or macrometastases with respect to the patients’ prognoses.
Correspondingly, Rosen et al.’* showed that in a cohort of 147 patients,
of whom 73 were T{N;M, patients with up to 12 years of follow-up, that
the OS of patients with a single metastasis did not differ from that of the
node-negative patients up to the 6" year. After 12 years of observation,
the OS of T|N;M, patients with a single micro- or a single
macrometastasis were alike and significantly worse than those of node-
negative patients. A review from the late nineties” emphasised that the
first studies on fever patients did not show any prognostic difference
between patients with micrometastases and node-negative patients.
However, the later larger studies show a worse outcome for patients
with micrometastases than for node-negative patients. The Ludwig
group® has shown that the outcome for patients with occult
micrometastases who did not receive chemotherapy was worse than that
for patients with occult micrometastases receiving chemotherapy.
Recently, similar results were reported for women with micrometastases
or isolated tumour cells in SNs where the group receiving adjuvant
systemic therapy had superior disease-free survival compared with those
without systemic therapy™".

In the area of ALND there has been much debate consigning definitions
of micrometastases including size, location in the lymph nodes and
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method of detection (one haematoxylin and eosin (HE)-stained section
vs. step sections with or without immunohistochemistry (IHC) for
cytokeratin (CK)). In the SN area, some of the debate has continued and
methods of detection have been expanded with various polymerase
chain reaction-methods, among others. Despite this dispute and
continuous refinements to the definition, a micrometastasis has been
defined for the last 20 years of so as a metastatic deposit of 2 mm or less
and for the last 10 years a lower limit of 0.2 mm has described isolated
tumour cells. Due to the patient perspective in the Nordic countries, it is
crucial that prognoses of patients with micrometastases be evaluated.
Furthermore, the best protocol for routine use and the impact of
micrometastases in screen-detected patients are important. Finally, from
a QA perspective knowledge of the prevalence of different ER
antibodies is essential.

13



Aims of the specific studies

I

II

II

v

14

To examine the overall survival in women with micrometastases
in relation to node-negative women and to women with 1-3
positive axillary nodes in a population-based patient series.

To determine which of four different routine methods for the
pathological work-up of frozen section negative SNs shows the
largest fraction of patients with small deposits in SNs, in order to
achieve the highest possible confidence in the negative status.

To determine whether screening status influences the proportion
of patients with additional positive nodes in the axillary dissection
specimen after the SNs have been diagnosed with
micrometastases.

To compare the prevalence of ER-positive patients when ER
status is determined by three different antibodies and heat-induced
antigen retrieval methods in premenopausal stage II patients
originally participating in a randomised trial designed to compare
the effect of two years adjuvant tamoxifen vs. no tamoxifen.



Material and methods

Paper |

The study cohort was population-based and consisted of 6,959 women
with T1-T3, NO-N1, MO primary breast cancer aged below 75 years and
registered in the Danish Breast Cancer Database (DBCG) from 1
January 1990 to 31 October 1994. Women with four or more positive
nodes were excluded. All patients were treated systematically according
to approved Danish national guidelines and treatment protocols and
women with micrometastases received adjuvant systemic treatment.

The study was a register study with the end point overall survival. The
Cox proportional hazards regression model was applied to assess the
adjusted relative risk (RR) of death according to axillary status.

Paper II

The study cohort was department-based and consisted of a consecutive
series of 1,576 women with a first primary operable breast cancer
treated at the University Hospital of Lund from 1 January 2001 to 31
December 2009. Of patients included in the study, 70% (1,098) had
SNB.

SNs were bisected through the longitudinal axis and a frozen section
from each section was analysed. Then the SNs were formalin-fixed and
paraffin-embedded (FFPE). A review of all slides from SN-positive
patients was undertaken and the 7" edition of AJCC and UICC
classification was applied. Four different methods for the definitive SN
work-up of FFPE material for frozen section negative cases were
compared:

Method 1: One HE and one IHC from each section.

Method 2: HE at step sectioning at three randomly chosen levels, and
[HC at the first level

Method 3: HE at step sections at three fixed levels of 0.2 mm. IHC only
in suspicious cases.

Method 4: HE and THC at step sections at three fixed levels of 0.2 mm
and teamwork.

15



Paper 111

The study cohort was department-based and consisted of 1,993
consecutive women with first primary unilateral breast cancer of whom
1,458 had SNB treated at Lund University Hospital between 2001 and
2011.

Nearly all patients with micro- and macrometastases had axillary
dissection, and the proportion of positive nodes in the completion
axillary dissection specimen was examined according to screen-
detection vs. clinical presentation by logistic regression analysis.

Paper IV

The study cohort consisted of 564 premenopausal stage II patients with
primary breast cancer enrolled in a clinical trial between 1986 and 1991.
The study is registered as ”SBII:2-premenopausal”. The randomised
trial was designed to compare the effect of two years of adjuvant
tamoxifen vs. no adjuvant systemic treatment.

ER status was assessed on tissue microarrays, initially available for 500
patients, with three different ER antibodies and heat-induced epitope
retrieval (HIER) methods: 1D5 in citrate pH 6 (n=390), SP1 in Tris pH
9 (n=390) and PharmDx in citrate pH 6 (n=361). The prevalence and
reproducibility at different levels of cut-offs were compared.

16



Results

Paper |

Of the 6,959 patients included in the study, 4,757 were node negative,
1,765 had macrometastases and 427 had micrometastases. The median
observation time was 10 years and 2 months. To evaluate the impact of
the adjusted RR of axillary status on overall survival, a multivariate
analysis was performed including axillary lymph node status, tumour
size, number of examined nodes, number of positive nodes, type of
surgery and menopausal status. Due to the lack of proportional hazard
rates, the analysis was stratified for histological grade, histological type
and hormone receptor status. In this model, women with
micrometastases had a significantly higher risk of death than did node-
negative women (adjusted RR=1.49, 95% confidence interval (CI):
1.18-1.90) (p<0.01), which was also true for women with
macrometastases in the nodes (adjusted RR=1.88, 95% CI: 1.55-2.20)
(p<0.01).

The adjusted RR increased significantly with increasing tumour size.
Patients who had breast-conserving surgery had a significantly smaller
risk than did patients who underwent mastectomy, and postmenopausal
women experienced a significantly higher risk than did premenopausal
women. The interaction between axillary status and histological grade
showed that the adjusted RR increased with increasing grade, and for
women with micrometastases and histological grade 3 even more than
for node-negative patients and women with macrometastases (p=0.02)

Paper I

The frequencies of patients treated by SNB biopsy were 63%, 68%,
69%, and 86% in the four periods with different methods of SN
examination. With a cut-off of zero for classifying SNs with negative
status, significantly more patients were node-positive in the last period,
both among women treated by SNB and among all women (p=0.01).
When a cut-off of 0.2 mm /<200 cells was applied for negative status,
the difference was only borderline significant (p=0.07). IHC was used
in 72%, 74%, 21% and 92% of the cases treated by SNB biopsy. The
median number of analysed SNs per patient was two, and did not differ
between the periods.

17



The proportion of patients with isolated tumour cells and
micrometastases was 9% higher when Method 4 was used than with the
use of Methods 1 and 2 with either only one HE section followed by
IHC or one HE section and THC followed by random step sections.
Teamwork and the addition of intensive IHC at fixed levels in Method 4
resulted in 13% more patients with isolated tumour cells and
micrometastases than with Method 3 where step sections at fixed
intervals were used. The frequency of women with isolated tumour cells
and micrometastases compared with those with macrometastases did not
differ significantly between the study periods, indicating that the
isolated tumour cells and micrometastases were found in patients
previously classified as node-negative.

Paper 111

Micrometastases of >0.2 mm/>200 cells and <2.0 mm were detected in
8% (62/575) of screen-detected patients compared with 12% (81/701) of
symptomatic patients. Only 5% (3/61) of screen-detected patients with
micrometastases, all with tumour size >15 mm (range 18-39 mm), had
metastases in the completion ALND whereas this was found in 23%
(18/79) of the symptomatic patients with micrometastases (p=0.013),
(tumour size range 10-30 mm).

The number of symptomatic patients with micrometastases and further
metastases in the completion ALND increased with increasing tumour
size, except for tumours larger than 30 mm. Logistic regression analysis
adjusted for method of detection, tumour size, histological grade and
type of surgery showed 5 times higher odds for further metastases in the
ALND in patients with symptomatic presentation vs. screen-detected
breast cancer. All other variables remained insignificant.

Paper IV

With a cut-off of 1% the prevalence of ER-positivity was higher with
SP1 (75%; 292/390) compared with 1D5 (68%; 266/390) and PharmDx
(66%; 211/321). The corresponding figures for cut-off 10% were 72%,
66% and 62%, and for cut-off 50% they were 67%, 55% and 41%.

The repeatability of each antibody was excellent with overall agreement
between 93% and 100% for 1D5, SP1 and PharmDx, respectively at
cut-offs 1% and 10%. The positive agreement (>93%) and negative
agreement (>92%) were also acceptable. The agreement between

18



antibodies showed an overall agreement of 1D5 and SP1 at cut-off 1%
of 92%, a negative agreement of 77% and a positive agreement of 99%.
The corresponding figures for cut-off 10% were 94%, 82% and 100%.

The overwhelming majority of discordant patients went from negative
with 1D5 to positive with SP1 at cut-offs of both 1% and 10%. RFS
showed that discordant patients had outcomes intermediate to the
double-positive and double-negative patients, though this was not
statistically significant. An equvivalent pattern appeared on comparing
PharmDx at 10% cut-off and the Allred score where the addition of
intensity caused the discordant cases to show an intermediate RFS. The
addition of intensity by the Allred score to the PharmDx was not
superior to the PharmDx alone.
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Discussion

During the last ten years, the management of breast cancer patients has
changed in a variety of ways. SNB is now the gold standard of axillary
staging in clinically node-negative patients instead of upfront axillary
dissection®®. Until resently, axillary dissection has been the choice in the
case of a positive SNB, but the need for additional axillary surgery in all
these patients is currently being discussed intensively.

1. Micrometastases

The present studies show that patients with micrometastases staged by
axillary dissection have a worse overall survival than do node-negative
patients. In patients with micrometastases, there are a 5 times higher
odds for having positive nodes in the completion ALND if the patients
have a symptomatic breast cancer compared with a screen-detected
breast cancer. Furthermore, examination of SNs at several fixed levels
including IHC with CK is necessary to detect isolated tumour cells (ITC)
and micrometastases.

Studies designed to examine a possible prognostic effect of
micrometastases®>>"** in SN are prone to be biased in several ways:

First, the outcome for micrometastatic patients is compared with those
of the node-negative group, but is this group really node-negative? A
potential metastasis in an axillary lymph node can be located in the cut
face presented in the microscope, be located deeper in the FFPE block
or can be left behind in the patient. In the area of ALND the estimated
fraction of node-positive patients allocated to the node-negative group
was as high as up to 33% *°. The false-negative rate of axillary
dissection, whose magnitude is unknown, should be added. The SNB
procedure has a surgical false-negative rate of the order of 5-8%
compared with SNB and ALND*" **. The further allocation of node-
positive patients to the positive group is dependent on the intensity of
examination of the SNs at the pathology laboratory. Study II shows that
the method with step sections at fixed levels and CK at all levels
assigned most patients to the node-positive group and thereby carries
the highest probability that patients allocated to the node-negative group
are in fact “true” node-negative.
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Second, so far only a few studies have been population-based and a
recommendation for SNB might be modified during the study period
with a smaller fraction of the patients eligible in the beginning. In study
II running from 2001 to 2009, 63% of all patients had SNB at the start
of the period increasing to 86% at the end. This makes the “SNB” group
somewhat heterogeneous influencing the frequency of micrometastases.
Several large studies have shown that breast cancer patients receiving
ALND where the specimen contains micrometastases have a worse
outcome than do node-negative patients”. The frequency of patients
with micrometastases in the combined group of node-negative and
micrometastatic patients varies between 4% and 8%. In selected patients
treated by SNB where patients with micrometastases do less well
compared with node-negative patients*> **** the frequency mentioned
above i1s 8-11%, whereas in studies without prognostic effect the
frequency is higher at 11-22%°"*’. At first glance, this difference in
micrometastatic frequency is most probably due to selection bias of
patients and not by ensuring a “true” node-negative group.

Third, the criteria of axillary lymph node diagnosis have changed during
the study period. Before 2002 only the node-negative, the groups with
micrometastases and those with macrometastases existed. The 6"
edition of AJCC and UICC* ° introduced the concept of ITC. The
reason for this change in classification was the documentation of the
passive transportation of tissue and epithelial cells to lymph nodes,
irrespective of malignant potential. Furthermore, the technique of SNB
might increase the problem because the more intense examination
introduces stage migration compared with ALND*. The mechanism
behind passive transportation was known from needle tract seeding’
though the technical details behind it differ. In addition, the criteria for
classification from the 6™ edition were different in AJCC and UICC.
Neither could be reproduced by pathologists® >, but it seems the UICC
classification was better at discriminating which low-volume patients
harboured additional metastases in the ALND>*. In 2010 a clarification
of the 6" classification was included in the 7" edition™ ° but
unfortunately the inferior reproducibility remained unchanged®. This
was underlined in a central review from the Netherlands, where 24% of
studied patients changed classification®. Moreover, several reports on
the prognostic impact of SN micrometastases have included patients
from more than one period of classification, and most have done no
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review to ensure that all patients are allocated to the correct axillary
staging group by the same classification.

Fourth, the use of adjuvant systemic therapy has not always been
reported in these studies, which might also influence the prognosis in
patients with minimal spread to axillary lymph nodes™. Moreover, in
some studies the axillary lymph node classification used in survival
analysis is based on the status of SNs, though patients might have had
completion ALND, disregarding positive nodes in the latter”.

Finally, most studies describe protocols for handling the SN but the
level of adherence to the protocols is often unknown.

Despite these drawbacks, the Swedish nationwide cohort study of
SNB* (n=3,369) showed an inferior 5-year cause-specific and event-
free survival rate for patients with micrometastases compared with
node-negative patients at 5 years of follow-up (94.1% vs. 96.9% and
79.6% vs. 87.1%, respectively). In Cox proportional hazard regression
analysis adjusted for age, tumour size, histological grade, ALND and
adjuvant treatment, patients with micrometastases had inferior outcome
compared with the node-negative group (HR: 3.04 (95% CI:1.19-7.77)
and HR: 1.71 (95% CI: 1.05-2.80)). The inclusion period (2000 to 2004)
was before the indication for SNB was expanded, and SNs were
assessed according to a specific study protocol. A review was
undertaken to re-classify patients according to the 6™ edition of AJCC.
Of the patients with micrometastases, 22% received chemotherapy and
81% were given endocrine therapy.

Summing up, in Sweden and Denmark breast cancer patients with
micrometastases have a worse prognosis than do node-negative patients,
irrespective of axillary staging with ALND or SNB primarily,
confirmed in multivariate analyses. Though some authors argue that a
significant difference of 3% in 10-years overall survival between node-
negative patients and those with micrometastases is too small to
consider®, proper axillary staging might be one of the many reasons
why Sweden has the world’s best 5-years survival at 87%°'. Similar
argument was used in a resent study of occult metastases™ . The study
used the negative SNs (n=3,887) from The National Surgical Adjuvant
Breast and Bowel Project (NSABP) trial B-32" that was designed to
evaluate whether SNB alone was equivalent to complete axillary
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dissection. Originally these SNs were examined by HE without step
sections. Occult metastases were found in 16% after step sections and
examination with CK in addition to HE. With a median follow-up of 7.9
years the adjusted hazard ratio (HR) for death for patients with occult
metastases were 1.40 (95% CI: 1.05-1.85) compared with node-negative
patients. The 5-years overall survival of patients with occult metastases
were 94.6% as compared with node-negative of 95.8%. Read from the
figure 2.2 the difference at 10 years is around 3 percentage points.
Even though small metastases recognisable in HE stained sections are
expelled from the study, this figure is in line with the results of paper I.
Despite these facts, the authors argue that the statistical significant
difference in 5-year survival of 1.2 percentage points is too small to
consider and SNs should not be examined by step sections and CK.

Whether patients with micrometastases in the SNB require a completion
ALND is quite a different question. Recently Giuliano and colleges
showed no difference between SNB-positive patients with or without
completion ALND in a randomised trial®’. The trial included a subgroup
of early breast cancer patients treated by breast conservation where the
radiation field included the lower part of the axilla, and nearly all
patients received adjuvant systemic therapy. Despite considerable
discussion and comments®'"®, the study has prompted surgeons to make
a rapid shift in axillary surgical treatment without further evidence.
Study III describes a group of patients who will be good candidates for
SNB only, i.e. screen-detected breast cancer patients with
micrometastases, because they have 5 times lower odds of harbouring
additional metastases in the completion ALND compared with
symptomatic patients.

Teamwork around SN frozen sections of breast cancer patients is
necessary to achieve high quality and at the same time keep the false-
negative rate acceptable, as described in paper II.
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Figure 1. Present and future scenario of sentinel node frozen sections

246 primary unilateral breast cancer patients offered sentinel node biopsy
Present SN = 246 frozen sections. 21 Fn SN and 90 with SN+ALND in one session = 37% of all
Future SN = 178 frozen sections. 21 Fn SN and 22 with SN+ALND in one session = 12% of all

300
250 B Neo+Npos UL
200 B Mac+
HE MacFn
150 B MicFn
B Mic+
100 EITC
50 W Negative
0

SN present SN future
Fnrate=21/111=0.19 Fn=121/43=0.49

In the future more node-positive patients will be detected by UL and 68 patients
will switch from SN positive to Neo+Npos UL

SN = sentinel node. Fn = false negative frozen sevtion. ALND = axillary lymph node
dissection. Neo = neoadjuvant, Npos UL = positive sentinel nodes diagnosed by
ultrasound, Mac+ = node-positive with macrometastases. MacFn = false neative frozen
section with macrometastases. MicFn = false neative frozen section with
micrometastases. Mict+ = node-positive with micrometastases. ITC = isolated tumour
cells.

The majority of frozen-section false-negative cases are found among
patients with micrometastases as a consequence of the technique itself
for frozen sections of SNs, because lymph nodes are three-dimensional
and only the central plane is presented in the frozen section. The false-
negative rate for frozen sections is calculated with all FFPE-positive
patients in the denominator as: False-negative rate = false-negative /
(false-negative + true-positive). The false negative rate will therefore
rise if the node-positive patients are left out of the SNB population
(Figure 1). In this situation, patients with micrometastases with an
unchanged false-negative rate will make up a larger part of the SNB-
positive patients. The same conclusion can be extrapolated from the
numbers in a recent meta-analysis of false-negative frozen sections®’.
Due to better ultrasound and FNA of possible axillary metastases prior
to surgery® and the allocation of more patients to neoadjuvant protocols,
the rise in the false-negative rate will soon exceed the benefit of frozen
sections, and this procedure will become obsolete. Furthermore, due to

24



the three dimensions of a lymph node, allocation of a patient to the
micrometastatic group is only possible after step section with permanent
sections.

Step sections with IHC with CK are most important in the node-
negative group in order to ensure that this group is as true-negative as
possible. Patients with a low risk of disseminated breast cancer who can
be cured by surgery alone, avoiding adjuvant systemic therapy, require
the highest possible degree of certainty in their allocation to the node-
negative group. Moreover, the addition of IHC with CK facilitates work
for pathologists. The step section technique leaves just two possibilities
for IHC: do it at all levels or not at all. The second option implies due to
step sections that tissue between the levels is lost, thereby making CK at
specific levels in doubtful cases unfeasible. Some histological subtypes
of breast cancer (e.g. the lobular type) progress with lymph node
metastases that are very difficult to diagnose in ordinary HE-stained
sections. These patients must be examined by IHC with CK, and if the
standard method only includes HE-stained sections, they might easily be
missed because the histological diagnosis is not always known when the
SNs are processed. Performing IHC with CK from the outset ensures all
patients are examined equally, and benefits mostly the node-negative
patients.

Results in paper I show that patients with grade 3 cancers and
micrometastases have a worse outcome than do the corresponding
patients with macrometastases; this might reflect different biological
subtypes among the grade 3 cancers. Grade 3 cancers typically have
high proliferation. The growth rate of cancer is an equilibrium between
proliferation and apoptosis, taking into account the time spent in the
mitosis of the proliferating nuclei. So far, IHC for apoptotic markers has
largely failed in breast cancer™. The results of gene expression analysis
for individual breast cancers might shed light on which intercellular
pathways are operating in which types of breasts cancer’" .

2. ER analysis
Paper IV shows that the proportion of ER-positive patients is dependent
on the antibody and the HIER method. The most sensitive ER antibody

in the study is SP1, pH 9, which increases the ER-positive proportion by
7% at a cut-off of 1% compared with 1DS5, pH 6. The corresponding
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figure at a cut-off of 10% (which is used in Sweden) is 6%. At present
the most widely used antibody in Sweden is SP1 though, in line with the
Swedish experience, the antibody 6F11 is even more sensitive’* .

During the 1980s, IHC was introduced in pathology laboratories with
the aim mainly of improving diagnoses of tumours. The biggest impact
was markers that could distinguish between embryonic lineages. The
result of an [HC assay is dependent on pre-analytical factors (e.g. cold
ischemic time and fixation), analytical factors (e.g. antibody, HIER and
visualisation system), and interpretation. In the past, every IHC analysis
was optimised internally in the pathology laboratories, most commonly
by adjusting the analytic factors. ER-receptor analysis by IHC was
introduced in the early 1990s, and the cut-off of 10% emerged by
comparison with the ligand-binding methods with, overall,
approximately 85% concordance’ 7*. Recently the possibility of false-
negative ER test has giving rise to much concern, mainly because in
large parts of the world patients with a false-negative ER result will be
denied potentially beneficial antihormonal treatment. On the other hand,
in Sweden a false-positive ER test might result in the recommendation
of antihormonal treatment instead of chemotherapy.

Despite universal agreement on the importance of correct ER results in
offering patients the right therapy, the IHC ER test has not been
standardised. Only one test has recently obtained an FDA approval
(ER/PR PharmDx™). Instead, guidelines””’ with a meticulous
description of special steps in the pre-analytical, analytical, and
interpretation settings of IHC analysis have emerged. However, the
guideline” still recommends among other things the antibodies
examined in study IV and the antibody 6F11 despite the difference in
the prevalence of ER-positive patients tested by these antibodies. Before
the introduction of a new ER-antibody and HIER, a comparison with a
clinically validated assay must show positive agreement of >90% and
negative agreement of >95% with positive regarded as
immunoreactivity in >1% of cells. The negative agreement in study IV
of SP1 compared with 1D5 was much lower, at 77% and 82% at cut-
offs 1% and 10%, respectively. Despite these facts, 1D5 is rarely used
in clinical practice today. Furthermore, the guidelines’ ’® argue that the
intensity of ER THC staining should be reported and used in a combined
score of the percentage of ER-positive cells and intensity, despite the
fact that intensity might be fixation-and HIER-dependent. Formalin
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fixation of tissue stabilises proteins via sulphate cross-bridges. HIER
counteracts this to some extent by loosening these bridges again,
thereby enabling the antigens to be exposed to antibodies™™. These
processes are still not fully understood but imply that the protein content
by weight cannot be determined.

Another huge drawback of the IHC test is that new IHC machines
function with HIER-standardised industrial buffers whose contents are
proprietary to the company, and the exact contents of HIER buffers are
now unknown to pathologists. Some IHC machines function only with a
pH 9 buffer, which means all antibodies including the biomarkers must
be shifted to HIER, pH 9. Moreover, some biomarkers are now
delivered as specific kits that function with a specific IHC machine, so
the pathology laboratory has little influence on the results of biomarker
analysis today’’. Simultaneously, the production of IHC analysis is
becoming more labour-insensitive. In biomarker analysis using the now
“old” bulk staining method®’, running negative and positive control
slides in each batch sufficed alongside the positive controls provided by
normal breast tissue on the slides. The new single-slide staining
machines demand external positive control tissue on every slide. These
positive controls are typically cut and mounted on the slide some time
before the actual IHC analysis is performed, and if stored at room
temperature for too long the controls might fade®'.
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Future perspectives
1. Screening

The targeted screening of subgroups according to risk has been
proposed®, and in the future might replace public mammography
screening. Candidates for targeted screening include, among others,
patients with a risk of hereditary breast cancer.

2. Surgery

As mentioned in the discussion, axillary surgery is at present being
vigorously debated. It is hoped that in the near future new protocols on
SN findings will be introduced in Sweden, allocating all patients with
micrometastases to a cohort study with follow-up, and randomise
patients with macrometastsis to ALND or no ALND. Patients eligible
for randomisation are those positive patients left after proper ultrasound
of the axilla combined with FNA has detected node-positive patients,
some of whom will receive ALND directly and others will be offered
neoadjuvant therapy. At the other end of the spectrum are patients with
early breast cancer with so little risk of nodal involvement that they
perhaps do not need axillary staging at all. A randomised trial of these
patients is planned®. The results of a large Swedish cohort of patients
with early breast cancer without axillary staging with tumour size <10
mm and of histological grade 1 and 2 are soon to be published (personal
communication). In the future, new modalities of minimal local invasive
surgery (heat, laser® etc.) will perhaps replace traditional surgery in
selected patients with small, often screen-detected, tumours.

3. Low-risk patients

Due to the high 5-year survival in Sweden and the nationwide public
mammography screening programme running for the last 15 years,
Swedish breast cancer researchers have a unique opportunity to more
precisely define node-negative patients with luminal A breast cancer
that can be cured by minimal surgery alone. Much more focus on this
group may encompass overdiagnosis by public mammography
screening and overtreatment due to the limited knowledge of the
benefits from systemic therapy at the patient level. Moreover, 70% of
the cost of breast cancer in Sweden is indirect costs®. From the Swedish
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patients’ perspective, living actively with children, grandchildren,
family, job, careers, and a social life, the specific side effects of surgery
and adjuvant therapy are more or less tolerable. Modern research for
example with gene expression profiles, should focus on this problem
because it is so important to offer sufficient therapy to those that can
benefit and to avoid overtreatment and unnecessary side effects for
those that cannot, to enable patients to continue their social lives**™".

4. Neoadjuvant therapy

In the future, neoadjuvant therapy will be used more extensively than
today, and a new proposal is being discussed that will present studies
recommending neoadjuvant therapy to all patients with tumours larger
than 20 mm. This offers the possibility of assessing the response to
systemic therapy “in vivo”, i.e. whether this specific patient responds to
the specific therapy. The therapy known to be efficient is then used
adjuvantly after surgery. In the future, surgery for a subset of patients
with complete regression of the cancer might even be unnecessary, or
perhaps a limited procedure with some sort of heating of the residual
scarring tissue will suffice. A system to evaluate the effect of
neoadjuvant therapy should be developed in a collaboration between
radiologists and pathologists. For example, a biopsy technique using
large-core needle biopsies at fixed systematically chosen intervals over
the tumour area might offer a good change of diagnosing the residual
infiltration of the cancer and hence referring the patient for
complementary surgery, or total regression requiring no or a limited
intervention. A similar strategy combined with SNB before the start of
neoadjuvant therapy might be used to target the axilla.

5. Subgross pathology

A breast cancer often combines an in situ and an invasive component.
The relative amounts of each differ, but the biological meaning of the
different growth patterns has been hard to understand and has therefore
been neglected until recently. Using subgross pathology and
pathologic/radiologic correlation the new concepts of lesion distribution,
unifocal (about 40%), multifocal (40%) and diffuse breast cancers
(20%), are described using the extent (largest distance of two cancer
foci being in situ or invasive) to combine the in situ and invasive
components. Unifocal lesions and lesions with limited extents have the
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best outcome’. Furthermore, unifocal lesions are more often node-
negative”. The combined procedure of minimal surgery for small
tumours and expansion of the indication for neoadjuvant therapy
unfortunately limits opportunities to exploit further subgross pathology
and pathological/radiological correlation.

6. Histopathology

For pathologists the approach involving expansion of the indication for
neoadjuvant therapy carries several challenges. First biomarkers have to
be assessed on core needle biopsies. There is a need for standardization
of the size of needle used and the quantity of tissue that must be
represented for the report of the biomarkers. One core totally infiltrated
with carcinoma has been suggested, but it seems more relevant to define
an area, for example a cumulative area of 10-20 mm’ containing
infiltration of carcinoma. In addition, because chemotherapy has side
effects that can be lethal, core biopsies must be stained with and
reported negative for markers of myoepithelial cells even though the
skilled pathologist is convinced that the diagnosis is breast cancer. This
staining is also required when scoring HER2 and Ki67 and reporting the
result only for the invasive component, because both HER2 and Ki67
tend to be expressed to a greater degree in the in situ component than in
the invasive component. In large parts of the world, biomarker analysis
is carried out only on core needle biopsies. Studies comparing results of
biomarkers assessed on core needle biopsies with results from tumours
in the surgical specimen have shown comparable results for ER***°, but
probably due to heterogeneity and perhaps differences in the cold
ischemic time Ki67 results might be a little lower’®. Due to progress in
IHC methods, the prevalence of ER-positive patients is steadily
increasing over the years’’ and the shift in HIER from citrate pH 6 to
Tris pH 9 contributes substantially to the increase as described in paper
IV.

ER has largely bimodal expression and the results are easy to reproduce,
but with Ki67 there are many more problems. A recent review reporting
the prognostic effect of Ki67 included 45 studies published between
1995 and 2004. The majority of the studies used the antibody MIB1, the
method of Ki67 scoring was not reported, and the mean cut-off for Ki67
was 13.5% (range 0-30%)’®. The cut-off for allocating patients to the
luminal A or B group has been reported to be 13.25% ', The last
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authors used the antibody SP6, pH 9 and made no count but, “Ki67 was
visually scored for percentage of tumour cell nuclei with positive
immunostaining above the background level by two pathologists”, i.e.
they read the slides according to what the pathologist judged by eye to
be the result. In Sweden, the cut-off was determined as the percentage
of Ki67-positive nuclei at the 66" percentile using MIB1 in HIER with
citrate pH 6. The scoring method agreed was counting 200 cells in hot
spots and reporting the positive percentage'®’. This approach gives a
cut-off of 20%. With the method used in Sweden, the 95% CI (exact
binominal) is in fact overlapping: 20% (14-26%) and 14% (8-20%), so
the Swedish method does not distinguish between 14% and 20%.
Reports of a lack of reproducibility of Ki67 are now emerging'**. The
results of Ki67 are typically reported in large research studies that often
use some sort of counting, and it seems that the researchers’ solution is
merely to count more cells'®. This approach narrows the 95% CI but it
1s much too time-consuming to be implemented in everyday routine.

Due to the varying intensity of Ki67, the discussion of reproducibility
often focuses on determining when a nucleus is positive or negative.
Moreover, Ki67 in breast cancer is a continuous variable, which implies
that irrespective of cut-off a substantial number of tumours will have
values near the cut-off. Accompanying the more intensive HIER
methods used today is unfortunately also a decrease in morphology of
the negative elements of an IHC staining. Often it is difficult to decide
whether a negative nucleus is a cancer nucleus, an endothelial cell or a
fibroblast. The decision on what to count as negative cancer nuclei has a
paramount influence on the positive percentage of Ki67: the
denominator matters. The revival of Ki67 in breast cancer is inspired by
gene expression profiles that independent of study consistently selects
genes for proliferation®'. The results of Ki67 are especially important in
patients with histological grade 2 because Ki67 can split this group into
one with a superior prognosis and another with an inferior outcome'"*.
One alternative for ascheiving better Ki67 results could be to do the
reading with inspiration from mitotic count in histological grade: i.e.
counting positive nuclei per area instead of in relation to negative
nuclei'®. This method is fast and can easily be implemented in the
routine. In some tumours, Ki67 is expressed very homogeneously all
over the tumour area; at the other extreme are tumours with a few hot
spots with very high expression at the periphery of the carcinoma.
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Another approach to Ki67 evaluation might be to examine whether
breast cancers can be divided into tumours with homogeneous
expression and tumours with hot spots. This approach carries the
drawback intrinsic to much pathology, i.e. taking a continuum of
expression patterns and forcing them into boxes; allowing for a middle
group of uncertainty is therefore mandatory. Subsequently it should be
evaluated whether this division carries prognostic information
comparable with low and high Ki67 expression. This way pathologists
can perform pattern recognition, at which they excel instead of counting
cells based on intensity, a difficult task for the human eye.

In the metastatic setting, pathologists also are involved in the biomarker
assessment of metastases. Because ER'” and HER2'"" in particular are
known to convert in a subset of patients, re-assessment of biomarkers is
important in deciding on further systemic therapy. Quality assurance
and validation of analysis are also paramount in this setting'*.

7. Quality assurance

Quality assurance of the breast cancer patient process is paramount, but
today there is no agreed QA programme involving the total patient
process. From the pathologists’ perspective, inspiration comes from
industry which has long used ISO certifications. QA in industry avoids
double-checking of everything. Instead there is a system with team
organisation, standardisation with definitions, checklists and audit in the
form of small random sample checking. Transferred to a pathology
laboratory, this implies specifications of the training and workload of
breast pathologists. According to EUSOMA® a breast pathologist
responsible to the multidisciplinary team should, among other things,
work in a breast unit treating at least 150 new breast cancer patients
yearly, be the first author of at least one article or co-author of at least
five articles dealing with breast cancer, attend an international course in
breast pathology, know how to interpret IHC and FISH and know the
epidemiology of breast cancer. All other pathologists participating in
breast pathology must have primary responsibility for at least 50 new
patients yearly.
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8. Teamwork

Teamwork including all levels in a pathology laboratory is also
important because everyone contributes to the outcome of the patient
process. Laboratory technicians must be allowed to specialise and to
have the opportunity to do the work frequently to keep up with the best
standards, especially in frozen section technique, large section handling,
and THC. Secretaries are also partly responsible for the consistency in
the communication of the pathology reports and partly for the internal
QA at the department. The patient perspective offers the opportunity for
breast pathologists to become each patient’s pathologist. An important
aspect of QA in breast cancer is that information is lost every time a
specimen from a specific patient changes hands. No element in gross
with correlation to radiology and microscopy stands alone; the final
diagnosis is a combination of all of it. To maintain quality and make the
time spent working with a specimen most useful, ideally the same
pathologists should do both. In addition, unnecessary mistakes can be
avoided if biomarkers are analysed and signed out by the pathologist
responsible for the specimen. In this way, much disagreement can be
dealt with directly and corrected before the pathology report reaches the
patient and clinician.

9. Standardisation

The standardisation of referral forms and pathology reports is perhaps
the single issue with the greatest impact on most patients.
Standardization enables the pathologist to be confident of having the
necessary information at hand when working with a specific patient.
More importantly, the standardisation of pathology reports ensures that
the message is easy to use by the clinicians, who in turn benefit the
patient by ensuring the best treatment possible. The languish used in the
pathology report should also be concise and easy for patients to
understand. Unnecessarily long descriptions not directly pertinent to
patient treatment, and abbreviations, should be avoided. The
standardisation of pathology reports also offers the opportunity to
monitor quality by referral of information to regional and national
databases'”. EUSOMA suggests a data manager be on the staff of the
patient process, and these employees are urgently needed.
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10. Audit

A second opinion is increasingly demanded in pathology. The problem
with QA in breast pathology is first and foremost that the absolute
“truth” does not exist. Breast pathologists have the responsibility to do
their job with similar quality and care as would another skilled breast
pathologist. Nevertheless, skilled pathologists can disagree and no one
owns the right answer. The inspiration from industry includes a check of
a small random sample. Instead of measurements as used by industry,
adherence to a protocol for how a patient specimen should be handled
throughout the pathology laboratory can be checked in a small random
sample. The audit must include specified items taking place from the
moment the specimen enters the laboratory to when the final pathology
report is signed out, including the quality of biomarkers. To get the most
of such a system it is paramount that all members of staff participate in
the audit group.

11. Turnover time

The turnover time in the pathology laboratory is extremely important
assuring the patient that the pathology report will be ready the moment
she needs it, which will typically be at the planned multidisciplinary
conference. New tissue-procession techniques including fixation
assisted by microwaves are now available. A study comparing
biomarker results with the results of conventional tissue processing is
ongoing (personal communication), and the results look promising. On
the assumption that the surgical department and pathology laboratory
can cooperate on planning the time schedule for operations on breast
cancer patients, if fully implemented this technique might reduce the
turnover time in the pathology laboratory to three or four days. This
time schedule for the pathological report on surgical breast cancer
specimens will also contain the results of large sections and the final
results of all biomarkers including in situ hybridisation of HER2.

In conclusion, fascinating perspectives of breast cancer treatment lie in
the near future, and breast pathologists will play a more important role
than ever, especially in ensuring the quality of the pathology part of the
breast cancer patient process and in communication with clinicians.
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Future studies

1. A biopsy technique using large-core needle biopsies at fixed
systematically chosen intervals over the tumour area might offer a good
change of diagnosing residual infiltration of cancer after neoadjuvant
therapy. The system should be developed in collaboration with
radiologists. The first step could be to evaluate the system with surgical
specimens from patients receiving neoadjuvant therapy today followed
by a step with in vivo evaluation where the radiologists do the biopsies.

2. Ki67-positivity by counting by area compared with counting by
negative nuclei. A pilot study'” of 100 patients is nearly finished with
comparable results. Ideally, the study should be coupled with the effect
of chemotherapy and therefore conducted on needle core biopsies from
patients receiving neoadjuvant therapy. This way it may be possibly to
establish a cut-off for the effect of chemotherapy.

3. To examine whether breast cancers can be divided into tumours with
homogeneous Ki67 expression and those with hot spots. The first
analysis should determine the frequencies in each group including a
group of uncertainty. Subsequently it should be evaluated whether this
separation carries prognostic or predictive information comparable with
low and high Ki67 expression. A combination with histological grade
might be necessary.

4. A pilot study for an audit of breast cancer pathology files in parts of
Skéne is planned this autumn. Criteria to be evaluated have been
specified and the intake period is currently running.

5. Comparison of biomarker analysis on conventionally treated cancer
tissue and tissue fixed with the assistance of microwaves and quickly
dehydrated. A study is ongoing with ER (SP1), PR (1E2), Ki67 (MIB1)
and HER2 (4B5) in 94 tumours of which FISH and SISH had been
performed on 20.
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Conclusions

Breast cancer patients with micrometastases in lymph nodes detected by
ALND have an inferior 10-year overall survival compared with node-
negative patients.

SN examination with step sections at fixed levels including CK at each
level is important in ensuring that the node-negative group is “true”
node-negative.

Screen-detected breast cancer patients with micrometastases have 5-
time lower odds for additional metastases in the completion ALND
compared with symptomatic patients, and are thereby candidates for the
omission of completion ALND.

The prevalence of ER-positive results is dependent on the specific
antibody and HIER method used.

Quality-assured breast pathology will be in even greater demand in the
future especially when molecular profiling develops and subgroups of
cancers are defined for targeted treatments.
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Sammanfattning pa svenska

Den svenska nationella cancerstategin frdn 2009 understryker
patientperspektivet och fokus ligger pé sjdlva patientprocessen. Modern
brostcancerbehandling omfattar en mer individualiserad behandling med
brostbevarande kirurgi, diagnostik av portvaktskorteln, ett Okat
anvidndande av medicinsk terapi med cellgift, antihormon samt
antikroppar 1 savél forebyggande syfte som vid konstaterad spridning.
En individuell behandling kraver dock en noggrann stadieindelning och
klassning av tumdren sd att inte onddigtvis manga patienter fér
behandling de inte kan ha nytta av. Ju fler som behandlas adjuvant desto
fler fir biverkningar dér alla inte &r lindriga eller forsumbara.

Denna avhandling beror fragor kring brdstcancerns prognos, spridning
till lymfkortlar samt hur arbetet pa patologen skall bedrivas for sékra
och snabba svar pa alla de parametrar som krivs for rekommendation av
ritt behandling.

Fynden 1 avhandlingen visar att dven en minimal spridning till
lymfkortlar 1 armhdlan pdverkar prognosen negativt. Séttet pa vilket
portvakten undersoks dr visentligt och arbete I visar att relativt tdta
snitt genom hela korteln kravs och att man inte bara fargar snitten med
rutinfarger utan dven anvinder antikroppsfargningar. I samband med
snabbundersokning vid operation av portvaktskorteln uppticks inte
alltid spridningen och for nédrvarande diskuteras om dessa patienter
(med falskt negativt svar) rutinmdssigt maste genomgé ytterligare en
operation, for risk att fler kortlar dr angripna. Arbete III visar att
screeningsupptédckta cancrar med minimal spridning till lymfkdrtlarna
ndstan aldrig har fler sjuka kortlar én portvakten varfor dessa bor kunna
slippa en onddig operation. I sista arbetet visas att det finns en viss
skillnad mellan de kommersiella produkter f6r bestdmning av
hormonreceptorstatus (Ostrogen). Detta kan paverka bedomningen av
vilken terapi patienten rekommenderas. Brdstcancer patientprocessen
stdller stora krav pad patologen for snabb och sdker diagnostik vilket
driver fram en omorganisation internt for kvalitetssdkring med
standardisering, specialisering, inte bara med brdstpatologer utan dven
de biomedicinska analytikerna. Man arbetar numer i team och alla
ingdende kan diarmed fa ett battre helhetsperspektiv fran det att provet
anlénder tills att svaret avgar.
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The purpose of this study was to estimate the incidence and prognostic value of axillary lymph node
micrometastases (Nmic) of 2 mm or less in breast carcinomas. Results are based on data from the
Danish Breast Cancer Cooperative Group (DBCG). The study was carried out as a nationwide,
population-based trial with a study series consisting of 6,959 women under 75 years of age registered
in the national DBCG data base from 1 January 1990 to 31 October 1994. All patients had contracted
operable primary breast carcinoma, stage I-1II, classified according to the TNM system as T1-T3,
NO-N1, M0. Women with four or more metastatic axillary lymph nodes were excluded. All patients
were treated systematically according to approved national guidelines and treatment protocols. Meta-
stases were recognized microscopically on haematoxylin and eosin-stained sections. In case of doubt
immunohistochemical staining for cytokeratin was performed. There was no serial sectioning. Micro-
metastases were tumour deposits of 2 mm or smaller, and accordingly included deposits of 0.2 mm
and smaller. With a median observation time of 10 years and 2 months, women with Nmic (N=427)
experienced a significantly worse overall survival (OS) compared with node-negative (Nneg) women
(N=4,767) (relative risk (RR)=1.20, 95% CI: 1.01-1.43), irrespective of menopausal status. Women
with macrometastases (Nmac) (N=1,765) had significantly worse final outcome than women with
Nmic (RR=1.54, 95% CI: 1.29-1.85), irrespective of menopausal status. Multivariate analysis ad-
justed for patient-, histopathologic-, and loco-regional therapeutic variables showed that cases with
Nmic had a significantly higher risk of death relative to Nneg cases (adjusted RR=1.49, 95% CI:
1.18-1.90). Interaction analysis showed that the number of nodes examined had a significant impact
on adjusted relative risk of death according to axillary status. Furthermore, the number of nodes
involved significantly influenced adjusted risk of death in the Nmic compared to the Nmac series. In
conclusion, the results of the present study revealed worse final outcome in women with Nmic com-
pared with Nneg, where all Nmic cases received adjuvant systemic treatment. Interaction analysis
showed that the number of retrieved axillary nodes and the number of affected nodes had a different
influence on survival related to axillary status. The different risk pattern in Nmic vs Nmac patients
indicates that Nmic cases do not show the traditional risk pattern as revealed by the Nmac cases, in
which increasing number of positive nodes is associated with an orderly increasing adjusted RR.
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Axillary lymph node status generally constitutes
the most powerful prognostic factor in breast
carcinoma. Parallel with the implementation of
more dedicated methods of breast cancer diag-
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nosis and treatment with respect to early detec-
tion, limited surgery, sentinel lymph node bi-
opsy, full axillary dissection in node-positive
(Npos) patients, and adjuvant therapy in risk
groups, more attention has been directed to-
wards lymph node status, especially focusing on
the size of metastases. The WHO TNM classi-
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fication of carcinomas of the breast (1) and the
American Joint Committee on Cancer Staging
Manual, sixth edition (2), classify cases with
metastases of 0.2 mm or smaller, including iso-
lated tumour cells, as node negative (Nneg),
while cases with micrometastasis between 0.2
and 2 mm are classified as Npos. Before taking
the clinical consequences of such a distinction it
is important to know more about the prognostic
value of micrometastases.

The aim of this study was to estimate the inci-
dence and prognostic significance of non-senti-
nel axillary lymph node micrometastases of 2
mm or smaller in a large series of unselected
breast cancer patients registered in the national
data base. Routine methods were applied in the
handling of the axillary specimen, i.e. no serial
sectioning of lymph nodes. The routine set up
also implies that all women with axillary micro-
metastases independent of size were classified as
Npos and for that reason received postoperative
adjuvant systemic therapy.

MATERIALS AND METHODS

Patients

The study population consisted of women regis-
tered in the national Danish Breast Cancer Cooperat-
ive Group (DBCG) data base according to approved
guidelines. Entry took place from 1 January 1990 to
31 October 1994. The patients were under 75 years
of age and defined as axillary Nneg or Npos with =3
metastatic nodes irrespective of size of the meta-
stases. Patients with four or more positive nodes were
excluded. All patients had contracted operable pri-
mary breast carcinoma of stage I-III classified in the
TNM system as T1-T3, NO-N1, MO0. Patients with
in situ lesions were excluded. If axillary status initially
was unknown the original pathology files were re-
examined. In the Copenhagen area, mammography
screening started in 1991, with the result that less
than 10% of the study population aged 50 to 69 years
had undergone prevalence screening (Ist round).
Composition of the study material appears in Table
1. The final study population comprised 6,959
women. The study was completed by October 2003,
and the median observation time was 10 years and 2
months. Patients entered the DBCG protocols fol-
lowing nationwide inclusion criteria, and exclusions
were according to general protocol directions (3).

Therapeutic design (Fig. 1)
The basic surgical procedure included total mas-
tectomy and lower axillary dissection (level I-II) or

breast-conserving surgery and axillary dissection
(level I-1I) followed by radiotherapy of the residual
breast. Sentinel lymph node biopsy was not used at
the time. Menopausal status was defined according
to DBCG criteria, and adjuvant systemic therapy was
administered systematically according to DBCG na-
tional guidelines. Patients were divided into a low-
risk group without adjuvant systemic therapy and a
high-risk group. Low-risk patients had tumour size
of 50 mm or less and no lymph node metastases, and
premenopausal patients with ductal carcinomas had
histological malignancy grade I. High-risk patients
had tumour size of more than 50 mm and/or lymph
node metastases. Premenopausal Nneg patients with
ductal carcinomas of histological malignancy grade
II and III were also assigned to the high-risk group
(Fig. 1). Receptor status was not a determinant for
risk group allocation. No patients in the study group
received radiotherapy of the axilla. Patients were fol-
lowed regularly according to protocol recommenda-
tions. Case report forms ran for 10 years. Patient rec-
ords in the DBCG registry were linked with records
in the Danish Civil Registration System Registry to
obtain complete information on vital status.

Pathology

Tumour size was measured in millimetres by the
pathologist as the maximum diameter of the invasive
component. Histological malignancy grading was
performed using a modified version of the grading
system of Scaff and Bloom & Richardson (4). The
axillary specimens were examined by the pathologist
either on fresh tissue or tissue fixed in formaldehyde.
All retrieved lymph nodes were identified and paraf-
fin embedded. All lymph nodes were totally embed-
ded. Nodes of 5 mm or more were isolated and bi-
sected, and both halves were embedded. Smaller
nodes were not bisected. One section from each block
was examined. Metastases were recognized micro-
scopically on haematoxylin and eosin-stained sec-
tions. In case of doubt, immunohistochemical stain-
ing for cytokeratin was used. Serial sectioning was
not applied. Micrometastasis was defined as tumour
deposits of 2 mm or smaller. Deposits of 0.2 mm or
less including isolated tumour cells were not sub-
classified in the present study.

Statistics

Association between axillary status and other
characteristics was analysed by chi-square test in con-
tingency tables. Survival time included time between
the date of primary operation and death of all causes
or 1 October 2003, whichever occurred first. Survival
rates were estimated by the Kaplan-Meier method.
Log-rank test was used for univariate comparison.
The Cox proportional hazards regression model was
applied to assess the relative risk and adjusted rela-
tive risk of death according to axillary status. Factors
included in the multivariate analysis were axillary
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TABLE 1. Composition of the study population

Study material

Women in DBCG protocols operated on between 1 Jan 1990 and 31 Oct 1994 8,629
Excluded were patients with:

>3 positive nodes 1,436
Treated outside protocols:

Premenopausal grade II-11I who are Nneg and have tumour size =50 mm from one

oncology centre 117

Receptor negative and =70 years who are Npos or have tumour size >50 mm 34
Unknown micrometastatic status of axillary lymph nodes 83
Total 6,959

lymph node status, tumour size, histological type,
histological malignancy grade, number of examined
nodes, number of positive nodes, type of surgery,
menopausal status, and hormone receptor status, all
being of statistical significance in both univariate and
multivariate analysis. All were included categorically
as presented in Table 3. Interactions were investigated
by including the Cox model parameters representing
interactions between axillary lymph node status and
other histopathological variables. The assumptions
of proportional hazards were checked by log(-log)S
plots and by including a time-dependent component
in the model. The hazard rates of histological type,
histological malignancy grade and hormone receptor
status were not proportional, and therefore stratifi-
cation was used. The level of statistical significance
was set at 5%. All the estimated p-values were two-
tailed. SAS 8.2 was used for statistical analysis.

RESULTS

In the study group including women with up to
three metastatic axillary lymph nodes, micro-
metastases (Nmic) only occurred in 6% of all
women and in 8% of the combined series of
Nneg and Nmic patients. The median tumour
size reached 19 mm (range 1-200 mm). Median
age was 56 years (range 24-74 years). Carci-
nomas of ductal type occurred in 80% of the
cases, and hereof the frequency of histological
malignancy grade I, 1I, and III amounted to
41%, 39% and 16% (unknown 4%), respectively.
32% of the women were classified as premeno-
pausal and 68% as postmenopausal. Surgical
procedures consisted of mastectomy in 75% of
cases and breast-conserving therapy in 25%.
Median number of examined axillary nodes
reached nine nodes (range 1-37).
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Associations (Table 2)

Compared with Nneg women, Nmic women
were significantly more often premenopausal
and of younger age. Women with Nmic had
larger tumour size compared with Nneg women,
albeit smaller tumour size if compared with
Nmac women. A histological malignancy grade
II more often appeared among Nmic than Nneg
cases. Compared with Nmac cases, a histologi-
cal malignancy grade I appeared more fre-
quently among Nmic cases. It is noteworthy
that a higher proportion of Nmic cases had 11
or more lymph nodes retrieved compared with
both Nneg and Nmac cases. Women with Nmic
more often underwent mastectomy compared
with Nneg women (p=0.04), whereas when
compared with women with Nmac breast con-
servation prevailed (p=0.03).

Univariate analysis (Fig. 2)

Women with Nmic had a significantly lower
OS than Nneg women (relative risk (RR)=1.20,
95% CI: 1.01-1.43). This was found overall (p=
0.04), in premenopausal (p=0.04) and in post-
menopausal women (p=0.03). Women with
Nmac experienced significantly inferior OS than
women with Nmic among all women (RR=
1.54, 95% CI: 1.29-1.85) (p<<0.01), premeno-
pausal (p<<0.01) and postmenopausal women
(p<0.01).

Multivariate analysis (Table 3)

To evaluate the adjusted RR of axillary status
on survival we performed a multivariate analysis
that included axillary lymph node status, tumour
size, histological type, histological malignancy
grade, number of examined nodes, number of
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Breast carcinomas
T] -3 NO_NI ’ MO

Mastectomy
Axillary dissection

Breast conservation
Axillary dissection
Radiotherapy of residual
breast

Low risk group:
Tumour size <50 mm
Nneg

Grade I (premenopausal)

Observation
No systemic adjuvant therapy

High-risk group:

Tumour size >50 mm and/or
Npos and/or

Grade II-1II (premenopausal)

Premenopausal (R+/R-):
Adjuvant chemotherapy
Postmenopausal:

R+: Adjuvant tamoxifen
R-: Adjuvant chemotherapy

R+ = receptor positive, R- = receptor negative.

Fig. 1. Risk groups and primary therapy.

positive nodes, type of surgery, menopausal sta-
tus, and hormone receptor status. In this model,
women with Nmic had a significantly higher risk
of death than women who were Nneg (adjusted
RR =1.49, 95% CI: 1.18-1.90) (p<<0.01). As for
Nmac women, the risk of death was significantly
higher than for the Nneg women (adjusted RR=
1.88,95% CI: 1.55-2.20) (p<<0.01). The adjusted
RR increased significantly with increasing tu-
mour size. Cases with few lymph nodes examined
had a higher RR than cases with more lymph

nodes removed. The RR increased significantly
with increasing number of positive lymph nodes.
Patients who had breast-conserving surgery had
a significantly smaller risk than patients who
underwent mastectomy. Postmenopausal women
experienced a significantly higher risk than pre-
menopausal women.

Interactions (Table 4)
To evaluate the adjusted RR of death accord-
ing to axillary status in relation to other prog-
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TABLE 2. Patient and tumour characteristics vs nodal status

Nneg Nmic=2 mm Nmac>2mm p p
N % N % N % Nneg-Nmic ~ Nmic-Nmac

Total 4767 427 1765
Tumour size <0.01 <0.01
0-10 mm 990 21 57 13 148 8
11-20 mm 2,195 46 188 44 708 40
21-30 mm 981 21 112 26 494 28
31-50 mm 348 7 48 11 286 16
>50 mm 62 1 13 3 91 5
Unknown 191 4 9 2 38 2
Histological type <0.01 0.42
Ductal 3,681 77 367 86 1,481 &4
Lobular 553 12 42 10 184 10
Special types 490 10 14 3 82 5
Unknown 43 1 4 1 18 1
Histological grade <0.01 <0.01
Grade I 1,651 45 140 38 463 31
Grade 11 1,291 35 169 46 692 47
Grade III 550 15 47 13 281 19
Unknown 189 5 11 3 45 3
Non-ductal 1,086 60 284
Number of examined nodes <0.01 <0.01
1-6 977 21 70 16 424 24
7-10 1913 40 136 32 689 39
=11 1,877 39 221 52 652 37
Number of positive nodes
Negative 4,767 100 0 0 0 0 <0.01
1 0 0 296 69 838 47
2 0 0 101 24 564 32
3 0 0 30 7 363 21
Type of surgery 0.04 0.03
Mastectomy 3438 72 328 77 1,438 81
Breast-conserving surgery 1,329 28 99 23 327 19
Menopausal status <0.01 0.16
Premenopausal 1,411 30 174 41 655 37
Postmenopausal 3,356 70 253 59 1,110 63
Age, years <0.01 0.44
<40 254 5 33 8 120 7
40-49 116 23 130 30 503 28
50-59 1,403 29 134 31 535 30
60-69 1,498 31 98 23 484 27
70-74 496 10 32 7 123 7
Risk Group
Low risk, no systemic

therapy 4,254 89 0 0 0 0
High risk with systemic

therapy 513 11 427 100 1765 100

Nneg=node negative, Nmic=micrometastases, Nmac=macrometastases.
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TABLE 3. Multivariate analysis of overall survival
(0S). Stratified for histological malignancy grade

Multivariate analysis
Adjusted RR*

(95% CI) p
Axillary status
Nneg 1 (reference)
Nmic 1.49 (1.18-1.90) <0.01
Nmac 1.88 (1.55-2.29) <0.01
Tumour size
0-10 mm 0.72 (0.62-0.83) <0.01
11-20 mm 1 (reference)
21-30 mm 1.22 (1.10-1.35) <0.01
>30 mm 1.45 (1.28-1.64) <0.01
Number of examined nodes
1-6 1.18 (1.06-1.31) <0.01
7-10 1 (reference)
>10 0.92 (0.83-1.01) 0.08
Number of positive nodes
1 1 (reference)
2 1.29 (1.11-1.51) <0.01
3 1.64 (1.38-1.94) <0.01
Type of surgery
Mastectomy 1 (reference)
Breast-conserving
surgery 0.82 (0.74-0.92) <0.01
Menopausal status
Premenopausal 1 (reference)
Postmenopausal,
low risk 2.21 (1.91-2.56) <0.01
Postmenopausal,
high risk 1.44 (1.25-1.66) <0.01
Nneg=node  negative, =~ Nmic=micrometastases,

Nmac=macrometastases.

* Adjusted for characteristics listed and stratified for
histological type, histological malignancy grade,
and hormone receptor status.

nostic variables, we decided to include interac-
tions between axillary lymph node status vs
number of examined nodes, vs number of posi-
tive nodes, vs tumour size and vs histological
malignancy grade. The number of examined
nodes had a different influence on survival in
Nneg compared with the combined Nmic and
Nmac group (p<<0.01). Nmic cases with 1-6
examined nodes had an adjusted RR of 1.60
(95% CI: 1.00-2.55) relative to cases with 7-10
examined nodes. The similar figure for Nmac
cases rose to a value of adjusted RR=1.37 (95%
CI: 1.15-1.64), whereas the Nneg cases had an
adjusted RR=1.04 (95%CI: 0.90-1.20). Conse-

quently, the number of examined nodes is cru-
cial only in involved nodes, marked by the high
RR of a few examined nodes. The effect of
number of positive nodes differed significantly
in Nmic as compared to Nmac cases (p=0.04).
Women with Nmic and only one positive lymph
node had an adjusted RR of 1.12 (95% CI:
0.74-1.69) relative to cases with two affected
nodes. In the Nmac group, the analogous value
showed an adjusted RR=0.72 (95% CI: 0.61—
0.85). The adjusted RR increased with increas-
ing grade, and for Nmic histological malig-
nancy grade III even more than for Nneg and
Nmac (p=0.02) (data not shown). No interac-
tion between axillary status and tumour size
was found (p=0.63).

Case load

Departments performing a greater number of
surgical operations had significantly more cases
with many lymph nodes removed compared
with departments performing only a few oper-
ations (p<<0.01) (Table 5).

DISCUSSION

The study shows a significantly worse final out-
come for women with Nmic compared to women
with Nneg, although better than for Nmac. It
should be emphasized that Nmic women routine-
ly received adjuvant systemic therapy. To our
knowledge this is the largest study to date show-
ing population-based national figures on inci-
dence rates and prognostic value of micrometa-
stases in a multivariate analysis.

The routine set up implies that the lymph
nodes are bisected and each half is examined in
one single haematoxylin and eosin-stained sec-
tion. No serial sectioning occurred and therefore
possibly some of the micrometastases might in
fact have been a macrometastasis tangentially
cut. However, the differences in OS between
metastatic subgroups (Fig. 2) seem to indicate
that there is only minor overlap—if any—be-
tween Nmic and Nmac.

Most studies examining micrometastases per-
formed some sort of serial sectioning and/or im-
munohistochemical stains to detect the occur-
rence of micrometastases (5). However, a few
studies did not carry out serial sectioning. Some
studies demonstrated prognostic significance of
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micrometastases (6-10). In 1997, a review (11)
concluded that more recent studies with larger
patient series and longer follow up tended to
show prognostic significance of axillary micro-
metastases while earlier small studies failed to
do so.

A recent study by Kuijt et al. (12) reports sig-
nificantly inferior survival of women with
micrometastases (N=87) compared with Nneg
women in a multivariate analysis after excluding
92 Nmic patients receiving adjuvant systemic
therapy. On the other hand, if one examines the
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Fig. 2. Overall survival (OS) in years from primary
surgery of Nneg, Nmic and Nmac patients. In all
women (A), premenopausal women (B), and post-
menopausal women (C).

combined group of Nmic patients (N=179)
with or without adjuvant systemic therapy, over-
all survival did not differ significantly between
Nneg vs Nmic patients. The patients in the
series were treated some 15 calendar years prior
to the patients in the present study. Poorer out-
come of Nmic patients was also revealed by
Colleoni et al. (13). In this recent study a sig-
nificant difference in disease-free survival and
risk of distant metastasis was demonstrated in
patients with minimal lymph node involvement
of a single node (pN1mi/pN0i+) compared with
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TABLE 4. Adjusted relative risk of death according to axillary status and number of examined nodes, number of

positive nodes, and tumour size. Each item is added separately to the model shown in Table 3

Axillary status

Nneg

Nmic

Nmac

Adj. RR (95% CI)

Adj. RR (95% CI)

Adj. RR (95% CI)

Number of examined nodes

1-6
7-10
11+

Number of positive nodes
1
2
3

Tumour size
0-10 mm
11-20 mm
21-30 mm
>30 mm

1.04 (0.90-1.20)
1 (reference)
0.93 (0.82-1.05)

0.73 (0.62-0.86)
1 (reference)

1.23 (1.07-1.40)
1.34 (1.11-1.61)

1.60 (1.00-2.55)
1 (reference)
0.98 (0.66-1.45)

1.12 (0.74-1.69)
1 (reference)
1.34 (0.67-2.68)

0.73 (0.38-1.39)
1 (reference)

1.54 (1.03-2.31)
2.04 (1.30-3.20)

1.37 (1.15-1.64)
1 (reference)
0.89 (0.75-1.06)

0.72 (0.61-0.85)
1 (reference)
1.24 (1.03-1.49)

0.66 (0.48-0.92)
1 (reference)

1.16 (0.98-1.38)
1.46 (1.22-1.75)

Nneg=node negative, Nmic=micrometastases, Nmac=macrometastases.

TABLE 5. Number of removed nodes in relation to case-load of participating surgical departments

Number of operations per

Number of removed nodes

surgical department

N % N % N % N

1-6 7-10 11+ Total
<100 284 22 525 41 479 37 1,288
100-149 285 23 479 39 457 37 1,221
150-249 445 19 935 41 913 40 2,293
250+ 621 16 1,343 35 1,825 48 3,793
Total 1,639 3,282 3,674 8,595

Departments with a case load of fewer than 10 operations have been left out (n=31 operations). Three breast

surgeries without axillary dissection are also excluded.

Nneg disease. Patient entry was between 1997
and 2000, resulting in a short follow-up time of
only 3.8 years, and therefore overall survival, as
expected, did not differ between groups. Fur-
thermore, adjuvant systemic therapy was offer-
ed to 210 patients from among 232 patients with
minimal involvement of a single axillary lymph
node.

Data from the Surveillance, Epidemiology,
and End Results Program (SEER) of the Na-
tional Cancer Institute (14) also show modestly
inferior survival among 1,724 patients with
micrometastases of 2 mm or less compared with
42,197 node-negative cases. Patient entry took
place between 1988 and 2001, and the end point
constituted death due to breast cancer. Patients
who had unknown number or fewer than 10
axillary lymph nodes examined were excluded,

as were cases with tumour size exceeding 2 cm.
In multivariate analysis, patients with a solitary
lymph node with micrometastasis had a hazard
ratio of 1.62 (95% CI 1.26-2.10) and patients
with multiple lymph nodes with micrometa-
stases reached a hazard ratio of 1.78 (95% CI
1.19-2.66) relative to node-negative cases.

The frequency of cases with micrometastases
differs among studies. In the study of Kuijt et
al. (12), the 179 cases with micrometastases
made up 4% (179/4,556) of the combined
Nneg+Nmic group. In the study of Colleoni et
al. (13) this figure amounted to 14% (232/1,632),
and in the selected patient material in the SEER
study (14) the figure was 4% (1,724/43,921). In
our study the figure reached 8% (427/5,194).
These differences in incidence of micrometa-
stases in four large studies underline the essen-

835



GRABAU et al.

tial role of the method applied by the pathol-
ogist to detect the metastases. Furthermore, pa-
tient selection might be of importance. In the
study of Kuitj et al. one single H&E-stained sec-
tion of each axillary lymph node was used in
patients entering the study between 1975 and
1997 (12). In our study with patient entry be-
tween 1990 and 1994, each lymph node was
examined using one H&E-stained section of
each half and immunohistochemistry when re-
quired. In the study by Colleoni et al. (13) all
women had axillary surgery and 44% underwent
sentinel lymph node biopsy. It is important to
underline that the pathological work-up of sen-
tinel lymph nodes includes serial sectioning and
immunohistochemistry to detect metastases.
The high proportion of patients with extensive
examination of lymph nodes may explain the
high frequency of 14% of women with minimal
lymph node involvement. Method of pathologi-
cal work-up was not commented on in the
SEER study (14).

Our study included women with only up to
three positive axillary lymph nodes due to the
fact that our data base revealed micrometa-
stases only in up to three positive nodes and
only in exceptional cases also in patients with
four positive nodes. In our study, 69% of Nmic
women had metastases in only one lymph node.
Therefore, studies including patients with only
one affected node might miss around one third
of the women with micrometastases.

The present study shows significantly lower OS
in Nmic women compared with Nneg women
both in premenopausal and postmenopausal
women. This finding is to some extent inconsist-
ent with the results of the large study on occult
micrometastases by the International Breast
Cancer Study Group. In this study, a significantly
poorer disease-free survival and overall survival
was found in postmenopausal women but not in
premenopausal women (15).

No interaction between axillary status and
primary tumour size appeared in our study,
which indicates that the prognostic influence of
micrometastases proves equal in women with
small and large tumours. Furthermore, the in-
teractions in the present study signify a worse
final outcome for women with positive axillary
status and few nodes removed. The finding most
probably reflects less than optimal locoregional
therapy and to some extent inaccurate axillary
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classification. This assumption is further sup-
ported by the fact that several studies found in-
ferior survival parallel with less successful loco-
regional tumour control and insufficient axil-
lary dissection (16-19). Deficient surgery may
have taken place in our study based on the find-
ing that surgical departments with a low case
load retrieved significantly fewer lymph nodes
from the axilla than surgical units with a high
case load (Table 5).

The different risk pattern in Nmic vs Nmac
patients indicates that Nmic cases do not show
the traditional pattern as revealed by the Nmac
cases, in which increasing number of positive
nodes reflects an orderly increasing adjusted
RR. This is not caused by misallocations, be-
cause cases with Nmic had more lymph nodes
removed compared to cases with Nmac. This
finding implies that the different risk pattern is
probably not caused by failure in technical
methods but indicates a biological phenomenon
of the primary tumour.

Sentinel lymph node examination requires a
more thorough histological work-up and seems
to be a safe method of axillary staging (20, 21).
However, there might be a risk of stage mi-
gration if the sentinel node is introduced during
the course of the study. In the present study the
sentinel node method was not applied and the
risk of stage migration was therefore avoided.

The interaction between axillary status and
histological malignancy grade shows that the
adjusted RR of grade III Nmic cases rose even
higher than the adjusted RR of grade III Nmac
cases. The results are in line with the findings
of Maibenco et al. (14). They reported that the
highest impact on 12-year survival disadvantage
was associated with Nmic cases belonging to
the grade III subset, where grade 111 cases were
defined as cases with poor grade on a three
tailored scale.

In conclusion, the results of the present study
showed worse final outcome in women with
Nmic compared with Nneg, where all Nmic
cases received adjuvant systemic treatment. In-
teraction analysis showed that the number of re-
trieved axillary nodes and the number of
affected nodes had a different influence on sur-
vival related to axillary status. The different risk
pattern in Nmic vs Nmac patients indicates that
Nmic cases do not show the traditional risk pat-
tern as revealed by the Nmac cases, in which
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increasing number of positive nodes is associ-
ated with an orderly increasing adjusted RR.

10.
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sectioning and immunohistochemistry for detection of micrometastases by comparing four
different histopathological laboratory protocols

Aims: Detecting micrometastases (>0.2 and <2 mm/
>200 cells) and isolated tumour cells (ITCs; <0.2 mm/
<200 cells) is important for staging of breast cancer
patients. The aim of this study was to systematically
compare several laboratory protocols used to detect
metastases after initial intraoperative frozen section
examination.

Methods and results: Four different protocols for the
work-up of sentinel lymph nodes (SLNs) after frozen
sectioning were applied in the routine diagnostic
process from 2001 to 2009. In addition, team-work
with a limited number of laboratory technicians and
pathologists handling SLNs was introduced in 2008.

The present study shows that there were, overall,
significantly more node-positive patients in the period
when team-work and intensive step sections including
immunohistochemistry (IHC) were used (P = 0.01).
This resulted in 13% more patients being found to
have ITCs and micrometastases than in a time period
when only step sections were performed. No increase
in the number of false-negative frozen sections was
seen.

Conclusions: Future guidelines for pathological work-
up of sentinel nodes in women with breast cancer
might include team-work and IHC if frozen sections are
used intraoperatively.
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Introduction

During the last 10 years, sentinel lymph node (SLN)
biopsy has gained acceptance as the routine method for
staging the ipsilateral axilla in women with early breast
cancer. Preoperative procedures, including the injec-
tion of radioactive colloidal substances and/or blue
dye, scintigraphy and gamma probe handling, and the
intraoperative surgical technique, are standardized and
largely agreed upon. In the beginning of the 2000s,
Swedish guidelines for surgeons included SLN biopsy as
the standard procedure after a period of validation with
respect to the false-negative rate of axillary staging.'

On the other hand, the optimal work-up of sentinel
nodes in the laboratory is still under debate. The 6th
edition of the pTNM classification introduced the
concept of isolated tumour cells (ITCs) in 2002,%*
and stated that these should be considered as node-
negative for staging and treatment purposes. The 7th
edition™® clarifies the concept, and recommends find-
ing all metastases >2 mm by macroscopically slicing
the SLN at 2 mm intervals and stating the accuracy of
the subsequent formalin-fixed paraffin-embedded
(FFPE) protocol in finding micrometastases and ITCs.
In 2006, Swedish guidelines for SLN handling were
largely adapted from the European guidelines.’

The risk of upstaging axillary status by a more
thorough examination of SLNs has been considered
something to be avoided, because clinical data were
based on only one histological slice from each axillary
lymph node.” Nevertheless, a recent study of women
with early-stage breast cancer who underwent sentinel
node biopsy reported that ITCs or micrometastases in
regional lymph nodes were associated with decreased
disease-free survival in women without adjuvant ther-
apy, and that disease-free survival was improved in this
patient group if they received adjuvant therapy.®
Another review concluded that patients with metasta-
ses of 2 mm or smaller in axillary lymph nodes
examined by use of a single haematoxylin and eosin
(HE) section have a worse outcome than node-negative
patients.”However, for patients treated by SLN biopsy,
the data are still inconclusive. A further review of SLN
micrometastases concluded that such deposits are
likely to represent an incremental detriment to prog-
nosis and an increased risk of non-SLN involvement.'°
In addition, metastases uncovered in formerly negative
axillary lymph node dissections (ALNDs) with an SLN
protocol including immunohistochemistry (IHC) have
prognostic significance in breast cancer patients.'' The
Swedish national figures show a worse outcome for
patients with micrometastases in SLNs than in node-
negative patients,'? but other reports have shown no

difference in survival between SLN-negative patients
and those with micrometastases.*

These findings emphasize the need to optimize the
accuracy of SLN pathology. At the same time, whatever
method is chosen, it must not dramatically increase the
cost and time spent in analysis. In histopathological
practice, the technical quality of HE slides prepared
from formerly frozen material can be inferior to that of
material that was not previously frozen; such freeze
artefacts still show in the paraffin sections. This study
addresses these problems by comparing the results of
routine histopathological work-up over four different
time periods at the same institution with different
protocols, all including frozen section examination but
with diverse methods for step sectioning and the use of
THC. In the last time period, the laboratory organization
was changed such that fewer laboratory technicians
and pathologists were involved in frozen section
diagnosis and in the subsequent work-up of the SLNs.

Materials and methods

The study was conducted on a consecutive series of
1576 women with a first primary operable breast
cancer treated at the University Hospital of Lund from
1 January 2001 to 31 December 2009 (Figure 1).
Twenty-five women diagnosed in October 2008 were
excluded, because these patients’ SLN were analysed
using Method 4, but before the laboratory was reorga-
nized into work teams. Patients, diagnosed with the
topography code for breast in the SNOMED system,
were selected by extraction from the data files of the
pathology department. By manual examination of the
files, patients with a previous history in the pathology
files of invasive carcinoma in the breasts were
excluded, as were patients with previous malignancy
elsewhere. Men with breast cancer, benign cases and
cases with in-situ carcinoma were also excluded. A total
of 27 women with synchronous bilateral breast cancer
were included, by use of the side showing the worse
axillary status. The other side was excluded in these
women.

The surgical procedure for SLN biopsy was preceded
by subdermal injection with °*Tec-labelled nanocolloid
followed by a scintigraphy. About 0.5 ml of Patent V
Blue was injected intradermally after anaesthesia in the
operating room. Any node that was hot, blue or
palpable was considered to be an SLN and removed.
The surgical procedure, instrument and surgical staff
did not differ in the cohort period.

As a general rule, frozen section examination was
undertaken of up to four nodes, with subsequent
examination of FFPE sections stained with HE and/or

© 2011 Blackwell Publishing Ltd, Histopathology, 59, 129-138.
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Figure 2. Method of sentinel Method 4
node work-up in the four dif-
ferent periods.

IHC with pan-anticytokeratins, according to the
different protocols. Throughout the study period,
four different protocols for routine histopathological
work-up of SLNs were used (Figure 2). Generally, SLNs
of 4 mm or more were cut through the longitudinal
axis, and both halves examined. Smaller nodes were
examined in toto. All specimens were examined as one

© 2011 Blackwell Publishing Ltd, Histopathology, 59, 129-138.

[Cryd IHC
R R AN
W ¥ W

Random levels
[Cryol IHC]
R | | R
¥ ¥ @

3 x 200 pm levels
[Cryol [HE]
R R AR
W | @

3 x 200 pm levels
(Cryol
xR RN
@ @

or two HE-stained frozen sections, and no immunohis-
tochemical staining was performed intraoperatively.
After formalin fixation and paraffin embedding, the
protocols differed. During the first period, the sections
were examined as one paraffin section and by immu-
nohistochemical analysis with anticytokeratin in frozen
section negative cases (n = 287; Method 1). In the



132 D Grabau et al.

second period, the SLNs were analysed by step
sectioning at three randomly chosen levels, and by
THC of the first level in frozen section negative cases
(n = 148; Method 2). The third period introduced step
sectioning of SLNs at three fixed levels of 0.2 mm and
the use of IHC in suspicious cases only (n = 474;
Method 3). The last period included step sectioning of
SLNs at three fixed levels of 0.2 mm, with THC at every
level in cases that were negative on frozen section
examination or had a metastasis of <2 mm on the
frozen sections (n = 186; Method 4). During the last
period, the laboratory work was performed by fewer,
specially trained technicians and fewer pathologists.
The number of laboratory technicians was reduced
from 12 to five, and the number of pathologists was
decreased from about 14 to about three. The laboratory
technicians were specially trained in preparing frozen
sections on SLNs with fatty tissue around and inside
the lymph nodes. The frozen sections were examined
microscopically by the pathologist and the laboratory
technician who participated in the analysis of the
quality of the frozen sections. This method is what we
refer to as team-work.

A review of the slides of all cases with SLN positivity
was undertaken, and the 7th edition of the American
Joint Committee on Cancer (AJCC) and Union for
International Cancer Control classification was ap-
plied.*'* Women without detectable tumour cells in
the nodes were designated node-negative, equal to a
cut-off of zero. With a cut-off of 0.2 mm, women were
staged as negative when they had no metastases, or
had ITCs of 0.2 mm or smaller, or had fewer than 200
tumour cells (Figure 3). Patients with micrometastases
had metastases >0.2 mm or more than 200 tumour
cells, but not measuring more than 2.0 mm. A cut-off
of 2.0 mm separated women with metastases larger
than 2.0 mm from all those with smaller ones.

The size of the metastatic deposit was determined on
the slide where it was largest. In 2004, the 6th edition
of the AJCC was implemented, and women with
deposits of 0.2 mm or smaller or with ITCs were
thereafter not routinely offered axillary dissection. All
other women with metastases larger than 0.2 mm in at
least one SLN were offered axillary dissection, either at
the time of primary surgery for breast cancer because of
a positive frozen section, or in a second operative
procedure as a result of a positive SLN on FFPE sections
following false-negative frozen section of the SLN.

From 2001 to October 2008, lymph nodes from the
axillary clearance were handled by isolation of the
lymph nodes in formalin-fixed surgical specimens and
embedding one slice from each node, often including
several nodes in each block. From October 2008 and

thereafter, lymph nodes from the axillary clearance
were bisected, and macroscopically negative nodes
were entirely embedded in separate blocks. One slice
sufficed for macroscopically evident metastatic nodes.
One HE section from each block was examined, and in
difficult cases THC was applied. Details of the age of the
patient, tumour size, histological grade, oestrogen
receptor status and progesterone receptor status were
recorded from the pathology reports. Histological grade
was assessed with the Nottingham modification®® of
the Scharff, Bloom and Richardson grading system.'®
Oestrogen and progesterone receptor status was
determined by IHC assay, and carcinomas with >10%
stained nuclei were considered to be positive. A
mammography screening programme was conducted
in the local area from 1989, and women aged 45-
74 years were invited every 18—24 months.

STATISTICS

Differences between proportions were examined by
chi-square test, and P < 0.05 was considered to be
significant. Differences between continuous variables
were analysed with the Kruskal-Wallis test.

Results

Details of patients and tumour features are listed in
Table 1. Tumour size did not differ between the four
different study periods. About one-fourth of the patients
were 70 years or older, and the median age of the
patients slightly increased throughout the study.
Histological grade was more often grade 3 in the last
period, and fewer patients had a diagnosis of lobular
carcinoma in the later part of the study period.
Receptor status did not differ among the study periods.

Of 1576 patients included in the study 70% had SLN
biopsy, 20% were treated by primary ALND, and 10%
were allocated to other protocols without adequate
determination of axillary status at the time of surgery
(Figure 1). The frequencies of patients treated by SLN
biopsy were 63%, 68%, 69% and 86% in the four
periods with different methods of SLN examination.
With a cut-off of zero for classifying SLNs with negative
status, significantly more patients were node-positive in
the last period, both among women treated by SLN
biopsy and among all women (P = 0.01) (Table 2).
When a cut off of 0.2 mm/<200 cells was applied for
negative status, the difference was only borderline
significant (P = 0.07; Table 3). IHC was used in 72%,
74%, 21% and 92% of the cases treated by SLN biopsy.
The median number of analysed SLNs per patient was
two, and did not differ between the periods.

© 2011 Blackwell Publishing Ltd, Histopathology, 59, 129-138.
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Table 1. Patients and

o Method 1 Method 2 Method 3 Method 4
tumour characteristics of all

N = 457 N =219 N = 683 N =217 P
women
Tumour size (mm), 17 (1-80) 18 (0-90) 16 (0-90) 17.5 (0-80) 0.40
median (range)
Age (years), 58 (23-99) 59 (30-91) 61 (27-94) 64 (25-91) <0.01

median (range)

Histological grade, n (%)

1 106 (23) 57 (26) 154 (23) 48 (22) 0.003
2 256 (56) 106 (48) 360 (53) 92 (43)
3 84 (18) 47 (21) 156 (23) 72 (33)
No grade 11(2) 94 13 (2) 5(2)
Histological type, n (%)
Ductal 353 (77) 170 (78) 574 (84) 182 (84) 0.04
Lobular 77 (17) 34 (16) 74 (11) 22 (10)
Other type 27 (6) 15 (7) 35 (5) 13 (6)
Oestrogen receptor, n (%)
Negative 83 (18) 43 (20) 101 (15) 30 (14) 0.18
Positive 364 (80) 174 (79) 575 (84) 185 (85)
Unknown 10 (2) 2N 7 (N 2.(M)
Progesterone receptor, n (%)
Negative 168 (37) 75 (34) 221 (32) 61 (28) 0.14
Positive 279 (61) 142 (65) 455 (67) 154 (71)
Unknown 10 (2) 21 7(1) 2(1

Postoperative tumour size was zero in a few patients included in a study using laser therapy.?

Table 2. Frequency of positive nodes in women primarily treated by sentinel lymph node (SLN) biopsy, axillary lymph node
dissection (ALND) or referred to the group ‘other’ by the different methodologies of SLN handling, with a cut-off for metastases
at zero

Method 1 Method 2 Method 3 Method 4
No. positive No. positive No. positive No. positive
Primary surgery N (%) N (%) N (%) N (%) P
SLN cut-off 0 287 123 (43) 148 52 (35) 474 168 (35) 186 92 (49) <0.01
ALND 117 68 (58) 51 28 (55) 138 84 (61) 16 14 (88) 0.12
Other* 53 46 (87) 20 16(80) 71 57 (80) 15 15 (100) 0.53
Total cut-off O 457 237 (52) 219 96 (44) 683 309 (45) 217 121 (56) 0.01

*For definition of the group ‘Other’ please see Figure 1.

With regard to those who were totally negative for differences appeared (Table 4). In the last period, using
SLNs and those with ITCs of <0.2 mm/<200 cells or Method 4 with step sections at fixed intervals and THC
micrometastases of 2 mm or smaller, some striking at every level, where frozen sections and step sections

© 2011 Blackwell Publishing Ltd, Histopathology, 59, 129-138.
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Table 3. Frequency of positive nodes in women primarily treated by sentinel lymph node (SLN) biopsy, axillary lymph node
dissection (ALND) or referred to the group ‘other’ by the different methodologies of SLN handling, with a cut-off for metastases

at 0.2 mm /200 cells

Method 1 Method 2 Method 3 Method 4
No. positive No. positive No. positive No. positive

Primary surgery N (%) N (%) N (%) N (%) P
SLN cut-off 0.2 mm/<200 cells 287 112 (39) 148 45 (30) 474 154 (32) 186 76 (41) 0.06
Total cut-off 0.2 mm/200 cells 457 226 (49) 219 89 (41) 683 295 (43) 217 105 (48) 0.07

SN

Negative Size of metastasis
0 0.2 mm/200 cells 2mm

Cut off 0 mm

Cut off 0.2 mm/200 cells

Cut off 2 mm

Figure 3. Different cut-offs of metastatic deposits used in sentinel nodes. The status of the sentinel node is determined at the level with most

deposits/tumour cells.

Table 4. Frequency of

Method 1 Method 2 Method 3~ Method 4 A
isolated tumour cells,
n (%) n (%) n (%) n (%) P micrometastases and
macrometastases in the
SLN-negative 165 (57) 97 (66) 311 (66) 94 (51) 0.01 intervals with different
methodologies for sentinel
SLN ITC 0.2 mm /<200 cells 11 (4) 7 (5) 14 (3) 16 (9) lymph node (SLN) handling
SLN-positive >0.2 mm 25 (9) 14 (9) 36 (8) 18 (10)
and €2.0 mm
SLN-positive >2.0 mm 86 (30) 30 (20) 113 (24) 58 (31)
Total 287 148 478 186

were performed by trained laboratory technicians,
significantly more patients were diagnosed with ITCs
or micrometastases in the SLNs (P < 0.01). The
proportion of patients with ITCs and micrometastases
was 9% higher when Method 4 was used than with the
use of methods 1 and 2 with either only one HE section
followed by IHC or one HE section and IHC followed by
random step sections. Teamwork and intensive IHC in
Method 4 resulted in 13% more patients with ITCs and

micrometastases than with Method 3 with step sections
at fixed intervals. The frequency of women with ITCs
and micrometastases as compared with those with
macrometastases did not differ significantly between
the study periods, indicating that the ITCs and
micrometastases were found in patients who were
previously classified as node-negative.

Frozen sections were reported to the surgeons as
being positive if a metastasis of larger than 0.2 mm
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Table 5. False-negative
results of frozen sections of
sentinel lymph nodes (SLNs)

compared with formalin-
fixed paraffin-embedded

(FFPE) sections, with a
cut-off of 0.2 mm

Method 1 Method 2 Method 3 Method 4
n (%) n (%) n (%) n (%)
SLN total negative 164 (57) 94 (64) 308 (65) 91 (49)
ITC 0.2 mm/200 cells 11 (4) 7 (5) 14 (3) 15 (8)
Positive >0.2 mm/200 cells
Positive >0.2 mm and <2 mm 12 (4) 4 (3) 10 (2) 4(2)
Positive >2 mm 73 (25) 25 (17) 96 (20) 49 (26)
Frozen false-negative metastases >0.2 mm
Positive >0.2 mm and <2 mm 13 (5) 9 (6) 25 (5) 13 (7)
Positive >2 mm 13 (5) 5(@3) 15 (3) 3
Frozen false-positive 1 (0) 2 0 0
No frozen section 0 2(1) 6 (1) 11 (6)
False-negative rate 0.23 0.33 0.27 0.23
Accuracy 0.91 0.89 0.92 0.91

was encountered. The false-negative rate of the frozen
section technique was similar during the period for
Method 4 with intensive IHC of step sections in FFPE
slides and team work, and during the period for Method
1 with THC but without step sections (Table 5). When
methods 2 and 3 without team work were used, the
false-negative rate of frozen sections was higher.

Discussion

The present study shows, overall, more node-positive
patients in the period where Method 4 was used,
including step sections at fixed intervals and intense
use of THC in the hands of specially trained personnel.
At the same time, more women were diagnosed with
ITCs and micrometastases in their SLNs without
increasing the false-negative rate of frozen sections.
These results were accomplished by a relatively simple
change in laboratory organization. Instead of all of the
laboratory workers handling all of the material that
came to the department, groups of workers were
formed who handled only certain types of specimen,
based on organ groups. Thus, the number of assistants
involved in the processing of sentinel nodes was
smaller, which increased their expertise in this area
of laboratory work.

The introduction of team-work also made possible a
shift from the use of a metal stretch plate in the process of
moving tissue sections to glass slides. A temperate water
bath was used instead. This improved the quality of the
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HE section to such a degree that the frequency of patients
with histological grade 3 was, for the first time, within
the limit recommended in Sweden. The shift to fewer
women being diagnosed with lobular carcinoma was
caused by the introduction of E-cadherin THC and
possibly by the decreased use of hormone replacement
therapy that has been seen in the population in recent
years. The age of the patients is steadily increasing,
probably because of more active treatment of the elderly.

With the application of step sections and/or THC to
negative regional lymph nodes, the use of step sections
increases the harvest of small metastases by about 7—
13%, and the addition of IHC leads to about 15-30%
more cases with small metastases being found.**'” Our
results and the conclusion of another report'® imply
that smaller metastases will be missed if step sections
and THC of SLNs are not performed. The varying false-
negative rate of metastasis obtained with frozen
sections among the study periods indicates that small
metastases might be missed. The sensitivity of frozen
section methodology is within the range found in other
studies.' 2"

From the surgical point of view, discussion is
ongoing as to whether patients with micrometastases
benefit from subsequent ALND, because the frequency
of local recurrence is extremely low.”'** However,
systemic therapy might improve survival even in
patients with tumour deposits as small as ITCs.®

A consensus with regard to an optimal pathological
work-up of SLNs is hard to achieve, because viewpoints
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differ on the objectives of the examination. A more
modest work-up favours attempts to avoid stage
migration, and acknowledges the possibility of benign
transportation of epithelial tissue to the SLNs. Upstag-
ing of breast cancer patients implies that a more
thorough method of SLN examination results in more
positive cases.?> The clinical implications of the addi-
tional metastases are not determined in the clinical
trials where adjuvant systemic therapy is used.
Another problem with taking therapeutic action as a
consequence of small metastatic deposits that are only
detectable with THC is raised by the possibility of benign
transportation of cells to the SLNs** after needle
diagnostic procedures or manipulation of the breast.>”
Malignant cells might even be displaced to the SLNs
without being metastatic in nature. Recently, benign
elements have been identified as elements of papillomas
from the breast.>®

Different models for handling of SLNs have been
presented,?”>® and all models show that use of an
acceptable number of steps and sections in routine
work-up results in missed deposits of small metastases.
Furthermore, pathologists do not agree on what
constitutes an ITC.? Therefore, the 7th AJCC staging
recommends slicing the SLN in 2-mm intervals and
stating the sensitivity of the step section method used to
detect small metastases afterwards. In addition, clari-
fications of the concept of the ITC and/or fewer than
200 cells have been reported.’ The lymph node slices of
2 mm are obtained in practice by dividing the SLN
along the longitudinal axis, and this will always be an
approximation, as lymph nodes are of different sizes.
One survey of routine practice in Europe revealed that
73% of participating institutions performed IHC on
SLNs.>* More intensive protocols using IHC reveal
more metastases,>® but Method 4 in this study seems to
combine an acceptable level of work with an acceptable
cost.

Both AJCC and European guidelines recommend step
microscopic sections of SLNs, but both determine the
size of the largest metastases on one section in two
dimensions, and do not take into account the third
dimension that emerges from the step sectioning. Most
important is an ITC appearing in the deepest section.
If another level is not examined, this ITC might, in
fact, be a macrometastasis. When the SLNs are step
sectioned at fixed intervals, the size of the metastases
can be determined in three dimensions, but no guide-
lines include size in the third dimension, and this might
lead to under estimation of the actual size of the
metastasis.

Intraoperative procedures are considered to be
optional, and so far no guidelines deal with the fact

that frozen section methodology also may introduce
freeze artefacts into the FFPE sections. This makes
routine examination of HE sections more difficult, and
the pathologist might miss metastases that would easily
have been seen in sections from tissue that had not
been frozen. In order to minimize these artefacts,
training of the laboratory assistants is crucially impor-
tant. The preparation of frozen sections involves
meticulous handwork, and must be performed by
specially trained laboratory assistants who have the
opportunity to perform the work often. The present
work in the first three periods was carried out at a time
when all of the laboratory assistants prepared frozen
sections, as did most of the pathologists. In the last
period, team work was introduced, and a larger
fraction of SLN patients were diagnosed as positive,
with a larger fraction having smaller metastases. There
was still an acceptable level of false-negative frozen
section examinations, however.

This study has some drawbacks. As it is a single-
institution study design, the different methods com-
pared are based on examination of SLNs in successive
time intervals, and comparison of the methods was not
randomized during a fixed time interval. Also, the
frequency of patients treated by SLN biopsy increased
during the study period, and the frequency of positive
nodes in the SLN population would therefore be
expected to increase. Therefore, data from all breast
cancer patients in the institution were considered, and
because the increase was general in the entire study
population, the increase in node positivity among
patients with SLNs is interpreted as being method-
related and not a result of selection bias. With the study
design reported here, it will never be possible to prove
that the increase in ITCs and micrometastases found
with Method 4 is not simply a result of more patients
having SLN biopsies performed. During the study
period, the indication for axillary clearance also
changed, so that only patients with a suspicion of, or
preoperatively diagnosed with, regional metastases
would receive axillary clearance primarily. The proto-
col for the handling of nodes from axillary clearance
was also altered before Method 4 was used. The
frequency of screening-detected breast cancer in the
population did not change during the study. In patients
undergoing SLN biopsy, the increased numbers of ITCs
and micrometastases were found in patients who had
previously been classified as node-negative, and there-
fore the increase might be method-related.

To our knowledge, the results of work by a special-
ized team including laboratory technicians have not
been previously studied. Therefore, we cannot state
whether the 13% increase in ITCs and micrometastases
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that we documented during the time period when
Method 4 was used is solely a result of the specialized
team-work, or is just the result of more intensive step
sectioning and THC.

If the handling of SLNs is confined to a small,
specialized group of laboratory technicians and pathol-
ogists, it may be expected that the rate of false-positive
frozen sections will decrease. In fact, one of the three
false-positive cases in the present series was caused by
the presence of a benign nevus in the lymph node
capsule, a condition of which not all pathologist are
aware.>’

In conclusion, future guidelines for pathological
work-up of sentinel nodes in women with breast
cancer might include the recommendation of team
work and THC if frozen sections are to be used
intraoperatively. This study shows that a method with
team-work and intensive step sections including THC
detected 13% more women with ITCs or micrometas-
tases.
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Mini abstract

Completion axillary lymph node dissection (ALND) in breast cancer patients with micrometastases
in sentinel nodes is controversial. This study shows that patients with screen- detected breast cancer
and tumour size of 15 mm or less have little risk of harbouring metastases in the completion ALND
specimen.

Abstract

Objective: The aim of this retrospective observational study is to determine if the method of
detection of early breast cancer is predictive for additional positive nodes in patients with
micrometastases in the sentinel node biopsy (SNB).

Summary Background Data: The need for completion axillary lymph node dissection (ALND) in
breast cancer patients with micrometastases in the SNB is controversial.

Material and methods. Between 2001 and 2011 a total of 1,993 women with primary unilateral
breast cancer had surgery at Skane University Hospital, Lund. Of 1,993 patients, 1,458 had an SNB
and nearly all patients with micro- and macrometastases had ALND.

Results. Micrometastases defined as >0.2 mm/>200 cells mm and <2.0 mm were found in 62 (8%)
of 757 screen-detected patients and in 81 (12%) of 701 patients with symptomatic breast cancer.
Only 3 (5%) of the screen-detected patients with micrometastases, all with tumour size >15 mm
(range 18-39 mm), had metastases in the completion ALND whereas this was found in 18 (23%) of
the symptomatic patients with micrometastases (p=0.013), (tumour size range 10-30 mm). Logistic
regression analysis adjusted for method of detection, tumour size, histological grade and type of
surgery showed 5 times higher odds for further metastases in ALND specimen in patients with
symptomatic presentation vs. screen-detected breast cancer; all other variables remained
insignificant.

Conclusion. Despite the small number of patients with micrometastases in this large cohort of
breast cancer patients, these results support the contention that completion ALND can safely be

omitted in screen-detected breast cancer patients with micrometastases in the SNBs.

Keywords. Breast cancer, micrometastases, sentinel node biopsy, completion axillary dissection.



Short running head: Micrometastases in breast cancer 3
Introduction

The axillary nodal stage is still the most important prognostic factor in breast cancer. Treatment of
the axilla once the status is known is currently a matter of vigorous debate. Previously surgery was
part of the treatment for positive nodes detected by ultrasound and fine needle aspiration or by
sentinel node biopsy (SNB). Recently published papers'? suggest that adjuvant therapy may stand
alone for some node-positive breast cancer patients and additional surgery may not improve the
patients’ outcomes. Recently data from the National Cancer Data Base from the United States
examined for 2,203 patients with micrometastases treated between 1998 and 2000 showed no
significant difference in axillary recurrence or survival for patients treated by SNB alone compared
with patients treated by SNB and completion axillary lymph node dissection (ALND)3. Equivalent
results are reported from the SEER database’ examining 6,838 patients with micrometastases with a
median follow-up of 50 months. Both studies report a time trend towards omission of completion
ALND in women with micrometastases especially if they are older. Therefore it is important to
define which group of node-positive breast cancer patients that does not benefit from additional
axillary surgery once the status of the nodes is known. Here we report on the method of detection
(screen or symptomatic) with the aim of determining if the method of detection is predictive for
additional positive nodes if the SNB contains micrometastases.

Material and methods

Between January 1, 2001 and November 1, 2011 a total of 1,993 women had surgery for primary
unilateral breast cancer at Skane University Hospital, Lund (Figure 1). Of these 757 were detected
by a public mammography screening programme. From 2001 to 2009 women aged 45 to 70 years
were invited to the screening programme. During 2010 the target population was enlarged to 40 to
74 years. In 2001 SNB was offered to women with tumours of 30 mm or smaller who were included
in the Swedish cohort study’. From 2004 SNB was the standard procedure of axillary staging for
early breast cancer without any limit on tumour size. Excluded from the study were 354 women
offered primary axillary lymph node dissection (ALND), most of them because of involved nodes
detected by ultrasound, 60 patients without axillary staging at surgery, most of them elderly, and
121 treated by neoadjuvant therapy (Figure 1). The study population comprised the remaining 1,458
women who had axillary staging by SNB; of these 757 were screen-detected.

Information on the method of detection was supplied by the mammography screening programme.
The surgical procedure of SNB was preceded by subdermal injection with °Tc-labelled
Nanocolloid followed by a scintigraphy until 2009, after which this was only performed in selected
patients. Injection of 0.3 ml of Patent V Blue was performed intradermally after anaesthesia in the
operating room. Any node that was hot, blue or palpable was considered an SNB and removed.

All SNBs were examined by intraoperative frozen section methodology, but the handling of the
paraffin sections varied over the years. In brief, during the first years paraffin sections were
analysed by one haematoxylin and eosin (HE) section and one section with immunohistochemistry
for cytokeratin (CK). Then random levels were added, and subsequently levels at fixed intervals of
200 pm were introduced. Finally, CK at the fixed levels was added. For details see’. A review of the
slides of all patients with positive SNB was undertaken and the 7" edition of the AJCC and UICC
classification was applied”®. Axillary specimens were initially studied by embedding a single slice
from each node followed by examination of the corresponding HE section. After November 2008
the method of investigation was changed to slicing the nodes through the longitudinal axis and
examine HE sections from all slices.

Tumour size was the largest diameter of the invasive component’®. Histological grade was applied
following the Nottingham modification’ of the Bloom and Richardson grading scheme'”. Oestrogen
and progesterone receptors were determined by immunohistochemistry and results >10% were
considered positive.
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Statistics

Differences in proportions between groups of patients were evaluated by the Chi-square test and
mean differences for continuous variables by the Mann-Whitney test. Logistic regression was used
to evaluate the effect of screening after adjustment for tumour size, histological grade and type of
surgery. In all analyses, p<0.05 was considered significant. SPSS version 20 was used.

Results

In patients treated by SNB the frequency of screen-detection varied over the years (Figure 2). In
2001 about 35% of patients were screen-detected and this figure increased to about half of the
patients in 2008. In 2010 and 2011 more than half the patients with primary unilateral breast cancer
and SNB were detected by the public mammography screening programme.

Smaller tumour size, lower histological grade and breast-conserving therapy occurred significantly
more often in screen-detected patients compared with patients with clinical presentation (Table 1).
The pattern appeared similar among patients with micrometastases (Table 2). Receptor-positive
status was more frequent in screen-detected patients but this difference disappeared in patients with
micrometastases. No differences appeared in age, tumour type, number of sentinel nodes, number of
sentinel nodes with metastases or size of metastases. Screen-detected patients were significantly
more often SNB-negative than were the symptomatic patients (p=0.001).

Micrometastases of >0.2 mm/>200 cells and <2.0 mm were detected in 8% (62/575) of screen-
detected patients compared with 12% (81/701) of symptomatic patients (Table 1). Only 5% (3/61)
of screen-detected patients with micrometastases had metastases in the ALND specimen compared
with 23% (18/79) of patients with symptomatic presentation (Table 3). One of these patients had a
familial history of breast cancer and was diagnosed by prevalence screening at the age of 40; she
had a tumour of 18 mm. One of the others had two invasive foci and a tumour size of 39 mm, and
the last had a tumour size of 35 mm. The number of symptomatic patients with micrometastases and
further metastases in the completion ALND specimen increased with increasing tumour size (Table
4) except for tumours larger than 30 mm. For the symptomatic patients with micrometastases and
further metastases in the ALND specimen, the range of tumour sizes were 10-30 mm. Logistic
regression analysis, adjusting for tumour size, histological grade and type of surgery showed 5
times higher odds for further metastases in ALND specimen in symptomatic patients compared with
screen-detected patients (Table 5). Logistic regression with tumour size as a grouped variable and a
model also including histological type, oestrogen- and progesterone receptor status, and age showed
similar results (data not shown).

Overall 66% (956/1,458) of patients were SNB-negative or had isolated tumour cells in the SNBs.
After surgery with completion ALND in SNB-positive patients, overall one node was positive in
66% (330/502). In patients with SNB micrometastases one node was positive in 83% (118/143) in
contrast to patients with SNB macrometastases where overall one node was positive in only 59%
(212/359) (p=0.000). Patients with further metastases in ALND specimen according to the number
of positive SNBs are presented in Table 3.

In the symptomatic patients the histopathological method of SNB examination was roughly without
influence on the number of patients with micrometastases in the SNB and further metastases in the
completion ALND specimen except for the method without immunohistochemistry (method 3)
where only 9% had further metastases in the ALND specimen (Table 4). Among the screen-
detected patients two patients with micrometastases in the SNB and further metastases in the ALND
specimen were examined with method 4 and one with method 2.

The size of axillary metastases was recorded from 2007, and 274 patients with metastases received
SNB and ALND. In the screen-detected patients with micrometastases the largest metastasis
appeared in the SNB in 92% (34/37) compared with the symptomatic patients where the largest
metastasis was found in the SNB in 82% (37/45) of the patients. For patients with macrometastases
the corresponding figures were 89% (81/91) and 89% (80/90). Overall the largest metastasis
appeared in the SNB in 87% (71/82) of patients with micrometastases and in 89% of patients with
macrometastases (161/181).
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Discussion

This study shows that completion ALND safely can be omitted in screen-detected patients with
primary unilateral breast cancer with micrometastases in the SNB because the frequency of
additional metastases is only 5% compared with 23% in patients presenting symptomatically. Due
to the side effects of axillary surgery there is much debate about avoiding completion ALND in
selected patients with breast cancer with metastases in the SNB' and thereby replacing surgery with
adjuvant medical therapy and radiation therapy. This study shows that one candidate for
substituting surgery with adjuvant therapy is screen-detected patients with micrometastases.
Recently the role of ALND in screen-detected breast cancer has been discussed by Berry and Kell''.
Their study included 519 women aged 50 to 65 years with screen-detected breast cancer stage
T1/T2, of whom 110 (21%) had a macrometastatic SNB. Their results correspond well to the results
of the present study. Unfortunately, women with micrometastases were excluded from their study.
Another study12 included 82 SNB-positive patients and reported that the screen-detected patients
had significantly fewer metastases in the ALND specimen (24%) compared with women with
symptomatic tumours (52%) (p=0.035). The authors noted that the method of detection was
correlated with age because their national breast cancer screening programme primarily targeted
women over 50 years of age, and did not therefore include the method of detection in the regression
analysis.

Galimberti et al."® reported on 377 patients with micrometastases in a single SNB who did not
receive ALND, treated at the European Institute of Oncology (IEO), Milan, Italy. The overall 5
years’ survival was 97.5%. Except for radiotherapy, adjuvant medical therapy was not reported.
Despite these promising results the authors suggest that a subset of patients might be at high risk of
developing overt axillary disease. In the present series 17% of the patients with micrometastases
had more than one involved node and three of these patients had further metastases in the ALND
specimen. Follow-up on the patients in the present study has not been performed yet why overall
survival cannot be compared.

A study from the Danish Breast Cancer Cooperative Group' identified 1,577 patients with
micrometastases treated in 2002-2008 and found that the proportion of positive sentinel nodes,
lympho-vascular invasion, the hormone receptor status and the location of the tumour in the upper
lateral quadrant of the breast were risk factors for non-sentinel node metastases. Based on these
factors a model identified 5% of the patients whose risk of non-sentinel node metastases was nearly
40%. Their model, however, was unable to identify a subset with very low risk of non-sentinel node
metastases, and screening status was not considered.

Several authors have advocated that older women with minimal metastases to the SNB, especially
with smaller oestrogen receptor-positive tumours, might not benefit from completion ALND'®. The
present study shows that the method of detection seems to be a better predictor of additional
metastases in completion ALND specimens in patients with micrometastases than age alone
because there was no difference in age between micrometastatic patients that were screen-detected
compared with symptomatic breast cancer.

The patients with screen-detected breast cancer and micrometastases in the SNB and further
metastases in the axillary specimen in the present study are possibly outliers. One was diagnosed at
prevalence screening at the age of 40 years and had a hereditary history of breast cancer. Another
had two invasive foci and all three had large tumour size. Reflecting these facts the results of the
present study show that completion ALND can safely be omitted in screen-detected patients with a
tumour size of around 15 mm or smaller.

The axillary recurrence rate in SNB-negative patients without ALND is as low as 1% in 5 years'
despite the fact that it is well known and accepted that about 5-8%'’of patients have regional
metastases at the time of the SNB even though the SNB is negative. In patients with
micrometastases the situation is different. Pepels et al.'® reported 1,028 patients with
micrometastases without ALND; the 5 year rate of axillary recurrence occurring at any time was

6
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5.6% with a hazard ratio of 4.39 (95% CI, 1.46—13.24) adjusted for age, tumour size, histological
grade, hormone receptor status, adjuvant systemic therapy and irradiation of the breast. Galimberti
et al.” found a cumulative incidence of axillary recurrence of only 1.6% (95% CI 0.7-3.3) at 5
years in 377 selected patients, with a single SNB with micrometastases, treated at the European
Institute of Oncology in Milan.

By construction of nomograms'®?' several authors have tried to predict the presence of metastases
in completion ALND specimens after a SNB with micrometastases The present study did not
include all these data, such as multifocality, and we were therefore unable to validate any of the
published nomograms. All other nomograms are constructed to predict further metastases in
completion ALND specimens in patients with macrometastases'®. These nomograms can only be
used after validation in local populations because they perform very diversely in different
populations™. Overall predictors of additional metastases in the completion ALND specimens after
positive SNBs are largely the same as the predictors of positive SNBs'?.

This study has some drawbacks. Because micrometastases are relatively rare it is difficult to obtain
a large study population, and the present study comprises only 143 patients with micrometastases.
Despite the small number of patients the difference in positive completion ALND specimens
between screen-detected and symptomatic patients is statistically significant. Moreover the SNB
was examined by four different histopathological methods but this did not seem to influence the
results.

This study uses data from a register for the public mammography screening programme that was
constructed for statistical purposes and not for research purposes. Therefore the definition of
“screen-detected” might not be the same throughout the 10 years of the study as the screening unit
was re-organised during the last three years. The attendance rate during the study period increased
which is why more women were detected clinically in the first part of the study. Furthermore
women aged 40-45 years were also invited during the last part of the study period. These facts
might explain the difference in frequency of screen-detected patients during the period.

Omitting completion ALND in metastatic breast cancer patients eliminates the prognostic
information obtained earlier on from the number of positive axillary nodes. Presuming that the size
of the largest metastases can be used instead of the number of positive nodes as a more detailed
prognostic marker the present data show that this information will be available in 85-90% of
patients treated by SNB. The SNB method itself has a false-negative rate of around 5-8% and
therefore more detailed prognostic information will also be available in 80-85% of patients when
completion ALND is omitted.

With the purpose of avoiding the side effects of axillary dissection there is a trend towards
substituting axillary surgery with adjuvant therapy. It must be remembered that all types of
treatments™ including SNB, adjuvant endocrine therapy***’, chemotherapy®® and radiation
therapy””® have side effects. Women with breast cancer might have different needs to avoid
particular side effects, and therefore the patient’s own opinion is important when treatment
alternatives are offered. Furthermore overtreatment with adjuvant medical therapy must also be
avoided and efforts should be made to accurately define women in whom minimal surgical
intervention is sufficient therapy.

In conclusion, despite the small number of patients with micrometastases in the sentinel nodes in
this large cohort of breast cancer patients, these results support the contention that completion
ALND can safely be omitted in screen-detected breast cancer patients with micrometastases in
SNBs, at least in those with tumours smaller than 15 mm.
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Table 1. Patients and tumour characteristics according to method of presentation in patients

treated by sentinel node biopsy.

Total
Age Median (range)
Tumour size, mm Median (range)
Tumour type Ductal
Lobular
Other
Histological grade Grade 1
Grade 2
Grade 3
Missing
Oestrogen receptor Positiv >10%
Negative <10%
Missing
Progesterone receptor Positiv >10%
Negative <10%
Missing
Type of surgery Breast-concerving
Mastectomy
Number of sentinel nodes Median (range)
Number of sentinel nodes with
metastases Median (range)

Size of sentinel node metastases, mmMedian (range)
Number of axillary nodes

Sentinel node status

Negative

ITC <0.2 mm / <200 cells

Micrometastases >0.2 mm / >200 cells and <2.0 mm
Macrometastases > 2.0 mm

Screen-
detected
n %
757
61 (40-74)
14 (1-90)
629 83
98 13
30 4
225 30
385 51
139 19
8
670 89
82 11
5
551 73
201 27
5
514 68
243 32
2 (1-9)
1(1-4)
5(0.21-30)
13 (5-34)
495 65
36 5
62 8

Symptomatic
presentation
n %
701
59 (23-90)
18 (0-70)
556 79
100 14
45 6
151 22
344 50
199 29
7
594 85
102 15
5
480 69
216 31
5
356 51
345 49
2(1-8)
1(1-5)
5(0.21-30)
13 (4-34)
386 55
39 6
81 12
195 28

p value

0.128
0.000

0.068

0.000

0.032

0.071

0.000

0.597

0.847
0.981

0.527

0.001
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Table 2. Patients and tumour characteristics according to method of presentation in patients

where sentinel node biopsy showed micrometastases.

Total
Age
Tumour size, mm

Tumour type

Histological grade

Oestrogen receptor

Progesterone receptor

Type of surgery

Number of sentinel nodes

Number of sentinel nodes with
micrometastases

Size of micrometastases, mm

Number of axillary nodes

Median (range)
Median (range)

Ductal
Lobular
Other

Grade 1

Grade 2

Grade 3
Missing
Positive >10%
Negative <10%
Missing
Positive >10%
Negative <10%
Missing
Breast-
concerving

Mastectomy

Median (range)

Median (range)
Median (range)

Median (range)

Screen-
detected
n

62
59 (40-73)
14 (1-39)

56
5
1

23
30
8
1

55
7
0

47

15
0

40
2

3(1-6)

1(1-3)

1 (0.21-2.0)

13 (5-25)

%

90

38
49
13

89
11

76
24

65
35

Symptomatic
presentation
n

81
59 (30-88)
20 (5-51)

66

11

4

16

40

25

0

74

6

1

64

16
1

40
41

2(1-5)

1(1-3)
1(0.21-2.0)

13 (4-29)

%

81
14

20
49
31

93

80
20

49
51

10

p value

0.754
0.001

0.303

0.012

0.437

0.549

0.071

0.539

0.604
0.799

0.180
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Table 3. Number of patients with positive nodes in completion axillary dissection (ALND)
specimen according to size of metastases in sentinel nodes.

Screen-detected Symptomatic presentation
n with n with
nwith  positive nwith  positive
ALND ALND ALND ALND

n specimen specimen % n  specimen specimen % p value

SN with metastases >0.2/> 200 cells

and <2.0 mm 62 61 3 5 8l 79 18 23 0.013
Number of positive sentinel nodes
1 50 49 2 4 68 67 16 24 0.014
2 10 10 0 0 11 10 2 20
>3 2 2 1 50 2 2 0 0
SN with metastases >2.0 mm 164 164 73 45 195 193 110 57 0.027
Number of positive sentinel nodes
1 97 97 31 32 115 114 57 50 0.020
2 47 47 29 62 53 52 31 60
>3 16 16 11 69 21 21 17 81

11

Table 4. Number of patients with micrometastases in relation to method of detection and to number

of patients with positive nodes in completion axillary dissection (ALND) specimen according to
tumour size and method of sentinel node examination.

Screen-detected Symptomatic presentation
n with n with
nwith  positive nwith  positive
ALND  ALND ALND  ALND
n  specimen specimen % n  specimen specimen %
Tumour size
1-10 mm 16 16 0 0 6 7 1 14
11-20 mm 34 33 1 3 40 39 10 26
21-30 mm 10 10 0 0 26 25 7 28
>30 mm 2 2 2 100 9 9 0 0
Method of sentinel node examination
Method 1 11 11 0 0 15 15 7 47
Method 2 7 7 1 14 6 6 2 33
Method 3 13 13 0 0 23 22 2 9
Method 4 31 30 2 7 37 36 7 19

Sentinel node examination: Method 1; 1 HE and 1 CK, method 2; 1 HE and 1 CK and 2 HE at

random levels, Method 3; 3 HE at levels of 200 um, method 4; 3 HE and 3 CK levels of 200 pum.

HE = haematoxylin, CK = cytokeratin.
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Table 5. Logistic regression analysis of patients with micrometastases in sentinel nodes treated
by completion axillary dissection (n=139). The dependent variable is the presence of metastases in

the axillary specimen.
95% CI**.for OR

OR* Lower Upper
Symptomatic presentation vs. screen-detected 5.1 1.4 19
Tumour size per mm 1.0 0.98 1.1
Histological grade 2 vs 1 1.5 0.42 54

0.98 0.22 43

Histological grade 3 vs 1
Mastectomy vs breast conserving therapy 0.80

* OR = Odds Ratio. ** CI = confidence interval.
Of 143 patients with micrometastases 3 patients had no completion axillary dissection, and the
histological grade was missing for 1 patient because of too small tumour size.

0.29 22

Figure 1. Breast cancer study cohort

Surgery for primary unilateral
breast cancer

2001- 2011
Total n=1,993

- | Primary axillary dissection n =354
| No axillary staging n = 60
Neoadjuvant therapy n= 121

Sentinel node biopsy n = 1,458

Screen-detected Symptomatic presentation
n=757 n=701
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Figure 2. Percentage of patients with sentinel node biopsy detected by screening or symptomatic
presentation according to year of surgery
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Figure 3. Ages of patients with sentinel node biopsy detected by screening and by symptomatic
presentation
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Abstract

Background. Oestrogen receptor (ER) status is important for the choice of systemic treatment of
breast cancer patients. However, most data from randomised trails on the effect of adjuvant
endocrine therapy according to ER status are based on the cytosol methods. Comparisons with
immunohistochemical methods have given similar results. The aim of the present study was to
examine whether different ER antibodies and heat-induced epitope retrieval (HIER) methods
influence the prevalence of ER-positivity in primary breast cancer.

Material and methods. This study is based on patients included in a clinical trial designed to
compare the effect of two years of adjuvant tamoxifen vs. no adjuvant systemic treatment in
premenopausal women. From 1986 to 1991, 564 patients from two study centres in Sweden were
enrolled and randomised. Patients were randomised independently of ER status. In the present study,
ER status was assessed on tissue microarrays with the three different ER antibody/HIER
combinations: 1D5 in citrate pH 6 (n=390), SP1 in Tris pH 9 (n=390) and PharmDx in citrate pH 6
(n=361).

Results. At cut-offs of 1% and 10% respectively, the prevalence of ER-positivity was higher with
SP1 (75% and 72%) compared with 1D5 (68% and 66%) and PharmDx (66% and 62%). At these
cut-offs, patients in the discordant groups (SPl-positive and 1DS5-negative) seem to have a
prognosis intermediate between those of the double-positive and double-negative groups.
Comparison with the ER status determined by the cytosol-based methods in the discordant group
also showed an intermediate pattern. The repeatability was good for all antibodies and cut-offs, with
overall agreement >93%.

Conclusion. The present study shows that the choice of antibody and HIER method influences the
prevalence of ER-positivity. We suggest that this be taken into consideration when choosing a cut-
off for clinical decision making.

Key words: Breast cancer, oestrogen receptor antibodies, prevalence, prognosis.
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Introduction

In breast cancer, the determination of oestrogen receptor (ER) status in tumour tissue is important in
the choice of adjuvant therapy. For patients with ER-positive breast cancer, adjuvant endocrine
therapy is indicative, whereas for patients with ER-negative disease this treatment is not beneficial
[1,2]. Not only the presence of ER, but also the level of ER-positivity, seem to be associated with
the sensitivity to endocrine therapy [3].

Over the years, the methods for ER analysis have changed. They started with ligand-binding assays
(LBA) and enzyme immunoassay (EIA) in cytosol samples from fresh frozen tissue. These
techniques were replaced by immunohistochemical (IHC) methods in formalin-fixed paraffin-
embedded tissue, using monoclonal antibodies. Most of our knowledge about the importance of ER
as a predictive marker for the response to endocrine therapy, especially about long-term clinical
follow-up, is based on cytosol techniques. However, in a number of studies, ER has also been
measured with IHC, alone or in addition to LBA/EIA, and related to clinical outcome after
endocrine therapy. The overall conclusion is that LBA/EIA and IHC provide similar predictive
value for the response to endocrine treatment [4-7].

Though ER has been used for decades now as a treatment-predictive test, no standardisation of the
THC test has emerged and thresholds predicting response to endocrine treatment have varied. To
distinguish ER-positive and ER-negative breast cancer in clinical routine, the previous commonly
applied cut-off of 10% positive tumour cells has recently been replaced by 1%, according to
international recommendations [8,9]. Another classification, the Allred score, considers not only the
percentage of positive cells but also the staining intensity of positive cells [10]. The continuous
development of the IHC method has reached a limit with very intense dark staining using new
epitopes and powerful staining systems. Pathology departments, adhering to quality assurance
programmes such as United Kingdom External Quality Assurance System (UK NEQUAS) or
NordiQC, often obtain excellent marks for the staining when using the most modern methods for
ER assessment. However, these quality assurance programmes only consider the quality of the IHC
staining itself in a limited number of cases. They do not consider a possible influence on the
prevalence of ER-positivity and its predictive value. To improve the accuracy of testing, the
American Society of Clinical Oncology/College of American Pathologists recommended that only
methods with pre-analytical and analytical components conformed exactly to clinically validated
assays or compared with the clinically validated assays showing 90% concordance for the ER-
positive category and 95% concordance for the ER-negative category, with positivity defined as
>1% stained nuclei, be used to predict response to endocrine therapy [9]. If methodological changes
[11] (e.g. new tissue processing, new antibodies, changes in heat-induced epitope retrieval (HIER)
and/or detection methods) are implemented without such validation [12], the long-term
consequences will influence the prevalence of ER-positivity and the predictive value of ER. The
importance of the choice of antibody for the prevalence of ER-positivity has been demonstrated in a
study by Cheang and co-workers [13] where the proportion of ER-positive breast cancers increased
from 63% to 71% when SP1 antibody was used instead of 1D5. In that study [13], SP1 was found to
be a better prognostic marker for breast cancer-specific survival than 1D5.

The aim of the present study was to compare three different antibodies (1DS5, SP1, and the ER part
of ER/PR PharmDx™, in this study denoted PharmDx) with different HIER in relation to the
prevalence of ER-positivity and recurrence-free survival (RFS) in a well-defined cohort of breast
cancer patients with primary stage II breast cancer.
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Material and Methods
Study design

The patients included in the present study were enrolled in a clinical trial designed to compare the
effect of two years of adjuvant tamoxifen (TAM) vs. no adjuvant systemic treatment in
premenopausal women with stage II breast cancer. From 1986 to 1991, 564 patients were
randomised from two study centres in Sweden. Patients were randomised independently of ER and
progesterone receptor status. The characteristics of this trial have previously been described in
detail [14]. Adjuvant poly-chemotherapy was administered to fewer than 2% of the patients.

Tissue microarray

From representative areas of the formalin-fixed and paraffin-embedded invasive breast cancer tissue
samples, two core biopsies (0.6 mm in diameter) were punched out and mounted into the recipient
block using a tissue array machine in accordance with the manufacturer’s instructions (Beecher
Instruments, MD, USA). The tissue microarray (TMA) were sectioned and stained for the ER
clones 1D5, SP1 and PharmDx.

Paraffin-embedded material for TMA was initially available for 500 of 564 patients in the study [15]
(Figure 1). Due to intensive use of the TMA blocks for other studies, some of the core biopsies
were missing and of the 500 cases in the TMA, 1D5 and SP1 were evaluable in 390 (69%) cases
and PharmDx, which was stained later, in 361 (64%) cases. All three antibodies were available for
scoring in 321 cases (Figure 1). Comparing patients with and without TMA scores for 1D5 and SP1,
no significant differences appeared in histological type or grade, tumour size or lymph node status.
However, patients with evaluable TMAs were slightly older than patients without TMA data, at 45
years (26-57 years) and 43 years (25-55 years), respectively.

Immunohistochemical analyses

After deparaffinising, sections stained with 1D5 were pre-treated in a microwave oven in citrate
buffer pH 6. The primary antibody 1D5 (DAKO, Glostrup, Denmark) diluted 1:35 was incubated
for 25 minutes. The detection system was labelled streptavidin biotin-horseradish peroxidase
(LSAB-HRP) used in a DAKO TechMate500+, and the reaction product was visualised with
diaminobenzidine (DAB). For SP1, HIER was performed in microwave oven in Tris buffer pH 9.
The primary antibody (RM-9101-S, clone SP1, Neomarkers, AH Diagnostics, Stockholm, Sweden)
was diluted 1:100 and incubated for 25 minutes. The Envision system (K5001, DAKO, Glostrup,
Denmark) was used in a DAKO TechMate500+, and the reaction product was visualised with DAB.
PharmDx (ER/PR PharmDx kit code K4071, DAKO, Glostrup, Denmark) was applied with HIER
in epitopal retrieval solution (citrate pH6) in an autoclave for 5 minutes at 125 °C. Staining was
performed in a DAKO Techmate 5001000 automated staining instrument (BioTek Solutions,
Winooski, VT, USA), and visualisation was based on dextran technology.

Cytosol-based method
ER was analysed in cytosol samples with LBA or EIA. ER-positive and negative samples were
classified as previously described [14].

Evaluation

ER status was assessed in the invasive component, at least 10 cancer cells being required for
scoring. The stainings for the antibodies 1D5, SP1 and PharmDx were categorised at seven levels
with cut-offs of 0%, 1%, 10%, 25%, 50%, 75% and 90% positive cells. In the following only two
cut-offs, 1% and 10%, were considered for ER status (negative vs. positive). For repeatability, 50%
was also considered because this cut-off has been suggested as defining a patient group with a good
response to endocrine therapy [8]. PharmDx was also scored as 0: negative, 1: >0 and <1%, 2: >1%
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and <10%, 3: >10% and <33%, 4: >33% and <66% or 5: >66% and the intensity was scored as 0:
negative, 1: weak, 2: moderate or 3: strong to produce the Allred score by adding the intensity score
to the percentage score. One pathologist (DG) evaluated the staining results on two different
occasions (repeatability). To compare different antibodies, the highest score from the two TMAs
was used in each case. The pathologist was blinded to the clinical data, the follow-up and the results
of the other scorings. For evaluation of the prognostic value of ER, cut-offs of 1% and 10% were
used for 1D5, SP1 and PharmDx and an Allred score 3 where cases with a score >3 were considered
positive.

Statistical analysis

The Mann-Whitney test was used for the two-group comparison of continuous variables, the chi-
square test for the comparison of categorical variables, and the logrank test for the comparison of
survival curves. All tests were two-sided and p-values <0.05 were considered significant.
McNemar’s test was used to test equality of paired proportions. The overall agreement, i.e. the
proportion of samples with the same receptor status, was calculated, as were exact 95% confidence
intervals (CIs) based on the binomial distribution. Furthermore, positive and negative agreements
were used as summary measures. When one of the two assays compared can be regarded as a
reference, the positive agreement was defined as the proportion of positive specimens that were also
positive with the test assay. Negative agreement was defined similarly [12]. When the same assay
was evaluated twice, to assess repeatability, symmetric definitions of positive and negative
agreement with approximate 95% Cls were used, following Graham and Bull [16]. The upper limits
of the approximate Cls exceeded 1.00 in a few cases but were then set to 1.00. In the analysis of
RFS, the event was defined as local, regional, or distant recurrence or breast cancer death. Long-
term follow-up is available, but only the first five years after diagnosis were used because the effect
of ER is known to diminish with time. It should be emphasised that our study was not designed to
have the power to study the prognosis of the discordant group in relation to the double-positive or
double-negative groups or the effect of adjuvant TAM vs. no TAM. The statistics packages Stata
version 12 and SPSS version 20 were used.

Results

Repeatability of staining evaluation

A comparison of evaluations 1 and 2 for each antibody at different cut-offs is shown in Table 1. The
repeatability was excellent with overall agreement between 93% and 100% for 1D5, SP1 and
PharmDx respectively at cut-offs 1%, 10%, and 50%. The positive agreement (>93%) and negative
agreement (>92%) were also acceptable.

Agreement between antibodies

The proportion of ER-positive cases for SP1 was significantly higher than that for 1D5 at all cut-
offs. At cut-offs of 1%, 10% and 50%, a total of 29, 24 and 47 patients were positive with SP1 but
negative with 1D5, whereas only 3, 0, and 0 patients showed the opposite pattern (Table 2). As a
consequence, the positive agreement was high above 99%, whereas the negative agreement was
lower: 77%, 82%, and 74% at cut-offs of 1%, 10% and 50%, respectively. In the subgroup where
ER was also analysed with PharmDx (n=321), the overall agreement was similar at cut-offs of 1%
and 10% for PharmDx compared with 1D5 and SP1 (Table 3), but at a cut-off of 50% the overall
agreement was higher between PharmDx and 1D5 than between PharmDx and SP1. The intensity of
positive cases, stained with PharmDx, was distributed as follows: 107 (42%) patients with weak,
108 (43%) with moderate, and 39 (15%) with strong intensity. The concordance in ER status
between the Allred score and the 10% cut-off for PharmDx was 95% (92-97%). The addition of
intensity to the percentage of positive cells resulted in 19 cases changing from negative with
PharmDx to positive with the Allred score, whereas no cases were positive with PharmDx and
negative with the Allred score. At a cut-off of 1%, no patients had discordant ER status.
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Prevalence of ER-positivity

At a cut-off of 1%, the prevalence of ER-positivity was significantly (p<0.001) higher with SP1
(75%; 292/390) compared with 1D5 (68%; 266/390) and PharmDx (66%; 211/321). The
corresponding figures for a cut-off of 10% were 72%, 66% and 62%, and for a cut-off of 50% were
67%, 55% and 41% (Table 2 and Table 3).

Recurrence-free survival

Breast cancer patients with tumours positive (cut-offs 1% and 10%) with both 1D5 and SP1 had a
better five-year RFS compared with those negative with both antibodies. This was true for the entire
patient cohort as well as for the TAM-treated sub-group (Figure 2a-b and 2d-e). For patients
without adjuvant TAM the difference in RFS was not significant (Figure 2¢ and 2f). Discordant
patients that were 1D5-negative, but SP1-positive, showed an intermediate RFS (Figure 2a-f).
When 1D5 and SP1 were compared with PharmDx, similar results were obtained (data not shown).
The staining intensity was also related to RFS (Figure 3a). When only the positive cases were
included, staining intensity correlated weakly with RFS (p=0.12). When the intensity was added to
the percentage score, to obtain the Allred score, 19 cases became positive. These 19 patients had a
prognosis intermediate between that of patients positive with Allred and PharmDx and that of
patients negative with Allred and PharmDx (Figure 3b).

Patient and tumour characteristics

The characteristics of the discordant group (1D5-negative/SP1-positive) were compared with those
of the group positive (cut-offs 1% and 10%) with both 1D5 and SP1 and the group negative with
both antibodies (Table 4 and Table 5). The discordant patients were more often of histological grade
1 or 2 compared with the double-negative patients, and this difference was statistically significant
(p<0.01). At a cut-off of 1% the discordant group differed also significantly from the double-
positive group (p<0.01). The discordant patients were also significantly more often node-positive
than were the double-negative patients (p=0.01) at a cut-off of 10%. The double-positive patients
were more often ER-positive with the cytosol-based methods compared with the double-negative
patients (cut-oft 1%: 84% vs. 8% and cut-oft 10%: 85% vs. 11%). The discordant patients showed
an intermediate level of ER-positivity based on the cytosol methods at both cut-offs (29% and 37%),
significantly different from both the double-positive patients (p<0.01) and the double-negative
patients (p=0.01). No differences appeared in age, tumour size, or histological type.

Discussion

Three antibody/HIER combinations, 1D5 with HIER in citrate pH 6, SP1 in Tris pH 9, and
PharmDx in citrate pH 6, were compared for the prevalence of ER-positivity in patients with
clinically stage II breast cancer participating in a clinical trial comparing two years of adjuvant
TAM vs. no adjuvant systemic treatment. The overall pairwise agreement varied between 93% and
100%. Staining with SP1 yielded a higher percentage of ER-positivity than did 1D5 and PharmDx
at cut-offs of both 1% and 10%. It should be noted that the overwhelming majority of discordant
patients went from negative with 1D5 to positive with SP1 (n=29) at a cut-off of 1% whereas only
three patients went in the opposite direction. At a cut-off of 10%, all discordant patients (n=24)
went from negative with 1D5 to positive with SP1. Patients 1D5-negative SP1-positive showed an
intermediate clinical outcome (RFS). The same pattern appeared when comparing PharmDx at a
10% cut-off with the Allred score, where the addition of intensity resulted in a discordant group
with an intermediate RFS.

The ER/PR guidelines [9,12] underline the details of concordance studies when a new method of
determination of ER status is being tested. To be considered acceptable, positive agreement must be
>90% and negative agreement >95%; positive results are defined as >1% immunoreactive cells
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compared with a clinically validated assay. In the present study the differences between the
antibodies were greater with negative agreements of only 77%, 82% and 74% comparing SP1 with
1D5 at a cut-off of 1%, 10% and 50%. The positive agreements between 1DS5, SP1 and PharmDx
were all >90%. This appears to be antibody- and HIER method-related because the repeatabilities
within the antibodies were acceptable.

Similarly to the results of the present study, which shows an increase of 7 percentage point with
SP1 compared with 1D5 at a cut-off of 1%, the ER-positivity increased by 8 percentage points
when SP1 was used instead of 1D5 with a cut-off of 1% in the study by Cheang et al. [13] who
reported a large population-based study from British Columbia, Canada. That study included 1,450
patients who had ER assessment by the dextran-coated charcoal method (DCC) method. In fact, the
material used for TMA to examine ER by IHC was from frozen stores of residual tissue in excess of
the requirements of the DCC assay [17], i.e. those patients with enough tumour tissue to make
frozen samples. Consequently, the patients had a more advanced disease stage than population-
based patient material. In the analysis of recurrence-free survival and breast cancer-specific survival,
the cases positive with SP1 and negative with 1D5 followed the positive cases. In the present study,
the discordant group had an outcome intermediate between the double-positive and double-negative
groups, but no significant differences were found.

The cut-off for IHC-detected ER-status has not been determined in randomised studies but has
evolved by comparison with the cytosol based methods method [7]; the correlation is about 0.85
[18]. Today, 1% is the generally accepted cut-off used for clinical decision making [19]. In the
randomised Stockholm adjuvant tamoxifen trial, including postmenopausal patients (STO-3), only 7
of 777 patients had ER expression between 1 and 10%. In the present study 9 of 390 patients were
classified between 1 and 10% with 1D5, 11 of 390 with SP1 and 19 of 361 with PharmDx,
respectively. In the STO-3 trial using a cut-off of 10%, the predictive value of ER status determined
by IHC was comparable with that of the DCC method [6]. In a population-based registry in Sweden
including more than 6,800 patients, the percentage of ER-positivity at a cut-off of 10% was 86% in
2011 (personal communication). The more sensitive antibodies and more aggressive HIER methods
may contribute to a higher prevalence of ER-positivity [20].

In the present study, the addition of intensity does not add prognostic information. It should also be
mentioned that no method to determine the exact amount of protein by weight in IHC sections
exists and the influence of fixation and HIER on protein loss is largely unknown [21], which makes
the estimation of intensity unreliable.

Another study compared ER status assessed by 1D5 and SP1 on whole sections from 508 breast
carcinomas including in situ cancer and metastases, finding only two cases positive for SP1 and
negative for 1D5 [22]. In that study, both antibodies had HIER in citrate pH 6; the dilution was
1:100 for 1D5 and 1:200 for SP1. The authors suggest that because SP1 has an 8-fold higher
affinity for its epitope than does 1D5, it may simply detect more positive cells than does 1D5 when
protein levels are extremely low. The low discordance rate of 2/508 might also be attributed to the
fact that SP1 was examined in citrate pH 6 instead of Tris pH 9.

Rhodes et al. [20] examined the influence of HIER buffer and heating time, and showed for the ER-
antibodies 6F11 and SP1 that HIER in Tris EDTA, pH 9 and a longer heating time resulted in
higher Allred scores than for HIER in citrate pH 6 and shorter heating times. In the present study,
Tris pH 9 was used with SP1, and this more sensitive IHC method and the higher affinity for its
epitope resulted in an increase of SP1-positive cases of 7 percentage points at a cut-off of 1%, in
line with the 8 percentage points increase reported by Cheang et al. [13]. It seems the antibody and
HIER method is more important in the increasing prevalence of ER-positive patients than intra-rater
variability (repeatability). This is reflected in the present study, where one pathologist showed good
repeatability when scoring the antibodies twice, and in a recent study of patients referred for a
second opinion where the ER status was changed in only 2 of 405 patients [23].

Using 1D5 in EDTA buffer at pH 8, Lau et al. [24] reported 18% of 55 lung carcinomas and 72% of
50 breast carcinoma to be ER-positive using a cut-off of >0. In another study, Gomez-Fernandez et
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al. [25] also examined lung carcinomas. HIER was citrate pH 6 and the results showed 27% of 92
cases positive for SP1, 14% positive for 6F11 and 8% positive for 1DS. The higher affinity for the
epitope of SP1 also causes more lung adenocarcinomas to be ER-positive, information very
important to the diagnostic pathologist because ER status is involved in the distinction between
primary lung adenocarcinomas and breast cancer metastases.

In conclusion, the present study shows that the choice of antibody and HIER method influences the
prevalence of ER-positivity. We suggest that this be taken into consideration when choosing a cut-
off for clinical decision-making.
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Table 1. Repeatability for 1D5 (n=390), SP1 (n=390) and PharmDx (n=361). The figures below
each of the nine two-by-two tables for overall agreement are, from left to right, the ratios
(numerator/denominator), the percentages and the exact binomial 95% confidence intervals.
If the cell counts in these two-by-two tables are labelled a, b, ¢ and d, from left to right
beginning with the first row, negative agreement is defined as 2a/(2a+b+c) and positive
agreement as 2d/(2d+b+c), measures that are symmetric in evaluation order. For the latter
measures, approximate 95% confidence intervals based on the delta method are presented.

1D5 SP1 PharmDx
Evaluation 1
Cut-off 1% - + - + - +
Evaluation 2 - 124 3 98 1 122 7
+ 1 262 2 289 7 225
Overall agreement (124+262)/390 99 (97-99) (98+289)/390 99 (98-100)  (122+225)/361 96 (94-98)
Negative agreement 98 (97-100) 98 (97-100) 95 (92-97)
Positive agreement 99 (99-100) 99 (99-100) 97 (95-99)
Cut-off 10% - + - + - +
Evaluation 2 - 133 2 109 1 141 7
+ 0 255 0 280 1 212
Overall agreement (133+255)/390 99 (98-100)  (109+280)/390 100 (99-100) (141+212)/361 98 (96-99)
Negative agreement 99 (98-100) 100 (99-100) 97 (95-99)
Positive agreement 100 (99-100) 100 (99-100) 98 (97-99)
Cut-off 50% - + - + - +
Evaluation 2 - 166 3 131 2 216 15
+ 25 196 4 253 1 129
Overall agreement (166+196)/390 93 (90-95)  (131+253)/390 98 (97-99)  (216+129)/361 96 (93-98)
Negative agreement 92 (89-95) 98 (96-100) 96 (95-98)
Positive agreement 93 (91-96) 99 (98-100) 94 (91-97)
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Table 2. Agreement of evaluations of the highest scores for 1D5 and SP1 (n=390). The figures
below each of the nine two-by-two tables are, from left to right, the ratios (numerator/denominator),
the percentages are the exact binomial 95% confidence intervals. 1D5 is used as a reference when
calculating negative and positive agreements.

1D5
Cut-off 1% - +
SP1 - 95 3
+ 29 263
Overall agreement (954263)/390 92 (89-94)
Negative agreement 95/124 77 (68-84)
Positive agreement 263/266 99 (97-99)
Cut-off 10% - +
SP1 - 109 0
+ 24 257
Overall agreement (109+257)/390 94 (91-96)
Negative agreement 109/133 82 (74-88)
Positive agreement 257/257 100 (99-100)
Cut-off 50% - +
SP1 - 131 0
+ 47 212
Overall agreement (131+212)/390 88 (84-91)
Negative agreement 131/178 74 (66-80)

Positive agreement 212/212 100 (98-100)
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Table 3. Agreement of evaluations of the highest scores for PharmDx, 1D5 and SP1 (n=321). The
figures below each of the nine two-by-two tables are, from left to right, the ratios
(numerator/denominator), the percentages are the exact binomial 95% confidence intervals. 1D5
and SP1, respectively, are used as reference categories when calculating negative and positive

agreements.
1D5 SP1
Cut-off 1% - + - +
PharmDx - 93 17 PharmDx 76 34
+ 10 201 4 207
Overall agreement (93+201)/321 92 (88-94) (76+207)/321 88 (84-91)
Negative agreement 93/103 90 (83-95) 76/80 95 (88-98)
Positive agreement 201/128 92 (88-95) 207/241 86 (81-90)
Cut-off 10% - + - +
PharmDx - 100 21 PharmDx 86 35
+ 10 190 5 195
Overall agreement (100+190)/321 90 (87-93) (86+195)/321 88 (83-91)
Negative agreement 100/110 91 (84-96) 86/91 95 (88-98)
Positive agreement 190/211 90 (85-94) 195/230 85 (79-89)
Cut-off 50% - + - +
PharmDx - 140 49 PharmDx 103 86
+ 5 127 3 129
Overall agreement (140+127)/321 83 (79-87) (103+129)/321 72 (67-77)
Negative agreement 140/145 97 (92-99) 103/106 97 (92-99)
Positive agreement 127/176 72 (65-79) 129/215 60 (53-67)
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Table 4. Patient and tumour characteristics by group according to 1D5/SP1 results at a cut-off of
1%.

ID5+/SP1+ %  1D5-/SP1+ %  1D5-/SP1- % p p
n=279 =42 n=64 -+ vs +/+ -+ vs-/-
Age, years
<40 47 18 4 14 28 29 0.46 0.39
41-45 82 31 13 45 34 36
46-50 101 38 8 28 24 25
>50 33 13 4 14 9 9
Tumour size, mm
<10 18 7 0 0 4 4 0.07 0.65
11-20 97 37 8 28 20 21
21-30 110 42 12 41 41 43
>30 38 14 9 31 30 32
Tumour type
Ductal 225 86 25 89 80 84 0.05 0.67
Lobular 27 10 0 0 2 2
Other 9 3 3 11 13 14
Missing 2 1 0
Histological grade
1 41 16 1 3 2 2 <0.01 <0.01
2 143 55 10 34 8 9
3 77 30 18 62 77 89
Missing 2 0 8
Lymph node status
Negative 63 24 6 21 37 39 0.29 0.17
1-3 positive nodes 141 54 12 43 37 39
>4 positive nodes 59 22 10 36 21 22
Missing 0 1 0
ER (cytosol method)
Positive 179 84 7 29 6 8 <0.01 0.01
Negative 33 16 17 71 74 93
Missing 51 5 15

Excluded are 3 patients with 1D5+/SP1-.
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Table 5. Patient and tumour characteristics by group according to 1D5/SP1 results at a cut-off of
10%.

ID5+/SP1+ %  1D5-/SP1+ %  1D5-/SP1- % p p
n=257 n=24 n=109 S+ vs 4+ -+ vs /-
Age, years
<40 45 18 4 17 32 29 0.62 0.21
41-45 80 31 8 33 42 39
46-50 100 39 7 29 26 24
>50 32 12 5 21 9 8
Tumour size, mm
<10 17 7 1 4 4 4 0.82 0.35
11-20 94 37 9 38 23 21
21-30 109 42 9 38 46 42
>30 37 14 5 21 36 33
Tumour type
Ductal 220 86 21 91 89 82 0.66 0.41
Lobular 26 10 1 4 4 4
Other 9 4 1 4 16 15
Missing 2 1 0
Histological grade
1 41 16 1 4 2 2 0.12 <0.01
2 140 55 12 50 10 10
3 74 29 11 46 89 88
Missing 2 0 8
Lymph node status
Negative 61 24 2 9 45 41 0.10 0.01
1-3 positive nodes 138 54 12 52 41 38
>4 positive nodes 58 23 9 39 23 21
Missing 0 1 0
ER (cytosol method)
Positive 175 85 7 37 10 11 <0.01 0.01
Negative 32 15 12 63 82 89

Missing 50 5 17
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Figure 1. Flowchart of patients.
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Figure 2. Recurrence-free survival, according to ER status assessed by 1D5 and SP1 at cut-offs of

1% (left panel) and 10% (right panel), for all patients (a and d), for TAM-treated patients (b and e)
and for patients not treated with TAM (c and f).

Recurrence-free survival, cut-off 1%, all patients

Recurrence-free survival, cut-off 10%, all patients
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Running title. The prevalence of oestrogen receptor positivity

Figure 3. Recurrence-free survival according to intensity of ER (a) and ER status assessed by
PharmDx at a cut-off of 10% and Allred score (b), (n=361).
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