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  ABSTRACT 

  Background.  Biomarkers are crucial for decisions regarding adjuvant therapy in primary breast cancer, and their cor-
rect assessment is therefore of the utmost importance. 
  Aims.  To investigate the concordance between Swedish pathology departments and a reference laboratory, for routine 
analysis of oestrogen receptor (ER), progesterone receptor (PR), Ki67, and human epidermal growth factor receptor 2 
(HER2), alone, and in combination (St Gallen subtypes). 
  Methods.  This survey included 27 of the 28 pathology laboratories in Sweden, covering 98% of cases of primary breast 
cancer surgery in Sweden. Paraffi n-embedded tumour blocks (n    �    270) were collected and sent to the central reference 
laboratory, together with the originally stained slides, for re-analysis. The primary evaluations were previously performed 
according to national Swedish guidelines, without any knowledge of the subsequent central assessment. 
  Results.  The agreement for ER, PR, and Ki67 was 99% [kappa value ( κ )    �    0.95], 95% ( κ     �    0.85), and 85% ( κ     �    0.70), 
respectively. The agreement for HER2 (0/1    �    vs. 2 � /3 � ) was 85% ( κ     �    0.64), but when equivocal tumours were further 
analysed with in situ hybridisation, only one discrepancy was observed. Discrepancies between results for ER and PR 
seem to be explained by analytical differences, whereas the interpretation of staining seems to be more critical for Ki67 
and HER2 immunohistochemistry. The agreement between the results from the Swedish laboratories and the reference 
laboratory, based on the St Gallen subtypes, was 88% ( κ     �    0.81). 
  Conclusions.  When applying national guidelines, highly reproducible results were obtained in routine assessment of 
breast cancer biomarkers, and the results of this study confi rm the clinical utility of these markers for decisions regard-
ing the treatment of primary breast cancer.   

  Correct assessments of prognostic and predictive 
markers are essential in the choice of adjuvant ther-
apy in primary breast cancer. False negative oestro-
gen receptor (ER) or human epidermal growth factor 
receptor 2 (HER2) results may lead to useful tar-
geted therapy being withheld, while false positive 

results may lead to the use of unnecessary therapies 
that may be very expensive, or subject the patient to 
unnecessary side effects. The proliferation marker 
Ki67, progesterone receptor (PR), and HER2, are 
important in distinguishing patients with ER-positive 
tumours in whom adjuvant chemotherapy can be 
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omitted due to the low risk of recurrence [1 – 4]. 
A false low value of Ki67 may result in patients with 
a high risk of recurrence not being given chemo-
therapy, while a false high value of Ki67 may result 
in overtreatment of patients with a good prognosis. 

 Immunohistochemical (IHC) techniques are still 
the gold standard for assessing ER, PR, and Ki67 in 
routine breast cancer pathology. HER2 is also anal-
ysed by IHC, but for equivocal cases further analysis 
with in situ hybridisation (ISH) is needed in order 
to obtain the fi nal HER2 status (positive vs. nega-
tive). These biomarkers are all included in the 
clinicopathological surrogate defi nition of the intrin-
sic subtypes according to the St Gallen International 
Expert Consensus of 2013:  ‘ Luminal A-like ’ , 
 ‘ Luminal B-like/HER2-negative ’ ,  ‘ Luminal B-like/
HER2-positive ’ ,  ‘ HER2-positive/non-luminal ’ , and 
 ‘ Triple-negative ’  (Table I) [1]. IHC techniques are 
generally available, and at a lower cost than com-
mercial multi-gene assays. When combined into an 
immunohistochemical score (IHC4), these markers 
have also provided similar prognostic information as 
Oncotype DX [4]. Furthermore, IHC techniques 
can be applied to both routinely processed and 
formalin-fi xed paraffi n-embedded tissue samples 
and have the advantage of ensuring that only inva-
sive tumour cells are assessed when evaluating small 
tumours [5]. However, moderate interobserver and 
interlaboratory reproducibility have been reported, 
especially for Ki67 [6 – 10]. Standardised and repro-
ducible analyses, based on generally accepted guide-
lines are, therefore, of the utmost importance. 

Validation of an assay includes standardisation of 
pre-analytical procedures (e.g. sample collection, 
fi xation, storage, etc.), analytical procedures (e.g. 
method of antigen retrieval, antibody, antibody 
detection and staining method), as well as interpre-
tative methods (e.g. scoring method and thresholds/
cut-offs) [11,12]. As IHC techniques are evolving, 
continuous validation is required to ensure consis-
tent reporting [5,12]. The importance of quality 
assurance is highlighted in guidelines and recom-
mendations, and several organisations perform 
external profi ciency testing, e.g. the United King-
dom National External Quality Assessment Scheme 
for Immunocytochemistry (UK NEQAS), the Col-
lege of American Pathologists (CAP), and the organ-
isation Nordic Immunohistochemical Quality 
Control (NordiQC), as well as other smaller national 
organisations [6,8,11 – 16]. 

 This study was undertaken by Swedish Quality 
Assurance breast cancer (SweQA), as part of the 
yearly quality assurance program for breast cancer 
biomarkers in Sweden. Paraffi n-embedded tumour 
tissue blocks from breast carcinomas were collected 
together with the originally stained sections, accord-
ing to a predefi ned protocol, and sent to the Euro-
pean Institute of Oncology (IEO), Milan, Italy, for 
re-assessment and re-analysis. The aim was to inves-
tigate the pairwise agreement between Swedish 
pathology departments and the central laboratory 
regarding the routine biomarkers of primary breast 
cancer (ER, PR, Ki67, and HER2), and to investigate 
whether possible discrepancies could be explained by 
analytical or interpretative procedures. To investigate 
the possible clinical consequences of central testing, 
the tumours were re-classifi ed according to the St 
Gallen clinicopathological surrogate defi nition of the 
intrinsic subtypes [1].   

 Methods  

 Participants and case selection 

 Written invitations to participate in this study were 
sent by the organisation External Quality Assess-
ment for Clinical Laboratory Investigations (Equa-
lis) to all 28 pathology departments in Sweden 
carrying out histopathological assessments after 
breast cancer surgery [17]. Twenty-seven of these 
28 laboratories, covering 98% of all cases of pri-
mary breast cancer surgery in Sweden, accepted the 
invitation to participate in the study [18]. Seven 
were university clinics and 20 were general hospi-
tals. To achieve a reasonably random selection of 
tumours, the laboratories were instructed to iden-
tify the fi rst breast carcinoma diagnosed after the 
15th day of each month during 2012, except for July 
and December, giving a total of 270 tumours. The 

  Table I. St Gallen 2013 clinicopathological surrogate defi nition 
of the intrinsic subtypes of breast cancer.  

Intrinsic subtype
Clinicopathological 
surrogate defi nition Characteristics

Luminal A  ‘ Luminal A-like ’ ER-positive and high PR
  HER2-negative
  low Ki67

Luminal B  ‘ Luminal B-like/
HER2-negative ’ 

ER-positive
  HER2-negative
  At least one of:

 •  high Ki67
 •  negative or low PR

 ‘ Luminal B-like/
HER2-positive ’ 

ER-positive
  HER2-positive
  Any Ki67
  Any PR

ErbB2 
overexpression

 ‘ HER2-positive/
non-luminal ’ 

ER- and PR-negative
  HER2-positive

Basal-like  ‘ Triple-negative ’ ER- and PR-negative
  HER2-negative

    ER and PR (positive vs. negative)   
 •   LA    �    1%   
 •   RA and IEO    �    1%   

 PR (high vs. low):  �    20%   
 Ki67 (high vs. low):  �    20%   
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 New 4- μ m sections were cut from the collected 
formalin-fi xed paraffi n-embedded tumour blocks, 
stained, and scored with regard to ER, PR, Ki67, and 
HER2, at IEO by the same pathologist (LR) using 
their local guidelines (Supplementary Table I avail-
able online at http://informahealthcare.com/doi/abs/
10.3109/0284186X.2015.1037012). These results 
are hereafter referred to as the IEO. 

 The following comparisons were made: 

–   LA vs. RA  –  for interpretative comparisons,  
–   LA vs. IEO  –  for analytic and interpretative 

comparisons, and  
–   RA vs. IEO  –  for analytic comparisons.  

 The routines for the LA can briefl y be described as 
follows; ER and PR are assessed as the percentage of 
positive cells without taking intensity into consider-
ation. The Ki67 index is obtained by counting 200 
nuclei in hotspots disregarding the intensity. All 
tumours locally assessed as HER2/IHC 2 � /3 �  
(except two 3    �    tumours) were further analysed with 
ISH as part of the clinical routine. To defi ne the fi nal 
HER2 status (positive vs. negative), tumours with 
IHC results from all three assessments were included, 

Swedish laboratories were then asked to collect the 
formalin-fi xed paraffi n-embedded tumour tissue 
blocks analysed in the clinical setting, whenever 
possible, together with the originally stained slides. 
These were then sent to IEO by Equalis. The study 
design and the analyses performed are illustrated in 
Figure 1.   

 Analyses 

 The samples had been immunohistochemically 
stained, assessed, and scored for ER, PR, Ki67, and 
HER2 at each laboratory in clinical routine, using 
Swedish guidelines for the assessment of breast 
carcinomas (Supplementary Table I, available online 
at http://informahealthcare.com/doi/abs/10.3109/
0284186X.2015.1037012) [19,20]. These results are 
referred to below as local assessments (LA). 

 The originally stained sections were re-evalu-
ated at IEO by an experienced pathologist (LR) 
with regard to ER, PR, Ki67, and HER2, according 
to their local interpretative guidelines. These results 
are hereafter referred to as the reviewed assess-
ments (RA). 

  Figure 1.     CONSORT-diagram illustrating the study design and the different analyses.  
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and they were considered HER2 positive when 
assessed as 3    �    and/or amplifi ed by ISH performed 
in Sweden. Our group has previously shown that the 
reproducibility of HER2/ISH is very good ( κ     �    0.92 –
 0.96), and HER2 was therefore not centrally re-
analysed by this method [21].   

 Cut-off values 

 ER, PR, Ki67, and HER2 were used as dichoto-
mous variables. High values of Ki67 and PR were 
defi ned as    �    20% positive nuclei in all three assess-
ments. The cut-off used for ER- and PR-positivity 
was    �    1% in the RA and IEO analyses, but    �    1% 
in the LA, due to the way in which the percentage 
of positive cells is recorded in Sweden [19]. This 
affected ER in fi ve tumours and PR in two 
tumours. 

 According to current Swedish guidelines, each 
pathology department should use laboratory-specifi c 
cut-offs for Ki67, defi ned as the 67th percentile of 
the fi rst 100 breast carcinomas each year [19]. The 
cut-off values for the individual laboratories are listed 
in Supplementary Table I available online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2015.1037012, and these were used in a separate 
analysis to investigate the effect of laboratory-specifi c 
cut-offs for Ki67.   

 St Gallen 2013 clinicopathological 
subtype classifi cation 

 The clinicopathological surrogate defi nition of the 
intrinsic subtypes according to St Gallen 2013 was 
used (Table I) [1]. Only tumours with complete data 
for all four tumour markers by all three assessments 
were included. Six tumours, assessed as ER negative 
and PR positive, by any of the three assessments, 
were excluded since these tumours cannot be classi-
fi ed according to St Gallen 2013.   

 Statistical methods 

 Agreement (%) and Cohen ’ s kappa ( κ ) were used 
to compare the results for all three comparisons, 
including only cases with complete data for all three 
assessments. The following defi nition is frequently 
used to defi ne the chance-corrected measure of 
agreement:  κ  �    0.40 poor-fair agreement; 0.41 – 0.60 
moderate agreement; 0.61 – 0.80 substantial agree-
ment; and    �    0.80 almost perfect agreement [22]. 
The reader should keep in mind that this measure 
is prevalence dependent and that values for vari-
ables with different number of categories are not 
comparable. The Wilcoxon-matched pairs signed-
rank test was used to compare PR expression 

across different antibodies. Data management and 
statistical analyses were carried out using Stata 13.1 
(StataCorp LP, College Station, TX, USA).   

 Ethics 

 This study was undertaken as part of the yearly 
Swedish quality assurance programme, performed by 
SweQA. All samples were anonymised and, accord-
ing to Swedish law, there is no need for ethical 
approval for quality assurance studies.    

 Results  

 ER 

 The overall agreement for ER (positive vs. negative) 
in the three comparisons was 99% ( κ     �    0.96) for LA 
vs. RA, 99% ( κ     �    0.95) for LA vs. IEO, and 98% 
( κ     �    0.91) for RA vs. IEO (n    �    270) (Table II). Three 
of the fi ve tumours showing discrepancies were 
assessed as positive according to LA and RA, but 
negative according to IEO (Table III).   

 PR 

 The overall agreement for PR (positive vs. negative) 
in the three comparisons was 98% ( κ     �    0.94) for LA 
vs. RA, 95% ( κ     �    0.85) for LA vs. IEO, and 97% 
( κ     �    0.91) for RA vs .  IEO (n    �    268) (Table II). Seven 
of the 13 tumours showing discrepancies were 
assessed as positive according to LA and RA, but 
negative according to IEO (Table III). These seven 
tumours were from departments using the Ventana 
1E2 ready-to-use (RTU) antibody kit; four of them 
were ER negative (ER    �    0) and two were borderline 
ER negative (ER    �    1) according to all three assess-
ments. To further investigate the infl uence of the spe-
cifi c antibodies, we compared the PR levels of the 
tumours analysed with the Ventana 1E2 RTU kit 
(RA), with the PR levels of the tumours obtained 
using the PharmDx kit (clone PgR 1294) (IEO) 
(n    �    158). In total 120 tumours were assessed as hav-
ing the same levels, 25 tumours had higher levels, 
and 13 tumours had lower levels of PR, according 
to the Ventana 1E2 RTU kit. This shift towards higher 
PR values was statistically signifi cant (p    �    0.03; 
Wilcoxon-matched pairs signed-rank test).   

 Ki67 

 The overall agreement for Ki67 (low vs. high) was 
89% ( κ     �    0.77) for LA vs. RA, 85% ( κ     �    0.70) for 
LA vs. IEO, and 94% ( κ     �    0.89) for RA vs. IEO 
(n    �    265) (Table II and Figure 2). Twelve out of 42 
tumours showing discrepancies were categorised in 
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the same group according to both LA and RA, but 
differently according to the IEO analysis, and 27 
tumours were categorised in the same group accord-
ing to RA and the IEO analysis, but differently 
according to LA. The remaining three discrepant 
tumours were categorised identically according to 
LA and IEO, but differently according to RA. In 38 
of the 42 tumours showing a discrepancy, at least 
one of the assessments was located near the cut-off 
(15 – 25%). 

 When only including tumours from the 24 Swed-
ish laboratories reporting laboratory-specifi c cut-off 
for Ki67 (Supplementary Table I available online at 
http://informahealthcare.com/doi/abs/10.3109/
0284186X.2015.1037012), the agreement between 
LA and IEO was reduced from 86% ( κ     �    0.72) (cut-off 
   �    20%) to 80% ( κ     �    0.57) (laboratory-specifi c cut-
off). The corresponding fi gures for LA vs. RA were 
90% and 83% ( κ     �    0.80 and 0.64), respectively.   

 HER2 

 The overall agreement for HER2 (IHC) (0/1    �    vs. 
2 � /3 � ) was 86% ( κ     �    0.66) for LA vs. RA, 85% 
( κ     �    0.64) for LA vs. IEO, and 96% ( κ     �    0.91) for RA 
vs .  IEO (n    �    256) (Table II). Of the 60 equivocal 
tumours (2 � ), four (7%) were amplifi ed. In four of the 

six cases assessed as 1    �    according to LA, but 2    �    accord-
ing to RA or IEO, no results of ISH were available, 
and these were therefore excluded from the agreement 
analyses concerning the fi nal HER2 status. The agree-
ment for fi nal HER2 status (positive vs. negative) 
varied between 99.6% and 100% for the three com-
parisons, with corresponding  κ  between 0.98 and 1.00 
(n    �    248) (Table II).   

 The St Gallen 2013 clinicopathological surrogate 
defi nition of the intrinsic subtypes 

 The overall agreement in the comparisons of the 
fi ve different subtypes for tumours with complete 
data for all four tumours markers was 91% ( κ     �    0.86) 
for LA vs. RA, 88% ( κ     �    0.81) for LA vs. IEO, and 
94% ( κ     �    0.91) for RA vs. IEO (n    �    233) (Tables II 
and IV). 

 Seventeen tumours were considered  ‘ Luminal 
A-like ’  according IEO, but  ‘ Luminal B-like/HER2-
negative ’  according to LA, whereas 10 tumours 
showed the opposite pattern. One tumour was 
assessed as  ‘ Triple-negative ’  according to IEO, but 
 ‘ Luminal B-like/HER2-negative ’  according to LA, 
and one tumour was considered  ‘ Luminal B-like/
HER2-positive ’  according to LA, instead of 
 ‘ Luminal A-like ’  according to IEO (Table IV).    

  Table II. Results of agreement analyses for ER, PR, Ki67, HER2, and St Gallen subtype classifi cation 2013, for tumours with complete 
data for all three assessments.  

All (n) LA RA IEO
LA vs. 

RA
LA vs. 
IEO

RA vs. 
IEO

ER (positive vs. negative) 270 88% positive 89% positive 87% positive
Agreement (%) 99 99 98
 κ 0.96 0.95 0.91

PR (positive vs. negative) 268 80% positive 81% positive 79% positive
Agreement (%) 98 95 97
 κ 0.94 0.85 0.91

Ki67 (high vs. low) 265 47% high 42% high 46% high
Agreement (%) 89 85 94
 κ 0.77 0.70 0.89

HER2 IHC (0/1    �    vs. 2 � /3 � ) 256 35%   2    �    or 3 � 27%   2    �    or 3 � 27%   2    �    or 3 � 
Agreement (%) 86 85 96
 κ 0.66 0.64 0.91

HER2 (fi nal result * ) 248 12% positive 12% positive 12% positive
Agreement (%) 99.6 99.6 100
 κ 0.98 0.98 1.00

St Gallen subtype classifi cation (fi ve groups) 233
 ‘ Luminal A-like ’ 40% 47% 43%
 ‘ Luminal B-like/HER2-negative ’ 41% 35% 38%
 ‘ Luminal B-like/HER2-positive ’ 9% 9% 9%
 ‘ HER2-positive/non-luminal ’ 3% 3% 3%
 ‘ Triple-negative ’ 7% 8% 8%

Agreement (%) 91 88 94
 κ 0.86 0.81 0.91

    IEO, New assessment at European Institute of Oncology; LA, local assessment; RA, reviewed assessment.   
  a HER2 3    �    for all three assessments and/or amplifi cation according to in situ hybridisation (see Methods).   
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 Discussion 

 When the results of the primary routine analyses of 
breast cancer biomarkers in Sweden were re-assessed 
and re-analysed at the IEO reference laboratory in 
Milan, very good agreement was found for ER, PR, 
and HER2 ( κ  �    0.85), and good agreement was seen 
for Ki67 ( κ  �    0.70). To the best of our knowledge, no 

one has previously reported a national comparison 
of test results for all four biomarkers included in the 
St Gallen 2013 subtype classifi cation [1]. In quality 
assurance trials, the participants are often aware that 
their assessments will be evaluated, and therefore 
may assess the samples more carefully than is usually 
the case in the routine clinical setting. A particular 

  Table III. Percentages of ER, PR, and Ki67, and HER2 status in tumours showing discrepancies in ER and PR 
(positive vs. negative), respectively.  

Lab Antibody (ER)

ER (%) PR (%) Ki67 (%) HER2 (IHC)

HER2 (ISH)LA RA IEO LA RA IEO LA RA IEO LA RA IEO

4 6F11 40 40 0 0 0 0 80 70 78 0  – 0  n.a. 
20 6F11 100 99 0 0 0 0  –  – 45 0 0 0  n.a. 
29 SP1 50 30 0 0 0 0 90 95 90 1 � 1 � 1 � N
19 SP1 1 1 0 10 50 0 5 7 10 2 � 2 � 2 � N
29 6F11 0 1 0 0 3 2 40 31 32 0 0 0 N

Lab Antibody (PR)

ER (%) PR (%) Ki67 (%) HER2 (IHC)

HER2 (ISH)LA RA IEO LA RA IEO LA RA IEO LA RA IEO

26 1E2 0 0 0 50 50 0 80 72 82 1 � 2 � 2 � N
19 1E2 1 1 0 10 50 0 5 7 10 2 � 2 � 2 � N
19 1E2 0 0 0 100 5 0 40 40 35 3 � 3 � 3 � N
8 1E2 0 0 0 20 20 0 10 19 22 3 � 3 � 3 � A
8 1E2 1  �    1 1 5 1  �    1 76 66 85 0 1 � 1 �  n.a. 
8 1E2 0 0 0 60 60  �    1 60 54 71 3 � 3 � 3 � A

12 1E2 20 50 50 80 50 0 5 15 15 0 0 0  n.a. 
8 1E2 100 99 99 0 0 2 6 11 11 1 � 1 � 1 �  n.a. 

18 1E2 80 90 90 0 1 1 15 20 22 2 � 2 � 2 � N
29 16,SAN27 0 1 0 0 3 2 40 31 32 0 0 0 N
5 636 100 99 99 0 20 20 12 6 7 1 � 0 0  n.a. 
5 636 95 99 99 0 5 5 10 7 4 1 � 1 � 1 �  n.a. 
9 636 100 99 99 3  �    1  �    1 15 15 14 2 � 2 � 2 � N

    ER and PR (positive vs. negative)   
 •  LA     �    1%   
 •  RA  and IEO    �    1%   

 PR (high vs .  low):  �    20%   
 Ki67 (high vs .  low):  �    20%   
 Abbreviations: LA, Local Assessment; RA, Reviewed Assessment; IEO, New assessment at European Institute 
of Oncology; IHC, Immunohistochemistry; ISH, in situ hybridization; A, Amplifi ed; N, Normal; n.a., Not analysed, 
 – : missing.   
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  Figure 2.     Comparisons of the Ki67 content (percentage) for the different assessments (LA vs. RA, LA vs. IEO, and RA vs. IEO).  
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strength of this study is, therefore, that the local 
assessments of the biomarkers ER, PR, Ki67, and 
HER2 were performed as part of the clinical routine, 
and the pathologists thus had no knowledge of the 
subsequent central testing, and the risk of bias must 
therefore be considered negligible. When comparing 
the results with the Swedish population-based 
fi gures from 2012 (cut-off:  �    10% for ER- and PR-
positivity), a representative selection of tumours was 
found in the present study, where the percentage of 
ER-positivity was 87% compared to 87% in the 
population-based data [18]. The corresponding 
fi gures for PR and HER2 were 73% vs. 75% and 
11% vs .  13%, respectively [18]. Although the pres-
ent study is based on only 270 cases of breast cancer, 
the representativeness of the samples included indi-
cates that the results could be generalised to the cur-
rent overall quality of IHC assessment of these 
biomarkers in Sweden. 

 Regarding the tumours showing discrepancies in 
ER and PR, the results from LA and RA were more 
often in agreement than the RA and IEO results. 
Regitnig and co-workers also found greater variabil-
ity in ER and PR when the participating laboratories 
performed both staining and assessment, compared 
to assessment of pre-stained sections [8]. Seven 
tumours, all analysed using the Ventana 1E2 RTU 
kit, were found to be PR-positive according to LA 
and RA, but PR-negative according to IEO, where 
the PharmDX kit (clone PgR 1294) was used. Sim-
ilar observations concerning the Ventana 1E2 RTU 
kit have previously been described in both 2012 
and 2014 assessment runs for PR performed by 
NordiQC [23]. Based on these fi ndings, we 
performed a not predefi ned analysis demonstrating 
signifi cantly higher PR values when the tumours 
were analysed by the Ventana 1E2 RTU kit (RA) 
compared to the PharmDX kit (clone PgR 1294) 
used at IEO (p    �    0.03). Since all tumours were 
assessed by the same pathologist (LR), the results 

indicate a difference concerning the sensitivity of 
these antibodies. Thus, the Ventana1E2 RTU kit 
seems to give false PR positivity for some tumours, 
at worst resulting in adjuvant chemotherapy being 
withheld from patients with  ‘ Luminal B-like/HER2-
negative ’  tumours. 

 The discrepancy in HER2 classifi cation was 
mainly due to differences in interpretation between 
0/1    �    and 2 � . Since equivocal cases are analysed 
with ISH, which is a more robust and reproducible 
method than IHC analysis, the discrepancies in IHC 
assessments would have little infl uence on the fi nal 
HER2 status, as was confi rmed in the present 
study. 

 As there are concerns about the reproducibility of 
Ki67 assessments, an agreement of 85 – 94%, with 
corresponding values of  κ  of 0.70 – 0.89, can be con-
sidered very good. The interpretation of staining 
seems to be the most critical part of Ki67 analysis, 
since the concordance between the RA and IEO 
results was clearly better than between LA and RA, 
and LA and IEO (Figure 2), despite the fact that new 
tumour tissue sections were cut and stained for the 
IEO assays. In 38 of the 42 tumours showing a dis-
crepancy, at least one of the assessments was located 
near the cut-off (15 – 25%). The laboratory-specifi c 
cut-offs for Ki67 used in Sweden may offer an advan-
tage, in automatically adjusting for methodological 
changes. However, when these laboratory-specifi c 
cut-offs were applied in the local assessments the 
agreement was reduced from 90% to 83% ( κ     �    0.
80 – 0.64) for LA vs. RA, and from 86% to 80% 
( κ     �    0.72 – 0.57) for LA vs. IEO. Although laboratory-
specifi c cut-off for Ki67 have been advocated by oth-
ers, our results do not support this approach [1,9]. 

 In order to illustrate the possible clinical conse-
quences of discrepancies in results on the choice of 
adjuvant therapy, we used the subtype classifi cation 
and the recommendations concerning medical 
adjuvant therapy from St Gallen 2013 [1]. As only 

  Table IV. Comparison of subtype classifi cation (St Gallen 2013), according to LA and IEO, for tumours with complete data for all three 
assessments.  

IEO

 ‘ Luminal 
A-like ’ 

 ‘ Luminal B-like/ 
HER2-negative ’ 

 ‘ Luminal B-like/ 
HER2-positive ’ 

 ‘ HER2-positive/ 
non-luminal ’ 

 ‘ Triple-
negative ’ Total (%)

LA
 ‘ Luminal A-like ’ 83 a 10 0 0 0 93 (40)
 ‘ Luminal B-like/HER2-negative ’ 17 78 0 0 1 96 (41)
 ‘ Luminal B-like/HER2-positive ’ 1 0 20 0 0 21 (9)
 ‘ HER2-positive/non-luminal ’ 0 0 0 6 0 6 (3)
 ‘ Triple-negative ’ 0 0 0 0 17 17 (7)
Total (%) 101 (43) 88 (38) 20 (9) 6 (3) 18 (8) 233 (100)

    IEO, new assessment at European Institute of Oncology; LA, local assessment. 
  a number. Dark grey: No discrepancies; Light grey: Discrepancies.     
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ER, PR, Ki67, and HER2, were considered in 
this study, we were not able to consider other well 
established prognostic factors, such as the TNM 
classifi cation, histological grade, or the age of the 
patient at diagnosis. The agreement between the LA 
and the IEO was 88%, with a corresponding  κ  value 
of 0.81. As the recommendations for medical adju-
vant therapy differ between the fi ve subtypes, 12% 
of the patients would potentially have been treated 
differently. Most of the tumours showing discrepan-
cies (27 of 29) were considered to be luminal A-like 
according to the local Swedish assessments, but 
luminal B-like according to central assessment at the 
reference laboratory, or vice versa. This could to a 
great extent be explained by the above mentioned 
problems of Ki67 values close to the cut-off. 

 In conclusion, the present national survey shows 
that adherence to national guidelines regarding the 
assessment of the breast cancer biomarkers ER, PR, 
Ki67, and HER2 ensures highly reproducible results, 
and this study confi rms the clinical utility of these 
markers for decisions regarding adjuvant therapy in 
primary breast cancer. Participation in external qual-
ity assurance programmes should be mandatory for 
departments performing breast cancer pathology, as 
this provides information concerning the current 
performance of the laboratories, as well as providing 
opportunities for training and improvement.     
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