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  ABSTRACT 

  Background.  Breast cancer is characterized by great molecular heterogeneity demonstrated, e.g. by the intrinsic sub-
types. Administration of post-mastectomy radiotherapy (PMRT) does, however, not refl ect this heterogeneity. A gene 
profi le (DBCG-RT profi le) has recently been developed and validated, and has shown prognostic impact in terms of 
loco-regional failure and predictive impact for PMRT. Reports have also shown predictive value in terms of benefi t of 
PMRT from intrinsic subtypes and derived approximations. The aim of this study was to examine: 1) the agreement 
between various methods for determining the intrinsic subtypes; and 2) the relationship between the prognostic and 
predictive impact of the DBCG-RT profi le and the intrinsic subtypes. 
  Material and methods.  Intrinsic subtypes and the DBCG-RT profi le was determined from microarray analysis based 
on fresh frozen tissue from 191 patients included in the Danish Breast Cancer Cooperative Group (DBCG) 82bc trial. 
Corresponding formalin-fi xed, paraffi n-embedded tissue was available from 146 of these patients and from another 890 
DBCG82bc patients. Estrogen receptor, progesterone receptor, HER2, CK5/6, Ki-67 and EGFR were combined into 
immunohistochemical approximations of the intrinsic subtypes. Endpoint considered was loco-regional recurrence 
(LRR). 
  Results.  The DBCG-RT profi le identifi ed a group of patients with low risk of LRR and no additional benefi t from 
PMRT among all subtypes. Combining six immunohistochemical markers identifi ed a subgroup of triple negative patients 
with high risk of LRR and signifi cant benefi t from PMRT. Agreement in the different assignments of tumors to the 
subtypes was suboptimal, and the clinical outcome and predicted benefi t from PMRT varied according to the method 
used for assignment. 
  Conclusion.  The prognostic and predictive information obtained from the DBCG-RT profi le cannot be substituted by 
any approximation of the tumors intrinsic subtype. The predictive value of the intrinsic subtypes in terms of PMRT was 
infl uenced by the method used for assignment to the intrinsic subtypes.   

 Post-mastectomy radiotherapy (PMRT) is currently 
recommended to breast cancer patients estimated to 
have a high risk of loco-regional recurrence (LRR) 
based on a clinico-pathological risk-estimation [1]. 
The risk-estimation does, however, not suffi ciently 
refl ect the heterogeneity in breast cancer, and some 

patients may not benefi t from PMRT but are only 
risking side effects [2,3]. The extensive examination 
of the Danish Breast Cancer Cooperative Group 
(DBCG) 82bc trial, exploring the indication for 
PMRT in combination with adjuvant systemic treat-
ment in post- and pre-menopausal women with 
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high-risk breast cancer [4,5], has largely contributed 
to the current knowledge on PMRT, but until recently 
no subgroup has been revealed with no benefi t from 
PMRT. 

 In an attempt to individualize the treatment to 
breast cancer patients, several gene expression pro-
fi les have been published, mostly showing prognostic 
impact in terms of distant metastasis (DM) [6,7], or 
predictive impact for response to different systemic 
treatment strategies [6,8]. With the aim to individu-
alize adjuvant radiation therapy, the risk of LRR after 
mastectomy has also been explored, and recently, the 
fi rst gene profi le (DBCG-RT profi le), prognostic in 
terms of loco-regional control and capable of pre-
dicting benefi t from PMRT, was derived from the 
DBCG82bc cohort and independently validated [9]. 
The DBCG-RT profi le separated patients into two 
risk groups ( “ Low LRR risk ”  and  “ High LRR risk ” ) 
and hereby allowed the identifi cation of a subgroup 
of patients ( “ Low LRR risk ” ) with no additional 
benefi t from radiotherapy in terms of LRR. The 
DBCG-RT profi le was found to be independent of 
clinico-pathological variables. 

 Over the last decade, it has become increasingly 
clear that breast cancer is characterized by a hetero-
geneity that conventional histopathology is not capa-
ble of describing. The gene expression profi ling study 
by Perou et   al. [10] demonstrated that breast cancer 
can be classifi ed into intrinsic subtypes (Luminal A, 
Luminal B, HER2-like, Basal-like, Normal-like) 
based on 496 genes, and the subtypes were later 
shown to correlate with clinical outcome [11]. The 
intrinsic subtypes have been adapted into the termi-
nology of breast cancer and have proven stable across 
platforms and patient cohorts [12]. A published pre-
diction analysis of microarray (PAM50) [13] uses a 
minimized set of 50 genes to determine the intrinsic 
subtypes. The PAM50 method is, however, not stan-
dardized and several ways of determining the PAM50 
exists [13,14]. Attempts have also been made to 
approximate the subtypes by combining immunohis-
tochemical markers, primarily estrogen receptor 
(ER), progesterone receptor (PR) and HER2 [15,16], 
but also including proliferation marker Ki-67, basal 
cell markers CK5/6 and EGFR [17 – 19]. PAM50 and 
the immunohistochemical approximations use the 
same terminology as the original centroid correla-
tion-based intrinsic subtypes [11], though it has been 
questioned if the two gene expression-based methods 
reliably assign samples into the same subtype [20]. 

 The prognostic and predictive impact of approx-
imations of the intrinsic subtypes has also been 
studied [15 – 17], and in general, the  “ Basal-like ”  
(ER-, PR-, HER2-) and  “ HER2-like ”  (ER-, PR-, 
HER2 � ) subtypes have been associated with 
highest LRR rates. The predictive impact of the 

immunohistochemical subtypes in terms of PMRT 
was explored in the DBCG82bc cohort [16], and 
results showed PMRT to signifi cantly reduce LRR 
probabilities for the  “ Basal-like ”  subgroup and for 
subgroups with luminal features (ER �  and/or 
PR � ). The most striking result was that the largest 
absolute reduction in LRR rate and largest transla-
tion of LRR rate reduction into survival benefi t 
were observed among patients with the most 
advantageous prognostic features (ER/PR �  and 
HER2 � ). The study by Wu et   al. [15] also showed 
signifi cantly reduced LRR rates for patients with 
Luminal subtypes, when PMRT was given. Simi-
larly, in a study of 128 premenopausal patients 
from the British Columbia Trial and 87 premeno-
pausal DBCG82b patients an improved LRR-
free survival was observed for women with Luminal 
A tumors, when PMRT was given [The British 
Columbia trial: HR    �    0.12, 95% confi dence 
intervals (CI), 0.01  � 0.91; DBCG82b cohort: 
HR    �    0.12(0.14 – 1.02)] [21]. 

 The aims of this study were to examine: 1) if 
there is agreement between assignment to the intrin-
sic subtypes by different gene expression based and 
two different immunohistochemical combinations 
(IHC3 and IHC6); and 2) if a gene expression 
based, or an extended immunohistochemically 
based approximation of the intrinsic subtypes is 
superior in predicting the benefi t from PMRT than 
previously described from combination of ER, PR 
and HER2. Finally, we wanted to examine: 3) if a 
relationship exists between the predictive impact of 
the DBCG-RT profi le and the intrinsic subtypes 
with emphasis on the luminal subtypes.  

 Material and methods  

 Patient cohort 

 The DBCG82bc cohort has been described in detail 
elsewhere [4,5]. In brief, 3083 high-risk breast can-
cer patients ( �    70 years of age) treated with mastec-
tomy and partial axillary dissection were included in 
the period 1982 – 1990. The pre-menopausal women 
(DBCG82b) were randomized to radiotherapy and 
cyclophosphamide, methotrexate, and fl uorouracil 
(CMF), or CMF alone. The post-menopausal women 
(DBCG82c) were randomized to radiotherapy and 
tamoxifen, or tamoxifen alone. Radiotherapy was 
delivered as an anterior photon fi eld against the 
supraclavicular, infraclavicular and axillary lymph 
nodes, and an anterior electron fi eld against the chest 
wall and intramammary lymph nodes. The intended 
dose was 50 Gy/25 fractions/5 weeks, or 48 Gy/22 
fractions/51/2 weeks [4,5]. A median of seven axillary 
lymph nodes were removed.   
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 Tissue samples 

 Fresh frozen tumor (FFT) samples with subsequent 
successful microarray analysis were available from 
191 DBCG82bc patients with a median of seven 
axillary lymph nodes removed [9]. Corresponding 
formalin-fi xed paraffi n embedded (FFPE) samples 
were available for 146/191 patients. Furthermore, 
FFPE was available for another 890 DBCG82bc 
patients with    �    7 lymph nodes removed. The 890 
patients were part of the study by Kyndi et   al. [16]. 
Fraction of tumor content in the samples was esti-
mated by visual inspection of an HE-section and 
validated by stereological point counting in FFT 
samples.   

 Whole genome array analysis 

 Extraction of mRNA from FFT and microarray anal-
ysis was performed as described in detail by Myhre 
et   al. [22]. The microarray platform used was 
 “ Applied Biosystem Human Genome Survey 
Microarray v2.0 ”  (Applied Biosystem, Foster City, 
CA, US). Microarray data was log 2 -transformed, 
quantile normalized, and fi ltered using a signal to 
noise ratio of 3. The data has previously been 
 published (GEO: GSE24117) [22]. The DBCG-RT 
profi le had previously been determined, and the 191 
patients separated into 48 “Low LRR risk” patients 
and 143 “High LRR risk” patients [9]. The intrinsic 
subtypes (CC) were determined from microarray 
data from the 191 FFT samples, using the centroid 
correlation method as described by S ø rlie et   al. [12]. 
PAM50 were also determined from microarray based 
gene expression data following the method as 
described by Parker et   al. [13].   

 Immunohistochemistry 

 Tissue microarrays (TMA) had previously been 
constructed from all FFPE samples using one cen-
trally located core (1 mm in diameter) [23]. Anti-
body information and FISH probe are stated in 
Supplementary Table I (available online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2014.925580). Immunohistochemical determina-
tion of ER and PR as well as HER2 receptor had 
been performed previously and staining procedures 
described in detail [23]. Hormone receptors were 
originally scored according to a 10% threshold, but 
negative samples were re-scored according to the 
current 1% threshold. HER2 was scored according 
to the HercepTest, and equivocal samples (2 � ) 
were supplemented with FISH analysis for gene 
amplifi cation. Tumors were considered as amplifi ed 
for the  ERBB2  gene, if  ERBB2 /CEN17 ratio    �    2. 

 CK5/6 was considered positive, if any cytoplas-
mic staining was observed regardless of staining 
intensity. EGFR positivity was recorded, if any 
membranous staining of any intensity was observed, 
and Ki67 if defi nite nuclear staining of any inten-
sity was observed. For analysis, a 14% cut-off was 
chosen for Ki-67 [19]. IHC3 were similar to the 
subgroups by Kyndi et   al. [16] except that the 1% 
cut-off for ER and PR was used. Approximations 
based on all six immunohistochemical markers 
(IHC6) were categorized as previously published 
[17] (Table I). 

 For IHC3 and IHC6, the  “ HER2 ”  groups are 
identical. The  “ Luminal B ”  group as defi ned by 
IHC3 is identical to the  “ Luminal HER2 ”  group 
defi ned by IHC6, whereas the  “ Luminal A ”  group 
as defi ned by IHC3 is split into a low proliferation 
group  “ Luminal A ”  and a high proliferation group 
nominated  “ Luminal B ”  in the IHC6 terminology. 
The  “ basal ”  group as defi ned by IHC3 is split into 
two triple negative groups in IHC6; one expressing 
basal markers (CK5/6) or EGFR ( “ Core basal ” ) 
and one without basal-like features ( “ TNP-non-
basal ” ).  

  Statistical analysis 

 The endpoint considered was LRR defi ned as the 
appearance of local or regional disease (chestwall, 
axilla, supra/infraclavicular) occurring as an isolated 
event, or at least one month before DM, or simulta-
neously with DM within    �    1 month. LRR occurring 
more than one month after DM was censored at time 
to DM, and did not count as a LRR. Patients with 
DM and no LRR were censored at DM-time, and 
patients with neither DM nor LRR were censored at 
last date of vital-status/follow-up [4,5]. The closing 
date for assessment of recurrence and vital status was 
1 January, 2012. The potential median observation 
time was 25.1 years. 

 A competing risk model was used for calculating 
cumulative incidence with inclusion of death before 
LRR or development of DM as competing events. 
Cumulative incidence probability curves were plot-
ted and tested for differences (Wald test). Cox 
univariate regression analyses were performed, and 
assumptions of proportional hazards were tested 
graphically using log-minus-log plots. Positive agree-
ments were used for evaluating relationship between 
the different approaches of assigning the patients 
into subtypes, and were calculated as number of 
positive samples that agree by two methods divided 
by the number of positive samples by the chosen 
reference standard. Level of signifi cance was 5%, and 
all estimated p-values were two-sided. Statistical 
calculations were performed using STATA version 
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11.2 (StataCorp, College Station, TX, USA) and R 
(Development Core Team, 2011).    

 Results  

 Intrinsic subtypes 

 Intrinsic subtypes was determined by the original 
CC method in 190/191 FFT samples (one missing 
value), and by PAM50 in all 191 FFT samples. 
IHC3 was determined in all 1036 (146    �    890) 
FFPE samples. IHC6 was determined in 980/1036 
(137/146    �    843/890) FFPE samples, but assignment 
to Luminal A or Luminal B subtype failed for 9/146 
and 44/890 ER positive/HER2 negative samples due 
to missing Ki-67 values, and 3/890 samples failed to 
be classifi ed due to missing EGFR and/or CK5/6 
status in combination with triple negativity. The 
median tumor area fraction was 50% (range: 5 – 85%) 
in the 191 FFT samples, 60% in the corresponding 
146 FFPE samples (range: 5 – 100%) and 70% (range: 
5 – 100%) in the 890 FFPE samples. Samples assigned 
to the Normal-like subtype by either CC or by 
PAM50 had a signifi cantly lower content of median 
tumor epithelial cells judged from the frozen HE-
sections (35% and 30%, respectively; range: 5 – 70%) 
as compared to the content in the FFT samples 
(p    �    0.0001). Luminal A was the most frequent sub-
type, constituting 38%, 27%, 59% and 34% of the 
191 examined samples for CC, PAM50, IHC3 and 
IHC6, respectively. 

 In the group of 890 patients, 64% (569/890), 9% 
(83/890), 12% (103/890) and 15% (135/890) was 
determined by IHC3 as  “ Luminal A ” ,  “ Luminal B ” , 
 “ HER2-like ”  and  “ Basal-like ” , respectively. Based 
on IHC6, 49% (417/843), 11% (96/843), 16% 
(131/843), 11% (90/843), 10% (86/843) and 3% 
(23/843) of the 843/890 patients was determined as 
 “ Luminal A ” ,  “ Luminal HER2 ” ,  “ Luminal B ” , 
 “ HER2-like ” ,  “ Core basal ”  and  “ TNP-non-basal ” , 
respectively.   

 Agreement between molecular- and 
immunohistochemical assignment to the 
intrinsic subtypes 

 Agreements in assignment to the intrinsic subtypes 
as defi ned by CC, PAM50, IHC3 and IHC6 were 
determined and are stated as absolute numbers in 
Table II, and in percentages for subtypes with iden-
tical terminology in Supplementary Table II (avail-
able online at http://informahealthcare.com/doi/abs/
10.3109/0284186X.2014.925580). The overall posi-
tive agreement was 63% (95% CI 55 – 70%) between 
CC and PAM50 (119/190 samples). After excluding 
the Normal-like subtype, which cannot unequivo-
cally be defi ned by IHC, there was 69% (59 – 76%) 
agreement between CC and IHC3 (83/145 samples) 
and 47% (38 – 56%) between PAM50 and IHC3 
(61/130 samples). Overall positive agreements 
including IHC6 was not calculated, since IHC6 
introduces new categories for the intrinsic subtypes 

  Table I. Combination of immunohistochemical markers into intrinsic subtypes.  

IHC3 IHC6

 “ Luminal A ” ER or PR � 
  HER2 � 

ER or PR � 
  HER2 � 
  Ki-67    �    14%
  Any CK5/6 and EGFR

 “ Luminal B ”  (IHC3)    �    
   “ Luminal HER2 ”  (IHC6)

ER or PR � 
  HER2 � 

ER or PR � 
  HER2    �    
  Any Ki-67, CK5/6 and EGFR

 “ Luminal B ”  (IHC6) ER or PR � 
  HER2 � 
  Ki-67 �    14%
  Any CK5/6 and EGFR

 “ HER2 ” ER �  and PR � 
  HER2 � 

ER �  and PR � 
  HER2    �    
  Any Ki-67, CK5/6 and EGFR

 “ Basal ” ER �  and PR � 
  HER2 � 

 “ Core basal ”  (IHC6) ER �  and PR � 
  HER2 � 
  Any Ki-67
  CK5/6 or EGFR  � 

 “ TNP-non-basal ”  (IHC6) ER �  and PR � 
  HER2  � 
  Any Ki-67
  CK5/6  �  and EGFR  � 
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overlapping the original categorization. The agree-
ment in assignment to the various subtypes differed 
substantially, with most consistent allocation to the 
Luminal A and/or Basal-like subtypes (Supplemen-
tary Table II available online at http://informahealth-
care.com/doi/abs/10.3109/0284186X.2014.925580). 

 Using CC as the reference standard, Basal-like 
was the subtype most reliably reproduced by PAM50 
(Table II and Supplementary Table II available online 
at http://informahealthcare.com/doi/abs/10.3109/
0284186X.2014.925580). The majority of the 71 
samples that showed discrepancy between CC and 
PAM50 was found to comprise 26/71 (37%) samples 
determined as Luminal A by CC, but as Luminal B 
according to PAM50. None of the samples originally 
determined as Basal-like according to CC was clas-
sifi ed as being luminal according to PAM50. 

 Luminal A and Basal-like subtypes were the 
subtypes most reliably approximated by IHC3, 
when CC was considered the reference standard 
(Supplementary Table II available online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2014.925580). Adding Ki-67, EGFR and CK5/6 
(IHC6) led to a poorer determination of the Luminal 
A tumors, and the overall positive agreements did 
not improve signifi cantly when using IHC6 instead 
of IHC3 in comparison to CC. 

 In general, the agreements between PAM50 and 
IHC3 were poorer than as between CC and IHC3, 
when PAM50 was chosen as a non-reference stan-
dard. Especially the positive agreement for the Lumi-
nal B subtype was found to be very poor. This 
agreement was improved when comparing PAM50 

and IHC6, but the agreement for Luminal A declined 
simultaneously. For IHC6, only positive agreements 
for Luminal A, Luminal B and HER2 were calcu-
lated, since these are the only subtypes that fi tted a 
category within the IHC6.   

 Prognostic value of intrinsic subtypes 

 In Supplementary Figure 1A-D (available online 
at http://informahealthcare.com/doi/abs/10.3109/
0284186X.2014.925580), the clinical outcome in 
terms of local control can be seen for the subgroup 
of 94/191 patients treated with systemic treatment 
only (No PMRT). When using Luminal A as a refer-
ence in univariate Cox analyses, none of the subtypes 
as determined by CC or PAM50 was found to be 
signifi cantly associated with risk of LRR, and IHC6 
did not add prognostic information in comparison to 
IHC3. However, PAM50 showed a diverging out-
come between the Luminal subtypes than the other 
approaches with a surprisingly better local control for 
Luminal B than Luminal A (Supplementary Figure 
1D available online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2014.925580). 

 The prognostic value of IHC3 and IHC6 was 
further tested in the larger set of 453/890 DBCG82bc 
non-irradiated patients with only FFPE available 
(Figure 1A,B). Additional prognostic information 
was achieved by IHC6 in the group of triple negative 
tumors. The  “ Core basal ”  group expressing either 
EGFR or CK5/6 showed a lower risk of LRR than 
the  “ TNP-non-basal ”  group, and in a univariate 
analysis the  “ TNP-non-basal ”  group was found to 

  Table II. Distribution of patients according to DBCG-RT profi le and intrinsic subtypes.  
DBCG-RT

N = 191

“Low 

LRR”

“High

LRR”

C
C

N
 =

 1
90

Luminal A 29 43
Luminal B 7 16
HER2 6 30 CC

N = 190Basal 0 29
Normal 6 24 LumA LumB HER2 Basal Normal

PA
M

50

N
 =

 1
91

Luminal A 16 35 37 0 1 0 13
Luminal B 16 21 26 10 0 0 0
HER2 9 36 2 11 30 2 0 PAM50 

N = 191Basal 3 33 2 1 4 27 2
Normal 4 18 5 1 1 0 15 LumA 

A

LumB 

B

HER2 Basal Normal

IH
C

3

N
 =

 1
46

“Luminal A” 31 55 47 10 4 6 18 31 27 6 10 12
“Luminal B” 5 20 3 6 10 2 4 4 2 15 2 2 IHC3

N = 146“HER2” 2 14 0 2 13 0 1 1 0 13 1 1
“Basal” 1 18 0 1 0 17 1 0 0 3 15 1 “LumA” “LumB” “HER2” “Basal”

IH
C

6

N
 =

 1
37

“Luminal A” 18 32 28 3 3 2 13 24 11 1 6 8 50 0 0 0
“Luminal B” 8 19 14 6 0 4 3 4 13 4 4 2 27 0 0 0
“Luminal HER2” 5 20 3 6 10 2 4 4 2 15 2 2 0 25 0 0
“HER2” 2 14 0 2 13 0 1 1 0 13 1 1 0 0 16 0
“Core basal” 1 15 0 1 0 14 1 0 0 2 13 1 0 0 0 16
“TNP-nonbasal” 0 3 0 0 0 3 0 0 0 1 2 0 0 0 0 3    

 The distribution of patients into the two risk groups of the DBCG-RT profi le ( “ Low LRR ”  and  “ High LRR ” ) in relation to the intrinsic 
subtypes as determined by the original centroid correlation based method (CC), PAM50 and immunohistochemistry (IHC3, IHC6). 
Number of samples with agreement between methods of determination and using the same terminology is highlighted in bold.   
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  Figure 1.     Plots of cumulative incidence proportion of loco-regional recurrence (LRR). (A) IHC3 determined from combination of the 
expression of estrogen receptor (ER), progesterone receptor (PR) and HER2 in the subgroup of 453/890 patients treated with systemic 
treatment only and no post-mastectomy radiotherapy. (B) IHC6 determined from combination of ER, PR, HER2, Ki-67, CK5/6 and 
EGFR in the same group of 453 non-irradiated patients. IHC6 shows separation of the triple negative group into a group with no basal-
like features ( “ TNP-non-basal ” ) and high risk of LRR, and a group with expression of CK5/6 and/or EGFR ( “ Core Basal ” ) and low risk 
of LRR. (C,D) Luminal B subtypes determined by centroid correlation method (CC) (C) and PAM50 (D). The group of patients 
designated as Luminal B by PAM50 shows no benefi t from PMRT in contrast to the Luminal B tumors as determined by CC. (E,F) The 
two groups of triple negative tumors determined by IHC6 in the 854 DBCG82bc patients (E)  “ TNP-non-basal ”  and (F)  “ Core basal ” , 
showing signifi cantly different response to PMRT.  
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have a signifi cantly higher risk of LRR [Unadjusted 
HR: 3.11(1.55 – 6.22)] compared to Luminal A, 
whereas the  “ Core basal ”  group did not [Unadjusted 
HR: 0.82(0.41 – 1.64)].   

 Predictive value regarding PMRT of the intrinsic 
subtypes 

 The predictive value in terms of benefi t from PMRT 
was infl uenced by the approach used for determin-
ing the intrinsic subtypes. For Luminal A tumors as 
determined by the various approaches a signifi cant 
benefi t from PMRT in terms of LRR rate reduction 
could be seen, as previously described [16,21] 
(Supplementary Figure 2A-D, available online at 
http://informahealthcare.com/doi/abs/10.3109/
0284186X.2014.925580). The results, however, 
showed a benefi t from PMRT in the Luminal B 
tumors defi ned by CC (Figure 1C), but not by 
PAM50 (Figure 1D). 

 Additional predictive information was also 
achieved by IHC6 in the triple negative group of 
patients. The 25/890 patients determined by IHC6 
to have  “ TNP-non-basal ”  tumors showed benefi t 
from PMRT in terms of LRR (Figure 1E), whereas 
the 86/890 patients with  “ Core basal ”  tumors 
showed no additional LRR reduction when PMRT 
was given (Figure 1F). This indicated a possible 
radioresistancy in the presence of EGFR or CK5/6 
expression. The number of patients and events was, 
however, limited and conclusions must be taken 
with caution.   

 The predictive value in regard to PMRT of the  
DBCG-RT profi le in relation to the intrinsic subtypes 

 The DBCG-RT profi le has previously, in the same 
series of patients, been described and validated as 
having prognostic value in terms of local control and 
predictive impact in regard to benefi t from PMRT 
[9]. Among the 94/191 non-irradiated patients 
treated with systemic treatment alone, the DBCG-RT 
profi le identifi ed two groups ( “ Low LRR risk ”  and 
 “ High LRR risk ” ) with signifi cantly different prog-
nosis regarding LRR risk [57% vs. 8% at 20 years; 
p    �    0.0001; adjusted HR    �    0.07 (0.02 to 0.30)]. The 
DBCG-RT profi le was further predictive of PMRT 
that could be seen to reduce LRR risk in the  “ High 
LRR risk ”  patients [57% vs. 12% at 20 years; 
p    �    0.0001; adjusted HR    �    0.17 (0.08 to 0.34)] 
whereas the  “ Low LRR risk ”  patients experienced no 
additional benefi t from radiotherapy [8% vs .  9% at 
20 years; p    �    0.93; adjusted HR    �    1.13 (0.14 – 9.15)]. 
The DBCG-RT profi le was modifi ed to RT-qPCR 
and FFPE from 146/191 patients, and subsequently, 
the FFPE/RT-qPCR modifi ed DBCG-RT profi le 

independently validated in 112 additional DBCG82bc 
patients. 

 A signifi cant difference in distribution of the intrin-
sic subtypes between the  “ Low LRR risk ”  and  “ High 
LRR risk ”  groups could be seen for CC, PAM50 and 
IHC3 in the 191 patients (Supplementary Table III, 
available online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2014.925580). In gen-
eral, there was more Luminal A tumors in the  “ Low 
LRR risk ”  group, and more Basal and HER2 sub-
types in the  “ High LRR risk ”  group. A large fraction 
of Luminal A tumors was, however, also found to 
have a  “ High LRR risk ”  profi le (Table II and Supple-
mentary Figure 2E-H available online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2014.925580). The risk groups defi ned by the 
DBCG-RT profi le were not exclusively confi ned to 
specifi c subtypes, and a subgroup of patients with 
 “ Low LRR risk ”  and no benefi t from PMRT could 
be identifi ed even among the apparently radiosensi-
tive Luminal A subtype as determined by all four 
methods (Table II and Supplementary Figure 2I-L 
available online at http://informahealthcare.com/doi/
abs/10.3109/0284186X.2014.925580). Among the 
Basal subtype in CC and  “ TNP-non-basal ”  group in 
IHC6, all patients were found to have a  “ High LRR 
risk ”  profi le (Table II). 

 In the  “ Low LRR risk ”  group, the few LRRs were 
primarily found among the frequent Luminal A 
tumors (Supplementary Table III available online 
at http://informahealthcare.com/doi/abs/10.3109/
0284186X.2014.925580). In the  “ High LRR risk ”  
group, LRR could be found among all subtypes, 
except among the  “ TNP-non-basal ”  group. 

 In the PAM50 determined Luminal B subtype, 
21 patients had a  “ High LRR risk ”  profi le but among 
this limited number of patients there was no signifi -
cant difference in the LRR rate between patients 
treated with PMRT or not (Supplementary Figure 
3, available online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2014.925580). For all 
other subtypes regardless of method for assignment, 
a reduction in the risk of LRR by PMRT could be 
found in the  “ High LRR risk ”  group (Supplementary 
Table III available online at http://informahealthcare.
com/doi/abs/10.3109/0284186X.2014.925580). 

 These results indicated that the previously 
described prognostic and predictive effect of the 
DBCG-RT profi le was independent of intrinsic sub-
type, regardless of which method was used for deter-
mining the subtypes.    

 Discussion 

 In this study, we found that the described prognostic 
and predictive information of the DBCG-RT profi le 
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could not be substituted by the intrinsic subtypes. 
The assignment to the intrinsic subtypes was not 
identical when using various approaches and the 
subtypes seemed to hold diverse information in terms 
of benefi t from PMRT. 

 PAM50 as well as a number of immunohistochem-
ical combinations use the same nomenclature as the 
original intrinsic subtypes as described by Perou et   al. 
[10], even though previous observations [20] have 
questioned the consistency in the assignment to the 
intrinsic subtypes. The present study supports this lack 
of concordance in assignment. The original intrinsic 
gene list of 496 genes [10] encompassed genes show-
ing a signifi cantly greater variation in expression 
between different tumor samples than between paired 
samples. The 50 genes in PAM50 includes relatively 
more proliferation genes than the original intrinsic 
gene list, and this is likely contributing to the discor-
dance in the assignment between the two methods, 
especially for the luminal subgroups considered to dif-
fer on the basis of high/low proliferation. In the present 
study, a fraction of tumors determined as Luminal A 
with the original CC based method was indeed desig-
nated as Luminal B with PAM50 in concordance with 
the differences in proliferation-based genes. 

 The immunohistochemical subtypes relates to 
expression of very few proteins occurring from gene 
products that may have been post-translationally 
modifi ed, and they represents very basic approxima-
tions of the gene expression-based subtypes. A previ-
ous study have shown that immunohistochemistry 
does not adequately identify PAM50 [24], and only 
71% of HER2-like tumors with a high  ERBB2  gene 
expression, defi ned by PAM50, were found to be 
HER2 positive by immunohistochemistry and/or in 
situ hybridization. The study also showed that only 
75% of ER negative tumors were classifi ed into non-
luminal subtypes (HER2 and Basal-like) [24]. 

 The terms Luminal A, Luminal B, Normal-like, 
Basal-like and HER2 are, therefore, not mutually 
exclusive when defi ned by different methods, and the 
terminology should be used with caution and by refer-
ring to which method they have been defi ned from. 

 In this study, the prognostic value in terms of 
local control and predictive value in regard to ben-
efi t from PMRT of the intrinsic subtypes varied with 
the method used to determine the subtypes. In com-
parison to IHC3 [16], IHC6 was found to add infor-
mation by defi ning two distinct groups of triple 
negative tumors with signifi cantly different prognos-
tic outcome in terms of LRR and different benefi t 
from PMRT. The  “ Core basal ”  group expressing 
either EGFR or basal cytokeratins CK5/6 was found 
to have a low risk of LRR and no signifi cant benefi t 
from PMRT, indicating a radioresistancy possibly 
related to EGFR. 

 The CC did not add prognostic or predictive 
information in comparison to IHC3. PAM50 was 
found to display diverse prognostic information for 
the luminal subtypes in comparison to the three 
other methods. Furthermore, no benefi t from PMRT 
could be documented for patients with PAM50 
determined Luminal B tumors; an observation that 
has also been seen in the British Columbia Trial 
(72% vs. 44%, p    �    0.41) [21]. The patients showed 
a fairly high risk of LRR and the fi ndings could indi-
cate that patients with a  “ High LRR risk ”  profi le and 
a PAM50-based Luminal B subtype may benefi t 
from a more extensive surgical procedure in order to 
avoid LRR. The results from both studies must, how-
ever, be taken with caution, since they are based on 
small numbers of patients. The observed difference 
in clinical outcome by PAM50 for the luminal sub-
groups in comparison to the other approaches can 
perhaps be related to the procedures for normaliza-
tion of array datasets [25]. In addition, differences in 
the study population (i.e. proportion of ER-positive 
tumors) may also affect the distribution of the sub-
types [25]. It must also be emphasized that, PAM50 
is not standardized and various methods exists for 
determining the subtypes by PAM50 [13,14]. 

 When examining the relationship between the 
prognostic value of the DBCG-RT profi le and the 
intrinsic subtypes, the present study showed a cor-
relation between the good prognosis group of the 
DBCG-RT profi le ( “ Low LRR risk ” ) and the Lumi-
nal A subtypes that, most consistently, was shown to 
have the best local control. The poor prognosis group 
of the DBCG-RT profi le ( “ High LRR risk ” ) was fur-
ther found to correlate with the non-luminal, ER 
negative tumors (Basal-like and HER2-like) regard-
less of how these subtypes were determined. This 
non-surprising fi nding indicates that the DBCG-RT 
profi le and the intrinsic subtypes to a large degree 
identify the same tumors as being locally aggressive 
or not. 

 The predictive value of the DBCG-RT profi le 
stratifi ed by subtype seemed, however, to be in con-
trast with the studies by Kyndi et   al. [16], and 
Laurberg et   al. [21]. In the present study, the two 
risk groups ( “ Low LRR risk ”  and  “ High LRR risk ” ) 
could be identifi ed among all the subtypes, and a 
subgroup of patients with no benefi t from PMRT 
could be identifi ed by the DBCG-RT profi le even 
among the Luminal A subtype as determined by 
all four approaches. The results from the analysis of 
the DBCG-RT profi le in relation to intrinsic 
subtypes contribute to the conclusion that the 
DBCG-RT profi le describes features other than 
ER- and HER2 positivity/negativity, and that the 
information, especially in terms of prediction of ben-
efi t from PMRT, cannot merely be substituted by 
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determination of the tumors intrinsic subtype. It 
further indicates that the DBCG-RT profi le has an 
even more refi ned ability of contributing to an indi-
vidualized loco-regional treatment/radiotherapy 
than the intrinsic subtypes. The DBCG-RT profi le 
seems to have the advantage in comparison to clin-
ico-pathological parameters and intrinsic subtype 
determination that it identifi es a subgroup of patients 
in which PMRT can be safely omitted. 

 In conclusion, the present study emphasizes that 
the nomenclature of the original intrinsic subtypes is 
used to describe subgroups of tumors that are not 
mutually exclusive, when defi ned by the different 
approaches, and that these subgroups produces dif-
ferent information on local control and prediction of 
benefi t from PMRT. Furthermore, the prognostic 
and predictive information of the DBCG-RT profi le 
could not be substituted by determination of the 
intrinsic subtypes, as defi ned by either gene expres-
sion or immunohistochemistry.     
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