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Statement of Translational relevance: 

 

Post-mastectomy radiotherapy (PMRT) is currently administered according to a clinico-

pathological estimation of the patient's risk of local recurrence (LRR). The presented DBCG-RT 

gene profile consistently predicts LRR in patients with early breast cancer and predicts benefit from 

PMRT.  The DBCG-RT profile identifies a subgroup of patients with low risk of LRR, who from 

traditional clinico-pathological risk-estimation would be considered to have a high risk of LRR and 

as such eligible for PMRT. These patients defined by the DBCG-RT profile as having a low risk of 

LRR and no additional benefit from PMRT in terms of increased local control may potentially be 

spared the risk of radiation-induced morbidity and secondary cancer.  

The DBCG-RT profile works on routinely processed formalin fixed, paraffin embedded tissue and 

is potentially applicable in a daily clinical setting. 
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Abstract 

Purpose: To identify genes predicting benefit of radiotherapy in high-risk breast cancer patients 

treated with systemic therapy and randomized to receive or not receive post-mastectomy 

radiotherapy (PMRT). 

Experimental Design: The study was based on the Danish Breast Cancer Cooperative Group 

(DBCG82bc) cohort. Gene-expression analysis was performed in a training set of frozen tumor-

tissue from 191 patients. Genes were identified through the Lasso method with the endpoint being 

loco-regional recurrence (LRR). A weighted gene-expression index (DBCG-RT profile) was 

calculated and transferred to quantitative Real-Time Polymerase Chain Reaction (RT-qPCR) in 

corresponding formalin-fixed, paraffin-embedded tissue (FFPE), before validation in FFPE from 

112 additional patients. 

Results: Seven genes were identified, and the derived DBCG-RT profile divided the 191 patients 

into a “high LRR risk” and “low LRR risk” group. PMRT significantly reduced risk of LRR in 

“high LRR risk” patients, whereas “low LRR risk” patients showed no additional reduction in LRR 

rate. Technical transfer of the DBCG-RT profile to FFPE/RT-qPCR was successful, and the 

predictive impact was successfully validated in another 112 patients. 

Conclusions: A DBCG-RT gene profile was identified and validated, identifying patients with very 

low risk of LRR and no benefit from PMRT. The profile may provide a method to individualize 

treatment with PMRT.  
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Introduction 

Radiotherapy is known to improve loco-regional control, disease free survival (DFS) and to have a 

long-term improvement on overall survival (OS) in high-risk patients suffering from breast cancer 

(1). Post-mastectomy radiotherapy (PMRT) is currently administered according to clinico-

pathological criteria, defining the patient’s a priori risk of subsequent loco-regional recurrence 

(LRR), and not according to individual prediction of the likelihood of benefit from radiotherapy.  

Results from the randomized trials, Danish Breast Cancer Cooperative Group (DBCG) protocol 

82bc and the British Columbia Randomized Radiation trial, showed a substantial OS benefit after 

PMRT in patients with 1-3 positive nodes (2-4), and this has been supported by the Early Breast 

Cancer Trialists´ Collaborative Group (EBCTCG) 2014 overview (5) as well. Recommendation for 

PMRT is especially consolidated in patients estimated to have a high risk of LRR (e.g. involvement 

of ≥4 lymph nodes or tumorsize > 5 cm) (6, 7). The most recent St. Gallen Consensus (2011) (8) 

further supports the administration of PMRT to patients < 45 years of age with 1-3 positive nodes, 

and to patients of all ages if 1-3 positive lymph nodes are accompanied by evidence of lympho-

vascular invasion by histology. 

The beneficial effect of PMRT is, however, suspected to be more heterogeneous than the 

conventional clinico-pathological parameters are capable of describing. Gene expression profiles 

predictive of response to e.g. docetaxel (9), and prognostic in terms of OS and distant metastasis 

(DM) have been published (10-14), but currently no validated biomarkers or molecular profiles are 

available to assist the radiation oncologist in stratifying a more individualized approach to adjuvant 

radiotherapy. 

In a study of biological parameters in 1001 patients from the DBCG82bc cohort (15), four 

subgroups approximating the intrinsic subtypes of breast cancer described by Perou and Sørlie (12, 

13) was constructed from immunohistochemical information for estrogen receptor (ER), 

progesterone receptor (PR) and HER2/neu-receptor (HER2). Triple negativity or having a HER2-

like tumor (ER-/PR-/HER2+) was associated with significantly increased risk of LRR in a 
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multivariate analysis, but the largest absolute reduction in LRR rate and largest translation of LRR 

rate reduction into survival benefit were observed among patients with the most advantageous 

prognostic features (ER/PR+ and HER2-). The studies on the DBCG82bc cohort (2, 3, 15, 16) have, 

however, not been able to localize any subgroups lacking benefit from PMRT in terms of LRR.  

Preventing LRR is of high priority with respect to the distressful situation for the patient, as well as 

in the sense that a LRR can act as nidus for subsequent DM. Radiotherapy is at the same time 

associated with early and late side-effects leading to morbidity of possible considerable 

consequences for the patient (17-20).  

It would, therefore, be desirable if a more refined partitioning of patients likely to benefit from 

PMRT could be established, and it can be hypothesized that a molecular signature predictive of 

LRR and radio-therapeutic outcome could add more specific and individualized information than 

the current clinico-pathological risk estimation. 

In the present study, we describe a gene-profile associated with risk of LRR in patients not 

receiving PMRT, and predictive of benefit from adjuvant PMRT in a cohort of high-risk breast 

cancer patients (DBCG82bc) treated with systemic treatment and randomized to receive or not to 

receive PMRT. 
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Material and Methods 

Patients 

The DBCG82bc cohort has been described in detail elsewhere (2, 3, 21, 22). In brief, 3083 high-risk 

breast cancer patients (< 70 years of age) treated with mastectomy and partial axillary dissection 

were included in the period 1982-1990. All patients were randomized to PMRT. Pre-menopausal 

women (DBCG82b) were treated with cyclophosphamide, methotrexate, and fluorouracil (CMF), 

and post-menopausal women (DBCG82c) were treated with Tamoxifen. Radiotherapy was 

delivered as an anterior photon field against the supraclavicular, infraclavicular and axillary lymph 

nodes, and an anterior electron field against the chest wall and intramammary lymph nodes. 

Intended dose was 50 Gy/25 fractions/ 5 weeks, or 48 Gy/ 22 fractions/ 5 ½ weeks (2, 3, 23). A 

median of 7 axillary lymph nodes were removed.  

Methods 

Fresh frozen tumor (FFT) samples were available from 273 DBCG82bc patients. Extraction of 

mRNA from FFT, and microarray analysis was performed as described in detail in Myhre et al. 

(24). Microarray analysis was successful in 70% (191/273) of the frozen samples, containing > 5% 

invasive carcinoma (Supplementary Figure 1), and these constituted the training set. The microarray 

data has previously been published and submitted to GEO with accession number GSE24117 (24). 

To identify a gene profile that is predictive of benefit from adjuvant PMRT, genes whose 

expression levels interacted with PMRT on the association with LRR, were first identified through a 

two-step Cox Proportional Hazard model with Lasso penalty (25), and a weighted index (CVSI), 

based on the expression levels of the identified genes, was calculated as described in detail in 

Supplementary Document 1. This was performed in all 191 patients of the training set. The number 

of patients receiving CMF in the group of patients randomized to PMRT (46/97, 47%) was not 

statistically significant from non-irradiated patients receiving CMF (41/94, 44%) (p=0.66). 
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Secondly, the prognostic value of the gene profile was tested in the subset of 94/191 non-irradiated 

patients. 

From the rest of the DBCG82bc cohort, only FFPE samples were available. Therefore, a technical 

transfer of the identified genes and the derived index to RT-qPCR and FFPE was needed in order to 

proceed to validation. The technical transfer was carried out in 146/191 patients of the training set, 

from whom corresponding FFPE samples with >5% invasive carcinoma were available 

(Supplementary Figure 1). Details on transfer of technology and recalculation of the index in order 

to make it independent of the training set is described in Supplementary Document 2. 

The DBCG82bc cohort has previously been criticized for a limited axillary surgical procedure, 

potentially influencing the rate of local recurrences in the cohort. Therefore, the validation set was 

chosen to originate from the subgroup of 1001 DBCG82bc patients with the most extensive axillary 

surgery (>7 lymph nodes removed) and with FFPE with histologically verified tumor content 

available (Supplementary Figure 2), previously included in the study by Kyndi et al (15). The more 

extensive surgical procedure in the validation set was expected to be associated with a lower LRR 

rate in this group of patients.  

Extraction of mRNA from FFPE using the Tissue Preparation System together with VERSANT 

Tissue Preparation Reagents (Siemens Healthcare Diagnostics, Tarrytown, NY), and subsequent 

RT-qPCR using the Fluidigm Biomark 96.96 dynamic gene expression system, preceded by a pre-

amplification step, was carried out as previously described (26-29). Inventoried TaqMan gene 

expression assays (Applied Biosystems, Foster City, USA) were used if available (Supplementary 

Table 2). ER- and HER2–receptor status was available from IHC analyses on Tissue Micro Arrays 

(TMA) (30). If missing IHC values, ER was supplemented with original biochemical analyses (31) 

retrieved from clinical records due to missing IHC results (15% = 29/191 patients), and HER2 with 

gene expression-derived ERBB2 status (16% =31/191 patients), both known to correlate well to the 

IHC status (27). All assays were performed blinded to the study endpoint. 
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Statistical analysis: 

The endpoint considered was LRR. In agreement with the original publications on the cohort (2, 3), 

LRR was defined as the appearance of local or regional disease (chestwall, axilla, 

supra/infraclavicular) occurring as an isolated event, or at least 1 month before DM, or 

simultaneously with DM within +/- 1 month. LRR occurring more than 1 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 (2, 3). The date for assessment of recurrence and vital status was January 1st 2012.  

The Fisher exact test was used for testing relationship between categorical variables as well as 

between the CVSI index calculated from FFT and FFPE in the training set. 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 plotted and tested for 

differences (Wald test). Cox uni- and multivariate regression analyses were performed, and 

assumptions of proportional hazards were tested graphically using log-minus-log plots. Level of 

significance was 5%, and all estimated p-values were two-sided. Statistical calculations were 

performed using STATA version 11.2 (StataCorp, College Station, TX) and R (Development Core 

Team (2011) (32).  
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Results 

Clinical characteristics and outcome description 

In the training set, 53/191 patients with FFT available experienced a LRR, and 40/146 patients 

included in the technical transfer experienced a LRR. In the validation set, 20/112 patients 

experienced a LRR. The difference in number of events in the training set and validation set was not 

significant (p > 0.05). Median follow-up time was 25.1 years for patients in the training set, and 

24.6 years for patients in the validation set. The median age of the patients included in the 

validation set was lower than in the training set (Table 1 and Suppl. Table 1) with a higher fraction 

of pre-menopausal women in the validation set (p=0.006). The validation set further included a 

higher fraction of patients with small tumors (< 2 cm) (p=0.001) and HER2 negative tumors 

(p<0.0001), but the distribution of other clinical parameters were similar. 

Median tumor area fraction was 50% (range: 5-85%) in the 191 frozen samples of the training set, 

60% in the corresponding 146 FFPE samples (range: 5-100%), and 60% (range: 5-100%) in the 112 

FFPE samples of the final validation set. 

Development of a radiation profile in the training set: 

From the microarray data, 7 probes whose transcripts interact with PMRT to modify the hazard of 

LRR were identified (HLA-DQA, RGS1, DNALI1, hCG2023290, IGKC, OR8G2, ADH1B). A 

weighted CVSI index based on the 7 probes was calculated (Supplementary document 1), and the 

191 patients were ranked according to the size of the index. Based on a cumulated odds-ratio plot, a 

cut off was chosen that separated the patients of the training set into two groups: “low LRR risk” 

(high index) and “high LRR risk" (low index) (for details, see Supplementary Document 1). The cut 

off coincided with the upper quartile of the CVSI index. In both risk prediction groups, the patients 

were well-distributed between the two randomization arms for all evaluated clinico-pathological 

parameters. A “low LRR risk” group could be identified among all clinico-pathological subgroups, 

even in subgroups with tumorsize > 5 cm or ≥ 4 positive lymph nodes (Table 1). 
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There was no statistically significant difference in the distribution of clinico-pathological 

parameters between the two groups, except for ER.  

Prognostic impact in the non-irradiated group of patients in the training set: 

The prognostic value of the gene-profile (DBCG-RT profile) was evaluated in the non-irradiated 

subgroup of the training set. Among the 94 patients treated with systemic treatment alone, the “high 

LRR risk” patients was shown to have significantly higher risk of LRR as compared to the patients 

with “low LRR risk” (57% vs. 8% at 20 years; p<0.0001; unadjusted hazard ratio [HR] = 0.09; 95% 

confidence intervals [CI], 0.02 to 0.36) (Figure 1). The DBCG-RT profile remained a significant 

prognostic factor for local failure in a multivariate Cox regression analysis, when adjusting for 

lymph node status and locally advanced disease (tumorsize > 5 cm or skin- or fascia invasion) 

(p<0.0001, adjusted HR = 0.07 [0.02-0.30]). 

Predicting benefit of PMRT in the training set: 

When analyzing the two risk-groups separately in the training set of 191 patients and stratifying 

them according to PMRT, a predictive value can be seen in Figure 2A-B. Radiotherapy significantly 

improved local control rates in “high LRR risk” patients (57% vs. 12% at 20 years; p<0.0001; 

adjusted HR = 0.17; 95%CI, 0.08 to 0.34) (Figure 2A); equalizing the rate to “low LRR risk” 

patients, who showed no additional improvement of local control by PMRT (8% vs. 9% at 20 years; 

p=0.93; adjusted HR = 1.13; 95%CI, 0.14-9.15) (Figure 2B). Unadjusted hazard ratios can be seen 

in Table 2. The DBCG-RT profile identified a subset of patients with a “low LRR risk” profile even 

among subgroups traditionally considered to have a high risk of recurrence, and benefit from PMRT 

was, on the other hand,  found for “High LRR risk” patients even when having small tumors (< 2 

cm) (Supplementary Figure 3A) or 1-3 positive lymph nodes (Supplementary Figure 3B). Benefit 

from PMRT was also observed for patients with a "High LRR risk" regardless of ER status 

(Supplementary Figure 3C), menopausalstatus, or age < or ≥ 50 years (data not shown). When 

combining tumorsize and number of positive lymph nodes into subgroups of clinical relevance for 
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current treatment decision making, benefit from PMRT could also be found for patients with small 

tumors and few involved lymph nodes (T1-2, 1-3 positive lymph nodes) (Supplementary Figure 

3D). 

The technical transfer of the DBCG-RT profile to RT-qPCR was successfully carried out in 146/191 

patients (For details, see Supplementary Document 2). The 146 patients were representative for the 

training set in terms of clinico-pathological variables (Supplementary Table 3), and did not differ 

statistically significantly from the 45 patients excluded (Supplementary Table 4). The DBCG-RT 

profile was modified according to availability of suitable PCR assays, and success-rate of detecting 

the genes in FFPE. Therefore, the FFPE/RT-qPCR modified DBCG-RT profile was based on only 4 

of the 7 interaction genes as described in Supplementary Document 2. The gene expression levels of 

these 4 genes (IGKC, RGS1, ADH1B, DNALI1) correlated significantly with the expression levels 

measured by array technology on the corresponding FFT. There was also a significant correlation 

between the original FFT/array based classification of the 146 patients and classification based on 

corresponding FFPE samples with RT-qPCR (p < 0.0001). The FFPE/RT-qPCR based classification 

provided the same predictive value, when stratified according to PMRT (Figure 2 C, D and Table 2) 

as the FFT/array based classification (Figure 2 A,B). The FFPE/RT-qPCR index cut-off value for 

dividing patients into “high LRR risk” and “low LRR risk” patients, respectively, was -1.1.  

Validation of the predictive impact in the DBCG82bc cohort: 

Detection of the 4 genes in the FFPE/RT-qPCR modified DBCG-RT profile was successful in 112 

validation samples (Supplementary Figure 2).  Using the defined FFPE/RT-qPCR index cut-off 

value of -1.1 as determined in the technical transfer part of the analysis, 22 patients (20%) were 

designated as “low LRR risk” and 90 patients (80%) as “high LRR risk”. The predictive value was 

validated in the 112 patients, and a significant benefit from radiotherapy in terms of local control 

could be seen in the “high LRR risk” patients (30% vs. 7%; p=0.003, adjusted HR = 0.09; 95% CI, 
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0.02 to 0.31) (Figure 2E), whereas “low LRR risk” patients did not show benefit (8% vs. 0%; 

p=0.30, adjusted HR not estimated) (Figure 2F) (See Table 2 for unadjusted hazard ratios). 

There was no statistically significant difference in the distribution of clinico-pathological variables 

between the two risk-groups, except for HER2 (p=0.04) (Supplementary Table 1).  

When combining tumor size and number of positive lymph nodes into subgroups, there was no 

statistically significant difference in the distribution of the two risk groups as determined by the 

DBCG-RT profile for any of the three patient cohorts (Supplementary Table 5). 
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Discussion 

The present study is the first to define and validate a gene-profile associated with risk of LRR in 

patients not receiving PMRT, and predictive of benefit from adjuvant PMRT in a cohort of high-

risk breast cancer patients (DBCG82bc) treated with adjuvant systemic treatment and randomized to 

receive or not to receive PMRT.  

Prognostic gene-expression profiles predicting risk of LRR after breast conserving therapy (BCT) 

(33-36) and after mastectomy (37) has been published previously, but none of them have been 

successfully validated. The study by Cheng et al. (37) identified 34 genes with significant 

association with LRR. There is no overlap between the 34 genes and the genes identified in this 

study. Neither was there any overlap with the genes in a 10-gene signature predictive of cellular 

radiosensitivity that has been developed from microarray analysis on 35 cell lines (38), and 

subsequently clinically validated, primarily in terms of risk of DM, in two breast cancer data set 

(39). Two studies by Nuyten et al. and Kreike et al. (33, 40), did not identify a specific gene-set 

predicting risk of recurrence after BCT, though a gene-profile based on the wound response 

signature was described as being of independent prognostic value. Later, the same group developed 

a 111-gene signature (35), but it did not show independent prognostic value in multivariate analysis, 

and lost prognostic impact when tested in independent cohorts (34, 41). The gene-profile by 

Niméus-Malmström et al. (34), aiming to identify patients developing LRR despite of RT after 

BCT, was also unable to be validated in other cohorts (35, 36, 41), and the most recent study by 

Sabatier et al. (36) did not succeed in determining a robust prognostic signature of LRR.  

The two LRR risk-groups in the present study could be identified among all clinico-pathological 

subgroups, and even among patients traditionally considered to have a high risk of LRR (e.g. 

tumorsize > 5 cm of ≥ 4 positive lymph nodes) the DBCG-RT profile identified patients with a very 

low risk of LRR. Equally, “high LRR risk” patients could be found among patients with 1-3 

positive lymph nodes or tumorsize < 2 cm, and benefit from PMRT was observed in these patient 
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groups also. Indication for PMRT could be found even in the subgroup of patients with a 

combination of small/intermediate tumor size and few involved lymph nodes (T1-2 and 1-3 positive 

lymph nodes), where indication for PMRT has been controversial and a subject for substantial 

discussion over the last decade. This indicates that the presented DBCG-RT profile adds 

information to the conventional parameters used for present day treatment decision making. The 

distribution of the risk groups suggests that the ER-negativity adds to the poor prognostic impact of 

the “high LRR risk” group, contributing to the fact that this study finds a greater benefit from 

PMRT in ER-negative patients as compared to the preceding study of this cohort (15). The DBCG-

RT profile has in a related study (42) been found to be independent of the intrinsic subtypes as 

determined by either immunohistochemistry (e.g. ER, PR and HER2) or gene expression profiling, 

and a “Low LRR risk” and a “High LRR risk” group was in this study found among all subtypes, 

even among the Luminal A subtype.  

Of the 7 probes identified from the analysis of FFT, four (IGKC, RGS1, ADH1B, DNALI1) were 

successfully transferred to corresponding FFPE. One of the probes (hCG2023290) did not recognize 

a known gene, and a suitable assay could not be found for OR8G2. Of the 5 genes measured in 

FFPE, one (HLA-DQA) could only be detected in 10% of the samples and was omitted for further 

analysis. Explanations to the low success rate of detecting the four genes of the FFPE/RT-qPCR 

modified DBCG-RT profile in FFPE samples of the validation set could be e.g. low yields of 

mRNA caused by age of the paraffin block or technical issues. The identification of genes in FFPE 

is dependent on gene expression level as well as factors related to handling of the paraffin block. 

The age of the blocks is of great influence, since mRNA degrades with a half-life of 4.6 years (26) 

implying that the absolute expression values decreases with age of the blocks. This potentially leads 

to low detection rates further accentuated by low expressed genes. The initial selection of the genes 

based on FFT in this study did not take into account that the genes should be highly expressed. The 

patients were, however, reliably assigned to the two risk-groups based on the reduced set of 4 

genes.  
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One of the genes included in the gene-profile (IGKC) has previously been reported as prognostic in 

terms of DM in breast cancer and able to predict response to antracycline-based neoadjuvant 

chemotherapy (43). IGKC is expected to be derived from mature tumor-infiltrating plasma cells, 

and as such related to a humoral immune response of presumably protective nature (43). The gene 

has also been reported as a prognostic marker for DFS and OS in node negative breast cancer 

patients (44). Increased expression of IGKC protein based on immunohistochemistry in non-small 

lung cancer has also been associated with improved outcome (45). Elevated expression of this gene 

might indicate an increased immune-response favorable in cancer treatment, and interestingly, 

among the top correlated genes to several of the seven identified genes, immune response and 

lymphocyte activation was found to be enriched, when analyzed by the DAVID and Reactome 

analysis tools. This suggests a potential impact of tumor infiltrating immune cells on the effect of 

PMRT on LRR.  

RGS1 encodes a regulator of G protein signaling, and the gene has found to be overexpressed in 

melanoma (46). Furthermore, RGS1 has in combination with two other genes (NCOA3, SPP1) been 

described as an independent predictor of DFS in malignant melanoma (47) but not in breast cancer. 

The expression of RGS1 has further been studied in relation to lymphomas and hypoxia (48), and 

has been described to be associated with HIF1α. The association with hypoxia, known to be a factor 

related to radioresistance, is consistent with the present findings that tumors with a “low LRR risk” 

is not showing benefit from PMRT. Both IGKC and RGS1 are included in the FFPE/RT-qPCR 

modified DBCG-RT profile. None of the 5 remaining genes have been described in association with 

intrinsic radiosensitivity, hypoxia or cell proliferation commonly considered influential in terms of 

radioresistance.   

The increasing incidence of breast cancer patients and increasing ratio of breast conserving therapy 

(BCT) vs. mastectomies subsequently leads to an increasing number of patients who, now and in the 

future, will be offered adjuvant radiation therapy. The LRR rate has been observed to decrease, and 

the strategies for administration of RT must carefully counterbalance the benefits in terms of 
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increased survival and decreased risk of LRR against the risk of secondary morbidity, including 

ischemic heart disease and secondary cancer. The capability of the presented DBCG-RT profile in 

identifying patients likely to benefit from PMRT/RT needs to be examined in a prospective study in 

order to evaluate the prognostic and predictive impact in patients treated with present day systemic 

adjuvant treatment. Whether the prognostic and predictive impact of the DBCG-RT profile is 

applicable to BCT or not also needs testing in a prospective study. 

In conclusion, we have identified and validated a DBCG-RT profile attaining prognostic and 

predictive impact in relation to adjuvant radiotherapy after mastectomy. The gene-profile allowed 

the identification of patients not benefitting from radiotherapy in terms of LRR, and describes 

characteristics not already embraced by clinico-pathological variables. 
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Figure legends 

 

Figure 1. Plot of cumulative incidence proportion of loco-regional recurrence (LRR) risk showing a 

prognostic impact of the identified DBCG-RT profile. LRR risk in the subgroup of 94 patients in 

the training set of high-risk breast cancer patients who were treated with systemic treatment alone 

and did not receive post-mastectomy radiotherapy (PMRT), is plotted as a function of two risk 

groups (“high LRR risk” vs. “low LRR risk”). 20-year actuarial recurrence probabilities are stated 

in the figure. 95% CIs are presented for hazard ratios (HR) adjusted for lymph nodal status and 

advanced local disease. P-values are tested by log-rank test.  

 

Figure 2. Predictive impact of the identified DBCG-RT profile is presented in the training set of 

191 patients (A,B), in the subset of 146 patients from the training set, where FFPE was available 

(C,D), and in 112 high-risk breast cancer patients constituting the validation set (E,F). Patients are 

divided according to risk group, and cumulative incidence proportions of loco-regional recurrence 

(LRR) plotted as a function of PMRT in “high LRR risk” groups (A,C,E) and “low LRR risk” 

groups (B,D,F). 20-year actuarial recurrence probabilities are stated in the figures. 95% CIs are 

presented for hazard ratios adjusted for lymph nodal status and advanced local disease. P-values are 

tested by log-rank test. 
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Table 1. Distribution of clinico-pathological parameters among 191 patients included in the training 

set, randomly assigned to receive post-mastectomy radiotherapy (PMRT) or not receive PMRT (No 

PMRT), and stratified according to the DBCG-RT profile (“low LRR risk” vs. “high LRR risk”) 

determined from microarray analysis based on fresh frozen tissue. 

Training set 
All patients 

(n=191) 
 

”Low LRR risk” 
(n=48) 

”High LRR risk” 
(n= 143) 

P* 
No PMRT 

(n= 25) 
PMRT 

(n=23 ) 
No PMRT 

(n= 69) 
PMRT 
(n=74) 

Patient/tumor data n (%) n (%) n (%) n (%) n (%)  
Age (years)           0.29 
 Median 55 61 53 56 55  
 Range (30-68) (36-68) (39-68) (31-68) (30-68)  
 < 50 years 63 33 9 36 10 43 23 33 21 28  
 ≥ 50 years 128 67 16 64 13 57 46 67 53 72  
Menopausal status           1.00 
 Pre-menopausal 87 46 9 36 13 57 32 46 33 45  
 Post-menopausal 104 54 16 64 10 43 37 54 41 55  
Tumour size           0.44 
 < 20 mm 56 29 6 24 5 22 19 28 26 35  
 21-50mm 107 56 15 60 16 70 37 54 39 53  
 > 50 mm 28 15 4 16 2 9 13 19 9 12  
Malignancy grade           0.12 
 Grade I 41 21 8 32 6 26 16 23 11 15  
 Grade II 97 51 13 52 13 57 32 46 39 53  
 Grade III 45 24 4 16 4 17 17 25 20 27  
 Unknown 8 4 0 0 0 0 4 6 4 5  
Histology type           0.95 
 Ductal carcinoma 160 84 21 84 21 91 54 78 64 86  
 Lobular carcinoma 24 13 3 12 2 9 11 16 8 11  
 Other carcinomas 6 3 1 4 0 0 4 6 1 1  
 Unknown 1 1 0 0 0 0 0 0 1 1  
Estrogen receptor 
status†           <0.001 
 Negative 53 28 1 4 3 13 26 38 23 31  
 Positive 138 72 24 96 20 87 43 62 51 69  
HER2 status‡           0.13 
 Negative 143 75 22 88 18 78 49 71 54 73  
 Positive 48 25 3 12 5 22 20 29 20 27  
Positive nodes           0.45 
 None 11 6 1 4 2 9 5 7 3 4  
 1-3  98 51 15 60 13 57 32 46 38 51  
 ≥ 4  82 43 9 36 8 35 32 46 33 45  
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* Fisher exact test for comparison between “low LRR risk” vs. “high LRR risk”. 
† Estrogen receptor status determined by immunohistochemistry (10% cut off). 
 Supplemented with status determined from biochemistry measurements, if missing values (29 
pts.). 
‡ HER2 status determined by immunohistochemistry (HercepTest) and FISH if equivocal (2+). 
 Supplemented with status determined from gene expression, if missing values (31 pts.). 
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Table 2. Hazard ratios (HR) for patients treated with or without postmastectomy radiotherapy 
(PMRT) in "low LRR risk” and “high LRR risk" groups. Presented unadjusted and adjusted for 
lymph node status and locally advanced disease, with 95% confidence intervals (CI) 

 
All patients 
HR (95% CI) 

”Low LRR risk” 
HR (95% CI) 

”High LRR risk" 
HR (95% CI) 

Training set, FFT* n=191 n=48 n=143 
PMRT, unadjusted  0.23 (0.12-0.44)  1.20 (0.17-8.52)  0.17 (0.09-0.35) 
PMRT, adjusted  0.20 (0.10-0.38)  1.13 (0.14-9.15)  0.17 (0.08-0.34) 

Training set, FFPE† n=146 n=37 n=109 
PMRT, unadjusted  0.26 (0.13-0.53)  0.61 (0.10-3.72)  0.22 (0.10-0.48) 
PMRT, adjusted  0.23 (0.11-0.48)  0.58 (0.09-3.83)  0.20 (0.09-0.45) 

Validation set, FFPE n=112 n=22 n=90 
PMRT, unadjusted  0.13 (0.04-0.46)  n.e.#  0.13 (0.04-0.46) 
PMRT, adjusted  0.08 (0.02-0.29) n.e.  0.09 (0.02-0.31) 

* Fresh frozen tissue (FFT) 

† Formalin fixed, paraffin embedded (FFPE) 
# Not estimated (n.e.)
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