Gene-expression profiling in primary breast cancer distinguishes
patients developing local recurrence after breast-c onservation surgery,
with or without postoperative radiotherapy
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Gene-expression analysis

RNA was extracted from freshly frozen invasive breast tumors as previously described
[28]. The RNA quality was assessed using an Agilent 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA) and RNA Integrity Number (RIN) method [29] was used to
validate the RNA-quality. Twenty-one samples were excluded due to RIN-values <6.
Labeling and hybridization was done as previously described [28]. Using Human Genome
Oligo Set Version 2.1 (containing 21329 70-mer probes) and Human Genome Oligo Set
Version 2.1 Upgrade 27 (containing 5462 70-mer probes) oligonucleotide arrays were
produced by the Swegene DNA Microarry Resource Centre, Lund University [30]. In
inclusion step 1, probes were printed in duplicate creating 55K slides, and in inclusion step

2, in singleton creating 27K slides.

Statistics

Wilcoxon rank sum tests, Sammon maps and support vector machine (SVM)
classifications [31] were performed with the statistical language R [32] using the libraries
MASS (Sammon) and el071 (SVM). For the SVM, only genes with no missing values
were used. The numbers of genes with no missing values were for the LR+RT+ vs. LR-
RT+/LRRT , 9128, 13362, and 8834 forthe estrogen- receptor-positive, estrogen-
receptor-negative- and combined estrogen-receptor groups, respectively. For the LR+RT
vs. LR RT, they were 11209, 13547, and 10658, respecti vely. For the wound response
genes, the corresponding numbers were 93, 120, 91, for the LR+RT+ vs.
LR RT+/LR RT and 105, 122, and 99 for the LR+RT  vs. LR RT . Leave-one-out cross
validation was used. When a sample was left out, the SVM was trained on the remaining
samples, and the distance to the maximal margin hyperplane (the decision value) was

calculated for the left out sample. A linear kernel was used and the cost of constraints












when using a predefined wound-response signature gene list. One reason for not finding a
significant profile when using the entire gene set may be that their material, which included
17 local recurrences, was more heterogeneous than ours, with regard to tumor-free
margins, tumor size, lymph-node-status, and dose of radiotherapy. Furthermore, they did
not separate the samples with regard to estrogen-receptor-status. Estrogen-receptor-
positive and estrogen-receptor-negative breast cancers are known to have distinct gene-
expression profiles, and indeed we found a stronger gene-expression profile when
including estrogen-receptor-positive tumors only, compared to when estrogen-receptor-
negative tumors were included (ROC-area 0.91 compared to 0.83). This finding further
strengthened the notion that estrogen-receptor-positive and estrogen-receptor-negative
breast cancer should be handled as two separate entities when evaluating gene-
expression data, as has previously been stated by authors in analyses of gene-expression
profiles associated with distant metastases [14, 24, 39]. In our material the wound-
response signature genes were able to predict local recurrence within both the estrogen-
receptor-positive group and estrogen-receptor-negative group with reasonable accuracy,
whereas the prediction in the combined group was rather weak. For the estrogen-receptor-
positive group and the combined group, the classification performance is inferior to the
results obtained with all genes. This degradation of performance shows that the advantage
of restricting to the focused set of wound-response signature genes, which are known to
be relevant to cancer, is outweighed by the loss of information of discarding the majority of
the genes. The reason that the SVM using all genes was so much better at classifying the
combined group than the wound-response signature genes is probably that the estrogen-
receptor signal is contained in the full gene set, but more or less absent in the wound-
response signature genes. Looking at individual samples, it is seen that the samples that

were misclassified with all genes were also misclassified with the wound-response
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Conclusion

In conclusion, we have found a very promising gene-expression profile for predicting local
recurrence despite radiotherapy a profile that migh t be associated with radio-resistance.
The signature provides substantially added value to the conventional factors used to
predict risk of local recurrence. If being confirmed in further studies, this profile might be a

most important tool in the decision-making for type of surgery and adjuvant therapy.

List of Abbreviations

GO = Gene Ontology; LR+RT+ = local recurrence developed after radiotherapy; LR RT+
= No local recurrence after radiotherapy; LR+RT = lo cal recurrence developed, no
radiotherapy given; LR RT = No local recurrence, no r adiotherapy given; RIN = RNA
Integrity Number; ROC = the Receiver Operating Characteristics; SVM = support vector

machine.

Competing interests

The authors declare that they have no competing interests.

17



References

10.

11.

12.

13.

14.

15.

Early Breast Cancer Trialists’Collaborative Group; Effects of chemotherapy and
hormonal therapy for early breast cancer on recurrence and 15-year survival: an
overview of the randomised trials. Lancet 2005, 365:1687-1717.

Voogd AC, Nielsen M, Peterse JL, Blichert-Toft M, Bartelink H, Overgaard M, van
Tienhoven G, Andersen KW, Sylvester RJ, van Dongen JA: Differences in risk factors for
local and distant recurrence after breast-conserving therapy or mastectomy for stage |
and Il breast cancer: pooled results of two large European randomized trials. J Clin
Oncol 2001, 19:1688-1697.

Fredriksson I, Liljegren G, Palm-Sjovall M, Arnesson LG, Emdin SO, Fornander T,
Lindgren A, Nordgren H, Idvall I, Holmqvist M et al: Risk factors for local recurrence
after breast-conserving surgery. Br J Surg 2003, 90:1093-1102.

Leopold KA, Recht A, Schnitt SJ, Connolly JL, Rose MA, Silver B, Harris JR: Results of
conservative surgery and radiation therapy for multiple synchronous cancers of one
breast. Int J Radiat Oncol Biol Phys 1989, 16:11-16.

Kurtz JM, Jacquemier J, Amalric R, Brandone H, Ayme Y, Hans D, Bressac C, Spitalier
JM: Breast-conserving therapy for macroscopically multiple cancers. Ann Surg 1990,
212:38-44.

Jacquemier J, Kurtz JM, Amalric R, Brandone H, Ayme Y, Spitalier JM: An assessment of
extensive intraductal component as a risk factor for local recurrence after breast-
conserving therapy. Br J Cancer 1990, 61:873-876.

Jobsen JJ, van der Palen J, Meerwaldt JH: The impact of age on local control in women
with pT1 breast cancer treated with conservative surgery and radiation therapy. Eur J
Cancer 2001, 37:1820-1827.

Magee B, Swindell R, Harris M, Banerjee SS: Prognostic factors for breast recurrence
after conservative breast surgery and radiotherapy: results from a randomised trial.
Radiother Oncol 1996, 39:223-227.

Borger J, Kemperman H, Hart A, Peterse H, van Dongen J, Bartelink H: Risk factors in
breast-conservation therapy. J Clin Oncol 1994, 12:653-660.

Cheng SH, Horng CF, Clarke JL, Tsou MH, Tsai SY, Chen CM, Jian JJ, Liu MC, West M,
Huang AT et al: Prognostic index score and clinical prediction model of local regional
recurrence after mastectomy in breast cancer patients. Int J Radiat Oncol Biol Phys
2006, 64:1401-1409.

Liljegren G, Lindgren A, Bergh J, Nordgren H, Tabar L, Holmberg L: Risk factors for
local recurrence after conservative treatment in stage | breast cancer. Definition of a
subgroup not requiring radiotherapy. Ann Oncol 1997, 8:235-241.

van 't Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA, Mao M, Peterse HL, van der
Kooy K, Marton MJ, Witteveen AT et al: Gene expression profiling predicts clinical
outcome of breast cancer. Nature 2002, 415:530-536.

van de Vijver MJ, He YD, van't Veer LJ, Dai H, Hart AA, Voskuil DW, Schreiber GJ,
Peterse JL, Roberts C, Marton MJ er al: A gene-expression signature as a predictor of
survival in breast cancer. The New England journal of medicine 2002, 347:1999-2009.
Wang Y, Klijn JG, Zhang Y, Sieuwerts AM, Look MP, Yang F, Talantov D, Timmermans
M, Meijer-van Gelder ME, Yu J et al: Gene-expression profiles to predict distant
metastasis of lymph-node-negative primary breast cancer. Lancet 2005, 365:671-679.
Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees CA, Pollack JR, Ross DT,
Johnsen H, Akslen LA et al: Molecular portraits of human breast tumours. Nature 2000,
406:747-752.

19









Table 1 (part a). Clinical and pathological characteristics of the 143 patients in Inclusion 1 and 2.

All LR+ RT+ LR RT+
(n=30) (n=47)
Time to LR months (median) 50 -
range 8-149 -
Follow up months (median) - 85
range - 62-231
Tamoxifen 6 1
Chemotherapy 0 0
Tamoxifen and chemo 0 0
No adjuvant treatment 24 46
Inclusion 1 and 2 Incl. 1 Incl. 2 Incl. 1
Menopause pre 12 5 13
post 7 1 33
not available 0 5 1
Age at operation years (median) 48 47 57
range 27-63 34-73 33-73
Size mm (median) 14 15 15
range 2-32  10-20 4-22
not available 0 2% 0
Grade 1 3 3 22
2 8 6 13
3 7 1 10
not available 1 1 2
ER positive 9 11 421
negative 10 0 5
PgR positive 5 9 31
negative 13 2 11
not available 1 0 5
Health Care Region South 8 2 30
West 2 0 9
South-East 0 9 0
Stockholm 9 0 8

*One T1 and one T2.
Abbreviations: LR, local recurrence; RT, radiotherapy; ER, estrogen-receptor, PgR, progesterone-
receptor
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Figure legends

Figure 1. Hypothetical clinical routine scheme. A hypothetical clinical routine scheme for

the choice of surgery and radiotherapy after preoperative gene-expression analysis.

Figure 2. A Sammon map. A Sammon map of the 100 estrogen-receptor-positive patients
within the LR+RT+ group (red dots, 20 patients) and the LR RT+/LR RT group (blue
dots, 80 patients). The Sammon map was performed with all 26,824 reporters. Euclidean

distance in log2 expression values was used as the distance measure.

Figure 3. ROC-curves for the SVM classification of LR+RT+ vs LR RT+/LR RT within
the estrogen-receptor-positive (ER+) group (left part) and estrogen-receptor-negative
(ER-) group (right part). The specificity is defined as the fraction of the LR RT+/LR RT
patients correctly classified, and the sensitivity as the fraction of the LR+RT+ patients

correctly classified.

Figure 4. The 81 most important genes. A heatmap of 81 genes (rows) and 100 patients
(columns) with patients ordered according to their leave-one-out SVM classification value;
estrogen-receptor-positive patients within LR+RT+ (red, n=20) and LR RT+/LR RT

(blue, n=80) groups. The gene selection and ordering is described in the text. Expression
values are logarithmically transformed, centred around zero, and normalized to unit

standard deviation.
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