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Abstract

:

Simple Summary


Adjuvant treatments after breast-conserving surgery (BCS) in ductal carcinoma in situ (DCIS) have shown to reduce the risk of ipsilateral breast tumor relapse (IBTR), but its effect on overall survival remains controversial. Due to this argument, some nomograms tried to select the patients who may benefit the most to these not free of side-effects adjuvant treatments. In this study, an external validation of the Memorial Sloan Kettering Cancer Center (MSKCC) nomogram was performed not reaching statistical significance in a Spanish cohort of patients. Nonetheless, the expression of estrogen receptors, not included in the MSKCC nomogram, showed potential prediction power for IBTR in the studied population and may be considered in future nomograms.




Abstract


Background: Adjuvant radiotherapy and hormonotherapy after breast-conserving surgery (BCS) in ductal carcinoma in situ (DCIS) have been shown to reduce the risk of local recurrence. To predict the risk of ipsilateral breast tumor relapse (IBTR) after BCS, the Memorial Sloan Kettering Cancer Center (MSKCC) developed a nomogram to analyze local recurrence (LR) risk in our cohort and to assess its external validation. Methods: A historical cohort study using data from 296 patients treated for DCIS at the Hospital Clínic of Barcelona was carried out. Patients who had had a mastectomy were excluded from the analysis. Results: The mean age was 58 years (42–75), and the median follow-up time was 10.64 years. The overall local relapse rate was 13.04% (27 patients) during the study period. Actuarial 5- and 10-year IBTR rates were 5.8 and 12.9%, respectively. The external validation of the MSKCC nomogram was performed using a multivariate logistic regression analysis on a total of 207 patients, which did not reach statistical significance in the studied population for predicting LR (p = 0.10). The expression of estrogen receptors was significantly associated with a decreased risk of LR (OR: 0.25; p = 0.004). Conclusions: In our series, the LR rate was 13.4%, which was in accordance with the published series. The MSKCC nomogram did not accurately predict the IBTR in this Spanish cohort of patients treated for DCIS (p = 0.10).
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1. Introduction


Ductal carcinoma in situ (DCIS) is a proliferation of malignant cells limited to ductal units that do not invade through the basement membrane and, as such, are theoretically incapable of spreading to regional lymph nodes or metastasizing. DCIS comprises approximately 20% of mammographically detected breast cancer cases [1], but if relapse after local treatment for DCIS occurs, 50% of recurrences present as an invasive ductal carcinoma, which shortens the life of these patients [2,3,4].



Four randomized trials and a meta-analysis have already proven that whole-breast radiotherapy (WBRT) after breast-conserving surgery (BCS) for DCIS reduced the risk of ipsilateral breast tumor relapse (IBTR) by 40 to 60% [2,3,4,5,6,7]. The National Surgical Adjuvant Breast and Bowel Project B-17 trial and other metanalyses confirmed that all DCIS subgroups benefited from postoperative WBRT [3,4,5], which decreased IBTR. As a result of these data, BCS followed by WBRT has become the standard treatment for all patients presenting with DCIS, even though WBRT did not lead to a significant increase in overall survival [4].



Similarly, endocrine therapy (ET) for DCIS has also been proven to reduce the incidence of IBTR and contralateral tumors, but it has had no effect on overall survival [4,5,6,7,8]. In an NSABP B-24 trial, patients presenting with DCIS and positive estrogen receptor (ER) benefitted from tamoxifen [9]. Since then, the National Comprehensive Cancer Network (NCCN) has recommended ER-staining of DCIS to guide adjuvant ET recommendations [10], while progesterone receptor (PR) and HER2 status are currently not routinely used for DCIS decision making.



Nevertheless, considering the lack of effect that WBRT and ET had on overall survival, some authors suggested that a subgroup of patients may benefit from omitting these therapies and that the potential advantage of these adjuvant treatments has to be balanced against potential morbidity [11]. Moreover, to select which patients should receive adjuvant therapies for DCIS remains controversial. The Van Nuys Prognostic Index (VNPI) was developed to aid clinical decision making by stratifying IBTR risk according to nuclear grade, the presence of necrosis, margin width, and later age, to choose between excision alone, excision with radiation therapy, or mastectomy [12,13]. However, the validity of VNPI remains open to discussion due to conflicting reports from external data sets [14,15,16,17].



Afterwards, the Memorial Sloan Kettering Cancer Center (MSKCC) nomogram was developed to assist physicians in making decisions about the various treatment options to avoid the over- or undertreatment of noninvasive breast cancer [18]. This DCIS nomogram integrates 10 clinicopathologic variables to provide an individualized risk estimate of IBTR in a woman with DCIS who received BCS.



The aim of this study was to analyze the local recurrence (LR) risk in a Spanish cohort and assess the external validation of the MSKCC nomogram to predict the risk of ipsilateral breast tumor relapse (IBTR) after BCS.




2. Methods


2.1. Design and Subjects


A historical cohort study was carried out using data from 296 patients treated for DCIS at the Hospital Clínic of Barcelona between 1999 and 2019. Thirty percent (89) of the patients had had a mastectomy and were excluded from the analysis (Figure 1).



This study was approved by the Ethics Committee of the Hospital Clínic of Barcelona, Spain (HCB/2022/0791), and all the patients gave their written informed consent.



The main outcome assessed among patients was the ipsilateral breast tumor relapse (IBTR). The following risk factors for IBTR were analyzed: age at diagnosis, family history, clinical presentation, nuclear grade, focality, comedonecrosis, final surgical resection margin, and the number of reinterventions and adjuvant treatments with radiotherapy and hormone therapy. These are the variables included in the MSKCC nomogram. Additionally, other risk factors were assessed in our cohort: estrogen and progesterone receptors, type of surgery, and pathological tumor size.



Family history was considered positive if a first-degree relative had been diagnosed with breast cancer. Presentation with clinical findings included women with DCIS detected by palpable mass. Margin width was classified as positive/close (≤2 mm) or negative (>2 mm); nuclear grade as low (1) or intermediate/high (2/3); focality as unifocal or multifocal; and comedonecrosis as present or absent. The positivity of the expression of estrogen and progesterone receptors was defined as a value ≥ 10%.



In our cohort, the standard of treatment with DCIS after local excision was WBRT. However, patients with small, low-grade tumors presenting wide margins of excision could choose to avoid it [2,3,4,5,6,7], and some declined WBRT despite the clinical recommendation. Endocrine therapy was advised for patients presenting with ER-positive DCIS.




2.2. Statistical Analysis


Statistical analyses were performed using the Software for Statistics and Data Science release 15.1 (STATA: StataCorp LLC, College Station, TX, USA). Descriptive analyses of quantitative variables were made and presented as a mean ± standard deviation. Continuous variables were compared using Student’s t-test, and Kaplan–Meier curves were used to evaluate IBTR. Statistically significant differences among risk factors were evaluated independently using logistic regression. Odds ratios (ORs) from the univariate analysis of possible prognostic variables were assessed, and their 95% confidence intervals (CIs) were reported. To validate the predictive MSKCC model, a multivariate logistic regression using the model’s risk factors was performed. The odds ratios and their 95% CIs from this analysis were reported separately: p < 0.05 was considered statistically significant.



Finally, two internal validations of the MSKCC nomogram were conducted using bootstrap resampling and cross-validation. Hundreds of samples from the original sample were extracted and used to calculate the logistic model and provide an area-under-the-curve (AUC) analysis of the predictive model.





3. Results


Table 1 shows the cohort demographics. The mean age was 58 years (42–75) and the median follow-up time was 10.64 years (min 1 year–max 21 years). In total, 85% (174) of the patients underwent treatment with WBRT; the remaining 15% did not because the tumor was low-risk (small tumor, a low nuclear grade, correct resection margin) or because they refused despite the clinical recommendation. Only 59 patients (28%) adhered correctly to endocrine treatment despite the fact that 74% presented with positive estrogen receptors. The clinicopathologic characteristics of the entire population (n = 207) are presented in Table 1.



The IBTR rate was 13.04% (27/207) during the study period: 48.15% (13/27) of patients experienced DCIS recurrence, and 51.85% (14/27) experienced recurrence with invasive breast cancer. Actuarial 5- and 10-year IBTR rates for all patients were 5.8 and 12.9%, respectively.



Table 2 presents the results of the logistical regression analysis of risk factors for the 207 patients, but these did not make a significant difference to IBTR risk: age under 50 at diagnosis, family history, clinical presentation (in the form of a nodule), nuclear grade 2/3, pathological tumor size greater than 20 mm, presence of multifocality and comedonecrosis, non-expression of progesterone receptors, final resection margin less than 2 mm, more reinterventions, and the omission of adjuvant radiotherapy. However, the non-expression of estrogen receptors was significantly associated with a higher risk of LR (p = 0.004). The omission of adjuvant endocrine therapy presented a slight but insignificant tendency (OR 0.39) toward an increased risk of IBTR.



To perform the external validation of the MSKCC nomogram, a multivariate logistical regression was performed using the following variables: age, family history, clinical presentation, radiotherapy, endocrine therapy, nuclear grade, presence of comedonecrosis, non-expression of progesterone receptors, final resection margin, and number of reinterventions. No significant difference (p = 0.10) was reached in our study cohort for predicting IBTR risk using the nomogram variables in the multivariate logistical regression analysis.



A resampled bootstrap analysis that obtained a cross-validation of 1000 replications was used to validate the MSKCC nomogram internally in our patients’ cohort; obtain an area-under-the-curve (AUC) of 0.7268212; a bootstrap standard error = 0.0622864; and a 95% CI = 0.6047422–0.8489002.



Regarding patient survival, by the end of the study, 93.2% (193/207) were alive, 0.9% (2/207) had died of breast cancer, and 5.8% (12/207) died of other causes.




4. Discussion


This study evaluated DCIS relapses in a Spanish cohort of women and showed a 13.04% risk of IBTR. The main finding of this study is that the MSKCC nomogram did not accurately predict the IBTR in patients treated for DCIS. According to our data, the only risk factor that showed a statistically significant relation to the relapse was the absence of estrogen receptors expression, which is actually not a variable included in the assessed MSKCC nomogram.



DCIS is a heterogeneous disease with a large number of clinical and pathologic variables that can influence the risk of IBTR [19]. These include age [20,21,22], clinical presentation [21,22,23], family history [24], multifocality [25], size [13], margin status [26], volume of disease at closest margin [27], histopathologic features such as nuclear grade [28], estrogen and progesterone receptors, presence of necrosis, and architectural pattern [5,29], but these factors alone cannot predict the likelihood of local recurrence risk.



Nomograms are predictive models, based on statistics, that provide the overall probability of a specific outcome (IBTR) for an individual patient. In 2010, investigators from the Memorial Sloan Kettering Cancer Center (MSKCC) published a nomogram that predicted the 5- and 10-year individual probability of local relapse after breast-conserving surgery for DCIS. In this study, 1681 patients treated with BCS for DCIS were analyzed. The median follow-up period was 5.6 years. An IBTR occurred in 202 patients, 122 experienced a recurrence that presented with DCIS, and 80 presented with invasive breast cancer. Actuarial 5- and 10-year IBTR rates for all patients were 9 and 15%, respectively [18]. The MSKCC nomogram presented the results of the multivariate analysis for risk factors: age, family history, clinical presentation, radiotherapy, endocrine therapy, nuclear grade, presence of comedonecrosis, non-expression of progesterone receptors, final resection margin, and number of reinterventions.



However, this nomogram was only internally validated from 200 bootstrap samples, with an estimated concordance probability of 0.668; therefore, applicability to the external data sets was unclear. In addition, the inclusion of tumor size and the endocrine and molecular variables, which may have reflected tumor biology better, were not included [30,31,32]. For these reasons, we decided to test the value of the nomogram with our population to provide independent validation.



In our study, after the multivariate analysis of the MSKCC nomogram risk factors, no significant differences were obtained regarding the risk of IBRT (p = 0.10). Only the omission of adjuvant ET presented a slight but insignificant tendency (OR 0.39) to an increased risk of IBTR.



To perform external validation, the MD Anderson Cancer Center (MDACC) performed an external validation with the MSKCC nomogram (734 patients with a DCIS who had undergone local excision). The follow-up time in the MDACC cohort was longer than in the MSKCC cohort (median 7.1 vs. 5.6 years), and the recurrence rate was lower in the MDACC cohort (7.9 vs. 11%). Among the 794 patients, 63 (7.9%) developed IBTR; 57% of IBTRs were presented as an invasive disease (with or without DCIS), and 42.9% as DCIS. The IBTR rate was 4.7% at 5 years and 10.4% at 10 years. After the multivariable analyses, only the omission of ET and the initial presentation on the clinical exam in this cohort were significantly associated with an increased risk of IBTR, demonstrating that the nomogram did not accurately predict the IBTR [32].



Moreover, another external validation of the nomogram was carried out in an Asian population. A cohort of 716 patients presenting with DCIS was analyzed and had a median follow-up of 5.8 years. In total, 42 patients (5.9%) developed IBTR, and for 18 of them (42.9%), it was a recurrent invasive disease, whereas in the remaining 24 patients (57.1%), it recurred as DCIS. In the multivariate analysis of the external MSKCC nomogram validation, these three factors were found to affect IBTR risk significantly: non-use of adjuvant ET, presence of necrosis, and younger age at diagnosis [33].



Finally, an external validation of the MSKCC nomogram was carried out in 467 patients with DCIS at the University Hospital Leuven with a median follow-up of 7.2 years. IBTR was present in 48 (10.3%) patients, of whom 22 developed a pre-invasive lesion, and 26 had an invasive breast cancer relapse. Actuarial 5- and 10-year IBTR rates were 7.0 and 12.5%, respectively. Multivariable analyses of this group of patients were performed. The omission of adjuvant ET, younger age at diagnosis, and positive or close surgical margins were significantly associated with an increased risk of IBTR. The MSKCC nomogram in these series of patients was found to be externally valid [34].



According to reviewed studies, the MSKCC nomogram remains controversial due to the variability in the results among different centers [31,32,33,34]. When assessing it on a Spanish cohort of patients treated for DCIS, it did not present statistical significance. These results are in accordance with other studies assessing the external validation of the nomogram, such as the one presented by MDACC and Wang et al.



Interestingly, the present study assessed a relation to IBTR not only for the MSKCC nomogram-included variables, but other possible risk factor variables discarded by the MSKCC. As other authors have already suggested [35], among the risk factors assessed, those patients with a negative estrogen receptor had a significantly increased risk of IBTR. The lack of important molecular markers was the major weakness of the actual DCIS nomograms; therefore, according to different external validations of the MSKCC nomogram, it is probably not a very strong or reproducible prognostic tool. Further nomograms including molecular markers such as estrogen receptor positivity should be assessed in the future to provide a stronger DCIS prognostic tool.




5. Limitations


The number of patients was one of the limitations of our study, despite the fact that it is one of the longest follow-up studies evaluating DCIS recurrence. Another limitation was that we only used clinical and pathological factors to predict the probability of IBTR.




6. Conclusions


In our series, the local recurrence rate was 13.4%, which was in accordance with the published series. The MSKCC nomogram external validation in the present cohort did not reach statistical significance. Regarding other potential predictive IBTR risk factors, non-expression of estrogen receptors was significantly associated with an increased risk of local recurrence.



New molecular analyses in the diagnosis of DCIS and the combination of molecular biology and clinicopathological risk factors may define DCIS with a low and high risk of IBTR better and help clinicians individualize DCIS management.







Author Contributions


Writing—review & editing, G.O., E.M., C.P., H.C., L.F., I.T., I.C., X.C., S.G., B.U., X.B., B.G., E.S., S.V.-S., R.M., M.M. (Montserrat Muñoz), G.S. and M.M. (Meritxell Mollà). All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


This paper adheres to the law of Data Protection and was ethically conducted in accordance with the World Medical Association Declaration of Helsinki. The Ethics Committee of Hospital Clinic of Barcelona approved this study (HCB/2022/0791).




Informed Consent Statement


The patients gave written informed consent for the use of their data.




Data Availability Statement


All data were collected in an electronic database and managed in accordance with privacy regulations. Mension E. and Oses G. had full access to all the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. Data and materials will be shared when requested on individual demand to the corresponding author.




Acknowledgments


We would like to express our gratitude to all the participants of the study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Ernster, V.L.; Ballard-Barbash, R.; Barlow, W.E.; Zheng, Y.; Weaver, D.L.; Cutter, G.; Yankaskas, B.C.; Rosenberg, R.; Carney, P.A.; Kerlikowske, K.; et al. Detection of Ductal Carcinoma in Situ in Women Undergoing Screening Mammography. Gynecol. Oncol. 2002, 94, 1546–1554. [Google Scholar] [CrossRef] [PubMed]

	



Bijker, N.; Meijnen, P.; Peterse, J.L.; Bogaerts, J.; Van Hoorebeeck, I.; Julien, J.-P.; Gennaro, M.; Rouanet, P.; Avril, A.; Fentiman, I.S.; et al. Breast-Conserving Treatment with or Without Radiotherapy in Ductal Carcinoma-In-Situ: Ten-Year Results of European Organisation for Research and Treatment of Cancer Randomized Phase III Trial 10853—A Study by the EORTC Breast Cancer Cooperative Group and EORTC Radiotherapy Group. J. Clin. Oncol. 2006, 24, 3381–3387. [Google Scholar] [CrossRef]

	



Correa, C.; McGale, P.; Taylor, C. Overview of the randomized trials of radiotherapy in ductal carcinoma in situ of the breast. Early Breast Cancer Trialists Collaborative Group (EBCTCG). J. Natl. Cancer Inst. 2010, 41, 162Y177. [Google Scholar]

	



Wapnir, I.L.; Dignam, J.J.; Fisher, B.; Mamounas, E.P.; Anderson, S.; Julian, T.B.; Land, S.R.; Margolese, R.G.; Swain, S.; Costantino, J.P.; et al. Long-Term Outcomes of Invasive Ipsilateral Breast Tumor Recurrences After Lumpectomy in NSABP B-17 and B-24 Randomized Clinical Trials for DCIS. Gynecol. Oncol. 2011, 103, 478–488. [Google Scholar] [CrossRef] [PubMed]

	



Fisher, E.R.; Dignam, J.; Tan-Chiu, E. Pathologic findings from the National Surgical Adjuvant Breast Project (NSABP) eight-year update of protocol B-17: Intraductal carcinoma. Cancer 1999, 86, 429Y438. [Google Scholar] [CrossRef]

	



Holmberg, L.; Garmo, H.; Granstrand, B.; Ringberg, A.; Arnesson, L.-G.; Sandelin, K.; Karlsson, P.; Anderson, H.; Emdin, S. Absolute Risk Reductions for Local Recurrence After Postoperative Radiotherapy After Sector Resection for Ductal Carcinoma In Situ of the Breast. J. Clin. Oncol. 2008, 26, 1247–1252. [Google Scholar] [CrossRef]

	



Clarke, M.; Collins, R.; Darby, S.; Davies, C.; Elphinstone, P.; Evans, V.; Godwin, J.; Gray, R.; Hicks, C.; James, S.; et al. Effects of radiotherapy and of differences in the extent of surgery for early breast cancer on local recurrence and 15-year survival: An overview of the randomised trials. Lancet 2005, 366, 2087–2106. [Google Scholar] [CrossRef] [PubMed]

	



Cuzick, J.; Sestak, I.; Pinder, E.S.; Ellis, I.O.; Forsyth, S.; Bundred, N.J.; Forbes, J.F.; Bishop, H.; Fentiman, I.S.; George, W.D. Effect of tamoxifen and radiotherapy in women with locally excised ductal carcinoma in situ: Long-term results from the UK/ANZ DCIS trial. Lancet Oncol. 2011, 12, 21–29. [Google Scholar] [CrossRef] [PubMed]

	



Allred, D.C.; Anderson, S.J.; Paik, S.; Wickerham, D.L.; Nagtegaal, I.D.; Swain, S.M.; Mamounas, E.P.; Julian, T.B.; Geyer, C.E., Jr.; Costantino, J.P.; et al. Adjuvant Tamoxifen Reduces Subsequent Breast Cancer in Women with Estrogen Receptor–Positive Ductal Carcinoma in Situ: A Study Based on NSABP Protocol B-24. J. Clin. Oncol. 2012, 30, 1268–1273. [Google Scholar] [CrossRef] [PubMed]

	



Breast Cancer, Version 3.2022, NCCN Clinical Practice Guidelines in Oncology. Available online: https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf (accessed on 10 October 2022).

	



Ceilley, E.; Jagsi, R.; Goldberg, S.; A Kachnic, L.; Powell, S.N.; Taghian, A.G. The management of ductal carcinoma in situ in North America and Europe. Cancer 2004, 101, 1958–1967. [Google Scholar] [CrossRef]

	



Silverstein, M.J. The University of Southern California/Van Nuys prognostic index for ductal carcinoma in situ of the breast. Am. J. Surg. 2003, 186, 337–343. [Google Scholar] [CrossRef] [PubMed]

	



Silverstein, M.J.; Lagios, M.D. Choosing Treatment for Patients with Ductal Carcinoma In Situ: Fine Tuning the University of Southern California/Van Nuys Prognostic Index. JNCI Monogr. 2010, 2010, 193–196. [Google Scholar] [CrossRef]

	



De Mascarel, I.; Bonichon, F.; MacGrogan, G. Application of the Van Nuys Prognostic Index in a retrospective series of 367 ductal carcinomas in situ of the breast examined by serial macroscopic sectioning: Practical considerations. Breast Cancer Res. Treat. 2000, 61, 151–159. [Google Scholar] [CrossRef] [PubMed]

	



Boland, G.P.; Chan, K.C.; Knox, W.F.; A Roberts, S.; Bundred, N.J. Value of the Van Nuys Prognostic Index in prediction of recurrence of ductal carcinoma in situ after breast-conserving surgery. Br. J. Surg. 2003, 90, 426–432. [Google Scholar] [CrossRef] [PubMed]

	



MacAusland, S.G.; Hepel, J.T.; Chong, F.K.; Galper, S.L.; Gass, J.S.; Ruthazer, R.; Wazer, D.E. An attempt to independently verify the utility of the Van Nuys Prognostic Index for ductal carcinoma in situ. Cancer 2007, 110, 2648–2653. [Google Scholar] [CrossRef]

	



Gilleard, O.; Goodman, A.; Cooper, M. The significance of the Van Nuys prognostic index in the management of ductal carcinoma in situ. World J. Surg. Oncol. 2008, 6, 61. [Google Scholar] [CrossRef] [PubMed]

	



Rudloff, U.; Jacks, L.M.; Goldberg, J.I.; Wynveen, C.A.; Brogi, E.; Patil, S.; Van Zee, K.J. Nomogram for Predicting the Risk of Local Recurrence After Breast-Conserving Surgery for Ductal Carcinoma in Situ. J. Clin. Oncol. 2010, 28, 3762–3769. [Google Scholar] [CrossRef]

	



Simpson, P.T.; Da Silva, L.M.; Lakhani, S.R. In situ carcinoma: Can we predict which patient will come back with a recurrence? Cancer Cell 2007, 12, 409–411. [Google Scholar] [CrossRef]

	



Van Zee, K.J.; Liberman, L.; Samli, B. Long term follow-up of women with ductal carcinoma in situ treated with breast-conserving surgery: The effect of age. Cancer 1999, 86, 1757–1767. [Google Scholar] [CrossRef]

	



Fisher, B.; Dignam, J.; Wolmark, N. Tamoxifen in treatment of intraductal breast cancer: National Surgical Adjuvant Breast and Bowel Project B-24 randomised controlled trial. Lancet 1999, 353, 1993–2000. [Google Scholar] [CrossRef]

	



Vicini, F.A.; Kestin, L.L.; Goldstein, N.S. Impact of young age on outcome in patients with ductal carcinoma-in-situ treated with breast-conserving therapy. J. Clin. Oncol. 2000, 18, 296–306. [Google Scholar] [CrossRef]

	



Rudloff, U.; Brogi, E.; Ba, J.P.B.; Ba, J.I.G.; Cranor, M.; Wynveen, C.A.; Nehhozina, T.; Reiner, A.S.; Patil, S.; Van Zee, K.J. Concurrent lobular neoplasia increases the risk of ipsilateral breast cancer recurrence in patients with ductal carcinoma in situ treated with breast-conserving therapy. Cancer 2009, 115, 1203–1214. [Google Scholar] [CrossRef]

	



Hiramatsu, H.; Bornstein, B.A.; Recht, A. Local recurrence after conservative surgery and radiation therapy for ductal carcinoma in situ: Possible importance of family history. Cancer J. Sci. Am. 1995, 1, 55–61. [Google Scholar] [PubMed]

	



Rakovitch, E.; Pignol, J.P.; Hanna, W. Significance of multifocality in ductal carcinoma in situ: Outcomes of women treated with breast-conserving therapy. J. Clin. Oncol. 2007, 25, 5591–5596. [Google Scholar] [CrossRef]

	



Silverstein, M.J.; Lagios, M.D.; Groshen, S. The influence of margin with on local control of ductal carcinoma in situ of the breast. N. Engl. J. Med. 1999, 340, 1455–1461. [Google Scholar] [CrossRef]

	



Rudloff, U.; Brogi, E.; Reiner, A. The influence of margin with and volume of disease near margin on benefit of radiation therapy for women with DCIS treated with breast-conserving therapy. Ann. Surg. 2010, 251, 583–591. [Google Scholar] [CrossRef] [PubMed]

	



Ringberg, A.; Nordgren, H.; Thorstensson, S. Histopathological risk factors for ipsilateral breast events after breast conserving treatment for ductal carcinoma in situ of the breast: Results from the Swedish randomised trial. Eur. J. Cancer 2007, 43, 291–298. [Google Scholar] [CrossRef]

	



Fisher, E.R.; Land, S.R.; Saad, R.S. Pathologic variables predictive of breast events in patients with ductal carcinoma in situ. Am. J. Clin. Pathol. 2007, 128, 86–91. [Google Scholar] [CrossRef] [PubMed]

	



Mazouni, C.; Delaloge, S.; Rimareix, F.; Garbay, J.-R. Nomogram for Risk of Relapse After Breast-Conserving Surgery in Ductal Carcinoma in Situ. J. Clin. Oncol. 2011, 29, e44. [Google Scholar] [CrossRef]

	



Ballehaninna, U.K.; Chamberlain, R.S. Inclusion of Tumor Biology Molecular Markers to Improve the Ductal Carcinoma In Situ Ipsilateral Breast Tumor Recurrence Nomogram Predictability. J. Clin. Oncol. 2011, 29, e97–e98. [Google Scholar] [CrossRef]

	



Yi, M.; Meric-Bernstam, F.; Kuerer, H.M.; Mittendorf, E.A.; Bedrosian, I.; Lucci, A.; Hwang, R.F.; Crow, J.R.; Luo, S.; Hunt, K.K. Evaluation of a Breast Cancer Nomogram for Predicting Risk of Ipsilateral Breast Tumor Recurrences in Patients with Ductal Carcinoma in Situ After Local Excision. J. Clin. Oncol. 2012, 30, 600–607. [Google Scholar] [CrossRef] [PubMed]

	



Wang, F.; Li, H.; Tan, P.; Chua, E.; Yeo, R.; Lim, F.; Kim, S.; Tan, D.; Wong, F. Validation of a Nomogram in the Prediction of Local Recurrence Risks after Conserving Surgery for Asian Women with Ductal Carcinoma in Situ of the Breast. Clin. Oncol. 2014, 26, 684–691. [Google Scholar] [CrossRef] [PubMed]

	



Sweldens, C.; Peeters, S.; van Limbergen, E. Local relapse after breast-conserving therapy for ductal carcinoma in situ: A European single-center experience and external validation of the Memorial Sloan-Kettering Cancer Center DCIS nomogram. Cancer J. 2014, 20, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Thorat, M.A.; Levey, P.M.; Jones, J.L.; Pinder, S.E.; Bundred, N.J.; Fentiman, I.S.; Cuzick, J. Prognostic Value of ER and PgR Expression and the Impact of Multi-clonal Expression for Recurrence in Ductal Carcinoma in situ: Results from the UK/ANZ DCIS Trial. Clin. Cancer Res. 2021, 27, 2861–2867. [Google Scholar] [CrossRef] [PubMed]








[image: Cancers 15 02392 g001 550] 





Figure 1. Historical cohort flowchart. 
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Table 1. The clinicopathologic characteristics of patients with DCIS treated with BCS.
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	Risk Factors
	n = 207 (%)



	Age
	



	<50 years
	27 (13)



	>50 years
	180 (87)



	Family history
	



	No
	107 (52)



	Yes
	15 (7)



	Unknown
	85 (41)



	Clinical presentation
	



	No
	194 (93.7)



	Yes
	13 (6.3)



	Nuclear grade
	



	1
	68 (32.8)



	2–3
	130 (62.8)



	Unknown
	9 (4.4)



	Pathological tumor size
	



	<20 mm
	142 (68.5)



	>20 mm
	62 (30)



	Unknown
	3 (1.5)



	Focality
	



	Unifocal
	176 (85)



	Multifocal
	31 (15)



	Comedonecrosis
	



	No
	90 (43.5)



	Yes
	114 (55)



	Unknown
	3 (1.5)



	Estrogen receptors
	



	Positive
	154 (74.4)



	Negative
	35 (16.9)



	Unknown
	18 (8.7)



	Progesterone receptors
	



	Positive
	108 (52.2)



	Negative
	73 (35.3)



	Unknown
	26 (12.5)



	Final surgical resection margin
	



	>2 mm
	166 (80.2)



	<2 mm
	40 (19.3)



	Unknown
	1 (0.5)



	Number of reinterventions
	



	1
	181 (87.5)



	2
	23 (11)



	3
	1 (0.5)



	Unknown
	2 (1)



	Radiotherapy
	



	No
	33 (15)



	Yes
	174 (85)



	Hormonotherapy
	



	No
	148 (71.5)



	Yes
	59 (28.5)
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Table 2. Univariate and multivariate analysis for risk factors of IBRT.
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Risk Factors

	
No IBRT

(n = 180)

	
IBRT

(n = 27)

	
Univariate OR and CI (95%)

	
Multivariate OR and CI (95%)

	
p






	
Included in MSKCC:




	
Age

	

	

	

	

	




	
<50 years

	
23 (12.8)

	
4 (14.8)

	
0.9 (0.9–1.0)

	
1.0 (0.9–1.1)

	
0.54




	
>50 years

	
157(87.2)

	
23 (85.2)

	

	

	




	
Family history

	

	

	

	

	




	
No

	
86 (47.7)

	
21 (77.8)

	

	

	




	
Yes

	
13 (7.2)

	
2 (7.4)

	
0.6 (0.1–3.0)

	
0.7 (0.1–3.6)

	
0.54




	
Unknown

	
81 (45.0)

	
4 (14.8)

	

	

	




	
Clinical presentation

	

	

	

	

	




	
No

	
171 (95.0)

	
23 (85.2)

	
3.3 (0.9–11.6)

	
7.0 (0.9–52.0)

	
0.08




	
Yes

	
9 (5.0)

	
4 (14.8)

	

	

	




	
Radiotherapy

	

	

	

	

	




	
No

	
28 (15.6)

	
5 (18.5)

	
0.8 (0.3–2.8)

	
1.3 (0.3–6.2)

	
0.69




	
Yes

	
152 (84.4)

	
22 (81.5)

	

	

	




	
Endocrine Therapy

	

	

	

	

	




	
No

	
125 (69.4)

	
23 (85.1)

	

	

	




	
Yes

	
55 (30.6)

	
4 (14.8)

	
0.4 (0.1–1.1)

	
0.4 (0.9–1.4)

	
0.07




	
Nuclear grade

	

	

	

	

	




	
1

	
59 (32.8)

	
9 (33.3)

	

	

	




	
2–3

	
115 (63.8)

	
15 (55.5)

	
0.9 (0.3–2.1)

	
1.2 (0.4–3.7)

	
0.69




	
Unknown

	
6 (3.3)

	
3 (11.1)

	

	

	




	
Comedonecrosis

	

	

	

	

	




	
No

	
78 (43.3)

	
12 (44.4)

	

	

	




	
Yes

	
100 (55.5)

	
14 (51.8)

	
0.9 (0.4–2.1)

	
0.7 (0.2–2.2)

	
0.82




	
Unknown

	
2 (1)

	
1 (3.7)

	

	

	




	
Final surgical resection margin

	

	

	

	

	




	
>2 mm

	
147 (81.7)

	
19 (70.3)

	

	

	




	
<2 mm

	
33 (18.3)

	
7 (25.9)

	
1.6 (0.6–4.2)

	
1.8 (0.5–6.0)

	
0.31




	
Unknown

	
0 (0)

	
1 (3.7)

	

	

	




	
Number of reinterventions

	

	

	

	

	




	
1

	
159 (88.8)

	
22 (81.4)

	

	

	




	
2

	
19 (10.6)

	
4 (14.8)

	
1.5 (0.5–4.8)

	
1.6 (0.5–6.0)

	
0.49




	
3

	
1 (0.0)

	
0 (0)

	

	

	




	
Unknown

	
1 (0.0)

	
1 (3.7)

	

	

	




	
Other Risk Factors:




	
Pathological tumor size

	

	

	

	

	




	
<20 mm

	
122 (67.8)

	
20 (74.1)

	

	

	




	
>20 mm

	
56 (31.1)

	
6 (22.2)

	
0.6 (0.2–1.7)

	

	
0.28




	
Unknown

	
2 (1.1)

	
1 (3.7)

	

	

	




	
Focality

	

	

	

	

	




	
Unifocal

	
153 (85.0)

	
23 (85.2)

	
1.0 (0.3–3.0)

	

	
0.97




	
Multifocal

	
27 (15.0)

	
4 (14.8)

	

	

	




	
Estrogen receptors

	

	

	

	

	




	
Positive

	
140 (77.8)

	
14 (51.8)

	

	

	




	
Negative

	
25 (13.9)

	
10 (37.0)

	
0.3 (0.1–0.6)

	

	
0.004




	
Unknown

	
15 (8.3)

	
3 (11.1)

	

	

	




	
Progesterone receptors

	

	

	

	

	




	
Positive

	
95 (52.8)

	
13 (48.1)

	

	

	




	
Negative

	
62 (34.4)

	
11 (40.7)

	
0.7 (0.3–1.8)

	

	
0.55




	
Unknown

	
23 (12.8)

	
3 (11.1)
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