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Background

Ductal carcinoma in situ with microinvasion (DCISM) was defined as one or more foci of invasion beyond the basement membrane within 1 mm. The size of primary lesion is associated with axillary status and prognosis in patients with invasive breast cancer; thus, it is of interest to determine whether multiple foci of microinvasion are associated with a higher risk of positive axillary status or worse long-term outcomes in patients with DCISM.



Methods

This study identified 359 patients with DCISM who had undergone axillary evaluation at our institute from January 2006 to December 2015. Patients were categorized as one focus or multiple foci (≥2 foci) according to the pathological results. Clinicopathological features, axillary status, and disease-free survival rate were obtained and analyzed.



Results

Of 359 patients, 233 (64.90%) had one focus of microinvasion and 126 (35.10%) had multiple foci. Overall, 242 (67.41%) and 117 (32.59%) patients underwent sentinel lymph nodes biopsy (SLNB) and axillary lymph nodes dissection (ALND), respectively. Isolated tumor cells were found in four (1.11%) patients and axillary metastasis rate was 2.51%. Neither axillary evaluation methods (P = 0.244) nor axillary metastasis rate (P = 0.559) was significantly different between patients with one focus and multiple foci. In univariate analysis, patients with multiple foci tended to have larger tumor size (P < 0.001), higher nuclear grade (P = 0.001), and higher rate of lymphatic vascular invasion (P = 0.034). Also, the proportion of positive HER2 (P = 0.027) and Ki67 level (P = 0.004) increased in patients with multiple foci, while in multivariate analysis, only tumor size showed significant difference (P = 0.009). Patients with multiple foci were more likely to receive chemotherapy (56.35 vs 40.77%; P = 0.028). At median 5.11 years follow-up, overall survival rate was 99.36%. Patients with multiple microinvasive foci had worse disease-free survival rate compared with one-focus patients (98.29 vs 93.01%, P = 0.032).



Conclusion

Even though the numbers of microinvasion were different and patients with multiple foci of microinvasion tended to have larger tumor size, there was no higher risk of axillary involvement compared with patients with one focus of microinvasion, while patients with multiple microinvasive foci had worse DFS rate. Thus, DCISM patients with multiple foci of microinvasion may be the criterion for more aggressive local–regional treatment. Optimization of adjuvant therapy in DCISM patients is required.
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Introduction

Owing to the widespread adoption of screening for breast cancer and the improvements in the sensitivity of mammography, the diagnosis of ductal carcinoma in situ (DCIS) has increased dramatically over the past few decades according to the statistics (1). Due to the increase proportion of DCIS, a rare diagnosis called DCIS with microinvasion (DCISM) is also increasing. According to the staging system of the American Joint Committee on Cancer (AJCC), DCISM was defined as DCIS with one or more microscopic foci of invasion beyond the basement membrane within 1 mm in the longest diameter, which is identified in 10–20% of DCIS cases and approximately 1% of all breast cancers (2, 3). Patients with DCISM are generally considered to have a better prognosis than IDC, while worse than pure DCIS (4, 5).

The rarity of DCISM has made studies difficult, and the few studies of axillary management and outcomes in DCISM showed controversial results (6–14). Previous studies showed that the size of primary lesion is associated with axillary positivity and prognosis in patients with invasive breast cancer (15). Moreover, small, single institute studies have showed that the extent of microinvasion may be a predictive risk for axillary metastasis and worse prognosis (16). Thus, it is of interest to determine whether multiple foci of microinvasion is associated with a higher risk of positive axillary status or worse long-term outcomes in patients with DCISM.

We hypothesized that in the cohort of patients with DCISM, a significant association of multiple foci of microinvasion with axillary metastasis and worse prognosis might exist. In the current study, we report the incidence of axillary involvement and disease-free survival (DFS) in DCISM patients with a single versus multiple foci of microinvasion.



Materials and Methods

We retrospectively reviewed the medical records of patients diagnosed with DCISM who underwent axillary staging at our institute from January 2006 to December 2015. The inclusion criteria were as follows: (1) female patients diagnosed with DCISM on the final pathology; (2) underwent axillary staging. Patients were excluded if they had: (1) neo-adjuvant chemotherapy prior to surgery or (2) history of breast cancer. Data on age, BMI, clinical features, type of surgery and type of axillary procedure, and any adjuvant radiation therapy, hormonal therapy or chemotherapy were collected. Pathologic variables collected included histologic tumor type, histologic and nuclear grade, presence of lymphovascular invasion (LVI), and receptor status [estrogen receptor (ER) and human epidermal growth factor receptor 2 (HER2)] in microinvasive sites. Lesion size on pathology was defined as total extent of breast lesion with both DCIS lesion and microinvasive foci. The study was approved by the Ethics Committee of Jiaxing University.

Patients in this study received surgical excision in our institution, including total mastectomy and breast conserving surgery (BCS). Microinvasion was defined as invasive portion no more than 1 mm. Pathological results were reviewed for statements regarding number of invasive foci and categorized as having one focus or multiple foci (≥2 foci). The cutoff was selected according to the language used in the pathology reports. Immunostaining for ER was performed, and cases with more than 1% were considered as positive staining. HER2 positivity was defined as cases where immunohistochemistry staining was 3+ or 2+ with fluorescence in situ hybridization positivity. Sentinel lymph node biopsy (SLNB) positivity was defined as the presence of micrometastasis (>200 cells or >0.2 mm, but <2.0 mm) or macrometastasis (>2.0 mm) identified on hematoxylin and eosin (H&E) staining. SLNs were identified via methylthionine chloride injection and were assessed via serial sections with 100 μm of spacing between sections.

Date and status at last follow-up were collected. Recurrence events were recorded as local-regional (ipsilateral breast and chest wall, ipsilateral axillary or supraclavicular lymph nodes) and distant. Time to recurrence and time to death were measured from date of surgery and censored at the date of last follow-up for event free patients. Time to recurrence was censored at time of death. Patients with less than 6 months follow-up after surgery were not included in the survival analysis. Loss to follow-up was defined as patients with less than 3-year follow-up after surgery.

The clinicopathological characteristics were compared between patients with one focus and multiple foci of microinvasion and between patients who received and did not receive chemotherapy using chi-square test for categorical variables. Time-to-event outcomes were estimated using Kaplan–Meier methods and were compared across groups using the log-rank test. Cox regression model was used for multivariate analysis in survival. All statistical analysis was performed using SPSS statistical software version 18.0 (IBM, Chicago, IL, USA), and P values less than 0.05 were considered significant.



Results

A total of 359 patients with DCISM were identified, of which 233 (64.90%) had one focus of microinvasion and 126 (35.10%) had multiple foci. The median age of this cohort was 49 (range 26–83). The baseline characteristics of the cohort were shown in Table 1. Patients with multiple foci tended to have larger tumor size (P < 0.001), higher nuclear grade (P = 0.001), and higher rate of lymphatic vascular invasion (P = 0.034). Also, the proportion of positive HER2 (P = 0.027) and Ki67 level (P = 0.004) increased in patients with multiple foci. While in multivariate analysis, only tumor size showed significant difference (P = 0.009).


Table 1 | Baseline characteristics, univariate and multivariate analysis of clinicopathological factors in DCISM patients with one focus and multiple foci.



Overall, 242 (67.41%) and 117 (32.59%) patients underwent sentinel lymph nodes biopsy (SLNB) and axillary lymph nodes dissection (ALND), respectively. The medium number of SLNs was three [interquartile range (IQR) 2–4]. Isolated tumor cells (ITCs) were found in four (1.11%) patients and axillary metastasis rate was 2.51%. Neither axillary evaluation methods (P = 0.244) nor axillary metastasis rate (2.07 vs 3.42%, P = 0.559) was significantly different between patients with one focus and multiple foci (Table 2).


Table 2 | Number of microinvasive foci and rate of axillary metastasis with P values for comparison of rates between groups.



For patients who received BCS, 53.85% (14/26) received adjuvant radiation therapy. There were 17 patients who received adjuvant radiation therapy; all of them had one focus of microinvasion. There were differences in receipt of adjuvant systemic therapy in the two groups. Hormonal therapy was used more frequently in the one -focus group (49.36 vs 35.71%; P = 0.051), while chemotherapy was used more frequently in the multiple-foci group (56.35 vs 40.77%; P = 0.028), which can partly be explained by the different clinicopathological factors in these two groups. Also, we found that both the use of hormonal therapy and chemotherapy was more common among patients with positive axillary. Hormonal therapy was given to 55.56% of axillary-positive patients compared to 44.29% of axillary-negative patients (P = 0.111), which did not reach significant differences. Moreover, 66.67 and 45.71% of axillary-positive and axillary-negative patients received chemotherapy, respectively (P = 0.003).

In the subset of patients with negative axillary, multiple foci of microinvasion were also associated with adjuvant systemic therapy, suggesting that this pathologic factor may be used in decision making for adjuvant systemic therapy. Compared with patients with one focus of microinvasion, patients with multiple foci were more likely to receive chemotherapy: 55.74% (68/122) vs 40.35% (92/228), respectively (P = 0.029). However, they were less likely to receive hormonal therapy: 33.61% (41/122) vs 50.00% (114/228), respectively (P = 0.019). Furthermore, we divided patients with negative axillary into two groups by the usage of chemotherapy to further investigate whether the number of microinvasive foci was independently associated with chemotherapy (Table 3). In the univariate analysis, we found that most of the pathological factors were associated with chemotherapy. However, only tumor size, ER, and HER2 showed significant differences in multivariate analysis. Patients with larger tumor size (P = 0.008), negative ER (P = 0.023) and positive HER2 (P < 0.001) were more likely to receive chemotherapy. Thus, the number of microinvasive foci was not significantly associated with chemotherapy in patients with negative axillary.


Table 3 | Univariate and multivariate analysis of impact factors on chemotherapy in DCISM patients with negative axillary.



In this cohort, 313 (87.19%) patients were included in the survival analysis. The median follow-up was 61.27 months, which was 5.11 years for the total population and was similar for one-focus and multiple-foci groups. Overall survival rate was 99.36% for the total population. There were nine (2.88%) recurrences: four local and regional; four distant; and one concurrent local and distant (Supplementary Table 1). Kaplan–Meier analysis showed that patients with multiple microinvasive foci had worse DFS rate compared with one-focus patients (98.29 vs 93.01%, P = 0.032) (Figure 1). While, multivariate analysis showed that the only independent predictor for worse DFS was axillary metastasis status (Table 4). Compared with patients with no axillary metastasis, patients with positive axillary were 26.70-fold more likely to have worse DFS (P = 0.016).




Figure 1 | Comparison of DFS between one-focus and multiple-foci patients.




Table 4 | Multivariate analysis via Cox regression model for independent predictors on DFS.





Discussion

DCISM is rare, and there are controversial results reported on the outcomes of this subtype compared with pure DCIS and invasive breast cancer. Generally, the biological behavior and survival outcomes of DCISM were intermediate between those diagnosed with DCIS and invasive breast cancer. However, previous studies have shown conflicting results on both axillary metastasis and survival outcome of DCISM patients. In this current study, we focused on the association between extent of microinvasion foci in DCIS with axillary status and survival outcome.

Previous studies showed that the biological behavior of DCISM was worse than pure DCIS, such as larger tumors, higher tumor grade, human epidermal growth factor receptor 2 positivity, and a high Ki-67 index (14, 17, 18). In our study, we also found that DCIS patients with multiple foci of microinvasion had more aggressive biology than those with one focus of microinvasion. Patients with multiple foci tended to have larger tumor size, higher nuclear grade, and higher rate of lymphatic vascular invasion, which were all potential impact factors of worse prognosis. Also, there were more HER2 positivity and higher Ki67 level in patients with multiple foci. In multivariate analysis, we found that only tumor size showed a significant difference, indicating that DCIS patients with larger tumor (>2 cm) were more likely to have multiple invasive foci.

Currently, the extent of microinvasion in DCIS is not a factor included in the staging of breast cancer. Although the size of the tumor has clearly been associated with axillary status, and overall prognosis in patients diagnosed with invasive breast cancer, multiple foci of microinvasion in DCIS have not been consistently linked to outcomes above (13, 19). It seems possible that an increased disease burden with multiple foci of microinvasion can lead to worse outcomes, yet due to the rarity of this specific pathological pattern, the impact of the extent of microinvasion in DCIS on axillary metastasis and patient survival outcome has not been clearly described. Cindy B. Matsen et al. reported that extent of microinvasion in DCIS was not associated with axillary metastasis, showing that there was no higher risk of nodal involvement with multiple foci of microinvasion as compared to one focus (20). While, in other research, rates of axillary involvement differed in DCIS patients with different numbers of microinvasive foci, showing that 2.1% axillary metastasis in patients with one focus and 15.6% for multiple foci (P = 0.037) (21). There were few data on the long-term outcome of this specific pathological subtype, and results were inconsistent. Some indicated that different extent of microinvasive foci in DCIS had similar survival outcome, while others did not (21–23). A study from Canada showed that multiple foci of microinvasion were associated with higher risk of invasive local recurrence in DCIS patients received BCS (23). Another study also showed that multifocality in DCIS was associated with a worse survival in chemotherapy and trastuzumab-naive patients, while in multivariate regression analysis, the difference was statistically insignificant (21). In our study, the incidence of pathologically positive axillary metastasis in DCISM patients was 2.51%, which was comparable with previous studies (21, 24). We found that the axillary metastasis rate was similar in patients with one focus and multiple foci (2.07 vs 3.42%, P = 0.559). However, the extent of microinvasion was associated with DFS in DCIS patients. Compared with one-focus patients, patients with multiple foci had worse DFS rate (93.01 vs 98.29%, P = 0.032).

Notably, in our study, the mastectomy rate and ALND rate were both high. Over 80% of DCISM patients received mastectomy, and over 30% received ALND. This may be related to the characteristic of DCIS on preoperative imaging and potential underestimate of invasive breast cancer in patients diagnosed with DCIS by core needle biopsy. As we have known, the extent of DCIS lesions on preoperative imaging can be large and multicentric. Also, microinvasive foci were more likely to be found in larger background of DCIS than smaller lesion. Thus, these DCISM patients were more likely to receive mastectomy than BCS. Furthermore, the potential upstaging of DCISM to invasive breast cancer was an important issue for surgical options, especially axillary evaluation. Previous studies showed that about 14–32% of patients diagnosed with DCIS on core needle biopsy could be upstaged to invasive diseases after surgical excision (25–27). Also, the volume of breasts in eastern patients were smaller than western patients, which led to less BCS. And the increasing application of breast reconstruction was another important issue for surgical choices preferring mastectomy.

In this current study, we found that the usage of adjuvant therapy was different in patients with one focus or multiple foci of microinvasion, mostly due to the different clinicopathological factors in these two groups. All patients received adjuvant radiation therapy had one focus of microinvasion. Patients with one focus of microinvasion were more likely to had smaller tumor, which led to more possibility of BCS. Thus, adjuvant radiation therapy was more common among patients with one focus of microinvasion. Also, we found that both hormonal therapy and chemotherapy were more common among patients with positive axillary, which was reasonable because nodal metastasis was one of the powerful predictors of recurrence and survival in breast cancer. In patients with negative axillary, the extent of microinvasion in DCIS was not associated with adjuvant chemotherapy, while tumor size, ER, and HER2 did appear to influence this decision. Thus, multiple microinvasions alone was not a significant impact factor for decision on adjuvant chemotherapy.

For small breast tumors, especially DCIS or DCISM, whether they receive adjuvant therapy is always a dilemma. Some previous studies showed that patients with small tumors receiving systemic therapy were significantly younger and had lymph node metastasis, higher tumor grade, negative ER, and positive HER2 status (28–30). While other studies showed that no benefit was observed for adjuvant chemotherapy in very small tumors, such as T1mi, T1a, and T1b HER2-positive or triple-negative breast cancers with no axillary metastasis (31, 32). Also, studies showed that either aromatase inhibitors or tamoxifen could be an effective adjuvant treatment options in order to lower the risk of recurrent DCIS (33, 34). For DCIS or DCISM patients who received BCS, radiation therapy remains to be the standard of care (35, 36). Up to now, whether it is necessary to receive chemotherapy and target therapy in DCISM patients has not been addressed clearly. According to our findings, patients with larger tumor (>2cm), negative ER, and positive HER2 were more likely to receive chemotherapy. Also, previous studies have proved that tumor size, ER negativity, and HER2 overexpression promoted factors on invasion and metastasis in breast cancer (37, 38). Thus, we suggest that, in high-risk DCISM patients, adjuvant systemic therapy can be properly applied.

Interestingly, we found that almost all the recurrence patients in the cohort had overexpressed HER2, which was well-known by accelerating cell proliferation and enhancing malignant behavior (39, 40). For HER2 positive patients with adjuvant chemotherapy (n = 122), only 14 patients also administered Trastuzumab. With limited cases, we still found that patients who received Trastuzumab had no recurrence in a median follow-up of 24.80 months, while patients without Trastuzumab had 5.66% recurrence rate in a median follow-up of 24.20 months. In addition, compared with patients without Trastuzumab, patients received Trastuzumab had larger tumor size on average (3.9 vs 3.6 cm) and higher rate of multiple foci of microinvasion (64.3 vs 43.5%). Thus, HER2-positive patients with multiple foci of microinvasion could be considered for optimization of target therapy. Previous studies reported that HER2 overexpression was an independent predictor of invasive disease and poor prognosis, indicating that HER2 expression might be associated with an important pathway through which DCIS lesions may progress toward invasive lesions (18, 21, 41). Thus, HER2 overexpression in DCIS patients might be a predictor of the presence of invasive foci and long-term recurrence after surgery. For HER2 positive DCISM patients with other high risks of poor outcome, both adjuvant chemotherapy and target therapy could be considered.

There were several limitations to the present study. First, it was a retrospective study, which led to lower level of evidence. However, this study had a relatively large dataset with uniform inclusion and exclusion criteria. Second, some information was missing, which could lead to bias in the analysis. Furthermore, the pathological features were mixed. Grading criteria were for in situ lesions, while ER and HER2 status was in microinvasive sites because the invasive component was too small to adequately grade. Further assessment is needed to accurately select low-risk DCISM patients who can safely avoid axillary staging and adjuvant systemic therapy.



Conclusion

DCIS with microinvasion is a rare subgroup in breast cancer patients and presents a therapeutic conundrum. Even though the numbers of microinvasion were different and patients with multiple foci of microinvasion tended to have larger tumor size, there was no higher risk of axillary involvement compared with patients with one focus of microinvasion. While, patients with multiple microinvasive foci had worse DFS rate. Thus, DCISM patients with multiple foci of microinvasion may be the criterion for more aggressive local–regional treatment, especially in HER2 positive patients. Optimization of adjuvant therapy in DCISM patients is required.
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