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Tumor-Infiltrating Lymphocytes (TILs) and Risk of a Second Breast Event After a Ductal Carcinoma in situ
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Women with a diagnosis of ductal carcinoma in situ (DCIS) have a high risk of developing a second breast event (SBE). The immune system might play a role in trying to prevent a SBE. Patients diagnosed with DCIS were identified in the population-based cancer registry of Area Vasta Romagna from 1997 to 2010. Median follow-up is 8.5 years. Tumor-infiltrating lymphocytes (TILs) were evaluated both in index DCIS and in SBE. The main endpoint was to assess the association between TILs' levels in index DCIS and risk of a SBE. Out of 496 DCIS patients, 100 SBEs (20.2%) were identified: 55 ipsilateral (11.1%) and 43 contralateral (8.7%). The distribution of TILs was heterogeneous, but significantly associated with grade, necrosis, screen detection and type of surgery. Patients stratified according to TILs percentage (≤5% and >5%) did not show a statistically significant difference in the 5-year cumulative incidence of SBEs: 14.9% (95% CI 11.3–19.1) and 11.0% (95% CI, 6.9–16.2), respectively (p = 0.147). In the subgroup of patients who did not receive radiotherapy, TILs >5% were associated with a reduced risk of SBE (HR 0.34, 95% CI 0.14–0.82, p = 0.016). Although we did not find any significant association between TILs and SBE, further studies evaluating their role according to radiotherapy are warranted.
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BACKGROUND

Ductal carcinoma in situ (DCIS) is a malignant, clonal proliferation of cells growing within the basement membrane-bound structures of the breast and with no evidence of invasion into surrounding stroma (1). Although concern regarding the overtreatment of DCIS was recently raised (2), the association between screen-detected DCIS and subsequent invasive breast cancers suggests that detection and treatment of DCIS is worthwhile in prevention of future invasive disease and thus reduce breast cancer mortality (3, 4).

Patients with DCIS are at higher risk of a second breast cancer event (SBE), being it an in situ proliferation or an infiltrating carcinoma (1). Many factors impact on recurrence risk, (5) including patient age, tumor size, nuclear grade and margin width (6, 7). The relative importance of these factors remains controversial, and more recently complex nomograms (8), gene expression signatures (9), and proliferation markers (10) were evaluated to help in defining the risk of relapse, but are not used routinely yet.

A DCIS diagnosis increases the risk of a contralateral breast event (CBE), with almost twice the risk of the general population for a contralateral infiltrating carcinoma, independently of surgery, radiotherapy, age at diagnosis, histological subtype (comedocarcinoma vs. non-comedocarcinoma) and anatomical position of index DCIS (11). Hormonal therapy is the only factor having demonstrated to reduce the risk of CBE (12–14).

The increasing incidence of DCIS, likely to be sustained by the enhanced visualization that digital mammography provides, translates however in uncommonly recurrent DCIS or invasive cancers (4). In this context, validated prognostic factors for ipsilateral breast event (IBE) are few and even less if we consider CBE. Recently, tumor-infiltrating lymphocytes (TILs) proved to be associated with a better prognosis in HER2-positive and triple negative infiltrating breast carcinoma (15–18), and have been proposed as a reliable surrogate of the adaptive immune response. However, the issue of potential overtreatment of DCIS and the need of improvement in selection of adjuvant therapies remain unmet medical needs. In this context, we aimed to investigate the distribution and clinical implications of TILs in the DCIS setting regarding a SBE (both IBE and CBE).



PATIENTS AND METHODS


Study Population

The study cohort consisted of all consecutive women diagnosed with incident DCIS between January 1st 1997 and December 31st 2010, identified through the “Area Vasta Romagna Cancer Registry” (R.T.Ro.). The reason for starting our observation time in 1997 is due to the fact that in 1997 started the mammography screening programme and so before this year data may be more fragmentary. R.T.Ro. was established in 1986 and since then it registers regularly all the cases of cancer diagnosed in the Romagna region, covering a population of 1.159.218 inhabitants. In order to retrieve information on SBEs and death, registry data were integrated with an extended medical chart review until August 30th 2015.

In situ breast carcinomas were identified using D051, D057, and D059 codes according to the 10th edition of the International Classification of Diseases (ICD-10). In order to identify only DCIS, histology of breast cancer based on the 3rd edition of the International Classification of Diseases for Oncology (ICD-O-3) was also used: ductal carcinoma in situ (8500/2, 8501/2, 8503/2). In accordance with ICD-O-3, diagnosis of 8520/2, corresponding to lobular neoplasms in situ, were excluded. Other exclusion criteria for the present study were: previous diagnosis of a breast cancer (DCIS or invasive, antecedent to the index DCIS), presence of microinfiltrating or infiltrating ductal carcinoma, synchronous bilateral breast cancer, and a diagnosis of a SBE within 6 months from the surgical removal of the index DCIS.

The present study was approved by the Ethics Committee of Romagna C.E.ROM. (Comitato Etico IRST IRCCS-AVR CEIIAV), with approval number 1166 of 17 July 2014; was also conducted in accordance with the Declaration of Helsinki and all patients signed the informed consent.



TIL-Assessment

In this study, stromal TILs were scored using a method based on the International Immuno-Oncology Biomarker Working Group guidelines for invasive breast carcinoma (19), with some modifications specific to the DCIS setting (20). In particular, stromal area was defined as the specialized stroma surrounding the ducts involved by in-situ carcinoma. Any type of circumferential infiltrate (only mononuclear cells, but not polymorphonuclear leukocytes) was taken into account, including minimal, partial, subtotal, and total circumferential TILs. TILs in tumor zones with crush artifacts, necrosis, regressive hyalinization as well as in the previous core biopsy site were excluded. TILs were assessed as a continuous parameter as the percentage of stromal area covered by mononuclear cells (Figure 1). Levels of TILs on index DCIS were examined for their associations with SBE as the primary endpoint. Subsequently, TILs distribution was assessed in SBEs and compared to the levels on the primary lesion in order to evaluate its variation.


[image: Figure 1]
FIGURE 1. Examples of distribution of tumor-infiltrating lymphocytes (TILs) on hematoxylin-eosin section of ductal carcinoma in situ (DCIS) at different magnifications (5x and 10x). (A) TIL = 0%; (B) TIL = 1%; (C) TIL = 5%; (D) TIL = 10%; (E) TIL = 20%; (F) TIL = 40%; (G) TIL = 50%; (H) TIL = 70%.




Statistical Methods

Data were summarized by using mean ± standard deviation or median and minimum and maximum values or interquartile range, as appropriate, for continuous variables and by means of frequencies and percentages for categorical ones. The percentage of TILs was considered either as a continuous variable or a binary one (≤5% vs. >5%). As no validated cut-off value for DCIS patients was present at the time of analyses, we decided to consider the one based on the median value of TILs distribution. Due to the quite right-skewed distribution, we decided to not consider other quantiles. The Chi-square test or the Fisher Exact test, when appropriate, and the Wilcoxon-Mann Whitney test were used to compare patients' characteristics between the two groups of patients defined by TILs. The primary end-point of this study was the time since surgery to any type of SBE. The median follow-up time was computed as the median time in study for patients not experiencing any event. Other secondary end-points were the time to a second ipsilateral breast event and the time to a contralateral breast event. For the first secondary end-point, other first events such as contralateral breast cancers, other primary tumors and deaths from causes other than breast cancer were considered as competing events. For the other secondary end-point, ipsilateral breast cancers, other primary tumors and deaths from causes other than breast cancer were considered as competing events. Five-year cumulative incidences were computed for SBE, IBE, and CBE and the Gray's test was used to compare them between groups of patients. The Cox proportional hazards model was used to evaluate the effect of TILs and other covariates on the risk of SBE. The inspection of the functional form for TILs was performed through martingale residuals and by means of restricted cubic splines with three knots. To test for departure from a linearity, the Likelihood Ratio Test was used comparing a model with only a linear term for TILs and one including splines. For all the analysis a two-sided p-values < 0.05 was considered statistically significant. All analyses were carried out with STATA 14.0 (College Station, Texas, USA) and R version 3.4.0 statistical software (http://cran.r-project.org/).




RESULTS


Patient Characteristics

A total of 496 cases of DCIS were included in this study. Table 1 shows baseline characteristics for the entire cohort. Median patients age at diagnosis was 56.4 years (range 27.3–89.3 years). The majority of patients had a conservative surgery (either nodulectomy or quadrantectomy: 77.0%), whereas 114 patients (23.0%) were treated with mastectomy. Radiotherapy was performed in 59.7% of the patients treated with conservative surgery. None of the patients received adjuvant endocrine therapy. Figure 2 presents the distribution of patients' treatments according to the DCIS grade.


Table 1. Main baseline characteristics of the 496 DCIS patients included in the study.

[image: Table 1]


[image: Figure 2]
FIGURE 2. Distribution of patients by grade and treatment.


In primary DCIS, median TILs level was 5% (range 0–90%, the first and fourth quartiles were 0 and 10%) with a heterogeneous distribution across the 496 DCIS analyzed: 187 (37.7%) had <1%, 276 (55.6%) 1–49% and 33 (6.7%) ≥50% stromal lymphocytes infiltration. Median TILs levels in primary tumors were higher in patients treated with mastectomy, in those with a high grade DCIS or with necrosis and in those receiving radiotherapy (Table 2). Similarly, factors significantly associated with TILs, when dichotomized between ≤5 and >5%, were grade, necrosis, type of surgery, and detection mode (within or outside the mammography screening program) as shown in Table 1.


Table 2. Median TILs distribution per main characteristic.
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Association Between TILs and Second Breast Cancer Events (SBEs)

After a median follow-up of 8.5 years, a total of 100 (20.2%) SBEs occurred, 53 (10.7%) of which were ipsilateral (IBE): 16 in situ (3.2%) and 37 invasive (7.5%), and 45 (9.1%) contralateral (CBE): 14 in situ (2.8%) and 31 invasive (6.3%). For two cases it was not possible to identify if the SBE was ipsilateral or contralateral because laterality information was missing. Overall, 35 (7.1%) other events occurred (30 s non-breast primaries, 5 deaths for non-breast related causes).

Patients stratified according to TILs percentage (≤5 and >5%) did not show a statistically significant difference in the 5-year cumulative incidence of in situ and invasive SBEs: 14.9% (95% CI 11.3–19.1) for TILs ≤5% and 11.0% (95% CI 6.9–16.2) for TILs >5% (p = 0.147). DCIS with TILs ≤5% showed a 5-year cumulative incidence of IBEs of 8.4% (95% CI 5.6–11.9), vs. 6.1% (95% CI 3.1–10.6) for those with TILs >5% (p = 0.218, Figure 3). Again, 5-year cumulative incidence of CBEs was 7.5% (95% CI 4.9–10.8) and 5.0% (95% CI 2.3–9.2) for a lymphocyte infiltration ≤5 and >5%, respectively (p = 0.377, Figure 3).


[image: Figure 3]
FIGURE 3. Cumulative incidences of IBEs (A) and CBEs (B).


As shown in Table 3, factors significantly associated with SBEs at univariate analysis were type of surgery (associated also with IBEs) and grade. Although a high grade seems to be associated with a reduced risk of SBEs in this analysis, likely due to the preferential treatment with radiotherapy in G3 cases, the effect of grade is reversed when considering the subgroup of patients who underwent conservative surgery with negative resection margins and who did not receive radiotherapy (HR = 1.04, 95% CI 0.4–2.6, p = 0.928). The effect of TILs as a continuous variable was negligible on the risk of SBEs, IBEs and CBEs. A 10% increase in TILs was associated with a relative risk reduction of 2 and 7% for SBEs and IBEs, respectively, and with a 4% relative risk increase for CBEs. No statistically significant departure from linearity was observed for the relationship of TILs and SBE (p = 0.778), IBE (p = 0.921), and CBE (p = 0.716). Even when cut-off values were considered, no statistically significant association was observed (results not shown). This was confirmed even after adjustment for other clinical covariates.


Table 3. Univariate analysis of the risk of second breast events (SBEs), ipsilateral (IBEs), and controlateral (CBEs) breast events (in situ or invasive).
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In the subgroup of patients who did not receive radiotherapy (225 patients), TILs, when considered as a continuous variable, were not associated with any type of SBE. Hazard ratios for a 10% TILs increase were 0.93 (95% CI 0.75–1.15; p = 0.504), 0.95 (95% CI 0.70–1.29; p = 0.742), and 0.93 (95% CI 0.69–1.25; p = 0.618) for SBE, IBE, and CBE, respectively. In the same subgroup, when considered as categorical variable, TILs >5% were associated with a reduced risk of SBE (HR 0.33, 95% CI 0.14–0.79, p = 0.013). This effect remained significant also after adjustment for grade and margins at a multivariate analysis (adjusted HR 0.31, 95% CI 0.11–0.93, p = 0.037).

The effect was lost when considering the risk for IBEs (HR 0.36, 95% CI 0.10–1.23, p = 0.104) and for CBEs (HR 0.33, 95% CI 0.10–1.11, p = 0.075) separately, presumably due to the smaller sample size. In the complementary subgroup of women treated with conservative surgery and radiotherapy, no statistically significant associations were observed between TILs values, both when considered as a continuous and categorical variable, and the risk of SBEs, IBEs, or CBEs.



TIL Count in SBEs

Out of 100 SBEs, 77 patients, 45 with a IBE (58.4%) and 32 with a CBE (41.6%), had paraffin embedded breast cancer tissue available and were thus evaluated for TILs. Table 4 shows the main clinical characteristics of the patients with matched SBEs. The median TILs levels in primary DCIS and matched SBE were 1% (range 0–90%) and 5% (range 0–80%), respectively (p = 0.971). In the subgroup of patients treated with radiotherapy, median TILs levels in primary DCIS and matched SBE were 5% (range 0–50%) and 0.5% (range 0–80%), respectively (p = 0.720). DCIS not treated with radiotherapy showed an increase in median TILs levels: 0 (range 0–90%) and 5% (range 0–70%), respectively (p = 0.359). Figure 4 shows the waterfall plots of absolute differences (TILs of the SBE–TILs on the primary tumor) in TILs according to radiotherapy treatment.


Table 4. Main baseline characteristics of the 77 DCIS patients with matched SBEs.
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FIGURE 4. Waterfall plot of TILs variation between primary DCIS and SBE (A), IBE (B), or CBE (C).





DISCUSSION

TILs seem to represent an easy and reliable prognosticator in HER2 positive and triple negative infiltrating breast carcinoma (15–18). Data on their role in DCIS are more scanty, with conflicting results in terms of prognostic values (21, 22). In our study, evaluating a large series of consecutive patients extracted from a cancer register, we used criteria for scoring stromal lymphocytes in the DCIS setting according to a modified method based on the International Immuno-Oncology Biomarker Working Group guidelines for invasive breast carcinoma (19), concordant with the more recent recommendations (20). The validity of our evaluation was confirmed considering the distribution of TILs per category, virtually identical to the results obtained by Pruneri and co-workers, and the same association of TILs with grade and necrosis (21). Similarly, we did not find any significant association among TIL levels and the risk of IBEs, although the incidence was numerically higher in cases with low TILs, and we cannot exclude that a larger sample size could have shown significant differences.

Moreover, in our study, we analyzed for the first time the association with contralateral events, but no significant association was demonstrated with CBEs nor with all SBEs. Finally, we first reported an evaluation on the change in the distribution of TILs between index DCIS and SBEs, showing a decrease in the TILs number in the secondary events of patients previously treated with radiotherapy for their index DCIS. Although not statistically significant, this deserves further research.

The relationship between TILs and aggressive DCIS features is somehow in contrast with the observation, in our study, of a lack of association between TILs and SBEs. Accordingly, other papers reported the absence of an association with ipsilateral and controlateral in situ or invasive tumor recurrence (21, 23, 24). TILs could have a protective effect at least in some cases of high-risk DCIS, counteracting the negative impact of factors such as high grade and necrosis, but this remains to be definitely proven.

Interestingly, we observed that in the subgroup of patients not treated with radiotherapy, TILs >5% were associated with a reduced risk of SBEs. More exploratory is the observation of a reduction in TILs in the matched SBEs induced by radiotherapy, although not statistical significant.

No data on the effect of radiotherapy on TILs in breast cancer exist, but in cervical cancer dynamic changes of TILs after local irradiation have been reported. Interestingly, the sensitivity of the various lymphocyte populations to ionizing radiation in vivo was variable: the tumor infiltrating FOXP3+ Treg cells were more resistant compared with CD8+ T cells, and may dominate the tumor milieu after radiotherapy (25). On the contrary, neoadjuvant chemotherapy for cervical cancer resulted in a decreased FOXP3+ density, resulting in an elevated intratumoral CD8/FOXP3 ratio that might confer a favorable clinical outcome (26). Similar results were shown also in rectal cancer with neoadjuvant chemoradiotherapy (27–29). Accordingly, high TILs have been demonstrated to be associated with a survival benefit only in HER2-positive or triple negative breast cancer patients treated with chemotherapy, alone or in combination with trastuzumab, but not in ER-positive, HER2-negative breast cancer (30). More studies on the effect of radiotherapy on breast cancer and on DCIS are needed to better understand the strict interplay between immune-system and ionizing radiations and if this would be translated in a clinical application.

The cross-talk between leukocytes, tumoral microenvironment and tumor cells is more complex. Hence, a limitation of our study is the restriction of our analysis to TILs scoring on H&E only, without assessing the relative density of specific subpopulations of cells and the functional status of the immune infiltrate. Since it has been reported that leukocytes subpopulations are associated with the prognosis of breast cancer patients independently of the absolute TILs value (24), it is possible that important associations may have been missed. For instance, higher numbers of tumor infiltrating B-lymphocytes (TIL-B) were associated with shorter recurrence-free interval in patients with DCIS (24).

None of the patients in our cohort received adjuvant endocrine therapy after surgical removal of their index DCIS, according to the local guidelines followed in the period of time covered by the study, and related to the lack of a clear demonstration of an overall survival benefit with systemic therapy. The NCCN guidelines still suggest that, since a survival advantage has not been demonstrated, the use of adjuvant systemic therapy for DCIS should be based on individual consideration of risk and benefit. Nonetheless, the protective role of an elevated level of TILs, if confirmed in larger cohorts, could acquire even more relevance in patients treated with conservative surgery plus adjuvant endocrine therapy, where it could contribute to select patients who could be spared radiotherapy.

Other important limitations of the current study include the retrospective design and the potential presence of confounding factors or indication bias, difficult to control with the available information. The lack of important variables such as tumor size, hormone receptor and HER2 status, proliferation markers and genetic features could have reduced the possibility to identify subgroups with differences in the risks of SBEs. Limitations in sample size may have conditioned the power to detect significant differences among subgroups and interactions among factors. However, even if other studies demonstrated an association between the distribution of TILs and DCIS subtypes, TILs in HER2 positive and triple negative DCIS were not associated with ipsilateral recurrence (21).



CONCLUSIONS

This study confirmed the previous observations of the associations of TILs with grade and necrosis. We observed also an interesting role as prognostic factor in patients not treated with radiotherapy. Expansion of this work on a larger series of patients is warranted, to confirm these preliminary data.
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