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A B S T R A C T   

Background and aim: Ductal carcinoma in situ (DCIS) is a non-obligate precursor of invasive breast cancer with 
highly variable clinical behavior, but risk stratification is still challenging. We sought to identify immune-related 
gene expression signatures of pure DCIS associated with different risks of breast cancer recurrence. 
Methods: A retrospective nested case-control study of 143 pure DCIS was performed including 70 women with 
subsequent ipsilateral breast event (IBE, in situ or invasive; cases) and 73 DCIS women with no IBE and matched 
for age, tumor size, treatment, hormone receptors/HER2 status, and follow-up time (controls). RNA was 
extracted from DCIS samples and subjected to next-generation sequencing gene expression analysis of 395 
immune-related genes. Correlations between DCIS immune-related gene expression and IBE were analyzed using 
weighted Cox regression for nested case-control data. 
Results: Eight immune-related genes were differentially expressed between cases and controls. MAGEA10 
expression (present vs. absent) and high expression levels of IFNA17 and CBLB (Q4 vs. Q1) were observed more 
frequently in DCIS of women with subsequent IBE, mainly invasive (p-valueFDR < 0.05). Conversely, expression 
of IL3RA1, TAGAP, TNFAIP8, and high expression levels of CCL2 and LRP1 were associated with a lower risk of 
IBE (p-valueFDR < 0.05). 
Conclusion: This exploratory analysis of pure DCIS showed significant differences in immune-related gene 
expression profiles between women with and with no subsequent IBE, particularly as invasive IBE. These results, 
after additional validation, could improve risk stratification and management of DCIS patients.   

1. Introduction 

Breast ductal carcinoma in situ (DCIS) accounts for about 25% of 
new breast cancer diagnoses and its rates increased more than 11-fold in 
the last decades [1,2]. DCIS is a non-obligate precursor of invasive breast 

cancer (IBC) as it can potentially progress in 20–53% of women [3,4]. 
Screening programs and multimodality treatments of DCIS (surgery with 
or without radiotherapy and/or hormone therapy) did not result in a 
hoped-for decrease in invasive cancer incidence, suggesting over
diagnosis and likely overtreatment in a subset of cases [5,6]. Although 
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different approaches for prognostic stratification of women with DCIS 
have been described [7–10], there is still a need for biomarkers to 
identify DCIS with a high risk of recurrence and/or progression, as well 
as robust patient eligibility criteria for the successful implementation of 
active surveillance (watchful-waiting approach) programs in low-risk 
DCIS patients [11]. 

The tumor immune microenvironment plays a key role in the 
development, progression, and treatment response of cancer [12,13]. 
Different immune-related factors, including tumor-infiltrating lympho
cytes (TILs) and immune gene expression profiles, have been associated 
with prognosis and response to adjuvant and/or neoadjuvant treatments 
in patients with IBCs [14,15]. Recently, many studies have focused on 
the relationship between DCIS to IBC progression and the features of its 
immune microenvironment. An increase in stromal lymphocyte amount 
has been observed from proliferative breast disease to invasive carci
noma [16]. Moreover, the evaluation of leukocyte composition and their 
gene expression profiling has revealed substantial changes during the 
progression from DCIS to IBC [17,18]. However, the association of TIL 
density and immune-microenvironment profiles with DCIS outcome is 
still controversial [18–20]. 

In the present study, we sought to investigate the role of tumor im
mune milieu in DCIS focusing on the expression of immune-related 
genes in pure DCIS from women with or without subsequent breast 
cancer relapse. We aimed to: (i) identify immune-related genes differ
entially expressed in DCIS between women with and without recur
rence; and (ii) ascertain the association between the expression of 
specific immune-related genes and patients’ outcomes, particularly IBC 
relapse. 

2. Patients and methods 

2.1. Study population 

This is a retrospective, monocentric, nested case-control study of 143 
women with pure DCIS, who underwent breast surgery (quad
rantectomy or mastectomy) with or without adjuvant therapy (radio
therapy; hormone) between 2009 and 2015 at the European Institute 
Oncology. The study population included 70 women with DCIS devel
oping subsequent ipsilateral breast events (IBE, cases; in situ n = 24, 
invasive n = 46) during the follow-up and 73 women with DCIS without 
IBE (controls) and matched according to the following criteria: type of 
surgery, tumor size, age at diagnosis, adjuvant therapy, surrogate mo
lecular subtype and follow-up time. This study was approved by the 
Institutional Review Board and Ethics Committee of the European 
Institute of Oncology (R 383/16 – IEO 399). 

2.2. Samples, TILs assessment and RNA extraction 

Hematoxylin and eosin slides of 143 patients’ tumor samples were 
retrospectively reviewed by two pathologists blinded to clinical infor
mation to evaluate the sample adequacy and TILs. The surrogate mo
lecular subtype of DCIS was defined by immunohistochemistry analysis 
as previously reported [19]. TILs were assessed as a continuous variable 
according to the guidelines reported by the International 
Immuno-Oncology Biomarker Working Group on Breast Cancer [21]. 

RNA was automatically extracted from representative formalin-fixed 
paraffin-embedded (FFPE) histologic block of each case with the 
Promega Maxwell instrument (Promega, Madison, WI, USA) using the 
Promega Maxwell RSC RNA FFPE kit, quantified with the Quantus 
fluorometer (Promega, Madison, WI, USA) and qualified using GUSB 
(beta-glucuronidase) endogenous control Real-Time PCR evaluation 
(ThermoFisher, Waltham, MA, USA). 

2.3. Targeted next-generation sequencing gene expression analysis 

Gene expression analysis was performed using the RNA-based Next 

Generation Sequencing (NGS) panel Oncomine Immune Response 
Research Assay (OIRRA) (Thermo Fisher Scientific, Waltham, MA, USA) 
following the manufacturer’s instructions. This assay enables the 
simultaneous evaluation of the expression of 395 immune-related genes 
(Supplementary Table 1). Briefly, 25 ng of RNA was used for the library 
preparation and the subsequent chip loading, both automatically per
formed on the Ion Chef System (ThermoFisher Scientific, Waltham, MA, 
USA) The sequencing run was done on Ion S5 System (ThermoFisher 
Scientific, Waltham, MA, USA) and genes expression data were obtained 
using the TorrentSuite ImmuneResponseRNA plugin software (Ther
moFisher Scientific, Waltham, MA, USA), as previously reported [22, 
23]. 

2.4. Statistical analysis 

Demographic and clinical characteristics were summarized with the 
median and interquartile range for quantitative variables, and with 
absolute frequencies and percentages for categorical variables. TILs 
levels were compared between cases and controls using the Wilcoxon 
rank-sum test and by molecular subtype using the Kruskal–Wallis test. 
The risk of IBE between high vs low levels of TILs was compared using 
the log-rank test. The cut-off for TILs density was defined based on 
quartiles in the control population. 

Gene expression data was normalized using the Read Per Million 
(RPM) method. We investigated the association between the expression 

Table 1 
Clinical-pathologic characteristics of the study population.   

No Relapse (N 
¼ 73) 

Relapse (N ¼
70) 

P- 
valuea 

Age at surgery (years), median 
[Q1, Q3] 

51.0 [42.0, 
59.5] 

49.5 [42.0, 
58.3]  

0.46 

Follow-up time (months), 
median [Q1, Q3] 

81.8 [56.2, 
103.6] 

83.9 [66.1, 
109.3]  

0.14 

DCIS Grade, n (%)     
1 6 (8.2%) 6 (8.6%)  0.18 
2 29 (39.7%) 38 (54.3%)   
3 38 (52.1%) 26 (37.1%)   
Size (cm), median [Q1, Q3] 1.50 [1.00, 

3.00] 
1.50 [1.20, 
2.50]  

0.81 

Missing 10 (13.7%) 25 (35.7%)   
ER, n (%)     
ER Negative 29 (39.7%) 25 (35.7%)  0.75 
ER Positive 44 (60.3%) 45 (64.3%)   
HER2 SCORE, n (%)     
0 17 (23.3%) 17 (24.3%)  0.93 
1 + 10 (13.7%) 7 (10.0%)   
2 + 8 (11.0%) 8 (11.4%)   
3 + 38 (52.1%) 38 (54.3%)   
Necrosi, n (%)     
Yes 50 (68.5%) 45 (64.3%)  0.64 
No 22 (30.1%) 25 (35.7%)   
Missing 1 (1.4%) 0 (0%)   
Surgery, n (%)     
Mastectomy 11 (15.1%) 10 (14.3%)  1.00 
Quadrantectomy 62 (84.9%) 60 (85.7%)   
Hormone therapy, n (%)     
None/Placebo 58 (79.5%) 54 (77.1%)  0.79 
Tamoxifen 12 (16.4%) 14 (20.0%)   
Other 3 (4.1%) 2 (2.9%)   
Radiotherapy, n (%)     
Yes 52 (71.2%) 47 (67.1%)  0.63 
No 20 (27.4%) 23 (32.9%)   
Missing 1 (1.4%) 0 (0%)   
Molecular subtype, n (%)     
HER2; Triple Negative 29 (39.7%) 25 (35.7%)  0.87 
Luminal A-like 14 (19.2%) 15 (21.4%)   
Luminal B-like 30 (41.1%) 30 (42.9%)    

a P-value from Chi-Square test or Fisher’s exact test for categorical variables. 
P-value from Wilcoxon signed rank test for numerical variables. The follow-up 
time was calculated as the difference in time (months) between the follow-up 
date and the date of surgery. 
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of each gene and the risk of IBE (both any relapse and invasive relapse) 
using weighted Cox regression for nested case-control data, using the 
multipleNCC package in R, version 4.1.2 (Supplementary Methods and 
Legend). We also investigated associations with invasive relapse, 
considering carcinoma in situ as a competing event. Time to event was 
calculated as the difference in time (months) between the date of the 
first IBE (either in situ or invasive) and the date of surgery for those 
experiencing at least one IBE event and between the follow-up date and 
the date of surgery for controls. All the multivariable models were 
adjusted for tumor grade and matching variables as previously reported 
[24](Supplementary Methods and Legend). Estimates of associations 
between the expression of each gene and the risk of experiencing the 
investigated outcomes were provided in terms of Harards Ratios (HRs) 
and 95% Confidence Intervals (95%CI), and the corresponding p-values 
were adjusted for false discovery rate (FDR) using the 
Benjamin-Hochberg correction and considering the number of genes 
included in each analysis. Corrected p-values< 0.05 were considered to 
be statistically significant. All statistical analyses were carried out using 
R software, version 4.1.2. 

3. Results 

3.1. Clinicopathologic characteristics, TILs, and patient outcomes 

The clinic-pathological characteristics of the study population are 
summarized in Table 1. There were no statistically significant differ
ences in clinic-pathological features between DCIS from women with 
(cases) and without (controls) breast cancer recurrence. No differences 
in TIL density were found between cases and controls (median TILs: 20% 
and 20%, respectively, p = 0.83, Supplementary Figure 1). A significant 
correlation was seen between surrogate molecular subtypes and TILs. 
HER-2 + /Triple-negative DCIS (n = 51) showed higher TIL density as 
compared to LUM-B-like (n = 59) and LUM-A-like DCIS (n = 29) group 
(p < 0.001; Supplementary Figure 2). No associations between TILs and 
outcomes were observed (Supplementary Figure 3). 

3.2. Immune-related genes differentially expressed in DCIS from women 
with and without breast cancer relapse 

Overall, eight immune-related genes were differentially expressed 
between DCIS of women with and without any IBE: Melanoma- 
Associated Antigen 10 (MAGEA10), Tumor Necrosis Factor Alpha- 
Induced Protein 8 (TNFAIP8), Interleukin-3 Receptor Subunit Alpha 
(IL3RA1), T-Cell Activation Rho GTPase-Activating Protein (TAGAP), 
Casitas B-Lineage Lymphoma Proto-Oncogene B (CBLB), Alpha 17 
(IFNA17), chemokine (C-C motif) ligand 2 (CCL2), and LDL receptor- 
related protein 1 (LRP1). 

The MAGEA10 expression was associated with an increased risk of 
IBE (present vs absent; p-value FDR <0.001; Table 2). Conversely, the 
expression of TNFAIP8, IL3RA1, and TAGAP was observed more 
frequently in DCIS of women with no subsequent IBE (p-value < 0.001; 
Table 2) (Supplementary Figure 4). 

Moreover, high expression levels (Q4 vs. Q1) of CBLB and IFNA17, 
and low expression levels CCL2 and LRP1 were found in DCIS from 
women with subsequent IBEs (p-valueFDR < 0.05; Table 3, Figure 1). 
Notably, risk estimates suggested a dose-response trend (Figure 1; 
Table 3). 

3.3. Association between immune-related gene expression and invasive 
relapse 

Focusing on genes differentially expressed between DCIS of women 
with and without any IBE, significant changes in immune-related gene 
expression were also observed considering only invasive relapse and in 
situ relapse as competing event. The multivariable models confirmed 
that the expression of MAGEA10 in DCIS represents a poor prognostic 
factor being associated with a higher risk of invasive recurrence (p- 
valueFDR = 0.002; Table 2); whereas TNFAIP8, IL3RA1, and TAGAP 
expression was observed in DCIS from women with a lower risk of 
invasive relapse (p-valueFDR: < 0.001; Table 2) (Supplmentary 
Figure 5). Moreover, DCIS with higher levels of CCL2 and LRP1 
expression showed low invasive recurrence risk (p-valueFDR: < 0.001; 
Table 3 and Figure 2). Conversely, higher expression levels of CBLB and 
IFNA17 were associated with risk of invasive recurrence (p-valueFDR =

Table 2 
Multivariable analysis of immune-related genes differentially expressed in DCIS and risk of relapses.  

Genes Expression N (%) Relapses (%) Hazard Ratio[CI (95%)]b P-Valued FdrP-Valuee 

MAGEA10 Not Expressed 126 (100%) 56 (44.4%) 1 . .  
Expressed 17 (100%) 14 (82.4%) 5.96[3.01, 11.79] < 0.001 < 0.001    

Invasive relapses (%) Hazard Ratio[CI (95%)]c P-Valued FdrP-Valuee  

Not Expressed 126 (100%) 37 (29.4%) 1 . .  
Expressed 17 (100%) 9 (52.9%) 5.84[2.50, 13.64] < 0.001 0.002 

TNFAIP8 Not Expressed 12 (100%) 9 (75%) 1 . .  
Expressed 131 (100%) 61 (46.6%) 0.18[0.08, 0.41] < 0.001 0.003    

Invasive relapses (%) Hazard Ratio[CI (95%)]c P-Valued FdrP-Valuee  

Not Expressed 12 (100%) 8 (66.7%) 1 . .  
Expressed 131 (100%) 38 (29%) 0.13[0.05, 0.31] < 0.001 < 0.001 

IL3RA1 Not Expressed 10 (100%) 8 (80%) 1 . .  
Expressed 133 (100%) 62 (33.3%) 0.08[0.03, 0.21] < 0.001 < 0.001    

Invasive relapses (%) Hazard Ratio[CI (95%)]c P-Valued FdrP-Valuee  

Not Expressed 10 (100%) 7 (70%) 1 . .  
Expressed 133 (100%) 39 (29.3%) 0.05[0.02, 0.15] < 0.001 < 0.001 

TAGAP Not Expressed 17 (100%) 16 (94.1%) 1 . .  
Expressed 126 (100%) 54 (42.9%) 0.07[0.03, 0.15] < 0.001 < 0.001    

Invasive relapses (%) Hazard Ratio[CI (95%)]c P-Valued FdrP-Valuee  

Not Expressed 17 (100%) 10 (58.8%) 1 . .  
Expressed 126 (100%) 36 (28.6%) 0.08[0.03, 0.20] < 0.001 < 0.001 

The genes are listed in the table based on their association with the risk of relapse, ordered from direct to inverse. 
b Hazard ratio for Multivariable Cox Regression Model adjusting for marching variables (Age, ER, KI67, HER2, type of surgery, Hormone therapy, Radiotherapy) and 

Tumor Grade. 
c Hazard ratio for Multivariable Cox Regression Model adjusting for (Age, ER, KI67, HER2, type of surgery, Hormone therapy, Radiotherapy) and Tumor Grade, 

considering in-situ relapse as competing event. 
d P-value from Multivariable Cox Regression Model. 
e False Discovery Rate Corrected p-value from Multivariable Cox Regression Model. 
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0.05; Table 3 and Figure 2). 

4. Discussion 

Several studies have provided biological insights into the charac
teristics of the immune microenvironment of DCIS and its role in the 
transition from in situ to invasive carcinoma[16–18]. However, this 
growing evidence has not been translated into the identification of 
biomarkers for risk stratification since no complete agreement has been 
achieved regarding the association of tumor-related immune cells or 
factors and the risk of recurrence in women with DCIS[18–20]. Our 
group has previously shown no association between IBE and total stro
mal TIL count [19]. Consistently, in this study, no correlation of TIL 
density with IBE has been observed. These previous findings highlighted 
that an in-depth characterization is crucial to unravel the complexity of 
the DCIS-immune system interplay and its role in cancer progression and 
recurrence. Here, we analyzed the expression of 395 immune-related 
genes in pure DCIS and their association with in situ and invasive 
relapses. 

Our findings suggest that MAGEA10 might represent a poor prog
nostic factor in DCIS being more frequently expressed in tumors from 
women with IBC relapse. Although the expression of melanoma- 
associated antigens-A was observed in different invasive cancers, 
including IBC, so far, little is known about the role of these tumor- 
specific antigens in DCIS; however, specifically, the MAGEA10 expres
sion has been associated with higher DCIS grade and local recurrence 
[25]. Conversely, IL3RA1, TAGAP and TNFAIP8 expression were asso
ciated with low recurrence risk, especially as invasive disease. These 
genes play pleiotropic roles in inflammatory response and immune cell 
regulation. In breast cancer, up-regulation of IL3RA1 gene expression 

Table 3 
Multivariable analysis of expression levels (quartiles) of CBLB, CCL2, IFNA17, 
LRP1 and risk of relapse.  

Genes Expression* N (%) Relapses 
(%) 

Hazard 
Ratio[CI 
(95%)]f 

P- 
Valueh 

FdrP- 
Valueh 

CBLB Low (Q1) 22 
(100%) 

3 (13.6%) 1 . .  

Medium 
(Q2) 

27 
(100%) 

9 (33.3%) 2.65 
[0.56, 
12.50] 

0.22 0.77  

Medium 
(Q3) 

34 
(100%) 

16 
(47.1%) 

3.88 
[0.87, 
17.30] 

0.08 0.63  

High (Q4) 60 
(100%) 

42 (70%) 10.57 
[2.81, 
39.73] 

<

0.001 
0.05    

Invasive 
relapses 
(%) 

Hazard 
Ratio[CI 
(95%)]g 

P- 
Valueh 

FdrP- 
Valuei  

Low (Q1) 22 
(100%) 

2 (9.1%) 1 . .  

Medium 
(Q2) 

27 
(100%) 

7 (25.9%) 2.98 
[0.48, 
18.40] 

0.24 0.81  

Medium 
(Q3) 

34 
(100%) 

9 (26.5%) 3.50 
[0.58, 
21.19] 

0.17 0.73  

High (Q4) 60 
(100%) 

28 
(46.7%) 

9.68 
[2.10, 
44.63] 

0.004 0.20 

IFNA17 Low (Q1) 43 
(100%) 

10 
(23.2%) 

1 . .  

Medium 
(Q2) 

6 
(100%) 

2 (66.7%) 4.23 
[0.48, 
37.01] 

0.19 0.76  

Medium 
(Q3) 

41 
(100%) 

23 
(56.1%) 

2.82 
[1.05, 
7.55] 

0.04 0.54  

High (Q4) 53 
(100%) 

35 
(66.0%) 

4.84 
[1.98, 
11.88] 

<

0.001 
0.05    

Invasive 
relapses 
(%) 

Hazard 
Ratio[CI 
(95%)]g 

P- 
Valueh 

FdrP- 
Valuei  

Low (Q1) 43 
(100%) 

7 (16.3%) 1 . .  

Medium 
(Q2) 

6 
(100%) 

1 (16.7%) 3.30 
[0.19, 
57.89] 

0.41 0.92  

Medium 
(Q3) 

41 
(100%) 

14 
(34.1%) 

2.30 
[0.74, 
7.14] 

0.15 0.73  

High (Q4) 53 
(100%) 

24 
(45.3%) 

4.91 
[1.79, 
13.46] 

0.002 0.15 

CCL2 Low (Q1) 65 
(100%) 

46 
(70.8%) 

1 . .  

Medium 
(Q2) 

23 
(100%) 

5 (21.7%) 0.08 
[0.02, 
0.25] 

<

0.001 
0.003  

Medium 
(Q3) 

30 
(100%) 

12 (40%) 0.15 
[0.05, 
0.44] 

<

0.001 
0.05  

High (Q4) 25 
(100%) 

7 (28%) 0.16 
[0.06, 
0.44] 

<

0.001 
0.05    

Invasive 
relapses 
(%) 

Hazard 
Ratio[CI 
(95%)]g 

P- 
Valueh 

FdrP- 
Valuei  

Low (Q1) 65 
(100%) 

34 
(52.3%) 

1 . .  

Medium 
(Q2) 

23 
(100%) 

2 (8.7%) 0.04 
[0.01, 
0.24] 

<

0.001 
0.03  

Table 3 (continued ) 

Genes Expression* N (%) Relapses 
(%) 

Hazard 
Ratio[CI 
(95%)]f 

P- 
Valueh 

FdrP- 
Valueh  

Medium 
(Q3) 

30 
(100%) 

7 (23.3%) 0.13 
[0.04, 
0.49] 

0.002 0.15  

High (Q4) 25 
(100%) 

3 (12%) 0.10 
[0.02, 
0.39] 

0.001 0.10 

LRP1 Low (≤Q2) 89 
(100%) 

52 
(58.4%) 

1 . .  

High (>Q2) 54 
(100%) 

18 
(33.3%) 

0.21 
[0.09, 
0.48] 

<

0.001 
0.04    

Invasive 
relapses 
(%) 

Hazard 
Ratio[CI 
(95%)]g 

P- 
Valueh 

FdrP- 
Valuei  

Low (≤Q2) 89 
(100%) 

37 
(41.6%) 

1 . .  

High (>Q2) 54 
(100%) 

9 (16.7%) 0.14 
[0.05, 
0.37] 

<

0.001 
0.02 

$Cut off refers to the quantiles of expression in controls (Low (Q1)≤First 
Quartile; First Quartile>Medium (Q2)≤Second Quartile; Second Quartile>Me
dium (Q3)≤Third Quartile; High (Q4)≥Third Quartile). For LRP1, Low (≤Q2)≤
Second Quartile; High (>Q2)>Second Quartile. 
The genes are listed in the table based on their association with the risk of 
relapse, ordered from direct to inverse. 

f Hazard ratio for Multivariable Cox Regression Model adjusting for marching 
variables (Age, ER, KI67, HER2, type of surgery, Hormone therapy, Radio
therapy) and Tumor Grade. 

g Hazard ratio for Multivariable Cox Regression Model adjusting for (Age, ER, 
KI67, HER2, type of surgery, Hormone therapy, Radiotherapy) and Tumor 
Grade, considering in-situ relapse as competing event. 

h P-value from Multivariable Cox Regression Model. 
i False Discovery Rate Corrected p-value from Multivariable Cox Regression 

Model. 
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was detected in node-negative vs. node-positive samples [26]. The 
function of TAGAP and TNFAIP8 in cancer biology remains elusive or 
controversial [27,28]; however, it has been reported that TNFAIP8 
expression is variable across different cancer stages, suggesting a 
context-dependent role of this gene in tumorigenesis [28]. 

In pure DCIS, modulated expression levels of immune-related genes 
may be also associated with variable risk of recurrence in a dose- 
response manner. In our series, overexpression of CBLB and IFNA17 

genes was associated with the risk of IBEs with the highest expression 
levels detected in DCIS from women with invasive relapse. CBLB is a 
ubiquitin ligase protein with different functions in tumor development 
and immune response regulation [29]. IFNA17 belongs to the family of 
type I interferons and exerts either pro- or anti-tumor activities based on 
the duration of the signaling and/or the profile of the tumor microen
vironment [30]. On the other hand, overexpression of CCL2 and LRP1 
was observed in pure DCIS with a lower risk of invasive relapse. Several 

Fig. 1. Expression levels of IFNA17, CBLB, CCL2 and LRP1 and clinical outcomes of women with DCIS. Kaplan–Meier estimates show that high expression of 
IFNA17 and CBLB (above the median level of expression in the overall population; green curves) and low expression of CCL2 and LRP1 (below the median level of 
expression in the overall population; red curves) in pure DCIS were significantly associated with any disease recurrence. p-value derived from the log-rank test. Low 
Exp.: Low expression; High Exp.: High expression. 
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in vitro and ex-vivo studies have shown that the activation of the CCL2 is 
associated with early breast cancer progression and metastasis [31–35]. 
However, in breast cancer models, CCL2 overexpression has been also 
reported to enhance anti-tumor cytotoxic immune response and in vitro 
deletion of CCL2 was associated with earlier tumor development [36]. 
Similarly, controversial roles have been reported for LRP1 [37]. In 
breast tumors, LRP1 has been initially described as a tumor suppressor 
factor, but it has been also associated with tumor development, metas
tasis and poor prognosis in early breast cancer [37]. This controversial 

evidence suggests that also CCL2 and LRP1 might play a pleiotropic 
context-dependent role in breast cancers based on tumor stage (in situ 
vs. invasive) and modulated by other tumor and tumor microenviron
ment factors. 

So far, the question of which DCIS patients would most benefit from 
immediate treatment and which ones could be safely managed with a 
watchful-waiting approach remains a dilemma for both patients and 
physicians [38]. Indeed, recent data suggest that even among patients 
enrolled in active surveillance trials the risk of developing a subsequent 

Fig. 2. Expression levels of IFNA17, CBLB, CCL2 and LRP1 and risk of invasive breast cancer relapse in women with DCIS. Considering in situ recurrence as 
competing event, risk curves show that the expression levels of IFNA17 and CBLB (high expression: above the median level of expression in the overall population; 
green curves) and CCL2 and LRP1 (low expression: below the median level of expression in the overall population; red curves) were significantly associated with a 
higher risk of invasive breast cancer relapse. p-value derived from Gray’s test. 
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breast event might remain significant and better selection criteria to 
identify patients at very low risk are still needed [39,40]. Although this 
is a hypothesis-generating study that requires further validations, the 
combined expression analysis of immune-related genes might improve 
DCIS risk stratification potentially aiding in the decision of DCIS man
agement considering either treatment intensification or de-escalation. 

This study has some limitations. This is a retrospective monocentric 
cohort study and we were not able to perform a robust gene expression 
clustering analysis due to the small sample size and an internal valida
tion procedure. However, the study population was selected to guar
antee an unbiased analysis including cases with adequate follow-up and 
adequate RNA quality to perform NGS analyses on old FFPE samples. 
Indeed, thought enriched for HER2-positives/ER-negative, the series 
characteristics were consistent with the whole DCIS population in our 
institution (e.g., TILs density distribution) [19]. Moreover, this is an 
exploratory analysis, and the number of events is limited with the ma
jority of invasive events; however, we carried out adjustments for 
multiple testing and several sensitivity/subgroup analyses to consider 
the possibility of spurious results. The significant associations not only 
with all IBE but also with invasive relapse, with greater differences in 
gene expression compared to controls, the dose-response trend with 
gene expression and the correlations with TILs are all consistent pieces 
of evidence reassuring the findings of this proof-of-concept study. We 
did not investigate the cellular origin of the expression of significant 
genes. The primary aim of the study was to identify immune-related 
genes associated with breast cancer relapse that may represent poten
tial prognostic factors for women with DCIS and further in situ analyses 
are warranted. 

5. Conclusion 

Here, we provide previously unavailable evidence suggesting that 
the expression of eight immune-related genes in pure DCIS (MAGEA10, 
TNFAIP8, IL3RA1, TAGAP, CBLB, IFNA17, CCL2 and LRP1) may be 
associated with patients’ outcomes and their analysis might identify a 
population of women with pure DCIS at higher risk of breast tumor 
relapse, particularly as invasive cancer. Further studies are needed to 
validate the prognostic roles of these factors aiding in identifying 
women who might or not benefit from intensive treatment strategies and 
monitoring. 
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