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Abstract
Background Expression of basal-like markers (BMs) is usually observed in triple-negative breast cancer
(TNBC) and HER2-overexpressing breast cancer and is related to poor prognosis. Recently, some have
reported that BM is expressed in 7.8%-27.1% of HR+/HER2- breast cancers (basal-like phenotype, BM+
BCs), but their biological behaviours remain controversial. This study aimed to compare the differences in
clinicopathologic features, clinical outcomes and bene�t from adjuvant regimens between BM+ BCs and
nonbasal-like phenotype breast cancer (BM- BCs) and evaluate their tumour immune microenvironment.

Methods BM+ BCs were de�ned as EGFR- and/or CK5/6-positive (n=150). Overall, 180 BM- BCs were
selected as the control cohort. Clinicopathological characteristics were retrospectively collected.
Univariate and multivariate analyses were used to assess the relationship between disease-free survival
(DFS), overall survival (OS) and BM status. Stromal tumour-in�ltrating lymphocytes (sTILs) were
evaluated on haematoxylin & eosin-stained slides, and CD3, CD8, FOPX3, chemokine (C-X-C motif) ligand
13 (CXCL13), CD68, PD-1 and PD-L1 were stained by IHC.

Results Compared to BM- BCs, BM+ BCs were more frequently diagnosed at a younger age and had a
higher tumour stage, histological grade and necrosis. No obvious differences were seen in
lymphovascular invasion or lymph node metastasis. Lower ER and PR expression and higher Ki-67
expression were observed in BM+ BCs. Overall, 62.8% BM+ BCs had p53 mutations. Shorter DFS and OS
were related to BM+ BCs (p=0.021 and 0.018, respectively). In multivariate analysis, CK5/6 and clinical
stage were independent prognostic factors for DFS and OS. BM+ BCs had a higher proportion of high
sTILs with increased CD3, CD8, FOXP3, CXCL13 and CD68 expression. PD-1 and PD-L1 expression was
positively related to BM+ BCs.

Conclusion Our study demonstrated that more aggressive morphologic features and worse prognosis
were associated with BM+ BCs, and its immune-activated status may support new therapeutic strategies,
such as immunotherapy, as a potential treatment.

Introduction
Breast cancer has been de�ned as a heterogeneous disease that can be subdivided into at least four
molecular intrinsic subtypes by gene expression pro�ling analysis, including luminal A, luminal B, HER2-
overexpressing and basal-like breast cancer[1]. In clinical practice, immunohistochemistry (IHC)
biomarkers of hormone receptor (HR) including estrogen receptor (ER) and progesterone receptor (PR),
human epidermal growth factor receptor-2 (HER2) and Ki-67 proliferation index have been widely used for
surrogate taxonomy [2], and great differences in prognostic features and therapies response have been
distinguished from these subtypes [3] [4]. HR+/HER2- breast cancer, as the major subtype in breast
cancer [5] [6], has shown greatly improved prognosis in standard endocrine therapy, but unfortunately, up
to 27.0% of these tumours show de novo or acquired resistance [7] [8], resulting in recurrence and death
events. Studies have illustrated mechanisms of resistance, such as ESR1 mutation[9], hormone-
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insensitive cellular clones [10] and tumour heterogeneity [11]. In addition, discordance has been observed
between immunohistochemistry IHC and genomic assay (e.g., Prediction Analysis of Microarray 50,
PAM50) classi�cation in 18%-30% HR+/HER2- breast cancer [12] [13] [14]. Approximately 16% of
HR+/HER2- cases were basal-like triple-negative breast cancer (TNBC) according to molecular
subtypes[12], potentially leading to more invasive biological behaviour and poor response to endocrine
therapy. Thus, it is important to identify the basal-like phenotype of HR+/HER2- breast cancer in
pathological practice.

Basal-like markers (BMs) have drawn attention for their prognostic value. BM is usually expressed in
normal basal/myoepithelial cells of the breast, including basal cytokeratin (CK5/6, CK14 and
CK17) [15] [16] and epidermal growth factor receptor (EGFR) [17]. BM expression is also found in more
than 50% of triple-negative breast cancers (TNBCs), depending on the BM assay
panel [5] [18] [19] [20], which are associated with high histological grade and shorter overall survival
(OS) [21]. Similarly, a study showed that 9% of HER2-overexpressing breast tumours were BM-positive,
with shorter 5-year overall survival [22]. For luminal tumours, several reports have suggested a subtype
with BM coexpression (BM+ BCs). Blows et al. analysed subtypes of breast cancer from 12 studies based
on IHC assays and found that BM (CK5/6 or EGFR) expression in luminal breast cancer (8%) was related
to a higher mortality rate than BM-negative BCs [5]. Another study by Jeong et al. showed EGFR
expression in 7% of HR+ breast tumours, which had a higher nuclear grade and shorter 5-year overall
survival [23]. However, conclusions in other studies seem to be different. According to a meta-analysis
(n=5040) that focused on luminal A subtypes, the association between survival and BM expression (CK5,
CK5/6 or EGFR) was not signi�cant, and BM+ BCs were more likely to have less aggressive
clinicopathologic characteristics [24]. Later, Engstrom et al. retrospectively detected BM expression (CK5,
CK14 and EGFR) in luminal breast cancers on a tissue microarray and found a lower risk of death in BM+
luminal HER2-negative tumours [25]. As most of these studies used meta-analysis and only one study
evaluated BM expression on whole tissue sections, further research with single-centre data and
comprehensive observation for morphology is necessary. Insu�cient attention has been given to the
clinicopathological characteristics of this subtype, especially its tumour immune microenvironment
(TIME). Therefore, the clinical signi�cance of BM expression in HR+/HER2- breast tumours remains
controversial and unclear.

Our study retrospectively assessed BM expression in HR+/HER2- breast cancer and analysed the
association between BM and clinicopathologic features, clinical outcome, bene�t from adjuvant therapy
(e.g., endocrine therapy and chemotherapy) and the immune microenvironment status to explore the
clinical value of identifying the basal phenotype in HR+/HER2- breast cancer.

Materials And Methods

Case selection
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The procedure of case-selection is shown in Fig. 1. Clinicopathologic data of patients diagnosed with
HR+/HER2- invasive breast carcinomas of no special type (NST) (n=2756) at the Sun Yat-sen University
Cancer Center (SYSUCC) during the years 2015–2019 were retrieved. On the basis of the previous studies
mentioned above, CK5/6 and EGFR were selected as basal markers for this study and were more
frequently used in clinical practice. Basal-like markers, including CK5/6 and EGFR, were detected by IHC
staining. A total of 169 (6.1%) patients showed positive expression of at least one of these basal-like
markers in the BM-positive group. Nine were excluded for their stage IV status at diagnosis, and ten were
excluded for missing follow-up data. Overall, 180 cases with no expression of either CK5/6 or EGFR
matched for histological types and clinical stage were randomly selected as the BM-negative group. All
patients were operated at SYSUCC. Formalin-�xed, para�n-embedded (FFPE) tissue specimens, including
the tumour, sentinel lymph nodes, and axillary lymph nodes, were stained with haematoxylin and eosin
(H&E). The archived H&E slides were retrospectively reviewed by two pathologists (JHH, PS) to recon�rm
the diagnosis.

Clinicopathologic features analysis
Clinicopathological data, including age at diagnosis, tumour size, histological grade, lymph node
metastasis (LNM) and lymphovascular invasion (LVI), local and systemic treatment, tumour recurrence
status, distant metastasis, survival, were collected and analysed in the BM-positive (n=150) and BM-
negative groups (n=180). The tumour stage based on the TNM stage was assessed according to the
criteria established by the 8th edition American Joint Committee on Cancer (AJCC 8th) staging manual.
ER, PR, and HER2 status were determined by immunohistochemical staining. ER and PR status were
classi�ed as negative using a cut-off of 1% according to the American Society of Clinical
Oncology/College of American Pathologists guidelines[26]. HER2 status was de�ned as negative with 0,
1+ and 2+ on IHC without HER2 gene ampli�cation on �uorescence in situ hybridization (FISH) [27]. The
percentage of Ki-67-stained cells was assessed in tumour areas on average and recorded as continuous
variables. A Ki-67 cut-off value of 20% was used to distinguish the surrogate intrinsic subtypes of luminal
A (HR+, HER2- and Ki-67<20%) and luminal B1 (HR+, HER2- and Ki-67≥20%)[28] [2]. Representative
tumour sections were also immunostained for CK5/6 (clone D5/16B4, Abcam, Cambridge, UK), EGFR
(clone EP38Y, Abcam, Cambridge, UK), and p53 (polyclone, Abcam, Cambridge, UK). Survival data
including overall survival (OS) and disease-free survival (DFS), were maintained. 

Tumour immune microenvironment evaluation
Stromal tumour in�ltrating lymphocytes (sTILs) were evaluated according to a �ve-step standardized
scoring system developed by the International Immuno-oncology Biomarker Working Group [29] [30]. The
percentage of stromal TILs (sTILs%) was considered a semiquantitative continuous parameter indicating
how much of the demarcated stromal area exhibits dense mononuclear in�ltrates.
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IHC staining for different subsets of immune cells (IC), including CD3 (clone LN10, ZSJQ-BIO, Beijing,
CHINA), CD8 (clone OTI3H6, ZSJQ-BIO, Beijing, CHINA), CD68 (clone PG-M1, ZSJQ-BIO, Beijing, CHINA),
CXCL13 (polyclonal, ZSJQ-BIO, Beijing, CHINA), and FOXP3 (clone 236A/E7, Abcam, Cambridge, UK), was
performed on 210 representative tumour sections (78 BM+ BCs; 132 BM- BCs). Details about the
antibodies and experimental conditions are shown in Supplementary Table 1. Assessment of IHC was
accomplished by two pathologists (JHZ, XC) blinded to the clinical and tumour information. The
densities of CD3, CD8, FOXP3 and CD68 were recorded as the percentage of positive ICs over the total
stromal cells. A semiquantitative H-score was used to assess CXCL13 expression on IC. First, intensity
was scored as 0, 1, 2 and 3 for negative, weak, moderate and strong staining, respectively, and the
percentage of IC over stromal cells for each intensity was assessed. Then, the H-score was calculated as
follows: 3 × percentage of strongly stained IC + 2 × percentage of moderately stained IC + percentage of
weakly stained IC (range, 0–300) [31].The median sTILs% and immune-associated biomarkers above
were calculated to determine the low and high expression levels for the cohort.

IHC staining of PD-1 (clone D4 W2J, Cell Signalling Tech, Boston, USA) and PD-L1 (clone SP142, Abcam,
Cambridge, UK) was detected in 61 cases, which had high sTILs% (>10%) (39 BM+ BCs; 22 BM- BCs). Any
staining of PD-1 in the IC was used as the cut-off for positivity [32]. The percentage of PD-L1 labelling
≥1% of the area occupied by IC of any intensity was considered positive [33].

Statistical Analysis
The clinicopathological features were analysed using SPSS software (version 25.0, SPSS Inc, Chicago,
USA). Categorical variables were compared between groups using the chi-square test. Correlations
between BM expression and sTILs% as well as other immune-associated IHC markers were measured by
the Pearson test. OS and DFS curves were drawn using the Kaplan–Meier method and were compared
using log-rank tests. The hazard ratio (HR) and 95% con�dence interval (CI) were measured using the Cox
proportional hazards regression model. All tests were two-sided, and a p value <0.05 was considered
statistically signi�cant.

Results

Patient population and clinicopathologic features
The clinicopathological features are summarized in Table 1 and Table 2, and the typical morphological
features are shown in Fig. 2. Of the 330 patients, 329 (99.7%) were female. The median age at diagnosis
was 48 years (range, 26-79 years). Tumour sizes were most frequent between 0.5 and 5.0 cm (T1–T2),
with a median of 2.2 cm. Compared to BM- BCs, BM+ BCs occurred at a younger age (median, 47 vs. 50
years, p=0.031), with larger tumour sizes (median, 2.5 cm vs. 2.0 cm, p=0.024). No signi�cant differences
were observed between the groups in tumour stage (pT), lymph node metastasis (pN) or TNM stage.
Histologically, of the 210 BCs with available tissue sections, higher histological grade (grade I, 0 vs. 2.3%;
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grade II, 30.8% vs. 75.8%; grade III, 69.2% vs.22.0%; p=0.008), and necrosis (26.9% vs. 10.6%; p=0.002)
were more frequently found in BM+ BCs, while other features, such as LVI, ductal carcinoma in situ
(DCIS), calci�cation, �brotic focus (FF) and tertiary lymphatic structures (TLS), did not differ between the
groups. Regarding clinical management, fewer BM+ BCs received endocrine therapy than BM- BCs (87.2%
vs. 74.0%, p=0.002). Other regimens, such as surgical methods, neoadjuvant therapy and adjuvant
therapy, did not show signi�cant differences between the groups. 

Table 1

 Comparison of clinical features of HR+/HER2- breast cancer by BM IHC expression status (n=330).
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Characteristics Total (n=330) BM+ (n=150) BM- (n=180) p

Age at diagnosis, n (%)        

Median age, years 48 47 50 0.031

<40 49 (14.8) 25 (16.7) 24 (13.3) 0.067

40-55 194 (58.8) 93 (62.0) 101 (56.1)  

>55 87 (26.4) 32 (21.3) 55 (30.6)  

pT, n (%)       0.061

pT1 152 (46.1) 58 (38.7) 94 (52.2)  

pT2 156 (47.3) 85 (56.7) 71 (39.4)  

pT3 17 (5.2) 5 (3.3) 12 (6.7)  

pT4 5 (1.5) 2 (1.3) 3 (1.7)  

pN, n (%)       0.412

pN0 174 (52.7) 83 (55.3) 91 (50.6)  

pN1 94 (28.5) 42 (28.0) 52 (28.9)  

pN2 35 (10.6) 10 (6.7) 25 (13.9)  

pN3 27 (8.2) 15 (10.0) 12 (6.7)  

TNM staging       0.536

88 (26.7) 34 (22.7) 54 (30.0)  

a 131 (39.7) 67 (44.7) 64 (35.6)  

b 47 (14.2) 23 (15.3) 24 (13.3)  

a 35 (10.6) 9 (6.0) 26 (14.4)  

b 2 (0.6) 2 (1.3) 0  

c 27 (8.2) 15 (10.0) 12 (6.7)  

Surgery, n (%)       0.218

Breast conservation 53 (16.1) 20 (13.3) 33 (18.3)  

Mastectomy 277 (83.9) 130 (86.7) 147 (81.7)  

Chemotherapy, n (%)       0.018

Yes 265 (80.3) 129 (86.0) 136 (75.6)  

No 65 (19.7) 21 (14.0) 44 (24.4)  
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Endocrine therapy, n (%)       0.002

Yes 268 (81.2) 111 (74.0) 157 (87.2)  

No 62 (18.8) 39 (26.0) 23 (12.8)  

Radiotherapy, n (%)       0.883

Yes 118 (35.8) 53 (35.3) 65 (36.1)  

No 212 (64.2) 97 (64.7) 115 (63.9)  

Local relapse n (%)       1.000

Yes 2 (0.6) 1 (0.7) 1 (0.6)  

No 328 (99.4) 149 (99.3) 179 (99.4)  

Distant Metastasis, n (%)       0.047

Yes 38 (11.5) 23 (15.3) 15 (8.3)  

No 292 (88.5) 127 (84.7) 165 (91.7)  

Death, n (%)       0.055

Yes 16 (4.8) 11 (7.3) 5 (2.8)  

No 314 (95.2) 139 (92.7) 175 (97.2)  

 

Table 2

 Association of BM expression with pathological features in HR+/HER2- breast cancer (n=210). 
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Characteristics Total(n=210) BM+ (n=78) BM- (n=132) p

Histological grade, n (%)       0.008

I 3 (1.4) 0 3 (2.3)  

II 124 (59.0) 24 (30.8) 100 (75.8)  

III 83 (39.5) 54 (69.2) 29 (22.0)  

Ductal carcinoma in situ, n (%)       0.050

Yes 91 (43.3) 27 (34.6) 64 (48.5)  

No 119 (56.7) 51 (65.4) 68 (51.5)  

lymphovascular invasion (LVI), n (%)       0.384

Yes 73 (34.9) 24 (31.2) 49 (37.1)  

No 136 (65.1) 53 (68.9) 83 (62.9)  

Uncertain 1 1 -  

Necrosis       0.002

Yes 35 (16.7) 21 (26.9) 14 (10.6)  

No 175 (83.3) 57 (73.1) 118 (89.4)  

Calci�cation       0.069

Yes 31 (14.8) 7 (9.0) 24 (18.2)  

No 179 (85.2) 71 (91.0) 108 (81.8)  

Fibrotic focus (FF)        

Yes 37 (17.6) 14 (17.9) 23 (17.4) 0.923

No 173 (82.4) 64 (82.1) 109 (82.6)  

Tertiary lymphatic structure (TLS)       0.750

Yes 7 (3.3) 3 (3.8) 4 (3.0)  

No 203 (96.7) 75 (96.2) 128 (97.0)  

 

Biomarkers
As shown in Table 3 and Fig. 3, compared to BM- BCs, BM+ BCs were associated with lower expression of
ER (0-50% positive, 1.7% vs. 61.3%, p<0.001) and PR (0-50% positive, 33.9% vs. 82.7%, p<0.001). A higher
Ki-67 index was also observed in BM+ BCs (Ki-67>50% positive, 40.7% vs. 7.8%, p<0.001). The majority of
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BM+ BCs was luminal B HER2- subtypes (86.7% vs. 66.1%, p<0.001). BM+ BCs harboured mutated p53
more frequently than BM- BCs (66.7% vs. 40.0%, p<0.001). Among the BM+ BCs, all cases showed EGFR
expression while CK5/6 expression was less common (n=78, 52.0% ).

Table 3

 Comparison of biomarkers and intrinsic subtypes between BM+ BCs and BM- BCs.
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Characteristics, n Total (n=330) BM+ (n=150) BM- (n=180) p

ER, n (%)       <0.001

0-20%+ 69 (20.9) 69 (46.0) 0  

21-50%+ 26 (7.89) 23 (15.3) 3 (1.7)  

>50%+ 235 (71.2) 58 (38.7) 177 (98.3)  

PR, n (%)       <0.001

0-20%+ 148 (44.8) 105 (70.0) 43 (23.9)  

21-50%+ 37 (11.2) 19 (12.7) 18 (10.0)  

>50%+ 145 (43.9) 26 (17.3) 119 (66.1)  

HER2       0.359

     0 209 (63.3) 99 (66.0) 110 (61.1)  

     1+or 2+ 121 (36.7) 51 (34.0) 70 (38.9)  

Ki-67, n (%)       <0.001

0-15%+ 81 (24.5) 20 (13.3) 61 (33.9)  

16%-50% 174 (52.7) 69 (46.0) 105 (58.3)  

>50%+ 75 (22.7) 61 (40.7) 14 (7.8)  

Intrinsic subtypes, n (%)       <0.001

Luminal A 81 (24.5) 20 (13.3) 61 (33.9)  

Luminal B HER2- 249 (75.5) 130 (86.7) 119 (66.1)  

BM, n (%)       -

EGFR positive 150 (45.5) 150 (100) -  

CK5/6 positive 0 0 -  

Both positive 78 (23.6) 78 (52) -  

p53 status, n (%)       <0.001

Mutant-tpye 164 (51.6) 92 (66.7) 72 (40.0)  

Wild-type 154 (48.4) 46 (33.3) 108 (60.0)  

Not known 12 12 0  
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Prognosis of BM-positive HR+/HER2- breast cancer 
The follow-up time of our cohort ranged from 7.10-72.17 months, with a median of 34.42 months.
Survival curves for DFS and OS are shown in Fig. 4. Both DFS and OS were shorter in BM+ BCs
(DFS: p=0.034, HR=1.96, 95%CI: 1.04-3.69; OS: p=0.037, HR=2.93, 95%CI: 1.02-8.45). When CK5/6 status
was taken into consideration, signi�cantly poorer DFS and OS were also observed (DFS: p=0.033,
HR=2.03, 95%CI: 1.06-3.90; OS: p=0.007, HR=3.88, 95%CI: 1.45-1.39) in BM+ BCs. Univariate and
multivariate analyses demonstrated that CK5/6 was an independent prognostic factor for both DFS
(p=0.004, HR=4.32, 95% CI: 1.66-11.61) and OS (p=0.003, HR=2.82, 95% CI: 1.44-5.55) in HR+/HER2- BCs
(Table 4). Meanwhile, clinical stage also played an independent prognostic role in DFS (p<0.001,
HR=1.67, 95% CI: 1.27-2.20) and OS (p<0.001, HR=1.86, 95% CI: 1.55-2.24)  

Table 4

 Univariate analysis and multivariate analysis of HR+/HER2- breast cancer 

  Univariate analysis Multivariate analysis

  p HR 95% CI p HR 95% CI

DFS            

Clinical stage 0.001 1.62 1.24-2.13 <0.001 1.67 1.27-2.20

CK5/6 (pos. vs. neg.) 0.007 3.88 1.45-1.39 0.004 4.32  1.60-11.61

EGFR (pos. vs. neg.) 0.047 2.93 1.02-8.45 0.580  - -

ER 0.026 0.97 0.97-1.00 0.990  - -

PR 0.010  0.98 0.96-0.99 0.122 - -

Ki-67 0.016 1.02 1.00-1.04 0.585  - -

OS            

Clinical stage <0.001 1.81 1.51-2.15 <0.001 1.86 1.55-2.24

CK5/6 (pos. vs. neg.) 0.033 2.03 1.06-3.90 0.003 2.82 1.44-5.55

Chemotherapy (yes vs. no) 0.030  4.85 1.17-20.11 0.110  - -

Radiation (yes vs. no) 0.001 2.86 1.51-5.43 0.055 - -

EGFR (pos. vs. neg.) 0.038 1.96 1.04-3.69 0.314 - -

PR 0.025 0.99 0.98-1.00 0.175 - -

Ki-67 0.006 1.02 1.01-1.03 0.218 - -

Among the BM+ patients who received endocrine therapy (n=111, 74.0%), combining adjuvant
chemotherapy did not affect their prognosis in terms of either DFS or OS (p=0.457 and 0.670,
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respectively). On the other hand, it was noteworthy that the OS of BM+ BCs who had been treated with
neoadjuvant therapy (n=15, 10.0%) was not improved but rather decreased, compared with those who did
not receive the treatment (p=0.037). As the cases were limited, the response to neoadjuvant therapy in
BM+ BCs needs further attention. 

Immune pro�les of BM-positive HR+/HER2- breast cancer
The expression of immunue biomarkers is summarized in Table 5. Of the 210 cases with available tissue
blocks for IHC staining, the median sTILs% was 10%. A total of 149 (71.0%) had low sTIL% and 61
(29.0%) had high sTIL%. The sTIL% was notably higher in BM+ BCs than in BM- BCs (50.0% vs.16.7%;
p<0.001), with medians of 15% and 5%, respectively. Signi�cantly positive correlations were observed
between CD3, CD8, FOXP3, CXCL13, CD68 and BM expression. Examples of immune marker expression
and heatmap are displayed in Fig. 5. Among the 61 HR+/HER2- breast cancers, more BM+ BCs showed
positive expression of PD-1 (76.9% vs. 50.0%, p=0.031) and PD-L1 (61.5% vs. 32.1%, p=0.010) than BM-
BCs. 

Table 5

 Correlation between BM status and sTILs%, CD3, CD8, FOXP3, CXCL13, PD-1, PD-L1.



Page 14/26

N=210 Total

(n=210)

BM+ (%)

(n=78)

BM- (%)

(n=132)

Correlation coe�cient p

TILs       0.36 <0.001

Low 149 (71.0) 39 (50.0) 110 (83.3)    

High 61 (29.0) 39 (50.0) 22 (16.7)    

CD3       0.25 <0.001

Low 132 (62.9) 37 (47.4) 95 (72.0)    

High 78 (37.1) 41 (52.6) 87 (28.0)    

CD8       0.21 0.002

Low 130 (61.9) 38 (48.7) 92 (69.7)    

High 80 (38.1) 40 (51.3) 40 (30.3)    

FOXP3       0.26 <0.001

Low 139 (66.2) 39 (50.0) 100 (75.8)    

High 71 (33.8) 39 (50.0) 32 (24.2)    

CXCL13       0.26 0.001

Low 143 (68.1) 41 (52.6) 102 (77.3)    

High 67 (31.9) 37 (47.4) 30 (22.7)    

CD68       0.15 0.036

Low 127 (60.5) 40 (51.3) 87 (65.9)    

High 83 (39.5) 38 (48.7) 45 (34.1)    

 

N=61

           

PD-1       0.28 0.031  

Positive 41 (67.2) 30 (76.9) 11 (50.0)      

Negative 20 (32.8) 9 (23.1) 11 (50.0)      

PD-L1       0.33 0.010  

Positive 30 (49.2) 24 (61.5) 6 (27.3)      

Negative 31 (50.8) 15 (38.5) 16 (72.7)      
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Discussion
Basal marker expression and their poor prognostic impact in TNBC have been extensively
studied [34] [18] [35], but only a few studies have focused on their expression and prognostic value in
luminal breast cancer, and the conclusions have been controversial. According to a collaborative study
that included 10159 breast cancer cases from multiple centres, approximately 8% of luminal HER2-
negative patients had basal marker expression (de�ned as CK5/6 and/or EGFR positive), and they
showed a poor prognosis compared to luminal HER2-negative basal-negative patients [5]. In another
meta-analysis (n=5040) that focused on luminal A subtypes (HR+, HER2-), the association between
survival and basal marker expression (de�ned as CK5, CK5/6 or EGFR positive) was not signi�cant, while
BM+ tumours were more likely to have less aggressive clinicopathologic characteristics [24]. In contrast, a
retrospective study that detected basal marker (CK5, CK14 and EGFR) expression in luminal breast
cancers on a tissue microarray showed a lower risk of death in BM+ luminal HER2-negative tumours
(n=324) than in BM- luminal HER2- tumours (n=870) [25]. It should be noted that, to date, there has been
no accepted consensus on the de�nition of basal markers, and detecting basal markers was not
recommended for breast cancer diagnosis, potentially leading to different criteria, incomplete data and
even diverging results of the basal-like phenotype. Previous studies have shown that the combined
detection of CK5/6 and EGFR has convenient and predictive value to de�ne basal breast
cancer [18] [36]. CK5/6 is regarded as one of the most common cytokeratins in basal breast cancer, and
its expression in TNBC is associated with poor prognosis [37]. EGFR, as a member of the HER family of
casein kinase receptor proteins, also showed a relationship with worse survival in breast
cancer [38]. Furthermore, EGFR is also a treatment target with several available drugs, such as cetuximab
and ge�tinib [39], which can help to identify a basal-like subset that might bene�t from those agents. 

As one of the largest single-centre studies, we compared the differences between clinicopathologic and
immune-associated features, clinical outcomes and BM status. We found that patients with BM+
HR+/HER2- tumours had some clinicopathologic features in common with basal-like breast cancer. For
example, patients with BM+ tumours were younger. More aggressive tumour features occurred in BM+
tumours, including higher tumour stage and histological grade. They were more likely to have lower ER
and PR expression, a higher Ki-67 index and more p53 mutations, which served as an indicator of
aggressive biological behaviour and poor outcomes. Clearly shorter DFS and OS were found in BM+
breast cancer in the K-M survival analysis. In further multivariate analysis, CK5/6 was a risk factor for
both DFS and OS. These results support the notion that BM+ BCs can be regarded as a subtype of
HR+/HER2- breast cancer with a poor prognosis.

According to this study, traditional adjuvant treatment, including chemotherapy and endocrine therapy,
did not help prolong the survival of BM+ BCs; thus, further exploration of new regimens should be a future
area of focus. The immune system plays an important role in both the elimination and progression of
breast cancer. The TIME, after a complex transformation initially from an in�ammatory reaction, is
associated with immune escape and tumour progression [40]. A higher number of sTILs was observed in
HER2+ breast cancers and TNBCs than in luminal breast cancers[41]. Moreover, PD-L1 positive
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expression was more frequently seen in TNBCs[42], and this has been a focus of clinical trials for the
prospect of immunotherapy[43]. PD-L1-targeted drugs have also been approved for patients with
unresectable locally advanced or metastatic TNBC[44]. To our knowledge, there has been little prior
research on BM+ BC TIME characteristics. By assessment of whole slide sections, we observed relatively
higher sTILs% in the BM+ cohort, which re�ected a relatively activated immune status in these tumours.
According to a previous study by Denkert et al. [45], increased TILs may be an adverse predictive factor of
response to neoadjuvant therapy in ER+/HER2- tumours, although they predicted a better response in
TNBC and HER2-overexpressing breast cancer. In our study, the survival of BM+ patients who had
received neoadjuvant therapy did not improve. Since few cases that received neoadjuvant therapy were
included in our research, the explicit impact of the treatment in these patients should be prospectively
analysed. Higher levels of TILs and PD-L1-positive immune cells in this subtype might be a hint for new
therapy options, such as immune checkpoint inhibitors.

Our study has several limitations. The clinical and pathological information was mostly collected
retrospectively, leading to the possibility of missing data. In addition, limited tissue blocks for TIME
assays and short follow-up time in our cohort restricted the analysis, and these patients should be further
observed. Furthermore, patients included in this study received different adjuvant regimens, which may
have in�uenced their survival outcomes to some extent. Despite these limitations, this study highlighted
the biological behaviour of BM+ HR+/HER2- breast cancer and provided a preliminary exploration of its
TIME characteristics.

Conclusion
Our study indicated that more aggressive morphologic features and worse prognosis were associated
with the basal-like phenotype of HR+/HER2- breast cancer, and its immune-activated status may support
new therapeutic strategies, such as immunotherapy, as a potential treatment for patients of this subset.
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Figure 1

The �owchart of cases selection.
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Figure 2

Examples of morphological features in BM+ BCs. BM BCs consisted of tumour cells with high
histological grade, including less or little tubule formation (A, C) and obvious nuclear pleomorphism (B,
D). In addition, necrosis was more easily observed in BM+ BCs (E, F).
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Figure 3

Biomarker features in BM+ BCs. EGFR and CK5/6 showed strongly positive expression (A, B). Low
expression of ER, PR and Ki-67 was displayed in C, E and G, and high expression was displayed in D, F
and H. p53 expression are shown in I (wild-type) and J (mutant-type).
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Figure 4

K-M survival curves in BM+ BCs and BM- BCs. Both DFS and OS were signi�cantly shorter in BM+ BCs,
including EGFR- (A, B) and CK5/6-positive BCs (C, D).

Figure 5
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Examples of high expression of immune biomarker in BM+ BCs and low expression in BM- BCs are
shown in A. The level of sTILs% and expressions of immune biomarker of 210 samples are shown in the
heatmap (B), in which each column represents a sample, and colours change from blue to red with
increasing proportions (%).
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