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Ultrasonographic appearance of triple-negative invasive breast 
carcinoma is associated with novel molecular subtypes based on 
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Background: Various sonographic features of triple-negative invasive breast carcinomas (TNBC) expected 
to be associated with the molecular subtypes based on transcriptomic analysis were examined. The effects of 
clinical, sonographic, pathological, and molecular features on survival outcome was also studied. 
Methods: One hundred and fourteen patients with breast cancer with negative expression of estrogen 
receptor (ER), progesterone receptor (PR), and human epidermal receptor 2 (HER2) were included in our 
retrospective study. Based on the transcriptomic profiles, four stable clusters named immunomodulatory (IM), 
luminal androgen receptor (LAR), mesenchymal-like (MES), and basal-like and immune-suppressed (BLIS) 
were identified. Ultrasound (US) images were reviewed by two US physicians according to Breast Imaging 
Reporting and Data System (BI-RADS). Multivariate Cox regression was used to determine the variables 
associated with recurrence-free survival (RFS) and overall survival (OS). 
Results: There were 21 IM, 18 LAR, 36 MES, and 39 BLIS cases. The four molecular subtypes showed 
significant differences in terms of tumor shape (P=0.008) and posterior acoustic pattern (P=0.028). 
Compared with the subtypes LAR and MES, the IM and BLIS subtypes had higher probability of presenting 
benign-like sonographic features, such as regular shape, no angular/spiculated margin, and posterior acoustic 
enhancement (P<0.05). The independent risk factors for RFS events and death were axillary lymph node 
metastasis (P<0.05) and BLIS subtype (P<0.05). BLIS subtype showed worse OS than other subtypes (log 
rank P=0.05). TNBCs with benign sonographic features tended to have less death events (3.3% vs. 15.2%, 
P=0.088). 
Conclusions: Sonographic appearance of TNBCs is associated with transcriptome-based molecular 
subtypes, and tends to correlate with the survival outcome.
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Introduction

Triple-negative breast cancer (TNBC) is recognized as 
an aggressive disease with poor prognosis among breast 
cancers (1,2). The lack of an effective target therapy for 
estrogen receptor (ER), progesterone receptor (PR), or 
human epidermal receptor 2 (HER2) further worsen the 
prognosis of TNBCs (3). TNBC is also well known 
as a heterogeneous disease with various biological 
properties of tumors and clinical outcomes (4-7). Based 
on cytokeratins (4), transcriptomes (6), or genomics (7-9), 
TNBCs are divided to four molecular subgroups (4,6,7) 
or six subtypes (9) that are associated with the clinical 
outcome of TNBCs.

Ultrasonography plays an important role in the screening 
of breast cancers, particularly in Asian populations. Similar 
to the biological property of the tumors, TNBCs show a 
considerable variety in ultrasonographic features (10-14). 
The heterogeneity of sonographic features of TNBCs in 
particular of the benign-like sonographic appearance in 
some TNBC patients, hinders early and accurate diagnosis. 
We have previously demonstrated that the benign-like 
TNBCs are more proliferative (15) than those with typical 
malignant sonographic features. Therefore, missing 
TNBC lesions in the ultrasound (US) may cause serious 
consequences. The genetic origin of sonographic variety is 
critical for the accurate recognition of specified molecular 
subtypes with poor prognosis.

In the present study, we aimed to evaluate the association 
between sonographic features and four molecular subtypes 
based on the integrated expression profiles of both 
mRNA and long non-coding RNA (lncRNA) (6). The 
effects of demographics, tumor-node-metastasis (TNM) 
stage, sonographic features, pathological features, and 
transcriptome-based molecular subtypes on the clinical 
outcome defined as recurrence-free survival (RFS) and 
overall survival (OS) were also studied. 

Methods

Patient recruitment

This was a retrospective observational study on the 
prospectively collected data between 1 January 2010 and 31 
December 2013. A total of 114 consecutive patients who 
accepted surgical treatment for unilateral breast cancers 
without ER, PR, and HER2 at Fudan University Shanghai 
Cancer Center (FUSCC) were included. The examination 
results for chest computed tomography (CT), bone scan, 

abdominal US, bilateral mammography, breast US, and/
or magnetic resonance imaging (MRI) were collected to 
ascertain no metastasis beyond breasts and axillary lymph 
nodes occurred before the surgery.

Sample preparation, microarray experiment, and clusters

Breast tumor samples were well preserved in liquid nitrogen 
for further processing. The tumor area was macro-dissected 
to ensure tumor cells accounted for 90% or more of the 
whole breast cancer specimen. Total RNA expression was 
detected from the frozen TNBC samples using the RNeasy 
Plus Mini Kit (Qiagen, Valencia, CA, USA). NanoDrop 
2000 Spectrophotometer (Thermo Scientific, Wilmington, 
DE, USA) was used for checking the purity and quantity of 
total RNA by measuring absorbance at 260 and 280 nm with 
RNase-free water as a blank control. RNAs with the ratio of 
A260/A280 within 1.9–2.1 qualified for further experiments. 
The transcriptomic profiles of the breast tumor samples 
were determined using GeneChip Human Transcriptome 
Array 2.0 (HTA 2.0) (Affymetrix, Santa Clara, CA, USA) 
with details described in our earlier publications (5-7).

Four stable clusters, named immunomodulatory (IM), 
luminal androgen receptor (LAR) mesenchymal-like 
(MES), and basal-like and immune-suppressed (BLIS) were 
identified after analyzing the robustness of the classification 
using k-means clustering by resampling randomly selected 
tumor profiles (1,000 iterations) with the details available in 
our previous study (6). Furthermore, gene oncology (GO) 
and pathway analyses were performed to identify the top 
GO and canonical pathways associated with the four TNBC 
subtypes as demonstrated in Table 1. The detailed activation 
and inhibition patterns were comprehensively illustrated 
previously (6). Our classification system, named FUSCC, 
correlated well with the Lehmann/Pietenpol classification 
system (6,7).

Clinical and pathological data

The ER, PR, and HER2 status of the breast tumor samples 
was confirmed by two experienced pathologists (WTY 
and RHS) based on immunohistochemical analysis and in 
situ hybridization. TNBC was defined as ER, PR, HER2 
negative in accordance with the St. Gallen International 
Expert Consensus (16). The clinical, pathological, and 
immunohistochemical characteristics were collected 
including age, menopausal status, tumor size, tumor 
histological grade, lymph node status, Ki67 level, and 
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adjuvant therapies. Patients were categorized according 
to age (<50 and ≥50 yrs), tumor size (≤2 and >2 cm), 
histological grade (grade I, II, III), and Ki67 level (<40% 
and ≥40%).

Assessment of ultrasonographic features

US images of the TNBC mass were collected from the data 
backup server. A second review was conducted by two US 
physicians who specialized in breast US examination and 
Breast Imaging Reporting and Data System (BI-RADS) 
lexicon. The assessment for US images was based on BI-
RADS published in 2013 (17). The ultrasonographic 
features included orientation (parallel and not parallel), 
shape (regular and irregular), margin (circumscribed and 
uncircumscribed), angular or spiculated margin (yes and 
no), echo pattern (hypoechoic, mixed solid echo, complex 
cystic, and solid echo), posterior acoustic pattern (shadow, 
enhancement, no change, and mixed pattern), calcification 
(yes and no) (15,17). During the assessment, the two 
examiners were mutually blinded to each other as well as 
the patients’ clinical and pathological data. A consensus was 
reached for disagreements between the two examiners.

Irregular shape, with angular or spiculated margin, 
posterior acoustic shadow, and calcification were deemed as 
typical malignant sonographic signs. Patients were divided 
into three groups according to the following sonographic 
features: Group 1, no malignant sonographic features; 
Group 2, one or two malignant sonographic features; 
Group 3, three or four malignant sonographic features. 
Bilateral axillary US examination was performed for each 
patient. 

Patient follow-up

Follow-up of all patients in the cohort was completed on 31 
August 2018. The median length of follow-up was 63 months 
with the interquartile range of 53–70 months. The RFS 
events were defined as follows: the first recurrence of invasive 
breast cancer at a local, regional, or distant site; the incidence 
of contralateral breast cancer, and death from any causes. 
Patients without RFS events were censored at the last follow-
up. All data included in the present study was collected after 
obtaining ethical approval from the institutional review board 
at FUSCC (No. 1802181-22-NSFC). Informed written 
consent was obtained from all patients.

Statistical analysis

SPSS for Windows version 22.0 (SPSS Inc., Chicago, 
IL, USA) was used for statistical analyses. Student’s t-test 
was used to compare continuous variables, and Pearson’s 
chi-square test was used for comparing categorical data. 
Multivariate Cox regression analysis was used to determine 
the variables associated with RFS and OS. Adjusted hazard 
ratio (HR) and the 95% confidence interval (CI) were 
calculated with Cox proportional-hazards model. Survival 
curves for both RFS and OS were plotted using the Kaplan-
Meier method and used to compare BLIS with the other 
subtypes using the log rank test. 

Results

According to the expression of mRNA and lncRNA, 114 
patients were classified into the following four molecular 

Table 1 Composition and characteristics of the four molecular subtypes based on mRNA and lncRNA

Molecular subtypes Number (%) Molecular characteristics

IM 21 (18.4) Unique GOs and pathways involving immune cell process

LAR 18 (15.8) Unique GOs enriched in hormonally regulated pathways

MES 36 (31.6) A variety of GOs including ECM, focal adhension, TGF and growth factor 
signaling pathways

BLIS 39 (34.2) GOs enriching in cell division and cell cycle related pathways (mitotic cell 
cycle, mitotic prometaphase, M phase of mitotic cell cycle, DNA replication, 
and DNA repair)

IM, immunomodulatory; LAR, luminal androgen receptor; MES, mesenchymal-like; BLIS, basal-like and immune-suppressed; GO, gene 
oncology; ECM, extracellular matrix; TGF, transforming growth factor. 
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subtypes: 21 cases (18.4%) in IM group, 18 cases (15.8%) 
in LAR group, 36 cases (31.6%) in MES group, and 39 
cases (34.2%) in BLIS group. Clinical, pathological, and 
ultrasonographic data were presented according to the 
four subtypes as demonstrated in Table 2 and Table 3. BLIS 
subtype showed the lowest incidence of axillary lymph node 
metastasis and the lowest rate of radiotherapy compared to 
the other three subtypes (P<0.05). IM subtype showed the 
highest incidence of axillary lymph node metastasis and the 
highest rate of radiotherapy compared to the other three 
subtypes (P<0.05). There was no significant difference 
among the four subtypes in terms of patient age, tumor size, 
surgery type, pathological grade, Ki67 level, chemotherapy, 
follow-up duration, and incidence of RFS or death events 
(P>0.05). With respect to ultrasonographic features, the 
four molecular subtypes showed significant differences in 
terms of tumor shape (P=0.008), posterior acoustic pattern 
(P=0.028), and sonographic appearance-based subgroups 
(P=0.013) as shown in Table 3. Compared with LAR and 
MES subgroups, IM and BLIS subgroups had higher 
probability of presenting benign-like sonographic features, 
e.g., regular shape, no angular/spiculated margin, and 
posterior acoustic enhancement (P<0.05). Figure 1 shows 
the typical sonographic images for TNBC masses of the 
four molecular subtypes.

Due to the cessation of follow-up within four years after 
the surgery, 109 patients were included in the survival-
related analysis after excluding five patients. The univariate 
Logistic regression analysis shows that post-operative LNM 
and radiotherapy treatment were significantly associated 
with RFS and death events (P<0.05, Table 4). Meanwhile, 
BLIS subtype was significantly associated with the death 
event (P<0.05, Table 4). Multivariate Cox regression 
analysis demonstrated that independent risk factors for 
RFS and death events of TNBCs included the presence of 
postoperative axillary lymph node metastasis (P<0.05) and 
the BLIS subtype (P<0.05) as shown in Table 5. Figures 2 
and 3 show the Kaplan-Meier survival curves for RFS and 
OS. BLIS subtype presented significantly worse OS than 
other TNBC subtypes (log rank P=0.05), while there was 
no significant difference in RFS (log rank P=0.188).

Discussion

Summary of main findings

TNBCs are associated with high heterogeneity, aggressive 

proliferation, and low differentiation (1,18,19). Currently, 
there are limited effective target therapies catering to 
the heterogeneity of TNBCs (20,21). The heterogeneity 
of TNBCs has been observed in US imaging features as 
well as at cellular and genetic levels. However, there is a 
lack of studies on the association between sonographic 
features and genetic properties. In the present study, we 
classified 114 TNBC patients into four subtypes according 
to the expression profiles of both mRNAs and lncRNAs. 
The classification system for TNBC named FUSCC 
was established and verified by our research team. The 
sonographic features in terms of tumor shape and posterior 
acoustic pattern were found to be significantly associated 
with the four molecular subtypes of TNBC. IM and BLIS 
subtypes showed similar sonographic appearance with 
higher probability to present benign-like sonographic 
features than LAR and MES groups. However, sonographic 
features were not found to be significantly associated 
with the RFS and OS of TNBC. The survival outcome of 
TNBC is significantly associated with the axillary lymph 
node metastasis and the molecular subtypes. BLIS subtype 
showed the worst prognosis compared with the other four 
subtypes.

Validated and multi-omics profiling based classification 
system

The establishment of our classification system FUSCC 
was based on integrating the expression profiles of both 
mRNAs and lncRNAs from 165 TNBC specimens (6) and 
was verified with genomic analysis (7). Compared to the 
Lehmann/Pietenpol classification that includes six molecular 
subtypes according to the integrated analysis of 14 publicly 
available RNA profiles (9), the FUSCC classification system 
is more simplified. In FUSCC, the BLIS subtype included 
the BL1 and BL2 subtypes in the Lehmann/Pietenpol 
classification. It was also concordant with BLIS subtype 
showing the worst survival outcome compared to the same 
subtype in previous studies (8). In the subsequent genomic 
analysis, the FUSCC classification system was further 
validated and subdivided for the search of more potential 
targeted therapeutic biomarkers within specific subtypes (7).  
For example, the genomic data suggested that east Asian 
TNBCs tended to present enriched ERBB2 (Erb-B2 
receptor tyrosine kinase 2) mutation in the LAR subtype. 
BLIS TNBC can be further classified depending on low or 
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Table 2 Clinicopathologic and immunohistochemical characteristics of the four TNBC molecular subtypes based on the FUSCC classification 
criteria 

Clinical variables Number IM LAR MES BLIS P

Age (yrs) 0.183

≤50 45 10 (47.6) 3 (16.7) 15 (41.7) 17 (43.6)

>50 69 11 (52.4) 15 (83.3) 21 (58.3) 22 (56.4)

Menopause 0.487

Yes 70 12 (57.1) 14 (77.8) 21 (58.3) 23 (59.0)

No 44 9 (42.9) 4 (22.2) 15 (41.7) 16 41.0)

Tumor size (cm) 0.227

≤2 cm 45 12 (57.1) 8 (44.4) 13 (36.1) 12 (30.8)

>2 cm 69 9 (42.9) 10 (55.6) 23 (63.9) 27 (69.2)

Surgical type 0.794

MRM 82 16 (76.2) 14 (77.8) 26 (72.2) 26 (66.7)

M + SLNB 32 5 (23.8) 4 (22.2) 10 (27.8) 13 (33.3)

Pathological type 0.467

IDC 104 19 (90.5) 18 (100) 32 (88.9) 35 (89.7)

DCIS 2 1 (4.8) 0 (0) 1 (2.8) 0 (0)

ILC 2 1 (4.8) 0 (0) 1 (2.8) 0 (0)

Others 6 0 (0) 0 (0) 2 (5.6) 4 (10.3)

Histological grade 0.834

I&II 38 7 (33.3) 5 (27.8) 14 (38.9) 12 (30.8)

III 76 14 (67.7) 13 (72.2) 22 (61.1) 27 (69.2)

Ki67 (%) 0.186

<40 28 3 (14.3) 5 (27.8) 13 (36.1) 7 (17.9)

≥40 86 18 (85.7) 13 (72.2) 23 (63.9) 32 (82.1)

LNM 0.005*

Yes 35 12 (57.1) 6 (33.3) 12 (33.3) 5 (12.8)

No 79 9 (42.9) 12 (67.7) 24 (67.7) 34 (87.2)

Chemotherapy 0.976

Taxane-based 87 17 (81.0) 13 (72.2) 28 (77.8) 29 (74.4)

Non-taxane-based 18 3 (14.3) 3 (16.7) 6 (16.7) 6 (15.4)

Unknown 9 1 (4.8) 2 (11.1) 2 (5.6) 4 (10.3)

Radiotherapy 0.003*

Yes 31 13 (61.9) 4 (22.2) 8 (22.2) 6 (15.4)

No 73 7 (33.3) 14 (77.8) 25 (69.4) 27 (69.2)

Unknown 10 1 (4.8) 0 (0) 3 (8.3) 6 (15.4)

Follow up (month) 0.756

Median 63 62 62 62 64.5

IQR 57–70 53.5–68 58.5–70 58–72 56.75–70.75

RFS events 20 2 (11.1) 4 (23.5) 4 (11.1) 10 (26.3) 0.284

Death 13 1 (5.6) 2 (11.8) 2 (5.6) 8 (21.1) 0.165

The presentation of data is number (%) for categorical data and median [IQR] for numerical data. * indicates statistical significance. 
BLIS, basal-like and immune suppressed; DCIS, ductal carcinoma in situ; IDC, Infiltrative ductal carcinoma; IM, immunomodulatory; 
IQR, interquartile range; LAR, luminal androgen receptor; LNM, lymph node metastasis; M, mastectomy; MES, mesenchymal-like; MRM, 
modified radical mastectomy; RFS, recurrence-free survival; SLNB, sentinel lymph node biopsy. 
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Table 3 Association between sonographic features and TNBC molecular subtypes based on the FUSCC classification criteria 

Number IM LAR MES BLIS P 

Orientation 0.529

Parallel 100 20 (95.2) 15 (83.3) 30 (83.3) 35 (89.7)

Not parallel 14 1 (4.8) 3 (16.7) 6 (16.7) 4 (10.3)

Shape 0.008*

Regular 43 11 (52.4) 2 (11.1) 10 (27.8) 20 (51.3)

Irregular 71 10 (47.6) 16 (88.9) 26 (72.2) 19 (48.7)

Margin 0.439

Circumscribed 12 3 (14.3) 1 (5.6) 2 (5.6) 6 (15.4)

Not circumscribed 102 18 (85.7) 17 (94.4) 34 (94.4) 33 (84.6)

Angular/spiculated margin 0.055

Yes 38 6 (28.6) 10 (55.6) 14 (38.9) 8 (20.5)

No 76 15 (71.4) 8 (44.4) 22 (61.1) 31 (79.5)

Echo pattern 0.180

Hypoechoic 55 15 (71.4) 7 (38.9) 14 (38.9) 19 (48.7)

Mixed 57 6 (28.6) 10 (55.6) 22 (61.1) 19 (48.7)

Solid and cystic 2 0 (0) 1 (5.6) 0 (0) 1 (2.6)

Posterior acoustic pattern 0.028*

Shadow 8 0 (0) 3 (16.7) 5 (13.9) 0 (0)

Enhancement 43 9 (42.9) 4 (22.2) 9 (25) 21 (53.8)

No change 53 10 (47.6) 11 (61.1) 17 (47.2) 15 (38.5)

Mixed 10 2 (9.5) 0 (0) 5 (13.9) 3 (7.7)

Posterior acoustic shadow 0.021*

Yes 8 0 (0) 3 (16.7) 5 (13.9) 0 (0)

No 106 21 (100.0) 15 (83.3) 31 (86.1) 39 (100.0)

Posterior acoustic enhancement 0.031*

Yes 43 9 (42.9) 4 (22.2) 9 (25) 21 (53.8)

No 71 12 (57.1) 14 (77.8) 27 (75) 18 (46.2)

Calcification 0.549

Yes 32 4 (19.0) 5 (27.8) 13 (36.1) 10 (25.6)

No 82 17 (81.0) 13 (72.2) 23 (63.9) 29 (74.4)

US features-based groups 0.013*

Group 1 31 7 (33.3) 2 (11.1) 8 (22.2) 14 (35.9)

Group 2 66 14 (67.7) 10 (55.6) 19 (52.8) 23 (59.0)

Group 3 17 0 (0) 6 (33.3) 9 (25.0) 2 (5.1)

* indicates statistical significance.
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high homologous recombination deficiency (HRD) score. 
TNBC patients with high HRD scores tended to have a 
favorable prognosis and may benefit from DNA-damaging 
chemotherapy or DNA repair inhibitors (7). These findings 
may imply the necessity for the adjustment of clinical 
management for east Asian TNBCs (7).

Heterogeneity of TNBC sonographic features

As reported in previous studies, the most common 
sonographic features for TNBCs included regular shape, no 
angular/spiculated margin, posterior acoustic enhancement, 
and no calcifications which are characteristic for benign 
breast masses (10,11,13,22,23). However, not all TNBC 
masses present these features. In the present study, the 
incidence was 37.7% for regular tumor shape, 66.7% for 
no angular/spiculated margin, 37.7% for posterior acoustic 
enhancement, and 71.9% for no calcification. Zhang et al., 

in their study of 1,000 cases, reported that TNBCs had 
only 28.7% probability of having circumscribed margins 
and 42.5% probability of having a regular shape (24). The 
imaging heterogeneity has been an obstacle in the early and 
accurate diagnosis of TNBCs, in particular for those breast 
masses with benign-like sonographic features in young 
patients (15).

Clinical implication of the association between biological 
heterogeneity and sonographic variety

Information obtained from medical imaging has been 
proven to be closely related to the characteristics of genes, 
proteins, and tumor phenotypes (25-27). In our study, we 
also found that sonographic features in terms of tumor 
shape and posterior acoustic pattern were found to be 
significantly associated with the four molecular subtypes 
of TNBC. Tumors with active and rapid growth had less 

Figure 1 Illustration of four TNBC subtypes with typical sonographic features. (A) Subtype IM, 42y, regular shape without angular/
spiculated margin but with posterior acoustic enhancement in sonogram, BI-RADS 4B, grade III, Ki67 70% LNM 1/8; (B) Subtype LAR, 
78y, irregular shape with angular margin and posterior acoustic shadow in sonogram, BI-RADS 5, grade III, Ki67 30% LNM 0/15; (C) 
Subtype MES, 58y, irregular shape with angular margin and posterior acoustic shadow in sonogram, BI-RADS 5, grade III, Ki67 30% LNM 
17/26; (D) Subtype BLIS, 49y, regular shape with circumscribed margin and posterior acoustic enhancement, BI-RADS 4C, grade III, Ki67 
80% LNM 2/27.

A B

C D
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Table 4 The association between ultrasonographic, clinicopathologic and genomic characteristics on the RFS and overall survival of all TNBC 
patients (N=109)

Variables
RFS Death

Yes No P Yes No P

Tumor size (cm) 0.339 0.198

≤2 cm 6 (14.0) 37 (86.0) 3 (7.0) 40 (93.0)

>2 cm 14 (21.2) 52 (78.8) 10 (15.2) 56 (84.8)

US features group 0.363 0.207

Group 1 3 (10) 27 (90) 1 (3.3) 29 (96.7)

Group 2 14 (22.2) 49 (77.8) 9 (14.3) 54 (85.7)

Group 3 3 (18.9) 13 (81.3) 3 (18.8) 13 (81.3)

LNM 0.001* 0.007*

Yes 12 (37.5) 20 (62.5) 8 (25) 24 (75)

No 8 (10.4) 69 (89.6) 5 (6.5) 72 (93.5)

Radiotherapy 0.019* 0.001*

Yes 10 (34.5) 19 (65.5) 9 (31.0) 20 (69.0)

No 10 (14.1) 61 (85.9) 4 (5.6) 67 (94.4)

Unknown 0 (0) 9 (100.0) 0 (0) 9 (100.0)

Genomic subgroup 0.284 0.165

IM 2 (11.1) 16 (88.9) 1 (5.6) 17 (94.4)

LAR 4 (23.5) 13 (76.5) 2 (11.8) 15 (88.2)

MES 4 (11.1) 32 (88.9) 2 (5.6) 34 (94.4)

BLIS 10 (26.3) 28 (73.7) 8 (21.1) 30 (78.9)

Genomic subgroup 0.116 0.032*

Non-BLIS 10 (14.1) 61 (85.9) 5 (7.0) 66 (93.0)

BLIS 10 (26.3) 28 (73.7) 8 (21.1) 30 (78.9)

* indicates statistical significance.

matrix interaction with the surrounding breast tissues, 
which leads to relatively circumscribed margins (28,29). 
The composition of enriched tumor cells, fibrosis tissue, 
and necrosis may affect the echotexture and posterior 
acoustic pattern of the breast tumors. It has been reported 
that TNBCs with infiltrative tumor border pattern was 
associated with luminal cluster and poor prognosis and 
pushing border pattern was associated with basal cluster 
and good prognosis (4). Their findings indicated that 
benign-like TNBCs might have better prognosis than 
those with malignant-like appearance. This is consistent 
with our finding that TNBCs with no malignant or one 
or two malignant sonographic features tended to show 

better prognosis than those with at least three malignant 
sonographic features. However, it is difficult to explain the 
finding that BLIS subtype that had the highest probability 
to show benign sonographic appearance had the worst 
prognosis. We postulate that the qualitative assessment 
of sonographic features based on BI-RADS lexicon was 
not sufficient to explain the controversial clinical outcome 
between IM and BLIS subtypes that had similar sonographic 
features. Future research using high-throughput images 
analysis to quantify sonographic features is warranted to 
evaluate the association between radiomics and genomics of 
TNBCs. The modified FUSCC classification system based 
on genomic analysis can be used to better differentiate 
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Table 5 Multivariate Cox proportional hazards regression analysis for the effect of ultrasonographic, clinicopathologic and genomic 
characteristics on the RFS and OS of all TNBC patients (N=109) 

Variables
RFS Death

HR (95% CI) P HR (95% CI) P

Tumor size (≤2 vs. >2 cm) 1.70 (0.56–5.15) 0.349 1.89 (0.48–7.43) 0.364

US features group (with vs. no malignant features) 2.25 (0.57–8.88) 0.246 5.31 (0.59–47.55) 0.135

LNM (yes vs. no) 6.94 (2.24–21.48) 0.001* 6.06 (1.63–22.54) 0.007*

Radiotherapy (yes vs. no) 1.28 (0.52–3.13) 0.589 1.90 (0.74–4.88) 0.183

Genomic subgroup (BLIS vs. non-BLIS) 4.59 (1.60–13.16) 0.005* 5.71 (1.70–19.11) 0.005*

* indicates statistical significance.

Figure 2 Recurrence-free survival (RFS) comparison between 
BLIS and non-BLIS subtypes according to the FUSCC 
classification. BLIS basal-like and immune-suppressed.
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Figure 3 Overall survival (OS) comparison between BLIS and 
non-BLIS subtypes according to the FUSCC classification. BLIS, 
basal-like and immune-suppressed.

TNBC masses with similar sonographic features.
The other question about BLIS subtype is related to 

the association between axillary lymph node metastasis and 
clinical outcome. BLIS subtype showed the lowest incidence 
of axillary lymph node metastasis. IM subtype showed the 
highest incidence of axillary lymph node metastasis. While, 
surprisingly, BLIS TNBCs had worse prognosis than IM 
subtype TNBCs. This means that the effect of postoperative 
axillary lymph nodes on the clinical outcome should be 
interpreted after considering the FUSCC classification 
system for TNBCs.

Nowadays, individualized treatment of TNBCs mainly 
focuses on the biomolecular characteristics detected by 
genomics and proteomics (30). The FUSCC classification 
system based on the transcriptomic landscape can identify 

different molecular subtypes of TNBCs and demonstrate 
the heterogeneity of biological properties (5,7). Now at our 
institute, clinical trials about personalized treatment based 
on the genomic analysis are undertaking for some refractory 
TNBC cases. We expect that this classification will benefit 
TNBC patients in terms of precision treatment and will 
be used worldwide in the future. However, examination of 
genomics in routine clinical practice is challenging due to 
the complicated process and high expense. Sonographic 
images are always acquired prior to clinical, pathological, 
and genomic characteristics. Future studies will focus on 
evaluating associations between sonographic radiomics 
and genomics and exploring the clinical significance of 
sonographic features for treatment decision-making and 
prognosis prediction.
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Limitations

The following limitations should be considered in the 
present study: The US images were retrospectively retrieved 
from the image backup system dating back to 5–7 years ago. 
The unsatisfactory image quality in addition to the objective 
assessment for still US images may lead to misinterpretation 
of the sonographic features. The sample size was too small 
to predict the clinical outcome using sonographic features, 
although there was a trend in our results that TNBCs with 
benign features had more favorable prognosis than those 
with malignant features.

Conclusions

Although ultrasonographic features of TNBCs did not 
contribute to the survival outcome significantly, sonographic 
appearance is associated with the transcriptome-based 
molecular subtypes that are associated with prognosis and 
survival. The sonographic features can be valuable for 
predicting the transcriptomic expression of TNBCs.
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