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urpose. To evaluate the association between ultrasound imaging features and molecular sub-

types of breast cancer.

Materials and methods. A retrospective study was conducted involving 133 patients with a
total of 139 invasive breast carcinoma lesions. All lesions underwent immunohistochemical (IHC) anal-
ysis to classify molecular subtypes. Breast ultrasound was performed on all patients prior to biopsy or
surgical intervention. The ultrasound images were retrospectively reviewed by two radiologists, each
with over five years of experience, who were blinded to the IHC results to ensure statistical independ-
ence. Univariate and multivariate logistic regression models were utilized to assess the association
between ultrasound characteristics and breast cancer molecular subtypes.

Results and disscussion. The study analyzed 133 patients diagnosed with breast cancer,
among whom 6 presented with two separate tumors, resulting in a total of 139 lesions. These lesions
were classified into four molecular subtypes: Luminal A (LA) accounted for 39.6% (n=55), Luminal B
(LB) for 36% (n=50), HER2-enriched for 14.4% (n=20), and triple-negative breast cancer (TNBC) repre-
sented the smallest proportion at 10% (n=14). Ultrasound imaging features demonstrated significant
associations with certain molecular subtypes. Lesions classified as LA were characterized by posterior
acoustic shadowing (odds ratio [OR] = 3.0), the presence of echogenic rim (OR = 6.2), and the absence
of lymph node metastasis (OR = 4.8). In contrast, HER2-enriched lesions were significantly associated
with lymph node metastasis (OR = 4.8), indistinct tumor margins (OR = 15.6), and the presence of
microcalcifications (OR = 4.8). TNBC lesions were predominantly associated with posterior acoustic
enhancement (OR = 11.4), the absence of microcalcifications (OR = 7.6), and the absence of an echo-
genic rim (OR = 7.1). No statistically significant correlation was observed between ultrasound features
and the LB subtype.

Conclusion. The characteristics of margin, posterior acoustic features, microcalcifications,
boundary and lymph node status help differentiate between the LA, HER2-enriched and TNBC sub-

types.
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OPPEKTUBHOCTb YALTPA3BYKOBOIO UCCAEAOBAHUA B MPOTHO3UPOBAHUU
MOAEKYASIPHbIX MOATUNOB PAKA MOAOYHOM XEAE3bI

ToaH Txm Xy3',2, AQHT Txt XaHb22, Ae Txt Ma XbloHr?, HryeH BaH TyaH?*, HryeH Txy XbIoHTr!,
HryeH 3ym XyHr2s5, HryeH MiuHb AbIk®

1 — LlenTp AedeHusa 32a00A€BaHI MOAOYHOM 3Keae3bl, MexayHapoaHas 6oabHuia Brunvek Tatimc Curu. XaHoii, BeerHaw.
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eJib ucciaenoBaHusa. OIeHUTh B3aHNMOOTHOIIEHUS MEXIY YABTPa3ByKOBBIMU IIPU3HAKAMH U

MOAEKYASIPHBIMH IIOATHUIIAMHU PaKa MOAOYHOH KeAe3bl.

Marepuans! u metonsl. [IpoBeeHO PETPOCIIEKTUBHOE HCCAEIOBaHME C yaacTueM 133 mamu-

€HTOK co 139 oyaramMu MHBa3UBHOM KapIIMHOMBI MOAOYHOM Keae3bl. Bce ouaru ObIAM ITOf-
BEPrHyThl UMMyHorucroxuMmudeckoMmy (UI'X) aHaansy mast KAACCH(PUKAIIUN MOAEKYASIPHBIX IIOATUIIOB.
YABTPa3BYKOBOE UCCAETOBAHNE MOAOYHBIX 3KeAe3 OBIAO BBHIIIOAHEHO BCEM MMAIMEHTKAM 0 OHOIICHU UAU
XUPYPrUUECKOT0 BMEIIATEABCTBA. YABTPA3BYKOBEIE N300 paKeHNs ObIAU PETPOCIEKTUBHO IPOAHAANUSZU-
POBaHLI ABYMS CIIEIIHAANCTAMU (BpadyaMH YALTPA3BYKOBOM AUATHOCTUKU, KAXKABIH C OMBITOM PabOThI
foaee mAITH A€T), KOTOpPble HE UMEAM AOCTyIa K pedyabrataM UI'X nag obecrieueHHUsS CTATUCTUYECKOH
HE3aBHCHUMOCTH. [IAS OIIEHKH B3aWMOCBSI3H MEXKY YABTPa3BYKOBBIMH ITPU3HAKAMU U MOAEKYASIPHBIMH
IOATHUIIaMHU PaKa MOAOYHOM KeAe3bl HCIIOAB30BAAUCE OMHO(MAKTOPHBIE U MHOTO(OAKTOPHBIE AOTHCTHYE-
CKHE PETrPECCHOHHBIE MOIEAH.

PesysnpraTer u ob6cy:xaenune. B nccaemoBaHME poaHAAM3UPOBaHBI JaHHBIE 133 marueHTOK C
OHUAaTHO30M pakKa MOAOYHOM JKeAe3bl, CPeaU KOTOPBIX V 6 ObIAM BBISIBAEHBI ABa OTAEABLHBIX OITyXOAEBBIX
odara, 4To B CyMMe coCcTaBHAO 139 ouaroB. OTU odaru OBIAM KAACCHU(DHUIIMPOBAHEI HA YETBIPE MOAEKY-
AgpHBIX noaTuna: Luminal A (LA) - 39,6% (n=55), Luminal B (LB) — 36% (n=50), HER2-1103UTUBHEIH —
14,4% (n=20), TpHUKOLI HETATUBHLBIN pak MoAo4HOI 3keae3bl (TNBC) 6bIa nIpesicTaBAEH B HAUMEHBIIIEM
roamdecTBe — 10% (n=14). YABTPa3BYKOBBIE IIPU3HAKHU IITPOAEMOHCTPHUPOBAAU 3HAYUMBIE aCCOIHAIINHN
C OIIpeleAeHHBIMU MOAEKYASIPHBIMHE HoaTHunaMu. O4daru, KaacCuHUIIPoBaHHbIe Kak LA, xapakTepu3o-
BaAWCh 3alHUM aKyCTUYECKHM 3aTeHeHHeM (oTHoleHHe maHcoB [OLI] = 3,0), HaanyueM 3XOI'€HHOTO
obonka (OLI = 6,2) ¥ OTCYyTCTBUEM METacTa30B B AuM@arudeckux y3aax (Ol = 4,8). B To ke Bpemsa
HER2-mo3uTHBHBIE O0Yaru ObIAM 3HAYHMO CBSI3aHBI C HAAWYHUEM METACTa30B B AUMMATUYECKUX y3AaX
(OLI = 4,8), HeueTkMHU KoHTYpamu oryxoau (OLI = 15,6) u HaamuyueM MHKpoKaabliuHaToB (OLI = 4,8).
Ouaru TNBC npenMyIecTBEeHHO aCCOIMUPOBAANCH C 38 THUM aKyCTHYeCKUM ycuaeHueM (OLI = 11,4),
OTCYTCTBHEM MHUKpoOKasblHaToB (O = 7,6) u oTcyTcTBHEM 3X0reHHOrO oboxmka (OLI = 7,1). Cratu-
CTUYECKHU 3HAYNMOM KOPPEATIITHN MEXK/Y YABTPa3BYKOBBIMHU ITpU3HAKaMHU 1 IIOATUIIOM LB BBISIBAEHO He
OB1AO.

3akmouenue. XapaKTepUCTHKH KPAEB OIIyX0AHU, 3aJHIE aKyCTUIeCcKue 3(p(PeKThI, HAaAUYHNe MHK-
POKAaABITMHATOB, I'PAHUIIBI OIIyXOAM H CTATyC AMMMPATHUIECKHX Y3A0B IIOMOraloT AuddepPeHIINPOBaTh
noaTunsl LA, HER2-mo3utuBHbIM 1 TNBC.

KaroueBrble caoBa: paKk MOAOYHOM ZKEAE3bI, MOAEKYAAPHBIE IIOATUIIbI, YABTPA3BYK, UMMYHOTHCTO-
XHUMHHA.
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reast cancer is the most common ma-

lignant tumor and is the foremost

cause of death in female around the

globe [1]. Breast cancer is character-
ized by diverse molecular profiles, which are clas-
sified into four distinct subtypes based on the St.
Gallen Consensus 2015: Luminal A (LA), Lu-
minal B (LB), HER2-enriched and triple-negative
breast cancer (TNBC). These subtypes are de-
fined by the differential expression of estrogen re-
ceptors (ER), progesterone receptors (PR), human
epidermal growth factor receptor 2 (HER2), and
the proliferation marker Ki67 [2]. Notable varia-
tions exist in clinical presentation, imaging find-
ings, treatment approaches, and prognostic out-
comes among these molecular subtypes [3-5].
Therefore, accurate preoperative identification of
the molecular subtype is crucial for guiding ther-
apeutic strategies and assessing the prognosis of
patients.

The classification of molecular subtypes
(MS) is determined through gene expression pro-
filing (GEP), first proposed by Perou in 2000 [6].
However, GEP requires advanced techniques,
modern equipment, and high costs, which limits
its widespread application, especially in coun-
tries with limited resources. To address this is-
sue, immune marker profiling (HMMD) has
emerged as an alternative method to indirectly
assess gene expression through immune mark-
ers. Numerous studies have demonstrated that
HMMD testing can classify breast cancer MS
similarly to genetic analysis [7-9]. However, it re-
mains an invasive diagnostic method, with high
costs and lengthy procedures. Therefore, the
ability to identify molecular subgroups using
non-invasive imaging methods would be advan-
tageous in significantly improving the diagnostic
process.

Ultrasound is a non-invasive, cost-effective
imaging modality that offers quick results and
widespread accessibility. Unlike biopsy, which
only samples a portion of the tumor, ultrasound
enables the assessment of the entire lesion. Alt-
hough ultrasound cannot replace genetic testing
or histopathological methods, its advantage lies
in its ability to provide comprehensive infor-
mation about the imaging characteristics of the
tumor. This makes ultrasound a valuable tool in
identifying the features of breast cancer molecu-
lar subtypes, thereby enhancing the accuracy of
diagnosis and treatment.

Several studies have been conducted indi-
cating that ultrasound has the potential to pre-
dict molecular subtypes based on certain tumor
characteristics; however, the results have not
been consistent [10-13]. Therefore, this study
was conducted to provide additional information
on the value of ultrasound in predicting
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molecular subtypes of breast cancer.

Materials and method.

Patients.

A retrospective study was conducted on
133 patients with 139 lesions of invasive breast
carcinoma who were examined and treated at
Vinmec Times City International General Hospi-
tal from January 2020 to December 2024. All pa-
tients underwent breast ultrasound prior to bi-
opsy or surgery and had complete histopatholog-
ical data. Exclusion criteria included patients
who had ultrasounds performed after diagnostic
and therapeutic interventions (biopsy, surgery,
neoadjuvant chemotherapy), those with a history
of previous breast cancer, patients with incom-
plete histopathological results, and those with-
out stored ultrasound images in the Picture Ar-
chiving and Communication System (PACS). The
study was approved by an institutional ethics
committee (Ref: 2839/QD-DHYHN dated June
19, 2024).

Data collection.

Ultrasound images were collected using the
2D LOGIQ S8 wultrasound machine (GE
Healthcare, USA) and the Hitachi Arietta 850
(Fujifilm Healthcare, Japan) with a linear probe
operating at a frequency of 7-12 MHz. The images
of the lesions were stored in the PACS and were
independently evaluated by two breast radiolo-
gists with at least 5 years of experience, who were
unaware of the histopathological results. In
cases of discrepancies, the two radiologists
would consult to reach a consensus.

Ultrasound characteristics were analyzed
based on the American College of Radiology's
Breast Imaging Reporting and Data System (ACR
BIRADS) version 5, including:

+ Shape: round, oval (fig. 1C), irregular (fig.
1A, 1B, 2B);

+ Orientation: parallel, non-parallel to the
skin surface;

+ Margin: cicumsribed (fig. 1C), microlobu-
lated, angular/spiculated (fig. 1A, 24A), indistinct
(fig. 1B);

+ Echo pattern: hypoechoic, hyperechoic,
mixed;

+ Posterior features: shadowing (fig. 1A),
indifferent (fig. 2A), enhancement (fig. 1C), com-
bined pattern (fig. 1C);

+ Boundary: abrupt interface, echogenic
rim (fig. 1A);

+ Microcalcification: absent, present (fig.
1B, 2B);

+ The presence of possible axillary lym-
phadenopathy: > lcm, round shape, loss of hilar
structure, cortical thickening;

+ Characteristics of tumor size (in millime-
ters), tumor location (left breast, right breast),
and specific locations within each breast
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Fig. 1 (Puc. 1)

Fig. 1. Ulirasound.

A — LA tumor with irregular shape, spiculated margins (arrow), posterior shadowing (asterisk), echogenic rim
sign (arrowhead) and absence of microcalcification.

B - HER2-enriched tumor with irregular shape, indistinct margins, mixed posterior echogenicity (asterisk) and
microcalcifications (arrowhead).

C — TNBC tumor with oval shape, posterior enhancement (asterisk), no microcalcifications and no echogenic
rim.
Puc. 1. Y3W.

A — Omyxoab noarumna Luminal A (LA), ¢ HeIpaBHABHOH (POPMOM, CIIMKYANPOBAHHBIMHA KOHTYPaMH (CTPEAKa),
3aJHUM aKyCTHIECKHM 3aT€HEHHEM (3BE3I0YKa), IPHU3HAKOM 3XOTN€HHOI0 000Ka (CTPEAKa) 1 OTCYTCTBHEM MHK-
POKaABIIMHATOB.

B — Omyxoab noaruna HER2-mmosuTuBHAY, ¢ HEIPABUABHOH (pOPMO, HEYETKUMU KOHTYPaMH, CMEIIIaHHbIM 331~
HUM aKyCTHYECKHUM 3(P(PEeKTOM (3BE310YKa) U HAAUYHEM MUKPOKAABIIMHATOB (CTPEAKA).

C — Omyxoap noaruna TNBC c oBaabHO# (hOPMOH, C 3aQHUM aKyCTHYECKHUM YCHAEHHEM (3BE3H04YKa), OTCYT-
CTBHEM MHKPOKAABIIMHATOB K 3XOT€HHOro 000aKa.

Fig. 2 (Puc. 2)

Fig. 2. Ulirasound.

A — LB tumor (HER2 -) has a spiculated margin (arrow), indifferent posterior fearture (asterisk) and no micro-
calcifications.

B - LB tumor (HER+) has an irregular shape, microcalcifications (arrowhead) and mixed posterior echogenicity
(asterisk). However, there is no statistically significant difference with other subtypes.

Puc.2. Y3W.

A — Omyxoab moaruna Luminal B (HER2-HeraTuBHBIM), CO CIMKYAHUPOBAaHHBIMHU KOHTypPaMHU (CTpeAKa), HEOAHO-
3HAYHBIM 3aJHUM aKyCTHIeCKHM 3(PEeKTOM (3BE3409Ka) H OTCYTCTBHEM MUKPOKAABIIHHATOB.

B — Onyxoab nmoarumna Luminal B (HER2-mo3uTHBHBIH), ¢ HEIPAaBUABHOM (DOPMOH, HAAWYHEM MHKPOKAABIIHMHA-
TOB (CTPEAKA) ¥ CMEIIIaHHBIM 3aIHUM aKyCTHIeCKUM 3(pdeKToM (3Be3mouKa). OqHAKO CTATHCTUIECKH 3HAYHUMBIX
Pa3AWYHH C APYTHMH IIOATHUIIAMH HE BBIIBAEHO.
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Table Nel. Classification of molecular subtypes according to the St. Gallen 2023 con-
sensus.

Marker
ER PR HER2 Ki-67
Molecular subtypes
Luminal A + +/- - Low
HER2 (-) + +- - High
Luminal B
HER2 (+) + +- + Hight/low
HER2-enriched - - + Hight/low
TNBC - - - Hight/low
Table Ne2. Demographic and Pathological Characteristics.
Characteristics | LA LB HER2-enriched | TNBC Pvalue Total
(n=55) (n=150) (n=20) (n=14) :

N (%) 55(39.6%) | 50 (36%) 20 (14.4%) 14 (10 %) 139
Age 552+133 [ 46.1+11.5 |50.0+15.2 52.4+12.5 | 0.005™
Histological
grade
1 13 1 0 0 0.000 14
2 38 25 13 6 82
3 4 24 7 8 43
Histological type
IDC? 40 41 20 13 0.036 114
ILC# 5 4 0 0 09
Other types 10 5 0 1 16

*p-values are calculated by the difference between four subtypes

" ANOVA

*** G-test (Likelihood Ratio Test)

# Invasive ductal carcinoma

# Invasive lobular carcinoma

www.rejr.ru | REJR. 2025; 15 (1):95-106
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(superolateral, superomedial, inferolateral, in-
feromedial).

Histopathological and IHC analysis.

Classification of histopathological type and
histological grade according to the World Health
Organization (WHO) classification system in
201915,

The expression status of the estrogen re-
ceptor (ER), progesterone receptor (PR), and hu-
man epidermal growth receptors (HER2) was as-
sessed using the immunohistochemical (IHC)
technique. The status of ER and PR was consid-
ered positive when more than 1% of tumor cells
stained positively. HER2 status was categorized
into four levels: 0, 1+, 2+, and 3+, with levels O
and 1+ considered negative, level 3+ considered
positive, and level 2+ classified as ambiguous.
Fluorescence in situ hybridization (FISH) was
performed on HER2 (2+) tumors to determine the
status. In our study, the threshold value for the
Ki67 index was set at 20%16. The molecular sub-
types were classified according to the St. Gallen
Consensus 202316 (Table Nel).

Statistical Analysis.

Data were collected using Microsoft Office
Excel 2016, and statistical analysis was per-
formed using IBM SPSS version 20. Qualitative
variables were tested using Chi-square, Likeli-
hood Ratio Test or Fisher Exact Test, while quan-
titative variables were tested using T-test or
Mann-Whitney U to determine differences in de-
mographic and ultrasound characteristics of the
participants. Univariate and multivariate logistic
regression analyses were used to estimate the
Odds Ratio (OR) and 95% Confidence Interval (CI)
for each ultrasound characteristic. Qualitative
variables were described by proportions and per-
centages, while quantitative variables were de-
scribed by means and standard deviations. Anal-
yses were considered statistically significant
when the p-value was less than 0.05.

Results.

From January 2020 to November 2024,
data were collected from 133 patients diagnosed
with invasive breast carcinoma. This cohort in-
cluded 6 patients with two lesions, while the re-
maining 127 patients presented with a single le-
sion each. In total, we identified 139 breast can-
cer lesions in the study sample, with the LA sub-
type accounting for 39.6% (n=55), the LB subtype
for 36% (n=50), the HER2-enriched subtype for
14.4% (n=20), and the triple-negative breast can-
cer (TNBC) subtype for 10% (n=14). The demo-
graphic and pathological characteristics of the
study subjects are presented in Table 2. The av-
erage age of the patients in the study was 50.9 +
13.4 years, ranging from 27 to 83 years. There
was a significant difference in age among the pa-
tient groups in our study, with a p-value of
0.005. The LA subtype had the highest average
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age at 55.2 = 13.3 years, while the other groups
had lower average ages ranging from approxi-
mately 46.1 to 52.4 years. Most tumors in the lu-
minal A subtype had low histological grades of I
and II, with a rate of 93% (51/55), whereas TNBC
tumors predominantly exhibited high histologi-
cal grade III, accounting for 57% (8/14). This dif-
ference was statistically significant with a p-
value of 0.000. Regarding histological classifica-
tion, invasive ductal carcinoma constituted the
majority in all subgroups, with rates of 73%
(40/55) for LA, 82% (41/50) for LB, 100% for
HER2-enriched, and 93% (13/14) for TNBC,
while the rates for invasive lobular carcinoma
and other types were significantly lower.

Table Ne3 summarizes the ultrasound im-
aging characteristics and analyzes the differ-
ences in imaging features across the four molec-
ular subtypes. Figures 1 and 2 show ultrasound
images of the four subgroups, illustrating the
distinct diversity of ultrasound characteristics
among the molecular subtypes.

The majority of breast tumors across all
four molecular subtypes displayed hypoechoic
echogenicity (91%, 127/139) and a parallel ori-
entation relative to the skin surface (84.2%,
117/139), with no statistically significant differ-
ences observed among the subtypes. Similarly,
no significant variations in tumor size or location
were identified across the subtypes, and all im-
aging features of the LB subtype were compara-
ble to those of the other molecular subtypes.

Tumors in the LA and HER2-enriched sub-
types demonstrated significant differences in
margin characteristics, posterior acoustic, mi-
crocalcifications, boundary and lymph node me-
tastasis compared to the other subtypes. TNBC
tumors exhibited distinctive differences in shape,
posterior acoustic, microcalcifications and
boundary (Table 3).

As presented in Tables No3 and Ne4, tumors
predominantly displayed irregular shapes in the
LA subtype (43/55; 78%), LB subtype (34/50;
68%) and HER2-enriched subtype (18/20; 90%)
(Figures 1 and 2). Conversely, the majority of
TNBC tumors exhibited a round or oval shape,
accounting for 64% (9/14) (Figure 1C), demon-
strating a statistically significant difference com-
pared to the other subtypes (p = 0.001). Univari-
ate logistic regression analysis further identified
a significant association between round or oval
shapes and the TNBC subtype, with an odds ra-
tio (OR) of 5.7 and a p-value of 0.003.

Tumors with microlobulated, angular or
spiculated margins were predominant, compris-
ing 84% (116/139) of cases. In contrast, only a
minor proportion exhibited cicumcribed or indis-
tinct margins, accounting for 17% (23/139). Lo-
gistic regression analysis demonstrated that the
presence of angular or spiculated margins
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Table Ne3. Sonographic features among four subtypes of breast cancer.

Parameter Total LA LB HER2 | TNBC | p! P’ ) p?
n=139 | (n=55) (n=50) |- (n=14

enrich |)

ed

(n=20

)
Tumor  size | 175 +|162 +[182+ [18.0+[19.9+ |0.098 |0.993 |0.826 | 0.220
(mm) 10.5 10.6 11.5 7.2 11.1
Location
Left 75 32 25 11 7 0.419 |0.483 | 0.919 |0.754
Right 64 23 25 9 7
Superolateral | 52 18 22 7 5 0.780 |0.567 | 0.983 |0.410
Superomedial | 36 16 10 5 5
Inferolateral | 21 8 7 3 3
Inferomedial | 30 13 11 5 1
Shape
Oval/round 39 12 16 2 9 0.185 |0.438 | 0.052 |0.001
Irregular *
Irregular 100 43 34 18 5
Orientation
Parallel 117 43 43 19 13 0.074 | 0.785 |0.309 | 0.694
Not parallel 22 12 7 1 1
Margin
Cicumscribed | 8 2 3 0 3 0.000 |0.116 |0.000 | 0.089
Micolobulated | 71 21 32 10 8 * *
Angular/spicul | 45 30 12 1 2
ated
Indistinct 15 2 3 9 1
Echo pattern
Hypoechoic 127 51 47 18 11 0.272 | 0.515 | 0.804 |0.214
Hyperechoic 1 1 0 0 0
Complex 11 3 3 2 3
Posterior features
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Shadowing 50 34 13 3 0 0.000 |0.197 |0.013 | 0.000
Indifferent 23 10 9 3 1 * * *
Enhancement | 31 11 3 10
Combined 35 4 17 11 3
pattern
Boundary
Abrupt 66 11 28 15 12 0.000 |0.132 |0.008 | 0.003
interface * * *
Echogenic rim | 73 44 22 5 2
Microcalcification
Absent 80 39 24 6 12 0,015 | 0.066 | 0,006 |0.028
Present 59 16 26 14 2 * * *
Lymph node status
Negative 87 43 27 8 9 0.002 |0.117 |0.024 |0.890
Positive 52 12 23 12 5 * *

* Result with statistically significant difference p < 0,05

Ip value calculated the difference between LA vs other

’p value calculated the difference between LB vs other

3p value calculated the difference between enriched HER2 vs other

*p value calculated the difference between TNBC vs other

The values p', p?, p’, p? are tested by Independent Samples T-test, Mann-Whithney U, Chi-

squared (x?), Likelihood Ratio Test or Fisher Exact Test

significantly increased the likelihood of a LA sub-
type (univariate: OR = 5.5, p < 0.001) (fig. 1A).
Additionally, indistinct margins were associated
with a higher probability of HER2-enriched sub-
type (univariate: OR = 15.4, p < 0.001; multivar-
iate: OR = 13.5, p = 0.002) (fig. 1B).

Regarding posterior wall echo characteris-
tics, tumors with posterior acoustic enhance-
ment were mainly found in the TNBC subgroup
(10/14, 71%) compared to the remaining tumors
(fig. 1C), which was a strong predictor for TNBC
(univariate: OR = 12.4 and p = 0.000, multivari-
ate: OR = 8.2 and p = 0.005). A mixed-echo pat-
tern was common in HER2-enriched tumors
(11/20, 55%) (fig. 1B) and was associated with
HER2 after univariate analysis (OR = 4.8, p =
0.002). In contrast, posterior wall echo was more
common in LA (34/55, 62%) (fig. 1A), which was
confirmed in univariate logistic regression with
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OR = 6.9, p = 0.000 and multivariate with OR =
2.9, p = 0.040.

Tumor microcalcifications characteristic
were common in the HER-enriched subgroup
(14/20, 70%) (fig. 1B). Logistic regression showed
that the presence of microcalcifications was as-
sociated with HER2 (univariate: OR = 3.8, p =
0.010; multivariate: OR = 3.7, p = 0.039), while
the absence of microcalcifications was associated
with LA (univariate: OR = 2.6, p = 0.11) and
TNBC (univariate: OR = 4.9, p = 0.044, multivar-
iate: OR = 7.6, p = 0.022).

Tumors belonging to the LA subtype were
more likely to have a surrounding echogenic halo
(44/55, 80%) than the remaining tumors (p =
0.000) (fig. 1 A). The presence of a halo increased
the likelihood of having the LA subtype (univari-
ate: OR = 7.6, p = 0.000; multivariate: OR = 6.2,
p = 0.000), while the absence of a surrounding
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Table Ne4. Univariate and multivariate logistic regression analysis.

Subtype Univariate logistic regression analysis Multivariate logistic regression analysis
Predictive SS OR 95%CI P Independent predictors OR P
value 95%CI value
LA Angular/spiculated 5.5 0.000 | - - -
margin 26-11.9
Posterior shadowing 6.9 0.000 | Posterior shadowing 3.0 0.039
3.2-149 1.1-8.4
No microcalcifications | 2.4 0.011 | - - -
1.2-5.0
Echogenic rim sign 7.6 0,000 | Echogenic rim sign 6.2 0.000
3.4-16.7 22-17.2
No lymph node 3.3 0.003 | No lymph node 4.8 0.002
1.5-7.0 1.8-12.5
HER2- Indistinct margin 15.4 0,000 | Indistinct margin 15.6 0,000
enriched 4.6-51.4 3.6-67.6
Mixed posterior echo- | 4.8 0,002
genicity 1.8 -13.0
Microcalcification 4.0 0,010 | Microcalcification 4.8 0.015
1.4-11.1 1.3-17.1
Abrupt interface 4.0 0.012 | - - -
1.4-11.7
Lymph node metastasis | 2.9 0.029 | Lymph node metastasis 4.8 0.014
1.1-7.8 1.4-16.6
TNBC Round/oval 5.7 0.003 | - - -
1.8-18.3
Posterior enhancement | 12.4 0.000 | Posterior enhancement 11.4 0.003
3.5-432 23-575
No microcalcification 4.9 0.044 | No microcalcification 7.6 0.022
1.05-22.7 1.3-429
Abrupt interface 7.9 0.008 | Abrupt interface 7.1 0.030
1.7-36.7 1.2-41.1
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halo was associated with the LB subtype in uni-
variate analysis (OR = 4.0, p = 0.012).

Lymph node metastasis status was also
significant in predicting DNPT, with lymph node
metastasis predicting HER2-enriched subgroup
(univariate: OR = 2.9, p = 0.029; multivariate: OR
=4.5, p=0.017), without lymph node metastasis
predicting LA subgroup (univariate: OR = 3.3, p
= 0.003, multivariate: OR = 4.7, p = 0.002).

Discussion.

This study aimed to investigate the corre-
lation between ultrasound imaging features and
breast cancer subtypes. Through a detailed anal-
ysis of the ultrasound characteristics of invasive
breast carcinoma across different molecular sub-
types, significant variations were identified
among the subtypes. These findings enhance the
understanding of the imaging profiles associated
with each subtype and underscore the potential
role of ultrasound as a valuable adjunct in sub-
type classification, supporting clinicians in both
diagnosis and treatment planning.

We observed a statistically significant asso-
ciation between the presence of posterior acous-
tic shadowing, echogenic rim and the absence of
lymph node metastasis in the LA subtype, with
p-values of 0.039, 0.000 and 0.002, respectively.
These findings are consistent with prior studies
[10,11,17,18]. The phenomenon of desmoplastic
reaction has been noted in previous research, tu-
mors within this subtype typically exhibit low
histological grades and slow growth, which stim-
ulate a fibrous tissue response surrounding the
tumor, leading to the formation of spiculated
margins and a surrounding echogenic rim. This
reactive area also contributes to the acoustic
shadowing observed behind the lesion [10, 19].
Moreover, the absence of lymph node metastasis
reflects the less invasive nature of the LA sub-
type, a characteristic also confirmed in Khalaf's
study, which identified lymph node metastasis as
an independent predictive factor for the HER2-
enriched subtype when present and for the LA
subtype when absent [11].

For the HER2-enriched subtype, the char-
acteristics of indistinct margin (p = 0.00), micro-
calcifications (p = 0.015) and the presence of
lymph node metastasis (p = 0.014) were identi-
fied as independent predictive factors. HER2-en-
riched tumors frequently exhibit indistinct mar-
gins, which aligns with the findings of Tong
WulO. The presence of microcalcifications is
closely associated with HER2 overexpression, a
feature documented in several prior studies [10-
13, 17, 20, 21]. This correlation can be attributed
to the common occurrence of ductal carcinoma
in situ (DCIS) accompanying HER2-enriched tu-
mors, as DCIS is known to be associated with mi-
crocalcifications [12, 22, 23]. In contrast to the
LA subtype, tumors in the HER2-enriched
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subtype typically show lymph node metastasis,
which is a distinct characteristic reflecting the
aggressive nature of HER2-enriched tumors.

TNBC is recognized as the most aggressive
subtype of breast cancer with the poorest prog-
nosis. However, numerous studies have demon-
strated that TNBC tumors can exhibit benign-
like characteristics, such as round or oval
shapes, well-defined margins, posterior acoustic
enhancement and the absence of microcalcifica-
tions [11, 13, 18, 20, 22, 24, 25]. These features
can lead to false-negative diagnoses, highlighting
the necessity for a more comprehensive under-
standing of the imaging characteristics of this
subtype to prevent oversight during screening
and diagnosis. Our study identified characteris-
tics including posterior acoustic enhancement (p
= 0.003), absence of microcalcifications (p =
0.022), and lack of echogenic rim (p = 0.030) as
predictive factors for TNBC after multivariate lo-
gistic regression analysis. Posterior acoustic en-
hancement observed in TNBC tumors is thought
to arise from their high histological grade and
rapid proliferation, which frequently leads to ne-
crosis within the tumor. This necrotic tissue al-
lows sound waves to traverse with minimal at-
tenuation. In contrast to LA tumors, which typi-
cally exhibit ecogenic rim, TNBC tumors in our
study predominantly lacked this characteristic,
aligning with findings from multiple prior stud-
ies, this absence of echogenic rim can be ex-
plained by the aggressive and rapid cellular pro-
liferation of TNBC tumors, resulting in compres-
sion of surrounding tissues without eliciting a
desmoplastic reaction [10, 22, 26]. Conversely,
microcalcifications are often associated with
HER2-enriched tumors, while TNBC tumors usu-
ally do not present with microcalcifications, likely
due to the lower incidence of coexisting DCIS
[23].

Several previous studies have indicated
that tumors classified as LB may exhibit irregu-
lar shapes, lack of echogenic rim, indistinct mar-
gins or posterior acoustic shadowing [11, 13, 17].
However, our study did not identify any ultra-
sound features with statistically significant pre-
dictive value for the LB subtype. This may be at-
tributed to an insufficient sample size or varia-
bility in HER2 expression among tumors within
this subtype, leading to differences in imaging
characteristics and reducing the ability to dis-
tinctly differentiate them from other subtypes.

Our study has certain limitations. First, it
is a retrospective analysis conducted at a single
medical facility. Second, the relatively small sam-
ple size, particularly for the HER2-enriched and
TNBC subgroups, may have resulted in insuffi-
cient statistical power to detect differences.
Third, the study focused solely on ultrasound
characteristics, which may have led to the
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oversight of discrete microcalcifications, a fea-
ture more readily identified on mammography.
Therefore, further multicenter studies with larger
sample sizes are needed to validate the generali-
zability of these ultrasound characteristics and
to integrate them with other imaging modalities
to enhance diagnostic accuracy.

Conclusion.

The characteristics of margin, posterior
acoustic features, boundary, microcalcifications
and lymph node metastasis are closely related to
the prediction of LA, HER2-enriched and TNBC
subtypes. Understanding these correlations pro-
vides clinicians with valuable information for pa-
tient classification, which can enhance diagnos-
tic accuracy, treatment strategies, and overall
management of breast cancer patients from the
outset.
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