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Objective—To evaluate the relationship between tumor-infiltrating lymphocyte
(TIL) levels and multiparametric ultrasonography (US) findings combining B-mode
US, shear wave elastography (SWE), and superb microvascular imaging (SMI) in
patients with invasive breast cancer, and to explore the potential of sonographic
imaging modalities in predicting the tumor immune microenvironment.

Methods—This retrospective study included 148 patients diagnosed with inva-
sive breast carcinoma between September 2021 and December 2024. Patient
age, medical history, and immunohistopathological characteristics (grade, hor-
mone positivity, Ki-67 ratio, subtype) of the lesions were recorded. TIL levels
were assessed on hematoxylin—eosin (H&E) stained slides by pathologists fol-
lowing the International TILs Working Group guidelines, and lesions were cate-
gorized by different TIL levels (presence/absence, >10%, >20%, >30%). US
evaluations were performed using a Toshiba Aplio A system (Canon, Tokyo,
Japan) with a 12-16 MHz breast probe. Imaging assessments included B-mode
ultrasound (morphology, echogenic halo sign), SWE (E-mean, E-ratio, stiff rim
sign), and SMI (Adler classification, SMI vascular index). Associations between
TIL levels and imaging parameters were analyzed using Chi-square tests for cate-
gorical and Student’s t-tests for continuous variables (SWE and SMI).

Results—TIL was detected in 121 of 148 lesions (81.8%). TIL value was >10%
in 33 lesions, >20% in 12, and >30% in 8 lesions. On B-mode US, round/oval
tumor shape (p = .003 at level of TIL > 20%, p = .001 at level of TIL > 30%)
and non-parallel orientation (p = .023) were more prevalent in TIL positive
lesions. On SWE, tumors with TIL levels >10% were significantly associated with
higher E-mean values (130 £ 24.7 vs. 107.9 & 36, p = .001) and the presence
of a stiff rim sign (p < .001). Penetrating vascular structures were more com-
monly observed on SMI in lesions with TIL > 10% (p = .023), along with a
higher mean vascular index (p = .036). No significant difference was found in
other US-SWE and SMI findings (all p > 4).

Conclusion—Our findings suggest that US features, particularly vascularity on
SMI and stiffness on SWE, may reflect TIL presence in breast cancer. However,
methodological variations and differing TIL levels across studies may influence
inconsistent associations, especially with SWE. Further comprehensive studies
are needed to clarify this relationship.
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T umor-infiltrating lymphocytes (TILs) are a

critical component of the tumor immune

microenvironment, and TIL level has gained
increasing attention as a prognostic and predictive
biomarker in breast cancer. High TIL levels have been
associated with better response to chemotherapy and
improved outcomes, particularly in aggressive sub-
types such as HER-2 positive and triple-negative
breast cancers (TNBC).I_3 However, findings remain
inconsistent in luminal-type tumors (hormone
receptor-positive and HER-2 negative).‘F6 Breast
cancer exhibits substantial heterogeneity in terms of
prognosis. In addition to established prognostic
markers such as Ki-67 index, lymphovascular invasion,
and tumor size, the preoperative assessment of
stromal TILs may play a significant role in guiding
oncological treatment decisions.”” TIL levels are
traditionally assessed through histopathological eva-
luation of surgical or biopsy specimens. However, due
to the heterogeneous distribution of lymphocytic
infiltration within the tumor tissue, limited biopsy
samples may not accurately reflect the true TIL
density.'”"" Although the non-invasive nature and
widespread availability of radiological imaging meth-
ods offer significant clinical advantages, the extent to
which these methods can reliably predict TIL density
in different tumor types remains unclear. Therefore,
there is increasing research on estimating TIL density
in breast cancer noninvasively using radiological
methods."

Recent studies have focused on the relationship
between TIL levels and radiological imaging features
in breast cancer.'” TIL-positive tumors are usually
oval or round, well-circumscribed, and have heteroge-
neous internal structures, as well as posterior acoustic
enhancement.”>™"> On MR, these tumors are charac-
terized by homogeneous contrast enhancement,
washout patterns, and low ADC values.'>"*'® These
findings demonstrate that TIL presence can be
predicted using non-invasive methods and may aid in
predicting treatment response. However, it is note-
worthy that each of these TIL studies has used differ-
ent TIL levels when defining lymphocyte-rich
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tumors.
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Recent advances in ultrasonography (US) tech-
niques, including shear wave elastography (SWE) and
superb microvascular imaging (SMI), have enabled
more detailed characterization of tumor stiffness and
vascularity.'”'® SWE is a non-invasive complementary
technique to B-mode US in distinguishing between
benign and malignant lesions by determining the tissue
stiffness.’”'* In addition to classical ultrasound find-
ings, SWE can also provide information about tumor
aggressiveness, molecular subtype, and treatment
response.’*'"** High elasticity values have been shown
to correlate with high tumor grade, HER-2 positivity,
and poor prognostic factors in breast cancer.”>*>*¢
Studies conducted in breast cancer have yielded con-
flicting results between TIL levels and tumor stiffness
measured by SWE.'****”*® While some studies have
not found a significant relationship, others have shown
a negative correlation.'**® In particular, in the study
with the largest number of patients, Eun et al have
reported that tumors with high TIL levels had lower
elasticity values.”® However, in these studies, different
TIL values were taken as thresholds, limiting the results’
comparability. Therefore, studies with different TIL clas-
sifications are needed to adapt the findings on the
elastography—T1IL relationship to clinical applications.

SMI is an advanced US technique that enables
the visualization of low-velocity blood flow and fine
microvascular structures, surpassing the sensitivity of
conventional Doppler imaging. SMI is a promising
imaging method for the noninvasive evaluation of
tumor microvascularity in breast cancer."®* Studies
have reported that microvascular patterns obtained
with SMI have significant relationships with prognos-
tic factors such as tumor histological subtype, hor-
mone receptor status, proliferative activity (Ki-67)
and microvascular density.’®** However, large mul-
ticenter studies are needed to standardize this rela-
tionship and integrate it into clinical use. The
relationship with TIL levels has not been investi-
gated before.

This study aims to examine the relationship
between TIL density and US, SWE, and SMI findings
in patients with invasive breast cancer. A
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multiparametric US approach that includes these
three imaging modalities (US, SMI, and SWE) has
not been reported before. Moreover, different levels
of TIL values were used in different studies, making
comparison difficult. In this respect, our study adds a
new viewpoint to the interpretation of imaging fea-
tures at varying TIL levels.

Materials and Methods

Study Design and Population

Our study was carried out prospectively after
obtaining approval from the ethics committee of our
hospital. All patients with Breast Imaging Reporting
and Data Systems (BI-RADS) category S lesions, who
were referred for US-guided biopsy to our clinic
between September 2021 and December 2024, were
evaluated with B-mode US, SWE, and SMI before the
biopsy procedure. US features were recorded, and all
images were saved on PACS. The largest lesion was
evaluated in patients with more than one lesion. Only
patients with a diagnosis of invasive breast cancer
who presented with mass lesions were included in
this study. Patients with non-mass lesions on US
examination, patients with a previous history of breast
cancer treatment (surgery or neoadjuvant chemother-
apy) and male patients were excluded. Clinical data
and histopathological findings were collected from
institutional medical records. Informed oral and writ-
ten consent was obtained from all patients.

Radiological Evaluation Protocol
US was performed by one of two breast radiologists
(S.AAK. with 10 years and Y.K with 12 years of
elastography experience in breast imaging) using a
Toshiba Aplio A US machine (Canon, Tokyo, Japan)
with a breast dedicated probe in the 12-16 MHz
range. B-mode findings were evaluated according to
BI-RADS 2013 edition.>® Size (measured on at least
two orthogonal planes), shape, margins, orientation,
echo characteristics of the largest mass lesion, as well
as the presence of halo sign were recorded. SWE and
SMI evaluations were also performed using the same
Toshiba Aplio A device.

In SWE mode of the device, the tissue stiffness
was represented from dark blue (indicating the lowest
stiffness) to red (indicating the highest stiffness)
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within a range of 0-200 kPa. Black regions in the
SWE image indicated areas where no shear-waves
were detected or tissue stiffness was excessive. When
such areas were detected, the image quality was
checked using the propagation map. If the shear-
waves were not parallel to each other and distorted,
the process was repeated until the desired image qual-
ity was obtained. Region of interest (ROI) placement
was performed by the evaluating radiologist during
image acquisition, without prior knowledge of the
lesion’s histopathological characteristics or TIL level.
ROIs were specifically positioned in the stiffest areas
of the lesion. At least two orthogonal elastography
images were obtained for each lesion, and three ROIs
(2 X 2 mm in diameter) were placed in the hardest
(highest elasticity) areas within or adjacent to the
lesion. In SWE, parameters that can be measured can
vary from device to device. These parameters are E-
mean (average elasticity measured within the ROI),
E-max, E-min (highest and lowest elasticity values,
respectively), and E-SD (standard deviation of elastic-
ity, a measurement of intra-tissue heterogeneity). Our
device can only measure the E-mean value. Therefore,
the quantitative parameters used in this study were E-
mean and E-ratio, which is the ratio of the elasticity
measurements obtained from the lesion and the adja-
cent parenchyma. The presence or absence of the
“stiff rim” sign, a qualitative parameter in SWE, was
also evaluated through consensus reading, blinded to
histopathological results. During SWE, care was taken
not to apply too much manual compression, and the
patients held their breath for 5 s during the procedure
to avoid being affected by movement.

The SMI mode was activated to assess the vascu-
larization of the lesions. Imaging parameters were set
as follows: velocity scale of 1.5-2.5 cm/s, mechanical
index of 1.5, wall filter between 50 and 100 Hz, and a
frame rate exceeding S0 Hz. To prevent the collapse
of microvessels, the examination was performed with
ample application of ultrasound gel and without
applying transducer pressure. Images were acquired
from the scan plan exhibiting the most prominent
vascularity, and the ROI was drawn manually by trac-
ing the lesion borders. Quantitative assessment of vas-
cularity was performed using the SMI vascular index
(VI), defined as the percentage ratio of Doppler sig-
nal pixels to the total number of pixels within the
lesion. In addition, vascular patterns were qualitatively
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classified according to Adler’s grading system (Grade
0 =no flow, Grade 1 = minimal flow, Grade
2 = moderate flow, Grade 3 = marked flow).** In
Adler’s scoring, the final score was determined by the
consensus of the two radiologists in the study. For
the purposes of statistical analysis, lesions with Adler
Grades 0-1 were categorized as low vascularity, while
those with Grades 2-3 were considered highly vascu-
larized. Vascular morphology (classified as simple or
complex), vascular distribution (central or periph-
eral), and the presence of penetrating vessels were
systematically documented.

Histopathological Evaluation of Tissue Samples
Following the US examinations, US-guided core nee-
dle biopsies were performed (typically 4-5 specimens
per lesion) using a 14-gauge automated biopsy needle
(Geotek, Ankara, Turkey). TIL values were evaluated
on pre-treatment biopsy specimens. Based on the
findings of elastography and SMI, care was taken to
sample the lesions in a way that best reflected their
heterogeneous structure. In addition, the peripheral
regions of the lesion were included in the sampling
process to ensure that the specimens included the tis-
sue around the tumor.

Histological type, grade, axillary status, hormone
receptor levels, HER-2 positivity (FISH staining was
also added if necessary) and Ki-67 values were recorded
from the pathology reports. Molecular subtypes were
determined according to the immunohistochemical
staining characteristics of the tumor (positivity of estro-
gen receptor progesterone receptor, HER-2, and level
of Ki-67). The lesions were divided into two groups as
hormone receptor (HR) (4) and HR (—). Cases with
estrogen receptor positive and/or progesterone receptor
positive were considered HR (+) and classified as lumi-
nal groups. Lesions expressing only HR with a low Ki-
67 value (<14%) were considered luminal A, while
those with a high Ki-67 value (>14%) with or without
HER-2 positivity were classified as luminal B. HR (—)
but HER-2 (+) tumors were classified as HER-2 (+)
type, and HR (—) and HER-2 (—) cases were classified
as TNBC.” The TIL status for each patient was
assessed by a single experienced breast pathologist
(T.O.) following the guidelines provided by the Interna-
tional Immuno-Oncology Biomarker Working Group
on Breast Cancer.* According to this guideline, TILs
should be evaluated by assessing lymphocytic infiltration
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in the stromal compartment, specifically, the supportive
connective tissue between tumor cells within the tumor
mass. In the evaluation, only stromal TILs should be
reported, expressed as the percentage of the stromal
area occupied by mononuclear inflammatory cells
within the intratumoral stroma. TILs must be assessed
strictly within the borders of the invasive tumor. Sur-
rounding tissue, areas of necrosis, artefacts, and in situ
carcinoma components are excluded during the assess-
ment. Scoring is performed by estimating the percent-
age of lymphocytes in the stromal area; for example,
“TILs 20%” indicates that 20% of the stroma is infil-
trated with lymphocytes. This percentage is calculated
based on area, not on the number of stromal cell nuclei.
Although the TIL level is evaluated as a continuous vari-
able rather than with discrete categories, level values are
used in most of the studies for clinical correlation pur-
poses. According to this classification, <10% is consid-
ered low, 10-49% is considered moderate, and >50% is
considered high TIL level."” TILs were scored in 10%
increments (e.g, present/absent, 10%, 20%, 30%, etc.)
in this study. The optimal threshold value for TILs has
not yet been clearly defined in studies.'*'%***’

Statistical Analysis

Normality was checked by drawing Shapiro-Wilk or
single-sample Kolmogorov—Smirnov tests, histogram,
Q-Q plot, and box plot graphs. Data were given as
mean, standard deviation, median, minimum, maxi-
mum, frequency, and percentage. Nominal variables
were analyzed with appropriate Chi-square tests
based on expected values. In addition, the continuous
data obtained with SMI and SWE were analyzed with
the Student’s t test. The limit of significance was
taken as p < .0S and bidirectional. Statistical analyses
were performed by using SPSS for Windows, version
20.0 (SPSS Inc., Chicago, IL). To explore the impact
of TIL values on radiological findings, we employed
various TIL levels to examine how changes in TIL
levels influenced radiological outcomes.

Results

Exactly 148 patients with invasive breast cancer were
included in this study. The mean age was
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54 £ 12.3 years, and the average lesion size
was 22.5 £ 11.3 mm. Axillary lymph node status,
tumor grades, ER, PR, and HER-2 positivity rates, Ki-
67 levels, and molecular subtypes can be seen in
Table 1. Although TILs were detected in 121 of
148 patients (81.8%), the rate was above 10% in
33 patients, above 20% in 12 patients, and above 30%
in only 8 patients. Mean TIL level was 6.9% + 12
(Table 1). There was no statistically significant associ-
ation between TIL levels and patient age (p = .691
for TIL presence; p = .110 for TIL > 10%; p = .238
for TIL > 20%; p = .956 for TIL > 30%). Similarly,
no significant associations were observed between
TIL levels and tumor size (p = .258; p = .553;
p =.082; p=.509), axillary lymph node status

Table 1. The Demographical, Clinical, and Histopathological
Characteristics of the Patients (n = 148)

Number (%)

Age (years) (mean =+ SD) 54+123
Lesion size (mm) (mean =+ SD) 225+ 113
Axillary lymph node metastasis

Absent 73 (50.7%)

Present 75 (49.3%)
Histological grade

1 4(2.7%)

2 79 (53.4%)

3 65 (43.9)
ER status

Negative 23 (15.5%)

Positive 125 (84.5%)
PR status

Negative 26 (17.6%)

Positive 122 (82.4%)
Her-2 receptor status

Negative 38 (25.7%)

Positive 110 (74.3%)
Ki-67 index

<14% 125 (84.5%)

>14% 23 (15.5%)
Subtypes

Luminal A 38 (25.7%)

Luminal B 86 (58.1%)

Her-2 (+) 12 (8.1%)

Triple negative 12 (8.1%)
Mean TIL level 6.9% + 12
TIL positivity 121 (81.8%)

>10% 33 (22.3%)

>20% 12 (8.1%)

>30% 8 (5.4%)

Abbreviations: ER, estrogen receptor; PR, progesterone receptor;
TIL, tumor infiltrating lymphocyte.
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(p = .771; p = .775; p = .515; p = .417), histologi-
cal grade (p = .403; p = .067; p = .074; p = 315),
or Ki-67 levels (p=.197; p=.118; p = .345;
p = .925) at increasing TIL levels (presence, >10%,
>20%, >30%, respectively). Although TILs were pre-
sent in 82.6% (100/125) of estrogen receptor (+)
lesions, a significant inverse relationship with ER posi-
tivity was found at all levels of TILs (>10%
(p=.035), >20% (p=.009), and >30%
(p =.041)). A significant inverse relationship was
found for PR positivity only at a level of >20%
(p = .017). No significant relationship was observed
between HER-2 positivity and the presence of TILs
(p = .375); however, HER-2 positivity was signifi-
cantly more frequent in cases with TIL level > 10%
(p = .013). There was no significant relationship at
increasing TIL levels (p = .151 for >20%, p = .112
for >30%). In terms of molecular subtypes, no signifi-
cant difference was found between the groups in
terms of the presence of TIL (p = .064); however, as
the TIL level increased, a significant decrease was
observed in the frequency of Luminal A and B sub-
types (TIL >10%, p = .017; >20%, p = .020; >30%,
p =.005). The findings are presented in detail in
Table 2.

In B-mode US findings, only orientation and
tumor shape showed a significant association with
TIL positivity. Round-oval shape showed a significant
relationship with TIL positivity at the 20% level
(21/136 vs. 6/12, p= .003) and at the 30%
level (22/140 vs. 5/8, p= .001). However, there was
no significant difference between lesions with or with-
out TIL positivity (5/27 vs. 22/121, p= 967) or at
the 10% level (19/11S vs. 8/33, p =.311). Non-
parallel orientation was detected in 72/121 (59.5%)
of TIL-positive lesions and 9/27 (33.3%) of TIL-
negative lesions, and the difference was statistically
significant (p = .023). However, this association lost
significance at levels of 10% (16/33), 20% (4/12),
and 30% (2/8).

When the margins were evaluated, circumscribed
margins were observed in 12/121 (10%) of TIL-
positive cases and 2/27 (7.4%) of TIL-negative cases,
but the difference was not significant (p = .687); it
approached the significance limit at the 30% level
(2/8, 25%, vs 11/136, 8%, p = .055). A hypoechoic
echo pattern was observed in 83/121 (68.6%) of
TIL-positive cases and in 14/27 (51.9%) of TIL-
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negative cases, with the difference not exceeding the
statistical limit (p = .098). No significant statistical
difference was found at increasing levels. Posterior
acoustic shadowing was observed in 109/121
(90.1%) of TIL-positive and 25/27 (92.6%) of TIL-
negative patients, but the difference was not statisti-
cally significant (p = .687); however, the trend
approached statistical significance at the 20% level
(9/12, 75% vs 125/136, 92%, p = .0SS). The pres-
ence of an echogenic halo was observed in 36/121
(29.7%) of TIL-positive and 6/27 (22.2%) of TIL-
negative patients (p = .433). No significant statistical
difference was found at increasing levels. Thus, in our
study, only non-parallel orientation and round-oval
shape were shown to be associated with higher TIL
density at certain levels; no statistically significant dif-
ferences were found in other B-mode parameters
(Table 3).

The findings related to using SMI and SWE are
presented in Table 4. A significant relationship was
found between the presence of penetrating vascular
structures and TIL status at SMIL Penetrating
vascular structures were significantly more common
in TIL-positive tumors (72/121, 59.5%), whereas this
rate was lower (9/27, 33.3%) in the TIL-negative
group (p = .023). However, no significant statistical
difference was found at increasing levels (all p > .7).
In terms of vascular morphology, complex vascular
structures were observed more frequently in TIL-
positive cases (54/121, 44.7%) compared with TIL-
negative cases (10/27, 37%). Still, this difference was
not significant in the overall group (p = .472) and
showed a tendency toward significance only at the
30% level (6/8, 75% vs 58/140, 41.5%, p = .053).
Vascular distribution was not significantly different
between the groups in both peripheral and central
distribution. Adler’s score was also not significantly
associated with TIL levels (all p > .1). On the other
hand, the mean VI value was higher in TIL-positive
tumors (6.57 + 6.2 vs 3.97 & 5.4), and this differ-
ence was statistically significant (p = .036); however,
this significance was not maintained in increasing
levels.

In SWE findings, E-mean value was found to be
significant only at the 10% TIL level (E-mean:
130 = 24.7 vs 1079 £ 36; E-ratio: 14.6 =74 vs
122 £ 12.7; p = .001). The E-ratio did not demon-
strate statistical significance in any of the TIL subgroups
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(all p > 4). The presence of the stiff rim sign was signif-
icantly associated with TILs at the 10% TIL level
(29/33, 87.9% vs 47/11S, 41%; p < .001). However,
this difference was not statistically significant in the
other TIL levels (all p > .0S). Figures 1 and 2 present
lesion examples highlighting key imaging features associ-
ated with TILs, including peritumoral stiffness on SWE
and increased microvascularity on SMIL

Discussion

In this study, we investigated the relationship
between TIL levels and multiple US-based imaging
parameters, including B-mode US, SWE, and SMI in
patients with invasive breast cancer. Our study dem-
onstrated that, among B-mode US features, non-
parallel orientation (based on presence vs absence)
and a round or oval shape (at 20% and 30% stromal
TIL levels) were significantly associated with higher
TIL density. These results are partially consistent
with prior studies. Studies comparing TIL levels with
B-mode US findings have shown that TIL-positive
tumors often exhibit benign-appearing features.'”
Fukui et al. (at 50% level)"> and Candelaria et al."
(20% level) reported an association between high
TIL levels and US findings, such as oval/round shape,
smooth or lobulated margins, and posterior acoustic
enhancement." Similarly, Jia et al. observed an associ-
ation between high TIL levels (>10% level) and pos-
terior enhancement, which may reflect stromal
loosening.38 However, in our study, no significant
associations were observed with other B-mode fea-
tures, such as margins, echogenicity, posterior acous-
tic shadowing, or the presence of a halo sign, except
for a borderline trend in shadowing at the 20% level.
In terms of SWE findings, a significant associa-
tion was observed between increased E-mean and
TIL at the 10% level, and the presence of the stiff rim
sign was also significantly higher in this group. Previ-
ous studies have reported conflicting results regarding
the relationship between tumor stiffness and TIL
levels."#***”*® These studies evaluated TIL values at
different levels (Celebi et al. >10%, Li et al. >50%,
Lee et al. >30%, Eun et al. >50%)."****"*® While
Celebi et al.'* and Li et al.*® found no correlation
with elastography features, Lee et al.”” reported that
low TIL values were associated with high SWE values
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and attributed this finding to the weak connection
between the cells forming TILs."****” Eun et al. have
investigated the relationship between TILs and tumor
stiffness in breast cancer, with a focus on different
molecular subtypes in a study that included
803 patients.”® They also reported that lower tumor
stiffness values, as determined by SWE, were signifi-
cantly associated with higher TIL levels (at 50%
level). This inverse correlation was particularly evi-
dent in HR(+)/HER-2 negative and TNBC sub-
types. Unlike previous reports, our study
demonstrated a statistically significant correlation
between elevated E-mean values and higher TIL
levels at the 10% threshold. This correlation dimin-
ished as TIL density continued to rise beyond this
level, and no significant elastographic differences were
noted at higher TIL levels. In addition, our study
showed a significant relationship with stiff rim sign at
SWE and TIL positivity at a cut-off level of >10%.
The stiff rim sign is markedly increased stiffness

around the lesion and is associated with peritumoral
desmoplastic stromal reaction, fibrosis, and extracellu-
lar matrix accumulation.” Recent studies have shown
that physical and genetic changes in the stroma sur-
rounding the tumor in breast cancer are effective in
tumor growth, tumor extension, immune system
defense, and response to therapeutic agents.””*
Based on the findings of our study, lymphocyte clus-
ters surrounding the tumor in the peritumoral area
may also play a role in the formation of the stiff rim
sign up to a certain amount of infiltration.

Varying results reported in the literature indicate
that the relationship between tumor stiffness and TIL
levels is complex, and tumor stiffness differs based on
different molecular subtypes. In addition, the use of
different elastography techniques across various
machines (e.g,, point SWE, 2D-SWE), as well as the
consideration of different elastography parameters
(such as E-mean, E-max, E-ratio, or elasticity hetero-
geneity), may have also contributed to the varying

Figure 1. A 49-year-old patient with a palpable mass. A, A 21 x 14 mm, irregular hypoechoic mass was observed during the US examina-
tion. The mass was hypervascular with Superb microvascular imaging (B). In SWE examination (C), there was a ‘stiff rim’ sign around the
lesion. The shear waves cannot be observed within the lesion, whereas the periphery shows a rim-like area of increased stiffness. The prop-
agation map of elastography is on the left. The mean E-mean value taken from the perilesional area was measured as 125.3 kPa (D). The
biopsy result was reported as invasive ductal carcinoma (Grade 2, ER: positive, PR: positive, HER-2: negative, Ki-67: 16%), and the TIL ratio
was 15% in the histopathological examination (E). Tumor-infiltrating lymphocyte clusters were indicated with an asterisk.
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results reported in the literature.'****”*® Therefore,
larger studies that include a higher number of cases of
each subtype and a higher number of cases at each
cut-off level are needed to reach a definite conclusion
on this issue. Our contradicting results may be due to
the relatively low number of HER-2 (+) and TNBC
in our cohort. Use of different levels could be another
reason for the discrepancy between studies. More-
over, the attenuation of correlation at higher TIL
levels may reflect a plateau effect, wherein additional
lymphocytic infiltration no longer contributes to mea-
surable changes in the mechanical properties of the
tumor. These findings highlight the complexity of
tumor-immune interactions and suggest that while
elastographic parameters may offer insights into the
immune microenvironment, their predictive value
may be limited to specific TIL ranges or tumor
subtypes.

The association between vascularization and TILs
has primarily been investigated using less sensitive
modalities, such as contrast-enhanced ultrasound

Kayadibi et al—TILs insight from B-Mode, SWE, and SMI

CEUS) and Doppler imaging.'****® In our study, pen-
PP ging Y P

etrating vessels and an increased VI, as detected by
SMI, were significantly associated with the presence of
TILs, suggesting an active immune microenvironment
that reflects a high perfusion requirement. While our
findings are consistent with those of Jia et al,*® who
reported more homogeneous and intense enhancement
at high TIL levels with CEUS, they differ from studies
such as Candelaria et al;"* and Fukui et al."® This differ-
ence may be due to the effects of both the imaging
modality used (SMI vs CEUS) and the TIL classifica-
tion (binary classification of present/absent rather than
increasing levels) on the results. Therefore, SMI may
better capture subtle neovascularization associated with
early immune infiltration. Additionally, a binary classifi-
cation of TIL levels as present/absent may more accu-
rately reflect the angiogenic response due to immune
cell infiltration. These findings suggest that both the
imaging technique used and the TIL Cclassification
method may influence the detectability of the tumor-
related vascular response in breast cancer.

Figure 2. A 67-year-old patient with a palpable mass. B-mode US examination (A) shows a 15 x 11 mm, irregular, hypoechoic solid mass.
Superb microvascular imaging (B) showed a slightly increased vascularization in the lesion. SWE examination (C) shows homogeneous
color coding around and inside the lesion. The highest elasticity was measured as 47 kPa inside the lesion. The propagation map of
elastography is on the left. The result of core-needle biopsy was invasive ductal carcinoma (Grade: Il, ER: positive, PR: positive, HER-2: pos-

itive, Ki-67 15%). TIL ratio was 1%.
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This study has several limitations that should be
acknowledged. It is a single-center study, and the data
from only one elastography device was used. These
may have affected the universality of the study. The
number of patients participating in the study is lim-
ited. The TIL ratios of the lesions that we included in
the study are relatively low. Therefore, further ana-
lyses might be needed in larger study populations. In
our cohort, the percentage of TNBC and HER-2 pos-
itive cases were also relatively low. Larger scale stud-
ies are also warranted to validate the applicability of
our study results. TIL ratios were evaluated from
core-needle biopsy material. The histopathological
analysis did not evaluate the degree of fibrosis,
desmoplasia, or the amount of collagen in the tissue
around the lesion. Additionally, in our study, we were
able to evaluate SWE values only as E-mean and
SWE-ratio because the machine we used does not
give the other numeric elasticity parameters. Inter-
observer and intra-observer variability were not evalu-
ated in our study. However, the reproducibility of
SWE among users has been proven by previous
studies.'”

In conclusion, this multiparametric US study
demonstrated significant associations between several
morphologic as well as quantitative ultrasound fea-
tures and TILs in breast cancer. To the best of our
knowledge, this is the first study to evaluate the role
of SMI in this context, providing preliminary evidence
for its potential utility. However, the fact that signifi-
cance was observed in some parameters only at cer-
tain threshold TIL levels indicates that caution should
be exercised in the use of these indicators. Inconsis-
tent results across studies may stem from methodo-
logical differences, differences in the representation of
breast cancer molecular subtypes in cohorts, and vary-
ing levels of TILs. Overall, our findings support the
utility of non-invasive imaging in reflecting the tumor
immune microenvironment in breast cancer. Further
comprehensive studies are needed to clarify this
relationship.

Data Availability Statement

The data that support the findings of this study are
available on request from the corresponding author.
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The data are not publicly available due to privacy or
ethical restrictions.
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