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Abstract
Objectives Tumor-infiltrating lymphocytes (TILs) have been determined as a new prognostic indicator of immunotherapy
response in breast cancer (BC). The aim of this study is to investigate the effectiveness of imaging features in predicting the
TIL levels in invasive BC patients.
Methods A total of 158 patients with invasive BC were included in our study. All lesions were evaluated based on
the BIRADS lexicon. US was performed for all the patients and 89 of them underwent MRI. The histologic stromal
TIL (sTIL) levels were assessed and associations between the sTIL levels and imaging features were evaluated.
Results Tumors with high sTIL levels had more circumscribed margins, round shape, heterogeneous echogenicity, and
larger size on ultrasonography (p < 0.005). There was a statistically significant positive correlation between the sTIL
levels and ADC value (p < 0.001). Tumors with high sTIL levels had significantly more homogeneous enhancement
than the tumors with low sTIL levels (p = 0.001). Logistic regression analysis showed that the ADC was the most
statistically significant parameter in predicting the sTIL levels (the odds ratio was 90.952; p = 0.002). The optimal
cutoff value for ADC in predicting low and high sTIL levels was found to be 0.87 × 10−3 mm2 s−1 (AUC = 0.726,
73% specificity, and 60% sensitivity).
Conclusions Imaging findings, especially the ADC, may play an important role as an adjunct tool in cases of uncertain situations
and may improve the accuracy of biopsy results. The prediction of sTIL levels using imaging findings may give an opportunity to
predict prognosis.
Key Points
• Preoperative assessment of TILs is an important biomarker of prognosis and treatment efficacy.
• ADC value can be a useful tool in distinguishing high and low sTIL levels as a non-invasive method.
• The prediction of sTIL levels using imaging findings may give an opportunity to predict prognosis and an optimal treatment for
the BC patients.
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Introduction

Breast cancer (BC) is the most common cancer and the cause
of cancer-related deaths in women worldwide, and early diag-
nosis and effective treatment provide excellent results [1]. BC
was not previously considered an immunogenic cancer; how-
ever, early phase trials showed promising results and the as-
sessment of tumor-infiltrating lymphocytes (TILs) became a
new prognostic biomarker in tailoring therapies for maximum
response [2]. Several studies have described the associations
between the TIL levels and pathological complete response
(pCR) and improved survival rates, especially, in triple-
negative BC (TNBC) and human epidermal growth factor
receptor 2 (HER2)–positive BC subtypes; however, it is un-
clear in luminal (Lum) tumors [2, 3].

Tumor tissue includes both stromal (sTIL) and intra-
tumoral (iTIL) TILs; however, the sTILs are more visible
and abundant than the iTILs. Furthermore, it is extremely
difficult to differentiate the iTILs from cell necrosis or apo-
ptosis in hematoxylin and eosin–stained slides. Thus, the pre-
ferred method is to assess the sTIL levels [4, 5].

Previous studies have determined the term lymphocyte-
predominant BC with defined cutoffs; however, using the lev-
el of TILs as a continuous variable allows more accurate ex-
planation for the linear correlation between the TIL levels and
survival rates. Preoperative assessment of sTILs is an impor-
tant biomarker of prognosis and treatment efficacy. Therefore,
an accurate preoperative evaluation method is mandatory to
predict the sTIL levels.

Ultrasonography (US) and magnetic resonance imaging
(MRI) play an important role in the diagnosis of BC, and as
mentioned in the current literature, these methods can be used
to estimate the immunohistopathologic features and Ki-67 ex-
pression, by using the apparent diffusion coefficient (ADC) and
other imaging findings determined in the Breast Imaging
Reporting and Data System (BI-RADS) lexicon [6]. Likewise,
if it is possible to predict the sTIL levels from imaging findings, it
would help predict prognosis and an effective treatment strategy.

Therefore, the aim of this study was to investigate the use-
fulness of imaging findings in predicting the TIL levels in
invasive BC patients.

Methods

The study was approved by the institutional review board, and
an informed consent was waived since the study was retro-
spective in nature. A total of 163 consecutive patients with
invasive BC between July 2017 and January 2019 were in-
cluded in our study. Three patients with a history of neoadju-
vant chemotherapy (NAC), previous surgery, and radiation
therapy for BC and 2 patients had non-mass-like enhancement
were excluded from the study. Therefore, the study population

consisted of 158 patients. US was performed for all the pa-
tients and 89 of these patients underwent MRI for initial stag-
ing and preoperative assessment. Surgical specimens were
subjected to histopathological analysis for the sTIL-level as-
sessment by an expert breast pathologist.

MRI and US technique

Conventional US was performed with standard a 6–18 linear
transducer, and acoustic radiation force impulse and shear-
wave velocity measurements were done with a 9–14-MHz
multifrequency linear transducer (Siemens ACUSON S2000
US system). Bilateral breast MRI was performed with 1.5-T
(Magnetom Avanto Siemens) MRI system, equipped with a
16-channel dedicated breast coil. MRI was performed using
the protocol shown in Table 1. Diffusion-weighted imaging
was acquired before dynamic series, diffusion gradients were
applied in three orthogonal directions, and two B values (0 and
800 s/mm2) were used. 3D T1-weighted flash dynamic
gradient-echo sequence with fat suppression consisted of
one precontrast and five postcontrast phases. An intravenous
bolus of gadoterate meglumine (0.1 mmol/kg, Dotarem,
Guerbet) was administered, with a flow rate of 2 mL/s, follow-
ed by 20 ml saline solution, using an electronic power injector
(Spectris MR Injector, Medrad).

MRI and US analysis

Morphological analyses of the tumors were based on the US
and MRI. The US features of tumors including size, shape,
margin, echogenicity, and elastography were recorded based
on the BI-RADS US lexicon [6]. In addition to this, size,
tumor shape, margin, ADC, and internal enhancement pat-
terns were evaluated by MRI. The MRI protocol is shown in
Table 1. ADC values were calculated using commercially
available software (Syngo Via; Siemens Healthcare,). For
DWI analysis, ROIs were drawn manually in the lesions on
the diffusion-weighted images avoiding necrosis, scars, and
artifacts. The size of the ROI was 5 mm2 and only the mean
ADC value corresponds to the average of three measurements
within each lesion were recorded. In addition, the largest di-
ameter of the lesion measured by the US was recorded as the
size of the lesion. Two radiologists, with more than 10 years of
experience in breast imaging and without knowledge of the
sTIL levels of the patients, evaluated the MR and US images
in consensus.

Pathological analysis of TIL

Pathological data including tumor size, grade, and immuno-
histochemical (IHC) marker status were extracted from pa-
thology reports. The estrogen receptor (ER) and progesterone
receptor (PR) were accepted positive for IHC with ≥ 1%
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nuclear staining. For HER2 positivity, standard criteria were ap-
plied, and score 0 and 1+ were accepted as negative, score 2+ as
equivocal, and score 3+ as positive. Immunohistochemically,
HER2 score 2+ was further confirmed by in situ hybridization
to determine HER2 gene amplification. Tumors were divided
into 4 molecular subtypes according to “St. Gallen
International Expert Panel” consensus. These are the following:
Lum A (ER+, PR ≥ 20%, HER2− and Ki-67 < 20%), Lum B
(ER+ and PR< 20%orHER2+ orKi-67 ≥ 20%), HER2 positive
(HER2+ and ER−, PR−), triple negative (ER−/HER2− and PR−)
[7].

Histologically, TILs in the stromal compartment were
assessed and analyzed according to the International
Immuno-Oncology Biomaker Working Group on Breast
Cancer recommendations [4]. Histological evaluation was
performed on full-face BC slides. In each case, the ratio of
the lymphoid cells to stroma within the tumor was recorded as
a percentage [4]. In our study, the cutoff point was accepted as
10% to define low and high sTIL levels. While the other
studies [7–9] searched for the most effective imaging param-
eter in predicting the sTIL levels by logistic regression analy-
sis, we additionally assessed the correlation between the ADC
values and the sTIL levels, without any cutoff point.

Statistical analysis

The variables were investigated using the Kolmogorov–
Smirnov test to determine whether or not the distribution
was normal. Due to the fact that all the variables’ distributions
were not normal, descriptive analyses for tests were presented
using medians and interquartile range (IQR) and also, univar-
iate analyses were performed using non-parametric tests.
Correlation between ADC and sTIL values was evaluated
using Pearson’s correlation.

Associations between the sTIL levels and imaging features
were evaluated by the Mann–Whitney U and Kruskal–Wallis
tests. Based on the significant variables acquired from univar-
iate analysis, multivariate logistic regression analysis was per-
formed. The receiver operating characteristic (ROC) analysis
was performed to evaluate the diagnostic accuracy (AUC) and
select the optimal cutoff point. The best cutoff point was de-
termined by using Youden’s index. All analyses were per-
formed using the statistical software (SPSS, version 25;
SPSS-IBM, USA), and p value < 0.05 was accepted to indi-
cate statistically significant difference.

Results

A total of 158 women with invasive BC, with a mean age
49.36 (Std. 10.85) ranging between 29 and 82, were included
in the study. Imaging and histopathological features of the
tumors and a correlation of these features with the sTIL levels
are summarized in Table 2. Tumor sizes ranged from 6 to
31 mm (mean = 15.51 mm), and there was a statistically sig-
nificant difference between the tumor size on ultrasound and
sTIL levels (p = 0.001). Lesions ≥ 2 cm on ultrasound had
higher sTIL levels than the smaller ones. Furthermore, tumors
with high sTIL levels were more likely to have a round shape
(Fig. 1), whereas tumors with low sTIL levels were more
likely to have an irregular shape (p = 0.045) (Fig. 2).
Moreover, tumors with high sTIL levels had a more
circumscribed margin than those with low sTIL levels
(p = 0.008). There was no statistically significant correlation
between the elastography measurements and the sTIL levels
(p > 0.05).

Morphological features and the tumor size on MRI did not
show statistically difference with sTIL levels. A comparison
of the MRI features between tumors with low levels of sTIL

Table 1 The MRI protocol
Parameter STIR axial DWI Dynamic T1W T2W FSE

TR/TE 7400/59 16,000/129 4.79/1.88 4040/89

Flip angle 137 No 10 160

Fat suppression Yes No Yes No

Thickness (mm) 3 3 1 3

Gap (mm) 0.3 0.3 No 0.3

FOV (mm) 340 × 340 360 × 210 340 × 340 340 × 340

Acquisition time (s) 157 210 77 (each phase) 183

Matrix 314 × 320 132 × 226 333 × 512 410 × 512

B value No 0–800 No No

Sequence type IR EPI 3D GRE FSE

IT (s) 170 No No No

TR time repetition, TE time echo, FOV field of view, IR inversion recovery, EPI echo-planar imaging, GRE
gradient echo, IT inversion time, FSE fast spin echo, W weighted, STIR short tau inversion recovery, mm
millimeter
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versus high levels of sTIL showed a statistically significant
difference both in the ADC values (p < 0.001) and in the
internal enhancement pattern (p = 0.001). Tumors with high
sTIL levels had more homogeneous enhancement than the
tumors with low sTIL levels. However, most of the tumors,
both with high and with low levels of sTIL, had a heteroge-
neous enhancement pattern (50/89, 56%). A positive correla-
tion was found between the ADC values and sTIL levels
(r = 0.510, p < 0.001).

There was a statistically significant difference in the sTIL
levels between different molecular subtypes (p < 0.001) (Fig.
3 and Table 2). A significant difference in the sTIL levels
between the Lum A-Lum B, Lum A-HER2 positive, and
Lum A-TNBC was identified (p < 0.05). The most significant
difference was observed between Lum A and TNBC
(p < 0.001), and no statistically significant different was found
between Lum B-HER2 positive, Lum B-TNBC, and HER2
positive-TNBC.

There was a statistically significant difference in the
sTIL levels between different histological grades of tu-
mors (p < 0.001). High-grade tumors had higher sTIL
levels than low-grade tumors. With regard to the histolog-
ical tumor type and tumor size, no statistically significant
difference was found between histological tumor type,
size, and sTIL levels (p = 0.051) (Table 2). Multivariate
analysis was performed based on the significant variables
acquired from univariate analysis including tumor size
and margin on ultrasound, internal enhancement and
ADC on MRI, molecular subtype, and histological grade
(Table 3). Logistic regression analysis showed that the
ADC value was the most statistically significant parame-
ter in predicting the sTIL levels (odds ratio R = 90.952,
95% confidence interval (CI) 5.56–1487.09; p = 0.002).
The model created based on the ADC values could predict
the sTIL levels as high or low, with an accuracy of 83%.
By using the ROC area under curve (AUC) analysis, the
optimal cutoff value for the ADC in predicting low and
high sTIL levels was found to be 0.87 × 10−3 mm2 s−1

(AUC = 0.726, 95% CI 0.584–0.869, 73% specificity, and
60% sensitivity) (Fig. 4). The combination of ADC value
and tumor size on US did not make a statistically signif-
icant contribution, as compared with ADC value alone
(AUC = 0.729).

Discussion

TILs have a prognostic and predictive significance, especially
in patients with TNBC and HER2-positive BC [8]. Studies
have shown that the high number of TILs is a significant
predictor of response to NAC [9]. In a meta-analysis, it was
shown that the higher level of TILs in pre-NAC biopsy

Table 2 Histopathological and imaging features of tumors and their
associations with sTIL levels

Number sTIL (median–IQR) p value

Sonographic features
Tumor size 0.001
< 2 cm 91 1 (1–5)
≥ 2 cm 67 5 (1–10)

Shape 0.045
Oval 32 4 (1–17.5)
Round 5 5 (1.5–40)
Irregular 121 1 (1–5)

Margin 0.008
Circumscribed 32 5 (1–20)
Non-circumscribed 126 1 (1–5)

Echogenicity 0.213
Hypoechoic 133 1 (1–5)
Hyperechoic 0 0
Isoechoic 0 0
Heterogeneous 22 5 (1–1)
Complex cystic and solid 3 1

Posterior features 0.290
Shadowing 74 1 (1–5)
Enhancement 11 3 (1–20)
No posterior features 70 1 (1–5)
Combined pattern 3 1 (1–1)
Elastography (m/sn) 158 – 0.543
sTIL < 10 126 5.62 (4.93–6.03)
sTIL > 10 32 5.71 (4.99–6.07)

MRI features
Tumor size 0.650
< 2 cm 48 1 (1–5)
≥ 2 cm 41 5 (1–10)

Shape 0.473
Oval 18 4 (1–25)
Round 5 2 (2–37.5)
Irregular 66 1.5 (1–5)

Margin 0.047
Circumscribed 22 5 (1–25)
Non-circumscribed 67 1 (1–5)

Internal enhancement 0.001
Homogeneous 17 10 (5–45)
Heterogeneous 50 1 (1–5)
Rim enhancement 22 1.5 (1–5)
Dark internal septation 0 0

ADC 89 – < 0.001
Immunohistochemical features
Histology 0,051
IDC 120 1(1–5)
ILC 15 1 (1–1)
Others 23 1 (1–5)

Molecular subtypes < 0.001
Lum A 53 1 (1–2)
Lum B 78 1 (1–5)
HER2 enriched 8 7.5 (2–27.5)
Triple negative 19 5 (1–20)

Histologic grade < 0.001
Grade 1 14 1 (1–3)
Grade 2 86 1 (1–5)
Grade 3 58 5 (1–10)

IDC invasive ductal carcinoma, ILC invasive lobular carcinoma, Lum
luminal,HER2 human epidermal growth factor receptor 2, IQR interquar-
tile range
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increased about four times of the pCR rate in TNBC and
HER2-positive cases [10].

Denkert et al [11] showed that increased TIL concentra-
tions were associated with increased response to NAC in all
BC subtypes and were associated with a longer survival for
the TNBC and HER2-positive BC patients. However, they did
not find a relationship between increased TIL levels and long
survival in Lum-HER-2 negative tumors. In this study, we
aimed to investigate the place of imaging findings in
predicting the sTIL levels in BC. Although there are publica-
tions about the correlation between the ADC and TIL levels
[12, 13] and the US features and TIL levels [14], there are no
previously published studies including multimodality imaging
findings.

Ku et al [15] reported that there were no statistically signif-
icant differences in the ADC values between high and low TIL
levels, but they only included TNBC and used 50% as a cutoff
value to define low and high TIL groups. We used 10% as a
sTIL cutoff value, similar to other studies [16, 17], and there
was a statistically significant difference in the ADC values
between high and low sTIL levels.

Shin et al [18] showed a significant association between
Ki-67 and ADC values, but not with the TILs. In our study,
both the categorical and the continuous analyses were present-
ed, since these were artificial cutoffs and continuous data give
more accurate results. Fogante et al [13] presented that low
TIL group showed statistically significant lower ADC values
than the high TIL group. These results are concordant with our
study; however, our ADC cutoff value (0.87 × 10−3 mm2 s−1)

to discriminate these two groups was lower than their value
(1.03 × 10−3 mm2 s−1).

In order to assess the ADC value, Ku et al [15] and Fogante
et al [13] used slightly smaller ROIs than the tumor. In spite of
this, we used small ROIs and placed them taking care to avoid
necrotic and cystic areas. Differences in ROI placement and the
size of the ROI may change ADC values, and this could be a
reason of different ADC cutoff values compared with our results.

Wu et al [16] showed that the percentage of sTILs was
significantly associated with the enhancement pattern of the
tumor, and our findings are consistent with this study. Ku et al
[15] evaluated kinetic enhancement parameters and found that
persistent kinetic enhancement is associated with low TIL
levels in TNBC. Choi et al also assessed the kinetic enhance-
ment pattern and reported that high peak enhancement was
significantly associated with low TILs [19]. We did not eval-
uate the enhancement pattern based on the kinetic curve; we
only investigated internal enhancement features and found a
significant association with the sTIL levels.

Fukui et al [14] found a statistically significant associ-
ation in shape, internal echo level, and posterior echoes
between low and high TIL groups. They also observed a
significant correlation between tumor margins and the TIL
levels. In compliance with their results, we found a statis-
tically significant association between tumor shape and
margins on ultrasound and sTIL levels. In contrast to their
results, we did not find a statistically significant associa-
tion between echogenicity, posterior acoustic features, and
sTIL levels.

Fig. 1 A 35-year-old woman with HER2-positive BC with a low TIL
level (1%) in the left breast. Axial T1-weighted contrast-enhanced MR
image shows heterogeneously enhanced irregular mass (a), and
hypointensity on ADC map (0.75 × 10−3 mm2 s−1) (b). Representative
US image shows hypoechoic, irregular mass with non-circumscribed

margin and posterior shadowing (c). A 35-year-old woman with HER2-
positive BCwith a low TIL level (1%) in the left breast. Photomicrograph
(H&E, × 200) of histologic specimen shows scanty infiltration of
lymphocytes (d)

Fig. 2 A 57-year-old womanwith HER2-positive breast cancer with high
tumor-infiltrating lymphocyte level (70%) in her right breast. Axial T1-
weighted contrast-enhancedMR image shows heterogeneously enhanced
mass lesion (a), and hypointensity on ADC map (1.09 × 10−3 mm2 s−1)

(b). Representative US image shows hypoechoic, irregular mass with
non-circumscribed margin without posterior acoustic change (c).
Photomicrograph (H&E, × 200) of histologic specimen shows dense
infiltration of lymphocytes (d)
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Several studies in the current literature investigated the TIL
levels especially in TNBC and HER2-positive BC. In our
study TNBC and HER2-positive BC showed higher sTIL
levels similar to other studies [12, 14, 15, 17]. Also, here
was a significant association between the sTIL levels and

molecular subtypes and histological grades in our study, in
concordance with the study of Fukui et al [14]. Evaluation
of TILs from whole tumor sections is more effective than core
biopsies [20–22], and imaging parameters can give an idea
about the entire tumor area, as a non-invasive method.

Fig. 3 Associations between sTIL levels and different molecular subtypes of BC

Table 3 Univariate and
multivariate logistic regression
analyses of sonographic, MRI,
and immunohistochemical
features predictive of sTIL levels

Univariate analysis Multivariate analysis

OR 95% CI p OR 95% CI p

Sonographic features

Tumor size 3.320 1.470–7.498 0.004 * - - -

Shape 0.649 0.419–1.006 0.053 - - -

Margin 0.314 0.133–0.744 0.008 * - - -

Echogenicity 1.211 0.766–1.915 0.412 - - -

Posterior features 1.065 0.721–1.574 0.751 - - -

Elastography 1.054 0.611–1.818 0.849 - - -

MRI features

Tumor size 1.395 0.577–3.377 0.460 - - -

Shape 0.708 3.398–1.258 0.239 - - -

Margin 0.382 0.131–1.113 0.078 - - -

Internal enhancement 0.381 0.167–0.870 0.022* - - -

ADC 93.021 5.842–1481.248 0.001* 90.952 5.56–1487.09 0.002

Immunohistochemical features

Histology 0.836 0.658–1.063 0.144 - - -

Molecular subtypes 1.971 1.322–2.939 0.001* - - -

Histologic grade 2.837 1.387–5.801 0.004* - - -

*Significant at univariate analysis and carried onward to multivariate analysis. CI confidence interval, OR odds
ratio
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Although imaging-based prediction of TIL levels cannot take
the place of preoperative biopsy before NAC [14], it can be
useful in the detection of patients responding to NAC and
targeted therapies [16].

Our study has some limitations. Firstly, this was a
single-centered retrospective study, with a limited number
of patients, and not all our patients underwent breast MRI.
Secondly, the number of TNBC and HER2-positive BC
patients was limited, and this situation decreased the accu-
racy of our statistical analysis. Also, there was a difference
between tumor sizes on ultrasound and MRI in our study.
The probable reason for the difference was the limited
number of patients, especially for MRI. However, ultra-
sound is a user-dependent modality and observer variabil-
ity may be another reason for both size discrepancy and the
tumor shape. Therefore, further studies with larger popula-
tion may bring out new results to predict the sTIL levels.

Tumors with high sTIL levels had more homogeneous
enhancement and higher ADC values and were more likely
to have a round shape and larger size in our study. In ad-
dition, the combination of ADC value and tumor size on
US did not make a statistically significant contribution,
compared with ADC value alone. In conclusion, ADC val-
ue may be helpful to predict sTIL levels as an adjunct tool
in cases of uncertain situations and may improve the accu-
racy of biopsy results. The prediction of sTIL levels using

imaging findings may give an opportunity to predict
prognosis.
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Methodology
• retrospective
• diagnostic or prognostic study
• performed at one institution
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