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Abstract
Background  The presence of tumor-infiltrating lymphocytes (TILs) is a prognostic factor for breast cancer. However, because 
of tumor tissue heterogeneity, an accurate and simple evaluation method is needed. We determined if preoperative charac-
teristic ultrasonography (US) image findings are predictive of lymphocyte-predominant breast cancer (LPBC).
Methods  We evaluated 191 patients with invasive breast cancer treated by curative surgery between January 2014 and 
December 2017. Stromal lymphocytes in surgical pathological specimens were evaluated. Fifty-two patients with ≥ 50% 
stromal TILs were defined as having LPBC. Preoperative US images were examined for indicators of TILs. The US images 
with characteristic TILs were scored for prediction of LPBC.
Results  Shape (more lobulated), internal echo level (weaker), and posterior echoes (stronger) were predictors of LPBC and 
used to assign the TILs-US scores (0–7 points); the score cutoff for predicting LPBC was 4 points (sensitivity, 0.73; speci-
ficity, 0.87; accuracy, 0.83) based on the receiver operating characteristics (ROC) curves (AUC 0.88). Multivariate logistic 
regression analysis identified nuclear grade (NG), OR 3.4; estrogen receptor (ER), OR 5.7; human epidermal growth factor 
receptor type-2 (HER2), OR 4.1; and TILs-US score, OR 14.9 as LPBC predictors (all, p < 0.05). The sensitivity, specificity, 
and accuracy for predicting LPBC were 0.75, 0.69, and 0.71 for NG and 0.33, 0.96, and 0.79 for ER and HER2, respectively. 
ROC analysis showed that the diagnostic abilities of NG, ER, and HER2 were lower than that of the TILs-US score.
Conclusions  LPBC showed characteristic US imaging findings. The TILs-US score was an accurate preoperative predictor 
of LPBC.

Keywords  Breast cancer · Tumor-infiltrating lymphocytes · Lymphocyte-predominant breast cancer · Ultrasonography

Introduction

Immunological parameters, including tumor-infiltrating 
lymphocytes (TILs), have been identified as prognostic fac-
tors for breast cancer [1–7]. TILs are predictive of response 

to neoadjuvant chemotherapy in luminal human epidermal 
growth factor receptor type 2 (HER2)-negative type breast 
cancer, HER2-positive breast cancer, and triple-negative 
breast cancer [3, 5, 8–13]. Thus, the presence of TILs is 
an important biological marker predictive of prognosis and 
drug treatment effect. Pathological evaluation of TILs is 
recommended by the International Immuno-Oncology Bio-
marker Working Group guidelines [14]. The use of biopsy 
specimens for preoperative evaluation of TILs is possible, 
but the expression and distribution of TILs in tissues are 
heterogeneous. Therefore, TILs should only be evaluated 
after determining the distribution and expression of TILs 
in all specimens [14]. Although there are reports [3] on the 
usefulness of the evaluation of TILs in residual tumors after 
neoadjuvant chemotherapy, it is difficult to define the evalu-
ation range because tumor cells remain diffuse. Additionally, 
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evaluation of TILs by tissue microarray is not recommended 
at this stage because of heterogeneity problem [14]. With 
these considerations, the presence of TILs is a useful pre-
dictor of prognosis and treatment effect in breast cancer. 
However, an accurate and convenient preoperative evalua-
tion method is urgently needed.

Ultrasonography (US) has been reported to be useful for 
breast cancer detection [15–21]. It has also been reported 
that US tissue characterization is useful for discrimina-
tion between benign and malignant tumors by evaluating 
the morphology and internal characteristics of the tumor 
[22–24]. Thus, US is a useful modality in breast cancer 
diagnosis. However, there has been no report on imaging 
methods, including US, for evaluation of TILs.

In this study, we determined if preoperative characteristic 
US image findings are predictive of lymphocyte-predomi-
nant breast cancer (LPBC).

Patients and methods

Participants and study design

We included 191 consecutive patients with clinical stage 
I–III breast cancer who underwent preoperative US between 
January 2014 and December 2017. Patients who received 
neoadjuvant chemotherapy were excluded, and all patients 
were treated by either mastectomy or breast-conserving 
surgery.

All procedures involving human participants were per-
formed in accordance with the ethical standards of our insti-
tutional research committee (IRB no. 1166) and the 1964 
Declaration of Helsinki and its later amendments or compa-
rable ethical standards. For this retrospective cohort study, 
the need for formal consent was waived.

Ultrasonography

Conventional US images were acquired by using a HIVI-
SION Ascendus (Hitachi–Aloka Medical, Mitaka, Tokyo, 
Japan) with a 5–13 MHz linear-array transducer, in longitu-
dinal and transverse planes, from supine patients with raised 
arms. Lesions were measured, and representative images 
of the index cancer (lesion with the largest diameter) were 
acquired. Three surgeons who acquired the US images and 
two other sonographers who assessed the images confirmed 
correspondence among the findings. Three specialist breast 
surgeons and two breast US technicians made decision 
without knowing the TIL status. The final decision in the 
evaluation in each case was taken by three specialist breast 
surgeons and two breast US technicians via discussions and 
consensus.

Scoring of US imaging characteristics for predicting 
LPBC

Tumor US images were examined according to the ultra-
sonic tissue characterization method defined by the Japan 
Association of Breast and Thyroid Sonology (JABTS) 
[20]. Regarding the characteristic of shape, a tumor with 
≥ 2 lobulated areas, < 5 mm in size, was defined as small 
lobulated. In ultrasonic tissue characterization, we ana-
lyzed the most suitable setting to predict LPBC. As a 
standard method, characteristic factors of LPBC in the 
US tissue characterization were respectively scored, and 
various receiver operating characteristics (ROC) analyses 
in LPBC prediction were conducted for all patients. We 
identified the best AUC values for TILs-US scores from 
ROC analyses.

Pathological diagnosis

Pathological diagnoses were established from specimens 
obtained during surgery. Primary tumors were evalu-
ated for nuclear grade (NG), estrogen receptor (ER) sta-
tus, HER2 status, and Ki67 proliferation index. The NG 
was assigned according to the General Rules for Clinical 
and Pathological Recording of Breast Cancer, 17th edi-
tion (Japanese Breast Cancer Society 2012). ER positiv-
ity was assessed by immunohistochemical analysis and 
scored according to the Allred system. HER2 positivity 
was defined by the following scores: 3+ by immunohisto-
chemistry alone; 2+ by immunohistochemistry and HER2/
CEP17 ≥ 2.0 using fluorescent in situ hybridization; and 
2+ by immunohistochemistry, HER2/CEP17 < 2.0, and 
average HER2 copy number ≥ 6.0 signals/cell by fluores-
cent in situ hybridization. The Ki67 proliferation index 
was determined by using a quantitative visual approach. 
Tumor zones with the most positive nuclei within the 
invasive component were scored, and the Ki67 prolifera-
tion index was expressed as the ratio (%) of Ki67-positive 
malignant cells within that area (≥ 1000). Tumors were 
classified as having low or high proliferative activity on 
the basis of Ki-67 nuclear staining values of < 20% and 
≥ 20%, respectively. Molecular subtypes of breast cancer 
were classified as luminal type (ER positive, HER2 nega-
tive), luminal-HER2 (ER positive, HER2 positive), HER2 
positive (ER negative and HER2 positive), or triple nega-
tive (negative for progesterone receptor, ER, and HER2) 
on the basis of immunohistochemistry and fluorescent 
in situ hybridization. TIL evaluation was performed on 
hematoxylin and eosin (H&E)-stained sections in a rou-
tine diagnostic setting. Stromal lymphocytes were evalu-
ated on H&E-stained sections according to the current 
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recommendations (International TILs Working Group 
2014) by two experienced pathologists. Breast cancer sam-
ples with ≥ 50% stromal TILs (s-TILs) were defined as 
LPBC as a predefined categorical parameter, as described 
in previous reports [1, 6, 12, 25].

Statistical analysis

The clinicopathological characteristics of the patients 
are shown as means ± standard deviations for continuous 
variables and as number (%) for categorical variables. The 
patient population was subdivided as those having breast 
cancers with LPBC (LPBC) and without LPBC (non-
LPBC). The association between LPBC or non-LPBC 
and clinicopathological factors was analyzed by using the 
χ2 test. The association between LPBC or non-LPBC and 
US tissue characterization was also analyzed by using the 
χ2 test. The predictive performance regarding the identi-
fication of LPBC in the TILs-US score was evaluated by 
using ROC analysis. An ROC analysis was performed by 
incrementally increasing the cutoff values of the TILs-US 
score and recalculating the corresponding true-positive 
and false-negative rates. Univariate and multivariate logis-
tic regression analyses were employed for each potential 
predictor variable of LPBC. The sensitivity, specificity, 
accuracy, positive-predictive value, and negative-predic-
tive value were compared among the TILs-US score, NG, 
ER, and HER2 potential predictors and calculated accord-
ing to standard formulas. Odds ratios and 95% confidence 
intervals (CIs) are reported. All analyses were performed 
by using JMP version 13.0 (SAS Institute Cary, NC, USA), 
and a p value of < 0.05 was considered as indicative of 
statistical significance in all comparisons.

Results

Associations between clinicopathological factors 
and LPBC and non‑LPBC

We included 191 patients with invasive breast cancer who 
received preoperative US. The clinicopathological charac-
teristics of the study cohort according to TILs predominance 
are summarized in Table 1. There was a significant associa-
tion of TILS with higher tumor size (p = 0.01), higher NG 
(p < 0.001), higher Ki67 proliferation index (p < 0.001), ER 
negativity (p < 0.001), and HER-2 positivity (p < 0.001). We 
classified tumors as luminal type, luminal-HER2, HER2 
positive, and triple negative in 160, 13, 10, and 8 patients, 
respectively. There was a significant association of TILs 
with subtype (p < 0.001).

Associations between US tissue characterization 
and LPBC and non‑LPBC

There was a significant association in shape (p < 0.001), 
margin (p < 0.001), internal echo level (p < 0.001), posterior 
echoes (p < 0.001), and vascularity (p < 0.02) between LPBC 
and non-LPBC cases. In contrast, internal echo homogene-
ity (p = 0.22) and echogenic foci (p = 0.18) were not signifi-
cantly associated with LPBC or non-LPBC. The shapes of 
the LPBC cases were characterized by a large number of 
lobulated areas (lobulated, 23.1%; small lobulated, 40.4%), 
whereas the non-LPBC cases tended to have few lobulated 
areas (lobulated, 7.2%; small lobulated, 3.6%). In this way, 
especially, small lobulated was a characteristic finding of 
LPBC. The LPBC cases were characterized by low internal 

Table 1   Clinicopathological characteristics of patients with LPBC or 
non-LPBC

T1, tumor ≤ 2 cm; T2, tumor > 2–5 cm; T3, tumor > 5 cm; ER, estro-
gen receptor; HER2, human epidermal growth factor receptor 2; 
Ki67, Ki67 proliferation index; luminal type, ER positive and HER2 
negative; Luminal-HER2, ER positive and HER2 positive; HER2 
positive, ER negative and HER2 positive; Triple negative, negative 
for ER, progesterone receptor, and HER2

Characteristic LPBC
n = 52; n (%)

Non-LPBC
n = 139; n (%)

p

Age (years), mean ± SD 54.5 ± 13.2 59.1 ± 13.5
Clinical T
 T1 23 (44.2) 90 (64.7) 0.01
 T2 29 (55.8) 46 (33.1)
 T3 0 (0) 3 (2.2)

Clinical N
 Negative 39 (75.0) 107 (77.0) 0.78
 Positive 13 (25.0) 32 (23.0)

Nuclear grade
 1 4 (7.7) 21 (15.1) < 0.001
 2 9 (17.3) 75 (54.0)
 3 39 (75.0) 43 (30.9)

Ki67
 < 20 3 (5.8) 59 (42.4) < 0.001
 ≥ 20 49 (94.2) 80 (57.6)

ER
 Positive 35 (67.3) 133 (95.7) < 0.001
 Negative 17 (32.7) 6 (4.3)

HER2
 Positive 17 (32.7) 6 (4.3) < 0.001
 Negative 35 (67.3) 133 (95.7)

Subtype
 Luminal type 29 (55.8) 131 (94.2) < 0.001
 Luminal-HER2 8 (15.4) 5 (3.6)
 HER2 positive 9 (17.3) 1 (0.7)
 Triple negative 6 (11.5) 2 (1.4)
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echo level (low, LPBC vs. non-LPBC; 59.6% vs. 84.9%, 
respectively). Extremely low internal echo level was espe-
cially a characteristic finding in the LPBC cases (extremely 
low, LPBC vs. non-LPBC, 40.4% vs. 10.1%, respectively). 
Posterior echoes were one of the most characteristic US find-
ings. LPBC cases were found more frequently in tumors 
in which posterior echoes were accentuated (not changed, 
15.4%; accentuated, 50.0%; very accentuated, 32.7%), 
whereas there were fewer non-LPBC cases in which the 

posterior echoes were accentuated (not changed, 42.4%; 
accentuated, 21.6%; very accentuated, 4.3%).

Optimal TILs‑US score for predicting LPBC 
by ultrasonography for predicting LPBC

We constructed various ROC curves to predict LPBC. The 
best AUC values for the TILs-US scores were 0.88 (95% 
CI 0.82–0.94; p < 0.001) (Fig. 2). Factors and scores in this 

Fig. 1   Examples of the TILs-US score based on US tissue charac-
terization. a Shape is irregular, 0 points; internal echo level is low, 1 
point; posterior echoes show shadowing, 0 points. The TILs-US score 
is 1 point. b Shape is irregular, 0 points; internal echo level is low, 1 
point; posterior echoes show no change, 1 point. The TILs-US score 

is 2 points. c Shape is lobulated, 1 point; internal echo level is low, 1 
point; posterior echoes are accentuated, 2 points. The TILs-US score 
is 4 points. d Shape is small lobulated, 2 points; internal echo level 
is extremely low, 2 points; posterior echoes are very accentuated, 3 
points. The TILs-US score is 7 points

Fig. 2   Representative US 
images (a) and hematoxylin and 
eosin staining (b, c) on LPBC. 
Ultrasonic tissue characteriza-
tion shows findings of small 
lobulated areas, extremely low 
internal echo levels, and highly 
accentuated posterior echoes 
(a). Hematoxylin and eosin 
(H&E) staining shows invasive 
ductal carcinoma with LPBC; 
scale bars = 5 mm (b), 500 µm 
(c). Dotted line in b indicates 
the high-power field site in c 
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US tissue characterization are mentioned below. TILs-US 
characteristic US image findings predicting LPBC were 
scored on the basis of three ultrasonic tissue characteris-
tics: shape (more lobulated), internal echo level (weaker), 
and posterior echoes (stronger). For these three ultrasonic 
tissue characterizations, more characteristic findings were 
assigned higher scores, and the TILs-US score was the 
total score, which ranged from 0 to 7 total points com-
prising the subscores for shape (round, oval, polygonal or 
irregular, 0 points; lobulated, 1 point; small lobulated, 2 
points), internal echo level (high or equal, 0 points; low, 
1 point; extremely low, 2 points), and posterior echoes 
(shadowing or attenuating, 0 points; not changing, 1 point; 
accentuated, 2 points; very accentuated, 3 points) (Fig. 1). 
The TILs-US scores were classified as low (0–1 points), 
intermediate (2–3 points), high (4–5 points), and very 
high (6–7 points). The reviewers assigned TILs-US scores 
according to US tissue characterization findings. Figure 1 
shows examples of TILs-US scores according to ultrasonic 
tissue characterization.

Distribution of TILs‑US scores of LPBC and non‑LPBC

Table 2 summarizes the distribution of TILs-US scores, 
which were classified as low (0–1 points), intermediate (2–3 
points), high (4–5 points), and very high (6–7 points). The 
following distribution was obtained: Low score, 1 (2.5%) 
case in LPBC and 39 (97.5%) cases in non-LPBC; interme-
diate score, 13 (13.7%) cases in LPBC and 82 (86.3%) cases 
in non-LPBC; very high score, 18 (100%) cases in LPBC 
and no (0%) cases in non-LPBC. Figure 1 shows a case of 
LPBC. The TILs-US score was very high (7 points) for the 
ultrasonic tissue findings of small lobulated areas, extremely 
low internal echo level, and very accentuated posterior ech-
oes (Fig. 2a). Pathological analysis of the tissue showed that 
the occupied area of the mononuclear cells accounted for 
90% of the whole tumor interstitial region (Fig. 2b, c). Fig-
ure 3 shows a case of non-LPBC. The TILs-US score was 
low (1 point) for the US tissue findings of irregular shape, 
low internal echo level, and attenuated posterior echoes 
(Fig. 3a). Pathological analysis of the tissue showed that the 

Table 2   Distribution of the 
TILs-US score for predicting 
LPBC using ultrasonography

LPBC, lymphocyte-predominant breast cancer

Low (0–1 point)
n (%)

Intermediate (2–3 
points)
n (%)

High (4–5 points)
n (%)

Very 
high (6–7 
points)
n (%)

LPBC
n = 52

1 (2.5) 13 (13.7) 20 (52.6) 18 (100)

Non-LPBC
n = 139

39 (97.5) 82 (86.3) 18 (47.4) 0

Fig. 3   Representative US 
images (a) and hematoxylin 
and eosin staining (b, c) of 
non-LPBC tissue. US tissue 
characterization shows findings 
of irregular shape, low internal 
echo levels, and accentuated 
posterior echoes (a). Hematoxy-
lin and eosin staining shows 
invasive ductal carcinoma with 
non-LPBC; scale bars = 5 mm 
(b), 500 µm (c). Dotted line in 
b indicates the high-power field 
site in c 
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occupied area of the mononuclear cells accounted for 10% 
of the whole tumor interstitial region (Fig. 3b, c).

Univariate and multivariate logistic regression 
analyses of significant predictive clinicopathological 
factors for LPBC

We set cutoffs for LPBC on the basis of data derived from 
the TILs-US score using ROC curves (Fig. 2). We set the 
TILs-US score cutoff for predicting LPBC at 4 points on 
the basis of the ROC curves. The significant predictive clin-
icopathological factors for LPBC determined by univariate 
and multivariate logistic analyses are shown in Table 3. In 
the univariate logistic analysis, clinical T, NG, Ki67, ER 
status, HER-2 status, and TILs-US score were significant 
independent predictors for LPBC. In the multivariate logistic 
analysis, NG, ER status, HER-2 status, and TILs-US score 
were significantly associated with good prognosis in LPBC.

Sensitivity, specificity, positive‑predictive value, 
and negative‑predictive value in using TILs‑US score 
for predicting LPBC in US

The sensitivity, specificity, accuracy, positive-predictive 
value, and negative-predictive value of the TILs-US score for 
predicting LPBC were 0.73 (0.63–0.81), 0.87 (0.83–0.90), 
0.83 (0.78–0.88), 0.68 (0.58–0.76), and 0.90 (0.86–0.93), 
respectively; for predicting NG: 0.75 (0.64–0.8), 0.69 
(0.65–0.72), 0.71 (0.65–0.38), 0.48 (0.41–0.53), and 0.88 
(0.83–0.92), respectively; and for predicting ER and HER2: 
0.33 (0.24–0.39), 0.96 (0.93–0.98), 0.79 (0.74–0.82), 0.74 
(0.55–0.87), and 0.79 (0.77–0.81), respectively. The diag-
nostic abilities of NG, ER, and HER2 were all lower than 
that of the TILs-US score (Fig. 4).

Discussion

Recent imaging studies have reported that contrast-enhanced 
sonography [26, 27], whole-body positron emission tomog-
raphy (PET) [28–30], and dedicated breast PET [31] pre-
dicted malignancy grade and prognosis of breast cancer. 
However, there have been no reports on imaging findings 
predictive of LPBC before surgery. The TILs-US scoring 
method described in the present report is noninvasive and 
convenient to perform because it uses US findings. The 
TILs-US score showed high diagnostic ability for LPBC 
before surgery and was found be an accurate and conveni-
ent evaluation method of TILs.

Ultrasonic tissue characterization in LPBC is character-
ized by many lobulated areas and small lobulated areas, 

Table 3   Univariate and 
multivariate logistic analysis 
of significant predictive 
clinicopathological factors in 
LPBC cases

Ki67, Ki67 proliferation index; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2

Characteristic Univariate logistic analysis Multivariate logistic analysis

OR 95% CI p OR 95% CI p

Clinical T, T2–T4 vs. T1 2.3 1.2–4.5 0.01 1.3 0.48–3.3 0.63
Clinical N, positive vs. negative 1.1 0.5–2.3 0.78 1.5 0.46–4.7 0.52
Nuclear grade, 3 vs. 1–2 6.7 3.3–14.2 < 0.001 3.4 1.2–9.8 0.02
Ki67, ≥ 20 vs. < 20 12.1 4.2–51.2 < 0.001 2.5 0.60–10.4 0.21
ER, negative vs. positive 10.8 4.1–31.7 < 0.001 5.7 1.6–20.3 0.007
HER2, positive vs. negative 10.8 4.1–31.7 < 0.001 4.1 1.1–15.2 0.04
TILs-US score, ≥ 4 vs. < 3 26.8 10.2–85.2 < 0.001 14.9 4.6–48.7 < 0.001

Fig. 4   Receiver operating characteristics curve of TILs-US score to 
predict LPBC in all patients. The AUC value of TILs-US for LPBC 
was 0.88 (95% CI, 0.82–0.94; p < 0.001). The sensitivity, specificity, 
and accuracy of NG (white circle) were 0.75 (0.64–0.8), 0.69 (0.65–
0.72), 0.71 (0.65–0.38), and those of ER and HER2 (white square) 
were 0.33 (0.24–0.39), 0.96 (0.93–0.98), and 0.79 (0.74–0.82) for 
both, respectively
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a high frequency of low and extremely low internal echo 
levels, and a high frequency of accentuated and highly 
accentuated posterior echoes. Among the ultrasonic tis-
sue characteristics of LPBC characterization, attenua-
tion and back scattering were strongly associated with 
organizational construction. Attenuation increases in tis-
sues with many collagen fibers, so posterior echoes are 
attenuated. On the other hand, tissues rich in water-soluble 
components have less attenuation, so posterior echoes are 
accentuated. Therefore, posterior echoes are attenuated as 
fibrosis increases in stromal tissue [32, 33], and posterior 
echoes of tumors with many water-soluble components 
are accentuated [32, 34]. Also, the internal echo level 
decreases in invasive carcinoma with increased cellular 
components because of back scattering [32]. The s-TILs 
have a high fraction of total stromal nuclei that represent 
mononuclear inflammatory cell nuclei, whereas there is a 
tendency for the increase in collagenous tissue to decrease. 
We applied the pathological features of these s-TILs and 
the US characteristics of tissue to the diagnostic prediction 
of LPBC. The tumors in LPBC contain more mononuclear 
inflammatory cell nuclei than those in tumor cells. There-
fore, in comparisons between H&E-stained specimens and 
US images, an advantage of US is that LPBC shows poste-
rior echo enhancement and low internal echo level. Addi-
tionally, LPBC with more lymphocytes may show small 
lobulated areas because of the distribution of mononuclear 
inflammatory cell nuclei that surround the cancer alveolar 
surrounding the tumor margin. We have demonstrated that 
TILs can be predicted conveniently by ultrasonic tissue 
characterization factors. The TILs-US score can accurately 
predict LPBC and be applied to future breast cancer treat-
ment strategies.

The limitations of our study need to be acknowledged. 
First, it was a retrospective study involving a single insti-
tute. Second, we have not reported whether TILs-US scores 
based on preoperative US could accurately predict LPBC 
with the use of surgical pathological specimens compared 
with the use of preoperative biopsy tissues. To evaluate this, 
specimens of preoperative biopsy tissues as well as surgi-
cal pathological specimens were needed. This should also 
have included an analysis of whether the diagnostic ability 
of the TILs-US score in predicting LPBC was useful and 
greater than that of preoperative biopsy tissues. Further, this 
should also have included an analysis of whether the TILs-
US score based on US images obtained before neoadjuvant 
chemotherapy was useful as an alternative method to LPBC 
evaluation of preoperative biopsy tissues for the predic-
tion of complete pathological response. Our data showed 
excellent performance of LPBC prediction, but the under-
lying mechanism for this remains unclear. Future studies 
are needed to comparatively analyze US and pathological 
images to clarify the mechanism underlying these features. 

This could help demonstrate that US images are applicable 
in predicting clinical outcomes.

Conclusion

The presence of TILs is predictive of prognosis and thera-
peutic effect for breast cancer. Our method for determining 
the TILs-US score based on conventional US findings was 
found to be an accurate and convenient diagnostic method 
for LPBC and can be easily performed preoperatively. 
The clinical application of the TILs-US score in LPBC 
is expected to lead to a new treatment strategy for breast 
cancer.

Compliance with ethical standards 

Conflict of interest  None of the authors has a conflict of interest re-
lated to this study and manuscript.

References

	 1.	 Adams S, Gray RJ, Demaria S, Goldstein L, Perez EA, Shul-
man LN, et al. Prognostic value of tumor infiltrating lymphocytes 
in triple-negative breast cancers from two phase III randomized 
adjuvant breast cancer trials: ECOG 2197 and ECOG 1199. J Clin 
Oncol. 2014;32:2959–66.

	 2.	 Ali HR, Provenzano E, Dawson SJ, Blows FM, Liu B, Shah M, 
et al. Association between CD8+ T-cell infiltration and breast 
cancer survival in 12,439 patients. Ann Oncol. 2014;25:1536–43.

	 3.	 Dieci MV, Criscitiello C, Goubar A, Viale G, Conte P, Guarneri 
V, et al. Prognostic value of tumor-infiltrating lymphocytes on 
residual disease after primary chemotherapy for triple-negative 
breast cancer: a retrospective multicenter study. Ann Oncol. 
2014;25:611–8.

	 4.	 Perez EA, Ballman KV, Tenner KS, Thompson EA, Badve SS, 
Bailey H, et al. Association of stromal tumor-infiltrating lympho-
cytes with recurrence-free survival in the N9831 adjuvant trial 
in patients with early-stage HER2-positive breast cancer. JAMA 
Oncol. 2016;2:56–64.

	 5.	 Salgado R, Denkert C, Campbell C, Savas P, Nuciforo P, Aura 
C, et al. Tumor-infiltrating lymphocytes and associations with 
pathological complete response and event-free survival in HER2-
positive early-stage breast cancer treated with lapatinib and tras-
tuzumab: a secondary analysis of the NeoALTTO Trial. JAMA 
Oncol. 2015;1:448–55.

	 6.	 Loi S, Michiels S, Salgado R, Sirtaine N, Jose V, Fumagalli D, 
et al. Tumor-infiltrating lymphocytes are prognostic in triple 
negative breast cancer and predictive for trastuzumab benefit in 
early breast cancer: results from the FinHER trial. Ann Oncol. 
2014;25:1544–50.

	 7.	 Salgado R, Denkert C, Campbell C, Savas P, Nuciforo P, Aura C, 
et al. Prognostic and predictive value of tumor-infiltrating lym-
phocytes in a phase III randomized adjuvant breast cancer trial in 
node-positive breast cancer comparing the addition of docetaxel 
to doxorubicin with doxorubicin-based chemotherapy: BIG 02-98. 
J Clin Oncol. 2013;31:860–7.



580	 Breast Cancer (2019) 26:573–580

1 3

	 8.	 Denkert C, Loibl S, Noske A, Roller M, Muller BM, Komor M, 
et al. Tumor-associated lymphocytes as an independent predictor 
of response to neoadjuvant chemotherapy in breast cancer. J Clin 
Oncol. 2010;28:105–13.

	 9.	 Denkert C, von Minckwitz G, Brase JC, Sinn BV, Gade S, Kro-
nenwett R, et al. Tumor-infiltrating lymphocytes and response to 
neoadjuvant chemotherapy with or without carboplatin in human 
epidermal growth factor receptor 2-positive and triple-negative 
primary breast cancers. J Clin Oncol. 2015;33:983–91.

	10.	 Issa-Nummer Y, Darb-Esfahani S, Loibl S, Kunz G, Nekljudova 
V, Schrader I, et al. Prospective validation of immunological infil-
trate for prediction of response to neoadjuvant chemotherapy in 
HER2-negative breast cancer—A substudy of the neoadjuvant 
GeparQuinto trial. PloS One. 2013;8:e79775.

	11.	 West NR, Milne K, Truong PT, Macpherson N, Nelson BH. 
Watson PH Tumor-infiltrating lymphocytes predict response to 
anthracycline-based chemotherapy in estrogen receptor-negative 
breast cancer. Breast Cancer Res. 2011;13:R126.

	12.	 Ingold Heppner B, Untch M, Denkert C, Pfitzner BM, Lederer 
B, Schmitt W, et al. Tumor-infiltrating lymphocytes: a predictive 
and prognostic biomarker in neoadjuvant-treated HER2-positive 
breast cancer. Clin Cancer Res. 2016;22:5747–54.

	13.	 Denkert C, von Minckwitz G, Darb-Esfahani S, Lederer B, Hepp-
ner BI, Weber KE, et al. Tumour-infiltrating lymphocytes and 
prognosis in different subtypes of breast cancer: a pooled analysis 
of 3771 patients treated with neoadjuvant therapy. Lancet Oncol. 
2018;19:40–50.

	14.	 Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen F, 
Pruneri G, et al. The evaluation of tumor-infiltrating lymphocytes 
(TILs) in breast cancer: recommendations by an International 
TILs Working Group 2014. Ann Oncol. 2015;26:259–71.

	15.	 Crystal P, Strano SD, Shcharynski S, Koretz MJ. Using sonogra-
phy to screen women with mammographically dense breasts. Am 
J Roentgenol. 2003;181:177–82.

	16.	 Kolb TM, Lichy J, Newhouse JH. Comparison of the performance 
of screening mammography, physical examination, and breast 
US and evaluation of factors that influence them: an analysis of 
27,825 patient evaluations. Radiology. 2002;225:165–75.

	17.	 Weinstein SP, Localio AR, Conant EF, Rosen M, Thomas KM, 
Schnall MD. Multimodality screening of high-risk women: a pro-
spective cohort study. J Clin Oncol. 2009;27:6124–8.

	18.	 Berg WA, Blume JD, Cormack JB, Mendelson EB, Lehrer D, 
Böhm-Vélez M, et al. Combined screening with ultrasound and 
mammography vs mammography alone in women at elevated risk 
of breast cancer. JAMA. 2008;299:2151–63.

	19.	 Tohno E, Umemoto T, Sasaki K, Morishima I, Ueno E. Effect of 
adding screening ultrasonography to screening mammography on 
patient recall and cancer detection rates: a retrospective study in 
Japan. Eur J Radiol. 2013;82:1227–30.

	20.	 Tohno E, Takahashi H, Tamada T, Fujimoto Y, Yasuda H, Ohuchi 
N. Educational program and testing using images for the stand-
ardization of breast cancer screening by ultrasonography. Breast 
Cancer. 2012;19:138–46.

	21.	 Ohuchi N, Suzuki A, Sobue T, Kawai M, Yamamoto S, Zheng YF, 
et al. Sensitivity and specificity of mammography and adjunctive 
ultrasonography to screen for breast cancer in the Japan strategic 

anti-cancer randomized trial (J-START): a randomised controlled 
trial. Lancet. 2016;387:341–8.

	22.	 Chen SC, Cheung YC, Su CH, Chen MF, Hwang TL, Hsueh S. 
Analysis of sonographic features for the differentiation of benign 
and malignant breast tumors of different sizes. Ultrasound Obstet 
Gynecol. 2004;23:188–93.

	23.	 Costantini M, Belli P, Lombardi R, Franceschini G, Mulè A, 
Bonomo L. Characterization of solid breast masses: use of the 
sonographic breast imaging reporting and data system lexicon. J 
Ultrasound Med. 2006;25:649–59.

	24.	 Rahbar G, Sie AC, Hansen GC, Prince JS, Melany ML, Reynolds 
HE, et al. Benign versus malignant solid breast masses: US dif-
ferentiation. Radiology. 1999;213:889–94.

	25.	 Dieci MV, Mathieu MC, Guarneri V, Conte P, Delaloge S, Andre 
F, et al. Prognostic and predictive value of tumor infiltrating lym-
phocytes in two phase randomized adjuvant breast cancer trials. 
Ann Oncol. 2015;26:1698–704.

	26.	 Masumoto N, Kadoya T, Amioka A, Kajitani K, Shigematsu H, 
Emi A, et al. Evaluation of malignancy grade of breast cancer 
using perflubutane-enhanced ultrasonography. Ultrasound Med 
Biol. 2016;42:1049–57.

	27.	 Wan CF, Du J, Fang H, Li FH, Zhu JS, Liu Q. Enhancement pat-
terns and parameters of breast cancers at contrast-enhanced US: 
correlation with prognostic factors. Radiology. 2012;262:450–9.

	28.	 Kadoya T, Aogi K, Kiyoto S, Masumoto N, Sugawara Y, Okada 
M. Role of maximum standardized uptake value in fluorodeoxy-
glucose positron emission tomography/computed tomography pre-
dicts malignancy grade and prognosis of operable breast cancer: a 
multi-institute study. Breast Cancer Res Treat. 2013;141:269–75.

	29.	 Aogi K, Kadoya T, Sugawara Y, Kiyoto S, Shigematsu H, Masu-
moto N, et al. Utility of 18F FDG-PET/CT for predicting prog-
nosis of luminal-type breast cancer. Breast Cancer Res Treat. 
2015;50:209–17.

	30.	 Cintolo JA, Tchou J, Pryma DA. Diagnostic and prognostic appli-
cation of positron emission tomography in breast imaging: emerg-
ing uses and the role of PET in monitoring treatment response. 
Breast Cancer Res Treat. 2013;138:331–46.

	31.	 Masumoto N, Kadoya T, Sasada S, Emi A, Arihiro K, Okada M. 
Intratumoral heterogeneity on dedicated breast positron emission 
tomography predicts malignancy grade of breast cancer. Breast 
Cancer Res Treat. 2018;171:315–23.

	32.	 Japan Association of Breast and Thyroid Sonology. Guideline 
for breast ultrasound-management and diagnosis, 3rd ed. Tokyo: 
Nankoudo Co., Ltd.; 2014.

	33.	 Calderon C, Vilkomerson D, Mezrich R, Etzold KF, Kingsley 
B, Haskin M. Differences in the attenuation of ultrasound by 
normal, benign, and malignant breast tissue. J Clin Ultrasound. 
1976;4:249–54.

	34.	 Kobayashi T. Gray-scale echography for breast cancer. Radiology. 
1977;122:207–14.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Novel tumor-infiltrating lymphocytes ultrasonography score based on ultrasonic tissue findings predicts tumor-infiltrating lymphocytes in breast cancer
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Participants and study design
	Ultrasonography
	Scoring of US imaging characteristics for predicting LPBC
	Pathological diagnosis
	Statistical analysis

	Results
	Associations between clinicopathological factors and LPBC and non-LPBC
	Associations between US tissue characterization and LPBC and non-LPBC
	Optimal TILs-US score for predicting LPBC by ultrasonography for predicting LPBC
	Distribution of TILs-US scores of LPBC and non-LPBC
	Univariate and multivariate logistic regression analyses of significant predictive clinicopathological factors for LPBC
	Sensitivity, specificity, positive-predictive value, and negative-predictive value in using TILs-US score for predicting LPBC in US

	Discussion
	Conclusion
	References


