
Abstract. Background: We investigated whether contrast-
enhanced ultrasonography (CEUS) scores can predict
lymphocyte-predominant breast cancer (LPBC). Patients and
Methods: We evaluated 75 patients who underwent US and
CEUS. LPBC was defined as tissues with ≥50% stromal
tumour-infiltrating lymphocytes (TILs) preoperatively.
Characteristic US images predicting LPBC were evaluated
using TIL-US scores via three ultrasonic tissue
characteristics: Shape, internal echo level, and posterior
echoes. TIL-CEUS was evaluated based on TIL-US plus
CEUS. Results: TIL-US and TIL-CEUS cut-offs for
predicting LPBC were 4 and 6 (area under the curve=0.93
and 0.96, respectively) points based on receiver operating
characteristics curves. Sensitivity, specificity, and accuracy
values (95% confidence intervaI) were 0.94 (0.77-0.99), 0.75
(0.70-0.77), and 0.80 (0.72-0.82); and 0.94 (0.78-0.99), 0.86
(0.81-0.87), and 0.88 (0.80-0.90) for TIL-US and TIL-CEUS,
respectively. TIL-CEUS score was a significant single

predictor for LPBC in multivariate logistic regression
(p=0.001). Conclusion: TIL-CEUS can be used for
preoperative LPBC prediction and detection.

Immunological parameters, including tumour-infiltrating
lymphocytes (TILs), are prognostic factors for breast cancer
(BC) (1-4) and predict response to neoadjuvant
chemotherapy (NAC) in BC (5, 6). Hence, TILs are
important biological markers that predict prognosis and drug
treatment effect. The pathological evaluation of TILs is
recommended by the International Immuno-Oncology
Biomarker Working Group guidelines (7, 8). It was reported
that LPBC was significantly associated with outcomes in
patients with human epidermal growth factor receptor 2
(HER2)-positive BC treated with chemotherapy (2).
Moreover, LPBC was an independent prognostic predictor in
triple-negative BC (9). Furthermore, for HER2-positive BC,
LPBC was a remarkable predictor of pathological complete
response after preoperative chemotherapy (5). Although the
presence of LPBC is a useful predictor of prognosis and
treatment effect in BC, an accurate and convenient
evaluation of preoperative and pre-NAC is urgently required.

Ultrasonography (US) is useful for BC detection and
diagnosis (10-12). US tissue characterisation is useful for
discriminating benign from malignant tumours by evaluating
their morphological and internal characteristics (13).
Characteristic US images predicting LPBC were scored by
the TIL-US scores based on three ultrasonic tissue
characteristics: shape, internal echo level and posterior
echoes (14). Contrast-enhanced US (CEUS) enables detailed
intra-tumoural blood flow visualisation (15, 16) and can be
superior to b-mode US for differentiating benign tissue from
BC (17). CEUS can qualitatively and quantitatively evaluate
changes in blood flow, and perfusion parameters assessed
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quantitatively by CEUS correlate with the microvessel
number determined by immunostaining in BC (18).
Perfusion parameters on CEUS can provide excellent
predictive value for high-grade malignancy and might help
determine appropriate therapeutic strategies (19) and predict
treatment outcomes for BC after NAC (20). Among CEUS
parameters, ascending slope (AS) in particular has been
shown to be one of the most important parameters for
predicting the efficacy of neoadjuvant chemotherapy (20).

We investigated whether the AS of perfusion parameters
assessed from CEUS can predict LPBC and determined
whether the TIL-CEUS score can predict LPBC more
accurately in combination with CEUS rather than by itself.

Patients and Methods

Participants and study design. We evaluated 75 consecutive patients
with clinical BC (T1-4, N0-1, M0) who underwent US before NAC
between November 2013 and October 2018. Tumour staging was
based on the seventh edition of the American Joint Committee on
Cancer staging manual (21). All procedures involving human
participants were performed in accordance with the ethical standards
of our institutional research committee (Institutional Review Board
no. 1166) and the Declaration of Helsinki or comparable ethical
standards. Formal consent requirement was waived owing to the
study’s retrospective nature.

CEUS and US. Conventional US images were acquired using
HIVISION Ascendus (Hitachi, Chiyoda-ku, Tokyo, Japan), and
representative images of the index tumour (largest diameter lesion)
were acquired. Blood perfusion images, acquired using CEUS with
perflubutane microbubbles stabilised with a phosphatidylserine
membrane (GE Healthcare Pharma Co., Tokyo, Japan), were
assessed qualitatively and quantitatively. CEUS was performed
using EUP-L74M linear-array transducer with colour wide-band
pulse inversion and coded-phase inversion harmonic US. The CEUS
inspection method has been previously described (19, 20).

As described previously, CEUS perfusion parameters were
created from time–intensity curves based on enhancement intensity
and temporal changes to objectively evaluate CEUS findings (18-
20). The amount of time required to reach the maximum intensity
starting from the moment that the first microbubble entered the
lesion was defined as the time to peak (TTP). The peak intensity
(PI) of brightness in BC lesions on perflubutane-enhanced US
images was calculated as the maximum intensity minus the baseline
intensity, and AS was calculated as PI divided by TTP. These
perfusion parameters were defined as described previously (18-20).
AS has been shown to provide excellent predictive value for high-
grade malignancies (19) and can predict the outcome of BC after
NAC (20). Therefore, in this study, for CEUS, we assessed the AS
of perfusion (18-20).

Scoring of US and CEUS imaging characteristics. As described
previously (14), characteristic US image findings that predict LPBC
include three ultrasonic tissue characteristics: Shape (more
lobulated), internal echo level (weaker) and posterior echoes
(stronger). For these ultrasonic tissue characterisations, more
characteristic findings were assigned higher scores. The TIL-US

scores included the total score, which ranged from 0 to 7 (total
points) (14), and these scores showed an excellent performance in
predicting LPBC (14). We identified the AS values of CEUS and
the best area under the curve (AUC) values for the TIL-US and TIL-
CEUS scores via receiver operating characteristic (ROC) analyses.
LPBC prediction was performed for all patients.

Pathological diagnosis. Pathological diagnoses were established
from specimens obtained from preoperative biopsy before NAC.
Primary tumours were evaluated for nuclear grade, estrogen receptor
(ER) and HER2 status, and Ki67 proliferation index. Nuclear grade
was assigned according to the general rules for clinical and
pathological recording of BC, 17th edition (Japanese BC Society,
2012) (22). ER positivity was assessed by immunohistochemical
analysis and scored as per the Allred system. HER2 positivity was
scored as 3+ by immunohistochemistry alone; 2+ by
immunohistochemistry and HER2/chromosome 17 (CEP17) ≥2.0 by
fluorescent in situ hybridisation; and 2+ by immunohistochemistry,
HER2/CEP17 <2.0, and average HER2 copy number ≥6.0
signals/cell by fluorescent in situ hybridisation. Stromal
lymphocytes were evaluated on haematoxylin–eosin-stained sections
according to the latest recommendations (International TILs
Working Group, 2014) (7) by two experienced pathologists. BC
samples with ≥50% stromal TILs and those with <50% stromal TILs
were defined as LPBC and non-LPBC, respectively, as a predefined
categorical parameter (1, 3, 7, 8).

Statistical analysis. Associations among LPBC, clinicopathological
factors, and US tissue characterisation were analysed using chi-
squared test. Predictive performance regarding LPBC identification
by the TIL-US and TIL-CEUS scores was evaluated by ROC
analysis; this was performed using incrementally increasing cutoff
values of the TIL-US and TIL-CEUS scores and recalculating the
corresponding true-positive and false-negative rates. Univariate and
multivariate logistic regression analyses were used for each
potential predictor variable for LPBC. Sensitivity, specificity,
accuracy, and positive (PPV) and negative (NPV) predictive values
were compared for the TIL-US and TIL-CEUS scores and
calculated according to standard formulas. Odds ratios (ORs) and
95% confidence intervals (CIs) are reported, and all analyses were
performed using JMP version 13.0 (SAS Institute, Cary, NC, USA).
Values of p<0.05 were considered statistically significant.

Results

Clinicopathological factors. The clinicopathological
characteristics of the 75 study patients (18 in the LPBC
group and 57 in the non-LPBC group) as per TIL
predominance are summarised in Table I. LPBC using the
TIL-US and TIL-CEUS scores was determined in 31 and 26
patients, respectively. TIL was significantly associated with
ER− (p=0.03). There was no significant association of TIL
with T (p=0.63), clinical N+ (p=0.31), NG (p=0.24), Ki67
proliferation index (p=0.38) and HER2+ disease (p=0.72).
Of the patients, 26, 22, 7, and 20 had ER+/HER2−,
ER+/HER2+, ER−/HER2+ and triple-negative BC,
respectively. TILs were not significantly associated with
subtype (p=0.06).
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US tissue characterisation. The LPBC group was found to
have more lobulated areas (lobulated, 22.2%; small lobulated,
72.2%), whereas the non-LPBC group had only a few

lobulated areas (lobulated, 12.3%; small lobulated, 12.3%)
(p<0.001; Table II). The small lobulated shape was a
characteristic of LPBCs. All LPBC cases had areas with low
(33.3%) or extremely low (66.7%) internal echo levels.
Posterior echo is a characteristic US finding. Accentuated
posterior echoes (no change, 11.1%; accentuated, 50.0%; very
accentuated, 38.9%) were found more frequently in cases with
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Table I. Clinicopathological characteristics of patients with and without lymphocyte-predominant breast cancer (LPBC).

Characteristic                                                                                        LPBC (n=18)                               Non-LPBC (n=57)                              p-Value

Age, years                                Mean±SD                                                51.4±11.8                                           52.1±9.6                                            
Clinical T-stage, n (%)            T1                                                               1 (5.6)                                               8 (14.0)                                         0.63
                                                 T2                                                             12 (66.7)                                            31 (54.4)                                            
                                                 T3                                                              2 (11.1)                                              6 (10.5)                                             
                                                 T4                                                              3 (16.6)                                             12 (21.1)                                            
Clinical N-stage, n (%)           Negative                                                    9 (50.0)                                             23 (40.4)                                        0.31
                                                 Positive                                                     9 (50.0)                                             34 (59.6)                                            
Nuclear grade, n (%)               1                                                                 1 (5.6)                                                3 (5.3)                                          0.24
                                                 2                                                                3 (16.6)                                             17 (29.8)                                            
                                                 3                                                               14 (77.8)                                            37 (64.9)                                            
Ki67, n (%)                              <20%                                                          1 (5.6)                                               7 (12.3)                                         0.38
                                                 ≥20%                                                        17 (94.4)                                            50 (87.7)                                            
ER, n (%)                                 ER+                                                           8 (44.4)                                             39 (68.4)                                        0.03
                                                 ER−                                                          10 (55.6)                                            18 (31.6)                                            
HER2, n (%)                            HER2+                                                      8 (44.4)                                             21 (36.8)                                        0.72
                                                 HER2−                                                     10 (55.6)                                            36 (63.2)                                            
Subtype, n (%)                         ER+. HER2−                                            3 (16.7)                                             23 (40.3)                                        0.06
                                                 ER+, HER2+                                            6 (33.3)                                             16 (28.1)                                            
                                                 ER−, HER2+                                            2 (11.1)                                               5 (8.8)                                              
                                                 Triple-negative                                         7 (38.9)                                             13 (22.8)                                            

ER: Estrogen receptor; HER2: human epidermal growth factor receptor 2; triple-negative: negative for ER, progesterone receptor, and HER2.
Statistically significant p-values are shown in bold.

Table III. Ultrasonography (US) and contrast-enhanced
ultrasonography (CEUS) tumour-infiltrating lymphocyte (TIL) scores
based on US tissue characterisation and ascending slope (AS) of CEUS
perfusion parameters. 

                                                                                       TIL score by

Characteristic               Subgroup                               US               CEUS

Ascending slope          ≥10                                          -                     2
Shape                           Lobulated                                1                     1
                                     Small lobulated                      2                     2
                                     Other                                       0                     0
Internal echo level      Low                                         1                     1
                                     Extremely low                        2                     2
                                     Other                                       0                     0
Posterior echo              No change                               1                     1
                                     Accentuating                           2                     2
                                     Very accentuating                   3                     3
                                     Other                                       0                     0

Table II. Associations between ultrasonic tissue characterization
parameters in cases of lymphocyte-predominant breast cancer (LPBC;
n=18) and non-LPBC (n=57).

Characteristic                    LPBC, n (%)     Non-LPBC, n (%)    p-Value

Shape                                                                                                  
  Lobulated                            4 (22.2)                  7 (12.3)             <0.001
  Small lobulated                 13 (72.2)                  7 (12.3)                  
  Other                                   1 (5.6)                  43 (75.4)                  
Internal echo level
  High or equal                      0 (0)                       2 (3.5)                  0.01
  Low                                     6 (33.3)               39 (68.4)                  
  Extremely low                  12 (66.7)               16 (28.1)                  
Posterior echo
  Not changed                        2 (11.1)                17 (29.8)             <0.001
  Accentuated                        9 (50.0)               18 (31.6)                  
  Very accentuated                7 (38.9)                  3 (5.3)                    
  Other                                   0 (0)                     19 (33.3)                  
Vascularity
  Avascular                            0 (0)                       1 (1.7)                  0.19
  Hypo-vascular                     1 (5.6)                    9 (15.8)                  
  Moderately vascular           8 (44.4)               33 (57.9)                  
  Hypervascular                     9 (50.0)               14 (24.6)                  

Statistically significant p-values are shown in bold.



LPBC (p<0.001). Vascularity was not significantly different
between LPBC and non-LPBC groups (p=0.19).

Optimal TIL-US and TIL-CEUS scores. Table III shows US
and CEUS TIL scores based on US tissue characterisation
and AS using CEUS perfusion parameters. Total US scores
range from 0 to 7 (14) while total CEUS scores range from
0 to 9, according to the sub-scores for shape, internal echo
level, posterior echoes, and AS (Table III). The
mean±standard deviation value for AS in the 75 patients was
10.4±4.2. We plotted ROC curves to establish cutoff values
for predicting LPBC based on data derived from AS. The
AUC value for AS was 0.85 (95% CI=0.76-0.93; p<0.001;
Figure 1). We set the AS cutoff at 10.0 for predicting LPBC
based on the ROC curve.

ROC curves were used to establish cutoff values for
predicting LPBC based on data derived from the TIL-US and
TIL-CEUS scores. The AUC value for TIL-US score was
0.93 (95% CI=0.88-0.99; p<0.001) (Figure 2A), and we set
the TIL-US score cutoff for predicting LPBC at 4 points
(14). The TIL-CEUS score (total score) ranged from 0 to 9
(total points) and was composed of the TIL-US score (0-7
total points) plus the subscore of AS (0 and 2 points for <10
and ≥10, respectively). The best AUC value for the TIL-
CEUS score was 0.96 (95% CI=0.92-1.00; p<0.001) using a
cutoff of 6 points (Figure 2B).

Sensitivity, specificity, accuracy, PPV, and NPV. The
sensitivity, specificity, accuracy, PPV and NPV of the TIL-
US score for predicting LPBC are given in Table IV. The
diagnostic capacity of the TIL-CEUS score for predicting
LPBC was as good as or better than that of the TIL-US
score. Specificity, accuracy, and PPV were greater with the
TIL-CEUS score than with the TIL-US score.

Figure 3 shows a pre-biopsy non-LPBC case. The TIL-US
score was 4 points for the irregular shape, extremely low
internal echo level, and accentuated posterior echoes (Figure
3A). On the CEUS images (Figure 3B), the AS value
calculated from the time–intensity curve (Figure 3C) was
8.64 and the TIL-CEUS score was 4 points.

TIL-US score ≥4 (n=31) and TIL-CEUS score ≥6 (n=25)
predicted non-LPBC in 14 and eight cases, respectively.
Among the non-LPBC cases (n=57), six were predicted as
LPBC by the TIL-US score and non-LPBC by the TIL-
CEUS score. Likewise, among the non-LPBC cases (n=57),
six were predicted as LPBC by the TIL-US score and non-
LPBC by the TIL-CEUS score. Hence, the TIL-CEUS score
can predict LPBC and non-LPBC more accurately.

Univariate and multivariate logistic regression analyses. The
significant clinicopathological factors predictive of LPBC
determined by univariate and multivariate logistic analyses
are shown in Table V. On univariate logistic analysis, TIL-

US score ≥5 and TIL-CEUS score ≥6 were the significant
independent predictors of LPBC. On multivariate logistic
analysis, the TIL-CEUS score was significantly associated
with effective risk assessment in LPBC. LPBC was
demonstrated from preoperative biopsy tissue in 18 patients;
both the TIL-US and TIL-CEUS scores predicted LPBC in
17 out of 18 patients. As the bias was extreme, it was not
possible to calculate the 95% CIs for the TIL-US and TIL-
CEUS scores in multivariate analysis. 

Discussion

This study demonstrated that the AS of perfusion parameters
assessed from CEUS can predict LPBC. To our knowledge,
this is the first report to predict LPBC more accurately in
combination with TIL-US. CEUS enables a detailed, real-time
evaluation of haemodynamics in BC. We converted brightness
on CEUS images into numerical values to evaluate the
contrast effects of perflubutane (19, 20) and investigated
whether perfusion parameters created from CEUS can predict
LPBC. We constructed ROC curves for the CEUS perfusion
parameter AS to predict LPBC; its AUC value was 0.85,
indicating that CEUS is useful for predicting diagnosis. This
supports the notion that LPBC is related to haemodynamics.
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Figure 1. Receiver operating characteristics (ROC) curve of perfusion
parameter ascending slope (AS) to predict lymphocyte-predominant
breast cancer (LPBC) in the entire study cohort. ROC curves were used
to predict LPBC and establish cutoffs for LPBC based on data derived
from AS in contrast-enhanced ultrasonography (CEUS) perfusion
parameter for predicting LPBC. The best area under the curve value
for AS was 0.85 (95% confidence intervaI=0.76-0.93; p<0.001) using
a cutoff (l) of 10.0 points.



Fukui et al: Ultrasound in Lymphocyte-predominant Breast Cancer

313

Figure 2. Receiver operating characteristic (ROC) curve of tumour-infiltrating lymphocyte-ultrasonography (TIL-US) (A) and TIL-contrast-enhanced
US (CEUS) (B) scores to predict lymphocyte-predominant breast cancer (LPBC) in the entire study cohort. ROC curves were used to establish
cutoffs for predicting LPBC based on data derived from the TIL-US and TIL-CEUS scores. The best area under the curve value for the TIL-US
score was 0.93 (95% confidence intervaI=0.88-0.99; p<0.001) using a cutoff of 4 points. The best area under the curve value for TIL-CEUS score
was 0.96 (95% confidence intervaI=0.92-1.00; p<0.001) using a cutoff of 6 points. l Optimal cutoff.

Table V. Univariate and multivariate logistic analyses of significant clinicopathological factors predictive of lymphocyte-predominant breast cancer.

                                                                                                Univariate logistic analysis                                        Multivariate logistic analysis

Characteristic                                                                 OR                    95% CI                 p-Value                  OR                     95% CI                p-Value

Clinical T-stage             T3-T4 vs. T1-2                       0.83                  0.24-2.59                  0.76                    4.91                 0.40-59.88                0.18
Clinical N-status           Positive vs. negative              0.68                  0.23-1.98                  0.47                    0.54                  0.09-3.20                 0.49
Nuclear grade                3 vs. 1-2                                  1.89                  0.59-7.36                  0.30                    0.62                  0.07-5.64                 0.67
Ki67                               ≥20% vs. <20%                      2.38                 0.38-46.14                 0.39                    1.19                 0.03-53.83                0.93
ER                                  Negative vs. positive              2.71                  0.92-8.24                  0.07                    0.86                  0.11-6.45                 0.88
HER2                             Positive vs. negative              1.37                  0.46-4.02                  0.57                    1.13                  0.15-8.53                 0.90
TIL-US score                ≥4 vs. <3                               52.21                9.43-983.82              <0.001               2.90e-6                       0                        0.71
TIL-CEUS score           ≥6 vs. <5                            104.12              17.78-2012.52            <0.001                6.61e7                       0                        0.001

CEUS: Contrast-enhanced ultrasonography; CI: confidence intervaI; ER: estrogen receptor; HER2: human epidermal growth factor receptor 2; OR:
odds ratio; TIL: tumour-infiltrating lymphocyte; US: ultrasonography. Statistically significant p-values are shown in bold. 

Table IV. Sensitivity, specificity, accuracy, positive predictive value (PPV) and negative predictive value (NPV) for prediction of lymphocyte-
predominant breast cancer using tumour-infiltrating lymphocytes (TIL)-ultrasonography (US) and TIL-contrast-enhanced ultrasonograph (CEUS)
scores. We set the TIL-US score cutoff for predicting LPBC at ≥4 points (19), and that of TIL-CEUS at ≥6 points. 

                                                                                                                      Performance measure

Score by                         Sensitivity                        Specificity                              Accuracy                                  PPV                                        NPV

TIL-US                      0.94 (0.77-0.99)               0.75 (0.70-0.77)                    0.80 (0.72-0.82)                   0.55 (0.45-0.58)                     0.98 (0.91-1.00)
TIL-CEUS                 0.94 (0.78-0.99)                0.86 (0.8-0.87)                     0.88 (0.80-0.90)                   0.68 (0.56-0.71)                     0.98 (0.92-1.00)



ROC curves were used to establish cutoffs for LPBC based
on data derived from the TIL-US and TIL-CEUS scores
combined with AS, with AUC values of 0.93 and 0.96,
respectively. The diagnostic capacity of the TIL-CEUS score
for predicting LPBC was equal to or better than that of the
TIL-US score; the TIL-CEUS score had higher specificity,
accuracy, and PPV than the TIL-US score and may be an
applicable index for the preoperative evaluation of LPBC. In
the non LPBC case shown in Figure 3, even though the TIL-
US score was predictive of LPBC, there were low

haemodynamics in CEUS, and non-LPBC was predicted
using the TIL-CEUS score. In this case, the TILs-US score
may have been a more accurate assessment of TILs. The TIL-
CEUS score was also a significant independent preoperative
predictor of LPBC. Our findings indicate that the TIL-CEUS
score can predict LPBC and may be used for a more accurate
evaluation of LPBC preoperatively.

The limitations of our study must be acknowledged.
Firstly, this was a retrospective study involving a single
institute. Secondly, we analysed whether preoperative biopsy
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Figure 3. Representative ultrasonography (US) images (A), contrast-enhanced US (CEUS) images (B), and time–intensity curve (C) for a case of
non-lymphocyte-predominant breast cancer (LPBC). US tissue characterisation showed an irregular shape, extremely low internal echo level, and
accentuated posterior echoes. The ascending slope value calculated from time–intensity curves using CEUS was 8.64. The tumour-infiltrating
lymphocyte (TIL)-US and TIL-CEUS scores for this case were 4 points for both; LPBC was predicted from the TIL-US score and non-LPBC from
the TIL-CEUS score.



tissues obtained before NAC are useful for LPBC evaluation.
To evaluate LPBC accurately, determinants useful for LPBC
prediction are required based on pathological specimens
obtained after surgery in patients not undergoing NAC and
clinicopathological factors, including TIL-CEUS scores.
Thirdly, the cutoff used in the study classified the patients
into two groups (<50% and ≥50%) and did not group them
using 10% intervals. Classifying the patients using cutoffs of
small specific ranges may make the TIL-CEUS score more
useful. Our data showed an excellent LPBC predictive
performance, but the underlying mechanism for this remains
unclear. Future studies are needed to comparatively analyse
the US and pathological images to clarify the underlying
mechanisms. In the future, the TIL-CEUS score might be
useful for predicting the therapeutic effect of NAC.
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