L))

Check for
updat

Original Article

Combination diagnosis with elastography strain ratio and molecular
markers effectively improves the diagnosis rate of small breast
cancer and lymph node metastasis
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Background: To evaluate the strain ratio (SR) combined with molecular pathological and serum markers
for the diagnosis of breast masses.

Methods: SR and 7-point scale elasticity scores were used with real-time tissue elastography and
2-dimensional color-Doppler ultrasound (US) to diagnose breast lesions in 311 hospitalized patients.
Immunohistochemical staining and enzyme-linked immunosorbent assays (ELISAs) were used to examine
pathological and serum tumor markers and their correlations with SR findings.

Results: SR had a higher diagnostic value compared to the 7-point scale elasticity score, displaying an
obvious low-to-high distribution from benign to malignant lesions with an optimal cutoff point at 3.88,
which yielded an area under the curve (AUC) of 0.896 with 89.1% sensitivity, 85.6% specificity, and positive
and negative predictive values of 91.0% and 82.8%, respectively. The differences of SR values between small
(1.5 cm), large (>3 cm) (P=0.010), and moderate (>1.5 cm and <3 cm) sizes (P=0.038) in distinguishing
benign from malignant breast masses were statistically significant, with SR being most specific and sensitive
for diagnosing small lesions. Expression of 3 molecular pathological indicators (p75NTR, p63, and CK5/6),
and 5 serum mastocarcinoma markers (uPA, PAI-I, CA27-29, CEA, and CA15-3) showed statistical
significance (P<0.05) in distinguishing between benign and malignant breast lesions. Furthermore, SR
combined with CA15-3 and CK5/6 positivity showed 94.2% sensitivity and 89.2% specificity as combined
markers for triple-negative (TIN) breast cancer, whereas SR combined with D2-40 and CK19 were good
diagnostic markers for breast cancer lymph node metastasis.

Conclusions: SR, together with a molecular and serological marker, may serve as an additional tool for the

diagnosis of small breast cancer tumors.
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Introduction

Ultrasound elastography (UE) is a non-invasive imaging
technique, which facilitates the measurement of tumor
elasticity and the early diagnosis of malignant breast tumors
(1-3). Although the use of UE has been discredited in
diagnosing small nodular breast tumors, previous studies
have shown that UE has the advantage of distinguishing and
localizing concealed and hard-to-reach small breast lesions
missed by routine ultrasound (US) examinations, especially
in differentiating malignant from benign tumors (2,4). It is
noteworthy that micrometastasis of breast carcinoma in the
axillary lymph node is the main cause of treatment failure.
Therefore, early and sensitive diagnosis of lymph node
micrometastasis would be expected to result in a better
prognosis for patients (5,6).

Diagnosis of benign and malignant lesions is generally
referred to on a 7-point scale (elasticity score), which is
derived from the description by Itoh er al. (7). However,
data acquisition and interpretation by different physicians,
as well as structural variability within the lesions, could
contribute to variable scoring of breast masses (8,9).
In contrast, strain ratio (SR) allows semi-quantitative
measurement of the lesion stiffness, and, by comparing it
with the surrounding tissue, helps to distinguish malignant
from benign masses (10). However, there is a discrepancy in
the efficiency between the 7-point scoring method and SR
for distinguishing malignant from benign masses (10-12).

Our previous study and other reports have shown
that the variability in the elasticity of a breast lesion was
caused by the stiffness of the mass, which was dependent
on the amplification of breast cancer stromal fibroblasts,
characterized by the appearance of myofibroblasts (MFS)
or carcinoma-associated-fibroblasts (CAFs) (4,13,14). The
distribution of MES in a breast lesion can be identified
with a combination of anti-smooth muscle actin (a-SMA)
positive and caldesmon negative staining (4,15,16). Other
pathological molecules, such as the p75 neurotrophic
receptor (p75NTR) (17), tumor suppressor gene p63 and
myosin, and keratin 5/6 (CK5/6) (18), have been shown to
be expressed in normal but not in tumor tissue. In contrast,
expression of the endothelial lymphatic markers D2-40 (19)
and keratin 19 (CK19) (20) have been confined to tumor
cells that originated from various epithelial cells but
were not found in normal lymph node, bone marrow, or
peripheral blood, suggesting that these molecules were
likely to be useful markers of lymph node micrometastasis.
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Furthermore, the American Society of Clinical Oncology
(ASCO) performed a literature search on systematic reviews
of serum breast tumor markers and confirmed the clinical
application value of urokinase plasminogen activator (uPA),
plasminogen activator inhibitor-1 (PAI-1), estrogen receptor
(ER), progesterone receptor (PR), human epidermal growth
factor receptor-2 (HER-2), carcinoembryonic antigen
(CEA), CA15-3, and CA27-29 (21) in the diagnosis of
small breast lesions. However, to our knowledge, no study
has been conducted to explore the association between SR
and the molecular pathological and serum markers used
in the diagnosis of small breast lesions and lymph node
micrometastasis.

Although remarkable improvements have been made in
the development of specific molecular markers for breast
cancer in recent years, research has not been reported
on the combination of markers and UE to facilitate the
early diagnosis of breast cancer. In the current prospective
study, we first explored the association of SR with UE
and tissue and serum molecular markers by integrating
imaging, molecular pathological markers (MFS), and
serologic data to construct a combined evaluation system to
improve the diagnosis accuracy of small breast cancer and
micrometastasis of lymph nodes.

Methods
Study population

Our prospective study was carried out between 2013
and 2016. A total of 311 consecutive patients scheduled
for a core needle biopsy and/or surgical excision were
enrolled in our prospective cohort study. Patients who had
received any microwave ablation, radiofrequency ablation,
etc. or chemical treatment before examinations, such as
radiotherapy, immunotherapy and chemotherapy, or had
other concurrent malignant tumors, were not included. All
of the patients were women [aged 45.0£12.4 years (range,
15-77)]. Of the 311 patients, 208 and 103 were from urban
and rural areas, respectively.

All 311 patients underwent routine US, UE at the initial
investigation before surgery, and all had histopathological
examinations after surgery. Immunohistochemical analyses
were performed on 200 breast lesion specimens randomly
selected from the 311 patients. There was no statistical
deviation after selection. A total of 72 were confirmed to be
benign out of 200 lesions using the initial histopathology
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findings as the gold standard. Of the 128 malignant breast
lesions, 71 were positive for axillary lymph node metastasis
[American Joint Committee on Cancer (AJCC) staging
TINIMO, n=5; TIN2MO0, n=2; T2N1MO0, n=39; T2N2M0,
n=15; T2N3MO0, n=8; T2N2M1, n=1; T2N3M]1, n=1], and
57 cases were negative. Enzyme-linked immunosorbent
assay (ELISA) was carried out on the serum obtained from
the 200 patients mentioned above.

Routine US and UE

B-mode conventional sonography and UE examination for
each case were carried out by experienced US physicians
simultaneously (Yi Hao, Tao Lv, Xiaoyu Lv, Liang Zhao),
and results were only recorded after a consensus of opinion.

Routine US (including 2-dimensional color and spectral
Doppler US) was carried out to detect and examine all the
solid lesions. Conventional US (including two-dimensional
gray-scale US, two-dimensional color Doppler US, and
spectral Doppler US) was used to examine all solid lesions,
and after comprehensive analyses, masses were classified
using the Breast Imaging Reporting and Data System
(BI-RADS) into the following: Class I, negative; Class 1I,
benign; Class III, probably benign; Class IV, suspicious
malignant; Class V, malignant (22).

UE using a EUP L 54M scanner (50 mm, 6-13 MHz)
equipped with elastography software (EUB-8500, Hitachi)
was performed in the UE-mode with a pressure bar
showing a digital readout [1-7] on the screen, which
represented a comprehensive index of external and imposed
external force frequencies. We selected readout 3 as the
standard in our study. For a large lesion, the border of the
solid lesion was included for the elastography assessment.
After stable images were obtained, the maximum score
of the images was assessed by two well-trained physicians
using a 7-point scoring method as follows: (I) even green
for the whole breast mass; (II) mosaic mixed with mainly
green and minor blue; (III) blue for the core of the lesion
and green for peripheral areas; (IV) mosaic mixed with
mainly blue and minor green; (V) mainly blue for the lesion
(except peripheral areas); (V1) mainly blue for the lesion and
peripheral areas; and (VII) extremely blue for the peripheral
and main core of the lesion. Scores of 1-4 and >5 were
categorized as benign and malignant, respectively.

SR was used to estimate the hardness of the breast lesion
and reference values were taken within the fibroglandular
tissue at the same depth while the area of the sampling box
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[region of interest (ROI)] was required to be at least 2 times
greater than the mass area, with a distance to the mass of
at least 1 cm. The longitudinal dimension of the lesion
was measured in B-mode, and the longitudinal elastogram
dimension (E) was compared to the B-mode dimension (B)
to form an E/B ratio. According to the literature, E/B ratios
>1 indicate malignant lesions.

Specimen and puncture methods

Single hook locating needles under US elasticity imaging
guidance were used for preoperative localization. Based on
the needle locations, biopsies were collected during surgery
and target lesions were taken for paraffin embedding and
immunohistochemical staining.

The final diagnosis was established by histopathology
after surgical excision or US-guided core needle biopsy.
Histopathological diagnoses of the specimens were obtained
and served as reference standards. A specialized breast
pathologist with 25 years of experience, who was blinded to
the results of the US scans, made all the diagnoses.

Immunobistochemical staining and ELISA

Histopathological staining of all specimens was conducted
to confirm either a benign or malignant diagnosis of the
breast lesions.

The expression statuses of p7SNTR, p63, myosin, and
CK576 in all 200 specimens, and D2-40 and CK19 in 128
specimens of malignant lesions, were examined by the
immunohistochemical 2 staining protocol of Envision
(ZSGB-BIO, Beijing, China). Two double-blinded
pathologists assessed the results of immunohistochemical
staining as the percentage of positively stained cells and
the staining intensity (Xinzhi Fang and Yinhua Zhang).
Positively stained cells were counted from 100 sampled cells
in each high-power field, and the arithmetic mean from 10
representative fields was used to calculate the percentage
of positively stained cells, which was scored as 0, 1, 2, and
3 for staining cells of <10%, 11-20%, 21-50%, and >50%,
respectively. Staining intensity was scored as 0, 1, 2, and 3
for no staining, light yellow, light brown, and yellowish-
brown, respectively. The accumulated score for each case
was expressed as the product of the percentage of positively
stained cells and the value of the staining intensity, which
was interpreted as negative, positive, and strong positive
with accumulated scores of <2, 3-5, and >6, respectively.
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ELISA was used to investigate the expression of various
serum mastocarcinoma molecular markers (uPA, PAI-I, PR,
ER, HER-2, CEA, CA15-3, and CA27-29) in 200 patients
within 3 days before surgery. A total of 5 mL of non-
anticoagulative fasting venous blood was collected in the
morning, and the serum was separated by centrifugation.
All the serum samples were examined using the specific
antibodies, including anti-CK19, D2-40, and p75NTR
(Santa Cruz, Santa Cruz, CA, USA), anti-CK5/6 (ZSGB-
BIO, Beijing, China) and anti-p63 and myosin (Abcam).
ELISA kits comprised (CA27-29, CA15-3, antibodies-
online), uPA, PAI-I, PR, ER, HER-2, and CEA (Wuhan
UCSN Business Co., Ltd), and all measurements were
performed according to the manufacturers’ instructions.
Standards and samples were pipetted into the wells, and
after the proteins were immobilized by their specific
antibodies biotinylated secondary antibodies were
added after which horse-radish peroxidase (HRP)-
conjugated streptavidin was added to each well and a
tetramethylbenzidine (TMB) substrate solution changed the
color from blue to yellow. Each serum sample analysis was
repeated 3 times, and the mean value was obtained using
an enzymatic-reader (Bio-Rad, Model 680) at 450 nm. A
standard curve was established with standard concentrations
(Y-axis) and optical density (OD) values (X-axis) using
professional software (Curve Expert ver. 1.30). The sample
content was determined according to the regression
equation obtained from the standard curve and the dilution
factor of the sample.

Statistical analysis

SPSS software (ver. 19.0. IBM Corp., Armonk, NY,
USA) was used for all data analyses. A receiver operating
characteristic (ROC) curve was plotted using the 7-point
scoring assessment and SR against the pathological
diagnosis by histopathology, which produced corresponding
benign and malignant breast tumor sensitivity, specificity,
positive and negative predictive values, false negative and
positive rates, and agreement rates. About two-third of
the benign and malignant cases were randomly selected by
the SPSS software in the benign and malignant groups for
immunohistochemical analyses. The measurement data of
benign and malignant SR are presented as the mean = SD,
and normally distributed data were analyzed using a #-test.
The pathological diagnosis was used as the gold standard,
and an y’ test was used to compare the best cut-off point

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

obtained from all patients with the diagnostic value of
breast lesions in all patients. Variance analysis and a z-test
were used to compare the immunohistochemical staining,
and ELISA results of the molecular indicators and the area
under the curve (AUC) were calculated from the ROC
curve. Wilcoxon rank and Spearman’s rank correlation
tests were used to analyze the correlations between SR and
p75NTR, p63, and CK5/6 expression, and to analyze the
ordered variables (including uPA, CEA, CA15-3, ER, and
PR) in serum. The Shapiro-Wilk test was used for normal
distribution analysis. P values <0.05 were considered to be
statistically significant.

Results

Of the 311 breast lesions, 118 and 193 were confirmed by
histopathological examination to be benign and malignant,
respectively, (Figure 14,B). The most frequent benign and
malignant breast mass detected in the present study was
breast fibroadenoma (72%, 85/118) and infiltrating ductal
cancer (72%, 139/193), respectively in the pathological
results of all 311 breast lesions (7able S1).

Next, we observed and analyzed the case numbers of
benign and malignant breast lesions using a US diagnosis
method with a 7-point scoring system, assessed by 2
independent physicians. Compared to the pathology
diagnosis results, we found that the accuracy rate of
diagnosis when using an elastographic score >5 reached
88.1% (170/193), and the accuracy rate of benign diagnosis
when using an elastographic score <4 was 78.8% (93/118),
which suggested a consistency of the 2 evaluation methods
in diagnosis efficiency between benign and malignant breast
lesions (1able S2, Figure 2).

Furthermore, the diagnosis sensitivity, specificity, as well
as the positive and negative predictive values of the 7-point
scoring compared with the SR method were 88.1% wvs.
89.1%, 78.8% vs. 85.6%, 87.2% wvs. 91.0%, and 80.2% vs.
82.8%, respectively, whereas the concordance rates between
the 7-point scoring and SR data and clinic pathological
diagnosis were 84.6% and 87.8%, respectively (Table S3).

Next, we analyzed the diagnostic rates of the benign and
malignant lesions using the SR method and compared the
accuracy with the pathological results. The SR of benign
lesions was 4.01+0.65 (Figure 34,B) and that of malignant
lesions was 17.62+1.4 (Figure 3C,D), which showed
significant differences (t=7.29, P<0.01), and suggested
that SR might be a useful tool to distinguish benign from
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Figure 1 Histopathological examination of benign and malignant breast lesions (A) left breast fibroadenoma, (B) right breast infiltrating

ductal cancer (S-P staining, 200x magnification).

malignant breast tumors.

Using the SR data of 311 lesions, a ROC curve was
established with 1-specificity as the abscissa and sensitivity
as the ordinate. According to the sensitivity and specificity
of each possible SR detection in the statistical results, the
Youden index (sensitivity + specificity—1) was calculated.
The largest Youden index was selected as the cut-off point
for diagnosis, and the SR corresponding to this point was
determined to be 3.88 with an AUC of 0.896, indicating
that an SR <3.88 was a sign of a benign lesion and an SR
>3.88 was a sign of a malignant lesion. In addition, we found
only 21 cases belonging to malignant tissue when using an
SR <3.88, but 172 cases were malignant and 17 cases benign
when using a cut-off value >3.88 (Figure 4).

To investigate the value of SR in diagnosing various sizes
of breast lesions by comparison with routine US BI-RADS
assessment categories, the 311 breast lesions were divided
into the following 3 groups according to the maximal
lesion diameter: small size group (<1.5 cm), moderate size
group (>1.5 and <3 cm), and large size group (>3 cm). A
comparison of the diagnostic methods used between BI-
RADS scoring and SR is summarized in Table 1. While
there was no significant difference in the SR values in the
small size group compared with the moderate size group
(P=0.093), the differences between the moderate and large
size groups (P=0.038) and those between the small and large
size groups (P=0.010) were statistically significant. The data
showed that the diagnosis sensitivity, specificity, and positive
and negative predictive values of SR were 90.7%, 89.6%,
92.9%, and 86.7% for <1.5 small size lesions, respectively.
A comparison between BI-RADS and SR revealed that SR
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yielded superior values for small size (P=0.008) and inferior
values for large size (P=0.017) lesions (Table I).

Next, we compared tissue and serum biomarkers and SR
diagnostic feasibility. The positive expression of p75NTR,
p63, myosin, and CK5/6 was observed in benign breast
lesions, with a layer of a light-brown heavy line structure
on the epithelial cells revealed by immunohistochemical
staining (Figure 5A,B,C,D). In contrast, none or only a
faint expression of p75NTR, p63, and CK5/6 was detected
in malignant breast lesions (Figure SE,F,G,H). Statistical
analyses showed that there were significantly different
expressions of p75SNTR, p63, and CK5/6, but not myosin,
in benign and malignant breast masses (Tuble 2).

Both positive and negative expressions of D2-40 and
CK19 were also examined in 128 specimens of infiltrating
breast carcinoma (Figure 51,7,K,L), and we found moderate
to strong positive expression of D2-40 (83.1%) and
CK19 (73.2%) but negative or a faint D2-40 (16.9%) and
CK19 (26.8%) expression in 71 metastasis cases. This was
somewhat reversed in 57 non-metastasis cases, indicating
that both D2-40 and CK19 are markers of axillary lymph
node metastasis (7ables S4,S5).

We subsequently examined the expression of several
serum molecular markers for mastocarcinoma, including
uPA, PAI-I, CEA, CA15-3, CA27-29, ER, PR, and HER-2,
using ELISA. According to the ROC curves (Figure 6), the
AUCs were 0.615, 0.664, 0.668, 0.702, and 0.645 for uPA,
PAI-I, CEA, CA15-3, and CA27-29, respectively, and the
differences of expression in benign and malignant breast
lesions were statistically significant (P=0.012, 0.035, 0.026,
0.000 and 0.027, respectively), while no differences were
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No.106/108

Figure 2 Comparison of pathological diagnosis (right) and 7-point elasticity score assessment (left). (A) Fibroadenoma in the right breast
with elasticity score of 1, showing even green for the solid nodule; (B) fibroadenoma in the right breast with elasticity score of 2, showing
mosaic mixed with mainly green with minor blue for the solid nodule; (C) fibroadenoma in the right breast with elasticity score of 3,
showing green and blue at the core and peripheral region of the solid nodule; (D) fibroadenoma in the right breast with elasticity score of
4, showing mosaic mixed with mainly blue with minor green for the solid nodule; (E) infiltrating ductal carcinoma in the right breast with
elasticity score of 5, showing mainly blue for the lesion; (F) infiltrating ductal carcinoma in the left breast with elasticity score of 6, showing
mainly blue for the core and peripheral regions of the lesion; (G) infiltrating ductal carcinoma in the left breast with elasticity score of 7,
showing overwhelming blue for the core and peripheral regions of the lesion mixed with minor green at the mass.
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Figure 3 Benign, malignant breast lump SR analysis. (A) Left breast fibroadenoma; (B) right breast fibroadenoma; (C) left breast infiltrating

ductal cancer; (D) right breast infiltrating ductal cancer. SR, strain ratio.
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Figure 4 ROC for the SR method in 311 breast lesions. ROC,

receiver operating characteristic; SR, strain ratio.
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found for ER, PR, and HER-2, as summarized in Tible 3.

Finally, we analyzed the relationship between the SR of
breast lesions with pathological and serum mastocarcinoma
results. According to the above-mentioned findings, data
without statistical significance (myosin and serum PAI-I,
CA27-29, and HER-2) or findings only in malignant lesions
(D2-40 and CK19) were excluded. Although decreasing
relevance was found between SR and p75NTR, and
between p63 and CK5/6, statistical significance was noted
between SR and CK5/6. In contrast, positive correlations
were found between SR and CA15-3, along with a triple-
negative (TN) pattern, and the differences in benign and
malignant lesions were statistically significant (Table 4).

Tuable 5 shows that a combination of the marker SR +
CA15-3 + CK5/6 yielded a 94.2% sensitivity and an 89.2%
specificity for the diagnosis of malignant lesions and benign
tissues in breast cancer lesions (Tible 5).

Discussion

In UE, SR reflects the extent of tumor hardness and can be
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Table 1 Comparison of diagnostic results between the BI-RADS and SR methods in different sizes of breast lesion groups

Group Method Sen(f/i:;vity Spe((;/i:;city Positj\;uzr(eo:i)ctive Nega\t/i;;/lieJ ;)Ef/od)ictive SR P value B|_RZ SaSIL‘J/: -
Smallsize  BI-RADS 79.1 75.8 81.2 73.2 - 0.008
group SR 90.7 89.6 92.9 86.7 0.093* -
Moderate  BI-RADS 83.4 77.1 85.4 79.5 - 0.059

size group SR 86.9 84.0 89.8 79.7 0.038** -
Largesize  BI-RADS 91.1 82.4 90.1 83.7 - 0.017
group SR 78.6 78.6 88.0 64.7 0.010" -

*, Comparison between the small and moderate size group; **, comparison between the small and large size group; ***, comparison
between the moderate and large size group. BI-RADS, Breast Imaging Reporting and Data System; SR, strain ratio.

used to distinguish benign and malignant tissue, while the
change of tumor hardness causes an alteration in the tumor
microenvironment, reflected in the expression of serum
tumor markers. The present study explored associations
between the strain rate ratio of UE, tissue, and serum
molecular markers by integrating imaging, molecular
pathology, and serologic data to construct a combined
evaluation system to improve the diagnosis accuracy of
small breast cancer and micrometastasis of lymph nodes. As
a result, a cutoff value of 3.88 was derived for distinguishing
between malignant and benign breast masses, which is
similar to the cutoff values of 3.5 (23) and 3.77 (24) reported
in previous studies.

Compared with traditional B-mode US, UE can
effectively differentiate malignant from benign lesions
by gathering complete information about tissue elasticity
and analyzing the 2-dimensional echocardiogram. The
7-point scale elasticity score has generally been used for
the assessment of elasticity, and a cut off value >5 has been
suggested to differentiate benign from malignant breast
lesions. However, the stability of imaging and subjective
interpretation by physicians produces a limitation in
accurate diagnosis. SR has been introduced to measure
breast lesion hardness and to compare differences between
lesions and the surrounding tissue. Consistent with previous
studies (25), our investigations have shown that semi-
quantitative measurement of SR increased the sensitivity,
specificity, positive predictive value, and agreement rates
for differentiating breast lesions compared with the 7-point
scoring method, using pathological diagnosis as the gold
standard (summarized in Tible S3).

At present, UE is used for the diagnosis of large breast
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masses, and there has been a discrepancy in its application or
the diagnosis of small lesions. However, previous studies (26)
have shown great advantages of UE in the diagnosis of
small breast lesions with a sensitivity and specificity of 86%
and 100%, respectively. Another study showed that real-
time UE had a higher efficiency in distinguishing benign
from malignant small lesions of <1.0 cm than large lesions
>1.0 cm (27). In agreement with previous studies, SR was
more efficient in diagnosing small and moderate breast
lesions than large masses, and the sensitivity and specificity
of diagnosis presented a negative correlation with the size of
the breast lesions. The reason may be that after malignant
lesions gradually grow up, due to the fast growth rate, the
internal tissues become loose because of liquefaction and
necrotic areas, which results in a hardness decrease in the
lesion (28) (Tuble 1).

The development of molecular pathology is playing a
more important role in characterizing breast lesions (29,30),
and a variety of early molecular indicators related to the
presence of breast cancer will likely be pivotal in guiding
clinical practice. Myosin heavy chain (myosin) and CK5/6
are widely expressed in normal interstitial cells and are
absent in the interneoplasm. D2-40 and CK19 are expressed
in epithelial cells of various tissues such as squamous
epithelium, glandular epithelium and mesothelium, and
their tumor cells, but not in normal lymph nodes, bone
marrow, and peripheral blood, so if they are positive
in lymph nodes, lymph node metastases can be readily
identified.

Consistent with previous studies, we showed significantly
increased expression of p75NTR, p63, and CK5/6 in

malignant breast lesions compared to benign masses,
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Figure 5 Different molecular pathological indicator expressions in the breast tumor tissues. (A) Positive staining of p75NTR in
myoepithelial cells of benign lesions; (B) positive staining of p63 in myoepithelial cells of benign lesions; (C) positive staining of myosin in
epithelial cells of benign lesions; (D) positive staining of CK5/6 in ductal epithelial cells of benign lesions; (E) negative staining of p75NTR

in breast carcinoma; (F) negative staining of p63 in breast carcinoma; (G) negative staining of p63 in stromal cells of breast infiltrating
carcinoma; (H) negative staining of CK5/6 in breast infiltrating ductal carcinoma; (I) strong positive staining of D2-40 in infiltrating
breast carcinoma; (J) negative staining of D2-40 in infiltrating breast carcinoma; (K) strong positive staining of CK19 in infiltrating breast
carcinoma; (L) negative staining of CK19 in infiltrating breast carcinoma. (S-P staining, 200x magnification).
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Table 2 Comparison of p7SN'TR, p63, myosin, and CK5/6 expression in 200 breast masses determined by immunohistochemical staining

95% mean confidence interval

Molecular indicator N Mean Standard deviation P value
Lower limit Upper limit
p75NTR
Benign lesions 72 90.0833 65.65805 - 74.6544 105.5122
Malignant lesions 128 112.3359 63.81682 0.020 101.1741 123.4978
Total 200 104.3250 65.20612 - 95.2328 113.4172
p63
Benign lesions 72 69.0139 56.84585 - 55.6558 82.3720
Malignant lesions 128 44,7734 40.50590 0.001 37.6888 51.8581
Total 200 53.5000 48.33312 - 46.7605 60.2395
Myosin
Benign lesions 72 104.8472 77.07243 - 86.7361 122.9584
Malignant lesions 128 87.1016 69.51472 0.097 74.9431 99.2600
Total 200 93.4900 72.63746 - 83.3615 103.6185
CK5/6
Benign lesions 72 3.6389 2.59091 - 3.0301 4.2477
Malignant lesions 128 4.7422 2.47903 0.003 4.3086 5.1758
Total 200 4.3450 2.56885 - 3.9868 4.7032

suggesting that these molecules can be used to differentiate
benign from malignant breast lesions (31-33). No
difference in the expression of myosin was found between
malignant and benign lesions, a finding likely caused by the
disequilibrium of myosin expression in breast cancer. In the
present study, we detected increased and reduced expression
of myosin in TN breast cancer and patients with better
prognosis.

Moreover, the expression of D2-40 and CK19 was
significantly different between those patients with, and those
patients without, axillary lymph node metastasis (Table S4),
suggesting the potential of these molecules in evaluating
lymph node micrometastasis and patient prognosis.

In recent years, many studies have been performed on
the expression of various serum breast tumor markers for
non-invasive screening tests for breast cancer (34). By
referring to the literature search results of ASCO, in the
current study, we used ELISA to examine the expression
of various serum molecular mastocarcinoma markers
(including uPA, PAI-I, CEA, CA15-3, CA27-29, ER, PR,
and HER-2) in breast lesions. Among them, uPA, PAI-I,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

CA27-29, CEA, and CA15-3 but not ER, PR, and HER-2,
showed statistical significance in distinguishing between
benign and malignant breast lesions (7azble 3).

Interestingly, significant negative and positive correlations
in benign and malignant lesions were confirmed between
the SR with CK5/6, and SR with CA15-3 and TN pattern
(1able 4), strongly suggesting that the improved diagnostic
accuracy of breast lesions could be achieved using the SR
combined with corresponding molecular pathological and
serum tumor markers (Table 5).

In a previous article, TN breast cancer tumors were
correlated with tumor stiffness, with higher stiffness values
than ER+ forms, and the authors concluded that high
stiffness values were correlated with aggressive subtypes
of breast cancer (35). In our study, TN tumors were also
correlated with SR. We thus propose that in TN tumors,
cancer-associated fibroblasts might enhance the stiffness via
the tumor microenvironment and collagen alterations, as
proposed in previous studies (36,37). However, more studies
will be required to confirm the correlation between SR and
other molecular pathological markers, including CK5/6 and

Quant Imaging Med Surg 2020;10(3):678-691 | http://dx.doi.org/10.21037/qims.2020.02.14



Hao et al. SR for breast cancer diagnosis

688
A uPA B CA153
1.0 1 1.0
0.8 0.8
> 2
0.4+ 0.4
0.2 0.2
0.0 T T T T 0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-specificity 1-specificity
C 104 pr D 109 cea
0.8 0.8 1
> ) B
£ 0.6 1 £ 0.6
o o
o 0.4 $0.4
0.2 0.2 1
0-0 T T T T 0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-specificity 1-specificity
E 104 er F 1.0 { ca27-29
0.8 0.8 -
> >
E 0.6 E 0.6
5 5
@ 0.4+ @ 0.4 4
0.2 0.2
0.0 T T T T 0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-specificity 1-specificity
G 1o pan H 10 ver2
0.8 4 0.8
206 - 2 -
:206 :206
o o
& 0.4 & 0.4
0.2 0.2 4
0.0 T T T T 0-0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-specificity 1-specificity

Figure 6 ROC curves of tumor markers. ROC, receiver operating characteristic; uPA, urokinase plasminogen activator; PAI-1, plasminogen
activator inhibitor-1; ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor-2; CEA,

carcinoembryonic antigen.
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Table 3 Expression of serum molecular markers of mastocarcinoma in benign and malignant breast lesions

I:‘;f;rs Cut-off value AUC SE 95% Cl Sensitivity (%)  Specificity (%) | "i‘/':ebr;’::;gn”a”t
uPA 4.62 ng/mg 0.615 0.070 0.478, 0.751 46.911 89.625 0.012
PAI-| 23.6 ng/mg 0.664 0.064 0.546, 0.782 39.351 81.861 0.035
CEA 5.2 ng/mL 0.668 0.064 0.543, 0.793 43.360 98.162 0.026
CA15-3 23.6 U/mL 0.702 0.041 0.622, 0.782 57.413 90.630 0.000
CA27-29 31.8 U/mL 0.645 0.069 0519, 0.771 43.881 78.000 0.027
ER - 0.408 0.068 0.276, 0.541 34.010 94.382 0.180
PR - 0.521 0.066 0.392, 0.064 31.014 90.180 0.753
HER-2 - 0.536 0.060 0.400, 0.671 30.690 92.360 0.949

AUC, area under the curve; uPA, urokinase plasminogen activator; PAI-1, plasminogen activator inhibitor-1; ER, estrogen receptor; PR,
progesterone receptor; HER-2, human epidermal growth factor receptor-2; CEA, carcinoembryonic antigen.

Table 4 Correlation of SR and molecular pathological indicators
(p75NTR, p63, CK5/6) and serum markers (uPA, CEA, CA153,
PAIL-I, CA27-29, ER, PR, and HER-2)

Relative factors SR() P value
Pathological indicators
p75NTR -0.112 0.093
p63 -0.058 0.184
CK5/6 -0.526 0.013
Serum markers
uPA 0.131 0.100
CEA 0.058 0.184
CA15-3 0.621 0.038
TN (ER'PR'HER-2) 0.762 0.004

SR, strain ratio; TN, triple-negative; uPA, urokinase plasminogen
activator; PAI-1, plasminogen activator inhibitor-1; ER, estrogen
receptor; PR, progesterone receptor; HER-2, human epidermal
growth factor receptor-2; CEA, carcinoembryonic antigen.

CA15-3.

The main limitation of the present study was operator
dependence: 1 or 2 radiologists assessed the results of
US and UE and decided the final diagnosis. To a certain
degree, this is an inevitable drawback of most studies of
UE. Fortunately, however, all the radiologists in our study
were experienced. Furthermore, SR, as a semi-quantitative
method, is more subjective and can avoid inter-operator
variability. Another limitation of our research was the small
group samples size, which might have limited the accuracy
of our conclusions. A multi-center, large sample trial will be
conducted shortly to more fully prove our concept.

In conclusion, our results suggest that using the SR
with CK5/6 molecular pathological and CA15-3 serum
mastocarcinoma markers may improve the accuracy of early
diagnosis of small breast cancers, whereas a combination of
D2-40 and CK19 markers from axillary lymph nodes might
be indicators of early micrometastasis.

Table 5 The evaluation of the diagnostic efficacy of SR index combined with molecular pathologic and tumor serological markers for 311 breast

lesions

Combined diagnostic marker Sensitivity, %

Specificity, %

Positive predictive value, % Negative predictive value, %

SR 89.1
SR + CA15-3 91.5
SR + CK5/6 90.6
SR + (ER PR HER-2) 88.4
SR + CA15-3 + CK5/6 94.2
SR + CA15-3 + CK5/6 + (ER PR HER-2) 94.6

85.6
87.2
86.0
83.5
89.2
86.4

91.0 82.8
92.3 86.6
91.6 85.0
90.0 81.8
93.8 90.6
91.9 90.3

SR, strain ratio.
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Supplementary

Table S1 Pathological types of the 311 lesions

Table S2 Comparison of elasticity score and pathological diagnosis

Histopathological diagnosis Number Histopathologic diagnosis
Elasticity score Total
Malignant lesions 193 Malignant Benign
Ductal carcinoma in situ 12 Malignant 170 25 195
Infiltrating ductal carcinoma 139 Benign 23 93 116
Infiltrating lobular carcinoma 23 Total 193 118 311
Mucous carcinoma 5
Medullary carcinoma 4
Neuroendocrinoid carcinoma 1
Medullary carcinoma 6
Rich in lipid carcinoma 3
Benign lesions 118
Mammitis 7
Mammary adenosis 16
Papilloma 10
Fibroadenoma 85
Table S3 Comparison of elasticity scores and SR
Object AUC Sensitivity, % Specificity, % POSi\t/i;’leu ;’:f/ftive Neg"’:/t;‘l'jezr,e;’icm'e AE;Z:”;M
Elasticity score 0.874 88.1 78.8 87.2 80.2 84.6
SR 0.896 89.1 85.6 91.0 82.8 87.8

SR, strain ratio; AUC, area under the curve.

Table S4 Relationship between D2-40 expression and lymph node metastasis in 128 breast cancer patients

Axillary lymph node metastasis

D2-40 Total
Metastasis No metastasis
Moderate-strong positive expression 59 25 84
None-faint expression 12 32 44
Total 71 57 128
Table S5 Relationship between CK19 expression and lymph node metastasis in 128 breast cancer patients
Axillary lymph node metastasis
CK19 Total
Metastasis No metastasis
Moderate-strong positive expression 52 24 76
None-faint expression 19 33 52
Total 71 57 128
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