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Abstract: Objective: To investigate the prognostic value of ultrasound Breast Imaging-Reporting And Data System
(BI-RADS) classification in patients with triple-negative breast cancer who received neoadjuvant chemotherapy.
Methods: One hundred fourteen triple-negative breast cancer patients who received neoadjuvant chemotherapy in
our hospital from October 2006 to December 2015 were recruited in the study. The Kaplan-Meier curve was used
to analyze the patient’s disease-free survival (DFS) and the overall survival (0S). Cox proportional risk model with
univariate and multivariate analysis was used to evaluate the prognostic value of BI-RADS classification. Results: Of
the 114 triple-negative breast cancer patients, 60 were BI-RADS 4, and 54 were BI-RADS 5. Kaplan-Meier survival
analysis showed lower 5-year DFS rate and 5-year OS rate in BI-RADS 5 than in BI-RADS 4 (P<0.05). The results of
univariate analysis showed that the BI-RADS classification was negatively correlated with 5-year DFS rate (Hazard
Ratio (HR): 1.749, 95% Confidence interval (Cl): 1.166-2.623, P=0.007), and negatively correlated with 5-year OS
rate (HR: 2.102, 95% CI: 1.351-3.272, P=0.001). The results of multivariate analysis showed that ultrasonic BI-
RADS classification was an independent predictor of DFS and 0S (P<0.05). Conclusions: Ultrasonic BI-RADS clas-
sification may be an independent prognostic factor for triple-negative breast cancer patients receiving neoadjuvant
chemotherapy. However, large scale and prospective studies are still needed for verification.
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Introduction

Breast cancer is the most common cancer in
China and the world, and the number of patients
who die from breast cancer every year is still
very large [1]. Triple-negative breast cancer
(TNBC) is a special subtype of breast cancer
with a high recurrence rate and distant metas-
tasis rate, resulting in the worst prognosis [2].
Neoadjuvant chemotherapy can reduce the
size of cancer in patients with breast cancer,
increase the chance of breast conserving treat-
ment, and evaluate the efficacy of patients with
chemotherapy drugs [3]. It is important to pre-
dict the prognosis of TNBC patients receiving
neoadjuvant chemotherapy, which will affect
the treatment decision of the clinician.

At present, the main prognostic factors of
breast cancer include the size, classification,
staging, and molecular typing of the tumor.

Although some new prognostic indicators, in-
cluding inflammation-related indicators, geno-
typing, circulating tumor cells, and tumor-infil-
trating lymphocytes, have been explored [4-13].
However, it has not yet entered the clinical
application, because the prognostic value of
these indicators has not been determined and
it is of high cost.

The breast imaging reporting and data system
(BI-RADS) was founded by the American Ra-
diology Society, aiming to standardize mam-
mography reports and facilitate communica-
tion between radiologists and clinicians [14].
Mammography is considered to be the best
screening method for breast cancer [15, 16].
Ultrasound is a complementary examination
method for dense breast cancer or a high-risk
group of breast cancer who cannot perform
magnetic resonance imaging for some reason.
At present, the ultrasonic BI-RADS classifica-
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Table 1. Patient characteristics

Number of patients

BI-RADS classification

4 60

5 54
Age (years)

<50 81

>50 33
Tumor grade

Grade 1 9

Grade 2 70

Grade 3 33

Unknown 2
T stage

T1 29

T2 68

T3 15

T4 2
N stage

NO 62

N1 34

N2 5

N3 13
AJCC stage

| 20

Il 72

1 22

tion has good reliability and effectiveness in
the diagnosis of breast tumors [15]. However,
there are few studies on the prognostic value of
ultrasound BI-RADS classification for breast
cancer patients. The aim of this study was to
explore the prognostic value of BI-RADS classi-
fication in triple-negative breast cancer patients
who received neoadjuvant chemotherapy.

Materials and methods
Patients

In this study, 114 triple-negative breast cancer
patients who received neoadjuvant chemother-
apy at The Third Affiliated Hospital of Soochow
University from October 2006 to December
2015 were recruited. Less than 10% of the
expression of estrogen receptor (ER) and pro-
gesterone receptor (PR) was identified as nega-
tive. Human epidermal growth factor receptor-2
(Her-2) negative was determined by immuno-
histochemistry or fluorescence in situ hybrid-
ization (FISH). All the patients were diagnosed
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Table 2. Correlation between BI-RADS and
clinicopathologic parameters

Parameter BIRADS
4 5 P
Age (years)
<50 41 40 0.500
>50 19 14
Tumor grade
Grade 1 5 4 0.606
Grade 2 39 31
Grade 3 15 18
T stage
T1 20 9 0.196
T2 32 36
T3 7 8
T4 1 1
N stage
NO 36 26 0.468
N1 14 20
N2 3 2
N3 7 6
AJCC stage
| 14 6 0.197
Il 34 38
I 12 10

as triple-negative breast cancer by pathology,
and the breast ultrasound examination was
performed before the neoadjuvant chemother-
apy and the BI-RADS classification was evalu-
ated. We excluded metastatic breast cancer,
inflammatory breast cancer, and patients with
other tumors. This study was approved by the
Ethical Committee of The Third Affiliated
Hospital of Soochow University.

Clinicopathological information and treatment

Clinicopathological information was collected
from hospital’s electronic medical record man-
agement system, including age, tumor classifi-
cation, tumor size, lymph node staging, and
tumor staging (American Cancer Commission
[AJCC]-7 criteria). All patients received neoadju-
vant chemotherapy and surgical treatment.

Ultrasonic BI-RADS classification

According to the fifth edition of the BI-RADS
classification: BI-RADS 1 is negative; BI-RADS
2 is a benign tumor; BI-RADS 3 is considered
a benign tumor and recommends re-examina-
tion after 6 months; BI-RADS 4 is suspected
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Table 3. Correlation between clinicopathologic parameters and Results

5-year DFS

Univariate analysis

Multivariate analysis

Clinicopathological infor-

Parameter mation
HR (95% ClI) P HR (95% CI) P
BI-RADS In this study, 114 patients
4 1 with triple-negative breast
5 1.749 (1.166-2.623) 0.007 1.609 (1.066-2.43) 0.024 cancer receiving neoadju-
Age (years) vant chemotherapy were
<50 1 recruited. Table 1 summa-
>50 1.003 (0.983-1.023) 0.797 1.013(0.99-1.036) 0.281 rizes the clinicopathological
Tumor grade information of all patients.
Grade 1-2 1 Of these, 60 patients were

Grade 3 2.269 (1.446-3.561) <0.001 1.964 (1.234-3.127) 0.004

BI-RADS 4, and 54 were
BI-RADS 5. There were 81

T stage cases of age less than 50
T 1 years old, 33 cases more
T2-4 1.964 (1.24-3.11)  0.004 1.962 (0.885-4.348) 0.097 than 50 years old: 9 cases

N stage of tumor grade 1, 70 cases
NO 1 in grade 2, 33 in class 3
N1-3 1.337 (0.902-1.981) 0.149 1.237(0.776-1.971) 0.372 and 2 with unknown classi-

AJCC stage fication; there were 29
| 1 cases of T1, 68 cases of T2,
I 1.838 (1.086-3111) 0.023 0.942 (0.351-2.528) 0.905 L0 CasesofT3,and2cases

malignancy and suggested biopsy; BI-RADS 5
is highly suggestive of malignancy and sug-
gests biopsy; BI-RADS 6 is a confirmed malig-
nant tumor.

Follow-up

The deadline for follow-up of this study was
August 12, 2017. Primary endpoints were dis-
ease-free survival (DFS) and total survival (0S).
DFS was defined as the time from the diagnosis
to the occurrence of disease recurrence,
metastasis, death, or the end of the follow-up.
OS was defined as the time from the diagnosis
to the death or the end of the follow-up.

Statistical analysis

Chi-square test was used to evaluate the rela-
tionship between the BI-RADS classification
and the patient’s clinicopathological features.
Kaplan-Meier and log-rank tests are used to
analyze patients’ DFS and 0S. Cox proportional
risk model with univariate and multivariate
analysis was used to evaluate the risk ratio
(HR) and its 95% confidence interval (95% ClI).
P<0.05 was considered statistically significant.
Statistical analyses of data were conducted
using SPSS 21 (IBM Corporation, Armonk, NY,
USA).
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of T4 in breast cancer
patients; for lymph node
classification, there were 62 cases of NO, 34
cases of N1, 5 cases of N2, and 13 cases of
N3; The patients with AJCC stage for 1-1ll stage
were 20, 72 and 22, respectively. At the end of
the follow-up, 84 patients reached the end of
the study. Seven cases were lost to follow up.

The relationship between BI-RADS and clinico-
pathological parameters

Table 2 summarizes the relationship between
the BI-RADS classification and the clinicopath-
ological features of the patients. The results
showed that the T staging of patients may be
positively correlated with the BI-RADS classifi-
cation, but did not reach statistical difference
(P=0.196); the AJCC classification may be posi-
tively correlated with the BI-RADS classifica-
tion, but did not reach statistical difference
(P=0.197). The patient’s age, tumor grading,
and lymph node classification were not found
had obvious correlation with the BI-RADS
classification.

The relationship between BI-RADS and 5-year
DFS rate

Table 3 summarizes the relationship between

the BI-RADS classification as well as other clini-
copathological information and the patient’s

Int J Clin Exp Med 2018;11(5):4949-4954
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Figure 1. Disease-free survival rate of triple-negative breast cancer patients
according to BI-RADS.

Table 4. Correlation between clinicopathologic parameters and
5-year OS

Univariate analysis Multivariate analysis

Parameter

HR (95% Cl) P HR (95% Cl) P

BI-RADS

4 1 1

5 2.102 (1.351-3.272) 0.001 2.088(1.309-3.329) 0.002
Age (years)

<50 1 1

>50 1.007 (0.983-1.031) 0.594 1.011 (0.985-1.037) 0.427
Tumor grade

Grade 1-2 1 1

Grade 3 2.867 (1.77-4.642) <0.001 2.546 (1.552-4.176) <0.001
T stage

T1 1 1

T2-4 1.954 (1.153-3.312) 0.013 1.958(0.834-4.598) 0.123
N stage

NO 1 1

N1-3 1.481(0.962-2.28) 0.074 1.335(0.801-2.223) 0.268
AJCC stage

I 1 1
1111 1.804 (0.975-3.337) 0.060 0.721(0.248-2.098) 0.549

DFS. The results of survival analysis show that
the 5-year DFS rate in BI-RADS 5 is worse than
in BI-RADS 4 (Figure 1). The results of univari-
ate analysis show that the BIRADS classifica-
tion is negatively correlated with 5-year DFS
rate (HR: 1.749, 95% Cl: 1.166-2.623, P=0.007,

4952

patients.

Table 3); tumor grade, T
stage, AJCC stage were also
negatively related with 5-
year DFS rate (P<0.05). The
results of multivariate analy-
sis show that BI-RADS clas-
sification is an independent
predictor of 5-year DFS rate
(HR: 1.609, 95% CI: 1.066-
2.43, P=0.024); tumor grade
is also an independent pre-
dictor of 5-year DFS rate
(P=0.004).

The relationship between BI-
RADS and 5-year OS rate

Table 4 summarizes the re-
lationship between BI-RADS
classification and the cli-
nicopathological information
and the patient’'s 0S. The
results of survival analysis
show that the b5-year OS
rate in BI-RADS 5 was wor-
se than in BI-RADS 4 (Fig-
ure 2). The results of univa-
riate analysis show that
the BI-RADS classification is
negatively correlated with
5-year OS rate (HR: 2.102,
95% CI: 1.351-3.272, P=
0.001, Table 4); Tumor gra-
de, N stage was also nega-
tively related to 5-year OS
rate (P<0.05). The results of
multivariate analysis show
that BI-RADS classification
is an independent predic-
tor of 5-year OS rate (HR:
2.088, 95% Cl: 1.309-3.329,
P=0.002); tumor grade is
also an independent pre-
dictor of b5-year OS rate
(P<0.004).

Discussion

This study found that ultra-
sound BI-RADS classification
is negatively correlated with

DFS and OS in triple-negative breast can-
cer patients receiving neoadjuvant chemo-
therapy. The results of multivariate analysis
showed that ultrasonic BI-RADS classification
is an independent predictor of DFS and OS in

Int J Clin Exp Med 2018;11(5):4949-4954
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However, these above studies

BLRADS 4 have not explored the prog-

B e racad nostic value of BI-RADS clas-

{~BI-RADS 5 censored sification in the various mo-
lecular subtypes of breast
cancer. The results of our
study show that BI-RADS clas-
sification is negatively corre-
lated with DFS and OS in tri-
ple-negative breast cancer
patients receiving neoadju-
vant chemotherapy. We found
that ultrasonic BI-RADS clas-
sification is an independent
predictor of DFS and OS in
multivariate analysis that en-
rolled clinicopathological fea-
tures associated with the
prognosis of breast cancer
patients.

Figure 2. Overall survival rate of triple-negative breast cancer patients ac- There are some limitations in

cording to BI-RADS.

At present, the study of breast BI-RADS classi-
fication mostly focuses on predicting malignant
diseases or finding other diseases that need
surgical treatment [16-18]. However, few stud-
ies have explored the relationship between
BI-RADS classification and tumor characteris-
tics and patient survival. Irshad et al. [19] sug-
gest that the presence of post-ultrasonic shad-
ow is closely related to ER-positive and low-
grade tumors. However, posterior enhance-
ment is associated with ER negative and high-
grade tumors. Our study found that the size of
the tumor may be positively correlated with the
classification of BI-RADS. The correlation anal-
ysis between the AJCC classification and the
BI-RADS classification did not reach statistical
difference, but it still suggested a correlation
between the two.

Two studies were conducted to analyze the cor-
relation between breast ultrasound BI-RADS
classification and the prognosis of breast
cancer patients. Kuo et al. [20] found that
patients with class BI-RADS 5 had a higher risk
of recurrence and poorer survival than those
of the BI-RADS 0-4. Kim et al. [21] found that
in breast cancer patients, DFS is worse in
BI-RADS 5 patients than in BI-RADS 4 patients.
Subgroup analysis showed that in | stage
breast cancer, BI-RADS 5 was a bad prognostic
factor for DFS in breast cancer patients.
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this study. First, the sample

size is small. Second, since
this is a retrospective study, there may be a
selection bias. Third, the BI-RADS classification
is only evaluated by a radiologist and may have
errors. Nevertheless, the results of this study
suggest that ultrasonic BI-RADS classification
is an independent predictor of DFS and OS for
triple-negative breast cancer patients receiving
neoadjuvant chemotherapy.

Conclusions

The results of this study suggest that ultrasonic
BI-RADS classification may be an independent
prognostic factor for triple-negative breast can-
cer patients receiving neoadjuvant chemother-
apy. However, large scale and prospective stud-
ies are still needed for verification.

Disclosure of conflict of interest
None.

Address correspondence to: Ying He, Department of
Ultrasound, The Third Affiliated Hospital of Soochow
University, Changzhou 213003, Jiangsu, China.
E-mail: heyingczyy@126.com

References

[1] Siegel RL, Miller KD and Jemal A. Cancer sta-
tistics, 2017. CA Cancer J Clin 2017; 67: 7-30.

Int J Clin Exp Med 2018;11(5):4949-4954


mailto:heyingczyy@126.com

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

Prognostic value of ultrasound BI-RADS classification

Bianchini G, Balko JM, Mayer IA, Sanders ME
and Gianni L. Triple-negative breast cancer:
challenges and opportunities of a heteroge-
neous disease. Nat Rev Clin Oncol 2016; 13:
674-690.

Zardavas D and Piccart M. Neoadjuvant thera-
py for breast cancer. Annu Rev Med 2015; 66:
31-48.

Varadan V, Gilmore HL, Miskimen KL, Tuck DP,
Parsai S, Awadallah A, Krop |, Winer EP,
Bossuyt V, Somlo G, Abu-Khalaf MM, Fenton
MA, Sikov W and Harris L. Immune signatures
following single dose trastuzumab predict
pathologic response to preoperative trastu-
zumab and chemotherapy in HER2-positive
early breast cancer. Clin Cancer Res 2016; 22:
3249-59.

Sparano JA, Gray RJ, Makower DF, Pritchard KI,
Albain KS, Hayes DF, Geyer CE Jr, Dees EC,
Perez EA, Olson JA Jr, Zujewski J, Lively T,
Badve SS, Saphner TJ, Wagner LI, Whelan TJ,
Ellis MJ, Paik S, Wood WC, Ravdin P, Keane
MM, Gomez Moreno HL, Reddy PS, Goggins TF,
Mayer IA, Brufsky AM, Toppmeyer DL, Kaklam-
ani VG, Atkins JN, Berenberg JL and Sledge
GW. Prospective validation of a 21-Gene ex-
pression assay in breast cancer. N Engl J Med
2015; 373: 2005-2014.

Lee HJ, Lee JJ, Song IH, Park IA, Kang J, Yu JH,
Ahn JH and Gong G. Prognostic and predictive
value of NanoString-based immune-related
gene signatures in a neoadjuvant setting of
triple-negative breast cancer: relationship to
tumor-infiltrating lymphocytes. Breast Cancer
Res Treat 2015; 151: 619-627.

Ali HR, Provenzano E, Dawson SJ, Blows FM,
Liu B, Shah M, Earl HM, Poole CJ, Hiller L, Dunn
JA, Bowden SJ, Twelves C, Bartlett JM, Mah-
moud SM, Rakha E, Ellis 10, Liu S, Gao D,
Nielsen TO, Pharoah PD and Caldas C. Associa-
tion between CD8+ T-cell infiltration and breast
cancer survival in 12,439 patients. Ann Oncol
2014; 25: 1536-1543.

Liu C, Huang Z, Wang Q, Sun B, Ding L, Meng X
and Wu S. Usefulness of neutrophil-to-lympho-
cyte ratio and platelet-to-lymphocyte ratio in
hormone-receptor-negative  breast cancer.
Onco Targets Ther 2016; 9: 4653-4660.
Muenst S, Soysal SD, Gao F, Obermann EC,
Qertli D and Gillanders WE. The presence of
programmed death 1 (PD-1)-positive tumor-in-
filtrating lymphocytes is associated with poor
prognosis in human breast cancer. Breast Can-
cer Res Treat 2013; 139: 667-676.

Uhercik M, Sanders AJ, Owen S, Davies EL,
Sharma AK, Jiang WG and Mokbel K. Clinical
Significance of PD1 and PDL1 in human breast
cancer. Anticancer Res 2017; 37: 4249-4254.

4954

(11]

[12]

(13]

(16]

[17]

(18]

[20]

(21]

Solinas C, Garaud S, De Silva P, Boisson A, Van
den Eynden G, de Wind A, Risso P, Rodrigues
Vitoria J, Richard F, Migliori E, Noel G, Duvillier
H, Craciun L, Veys |, Awada A, Detours V, Larsi-
mont D, Piccart-Gebhart M and Willard-Gallo
K. Immune checkpoint molecules on tumor-in-
filtrating lymphocytes and their association
with tertiary lymphoid structures in human
breast cancer. Front Immunol 2017; 8: 1412.
Yu H, Yang J, Jiao S, Li Y, Zhang W and Wang J.
Cytotoxic T lymphocyte antigen 4 expression in
human breast cancer: implications for progno-
sis. Cancer Immunol Immunother 2015; 64:
853-860.

Sabatier R, Finetti P, Mamessier E, Adelaide J,
Chaffanet M, Ali HR, Viens P, Caldas C, Birn-
baum D and Bertucci F. Prognostic and predic-
tive value of PDL1 expression in breast cancer.
Oncotarget 2015; 6: 5449-5464.

Mercado CL. BI-RADS update. Radiol Clin
North Am 2014; 52: 481-487.

Li E, Li J, Song Y, Xue M and Zhou C. A
comparative study of the diagnostic value of
contrast-enhanced breast MR imaging and
mammography on patients with BI-RADS
3-5 microcalcifications. PLoS One 2014; 9:
el111217.

Jeffers AM, Sieh W, Lipson JA, Rothstein JH,
McGuire V, Whittemore AS and Rubin DL.
Breast cancer risk and mammographic density
assessed with semiautomated and fully auto-
mated methods and BI-RADS. Radiology 2017;
282: 348-355.

Xiao X, Jiang Q, Wu H, Guan X, Qin W and Luo
B. Diagnosis of sub-centimetre breast lesions:
combining BI-RADS-US with strain elastogra-
phy and contrast-enhanced ultrasound-a pre-
liminary study in China. Eur Radiol 2017; 27:
2443-2450.

Kennedy G, Markert M, Alexander JR and
Avisar E. Predictive value of BI-RADS classifica-
tion for breast imaging in women under age
50. Breast Cancer Res Treat 2011; 130: 819-
823.

Irshad A, Leddy R, Pisano E, Baker N, Lewis M,
Ackerman S and Campbell A. Assessing the
role of ultrasound in predicting the biological
behavior of breast cancer. AJR Am J Roentgen-
ol 2013; 200: 284-290.

Kuo YL, Cheng L and Chang TW. Clinical impact
of BI-RADS classification in Taiwanese breast
cancer patients: BI-RADS 5 versus BI-RADS
0-4. Eur J Radiol 2012; 81: 1504-1507.

Kim JY, Jung EJ, Park T, Jeong SH, Jeong CY, Ju
YT, Lee YJ, Hong SC, Ha WS and Choi SK. Prog-
nostic importance of ultrasound BI-RADS clas-
sification in breast cancer patients. Jpn J Clin
Oncol 2015; 45: 411-415.

Int J Clin Exp Med 2018;11(5):4949-4954



