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Introduction: This study explored the value of measuring programmed death 1 (PD-1) in peripheral
blood, combined with breast ultrasound using the Breast Imaging Reporting and Data System (BI-
RADS) classification, for differentiation between benign and malignant breast tumors.
Materials and methods: We enrolled 113 patients with breast cancer and 66 patients with
benign breast tumors who were admitted to Hangzhou First People’s Hospital from September
2014 to August 2017. The mRNA level of PD-1 was detected by quantitative real-time polymerase
chain reaction.

Results: The mRNA levels of PD-1 were significantly higher in the peripheral blood of patients with
breast cancer than those in patients with benign breast tumors. The diagnostic sensitivity of PD-1
mRNA expression was 0.805, the specificity was 0.788, and the area under the curve (AUC) was
0.848 (P < 0.001); the sensitivity of breast ultrasound-based BI-RADS classification was 0.752, the
specificity was 0.909, and the AUC was 0.906 (P < 0.001); and the combined sensitivity, specificity,
and AUC of the two assays were 0.920, 0.879, and 0.938, respectively (P < 0.001). Progesterone
receptor-positive breast cancer patients exhibited high levels of PD-1 expression (P < 0.001).
Conclusion: This study suggests that the measurement of PD-1 combined with breast ultra-
sound-based BI-RADS classification represents a significant improvement for breast cancer
diagnosis compared with diagnoses based on either method alone.
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Introduction
Breast cancer is the most commonly reported cancer in women worldwide, and results
in high levels of mortality, although this trend has gradually declined in recent years.'?
Pathological diagnosis is the gold standard for detection of breast cancer, although puncture
sampling is invasive. Moreover, there is a problem of sample errors due to the analysis on
portion of tumors that are highly heterogeneous. Therefore, the exploration of less traumatic
examination methods for the early diagnosis and treatment of breast cancer is important.
Imaging-based diagnoses and measurements of hematological indicators are the
main modes of assessing breast cancer.’ Clinical breast examinations and radiological
studies are established as essential tools for early detection and are associated with
significant improvements in patient outcomes.*®® According to the 5th edition of
Breast Imaging Reporting and Data System (BI-RADS) classification, there are
BI-RADS 1-6 for tumor diagnosis.’ Breast ultrasound with BI-RADS classification
is a common imaging methodology for assessment of breast cancer with a valuable
role in distinguishing between benign and malignant breast tumors.'*!3 Carbohydrate
antigen 153 is a tumor marker for breast cancer, although its diagnostic sensitivity
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and specificity are limited.'*'> Recently, new indicators for
diagnosing breast cancer have been studied, including free
DNA in the plasma, microRNA, long-chain non-coding
RNA, and vascular endothelial growth factor.>!¢?!
Programmed death 1 (PD-1) is an immunosuppressive
molecule expressed in T lymphocytes and has an important
role in immune escape in cancer patients.’>? It promotes
angiogenesis and suppresses immune responses. PD-1 is
expressed in tumor samples and has prognostic value in cancer
patients.?*2 Moreover, PD-1 expression in peripheral blood
cells increased with tumor stage and correlated with prognosis
in various cancer.>?7 Thus, we believe that PD-1 expression
coupled to medical imaging could impact the way to perform
diagnosis and prognosis and to predict therapy outcome in
cancer. This study aimed to test the mRNA levels of PD-1 in
peripheral blood from patients and controls and to explore its
value for making differential diagnoses of benign and malig-
nant breast tumors. Importantly, we found that the combina-
tion of breast ultrasound and measurement of PD-1 expression
improves the differential diagnosis of breast cancer.

Materials and methods
Study population

The present study enrolled 113 patients with breast cancer
and 66 patients with benign breast tumors who were diag-
nosed and treated in Hangzhou First People’s Hospital from
September 2014 to August 2017. All patients had normal
liver function; Karnofsky performance status =70; and no
infections, immune system-related diseases, organ trans-
plant history, or other tumors. All enrolled patients were
diagnosed by pathological examination. Clinicopathological
information about the 179 enrolled patients was collected
using our electronic medical record management system.
The following information was collected: age at diagnosis,
tumor stage, tumor grade, pathological type, and human
epidermal growth factor receptor-2 (HER-2), progesterone
receptor (PR), and estrogen receptor status. In addition, 32
healthy people were enrolled as controls. The present study
was approved by the Ethics Committee of Hangzhou First
People’s Hospital. All patients signed written informed
consent forms for this study.

Detection of PD-1 mRNA by quantitative
real-time polymerase chain reaction
(qRT-PCR)

Venous blood samples (4 mL) were collected from healthy
controls and patients before any antitumor treatment and

stored in EDTA-anticoagulant tubes. Red blood cells were lysed
using lysis solution. Lysates were centrifuged at 2,000 rpm for
5 min. RNA was extracted using the TRIzol method accord-
ing to the manufacturer’s instructions. Subsequently, RNA
was reverse transcribed to cDNA, and qRT-PCR was per-
formed to determine PD-1 mRNA levels. Primer sequences
for PD-1 were 5-GGTGTGAGGCCATCCACAA-3’
and 5’-CCATTCTGTCGGAGCCTCTG-3". The gene
for interferon gamma (IFN-y) was used as a biological
negative control of the procedure. Primer sequences for
IFN-y were 5'-GCCAGTTACTGCCGGTTTGA-3" and
5-CTGGAAGCACCAGGCATGA-3'. B-Actin was used as
the internal reference to calculate ACt values. Primer sequences
for B-actin were 5'-ACGTTGCTATCCAGGCTGTG-3" and
5-CGCTCGGTGAGGATCTTCAT-3’. The 2724°T method
was employed for the relative quantification of PD-1 mRNA
expression, where AACT was defined as the difference
between the ACT value of PD-1 mRNA in patient peripheral
blood and that in the blood of healthy volunteers.

BI-RADS classification

According to the 5th edition of the BI-RADS classifica-
tion, BI-RADS 6 represents a confirmed malignant tumor,
BI-RADS 5 represents a highly suspicious malignant tumor
with a recommendation for biopsy, BI-RADS 4 represents
suspicious findings with a recommendation for biopsy (BI-
RADS 4 is classified into 3 types: 4A-low risk, 4B-medium
risk, and 4C-high risk), BI-RADS 3 represents a benign tumor
with a recommendation for re-examination after 6 months,
BI-RADS 2 represents benign findings, and BI-RADS 1
represents negative findings.’

Statistical analysis

We calculated areas under receiver-operating character-
istic (ROC) curves to evaluate the differential diagnostic
values of specific methods, defined by the area under the
curve (AUC), and their specificities and sensitivities. The
cutoff values for BI-RADS classification and PD-1 levels
were determined using the maximal Youden index value
(sensitivity + specificity — 1). Pearson’s chi-squared or
Fisher’s exact tests were used to evaluate the associations
between PD-1/BI-RADS and clinicopathological informa-
tion. Binary logistic regression analysis was performed to
calculate the combined predictors of BI-RADS and PD-1.
P-values <0.05 were considered statistically significant. All
analyses were performed using the Statistical Package for
Social Sciences (SPSS), Version 22.0 (IBM Corporation,
Armonk, NY, USA).
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Results

The clinicopathological characteristics of the 113 breast
cancer patients are presented in Table 1. All patients and
healthy subjects were females. The median ages of patients
with breast cancer, those with benign tumors, and healthy
subjects were 53 (24-81), 39 (20-60), and 51 (28-75) years,
respectively. The mean body weights of the patients with
breast cancer (n = 113), patients with benign tumors (n = 66),
and healthy subjects (n = 32) were 62.5 £ 7.5, 58.4 £ 9.3,

Table | Clinicopathological parameters of |13 breast cancer
patients

Number of
patients (%)

Parameter

BI-RADS classification

3 3(27)
4A 6(5.3)
4B 19 (16.8)
4C 42 (37.2)
5 33(29.2)
6 10 (8.8)
Pathology
Invasive ductal carcinoma 68 (60.2)
Invasive lobular carcinoma 14 (12.4)
Invasive carcinoma 31 (27.4)
Tumor grade
Grade | 8 (7.1)
Grade 2 70 (61.9)
Grade 3 17 (15.0)
Unknown 18 (15.9)
Tumor stage
TI 35(31.0)
T2 69 (61.1)
T3 9 (8.0)
Lymph node status
NO 65 (57.5)
NI 33(29.2)
N2 6(5.3)
N3 9 (8.0
AJCC stage
| 25 (22.1)
Il 71 (62.8)
1] 13 (11.5)
v 4 (3.5)
ER status
+ 82 (72.6)
- 31 (274)
PR status
+ 76 (67.3)
- 37 (32.7)
HER-2 status
+ 32(283)
- 81 (71.7)

Abbreviations: BI-RADS, Breast Imaging Reporting and Data System; AJCC,
American Joint Committee on Cancer; ER, estrogen receptor; PR, progesterone
receptor; HER-2, human epidermal growth factor receptor-2.

and 61.2 + 8.9 kg, respectively. The 66 benign breast tumors
identified included 42 fibroadenomas, 17 fibroadenosis,
and 7 intraductal papillomas. In this study, 3 breast cancer
patients were defined as BI-RADS 3, 6 as BI-RADS 4A, 19
as BI-RADS 4B, 42 as BI-RADS 4C, 33 as BI-RADS 5,
and 10 as BI-RADS 6; 26 patients with benign tumors were
defined as BI-RADS 3, 24 as BI-RADS 4A, 10 as BI-RADS
4B, 5 as BI-RADS 4C, and 1 as BI-RADS 5.

PD-1 mRNA levels in breast cancer patients were higher
than in patients with benign tumors (Figure 1, P < 0.001).
Considering the age differences between patients with breast
cancer and benign breast tumors, we conducted three com-
parisons. First, we restricted age of breast cancer patients to
arange of 24—60 years and found that there were 76 patients
with median age of 41 (24-60) years, which was comparable
to the median age of 39 (20—60) years in patients with benign
breast tumors. By comparing these two groups, we still
found that PD-1 mRNA levels in breast cancer patients were
higher than those in patients with benign tumors (Figure S1,
P < 0.001). Second, we compared the PD-1 expression in
high-age group (age > median age) and low-age group
(age = median age) in breast cancer patients and found that
there was no significant difference between them (Figure S2,
P =0.700). Third, we compared the PD-1 expression in high-
age group (age > median age) and low-age group (age =
median age) in patients with benign breast tumors and also
found no difference between them (Figure S3, P = 0.785).
Expression levels of PD-1 normalized to -actin for tumor,
benign, and healthy subjects were 0.024 £+ 0.050, 0.001 £
0.002, and 0.00004 £ 0.00002, respectively.

IS
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L

-
L

=31 P<0.001

PD-1 mRNA expression (log 10)
o

N

Malignant breast tumor Benign breast tumor

Figure | Peripheral PD-1 mRNA expression in patients with malignant and benign
breast tumors.

Notes: Outliers were plotted as individual points. The bottom and top of the box
are the first and third quartiles. The band inside the box is the second quartile
(the median).

Abbreviation: PD-I, programmed death |.
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Table 2 Correlation of clinicopathological parameters with BI-RADS classification and peripheral PD-1 expression in breast cancer

patients
Parameter BI-RADS PD-1
3-4B 4C-6 P-value <3.62 =3.62 P-value
Age, years 50+ 11 53+ 12 0.634 S5I+11 53+ 14 0.463
(mean + standard)
Tumor grade
Grade 1-2 21 56 0.392 19 59 0.754
Grade 3 7 I 3 14
AJCC stage (n)
| 12 13 0.004 4 21 0.778
-1V 16 72 18 70
Tumor size (n)
TI 16 19 0.001 6 29 0.800
T2-3 12 66 16 62
Lymph node status (n)
NO 17 48 0.826 I5 50 0.338
NI-3 I 37 7 41
HER-2 status (n)
+ 2 31 0.003 9 22 0.181
- 26 54 13 69
ER status (n)
+ 22 63 0.802 13 72 0.060
- 6 22 9 19
PR status (n)
+ 19 58 0.970 8 69 <0.001
- 9 27 I5 22

Note: Bold values represent statistical significance, P<<0.05.

Abbreviations: BI-RADS, Breast Imaging Reporting and Data System; PD-1, programmed death |I; AJCC, American Joint Committee on Cancer; n, number of patients;
HER-2, human epidermal growth factor receptor-2; ER, estrogen receptor; PR, progesterone receptor.

The associations between BI-RADS/PD-1 and clini-
copathological characteristics are shown in Table 2.
BI-RADS scores were positively correlated with American
Joint Committee on Cancer stage, tumor size, and positive
HER-2 status (P = 0.004, 0.001, 0.003, respectively). We
also evaluated the correlation between PD-1 mRNA expres-
sion and clinicopathological characteristics in patients with
breast cancer; PR-positive breast cancer patients showed
higher levels of PD-1 expression than PR-negative patients
(P <0.001).

The cutoff value for PD-1 mRNA expression was 3.62,
with a maximum Youden index of 0.593 (P < 0.001).
A larger percentage of patients with malignant breast tumors
expressed PD-1 mRNA (PD-1 = 3.62) than those with benign
breast tumors (81% vs 21%, P < 0.001, Figure 2). The dif-
ferential diagnostic sensitivity and specificity for PD-1 were
0.805 and 0.788, respectively. AUC for PD-1 was 0.848
(0.785-0.911) (Figure 3, Table 3).

BI-RADS 4C, with a maximum Youden index of 0.661
(P < 0.001), was defined as the cutoff value for discrimina-
tion between malignant and benign tumors. A larger percent-
age of patients with malignant breast tumors had a higher
BI-RADS classification (BI-RADS 4C-6) than those with

benign breast tumors (92% vs 24%, P < 0.001, Figure 4).
The differential diagnostic sensitivity and specificity for BI-
RADS were 0.752 and 0.909, respectively. AUC was 0.906
(0.860-0.952) (Figure 5, Table 3).

120

P <0.001

100 +

80 1

60 1

Proportions

401

20

Malignant breast tumors Benign breast tumors

I PD-12>3.62 [EH PD-1<3.62

Figure 2 Comparison of PD-1 expression between patients with malignant and
benign breast tumors according to cutoff value.
Abbreviation: PD-I, programmed death |.
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PD-1
100

AUC =0.848
80 1

60 -

40 ;
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20 1

0 20 40 60 80 100
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Figure 3 ROC curve for PD-| detection to differentiate malignant from benign tumors.

Abbreviations: ROC, receiver-operating characteristic; PD- |, programmed death [;
AUC, area under the curve.

The combined predictive value of PD-1 and BI-RADS
was calculated by performing ROC curve and binary logistic
regression analysis. The specificity and sensitivity for these
methods in combination were 0.879 and 0.920, respec-
tively. AUC was 0.938 (0.903-0.973), which was higher
than the separate values for BI-RADS and PD-1 (Figure 6,
Table 3).

Discussion

To the best of our knowledge, this is the first study to investi-
gate the diagnostic value of PD-1 combined with breast ultra-
sound in breast cancer patients. Our study found that breast
ultrasound-based BI-RADS scores and PD-1 mRNA expres-
sion were individually effective for differentiating malignant
and benign breast tumors, with sensitivities of 0.752 and
0.805 and specificities 0f 0.909 and 0.788, respectively. The
combination of these two parameters significantly improved
both the sensitivity (0.920) and specificity (0.879), which
is clinically valuable. The combination of PD-1 expres-
sion levels and imaging increased sensitivity from 0.752

(Imaging alone) to 0.920. Furthermore, our study found that
BI-RADS scores were higher in patients with larger tumors
and more advanced breast cancer. Patients with PR-positive
breast cancer showed higher PD-1 mRNA expression levels
than those with PR-negative tumors.

Peripheral immune cells play a central role in the predic-
tive and prognostic value of breast cancer screening.”** The
immunosuppressive molecule, PD-1, is expressed in T cells
and is relevant in the prognosis of cancer patients.?326:35-42
After T cells are activated by tumor antigens, PD-1 is highly
expressed and makes T cells exhausted and consequently
inhibits their antitumor immunity.?>?** We measured the
mRNA levels of PD-1 in patient peripheral blood samples and
assessed their correlation with clinical parameters. Our results
suggest that PD-1 expression correlates significantly with
PR status. The cross talk between hormone receptor-positive
tumor cells and the immune system may explain this phe-
nomenon. Previous studies have proven that hormones can
enhance PD-1 expression in various immune cells, includ-
ing macrophages, dendritic cells, and B cells.* Moreover,
several studies have investigated the clinical significance
of PD-1+ tumor-infiltrating lymphocytes (TILs) in breast
cancer. PD-1+ TILs were expressed at higher levels in the
sentinel lymph nodes of patients with triple-negative breast
cancer compared with levels in patients with other breast
cancer subtypes.* In addition, levels of PD-1+ TILs cor-
related negatively with the prognosis of patients with breast
cancer.?** Nevertheless, reports of the expression levels and
diagnostic value of PD-1 in the peripheral blood of patients
with breast cancer are scarce. Using a cutoff value of 3.62,
we determined that the sensitivity and specificity of PD-1 to
differentiate malignant and benign breast tumors were 0.805
and 0.788, respectively; AUC was 0.848 (0.785-0.911).

Breast ultrasound is a routine and valuable measure to
differentiate malignant and benign breast tumors.3*” Jeffers
et al* predicted breast cancer risks by BI-RADS classifica-
tion, with an AUC of 0.68. Evans et al'® reported that the
sensitivity and specificity of ultrasound-based BI-RADS
scores to identify benign and malignant breast tumors were
0.95 and 0.69, respectively; however, some studies evaluating

Table 3 Diagnostic value for PD-I and BI-RADS for ROC curve analysis

Parameters Cutoff Sensitivity Specificity Youden AUC (95% CI) P-value
index

PD-1 3.62 0.805 0.788 0.593 0.848 (0.785-0.911) <0.001

BI-RADS 4C 0.752 0.909 0.661 0.906 (0.860-0.952) <0.001

BI-RADS+ PD-1 NA 0.920 0.879 0.799 0.938 (0.903-0.973) <0.001

Note: Bold values represent statistical significance, P<<0.05.

Abbreviations: PD-I, programmed death |; BI-RADS, Breast Imaging Reporting and Data System; ROC, receiver-operating characteristic; AUC, area under curve; NA,

not available.
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Figure 4 Comparison of BI-RADS between patients with malignant and benign
breast tumors according to cutoff value.
Abbreviation: BI-RADS, Breast Imaging Reporting and Data System.

the prognostic value of BI-RADS classification reported
that it was a negative prognostic indicator.!'** To evaluate
differences related to the ethnicity of patients enrolled in
the study and variation related to ultrasonography itself, we
determined the cutoff value for ultrasound-based BI-RADS
scores and PD-1 mRNA expression using ROC curves. The
sensitivity and specificity for BI-RADS scores were 0.752
and 0.909, respectively, and AUC was 0.906 (0.860-0.952),
with a cutoff value for BI-RADS 4C, which is consistent
with previous studies.®*

BI-RADS
100
AUC = 0.906

80 1
X

> 601
=
2
b=
()

S 40;
n

201

0

0 20 40 60 80 100

100% - specificity %

Figure 5 ROC curve for BI-RADS to differentiate malignant from benign tumors.
Abbreviations: ROC, receiver-operating characteristic; BI-RADS, Breast Imaging
Reporting and Data System; AUC, area under the curve.

100% — specificity %

Figure 6 ROC curve for PD-1 detection combined with BI-RADS to differentiate
malignant from benign tumors.

Abbreviations: ROC, receiver-operating characteristic; PD- |, programmed death |;
BI-RADS, Breast Imaging Reporting and Data System; AUC, area under the curve.

The use of a combination of ultrasound-based BI-RADS
scores and PD-1 mRNA expression levels significantly
improved the sensitivity (0.920) and specificity (0.879)
of discrimination between benign and malignant tumors.
In addition, AUC increased to 0.938 (0.903-0.973). Com-
pared with other studies of combined diagnostic indicators,
our results exhibit a clinical advantage.>*

The present study has some limitations. First, this was a
single-center investigation. Second, individual differences
in BI-RADS scores from mammograms may affect their
diagnostic value. Third, some unknown factors, such as
depression, sleep, emotion, and eating habits, may influence
PD-1 expression. Fourth, the sample size was small. A larger
validation cohort is therefore needed to understand the full
potential of these markers. Despite these limitations, our
study suggests that breast ultrasound-based BI-RADS clas-
sification combined with measurement of PD-1 expression
levels is clinically valuable for the diagnosis of breast cancer.

Conclusion

Peripheral PD-1 expression combined with BI-RADS clas-
sification is effective for differentiating malignant and benign
breast tumors. Additional studies are needed to confirm our
findings.
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