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Purpose: Programmed cell death ligand 1 (PDL1) has the predictive and prognostic value in a great deal of cancers. This study aims
to explore the expression of PDLI1 in stage III breast cancer (BC) and its correlation with clinical outcome.

Methods: The protein expression of PDL1 in tumor tissues was determined by immunohistochemistry (IHC). The correlations
between PDL1 and clinicopathological variables were performed by y*tests or Fisher’s exact tests. The Cox proportional hazards
model was used for univariate and multivariate analysis of the potential prognostic factors. Survival curves were estimated based on
Kaplan—Meier analyses, and Log Rank test was used to contrast factors influencing the survival outcome.

Results: On the basis of the semiquantitative scoring method for PDL1 expression, the patients were divided into low PDLI1
expression group (109 cases) and high PDL1 expression group (107 cases). PDL1 expression was correlated with positive lymph
nodes, positive axillary lymph nodes, postoperative radiotherapy, and CK5/6 expression (P < 0.05). The PDL1 expression in tumor
tissues was discovered to be a potential prognostic risk factor with the disease-free survival (DFS) and overall survival (OS) for stage
III BC. Moreover, patients with high PDL1 expression showed longer lifetime (DFS and OS) compared to those with low PDLI
expression in total patient population (P < 0.05). Moreover, the nomogram showed that the prediction line is in good agreement with
the reference line for postoperative 1-, 3-, and S-year lifetime. The DCA curve showed that the 3- and 5-year lifetime by nomogram
had so much better divination of the clinical application than only by PDLI.

Conclusion: PDL1 is a latent prognostic factor in stage III BC and is closely related to some clinicopathological features. PDL1
expression in tumor tissues is significantly associated with better lifetime rate in stage I1I BC.

Keywords: breast cancer, programmed death ligand-1, improved individual outcomes, patient stratification, tumor cell

Introduction

Breast Cancer (BC) Incidence Trends

On the basis of the current statistics, breast cancer (BC) represents the most common malignant tumor with the highest
mortality in female worldwide, as the main cause of global cancer incidence, seriously endangers women’s health on the
face of the earth.'™ Currently, the incidence of breast cancer is showing an upward trend with each passing year, and
onset age becomes younger in average age.” Compared with patients aged >65 years, young patients diagnosed with
metastatic cancer under the age of 35 have a significantly lower 5-year disease-free survival rate and a significantly
higher incidence of distant metastasis.” Compared with the data in 2012, the global cancer statistics in 2020 indicated that
the mortality of BC in China had significantly increased.®

BC is a Highly Heterogeneous Patient Cohort
The common breast cancer subtype includes Luminal A, Luminal B, HER2-enriched, and triple negative breast cancer
(TNBC). Research has pointed out that over 50% of affected individuals in TNBC die within the first 6 months of metastatic
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disease.” According to the progress of BC, the disease is divided into four types: stage I BC, stage I BC, stage I11 BC and stage
IV BC. Stage III BC is between stage II and stage IV BC and is located between the distal metastasis and non-metastasis of the
focus. Stages I and II breast cancers are typically treated with breast-conserving surgery and radiation therapy. At present, the
main curative treatments for stage III BC include surgery, and are supplemented by chemotherapy, radiotherapy, targeted and
endocrine therapy.®’ The stage Il BC cannot solve the problem of recurrence and metastasis by expanding the scope of
surgery and adding therapy, and the survival period cannot be prolonged, and the quality of life is poor.'® Therefore, it is

necessary to look for the effective indicators to predict the prognosis of stage III BC.

Predictive Approach is Essential to Improve Individual Outcomes

The complex action of the immune system in the growth, elimination and metastasis of BC has been the object of
increasing attention.'' Recent evidence highlights the essential role of immunotherapeutic targets in BC, especially in
advanced breast cancer (ABC).'*'* In recent years, immune checkpoints are supposed to be important therapeutic
targets, and immune checkpoint inhibitors (ICIs) have made rapid progress under medical treatment of several tumors,
such as lung cancer, melanoma, and lymphoma.'*'® The biomarkers of ICIs can predict the response of immunotherapy,
evaluate the efficacy of immunotherapy, and even be related to the prognosis of the disease after treatment. At the
moment, programmed death ligand 1 (PDL1) has become the research hotspot of many tumors and prompting immune
resistance or immune evasion to endogenous antitumor activity.'”'® Although considerable research has been devoted to
PDL1 expression level in BC, less attention has been paid to PDL1 predicted value in stage 111 BC.

Working Hypothesis

Accurate prognostic models are of major significance in stage III BC. However, there is no prognostic model based on
PDL1-based nomogram. Hence, it is essential to investigate the effect of PDL1 on stage III BC and the prognosis of
clinical outcome. We hypothesized that PDLI is related to the prognosis of stage III BC patients, and high expression of
PDLI1 is related to better tumor prognosis. It is a potential indicator that can be used for prognosis prediction of breast
cancer patients. To further improve the clinical utility of PDL1, we will establish a predictive model for PDL1-based

nomogram and its correlation with clinical outcome.

Materials and Methods

Patient Selection

The medical records of 216 patients diagnosed as BC in Harbin Medical University Cancer Hospital were retrospectively
reviewed from June 2012 to November 2015. The patients were diagnosed with stage I1I BC following pathology testing
and received surgical treatment. All procedures involving human participants were approved by the ethical committee of
Harbin Medical University Cancer Hospital (No. 82172192) and had been performed in accordance with the ethical
standards as laid down in the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. All
enrolled participants gave their informed consent in writing prior to inclusion in the study.

The inclusion criteria were as follows: (1) diagnosed with stage III breast cancer by histopathology; (2) received
operation, included mastectomy/breast-conserving surgery; (3) medical records of patient data were completely available.
The exclusion criteria were as follows: (1) received hormone therapy, chemotherapy, and radiotherapy before surgery; (2)
received anti-PD1/PDL1 therapy before treatment; (3) with any form of established metastatic disease (stage IV), or other

tumors.

Tumor Tissue Samples
The specimens were taken from cancer patients after operation and were using archival, formalin-fixed, and paraffin-
embedded (FFPE). A series of 4-um-thick sections from each specimen were used to determine the histopathological

features.
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PDLI Immunohistochemistry (IHC) Staining Assay

Primary antibody against PDL1 (1:1000 dilution, pH 6.0, GB11339A, Servicebio, Wuhan, China) was used. The goat
anti-rabbit IgG H&L (1:5000 dilution, AS014, ABclonal, Wuhan, China) was conducted as the secondary antibody. All
enrolled samples were the formalin-fixed paraffin-embedded (FFPE) tissue specimens in Harbin Medical University
Cancer Hospital. The manual IHC staining was followed according to the standard protocols. 1) Baked slices at 60 °C for
1 hour. 2) Dewaxed in xylene, dehydrated in gradient alcohol (100%, 95%, 90%, 85%, 80%, 75%, 60%, 50%, 30%). 3)
Cover the tissue with 3% H,O, at room temperature for 30 minutes. 4) Microwave repair with citrate buffer. 5) With
sheep serum working solution for 30 minutes. 6) Incubate with primary antibodies overnight. 7) Polymer helper for 30
minutes. 8) Incubate with secondary antibodies for 30 minutes. 9) DAB for color development and hematoxylin staining.
10) Gradient dehydration (30%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 100%, and xylene). 11) Neutral gum sealing
piece. 12) The slices were scanned by the Aperio Image Scope system.

Determination of PDLI| Result

PDL1 determination criteria were as follows: (1) determined by semiquantitative scoring method; (2) histological
analysis included the density and intensity of stained cells; (3) scoring was done for tumor tissues only; (4) examined
independently by investigators blinded to the clinical information of the patients. The density of positively stained cells
was as below: (1) 0 for less than 1% stained; (2) 1 for 1%—-10%; (3) 2 for 11%-50%; (4) 3 for 51%—75%; (5) 4 for 76%—
100%. The staining intensity was as follows: (1) 0 means no staining; (2) 1 indicates light yellow staining; (3) 2 for
brown yellow dyeing; (4) 3 for yellowish brown dyeing. The immunoreactivity of PDL1 expression was assessed
according to the density and intensity of stained cells. These patients were divided into: (1) negative group, 0—1 score; (2)
weakly positive group; 2—4 scores; (3) median-positive, 5—8 scores; (4) strongly positive, 9-12 scores. In this study, up to
4 scores was taken into account low PDL1 expression (negative and weakly positive) and more than 4 was taken into
account high PDL1 expression (median-positive and strongly positive).

Survival Time

Disease-free survival (DFS) was defined as the length of time from the date of tumor diagnosis to the date of the first
evidence of disease local, distant recurrence at any site, to the date of death from any reason, or to time of the last visit.
Overall survival (OS) was defined as the length of time from the date of tumor diagnosis to the date of the first evidence
of death from any reason, or to time of the last visit.

Statistical Analysis
IBM SPSS advanced statistics (Statistical Package for Social Sciences), version 22.0, was used to analyze the data, and
R (version 3.6.0; Vienna, Austria. URL: http:\\www.R-project.org\). The correlations between PDLI1 and clinical and

pathologic characteristics variables were performed by y*tests for trends or Fisher’s exact tests. The Cox proportional
hazards model was used for univariate and multivariate analysis of the potential prognostic factors. Survival curves were
estimated based on Kaplan—Meier analyses, and the Log Rank test was used to contrast factors influencing the survival
outcome. P value less than 0.05 indicated were considered statistically significant.

Results

Patient Characteristics

From June 2012 to November 2015, 216 patients with stage III BC were enrolled for the current research. The clinical
and pathologic data in the patients with stage III BC are described in Table 1. Ninety-two cases were postmenopausal
patients with breast cancer, with the mean menopausal age 48.8 + 4.5 years and ranged from 33 to 56 years. Twenty-four
cases of breast cancer with tumor genetic history, included lung cancer, liver cancer, gastric cancer, ovarian cancer,
esophageal cancer, bladder cancer, renal cell carcinoma, and cholangiocarcinoma. And 19 cases of breast cancer with
basic diseases included hypertension, coronary atherosclerotic heart disease, and diabetes mellitus. Five cases (2.3%)
were grade I, 162 (75.0%) cases were grade II, and 49 (22.7%) cases were grade III. Molecular subtypes consisted of 39
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Table | Patients’ Characteristics
Patients’ Characteristics Level No. (%) Total = 216
Age <49 years 111 (51.4)
>49 years 105 (48.6)
Weight <6l kg 110 (50.9)
>61 kg 106 (49.1)
Height <160 cm 130 (60.2)
>160 cm 86 (39.8)
BMI <23.93 108 (50.0)
>23.93 108 (50.0)
Family history No 192 (88.9)
Yes 24 (11.1)
Basic diseases No 197 (91.2)
Yes 19 (8.8)
Menarche age <15 years 127 (58.8)
>|5 years 89 (41.2)
Menopause No 124 (57.4)
Yes 92 (42.6)
ABO blood type 52 (24.1)
B 67 (31.0)
©) 70 (32.4)
AB 27 (12.5)
Primary tumor site Upper outer quadrant 143 (66.2)
Lower outer quadrant 23 (10.6)
Lower inner quadrant Il (5.1)
Upper inner quadrant 27 (12.5)
Central 12 (5.6)
Operative time <80 min 115 (53.2)
>80 min 101 (46.8)
Type of surgery Mastectomy 213 (98.6)
Breast-conserving surgery 3(1.4)
Tumor size <2cm 87 (40.3)
>2 and <5cm 119 (55.1)
>5cm 10 (4.6)
Histologic grade | 5(23)
I 162 (75.0)
1] 49 (22.7)
Molecular subtype Luminal A 39 (18.1)
Luminal B HER2+ 34 (15.7)
Luminal B HER2- 52 (24.1)
HER2 enriched 40 (18.5)
Triple negative 51 (23.6)
Postoperative chemotherapy No 14 (6.5)
Yes 202 (93.5)
Postoperative radiotherapy No 101 (46.8)
Yes 115 (53.2)
Postoperative endocrine therapy No 191 (88.4)
Yes 25 (11.6)
Postoperative targeted therapy No 197 (91.2)
Yes 19 (8.8)
Abbreviation: BMI, Body mass index.
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(18.1%) cases Luminal A, 34 (15.7%) cases Luminal B HER2 positive, 52 (24.1%) cases Luminal B HER2 negative, 40
(18.5%) cases HER2 enriched, and 51 (23.6%) cases triple negative breast cancer.

Expression of PDL| by Immunohistochemistry and Its Expression Association with the

Patients’ Clinical Characteristics

In this study, 216 human BC specimens, 109 patient samples (50.5%, 109/216) were observed to negative or weakly positive,
and 107 patient samples (49.5%, 107/216) were observed to median-positive or strongly positive. Figure 1 shows the
representative figures of different expressions of PDL1. According to the PDL1 expression, PDL1 was related to positive
lymph nodes (P = 0.042), positive axillary lymph nodes (P = 0.030), and postoperative radiotherapy (P = 0.040) (Table 2).

Association PDLI Expression with the Patients’ Pathology Parameters

Estrogen receptor (ER), progesterone receptor (PR) and Ki-67 were classified into four molecular subgroups as follows:
0-25%, 26-50%, 51-75%, and 76-100%. Human epidermal growth factor receptor 2 (HER-2) classified into two
molecular subgroups as follows: negative (immunohistochemical score in the range of 0+ to 1+, or 2+ but with
a verified negative fluorescence in-situ hybridization test result) and positive (immunohistochemical score in the range
of 3+ or 2+ but with a positive fluorescence in-situ hybridization test result). The detailed patients’ pathology parameters
of the patients can be found in Table 3. According to the PDL1 expression, PDL1 was associated with CK5/6 expression
(P = 0.020).

Association PDLI Expression with the Nutritional and Blood Parameters

The median carbohydrate antigen153 (CA153), carcinoembryonic antigen (CEA), D-Dimer (D-D), fibrinogen (FBG),
hemoglobin (Hb), neutrophils (Neu), and monocyte (Mono) were 12.05 ng/mL, 1.83 ng/mL, 0.16 mg/L, 2.79 g/L, 136g/
L, 3.76x10°/L, 1.95x10°/L, and 0.44x10°/L, respectively. Compared with the two groups, there were no significant
difference in these nutritional and blood parameters except CA153 (P = 0.029). The detailed patients’ nutritional and
blood parameters of the patients could be found in Table 4.

The Cox Proportional Hazards Model Was Used for Univariate and Multivariate
Analysis of the Potential Prognostic Factors

Through the proportional hazards model for DFS and OS, the univariate analysis indicated that menarche age, D-D, Hb,
total lymph nodes, PDL1 were associated with the prognosis of stage III BC, and the multivariate analysis showed that
menarche age, D-D, Hb, total lymph nodes, annd PDL1 were the potential prognostic factors (Table 5 and Figure 2).

Association Between PDLI Expression and Survival Outcomes

In total patient population, patients with high PDL1 expression showed longer DFS and OS compared to those with low PDL1
expression (x> = 6.244, p=0.012 and y* = 6.499, p = 0.011). The 1-, 3-, and 5-year survival rates for DFS and OS in the low
PDL1 group were 75.7% (95% CI: 0.679-0.843), 62.1% (95% CI: 0.535-0.721), 59.1% (95% CI: 0.504-0.693); and 83.3%
(95% CI: 0.766-0.907); 73.0% (95% CI: 0.651-0.819), 64.6% (95% CI: 0.562-0.743), respectively. The 1-, 3-, and 5-year
survival rates for DFS and OS in the high PDL1 group were 91.4% (95% CI: 0.862-0.969); 77.5% (95% CI: 0.696-0.863),

IHC
20x%

Negative Weakly positive Median polsitive Strongly positive

Figure | The representative figures of different expressions of PDLI.
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Table 2 PDLI Protein Expression Association with the Patients’ Clinical Characteristics

Characteristics level Low PDLI High PDLI P

n 109 107

Age <49 years 59 (54.1) 52 (48.6) 0.498
>49 years 50 (45.9) 55 (51.4)

BMI <2393 54 (49.5) 54 (50.5) 1.000
>23.93 55 (50.5) 53 (49.5)

Family history No 100 (91.7) 92 (86.0) 0.258
Yes 9 (83) 15 (14.0)

Basic diseases No 101 (92.7) 96 (89.7) 0.601
Yes 8(7.3) Il (10.3)

Menarche age <15 years 69 (63.3) 58 (54.2) 0.223
>15 years 40 (36.7) 49 (45.8)

Menopause No 65 (59.6) 59 (55.1) 0.596
Yes 44 (40.4) 48 (44.9)

Primary tumor site Upper outer quadrant 76 (69.7) 67 (62.6) 0.260
Lower outer quadrant 9 (8.3) 14 (13.1)
Lower inner quadrant 3(2.8) 8 (7.5)
Upper inner quadrant 13 (11.9) 14 (13.1)
Central 8 (7.3) 4 (3.7)

Operative time <80 min 57 (52.3) 58 (54.2) 0.885
>80 min 52 (47.7) 49 (45.8)

Type of surgery Mastectomy 107 (98.2) 106 (99.1) 1.000
Breast-conserving surgery 2 (1.8) 1 (0.9)

Tumor size <2cm 42 (38.5) 45 (42.1) 0.429
>2 and £5cm 60 (55.0) 59 (55.1)
>5cm 7 (6.4) 3(28)

Total lymph nodes <20 58 (53.2) 50 (46.7) 0414
>20 51 (46.8) 57 (53.3)

Positive lymph nodes <8 67 (61.5) 50 (46.7) 0.042
>8 42 (38.5) 57 (53.3)

Total axillary lymph nodes <17 57 (52.3) 52 (48.6) 0.684
>17 52 (47.7) 55 (51.4)

Positive axillary lymph nodes <7 66 (60.6) 48 (44.9) 0.030
>7 43 (39.4) 59 (55.1)

Postoperative chemotherapy No 9 (83) 547 0.428
Yes 100 (91.7) 102 (95.3)

Postoperative radiotherapy No 59 (54.1) 42 (39.3) 0.040
Yes 50 (45.9) 65 (60.7)

Postoperative endocrine therapy | No 98 (89.9) 93 (86.9) 0.635
Yes I (10.1) 14 (13.1)

Postoperative targeted therapy No 101 (92.7) 96 (89.7) 0.601
Yes 8(7.3) Il (10.3)

Abbreviation: BMI, Body mass index.

73.0% (95% CI: 0.646-0.825), and 97.1% (95% CI: 0.940—-1.000); 91.0% (95% CI: 0.855-0.968), 77.4% (95% CI: 0.695—

0.862), respectively (Figure 3).

Nomogram Conducted

According to the multivariate analysis, the menarche age, D-D, Hb, total lymph nodes, PDL1 were considered as potential
prognostic factors affecting DFS and OS. And the nomogram was used to predict 1-, 3-, and 5-year DFS and OS probability
(Figure 4). Moreover, the probability of 1-, 3-, and 5-year DFS and OS was predicted with a C-index of 0.828 (95% CI:
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Table 3 Association PDLI Expression with the Patients’ Pathology Parameters

Parameters Level Low PDLI High PDLI P
n 109 107
ER 0-25% 54 (49.5) 52 (48.6) 0.195
26-50% 8(7.3) 4 (3.7)
51-75% 9 (8.3) 18 (16.8)
76-100% 38 (34.9) 33 (30.8)
PR 0-25% 72 (66.1) 66 (61.7) 0.909
26-50% 8 (7.3) 9 (84)
51-75% 12 (11.0) 12 (11.2)
76-100% 17 (15.6) 20 (18.7)
HER2 Negative 75 (68.8) 67 (62.6) 0.415
Positive 34 (31.2) 40 (37.4)
Ki67 0-25% 56 (51.4) 67 (62.6) 0.120
26-50% 36 (33.0) 32 (29.9)
51-75% 14 (12.8) 8 (7.5)
76-100% 3(28) 0 (0.0
CK5/6 Negative 80 (73.4) 93 (86.9) 0.020
Positive 29 (26.6) 14 (13.1)
Lymph vessel invasion | Negative 99 (90.8) 98 (91.6) 1.000
Positive 10 (9.2) 9 (84)
Histologic grade | 3(28) 2 (1.9) 0.104
Il 75 (68.8) 87 (81.3)
n 31 (28.4) 18 (16.8)

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER2, Human Epidermal
Growth Factor Receptor 2; Cytokeratin 5/6, CK5/6.

Table 4 Association PDLI Expression with the Nutritional and
Blood Parameters

n Level Low PDLI | High PDLI p
109 107

CAIS3 <12.05 ng/mL 63 (57.8) 45 (42.1) 0.029
>12.05 ng/mL 46 (42.2) 62 (57.9)

CEA <1.83 ng/mL 57 (52.3) 52 (48.6) 0.684
>1.83 ng/mL 52 (47.7) 55 (51.4)

DD <0.16 mg/L 52 (47.7) 56 (52.3) 0.586
>0.16 mg/L 57 (52.3) 51 (47.7)

FBG <2.79 g/lL 59 (54.1) 51 (47.7) 0416
>2.79 g/lL 50 (45.9) 56 (52.3)

Neu <3.76 57 (52.3) 51 (47.7) 0.586
>3.76 52 (47.7) 56 (52.3)

L <1.95 54 (49.5) 55 (51.4) 0.891
>1.95 55 (50.5) 52 (48.6)

Mono <0.44 55 (50.5) 56 (52.3) 0.889
>0.44 54 (49.5) 51 (47.7)

Hb <136g/L 54 (49.5) 54 (50.5) 1.000
>|36g/L 55 (50.5) 53 (49.5)

Abbreviations: CAI53, Cancer antigen 153; CEA, Carcinoembryonic antigen; DD,
D-Dimer; FBG, Fibrinogen; Neu, Neutrophils; L, Lymphocyte; Mono, Monocyte, Hb,
Hemoglobin.
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Table 5 Univariate and Multivariate Analyses for Disease Free Survival (DFS) and Overall Survival (OS)

Parameters Level DFS os
Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis
Hazard Ratio P Hazard Ratio P Hazard Ratio P Hazard Ratio P
(95% CI) (95% ClI) (95% ClI) (95% ClI)

Age <49 vs >49 0.328 (0.682-1.709) 0.743 0.465 (0.705-1.765) 0.642

Marital status Married vs Unmarried 0.323 (0.192-9.983) 0.747 0.344 (0.196—10.200) 0.731

BMI <23.93 vs >23.93 0.386 (0.692-1.732) 0.699 0.155 (0.655-1.641) 0.877

Family history No vs Yes 0.611 (0.618-2.500) 0.541 0.272 (0.548-2.215) 0.785

Basic diseases No vs Yes 1.459 (0.744-7.513) 0.145 1.436 (0.734-7.410) 0.151

Menarche age <15vs >15 2.329 (1.090-2.733) 0.020 2.496 (1.523-4.091) 0.020 2.118 (1.038-2.602) 0.034 1.761 (1.061-2.923) 0.009
Menopause No vs Yes 0.238 (0.665-1.683) 0.812 0.282 (0.672—-1.700) 0.778

ALB <45 vs >45 0.607 (0.727-1.830) 0.544 0.606 (0.727-1.830) 0.545

CAI53 <12.05 vs >12.05 1.101 (0.816-2.060) 0.271 1.059 (0.808-2.041) 0.290

CEA <1.83 vs >1.83 0.236 (0.668-1.673) 0.814 0.443 (0.701-1.756) 0.658

DD <0.16 vs >0.16 2.302 (1.085-2.778) 0.021 1.782 (1.088-2.918) 0.022 2.313 (1.088-2.786) 0.021 1.741 (1.061-2.855) 0.028
FBG <2.79 vs >2.79 0.186 (0.659-1.655) 0.853 0.329 (0.682-1.713) 0.742

WBC <6.38 vs >6.38 0.088 (0.645-1.615) 0.930 0.041 (0.638-1.598) 0.967

RBC <4.44 vs >4.44 1.620 (0.922-2.359) 0.105 1.708 (0.941-2.411) 0.088

Hb <136 vs >136 2.009 (1.012-2.587) 0.044 1.689 (1.049-2.719) 0.031 2.112 (1.037-2.653) 0.035 1.845 (1.134-3.003) 0.014
Neu <3.76 vs >3.76 1.364 (0.868-2.198) 0.173 1.376 (0.871-2.205) 0.169

L <1.95 vs >1.95 1.285 (0.852-2.157) 0.199 1.133 (0.8221-2.080) 0.257

Mono <0.44 vs >0.44 0.553 (0.719-1.802) 0.581 0.534 (0.716-1.793) 0.593

P <243 vs >243 0.118 (0.650-1.627) 0.906 0.247 (0.670-1.677) 0.805

US Primary tumor site Upper outer quadrant vs Lower outer 0.278 (0.856—1.229) 0.781 0.106 (0.843-1.209) 0.915

quadrant vs Lower inner quadrant vs
Upper inner quadrant vs Centrals
Operative time <80 vs >80 0.829 (0.767-1.921) 0.407 0.797 (0.762-1.907) 0.426
Type of surgery Mastectomy vs Breast-conserving 1.384 (0.112-17.094) 0.800 1.202 (0.100-14.507) 0.885
surgery

Tumor size <2 vs >2 and <5 vs >5 0.714 (0.769-1.759) 0.476 0.834 (0.784-1.828) 0.404

Histologic grade Ivs Il vs Il 1.488 (0.891-2.322) 0.137 1.437 (0.882-2.265) 0.151

Total lymph nodes <20 vs >20 2.281 (1.080-2.761) 0.023 2.150 (1.302-3.552) 0.003 2.477 (1.132-2.895) 0.013 2.257 (1.360-3.746) 0.002
Positive lymph nodes <8 vs >8 1.956 (0.999-2.513) 0.050 1.725 (0.946-2.380) 0.085
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Molecular subtype

E-cad

P53

Postoperative
chemotherapy
Postoperative
radiotherapy
Postoperative
endocrine therapy
Postoperative targeted
therapy

PDLI

Luminal A vs Luminal B vs HER2 enriched
vs Triple negative
Negative vs Positive
Negative vs Positive
No vs Yes
No vs Yes
No vs Yes

No vs Yes

Low vs High

1.057 (0.927—1.287)
0.863 (0.626-3.333)
0.696 (0.744—1.863)
1.777 (0.930—4.425)
1215 (0.840-2.104)
0.154 (0.540-2.057)

0.165 (0.464-2.479)

2461 (1.129-2.922)

0.290

0.388

0.486

0.076

0.224

0.877

0.869

0.014

2.640 (1.552-4.490)

0.002

0.974 (0.921-1.278)
1135 (0.703-3.743)
0.612 (0.729-1.826)
1.837 (0.952-4.537)
1247 (0.846-2.119)
0.135 (0.537-2.042)

0.467 (0.529-2.818)

2.510 (1.143-2.957)

0.330

0.256

0.541

0.066

0.212

0.893

0.640

0.012

2.537 (1.498-4.297)

0.002

Abbreviations: BMI, Body mass index; ALB, albumin; CA153, Cancer antigen |153; CEA, Carcinoembryonic antigen; DD, D-Dimer; FBG, Fibrinogen; WBC, White blood cell; RBC, Red blood cell; Hb, Hemoglobin; Neu, Neutrophils; L,
Lymphocyte; Mono, Monocyte; P, Platelet; E-cad, E-cadherin.
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Figure 2 Forest plot of multivariate analyses. (A) Multivariate analyse for DFS, (B) multivariate analyse for OS.

0.774-0.881). Furthermore, the calibration curve has shown that the prediction line was in good agreement with the reference
line for postoperative 1-, 3-, and 5-year DFS and OS, and was performed well for the current nomogram (Figure 5).

Predictive Accuracy by Decision Curve Analysis (DCA)

The DCA was used to compare the clinical applicability and effectiveness of the 3- and 5-year DFS and OS nomogram
(including menarche age, D-D, Hb, total lymph nodes, PDL1) with that of the PDL1. The DCA curve has shown that the
3- and 5-year DFS and OS by nomogram had so much better divination of the predictive clinical application than by
PDL1 (Figure 6).

Discussion

The incidence rate of breast cancer continues to rise, and effective prevention of breast cancer is essential to reduce the
overall impact of this disease.'® Identifying high-risk populations through risk prediction and early intervention can help
reduce the incidence rate of patients and reduce the burden of social pressure.?’ Though the current curative treatment has
led to notable improvement in treatment efficiency and survival time of breast cancer, the ABC (stage III) and metastatic

breast cancer (MBC) are still short of effective treatments.?'~*>

The PDLI Has Potential as a Prognostic Indicator in Cancer

PDL1 is thought to express an inhibitory signal that prohibits the antitumor killing activity of T cells in the process of
cancer development and has indicated relationship with survival outcomes in many of cancers.”*** The blocking-up
PDLI1 furnishes a new manoeuvre for tumor immunotherapy.”> In Deng M and their colleges’ study, PDLI expression in
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Figure 3 Kaplan—Meier curves for disease free survival (DFS) and overall survival (OS) by PDLI protein expression in tumor cells. (A) Kaplan—-Meier curves for DFS, (B)

Kaplan—Meier curves for OS.

tumor tissues was related to the poor OS in intrahepatic cholangiocarcinoma (ICC) specimens, and the CD8+ T-cells are
associated with the poor DFS and OS.?® Other study has shown that the biological behavior of NSCLC was more
aggressive, and the survival expectancy time was shorter in NSCLC with high PDL1 expression.”” Another study

indicated that the PDL1 expression in breast and their matched distant metastases might gain better survival.*® In Zong

L’s study, the results performed that the PDL1 expression in tumor cells (TCs) and immune cells (ICs) was different, and

the individual assessment of PDL1 in these different cells seems to be more relevant to selecting patients eligible in

endometrial cancer patient’s immunotherapy.”’ Despite the trend that PDLI expression in tumor cell seems to predict
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Figure 4 Nomograms conducted by PDLI for determining disease free survival (DFS) and overall survival (OS) in stage Il breast cancer. (A) Nomogram conducted by
PDLI for determining DFS, (B) nomogram conducted by PDLI for determining OS.

Nomogram-Predicted Probabiity of 1-year DFS.
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=l

Actual 1-year OS (proportion)
L

NomogramPredicted Probabily o 1.year OS. NomogramPredicted Probabily of 3.year OS. Nomogram Predicted Probabilty of 5-year OS.

Figure 5 Calibration curves for predicting |-, 3-, and 5-year disease free survival (DFS) and overall survival (OS) rate in stage lll breast cancer. (A) Calibration curves for
predicting |-year DFS, (B) calibration curves for predicting 3-year DFS, (C) calibration curves for predicting 5-year DFS, (D) calibration curves for predicting |-year OS, (E)
calibration curves for predicting 3-year OS, (F) calibration curves for predicting 5-year OS.

prognosis in various cancer, the relationship between stage III BC and PDLI remains not known.”*?° Hence, the
expression of PDL1 in stage III BC tissues and its significance was analyzed in the current study.

The Role of PDLI Expression and Its Correlation with Clinical Outcomes

As one of the immune regulatory marker, PDL1 represents the tumor microenvironment and is thought to reflect the immune
function change during cancer development and progression.>*>' Thus far, the role of PDLI expression and its correlation with
clinical outcomes remain considerable controversy. There were reports about the role of increased PDL1 expression related to
aggressive clinical behavior or poor prognosis in malignant tumors or breast cancer.’”>* For instance, HHLA2/PDLI
co-expression had an unfavorable impact on the prognoses of patients with ccRCC.* In soft-tissue sarcomas (STS), the
expression of PDL1 refined the prediction of metastatic relapse, and the PDL1 blockade holds the potential to improve patient
survival.** Another study also indicated that the positive expression of PDL1 by IHC was related to worse OS in MPM patients.**
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Figure 6 Decision curve analysis (DCA) for evaluating the nomogram and only PDLI to predict disease free survival (DFS) and overall survival (OS) in stage Ill breast
cancer. (A) DCA for evaluating the nomogram and only PDLI to predict 3-year DFS, (B) DCA for evaluating the nomogram and only PDLI to predict 5-year DFS, (C) DCA
for evaluating the nomogram and only PDLI to predict 3-year OS, (D) DCA for evaluating the nomogram and only PDLI to predict 5-year OS.

However, some reports indicated that increased PDL1 expression is associated with favorable outcomes in solid cancers and
shows no difference with our analysis.>>>” For example, PDL1 expression could improve the prognosis of adrenocortical
carcinomas (ACCs), and high PDL1 expression was related to longer DFS.** One study showed that PDL1 expression in cancer
cells was an independent factor of favorable outcome in esophagogastric junction (AEG) and could improve DFS and 0S.*° In
one study of HER2-positive invasive breast cancer, PDL1 expression might predict a better outcome in this subtype breast cancer
managed with HER2-blocking therapy and conventional chemotherapy.®” The divergence may stem from the heterogeneous
components of various solid tumors in different studies, and the different definitions of PDL1 condition in every study may also
have affected the contradictory results of previous reports. In addition, the different molecular characteristics and carcinogenic
mechanisms between BC subtypes or other types of cancers may affect the role of PDL1, and the PDL1 may have relatively
diverse roles among many cancers and different BC subtypes.®’® Furthermore, PDL1 can be expressed on different cell types,
and the presence of PDLI in tumor microenvironment looks like to state clearly an immune resistance to antineoplastic
activity.>*

To our knowledge, the PDL1 expression in stage III BC tissues and its association with different BC subtypes was
investigated rarely.*' In the current study, low PDL1 expression was related to poor survival outcomes in stage 111 BC.
This is attributed to the fact that PDL1 expression in tumor cells. In Chen’s study, they performed that low PD-L1
protein expression was associated with significantly worse prognoses and shorter DFS and OS in breast cancer
patients, and the protein expression of PDL1 was found to be a significant prognostic factor for patients who received
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neoadjuvant chemotherapy.*? The results of this study were basically consistent with ours. Their enrolled patients
were received neoadjuvant chemotherapy; however, our enrolled patients were stage III breast cancer without under-
going adjuvant therapy. We also observed that the expression of PDL1 varies among different molecular subtypes. In
median-positive or strongly positive expression of PDLI1, the PDL1 expression was highest in TNBC (26.6%),
followed by Luminal B HER2 (-) subtype (25.7%), Luminal B HER2 (+) subtype (16.5%), Luminal A subtype
(16.5%), and then HER2 enriched subtype (14.7%). While in median-positive or strongly positive expression of
PDLI, the PDL1 expression was highest in HER2 enriched subtype (22.4%), Luminal B HER2 negative subtype
(22.4%), followed by triple negative breast cancer (20.6%), Luminal A subtype (19.6%), and then Luminal B HER2
positive subtype (15.0%). Unluckily, this discrepancy among these subtypes was not statistically significant. In Gupta
A’ study, they also found that no significant association was observed between PDL1 and molecular subtypes of breast
carcinoma.*’

In our study, the univariate and multivariable analysis indicated that PDL1 was an independent prognostic factor for stage
111 BC prognosis. According to the multivariable analysis, we constructed the nomogram based on the independent prognostic
factors, including menarche age, D-D, Hb, total lymph nodes, and PDL1, to determine the lifetime in stage III BC. The
calibration plots for postoperative 1-, 3-, and 5-year DFS and OS indicated that PDL1-based nomogram predictions were
basically accorded with actual observations. Furthermore, the DCA curves showed that PDL1 score-based nomogram offered
prognostic assessment of 3- and 5-year DFS and OS had so much better divination of the clinical application. Therefore, PDL1
might be considered a good biomarker to indicate the prognosis of stage III BC. The constructed nomogram might be used to
evaluate and predict the survival of stage 111 BC.

Limitations

There were some limitations which should be considered and counted during the interpretation of our results. Firstly, the
utmost limitation of this study is the small sample size with the retrospective nature of the study, and the enrolled samples
determined are the primary resection specimens. Despite this limitation, this study relies on a single PDLI1 antibody
clone, the PDL1 expressing cells and the cutoff values are different via using these antibodies. Additionally, the patients
with stage I1I BC are enrolled and may affect the influence of PDL1 expression on prognosis. Finally, this study does not
provide information to determine the predictive value of the efficacy of anti-PDL1 immunotherapy.

Clinically Relevant Conclusions

In conclusion, we demonstrated the comprehensive analysis of the role of PDLI in stage III BC. We found that PDL1
was a potential prognostic factor in stage III BC. The expression of PDL1 was strongly correlated with the prognosis of
stage III BC patients. PDL1 expression in tumor tissues is significantly related to a better DFS and OS rate in stage
III BC. The PDL1-based nomogram model we established correctly evaluated the prognosis of stage III BC patients with
C-index of 0.828. These findings provided new insights into the relationship between PDL1 and stage III BC and also
provided a novel model to predict the survival rate of stage III BC. For the further application of PDL1-based nomogram
model in cancer management, we recommend the following:

Predictive Diagnostics

Patients with high expression of PDL1 showed longer DFS and OS compared to those with low expression of PDL1, and
PDL1 high expression is dramatically related to better prognosis. It is suggested that PDL1 can be used for predictive
diagnosis of breast cancer.

Targeted Prevention

The abnormal expression of PDL1 affects the response rate of immunotherapy. The PDL1 expression in breast cancer
may become a basis for tumor immunotherapy. Hence, the PDL1 expression may help us to identify the high-risk
populations for targeted prevention and further provide immunotherapy strategies by interfering with the function of
PDLI.
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