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Objective: To evaluate the clinical prognostic significance of preoperative serum hypersen-
sitive-c-reactive-protein (Hs-CRP) to albumin ratio (CAR) in patients with luminal
B subtype breast cancer.

Methods: A total of 199 patients with luminal B subtype breast cancer enrolled in this study
were analyzed retrospectively. The optimal cutoff value of CAR was performed by the
receiver operating characteristic curve (ROC). The associations between luminal B subtype
breast cancer and clinicopathological variables by CAR were performed by chi-square test.
Kaplan—Meier and log rank method were used for survival analysis. The independent
prognostic factors were determined by univariate and multivariate Cox’s proportional
hazards regression model.

Results: The patients were divided into low CAR group (CAR<0.044) and high CAR group
(CAR>0.044) by ROC. CAR was the independent factor by univariate and multivariate
analysis, and the mean DFS and OS in the low CAR group survived longer than those in
the high CAR group (p<0.05). According to the endocrine therapy with aromatase inhibitors,
the mean survival time of DFS and OS in the low CAR group was significantly higher than
that in the high CAR group (p<0.05). Moreover, patients with pathological I+II stage
survived longer than those with pathological III stage, and the mean survival time of DFS
and OS in the low CAR group was significantly higher than that in the high CAR group
(p<0.05). Patients without lymph vessel invasion survived longer than those with lymph
vessel invasion (p<0.05), and the mean survival time of DFS and OS in low the CAR group
was significantly higher than that in the high CAR group (p<0.05).

Conclusion: Preoperative CAR was significantly associated with survival and prognosis of
breast cancer, and it can be used as a routine prognostic indicator to predict the prognosis of
luminal B subtype breast cancer.

Keywords: hypersensitive-c-reactive-proteins, Hs-CRP, albumin, ALB, breast cancer,
prognosis

Introduction

Breast cancer is a disease with multi-gene involvement, multi-stage pathological
changes and development, and long-term effects of many factors.' It is the most
common malignancy in females, and the incidence and mortality rate are rising
rapidly; it is also the leading cause of cancer deaths all over the world.? According
to the global cancer statistics in 2020, about 19.3 million cases were diagnosed with
new cancers, and 10 million cases died; breast cancer has surpassed lung cancer as
the most common malignant tumor, with 2.3 million new cases and 680,000 deaths
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due to breast cancer” According to data from cancer
centers in China, there are 270,000 new cases of breast
cancer and 70,000 deaths due to breast cancer; and the
incidence and mortality rates in cities are higher than in
the countryside.> Hormone receptor positive breast cancer
is the most common type in breast cancer molecular type,
accounting for about 70-75%; endocrine therapy is the
main adjuvant treatment for this subtype, and can reduce
the mortality by 25-30%." Moreover, the luminal
B subtype breast cancer mainly includes two types: 1)
HER2 positive, ER/PR positive, Ki-67 in any condition; 2)
HER2 negative, ER/PR positive, Ki-67 high or PR low
expression.” Endocrine therapy usually lasts for a long
time; however, these patients will appear drug
resistant or experience other side effects. Tumor associated
inflammatory response (TAIR) has attracted much atten-
tion in the occurrence, development and treatment of
malignant tumors.®’” C-reactive protein (CRP) is an acute
phase reaction protein synthesized by liver, and plays an
important role in the occurrence and development of
inflammatory reaction, and acts an inflammatory marker.®
Nevertheless, hypersensitive-c-reactive protein (Hs-CRP)
can be used to detect the low concentration of CRP by
hypersensitive detection technology, and is a sensitive
marker of inflammation.’ Albumin (ALB) is an important
indicator of the nutritional state of the body, and low
concentration of ALB can destroy the immune system
and inhibit the cellular immune function. Moreover, hypo-
proteinemia is a reliable indicator to reflect the malignant
liquid and malnutrition of malignant tumors.'® Some stu-
dies have shown that the preoperative serum Hs-CRP to
albumin ratio (CAR) is associated with the prognosis of
tumors; however, there are few studies on breast
cancer.'"'? The aim of this study was to explore the
predictive value and clinical significance of CAR for
luminal B breast cancer, and provide some reference for

the treatment of luminal B breast cancer.

Materials and Methods

Patients

A total of 199 patients with luminal B subtype breast
cancer between January 2011 and December 2015 from
Bayan Nur Hospital were enrolled into this study. All
enrolled patients were diagnosed by histopathology and
analyzed retrospectively. This retrospective study received
approval from Institutional Review Board of Bayan Nur
Hospital and was performed in accordance with the

Declaration of Helsinki. All patients signed informed con-
sent forms. All treatments were carried out according to
relevant guidelines and regulations.

Inclusion Criteria and Exclusion Criteria
The inclusion criteria of this study were as follows: 1)
patients were confirmed by histopathology, and classified
as luminal B subtype breast cancer; 2) ECOG <2 scores
and KPS >70 scores, and can bear the risk of the treat-
ment; and 3) patients with complete clinical, pathological,
and follow-up data. The exclusion criteria of this study
were as follows: 1) patients diagnosed with unresectable or
metastatic breast cancer or with other malignant tumors by
imaging or pathological methods; 2) patients with acute or
chronic infection; 3) patients receiving anti-tumor therapy,
such as chemoradiotherapy, targeted therapy, immunother-
apy, and so forth; and 4) the clinicopathological and fol-
low-up information were incomplete.

Patients with Endocrine Therapy

Endocrine therapy is the main adjuvant treatment for hor-
mone receptor positive breast cancer, and mainly
includes:'*'* 1) selective estrogen receptor modulator
(SERM), such as tamoxifen and toremifene; 2) aromatase
inhibitors (Als), such as letrozole, anastrozole, and exe-
mestane; and 3) estrogen receptor antagonist, such as
fulvestrant. All enrolled patients received endocrine ther-

apy after operation.

Follow Up

All patients were regularly followed up after operation.
And the patients were reexamined every three months in
the first two years, every six months in the third to fifth
years; and then every year. Disease-free survival (DFS)
was defined as the time from surgery to recurrence or
progression. Overall survival (OS) was defined as the
time from surgery to death or last follow up.

Statistical Analysis

All statistical analyses were performed by SPSS Statistics
software 22.0 and GraphPad prism software 8.0. The opti-
mal cutoff value of CAR was performed by the receiver
operating characteristic curve (ROC). The associations
between luminal B subtype breast cancer and clinicopatho-
logical variables by CAR were performed by Chi-square
test. The Kaplan—-Meier method and Log rank test were
constructed to determine the DFS and OS, and the survival
curve. The hazard ratio (HR) and 95% confidence interval
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(CI) for the risk of recurrence were associated with the
DFS. The independent factors were performed by univari-
ate and multivariate Cox proportional hazard regression
analyses. A two-tailed p<0.05 was considered to indicate
statistical significance.

Results

Baseline Clinicopathologic Characteristics
One hundred and ninety-nine Luminal B subtype breast
cancer patients were enrolled into this study. The optimal
cutoff value of CAR was performed by ROC, and divided
into: low CAR group (CAR<0.044) and high CAR group
(CAR>0.044). All patients were females, and the mean age
was 48 years, and with the range from 25 years to 72 years.
The histologic type included ductal carcinoma and lobular
carcinoma, respectively. The baseline clinicopathological
characteristics are listed in Table 1. Comparing the two
groups, there were significant differences in age (p<0.001),
BMI (p<0.001), menopause (p<0.001), type of surgery
(p=0.001), and tumor size (p=0.001), respectively (Table 1).

Relationship Between CAR and
Pathological Data in Luminal B Breast

Cancer

In our study, 156 patients received total mastectomy and
43 patients received breast-conserving surgery. Comparing
the two groups, there were significant differences in patho-
logical T stage (p=0.020), pathological TNM stage
(p=0.030), CK (p=0.013),
(p<0.001), and neural invasion (p=0.045), respectively
(Table 2).

lymph vessel invasion

Associations Between CAR and

Inflammation or Nutritional Indexes

The blood parameters were obtained before operation.
Comparing the two groups, there were significant differ-
ences in ALT (p<0.001), AST (p<0.001), CEA (p<0.001),
and FIB (p=0.003), respectively (Table 3).

Univariate and Multivariate Analysis

We analyzed the independent factors, and the univariate
and multivariate analysis revealed that age, family history,
menopause, CAR, CA153, neutrophil, pathological TNM
stage, total lymph nodes, ER, HER2, lymph vessel inva-
sion, post-chemotherapy were the prognostic factors for
DFS (Table 4) and OS (Table 5).

Survival and Prognosis

In this study, the mean DFS and OS were 45.68 and 71.75
months, respectively. According to the univariate and mul-
tivariate analysis, CAR was the prognostic factor on DFS
(p=0.005, HR: 2.836, 95% CI: 1.093-8.099; p=0.008, HR:
4.346, 95% CI. 1.477-12.786, respectively) and OS
(p=0.002, HR: 2.009, 95% CI: 1.283-3.148; p=0.004,
HR: 1.874, 95% CI: 1.226-2.864, respectively). In the
low CAR group, the mean DFS and OS were 49.25 and
73.91 months, respectively. In the high CAR group, the
mean DFS and OS were 41.77 and 66.20 months, respec-
tively. Compared with the high CAR group, the mean DFS
and OS in the low CAR group were survival longer
(*=8.788, p=0.003; »*=7.426, p=0.006, respectively)
(Figure 1).

Endocrine Therapy After Operation

In this study, all patients were receiving endocrine therapy
after operation. We defined the patients who received
tamoxifen and toremifene as A group (60 cases), who
received letrozole, anastrozole, and exemestane as
B group (101 cases), and who received fulvestrant as
C group (38 cases), respectively. In A group, the mean
DFS and OS were 52.67 and 74.89 months in the low
CAR group, and the mean DFS and OS were 41.77 and
70.97 months in the high CAR group, respectively.
Compared with the high CAR group, the mean DFS and
OS in the low CAR group were survival longer, and with
no significant difference (p>0.05). In B group, the mean
DFS and OS were 52.43 and 72.30 months in the low
CAR group, and the mean DFS and OS were 49.92 and
64.55 months in the high CAR group, respectively.
Compared with the high CAR group, the mean DFS and
OS in the low CAR group were survival longer, and with
significant difference (p<0.05). In C group, the mean DFS
and OS were 42.03 and 63.44 months in the low CAR
group, and the mean DFS and OS were 16.59 and 61.82
months in the high CAR group, respectively. Compared
with the high CAR group, the mean DFS and OS in the
low CAR group were survival longer, and with no signifi-

cant difference (p>0.05) (Figure 2).

Associations Between CAR and
Pathological TNM Stage
According to the univariate and multivariate analysis,

pathological TNM stage was the prognostic factor on
DFS (p=0.037, HR: 4.013, 95% CI: 1.182-23.065;
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Table | Baseline Clinicopathological Characteristics

Parameters Low CAR<0.044 High CAR>0.044 7 p-value

Cases (n) 164 104 95

Age (years) 16.199 <0.001
<48 103 68 35
248 96 36 60

BMI 27.978 <0.001
<24.66 116 79 37
224.66 83 25 58

Family history 0.531 0.466
No 139 75 64
Yes 60 29 31

Menopause 14.824 <0.001
No 16 74 42
Yes 83 30 53

Type of surgery 10.794 0.001
Mastectomy 156 72 84
Breast-conserving surgery 43 32 I

Tumor size 13.638 0.001
<2cm 100 62 38
>2 and <5cm 84 40 44
25cm 15 2 13

Histologic type 3.142 0.076
Ductal 193 103 90
Lobular 6 | 5

Histologic grade 5.299 0.071
[ 22 15 7
Il 121 66 55
1] 56 23 33

Post-chemotherapy 0.565 0.452
Yes 133 72 6l
No 66 32 34

Post-radiotherapy 2.324 0.127
Yes 152 84 68
No 47 20 27

Post-endocrine therapy 0.752 0.386
Yes 170 9l 79
No 29 13 16

p=0.022, HR: 2.485, 95% CI: 1.138-5.425, respectively)
and OS (p=0.006, HR: 11.698, 95% CI: 2.045-66.917,;
p=0.007, HR: 4.415, 95% CI: 1.510-12.909, respectively).
In this study, 115 cases were diagnosed with pathological I
+II stage and 84 cases were diagnosed with pathological
I11 stage, respectively. Patients with pathological I+1I stage
survived longer than those with pathological III stage

(p=0.028 and p=0.019, respectively). In pathological I+II
stage, patients with low CAR survived longer than those
with high CAR, and with no significant difference
(p=0.125 and p=0.190, respectively). In pathological III
stage, patients with low CAR survived longer than those
with high CAR, and with significant difference (p=0.019
and p=0.026, respectively) (Figure 3).
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Table 2 Relationship Between CAR and Pathological Data in Luminal B Breast Cancer

Parameters Low CAR<0.044 High CAR>0.044 x2 p-value
Cases (n) 164 104 95
Pathological T stage 11.690 0.020
Tl 88 54 34
T2 9l 46 45
T3 13 2 I
T4 7 2 5
Pathological N stage 4.653 0.325
NO 73 44 29
NI 48 26 22
N2 36 17 19
N3 42 17 25
Pathological TNM stage 7.033 0.030
| 53 35 18
1l 62 33 29
1] 84 36 48
Total lymph nodes 3.114 0.078
<22 101 59 42
222 98 45 53
Positive lymph nodes 2.741 0.098
<5 133 75 58
=5 66 29 37
ER status 0.026 0.871
Negative 12 6 6
Positive 187 98 89
PR status 1.188 0.276
Negative 26 11 15
Positive 173 93 80
HER?2 status 1.820 0.177
Negative (0--++) 147 8l 66
Positive (+++) 52 23 29
Ki-67 status 2.726 0.099
Negative (<14%) 39 25 14
Positive (>14%) 160 79 8l
CK status 6.150 0.013
Negative 182 100 82
Positive 17 4 13
E-cad status 0.661 0416
Negative 80 39 41
Positive 19 65 54
EGFR status 0.443 0.506
Negative 169 90 79
Positive 30 14 16
(Continued)
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Table 2 (Continued).

Parameters Low CAR<0.044 High CAR>0.044 x2 p-value
P53 status 0.766 0.381
Negative 86 48 38
Positive 113 56 57
Lymph vessel invasion 12.001 <0.001
Negative 133 8l 52
Positive 66 23 43
Neural invasion 4.008 0.045
Negative 166 92 74
Positive 33 12 21

Associations Between CAR and Lymph

Vessel Invasion

According to the univariate and multivariate analysis,
lymph vessel invasion was the prognostic factor on DFS
(p=0.010, HR: 3.860, 95% CI: 1.377-10.821; p=0.001,
HR: 2.025, 95% CI: 1.311-3.127, respectively) and OS
(p=0.003, HR: 5.975, 95% CI: 1.850-19.296; p<0.001,
HR: 3.527, 95% CI: 2.188-5.685, respectively). In this
study, 133 cases were diagnosed with lymph vessel inva-
sion and 66 cases were diagnosed without lymph vessel
invasion, respectively. Patients without lymph vessel inva-
sion survived longer than those with lymph vessel invasion
(p=0.0002 and p<0.001, respectively). In patients without
lymph vessel invasion, patients with low CAR survived
longer than those with high CAR, and with significant
difference (p=0.042 and p=0.041, respectively). In patients
with lymph vessel invasion, patients with low CAR sur-
vived longer than those with high CAR, and with signifi-
cant difference (p=0.035 and p=0.140, respectively)
(Figure 4).

Discussion

The molecular type of breast cancer by the driving gene is
divided into Luminal A type, Luminal B type (HER2
negative), HER2 positive type (HR positive), HER2 nega-
tive type (HR negative), and Triple-negative type; and
about 75% of breast cancers belong to the estrogen recep-
tor positive (ER+) or progesterone receptor positive (PR+)
type.'> Endocrine therapy is an important part of compre-
hensive therapy for HR (+) breast cancer, and can reduce
the risk of recurrence by about 50%. Whether to reduce or
inhibit the growth dependent hormones or their receptors,
endocrine therapy can inhibit the proliferation of tumor
cells; the majority of HR (+) breast cancers can benefit

from this treatment.'® Inflammation is closely related to
tumorigenesis, affecting tumor cell proliferation, cell
invasion and apoptosis, angiogenesis, and inhibiting cell-
mediated immune function.'”'® CRP is a sensitive indica-
tor to reflect the inflammatory state or tissue damage. In
recent years, some studies have shown that CRP has
increased in varying degrees of cancer patients, releasing
inflammatory factors to further aggravate the progress of
tumor, and affecting the prognosis of tumor.'*® CRP is
positively correlated with tumor patients' condition and
recurrence degree of tumor; it can be used to determine
the severity of the disease and tumor invasiveness, and to
guide the treatment of breast cancer in order to improve
the overall survival rate.”'*> Albumin is mainly used for
tissue repair and carrier protein, and to assess organism
metabolism and immunity. Moreover, patients with low
protein will destroy the immune system and inhibit
immune function, and patients with hypoproteinemia will
aggravate the occurrence of tumor cachexia, and make
a worse prognosis.”>** Inflammatory biomarkers, such as
fibrinogen (FIB), interleukin-6 (IL-6), carcinoembryonic
antigen (CEA), neutrophils/lymphocytes ratio (NLR), and
monocytes/lymphocytes (MLR), were used to study the
prognosis of breast cancer.”> >’ CAR has been proven to
be associated with prognosis in many solid tumors, such as
non-small cell lung cancer, pancreatic cancer, and color-
ectal cancer, and was an important prognostic factor.® >’
However, there are few studies on CAR in breast cancer,
especially in HR (+) breast cancer. Therefore, it is of great
significance to study the clinical prognosis of CAR in
luminal B breast cancer.

In this study, 199 luminal B subtype breast cancer
patients were enrolled and analyzed. The optimal cutoff
value of CAR was 0.044 by ROC, and patients with low
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Table 3 Associations Between CAR and Inflammation or Nutritional Indexes

Parameters Low CAR<0.044 High CAR>0.044 x2 p-value

Cases (n) 164 104 95

CRP 2.763 0.096
<1.80 127 72 55
21.80 72 32 40

ALB 0.668 0414
<44.77 94 52 42
244.77 105 52 53

ALT 17.283 <0.001
<20.00 141 87 54
220.00 58 17 41

AST 17.579 <0.001
<20.00 130 82 48
220.00 69 22 47

CEA 15.906 <0.001
<2.35 140 86 54
22.35 59 18 41

CAIl25 0.546 0.460
<19.67 146 74 72
219.67 53 30 23

CAIS53 1.049 0.306
<19.65 155 84 71
219.65 44 20 24

FIB 9.096 0.003
<2.94 106 66 40
22.94 93 38 55

Platelet (P) 1.313 0.252
<247.00 I 54 57
2247.00 88 50 38

Neutrophil (N) 0.001 0.982
<3.92 107 56 51
23.92 92 48 44

Lymphocyte (L) 1.183 0.277
<1.84 103 50 53
>1.84 96 54 42

Monocyte (M) 0.001 0.987
<0.39 113 59 54
20.39 86 45 41

CAR were significantly associated with baseline clinico-
pathological characteristics, such as age, BMI, menopause,
type of surgery, and tumor size. We also analyzed the
relationship between CAR and pathological data, and the
results indicated that low CAR was related to pathological
T stage, pathological TNM stage, CK, lymph vessel

invasion, and neural invasion, respectively. Moreover, the
results also indicated that CAR was associated with ALT,
AST, CEA and FIB, respectively.

At the same moment, the Cox proportional hazard regres-
sion analyses showed that age, family history, menopause,
CAR, CAI153, neutrophil, pathological TNM stage, total
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Table 4 Univariate and Multivariate Analysis of Disease-Free Survival in Luminal B Breast Cancer

Parameters Univariate Analysis Multivariate Analysis
Hazard Ratio (95% CI) p-value Hazard Ratio (95% CI) p-value
Age (<48 vs 248 years) 4.461(1.784-11.160) 0.001 2.393(1.085-5.279) 0.031
Family history (No vs Yes) 11.264(4.078-31.115) <0.0001 2.701(1.5304.770) 0.001
Menopause (No vs Yes) 7.521(2.559-22.101) <0.001 9.577(3.135-29.261) <0.001
CAR (<0.044 vs 20.044) 2.836(1.093-8.099) 0.005 4.346(1.477-12.786) 0.008
CAI53 (<19.65 vs 219.65 U/mL) 2.732(1.155-6.461) 0.022 2.619(1.278-5.369) 0.009
Neutrophil (<3.92 vs 23.92) 1.790(1.134-2.825) 0.012 2.025(1.274-3.217) 0.003
Pathological TNM stage (I+l vs Ill) 4.013(1.182-23.065) 0.037 2.485(1.138-5.425) 0.022
Total lymph nodes (<22 vs 222) 3.062(1.221-7.680) 0.017 3.221(1.528-6.789) 0.002
ER status (Negative vs Positive) 3.969(1.226—-12.850) 0.021 4.489(1.063-8.415) <0.0001
HER?2 status (Negative vs Positive) 4.192(1.466—11.983) 0.007 1.719(1.008-2.932) 0.047
Lymph vessel invasion (Negative vs Positive) 3.860(1.377-10.821) 0.010 2.025(1.311-3.127) 0.001
Post-chemotherapy (No vs Yes) 0.273(0.103-0.724) 0.009 0.296(0.148-0.592) 0.001

Table 5 Univariate and Multivariate Analysis of Overall Survival in Luminal B Breast Cancer

Parameters Univariate Analysis Multivariate Analysis
Hazard Ratio (95% CI) p-value Hazard Ratio (95% CI) p-value
Age (<48 vs 248 years) 11.935(3.626—-39.285) <0.0001 3.965(1.557-10.098) 0.004
Family history (No vs Yes) 11.458(3.716-35.322) <0.0001 2.560(1.450—4.523) 0.001
Menopause (No vs Yes) 3.673(1.539-8.765) 0.003 1.968(1.213-3.194) 0.006
CAR (<0.044 vs 20.044) 2.009(1.283-3.148) 0.002 1.874(1.226-2.864) 0.004
CAI53 (<19.65 vs 219.65 U/mL) 2.208(1.050-4.642) 0.037 1.785(1.105-2.883) 0.018
Neutrophil (<3.92 vs 23.92) 3.284(1.882-12.233) 0.026 1.789(1.137-2.814) 0.012
Pathological TNM stage (I+l vs IIl) 11.698(2.045-66.917) 0.006 4.415(1.510-12.909) 0.007
Total lymph nodes (<22 vs 222) 4.069(1.482—11.172) 0.006 2.610(1.227-5.551) 0.013
ER status (Negative vs Positive) 2.931(1.437-5.978) 0.003 3.350(1.322-8.494) 0.011
HER2 status (Negative vs Positive) 3.746(1.159-12.105) 0.027 2.949(1.401-6.207) 0.004
Lymph vessel invasion (Negative vs Positive) 5.975(1.850-19.296) 0.003 3.527(2.188-5.685) <0.0001
Post-chemotherapy (No vs Yes) 0.248(0.093-0.661) 0.005 0.234(0.111-0.496) <0.001

lymph nodes, ER, HER2, lymph vessel invasion, post-
chemotherapy were the prognostic factors for DFS and OS
with univariate and multivariate analysis. Our results indi-
cated that CAR was the prognostic factor, and the mean DFS
and OS in the low CAR group were survival longer than
those with high CAR. One study by Zhou L showed that 200
patients with non-metastatic breast cancer receiving modified
radical mastectomy used the CAR to predict the prognosis,
and CAR was significantly associated with reduced DFS and
OS, and proved that an increased CRP to albumin ratio was
an independent risk factor for long-term outcome and pre-
dicted reduced DFS and OS.”’

Yubo Liu’s study found that patients with high CRP/
Alb had poor overall survival compared to those with low
CRP/Alb, and CRP/Alb was an independent prognostic

factor for overall survival.>

Endocrine therapy represents an important strategy in
the management of hormone positive breast cancer. And
this treatment was to block the effect of estrogen at the
receptor level or by inhibiting estrogen production.®* In
our study, the results indicated that the mean DFS and OS
in the low CAR group were survival longer than those in
the high CAR group, and with significant difference, espe-
cially in patients receiving letrozole, anastrozole, and exe-
mestane therapy. We also analyzed the relationship
between CAR and pathological TNM stage, and the results
showed that those patients with pathological I+II stage
survived longer than those with pathological III stage,
and patients with low CAR survived longer than those
with high CAR, especially in pathological III stage.

Lymph vessel invasion (LVI) was a pathological deter-
mination and thought to lead to cancer dissemination
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Figure 2 Disease-free survival and overall survival by endocrine therapy in luminal B subtype breast cancer.
through lymphatic vessels, and was related to worse breast cancer staging systems.’’ Our results

features 34,35

pathological and clinical prognosis. In
Hamy’s study, the results showed that LVI is a strong
independent prognostic factor, and associated with
impaired DFS.*® Another study showed that LVI was
strongly associated with both breast cancer-specific survi-
val (BCSS) and distant metastasis-free survival (DMFS),
provided a strong predictor of outcome in patients with

invasive breast cancer and should be incorporated into

indicated that patients without lymph vessel invasion sur-
vived longer than those with lymph vessel invasion, and
patients with low CAR survived longer than those with
high CAR, especially in patients without lymph vessel
invasion.

There are some potential mechanisms to explain the
clinical significance of CAR in breast cancer. CRP increased
the levels of vascular growth factor and interleukin to
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Figure 3 Disease-free survival and overall survival by pathological TNM stage in luminal B subtype breast cancer.
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Figure 4 Disease-free survival and overall survival by lymph vessel invasion in luminal B subtype breast cancer.

accelerate angiogenesis, and combined with integrin in
inflammatory microenvironment to promote tumor cell inva-
sion and metastasis.>*° Moreover, the increased serum CRP
level may indicate the degree of tumor invasion and relate to

treatment resistance and poor prognosis of breast cancer

patients.***! Serum albumin was a common indicator of
nutritional status and related to immune status, and malnutri-
tion and hypoproteinemia were commonly found in cancer
patients.*” Preoperative serum albumin levels were asso-

ciated with the prognosis of breast cancer, and TNF-a
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selectively inhibits ALB gene expression and reduces ALB
level ultimately.> The CAR was a more comprehensive
serum marker that reflected the inflammation and nutritional
status of cancer patients, and identified as a novel promising
prognosis marker. A meta-analysis assessed the CAR in
cancer and indicated that high CAR was related to
increased risk of relapse and mortality in cancer patients.**
Moreover, compared with other inflammation-based prog-
nostic scoring systems, CAR showed more effective prog-
nostic value and more accurate differentiation ability.*’

This study has several limitations. Firstly, this study
was a retrospective study, and selection bias might exist.
Secondly, a small number of patients were included in the
study, and more patients should be enrolled into a study.
Thirdly, this study included many factors that were asso-
ciated with systemic inflammation and nutritional status,
and further comparative studies should determine the best
predictors of prognosis in patients with breast cancer.
Therefore, large-scale, multicenter, and prospective studies
should be conducted to further evaluate the prognostic role
of CAR and determine the high-risk population of breast
cancer patients.

Conclusions

This study showed that CAR was significantly associated
with survival and prognosis, and was an objective, simple,
and economical biomarker that is routinely available from
a routine laboratory blood test. It might be used as
a routine prognostic indicator for preoperative clinical
evaluation, and is helpful to improve the prognosis of
patients with luminal B subtype breast cancer.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Sun YS, Zhao Z, Yang ZN, et al. Risk factors and preventions of breast
cancer. Int J Biol Sci. 2017;13(11):1387-1397. doi:10.7150/ijbs.21635
2. Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2021. CA
Cancer J Clin. 2021;71(1):7-33. doi:10.3322/caac.21654
3. Feng RM, Zong YN, Cao SM, et al. Current cancer situation in China:
good or bad news from the 2018 global cancer statistics? Cancer
Commun (Lond). 2019;39(1):22. doi:10.1186/s40880-019-0368-6
4. AlFakeeh A, Brezden-Masley C. Overcoming endocrine resistance in
hormone receptor-positive breast cancer. Curr Oncol. 2018;25(Suppl
1):S18-S27. doi:10.3747/c0.25.3752
. Ades F, Zardavas D, Bozovic-Spasojevic I, et al. Luminal B breast
cancer: molecular characterization, clinical management, and future
perspectives. J Clin Oncol. 2014;32(25):2794-2803. doi:10.1200/
JCO.2013.54.1870
6. Mantovani A, Allavena P, Sica A, et al. Cancer-related inflammation.
Nature. 2008;454(7203):436-444. doi:10.1038/nature07205

W

7. Del Prete A, Allavena P, Santoro G, et al. Molecular pathways in
cancer-related inflammation. Biochem Med (Zagreb). 2011;21
(3):264-275. doi:10.11613/bm.2011.036

8. Pan HY, Mi YY, Xu K, et al. Association of C-reactive protein (CRP)
rs1205 and rs2808630 variants and risk of cancer. J Cell Physiol.
2020;235(11):8571-8584. doi:10.1002/jcp.29701

9. Price TR, Friedenreich CM, Robson PJ, et al. High-sensitivity
C-reactive protein, hemoglobin Alc and breast cancer risk: a nested
case-control study from Alberta’s Tomorrow Project cohort. Cancer
Causes Control. 2020;31(12):1057-1068. doi:10.1007/s10552-020-
01329-6

10. Usama SM, Park GK, Nomura S, et al. Role of albumin in accumula-
tion and persistence of tumor-seeking cyanine dyes. Bioconjug Chem.
2020;31(2):248-259. doi:10.1021/acs.bioconjchem.9b00771

11. Xu H, Hu L, Wei X, et al. The predictive value of preoperative
high-sensitive C-reactive protein/albumin ratio in systemic inflamma-
tory response syndrome after percutaneous nephrolithotomy.
J Endourol. 2019;33(1):1-8. doi:10.1089/end.2018.0632

12. Hwang JC, Jiang MY, Lu YH, et al. Precedent fluctuation of serum
hs-CRP to albumin ratios and mortality risk of clinically stable
hemodialysis patients. PLoS One. 2015;10(3):¢0120266. doi:10.
1371/journal.pone.0120266

13. Reinert T, Gongalves R, Ellis MJ. Current status of neoadjuvant
endocrine therapy in early stage breast cancer. Curr Treat Options
Oncol. 2018;19(5):23. doi:10.1007/s11864-018-0538-9

14. Bedi JS, Mayo RM, Chen L, et al. Factors associated with longer
endocrine therapy use by South Carolina Medicaid-insured breast
cancer survivors. J Oncol Pharm Pract. 2020;26(1):36-42.
doi:10.1177/1078155219835297

15. Ellingjord-Dale M, Vos L, Tretli S, et al. Parity, hormones and breast
cancer subtypes - results from a large nested case-control study in
a national screening program. Breast Cancer Res. 2017;19(1):10.
doi:10.1186/s13058-016-0798-x

16. Rugo HS. Treatment of early-stage hormone receptor-positive breast
cancer. Clin Adv Hematol Oncol. 2019;17(11):596-599.

17. Singh N, Baby D, Rajguru JP, et al. Inflammation and cancer. Ann Afir
Med. 2019;18(3):121-126. doi:10.4103/aam.aam_56_18

18. Murata M. Inflammation and cancer. Environ Health Prev Med.
2018;23(1):50. doi:10.1186/s12199-018-0740-1

19. Kaur RP, Rubal BRPS, Banipal RPS, et al. Association of elevated
levels of C-reactive protein with breast cancer, breast cancer sub-
types, and poor outcome. Curr Probl Cancer. 2019;43(2):123-129.
doi:10.1016/j.currproblcancer.2018.05.003

20. Hu JJ, Urbanic JJ, Case LD, et al. Association between inflamma-

tory biomarker C-reactive protein and radiotherapy-induced early
adverse skin reactions in a multiracial/ethnic breast cancer
population. J Clin Oncol. 2018;36(24):2473-2482. doi:10.1200/

JCO.2017.77.1790

. Okugawa Y, Toiyama Y, Yamamoto A, et al. Lymphocyte-C-reactive

protein ratio as promising new marker for predicting surgical and

oncological outcomes in colorectal cancer. Ann Surg. 2020;272

(2):342-351. doi:10.1097/SLA.0000000000003239

22. McFarland DC, Shaffer K, Breitbart W, et al. C-reactive protein and
its association with depression in patients receiving treatment for
metastatic lung cancer. Cancer. 2019;125(5):779-787. doi:10.1002/
cncr.31859

23. Datta M, Savage P, Lovato J, et al. Serum calcium, albumin and
tumor stage in cutaneous malignant melanoma. Future Oncol.
2016;12(19):2205-2214. doi:10.2217/fon-2016-0046

24. Gupta D, Lis CG. Pretreatment serum albumin as a predictor of
cancer survival: a systematic review of the epidemiological
literature. Nutr J. 2010;9:69. doi:10.1186/1475-2891-9-69

25. Villasefior A, Flatt SW, Marinac C, et al. Postdiagnosis C-reactive
protein and breast cancer survivorship: findings from the WHEL
study. Cancer Epidemiol Biomarkers Prev. 2014;23(1):189-199.
doi:10.1158/1055-9965.EP1-13-0852

2

—

OncoTargets and Therapy 2021:14

4147

Dove:


https://doi.org/10.7150/ijbs.21635
https://doi.org/10.3322/caac.21654
https://doi.org/10.1186/s40880-019-0368-6
https://doi.org/10.3747/co.25.3752
https://doi.org/10.1200/JCO.2013.54.1870
https://doi.org/10.1200/JCO.2013.54.1870
https://doi.org/10.1038/nature07205
https://doi.org/10.11613/bm.2011.036
https://doi.org/10.1002/jcp.29701
https://doi.org/10.1007/s10552-020-01329-6
https://doi.org/10.1007/s10552-020-01329-6
https://doi.org/10.1021/acs.bioconjchem.9b00771
https://doi.org/10.1089/end.2018.0632
https://doi.org/10.1371/journal.pone.0120266
https://doi.org/10.1371/journal.pone.0120266
https://doi.org/10.1007/s11864-018-0538-9
https://doi.org/10.1177/1078155219835297
https://doi.org/10.1186/s13058-016-0798-x
https://doi.org/10.4103/aam.aam_56_18
https://doi.org/10.1186/s12199-018-0740-1
https://doi.org/10.1016/j.currproblcancer.2018.05.003
https://doi.org/10.1200/JCO.2017.77.1790
https://doi.org/10.1200/JCO.2017.77.1790
https://doi.org/10.1097/SLA.0000000000003239
https://doi.org/10.1002/cncr.31859
https://doi.org/10.1002/cncr.31859
https://doi.org/10.2217/fon-2016-0046
https://doi.org/10.1186/1475-2891-9-69
https://doi.org/10.1158/1055-9965.EPI-13-0852
https://www.dovepress.com
https://www.dovepress.com

Liu

et al

Dove

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Ethier JL, Desautels D, Templeton A, et al. Prognostic role of
neutrophil-to-lymphocyte ratio in breast cancer: a systematic review
and meta-analysis. Breast Cancer Res. 2017;19(1):2. doi:10.1186/
$13058-016-0794-1

Tiainen S, Rilla K, Haméldinen K, et al. The prognostic and pre-
dictive role of the neutrophil-to-lymphocyte ratio and the
monocyte-to-lymphocyte ratio in early breast cancer, especially in
the HER2+ subtype. Breast Cancer Res Treat. 2021;185(1):63-72.
doi:10.1007/s10549-020-05925-7

Ni XF, Wu J, Ji M, et al. Effect of C-reactive protein/albumin ratio on
prognosis in advanced non-small-cell lung cancer. Asia Pac J Clin
Oncol. 2018;14(6):402-409. doi:10.1111/ajco.13055

Ikuta S, Aihara T, Yamanaka N. Preoperative C-reactive protein to
albumin ratio is a predictor of survival after pancreatic resection for
pancreatic ductal adenocarcinoma. Asia Pac J Clin Oncol. 2019;15
(5):e109—e114. doi:10.1111/ajco0.13123

Hashimoto S, Tominaga T, Nonaka T, et al. The C-reactive protein to
albumin ratio predicts postoperative complications in oldest-old
patients with colorectal cancer. Int J Colorectal Dis. 202035
(3):423-431. doi:10.1007/500384-019-03491-z

Zhou L, Ma S, Balde Al et al. A retrospective propensity score matched
study of the preoperative C-reactive protein to albumin ratio and prog-
nosis in patients with resectable non-metastatic breast cancer. Med Sci
Monit. 2019;25:4342-4352. doi:10.12659/MSM.913684

Liu Y, Chen S, Zheng C, et al. The prognostic value of the preopera-
tive c-reactive protein/albumin ratio in ovarian cancer. BMC Cancer.
2017;17(1):285. doi:10.1186/s12885-017-3220-x

Lambertini M, Moore HCF, Leonard RCF, et al. Gonadotropin-
releasing hormone agonists during chemotherapy for preservation of
ovarian function and fertility in premenopausal patients with early
breast cancer: a systematic review and meta-analysis of individual
patient-level data. J Clin  Oncol. 2018;36(19):1981-1990.
doi:10.1200/JCO.2018.78.0858

Asaoka M, Patnaik SK, Zhang F, et al. Lymphovascular invasion in breast
cancer is associated with gene expression signatures of cell proliferation
but not lymphangiogenesis or immune response. Breast Cancer Res Treat.
2020;181(2):309-322. doi:10.1007/s10549-020-05630-5

Zhang S, Zhang D, Gong M, et al. High lymphatic vessel density and
presence of lymphovascular invasion both predict poor prognosis in
breast cancer. BMC Cancer. 2017;17(1):335. doi:10.1186/s12885-
017-3338-x

OncoTargets and Therapy

Publish your work in this journal

OncoTargets and Therapy is an international, peer-reviewed, open
access journal focusing on the pathological basis of all cancers,
potential targets for therapy and treatment protocols employed to
improve the management of cancer patients. The journal also
focuses on the impact of management programs and new therapeutic

Submit your manuscript here: https://www.dovepress.com/oncotargets-and-therapy-journal

37.

38.

39.

40.

4

—_

42.

43.

44,

45.

. Hamy AS, Lam GT, Laas E, et al. Lymphovascular invasion after

neoadjuvant chemotherapy is strongly associated with poor prognosis
in breast carcinoma. Breast Cancer Res Treat. 2018;169(2):295-304.
doi:10.1007/s10549-017-4610-0

Rakha EA, Martin S, Lee AH, et al. The prognostic significance of
lymphovascular invasion in invasive breast carcinoma. Cancer.
2012;118(15):3670-3680. doi:10.1002/cncr.26711

Kim ES, Kim SY, Koh M, et al. C-reactive protein binds to integrin
a2 and Fcy receptor I, leading to breast cell adhesion and breast
cancer progression. Oncogene. 2018;37(1):28-38. doi:10.1038/
onc.2017.298

Kim ES, Cha Y, Ham M, et al. Inflammatory lipid sphingosine-
1-phosphate upregulates C-reactive protein via C/EBPp and potenti-
ates breast cancer progression. Oncogene. 2014;33(27):3583-3593.
doi:10.1038/0nc.2013.319

Frydenberg H, Thune I, Loftered T, et al. Pre-diagnostic
high-sensitive C-reactive protein and breast cancer risk, recurrence,
and survival. Breast Cancer Res Treat. 2016;155(2):345-354.
doi:10.1007/510549-015-3671-1

. LiY, Zhong X, Cheng G, et al. Hs-CRP and all-cause, cardiovascular,

and cancer mortality risk: a meta-analysis. Atherosclerosis.
2017;259:75-82. doi:10.1016/j.atherosclerosis.2017.02.003
Mantzorou M, Koutelidakis A, Theocharis S, et al. Clinical value of
nutritional status in cancer: what is its impact and how it affects
disease progression and prognosis? Nutr Cancer. 2017;69
(8):1151-1176. doi:10.1080/01635581.2017.1367947

Lis CG, Grutsch JF, Vashi PG, et al. Is serum albumin an independent
predictor of survival in patients with breast cancer? JPEN J Parenter
Enteral Nutr. 2003;27(1):10-15. doi:10.1177/014860710302700110
Xu HJ, Ma Y, Deng F, et al. The prognostic value of C-reactive
protein/albumin ratio in human malignancies: an updated
meta-analysis. Onco Targets Ther. 2017;10:3059-3070. doi:10.2147/
OTT.S137002

Cui X, Jia Z, Chen D, et al. The prognostic value of the C-reactive
protein to albumin ratio in cancer: an updated meta-analysis.
Medicine (Baltimore). 2020;99(14):¢19165. doi:10.1097/MD.000
0000000019165

Dove

agents and protocols on patient perspectives such as quality of life,
adherence and satisfaction. The manuscript management system is
completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

4148 | ¥

in u Dove

OncoTargets and Therapy 2021:14


https://doi.org/10.1186/s13058-016-0794-1
https://doi.org/10.1186/s13058-016-0794-1
https://doi.org/10.1007/s10549-020-05925-7
https://doi.org/10.1111/ajco.13055
https://doi.org/10.1111/ajco.13123
https://doi.org/10.1007/s00384-019-03491-z
https://doi.org/10.12659/MSM.913684
https://doi.org/10.1186/s12885-017-3220-x
https://doi.org/10.1200/JCO.2018.78.0858
https://doi.org/10.1007/s10549-020-05630-5
https://doi.org/10.1186/s12885-017-3338-x
https://doi.org/10.1186/s12885-017-3338-x
https://doi.org/10.1007/s10549-017-4610-0
https://doi.org/10.1002/cncr.26711
https://doi.org/10.1038/onc.2017.298
https://doi.org/10.1038/onc.2017.298
https://doi.org/10.1038/onc.2013.319
https://doi.org/10.1007/s10549-015-3671-1
https://doi.org/10.1016/j.atherosclerosis.2017.02.003
https://doi.org/10.1080/01635581.2017.1367947
https://doi.org/10.1177/014860710302700110
https://doi.org/10.2147/OTT.S137002
https://doi.org/10.2147/OTT.S137002
https://doi.org/10.1097/MD.0000000000019165
https://doi.org/10.1097/MD.0000000000019165
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Patients
	Inclusion Criteria and Exclusion Criteria
	Patients with Endocrine Therapy
	Follow Up
	Statistical Analysis

	Results
	Baseline Clinicopathologic Characteristics
	Relationship Between CAR and Pathological Data in Luminal BBreast Cancer
	Associations Between CAR and Inflammation or Nutritional Indexes
	Univariate and Multivariate Analysis
	Survival and Prognosis
	Endocrine Therapy After Operation
	Associations Between CAR and Pathological TNM Stage
	Associations Between CAR and Lymph Vessel Invasion

	Discussion
	Conclusions
	Disclosure
	References

