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ates was performed to overcome selection bias. The prognostic significance of the CRP to albumin ratio was 
analyzed using receiver operating characteristic (ROC) curves. Kaplan-Meier survival analysis and a Cox pro-
portional hazards model were conducted to identify the impact on DFS and OS.
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analysis showed that an increased CRP to albumin ratio was an independent risk factor for long-term outcome 
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Background

Worldwide, breast cancer remains the most primary malignancy 
in women [1]. Although surgery and adjuvant chemoradio-
therapy can result in clinical benefit for patients, a proportion 
of patients develop relapse and metastases, resulting in the 
high rate of mortality from breast cancer [2]. Current methods 
used to evaluate patient prognosis in breast cancer include 
hormone receptor status, determination of the tumor node 
metastasis (TNM) stage, detection of circulating tumor cells, 
and gene profiling [3,4]. However, the identification of these 
prognostic factors can take time and can be costly. Therefore, 
the identification of reliable, economical, and practical prog-
nostic markers remains a challenge for the prediction of indi-
vidual patient survival that can improve patient management.

Recent studies have shown that inflammation and nutritional sta-
tus are significantly associated with carcinogenesis and tumor 
progression [5]. Several inflammatory or nutritional indicators, 
including the neutrophil to lymphocyte ratio, the platelet to lym-
phocyte ratio, the prognostic nutritional index, and the Glasgow 
prognostic score, have been reported to be associated with poor 
prognosis in patients with several types of malignancy, including 
breast cancer [6,7]. Recently, the C-reactive protein (CRP) to albu-
min ratio, a novel inflammation and nutrition based index, has 
been reported to be an independent prognostic indicator in sev-
eral cancers, including gastric cancer [8], ovarian cancer [9] and 
cervical cancer [10]. However, the prognostic role of the CRP to 
albumin ratio in patients with breast cancer remains unknown.

Propensity score matching is a statistical method that can be 
used to estimate the prognostic role of a diagnostic test by 
accounting for the covariates that predict patient prognosis. 
Therefore, this retrospective study aimed to investigate the as-
sociation between the CRP to albumin ratio and prognosis in 
patients with breast cancer in terms of disease-free survival 
(DFS) and overall survival (OS) using propensity score matching.

Material and Methods

Study design and patients

This study was approved by the Ethics Committee of Zhongshan 
Hospital, Sun Yat-sen University. Signed informed consent was 
provided by each study participant. This retrospective study 
included 592 newly diagnosed female breast cancer patients 
without metastasis who underwent modified radical mastec-
tomy between January 2008 and June 2013 at our institution 
in a maintained electronic database. A total of 200 patients, 
80 with an increased CRP to albumin ratio, and 120 with re-
duced CRP to albumin ratio met the study criteria and were 
enrolled in the study.

Patients who were included in the study had a histopatholog-
ically confirmed diagnosis of primary breast cancer and un-
derwent detailed preoperative evaluation, including physical 
examination, hematologic examination, color Doppler ultra-
sound, mammography, magnetic resonance imaging (MRI), 
and core needle breast biopsy. Exclusion criteria included pa-
tients with non-resectable or metastatic breast cancer, acute 
or chronic infection, immune diseases, a history of other pri-
mary malignancy, an initial diagnosis during pregnancy or lac-
tation, patients who received neoadjuvant chemoradiotherapy, 
and patients with incomplete clinical records.

Clinical data

All blood specimens were collected and examined before pa-
tients received any treatment. Patient demographic and clini-
copathological data collected included age, menstrual status, 
tumor volume, the presence of lymph node metastasis, histo-
logical grade (using the Nottingham criteria), the TNM stage, 
according to the criteria of the American Joint Committee on 
Cancer (AJCC) (7th edition), the estrogen receptor (ER), proges-
terone receptor (PR), and HER2 status, and the treatment pro-
tocol. Pretreatment serum CRP and albumin levels were ana-
lyzed. The CRP to albumin ratio was determined by dividing 
the CRP level by the albumin level. The neutrophil to lympho-
cyte ratio was obtained by dividing the neutrophil count by the 
lymphocyte count. The platelet to lymphocyte ratio was ob-
tained by dividing the platelet count by the lymphocyte count. 
In the Glasgow prognostic score, patients with an increased 
CRP (>10 mg/L) and hypoalbuminemia (<35 g/L) were allocated 
a score of 2, and patients with one or neither of these abnor-
malities were allocated a score of 1 or 0 [6].

Treatment

All patients received standard treatment regimens with mod-
ified radical mastectomy, supplemented by radiotherapy, che-
motherapy, endocrine therapy, and targeted therapy, if appli-
cable, and with clinical follow-up according to the National 
Comprehensive Cancer Network (NCCN) clinical guidelines. 
Overall survival (OS) was defined as the period from initial 
pathological diagnosis to death (from any cause) or to the last 
clinical follow-up. Disease-free survival (DFS) was defined the 
period from initial diagnosis and relapse, death or new pri-
mary cancer. All study participants underwent three-monthly 
follow-up for the first three years, and then once a year un-
til recurrence or death. The last patient follow-up date was 
December 2018. The survival status and clinicopathological 
parameters were accessed from the medical records and fol-
low-up telephone interviews.
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Propensity score matching analysis

Statistical analysis using propensity score matching was used 
to estimate the prognostic role of the CRP to albumin ratio 
by accounting for the covariates that predicted patient prog-
nosis. To minimize selection bias of the retrospective study, 
a 1: 1 match was performed according to four related co-
variates, including age, menopausal status, tumor size, and 
tumor stage to generate propensity scores, and calculated 
via logistic regression model. Then nearest neighbor match-
ing algorithm with a match tolerance of 0.2 was performed. 
Standardized differences between both groups no more than 
20% were accepted. Finally, a total of 80 patients with a CRP 
to albumin ratio <0.029 and 120 patients with a CRP to albu-
min ratio ³0.029 were included in the 80 matched pairs. The 
risk factors for patient prognosis were investigated between 
the two matched cohorts.

Statistical analysis

The categorical variables were presented as frequencies and 
percentages (%). The differences between the clinicopatholog-
ical characteristics were analyzed using Pearson’s chi-squared 
(c2) test or Fisher’s exact test. The optimal cut-off level was de-
termined according to receiver operating characteristic (ROC) 
curve analysis based on Youden’s index. The survival status 
was calculated by Kaplan-Meier estimates and the log-rank 
test. Factors associated with survival outcome were evaluated 
using Cox univariate and multivariate proportional hazard re-
gression analysis. P-values were two-tailed. Statistical signif-
icance was assumed to be P<0.05. All data management and 
statistical analysis were performed using SPSS version 23.0 
software (SPSS, Chicago, IL, USA).

Results

Patient demographic and clinicopathological characteristics

As shown in Table 1, a total of 200 patients with non-meta-
static breast cancer were included and evaluated. The median 
age was 51 years (range, 27–77 years), and 95 (47.5%) patients 
were postmenopausal. There were 58 (29.0%) patients with 
TNM stage I, 107 (53.5%) patients with TNM stage II, and 35 
(17.5%) patients with TNM stage III breast cancer.

The histopathological subtypes included 184 (92.0%) pa-
tients with invasive ductal carcinoma (IDC), and 16 patients 
with other subtypes. The histological grades included G1 in 
38 cases (19.0%), G2 in 134 cases (67.0%), and G3 in 28 cases 
(14.0%). Breast cancer tumor hormonal status and molecular 
markers included 118 (59.0%) that were estrogen-receptor 
(ER)-positive, 103 (51.5%) that were progesterone receptor 

(PR)-positive, 63 (31.5%) that were HER-2 positive, and 150 
(75.0%) that were Ki-67-positive. In 39 (19.5%) cases the tu-
mors showed vascular and neural invasion.

Postoperatively, there were 107 (53.5%) patients who under-
went endocrine therapy, 19 (9.5%) patients underwent targeted 
therapy, 187 (93.5%) patients received chemotherapy, and 48 
(24.0%) patients received radiotherapy.

Cut-off values for the C-reactive protein (CRP) to albumin 
ratio

According to receiver operating characteristic (ROC) curve anal-
ysis, the optimal cut-off value for the C-reactive protein (CRP) 
to albumin ratio for overall survival (OS) was 0.029 with a sen-
sitivity of 81.0% and a specificity of 65.9%. The area under 
the curve (AUC) was 0.790 (95% CI, 0.685–0.894) (P<0.001) 
(Figure 1). Also, the CRP to albumin ratio had significantly higher 
AUC values compared with the neutrophil to lymphocyte ratio 
of 0.545 (95% CI, 0.432–0.658) (P=0.502), the platelet to lym-
phocyte ratio of 0.463 (95% CI, 0.308–0.617) (P=0.576), and 
the Glasgow prognostic score of 0.577 (95% CI, 0.435–0.718) 
(P=0.251), respectively.

High and low CRP to albumin ratio and prognosis

The total of 200 patients with breast cancer were classified into 
the high CRP to albumin ratio subgroup ³0.029 (n=80; 40.0%) 
and the low CRP to albumin ratio subgroup <0.029 (n=120; 
60.0%). The associations between the CRP to albumin ratio 
and clinicopathological characteristics are shown in Table 1. 
Compared with the low CRP to albumin ratio group, patients 
were significantly older in high CRP to albumin ratio group, and 
there were more patients with postmenopausal status. There 
were no significant differences for tumor characteristics and 
method of treatment between the two groups. A 1: 1 propen-
sity score matching analysis based on four related covariates 
was performed to balance the differences and reduce selec-
tion bias between two groups. In the propensity score match-
ing model, the CRP to albumin ratio was found to be signifi-
cantly correlated with body mass index (BMI) (P=0.0161) and 
the presence of lymph node metastases (P=0.049). There were 
no significant differences between the groups for age, meno-
pausal status, therapy method, and other tumor characteris-
tics. An increased CRP to albumin ratio level was significantly 
associated with cancer recurrence and mortality before and 
after propensity score matching.

Survival analysis

At a median postoperative follow-up of 60 months (range, 
10–120 months) 47 (23.5%) patients experienced relapse, 
and 179 (89.5%) patients were alive until the last follow-up. 
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Characteristic

Before propensity score matching (n=200) Before propensity score matching (n=160)

CAR <0.029 
(n=120)

CAR ³0.029 
(n=80)

P-value
CAR <0.029 CAR ³0.029

P-value
(n=80) (n=80)

Age group (yrs) 0.033 0.154

	 £50 68 33 42 33

	 >50 52 47 38 47

Menopausal status 0.009 0.113

	 Premenopausal 72 33 43 33

	 Postmenopausal 48 47 37 47

BMI (kg/m2)* 20.84±2.61 20.42±2.42 0.261 21.29±2.07 20.41±2.42 0.016

Tumor classification 0.346 0.331

	 T1 51 26 35 26

	 T2 66 51 43 51

	 T3 3 3 2 3

LN metastasis 0.078 0.049

	 N0 80 39 54 39

	 N1 20 19 12 19

	 N2 16 16 13 16

	 N3 4 6 1 6

Vascular and neural invasion 0.827 0.440

	 No 96 65 61 65

	 Yes 24 15 19 15

TNM staging 0.142 0.342

	 I 40 18  26 18

	 II 63 44 40 44

	 III 17 18 14 18

Histological grade 0.194 0.539

	 G1 26 12 14 12

	 G2 81 53 56 53

	 G3 13 15 10 15

Histological type 0.456 0.263

	 IDC 109 75 71 75

	 Others 11 5 9 5

ER status 0.597 0.521

	 Positive 69 49 45 49

	 Negative 51 31 35 31

PR status 0.817 0.635

	 Positive 65 38 39 42

	 Negative 55 38 41 38

HER2 status 0.238 0.056

	 Positive 34 29 18 29

	 Negative 86 51 62 51

Table 1. �Clinicopathological characteristic of breast cancer patients associated with a low and high C-reactive protein (CRP) to albumin 
ratio (CAR).
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Table 1 continued. �Clinicopathological characteristic of breast cancer patients associated with a low and high C-reactive protein (CRP) 
to albumin ratio (CAR).

Characteristic

Before propensity score matching (n=200) Before propensity score matching (n=160)

CAR <0.029 
(n=120)

CAR ³0.029 
(n=80)

P-value
CAR <0.029 CAR ³0.029

P-value
(n=80) (n=80)

Ki67 0.096 0.440

	 Positive 85 65 61 65

	 Negative 35 15 19 15

Endocrinotherapy 0.728 0.343

	 Yes 63 44 38 44

	 No 57 36 42 36

Targeted therapy 0.431 0.292

	 Yes 13 6 10 6

	 No 107 74 70 74

Chemotherapy 0.640 0.772

	 Yes 113 74 73 74

	 No 7 6 7 6

Radiotherapy 0.105 0.063

	 Yes 24 24 14 24

	 No 96 56 66 56

Recurrence/metastasis 0.002 0.007

	 Yes 19 28  13 28

	 No 101 52 67 52

Metastasis sites <0.001 0.002

	 Liver 0 7 0 7

	 Brain 1 0 1 0

	 Lung 3 6 2 6

	 Bone 8 1 5 1

	 Others 7 14 5 14

Death <0.001 <0.001

	 Yes 4 17 2 17

	 No 116 63 78 63

NLR* 2.48±1.14 2.47±1.36 0.983 2.53±1.17 2.47±1.36 0.782

PLR* 159.57±57.43 152.76+66.62 0.442 161.22±64.67 152.76±66.62 0.416

GPS* 0.013 0.085

	 0 118 71 78 71

	 1 2 8 2 8

	 2 0 1 0 1

CAR – C-reactive protein to albumin ratio; LN – lymph node; TNM – tumor-node-metastasis; IDC – infiltrative ductal carcinoma; 
ER – estrogen receptor; PR – progesterone receptor; HER2 – human epidermal growth factor receptor 2. * Values are shown as 
the means ± standard deviations. Bold values indicate statistical significance; GPS – Glasgow prognostic score; PLR – platelet to 
lymphocyte ratio; NLR – neutrophil to lymphocyte ratio.
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Six patients were lost follow-up. In present breast cancer patient 
cohorts, the 3-year, 5-year and 10-year DFS and OS rates were 
88.3%, 77.2%, 62.8% and 95.7%, 88.4%, 79.7%, respectively.

After propensity matching, patients with a higher CRP to al-
bumin ratio had a 5-year OS rate of 73.4% (median OS, 96.0 
months; range, 86.2–105.8 months) and a DFS rate of 59.8% 
(median DFS, 81.6 months; range, 70.8–92.4 months). For pa-
tients with a lower CRP to albumin ratio, the 5-year OS and DFS 
rate were 97.1% (median OS, 109.8 months; range, 106.7–112.8 
months) and 79.2% (median DFS, 94.7 months; range, 86.6–
103.0 months), respectively. Patients with a lower preopera-
tive CRP to albumin ratio had a favorable prognosis for both 
OS and DFS (Figures 2, 3).

Univariate and multivariate analysis for DFS and OS

Univariate analysis showed that tumor size, T3 (HR, 5.023; 
95% CI, 1.113–22.673; P=0.036), the presence of lymph node 
metastasis, N1(HR, 2.329; 95% CI, 1.033–5.250; P=0.042), N2 
(HR, 3.376; 95% CI, 1.568–7.189; P=0.002), N3 (HR, 10.258; 
95% CI, 3.301–31.876; P<0.001), the requirement for postop-
erative adjuvant radiotherapy (HR, 3.738; 95% CI, 2.000–6.988; 
P<0.001), and higher CRP to albumin ratio (HR, 2.592; 95% 
CI, 1.340–5.013; P=0.005) were significantly associated with 
DFS (Table 2). The presence of lymph node metastases, N3 (HR, 
14.275; 95% CI, 4.236–48.103; P<0.001), and a high CRP to al-
bumin ratio (HR, 10.200; 95% CI, 2.353–44.229; P=0.002) were 
significantly associated with reduced OS (Table 2).

As shown in Table 3, multivariate analysis included the vari-
ables that were found to be significant in univariate analysis. 
The results showed that a higher CRP to albumin ratio (HR, 
2.225; 95% CI, 1.113–4.451; P=0.031) was an independent 
prognostic predictor of DFS. Lymph node metastases, N3 (HR, 
7.974; 95% CI, 2.355–26.998; P=0.001), and a higher CRP to al-
bumin ratio (HR, 9.189; 95% CI, 2.079–40.621; P=0.003) were 
independently associated with reduced OS.

Discussion

This aim of this retrospective study was to investigate the 
association with the C-reactive protein (CRP) to albumin ra-
tio and prognosis in patients with breast cancer in terms of 

1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4

1-Speci�city

ROC curve

0.6 0.8 1.0

Se
ns

iti
vit

y

Source of the curve
CAR
GPS
NLR
PLR
Reference line

Figure 1. �Receiver operating characteristic (ROC) curve analysis 
of the C-reactive protein (CRP) to albumin ratio for 
survival status of breast cancer patients. ROC – receiver 
operating characteristic; CI – confidence interval; 
CAR – C-reactive protein/albumin ratio; PLR – platelet 
to lymphocyte ratio; NLR – neutrophil to lymphocyte 
ratio; GPS – Glasgow prognostic ccore.
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Figure 2. �Disease-free survival (DFS) after propensity score 
matching. CAR – C-reactive protein/albumin ratio.
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Figure 3. �Overall survival (OS) after propensity score matching. 
CAR – C-reactive protein/albumin ratio.
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Characteristic
DFS OS

HR 95% CI P-value HR 95% CI P-value

Age (years)

	 £50 Ref Ref

	 >50 0.728 (0.394–1.345) 0.311 0.958 (0.389–2.358) 0.925

Menopausal status

	 Premenopausal Ref Ref

	 Postmenopausal 0.687 (0.372–1.272) 0.232 0.918 (0.373–2.263) 0.853

Tumor classification

	 T1 Ref Ref

	 T2 1.392 (0.715–1.392) 0.331 1.093 (0.423–2.822)) 0.854

	 T3 5.023 (1.113–22.673) 0.036 3.632 (0.438–30.115) 0.232

LN metastasis

	 N0 Ref Ref

	 N1 2.329 (1.033–5.250) 0.042 0.724 (0.156–3.358) 0.680

	 N2 3.376 (1.586–7.189) 0.002 1.547 (0.476–5.026) 0.468

	 N3 10.258 (3.301–31.876) <0.001 14.275 (4.236–48.103) <0.001

Vascular and neural invasion

	 Yes 1.314 (0.625–2.762) 0.472 1.173 (0.388–3.544) 0.777

	 No Ref Ref

Histological grade

	 G1 ref Ref

	 G2 1.010 (0.442–2.309) 0.980 0.795 (0.259–2.444) 0.689

	 G3 0.871 (0.275–2.758) 0.814 0.596 (0.109–3.264) 0.551

Histological type

	 IDC 2.354 (0.566–9.792) 0.239 23.393 (0.026–2.385) 0.365

	 Others Ref Ref

ER status

	 Positive 1.384 (0.729–2.627) 0.320 1.327 (0.522–3.376) 0.553

	 Negative Ref Ref

PR status

	 Positive 1.276 (0.685–2.376) 0.443 1.326 (0.533–3.297) 0.544

	 Negative Ref Ref

HER2 status

	 Positive 1.345 (0.695–2.603) 0.378 0.991 (0.357–2.757) 0.987

	 Negative Ref Ref

Ki67

	 Positive 1.258 (0.580–2.726) 0.561 1.511 (0.440–5.188) 0.512

	 Negative Ref Ref

Table 2. �Univariate Cox regression analyses of risk factors associated with disease-free survival (DFS) and overall survival (OS) after 
propensity score matching.
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disease-free survival (DFS) and overall survival (OS) using pro-
pensity score matching. Propensity score matching was used 
to estimate the prognostic role of the CRP to albumin ratio by 
accounting for the covariates that predict patient prognosis. 
The findings showed that an increased preoperative CRP to 
albumin ratio was an independent prognostic biomarker as-
sociated with reduced OS and DFS in patients with resectable 
non-metastatic breast cancer. To our knowledge, this study 
was the first to investigate the clinical value of the CRP to al-
bumin ratio and patient prognosis in breast cancer.

Previously published studies have shown that systemic in-
flammation and nutritional status have a role in the progno-
sis of cancer patients. Among the tumor and host interactions, 
tumor growth and progression are associated with tissue dam-
age and necrosis, activation of the immune response and the 
production of pro-inflammatory cytokines and chemokines 
including interleukin (IL)-1, IL-6, vascular endothelial growth 
factor (VEGF), and tumor necrosis factor (TNF) [11]. Tumor an-
giogenesis, cell proliferation, invasion, metastasis, and drug 
resistance are associated with increased circulating levels of 
inflammatory cytokines. Currently, some inflammation-associ-
ated parameters, including the neutrophil to lymphocyte ratio, 

platelet to lymphocyte ratio, and Glasgow prognostic score, 
which can be assessed by routine blood testing, have been re-
ported to have prognostic significance in malignancy, includ-
ing breast cancer [12–14].

CRP as an acute phase protein that is synthesized by hepato-
cytes and is regulated by inflammatory cytokines [9]. Increased 
serum levels of CRP concentrations have been reported to be 
associated with the activation of the inflammatory response 
in malignancy [15,16]. Several epidemiological studies have 
shown that increased CRP levels are associated with increased 
risk of breast cancer [17]. In breast cancer, circulating CRP can 
accelerate angiogenesis by increasing the levels of vascular 
growth factors and interleukins, promoting tumor cell invasion 
and metastasis by binding to integrins in the inflammatory 
microenvironment [18,19]. Increased serum levels of CRP de-
tected before treatment may indicate the degree of tumor ag-
gressiveness and may be associated with treatment resistance 
and adverse outcomes in patients with breast cancer [20–22].

The CRP to albumin ratio has previously been reported to be 
a prognostic biomarker for cardiotoxicity during anticancer 
therapy [23]. Increased CRP levels are usually associated with 

Table 2 continued. �Univariate Cox regression analyses of risk factors associated with disease-free survival (DFS) and overall survival 
(OS) after propensity score matching.

Characteristic
DFS OS

HR 95% CI P-value HR 95% CI P-value

Endocrinotherapy

	 Yes 1.681 (0.895–3.158) 0.106 1.764 (0.693–4.487) 0.234

	 No Ref Ref

Targeted therapy

	 Yes 0.660 (0.204–2.140) 0.489 0.429 (0.057–3.214) 0.410

	 No Ref Ref

Chemotherapy

	 Yes 0.974 (0.301–3.159) 0.966 0.442 (0.129–1.520) 0.195

	 No Ref Ref

Radiotherapy

	 Yes 3.738 (2.000–6.988) <0.001 1.096 (0.362–3.316) 0.871

	 No Ref Ref

CAR

	 <0.029 Ref Ref

	 ³0.029 2.592 (1.340–5.013) 0.005 10.200 (2.353–44.229) 0.002

CAR – C-reactive protein to albumin ratio; OS – overall survival; DFS – disease-free survival; HR – hazard ratio; CI – confidence 
interval; LN – lymph node; ER – estrogen receptor; PR – progesterone receptor; HER2 – human epidermal growth factor receptor 2; 
Ref – reference. Bold values indicate statistical significance.
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the reduction in levels of serum albumin due to the suppres-
sion of its rate of synthesis in the liver. Serum albumin levels 
are a commonly used indicator of nutritional status and are 
also associated with immune status. Malnutrition and hypo-
albuminemia are commonly found in patients with cancer, in-
cluding patients with breast cancer. The pathogenesis of hy-
poalbuminemia might be due to sustained cancer-associated 
systemic inflammation and the activation of inflammatory 
cytokines [24]. Nutritional deficiency suppresses immune de-
fense mechanisms, compromise the response to treatment, 
and contribute to unfavorable outcomes in patients with can-
cer [24]. Also, several previously published studies have shown 
that low preoperative serum albumin concentrations are an 
independent indicator of poor prognosis in patients with ma-
lignancy, including breast cancer [9,25,26]. Improvement of 
nutritional status has a positive impact on quality of life, tol-
erance to antineoplastic treatment, and survival of patients 
with breast cancer [27].

The CRP to albumin ratio is a more comprehensive form of se-
rum marker that reflects both the inflammatory and nutritional 
status of the patient and has previously been identified as 
a novel promising prognosis marker in patients with seri-
ous infectious disease and several types of cancer [7–10,28]. 

The findings from a recent meta-analysis assessed the rela-
tionship between the CRP to albumin ratio and prognosis in 
cancer and showed that a high CRP to albumin ratio before 
treatment was associated with an increased risk of relapse 
and mortality in patients with nasopharyngeal cancer, esopha-
geal cancer, gastric cancer, liver cancer, pancreatic cancer, lung 
cancer, oral cancer, and renal cancer [29]. Also, compared with 
other inflammation-based prognosis scoring systems, the CRP 
to albumin ratio showed more effective prognostic value and 
a more accurate discriminatory ability [30].

However, until the present study, there have been no previous 
studies on the prognostic value of measuring the CRP to albu-
min ratio in patients with breast cancer. In the patient cohort 
investigated in the present study, an increased CRP to albumin 
ratio was associated with increased patient age, post-meno-
pausal status, and a high risk of cancer recurrence, or death. 
There was no significant difference between the CRP to albu-
min ratio and other tumor features, possibly due to the small 
study sample size. To minimize potential confounding bias, 
propensity score matching was used to create 61 matched 
patients with comparable baseline characteristics. The results 
confirmed that breast cancer patients with an increased CRP 
to albumin ratio had reduced DFS and OS before and after 

Characteristic
DFS OS

HR 95% CI P-value HR 95% CI P-value

Tumor classification

	 T1 Ref

	 T2 1.016 (0.506–2.042) 0.964

	 T3 2.789 (0.508–15.311) 0.238

LN metastasis

	 N0 Ref Ref

	 N1 1.514 (0.614–3.730) 0.368 0.493 (0.106–2.296) 0.367

	 N2 2.038 (0.78–5.317) 0.145 1.254 (0.385–4.086) 0.707

	 N3 3.678 (0.894–15.127) 0.071 7.974 (2.355–26.998) 0.001

Radiotherapy

	 Yes 1.958 (0.870–4.409) 0.105

	 No Ref

CAR

	 <0.029 Ref Ref

	 ³0.029 2.225 (1.113–4.451) 0.024 9.189 (2.079–40.621) 0.003

Table 3. �Multivariate Cox regression analysis of risk factors related to disease-free survival (DFS) and overall survival (OS) after 
propensity score matching.

CAR – C-reactive protein to albumin ratio; OS – overall survival; DFS – disease-free survival; HR – hazard ratio; CI – confidence interval; 
LN – lymph node; ref – reference. Bold values indicate statistical significance.
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propensity score matching. Multivariate analysis showed that 
the preoperative serum CRP to albumin ratio was shown to be 
an independent predictive marker for the long-term patient 
outcome (p<0.001), which was in accordance with the results 
for other types of tumors [8–10]. Patients with breast cancer 
patients and a CRP to albumin ratio of ³0.029 had a 2.6-fold 
increased risk of recurrence and 10.2-fold increased mortal-
ity risk compared with patients with a CRP to albumin ratio 
<0.029. Multivariate analysis also showed that lymph node me-
tastasis status was an independent prognostic indicator of OS.

The results of the present study showed that patients with 
operable, non-metastatic breast cancer with an increased pre-
operative CRP to albumin ratio were more likely to have a re-
duced prognosis and should undergo more frequent follow-up, 
possibly with supportive anti-inflammatory and nutritional 
therapy. Compared with traditional prognostic indicators, the 
CRP to albumin ratio is a simple, economical, and objective 
biomarker that is routinely available from a routine laboratory 
blood test at the time before surgical treatment and through-
out the treatment process.

This study had several limitations. This was a retrospective co-
hort study, and selection bias might exist even with the use of 
propensity score matching to minimize this. The study included 
a relatively small sample size and short duration of follow-up. 
Given that many factors may be involved in systemic inflam-
mation and in nutritional status, further comparative stud-
ies are necessary to determine the best predictor of outcome 

among breast cancer patients. The cut-off values for the CRP 
to albumin ratio remain to be defined as they were relatively 
lower in this study compared with previous studies in patients 
with other types of malignancy. The possible reason for this 
finding might be that the majority of patients enrolled in the 
present study had early-stage breast cancer. Future prospec-
tive, large-scale, multicenter, controlled studies are required 
to further evaluate the prognostic role of the CRP to albumin 
ratio to identify high-risk groups in patients with breast can-
cer that may allow clinicians to choose the best possible adju-
vant therapy strategy for individual patients with breast cancer.

Conclusions

The findings of this study showed that using propensity model 
analysis an increased preoperative serum C-reactive protein 
(CRP) to albumin ratio was significantly associated with in-
creased recurrence and reduced long-term prognosis in pa-
tients with resectable non-metastatic breast cancer. The CRP 
to albumin ratio can be easily and rapidly performed at low 
cost, may be used as a prognostic indicator routinely in pre-
operative clinical assessment and has the potential to contrib-
ute to improved management of individual patients with re-
sectable breast cancer.
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