International Journal of General Medicine Dove

Prognostic Value of CRP—Albumin—Lymphocyte
(CALLY) Index in Patients Undergoing Surgery for
Breast Cancer

Jiaru Zhuang'*, Shan Wang®*, Yuan Wang?, Yibo Wu?, Renjing Hu®'

'Department of Laboratory Medicine, Jiangnan University Medical Center, Wuxi, People’s Republic of China; 2Human Reproductive and Genetic
Center, Affiliated Hospital of Jiangnan University, Wuxi, People’s Republic of China

*These authors contributed equally to this work
Correspondence: Renjing Hu, Department of Laboratory Medicine, Jiangnan University Medical Center, 68 Zhongshan Road, Wuxi, Jiangsu, 214000,

People’s Republic of China, Email weiweihuhul 12@163.com; Yibo Wu, Human Reproductive and Genetic Center, Affiliated Hospital of Jiangnan
University, 1000 Hefeng Road, Wuxi, Jiangsu, 214000, People’s Republic of China, Email 9862016107@jiangnan.edu.cn

Purpose: According to the 2023 global cancer data, breast cancer is the most common malignant tumor among women in the world.
Its occurrence and development is influenced by inflammation, nutrition, and immune status. Therefore, this study combines C-reactive
protein (CRP), albumin, and lymphocyte, which can reflect the above states, to form the CRP-albumin-lymphocyte (CALLY) index, an
indicator to evaluate its relationship with overall survival (OS) and disease-free survival (DFS) in breast cancer patients.

Patients and Methods: We retrospectively analyzed the clinical and follow-up data of 174 patients with breast cancer. The optimal
cutoff for the preoperative CALLY index was identified by considering the area under the receiver operating characteristic curve;
subsequently, the discriminatory ability of the cutoff was determined. The effect of the CALLY index on overall survival (OS) and
disease-free survival (DFS) was analyzed using the Kaplan—-Meier method and the Cox proportional hazards model. The CALLY index
was calculated as: (Albumin x Lymphocyte)/(CRP x 10%).

Results: The cut-off value of the CALLY index was determined at 2.285. With a cut-off value of 2.285, patients were divided into two
groups: those with CALLY <2.285 and those with CALLY >2.285. CALLY Index > 2.285 was associated with better survival
outcomes. Multivariate Cox analysis showed that TNM stage and CALLY index were prognostic factors that affected OS and DFS.
Conclusion: The CALLY index is a new prognostic biomarker for breast cancer patients after surgery. This new CALLY index allows
for suitable patients with a poor prognosis to receive postoperative adjuvant therapy.
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Introduction

Breast cancer (BC) is one of the most common cancers among women. This malignant tumor has a harmful impact on
patients quality of life and is a significant public health issue.' Recent data from China shows that the incidence of breast
cancer is significantly increasing, especially in developed coastal cities.” Experts predict that in the future, the incidence
rate of breast cancer in China will reach a staggering 100 cases per 100,000 postmenopausal women.®> Although the
current treatment methods for breast cancer include surgery, adjuvant chemotherapy, radiation therapy, targeted therapy,
immunotherapy, and traditional Chinese medicine, the outcomes for patients are still unsatisfactory.” Therefore, there is
an urgent need for effective and accessible methods for BC patients to optimize risk stratification and predict post-
operative survival outcomes.

The development of breast cancer is influenced by many factors, including inflammation levels, nutritional status, and
immune function.” Cancer-related systemic inflammatory response is a key indicator of tumor progression, and patients
with breast cancer and higher levels of inflammation have a higher risk of death than those with lower levels of
inflammation.®” Nutritional status also plays an important role in the prognosis of breast cancer patients, and research has
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shown that malnutrition is associated with poorer overall survival (OS) in breast cancer patients.® In addition, good
immune function is the main defense against the progression of breast cancer. It has been reported that the prognosis of
breast cancer patients with poor immune function is much worse than that of patients with good immune function.” Based
on the above theories and research, we believe that indicators that comprehensively reflect inflammation levels,
nutritional status, and immune function can better predict the prognosis of breast cancer patients.

In previous studies, hematological indicators have commonly been used to reflect inflammation levels, nutritional
status, and prognosis.'® Firstly, C-reactive protein (CRP) is a common clinical indicator that can reflect the level of
inflammation in breast cancer patients.'' Secondly, for decades, serum albumin has been used as an indicator of clinical
nutritional status.'? Thirdly, lymphocyte count is a traditional biomarker for immune function.'® Finally, we found that
the CRP-albumin-lymphocyte (CALLY) index (a parameter developed by Hiroya lida et al) combines CRP, albumin, and
lymphocytes, and is a prognostic factor for liver cancer patients.'* However, until now, no studies have shown the
prognostic value of the CALLY index in breast cancer. Therefore, we retrospectively analyzed the relationship between
overall survival (OS) and disease-free survival (DFS) of 174 breast cancer patients and the preoperative CALLY index to
identify the best independent prognostic factors.

Materials and Methods
Study Design and Population

This study investigated 174 female breast cancer patients recently diagnosed with non-metastatic invasive breast
cancer. All patients were pathologically diagnosed with primary breast cancer and received initial surgical treatment at
Jiangnan University Affiliated Hospital from April 2017 to July 2018. Selection criteria: (1) All patients were
diagnosed with invasive breast cancer by pathological examination. (2) Complete pre-treatment laboratory data were
available. (3) with five-years follow-up information. Exclusion criteria: (1) There were other anti-cancer treatments
before surgery. (2) They had an active infection, haematological or autoimmune disease. This research complies with
the Declaration of Helsinki and was approved by the Medical Ethics Committee of the Affiliated Hospital of Jiangnan
University (JNMS04202301073). All data are anonymous and aggregated, so the requirements for informed consent
are waived.

Data Collection

Retrieving demographic, clinical, and pathological data of 174 patients from the database of the affiliated hospital of
Jiangnan University. Body Mass Index (BMI) was categorized into <18.5, 18.5-23.9, and >23.9. Cancer stage (including
tumor size, axillary lymph node positivity, and TNM) was evaluated for each patient, according to the eighth edition of
the American Joint Committee on Cancer (AJCC) staging manual.'> Serum biochemistry, including laboratory data
(Iymphocytes, CRP, and albumin), was performed at baseline follow-up before surgery. Follow-up information was
derived from outpatient reviews and telephone interviews. The follow-up endpoints of this study were overall survival
(OS) and disease-free survival (DFS).

Follow-Up

According to the guidelines of the European Society of Oncology (ESMO) and the National Comprehensive Cancer
Network (NCCN), breast cancer patients are followed up and rechecked every 3 months for the first 2 years after surgery,
and every 6 months for 3-5 years. Follow-up included clinical examination with laboratory tests, breast ultrasound,
mammography, and other tests as deemed appropriate. OS is calculated as the time from the date of tumor resection to the
date of death or the end of follow-up. DFS is defined as the time from surgical resection to local recurrence, which was
conducted until May 1, 2023, through outpatient review and telephone follow-up.

Statistical Analysis
The statistical analysis used SPSS 26.0 to process and analyze the data. We report categorical data as numbers and
percentages. Continuous variables are expressed as median (interquartile range). For continuous and categorical
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variables, we employed the Mann—Whitney U and chi-square tests, respectively, for identifying intergroup differences in
clinicopathological features. To identify the optimal cutoff values of serum biomarkers for OS, receiver operating
characteristic (ROC) curves subjected to Youden’s index correction were obtained; the corresponding area under the
ROC curve (AUC) values were also calculated. For the survival analysis, we estimated the OS and DFS by using
Kaplan—Meier analysis and determined intergroup survival differences through the Log rank test. We used the Cox
proportional hazards model to identify independent DFS and OS risk factors; the hazard ratio (HR) and 95% confidence
interval (CI) for each factor are presented. Factors considered important in univariate analysis and stepwise regression
were used in multivariate models to identify independent prognostic factors.

Results

Characteristics of Study Population

The demographic and clinical pathological features of the patients, and their preoperative laboratory examination results, are
summarized in Table 1. In this research, 174 women who were recently diagnosed with a non-metastatic invasive breast cancer
were included. All of these women were given surgery as their first treatment. The median age of all patients was 50 years

range: 29 to ears). Invasive ductal carcinoma was the histologic type of all primary tumors. .6%) patients were
(range: 29 to 75 years). | ive ductal i he histologic type of all primary 8 (4.6%) pati

Table | Clinicopathological Characteristics of 174 Patients with Breast Cancer

Variables Total CALLY Index P-value
>2.285 <2.285

Patients 174(100) 112(64.4) 62(35.6)

Age (year) 0.893
<50 88(50.6) 59(52.7) 32(51.6)
>50 86(49.4) 53(47.3) 30(48.4)

BMI 0.935
<18.5 8(4.6) 7(6.3) 3(4.8)
18.5-23.9 83(47.7) 54(48.2) 29(46.8)
>23.9 83(47.7) 51(45.5) 30(48.4)

ER 0.471
Negative 55(31.6) 39(34.8) 25(41.1)
Positive 119(68.4) 73(65.2) 37(58.9)

PR 0.307
Negative 71(40.8) 47(40.6) 31(50.0)
Positive 103(59.2) 65(59.4) 31(50.0)

Her-2 0.773
Negative 127(73.0) 80(71.4) 43(69.4)
Positive 47(27.0) 32(28.6) 19(30.6)

TBNC 0.830
Yes 15(8.6) 12(10.7) 6(9.7)
No 159(91.4) 100(89.3) 56(90.3)

Tumor size 0.786
<2cm 96(55.2) 57(50.9) 33(53.2)
>2cm, <5¢m 73(42.0) 50(44.6) 25(40.3)
>5cm 5(2.9) 5(4.5) 4(6.5)

Node positivity 0.971
0 103(59.2) 66(58.9) 35(56.5)
1-3 47(27.0) 35(31.3) 21(33.9)
4-9 19(10.9) 8(8.0) 5(8.1)
=10 5(2.9) 2(1.8) 1(1.6)

(Continued)
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Table | (Continued).

Variables Total CALLY Index P-value
>2.285 <2.285
TNM stage 0.956
| 71(40.8) 43(384) 25(40.3)
Il 77(44.3) 55(49.1) 30(48.4)
11l 26(14.9) 14(12.5) 7(11.3)
Postoperative radiotherapy
0911
Yes 58(33.3) 37(33.0) 21(35.6)
No 116(66.7) 75(67.0) 41(64.4)
Postoperative chemotherapy 0.855
Yes 129(74.1) 85(75.9) 46(74.2)
No 45(25.9) 27(24.1) 16(25.8)
Age 50(45,61) 49(45.25,58) 52(45,64) 0.368
BMI 23.53(21.48,25.99) | 23.64(21.35,25.90) | 23.43(21.62,26.20) 0.650
Laboratory results
Albumin (g/dI), median (IQR) 4.14(3.914.41) 4.20(3.95-4.46) 4.06(3.88—4.36) <0.001
Lymphocyte (10%/ul),
Median (IQR) 1.70(1.40-2.20) 1.8(1.4-2.2) 1.7(1.3-2.33) 0.001
CRP (mg/dl), median (IQR) 2.0(2.0-3.0) 2.0(2.0-3.75) 2.0(2.0-3.0) <0.001

Abbreviations: BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor; Her-2, human epidermal growth factor
receptor 2; TNBC, Triple negative breast cancer, TNM, tumor-node-metastasis; IQR, interquartile range.

underweight, 83 (47.7%) were of normal weight, and 83 (47.7%) were overweight. Of the total of 174 patients, 71 (40.8%)
were classified as Stage I, 77 (44.3%) as Stage I1, and 26 (14.9%) as Stage I1I, according to the AJCC classification. In terms of
tumor size, 96 patients (55.2%) had T1, 73 patients (42.0%) had T2, and 5 patients (2.9%) had T3. Axillary lymph nodes were
negative in 103 cases (59.2%), 1-3 positive in 47 cases (27.0%), 4-9 positive in 19 cases (10.9%), and 10 or more positive in 5
cases (2.9%). 68.4% of the patients had a positive ER status, while the remaining 31.6% had a negative ER status. Out of the
174 PR results, 59.2% were positive and 40.8% were negative. For HER-2, 27.0% of the results were positive and the
remaining 73.0% were negative. The sample population was separated into two categories based on the CALLY index; those
with a value above 2.285 and those with a value below. The high CALLY index group had 112 individuals (64.4%) while the
low CALLY index group had 62 (35.6%). The distribution of clinicopathological and demographic features in the low CALLY
index (<2.285) and high CALLY index (>2.285) groups is detailed in Table 1.

ROC Curve Analysis

The ROC curve analysis showed that the area under the curve of the CALLY index was 0.730, and the CALLY value
corresponding to the maximum value of the Youden index was taken as the optimal critical point, and the optimal OS cut-
off value of the CALLY index was 2.285 (sensitivity 71.7%, specificity 72.4%, p<0.001; Figure 1). To assess the
prognostic distinction between the CALLY index and its constituent elements, serum albumin levels, lymphocyte count,
and CRP levels, we compared their respective ROC curves and AUCs. These comparisons are listed in Table 2. The
CALLY index was found to have a higher AUC (0.730, 95% CI: =0.637—-0.824, p<0.001) than albumin (0.707, 95% CI:
=0.599-0.816, p<0.001), lymphocyte count (0.629, 95% CI: =0.530-0.729, p<0.05) and CRP (0.722, 95% CI: =0.624—
0.820, p<0.001). In addition, we also evaluated different combinations of dual parameters, such as Albumin+
Lymphocyte, Albumin+ CRP, Lymphocyte+ CRP (Table 2). The CALLY index has the highest prognostic accuracy,

allowing us to further evaluate its potential to predict breast cancer OS and DFS.
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Figure | Best cutoff values of preoperative CALLY index, Albumin, Lymphocyte and CRP of 174 breast cancer patients. (A) Best cutoff of CALLY index; AUC =0.730 (95%
Cl: 0.637-0.824, cut-off value is 2.285, sensitivity=71.7%, specificity=72.4%). (B) Best cutoff of Albumin; AUC =0.707 (95% CI: 0.599-0.816, cut-off value is 4.065,
sensitivity=75.9%, specificity=63.4%). (C) Best cutoff of Lymphocyte; AUC=0.629 (95% Cl:0.530-0.729, cut of value is 1.95, sensitivity=86.2%, specificity=42.8%). (D)
Best cutoff of CRP. AUC =0.722 (95% Cl:0.624-0.820, cut-off value is 2.5, sensitivity=69%, specificity=65.5%).

Prognosis and Survival Analysis of Patients with Breast Cancer

The results of Kaplan-Meier survival analysis and Log rank test showed that the estimated median overall survival (OS) was
greater than 66 months for patients with a CALLY index of > 2.285 and 52 months for patients with a CALLY index of <
2.285 (p<0.001; Figure 2A). The correlation between OS and clinicopathological variables is shown in Table 3. In univariate
analysis, OS in breast cancer patients was significantly correlated with age (p=0.008), tumor size (p<0.001), positive lymph
nodes (p<0.001), postoperative radiotherapy (p<0.001), TNM stage (p<0.02), and CALLY index (p<0.001). Next, stepwise
regression was performed, and the results showed (Supplementary Table 1) that the OS of breast cancer patients was
significantly related to Node positivity (p=0.024) and CALLY index (p=0.034). Therefore, the results of univariate analysis
and stepwise regression were included in the multivariate analysis, and the results showed that TNM stage (p=0.009) and
CALLY index (p=0.007) were independent predictors of OS in breast cancer patients (Table 3). The median DFS was
estimated to be 64 months for patients with a CALLY index > 2.285 compared with 47 months (95% CI:41.5-52.5) for
patients with a CALLY < 2.285. (p<0.001, Figure 2B). The correlation between DFS and clinicopathological variables is
demonstrated in Table 4. Univariate analysis revealed that DFS in breast cancer patients was linked to age (p=0.002), positive
lymph nodes (p<0.001), tumor size (p<0.001), postoperative radiotherapy (p<0.001), TNM stage (p=0.001), and CALLY
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Table 2 Comparison of the AUC Values of CALLY Index and Its

Components

Nutrition and AUC 95% CI p-value
Inflammatory Markers

Albumin 0.707 (0.599-0.816) p<0.001
Lymphocyte 0.629 (0.530-0.729) p=0.028
CRP 0.722 (0.624-0.820) p<0.001
Albumin+ Lymphocyte 0.678 (0.576,0.781) p=0.002
Albumin+ CRP 0.679 (0.571,0.788) p=0.002
Lymphocyte+ CRP 0.658 (0.546,0.769) p=0.007
CALLY index 0.730 (0.637-0.824) p<0.001

Abbreviations: AUC, area under the curve; CRP, C-reactive protein.

index (p<0.001). Next, stepwise regression was performed, and the results showed (Supplementary Table 2) that DFS of
breast cancer patients was significantly related to Node positivity (p<0.001) and CALLY index (p<0.001). Therefore, the
results of univariate analysis and stepwise regression were included in the multivariate analysis, and the results showed that
TNM stage (p=0.015) and CALLY index (p=0.004) were independent predictors of DFS in breast cancer patients (Table 4).

Discussion

The CALLY index is a measure of inflammation, vegetative, and immune system status, determined by analyzing serum CRP
concentration, serum Alb concentration, and peripheral lymphocyte count. CRP is an acute-phase protein produced by
inflammation-related cytokines such as vascular endothelial growth factor and interleukin-6.'® Serum albumin, a major
protein in the blood, is a valid indicator of nutritional status, and serum albumin levels drop dramatically in patients with
advanced cancer due to malnutrition and systemic inflammation.'” Pretreatment serum albumin has been used as a predictor of
disease progression, severity, and prognosis.'® Low serum albumin levels have been reported to be an independent contributor
to poor breast cancer survival, regardless of stage.'” CRP and serum albumin-related cytokines play an important role in
cancer progression, as cytokines-mediated inflammatory responses can affect cancer cell growth and host cell-mediated
immunity.” Peripheral lymphocyte count is a surrogate marker of immune response, as lymphocytes play an important role in
tumor immunity by inhibiting carcinogenesis.”® A decrease in the number of lymphocytes is thought to be responsible for the
body’s poor immune response to tumors, leading to tumor progression and metastasis.”' In addition, the association between
lymphopenia and reduced overall survival has been demonstrated in several prospective studies, such as metastatic breast
cancer and non-Hodgkin lymphoma.?®?* Therefore, the CALLY index can be used as an indicator for a comprehensive
assessment of the patient’s immunotrophic status and systemic inflammation. Cumulative studies have shown that the value of

B S CALLY

t-22.285-censored

Overall survival
Disease-free survival

0 20 40 60
0 20 40 60 time(months)
time(months)

Figure 2 Kaplan—Meier curves displaying the estimated survival probabilities in patients with breast cancer patients, with stratification according to the optimal cutoff value
of the CALLY index. (A) OS analysis. (B) DFS analysis.
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Table 3 Analysis of OS Prognosis Factors in 174 Breast Cancer Patients by Univariate
and Multivariate Analysis

Variables Univariate Analysis Multivariate Analysis
HR (95% CI) P-value HR (95% CI) P-value
Age (yr) 0.333(0.147-0.752) 0.008 0.537(0.229-1.258) | 0.153
BMI. 1.272(0.667-2.427) 0.465
ER 1.471(0.628-3.443) 0.374
PR 1.362(0.633-2.928) 0.430
Her-2 0.902(0.385-2.113) 0813
TNM stage 0.232(0.068-0.793) 0.02 0.121(0.025-0.585) | 0.009
Node positivity | 0.039(0.010-0.149) <0.001 0.223(0.021-2.330) | 0.210
Tumor size 0.023(0.005-0.101) <0.001 0.424(0.030-5.934) | 0.534
Radiotherapy 8.215(3.492-19.326) | <0.001 2.225(0.663-7.470) | 0.195
Chemotherapy 1.828(0.697-4.794) 0.220
CALLY index 0.652(0.515-0.827) <0.001 3.772(1.440-9.882) | 0.007

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; Her-2, human epidermal growth factor
receptor 2; TNM, tumor-node-metastasis; CALLY index, C-reactive protein-albumin-lymphocyte index.

Table 4 Analysis of DFS Prognosis Factors in 174 Breast Cancer Patients by Univariate
and Multivariate Analysis

Variables Univariate Analysis Multivariate Analysis
HR (95% CI) P-value HR (95% CI) P-value

Age (yr) 1.046(1.017-1.076) 0.002 0.750(0.395—1.425) 0.380

BMI. 0.843(0.517—-1.375) 0.494

ER 1.043(0.555-1.961) 0.896

PR 1.189(0.651-2.173) 0.573

Her-2 1.048(0.541-2.031) 0.889

TNM stage 0.130(0.038-0.450) 0.001 0.015

Node positivity 0.064(0.019-0.212) <0.001 0.137(0.028-0.681) 0.185

Tumor size 0.039(0.014-0.104) <0.001 0.251(0.033-1.934) 0.341

Radiotherapy 4.804(2.596-8.888) <0.001 0.360(0.044-2.945) 0.932

Chemotherapy 2.091(0.933-4.686) 0.073 1.043(0.397-2.737)

CALLY index 4.428(2.399-8.172) <0.001 2.806(1.378-5.714) 0.004

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; Her-2, human epidermal growth factor
receptor 2; TNM, tumor-node-metastasis; CALLY index, C-reactive protein-albumin-lymphocyte index.

the CALLY Index correlates with early diagnosis, prognostic assessment, and recurrence prediction of tumors, which can be
an independent adverse prognostic factor for ovarian, colon, and liver cancers.'*****> However, the prognostic value of the
CALLY index in breast cancer has not yet been reported. To our knowledge, this is the first study to investigate the prognostic
value of the CALLY index in breast cancer patients.

The results of this study showed that a low preoperative CALLY (CALLY<2.285) could be used as an independent indicator
of poor prognosis in breast cancer patients, suggesting that a low CALLY index may be strongly associated with tumor
progression and shorter survival. The CALLY index is a reproducible, widely used, and inexpensive laboratory hematology
indicator that has become an important subject of study in cancer research.?® In univariate analysis, tumor size, axillary lymph
node positivity, and TNM stage were correlated with OS. In multivariate analysis, tumor size and axillary lymph node positivity
were not directly correlated with OS, and tumor size, lymph node status, and distant metastasis were closely related to survival in
the eighth edition of the TNM classification published by AJCC.>” The authors speculate that this result is related to the small
sample size and, therefore, the stratified analysis is not possible. TNM staging is a commonly used staging system that provides

prognostic information and guidance for personalized management of breast cancer, and its prognostic value has also been
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verified in this study. To sum up, we found that the CALLY index is a reliable predictor of overall survival and disease-free
survival after radical surgery in breast cancer patients. Those with a low CALLY index are more likely to have a worse outcome
than those with a high CALLY index.

The study had several limitations. First, this was a single-center study, and the sample size (174 cases) may not be sufficient
to fully reflect the status of breast cancer patients. Second, follow-up is short and the operating system is lacking.”® The median
follow-up was 56 months, and most postoperative breast cancer patients typically face their first peak recurrence before 36
months. While the results of this study support the prognostic role of the CALLY index in breast cancer, the exact mechanism
by which a low CALLY index is associated with adverse clinical and survival outcomes in breast cancer patients remains
uncertain. Our results show that a low CALLY index (< 2.285) is associated with adverse pathological features, possibly low
malnutrition® and antitumor immunity,*® increased systemic inflammatory response,®’ or both, and these findings may
provide insights into the prognostic mechanism of the CALLY index in breast cancer.

In summary, the CALLY index, calculated using CRP values, albumin levels, and lymphocyte count, can be used as a valid
predictor of postoperative prognosis in breast cancer patients. Given its cost-effectiveness and availability, we believe the
CALLY index can be a viable biomarker for breast cancer management and cancer research. Further studies with larger sample
sizes and longer follow-up periods are needed to confirm the prognostic value of the CALLY index in breast cancer.

Conclusion

In summary, the data from this study suggest that the CALLY index will be used as an independent prognostic indicator
affecting the prognosis of breast cancer patients. Therefore, the CALLY index may be a useful biomarker in the
evaluation of breast cancer to guide appropriate treatment, adjust follow-up intervals, and improve prognosis. Future
studies with larger sample sizes and multicenter studies are needed to fully explore the potential of the CALLY index as
a prognostic factor for breast cancer.

Highlights

e We analyzed the relationship between the CALLY Index and prognosis of patients with breast cancer.

e The results of this study show that a low CALLY index (CALLY<2.285) may be closely related to tumor progression
and shortened survival. Therefore, a low preoperative CALLY index can be used as an independent indicator of poor
prognosis in postoperative patients with breast cancer.
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