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Background

Albumin-to-alkaline phosphatase ratio (AAPR) has been reported as a novel prognostic predictor for numerous solid tumors. We aimed to assess the prognostic role of preoperative AAPR in surgically resectable esophageal squamous cell carcinoma (ESCC) by a propensity score matching (PSM) analysis with predictive nomograms.



Methods

Our study was conducted in a single-center prospective database between June 2009 and December 2012. Kaplan-Meier analysis was used to distinguish the difference in survival outcomes between patients stratified by an AAPR threshold. Multivariable Cox proportional hazards regression model was finally generated to specify independent prognostic markers for the entire and PSM cohorts.



Results

A total of 497 patients with ESCC were included in this study. An AAPR of 0.50 was determined as the optimal cutoff point for prognostic outcome stratification. Patients with AAPR<0.50 had significantly worse overall survival (OS), and progression-free survival (PFS) compared to those with AAPR≥0.50 (Log-rank P<0.001). This significant difference remained stable in the PSM analysis. Multivariable analyses based on the entire and PSM cohorts consistently showed that AAPR<0.50 might be one of the most predominant prognostic factors resulting in unfavorable OS and PFS of ESCC patients undergoing esophagectomy (P<0.001). The nomograms consisting of AAPR and other independent prognostic factors further demonstrated a plausible predictive accuracy of postoperative OS and PFS.



Conclusion

AAPR can be considered as a simple, convenient and noninvasive biomarker with a significant prognostic effect in surgically resected ESCC.





Keywords: albumin-to-alkaline phosphatase ratio, esophageal squamous cell carcinoma, prognosis, prediction, esophagectomy



1 Introduction


1.1 Background

Esophageal cancer (EC) ranks seventh in global cancer incidence and sixth in cancer-specific mortality (1). EC can be subdivided into esophageal adenocarcinoma and esophageal squamous cell carcinoma (ESCC). The latter is extremely prevalent across the EC hotspots worldwide, accounting for approximately 90% of all histological subtypes (2). Despite recent advances in the development of minimally invasive techniques, optimization of chemoradiotherapy regimens, and innovations in molecularly targeted therapies, the post-treatment prognosis of EC has remained discouraging in decades, with 5-year survival rates ranging from 10% to 20% (3, 4). Esophagectomy, as the mainstay of curative treatment for EC, is still considered a life-threatening gastrointestinal procedure with high mortality rates ranging from 8% to 23% (5–7). Therefore, it becomes crucial to delve into a series of putative prognostic markers that can accurately predict the outcome of the procedure and help to draw up an individualized treatment plan in advance for EC patients intending to undergo esophagectomy.

There is growing evidence that systemic immuno-nutritional status, which can be conveniently and effectively characterized by peripheral blood biomarkers, plays a pivotal role in the pathogenesis and progression of cancers, and further contributes to being a determinant of cancer-related prognosis (4, 8–11). Serum albumin (sALB), a traditional serum biochemical marker synthesized by the liver, has been widely used to reflect the nutritional reserve of the host and considered as a prognostic indicator for malignant tumors (12–14). Alkaline phosphatase (ALP), another hydrolase widely accepted as a disease marker of the hepatobiliary system, bone, and kidney, has also been correlated with postoperative survival of cancer patients (15). In summary, a novel and simple scoring system by integrating sALB with serum ALP, named albumin-to-alkaline phosphatase ratio (AAPR), has been constantly validated as a reliable prognostic indicator across a wide range of malignant tumors, regardless of their treatment options (12, 16–24). However, to our knowledge, the potential prognostic value of AAPR has not yet been explored in patients undergoing esophagectomy for EC.



1.2 Objectives

Considering these issues, the purpose of this propensity score matching (PSM) study was to provide a comprehensive assessment of preoperative AAPR as a validated prognostic biomarker for surgically resectable ESCC.




2 Materials and Methods


2.1 Study Design and Protocol

Our study was a PSM analysis performed in the ESCC database prospectively maintained in our cancer center. We received formal approval from the Institutional Review Board (No: GZR 2018-120) and performed all relevant procedures compliant with the Declaration of Helsinki. Finally, we completed this report following the Strengthening the Reporting of Cohort Studies in Surgery (STROCSS) 2019 Guideline (25).



2.2 Participant Selection


2.2.1 Settings

We evaluated clinical and survival data of consecutive patients who underwent esophagectomy for ESCC in our inpatient unit between June 2009 and December 2012.



2.2.2 Inclusion and Exclusion Criteria

The following criteria were performed to determine the suitability of patients for inclusion or exclusion:

	(i) Patients with surgically resectable ESCC diagnosed by routine histology were included. Esophageal adenocarcinoma or benign diseases would be excluded;

	(ii) Esophagectomy via Ivor-Lewis, Sweet and McKeown procedures and esophageal reconstruction with a gastric tube were included. Transhiatal esophagectomy would be excluded;

	(iii) Peripheral hematological and biochemical indices must be obtained within seven days prior to the procedure. To ensure the objectivity and accuracy of the analyzed data, the scarcity of complete medical records and follow-up characteristics would not be considered;

	(iv) Patients receiving neoadjuvant chemotherapy or chemoradiotherapy would not be considered to minimize potential confounding effects caused by changes in peripheral blood composition after preoperative anticancer therapy, which might complicate the prognostic impact of AAPR;

	(v) Patients with concurrent or prior malignancies would not be considered, with the aim to avoid the additional assumption of carcinomatous tissues outside of the esophagus on the host immuno-nutritional reserve, and thus attenuate potential bias risks in the prognostic factor analysis.






2.3 Follow-Up Survey

Regular follow-up assessments began on the day of surgery and then during in-hospital observation, every three months for the first two years, every six months for the next three years, and then annually until death or the final follow-up date of December 2018. Follow-up assessments included routine laboratory tests, computed tomography scans of head and neck, chest and abdomen, and endoscopy when necessary.



2.4 Measures and Definitions of Outcome Data


2.4.1 Patient Characteristics

	(i) Basic patient information included: age (years), sex (male/female), and body mass index (BMI, kg/m2);

	(ii) Patients’ preoperative comorbidities included: gastrointestinal comorbidities (including chronic gastritis, gastroduodenal ulcers, gastroduodenal bleeding, gastroesophageal reflux disease, caustic stricture of the esophagus, and alimentary tract polyps), cardiovascular comorbidities (including hypertension, coronary artery disease, valvular heart disease, cerebrovascular disease, cardiac arrhythmias, chronic heart failure and peripheral artery disease), diabetes mellitus, respiratory comorbidities (including chronic obstructive pulmonary disease, emphysema, tuberculosis, pneumonia, asthma, bronchiectasis and interstitial lung diseases), hepatobiliary comorbidities (including cirrhosis, hepatitis B, hepatitis C, severe fatty liver and cholelithiasis);

	(iii) Pathological parameters of the patients included: grade of differentiation (well/moderate/poor), vascular invasion (present/absent), lymphatic invasion (present/absent), perineural and neural invasion (present/absent), tumor size (cm), tumor invasion (T stage), lymph node metastasis (LNM, N stage) and TNM stage. Tumor staging was estimated by our experienced pathologists according to the 8th edition of the AJCC/UICC TNM staging system of ESCC (26).





2.4.2 Acquisition of Peripheral Blood Markers

Blood sampling for each included patient was performed by our experienced nurses within seven days prior to esophagectomy. The following peripheral blood biomarkers would be collected from complete blood counts and biochemical tests: sALB (g/L), ALP (U/L), C-reactive protein (CRP, mg/L), neutrophil count (109/L), and lymphocyte count (109/L). AAPR was calculated by dividing the level of sALB by the level of serum ALP (sALB/ALP). Also, neutrophil to lymphocyte ratio (NLR) was derived from the total numbers of neutrophils and lymphocytes and used for further survival analysis.



2.4.3 Grouping Criteria of AAPR

We used a free online statistical tool constructed on the R framework (https://molpathoheidelberg.shinyapps.io/CutoffFinder_v1/), the Cutoff Finder, to determine the optimal cutoff point for AAPR in predicting postoperative survival. We could then compare clinicopathological characteristics and surgical outcomes of the two groups of patients stratified by this threshold of AAPR. In addition, prognostic significance of AAPR was further analyzed in all subgroups that were stratified according to patients’ clinicopathological characteristics.



2.4.4 Outcomes of Interest

The primary endpoint and the secondary endpoint for survival outcome evaluation were overall survival (OS) and progression-free survival (PFS), respectively. OS was defined as the time interval between esophagectomy and the date of death from any cause or censor at final follow-up. PFS was defined as the time interval between esophagectomy and the date of radiological or histological detection of cancerous recurrence or metastasis (4, 27).

Another one secondary objective was to estimate the differences in postoperative complications, 30-day mortality and 90-day mortality between the two AAPR groups. Postoperative complications were defined as any Clavien-Dindo classification grade ≥ III complication occurred during hospitalization (28). Thirty-day mortality and 90-day mortality were defined as any death within 30 and 90 days after surgery.




2.5 Surgical Procedure and Combined Treatment Modality

McKeown, Sweet, and Ivor-Lewis esophagectomies were all standard surgical approaches for treating ESCC at our institution. In addition, reconstruction of the gastric tube with an anastomosis in the cervical incision was generally performed through the posterior mediastinal route. A two-field lymphadenectomy was indicated for middle to lower thoracic ESCC, while a three-field lymphadenectomy was indicated for upper thoracic ESCC. Finally, a feeding tube was routinely placed into the stomach or duodenum at the end of the procedure.

Regarding adjuvant therapy after esophagectomy, a detailed chemotherapy regimen based on cisplatin plus fluoropyrimidine and/or radiotherapy would be finalized according to patients’ baseline conditions and pathological findings.



2.6 Statistical Analysis

The following statistical methods in our study were completed using IBM SPSS 26.0 software (IBM SPSS Statistics, Version 22.0. Armonk, NY: IBM Corp) and R Studio version 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria). Statistical significance was indicated by a two-sided test P value less than 0.050.

We used Pearson’s chi-square test, Yates’ correction test and Fisher exact test to compare categorical data and Mann-Whitney U test to compare continuous data [mean ± standard deviation (SD); median and interquartile range (IQR)], respectively.

Kaplan-Meier curve with Log-rank test was applied to analyze the differences in OS and PFS among different patient groups.

We further performed time-dependent receiver operating characteristic (t-ROC) analysis, a special ROC analysis for time-to-event variables, to estimate the ability of AAPR, sALB, ALP, NLR, and CRP to discriminate between the predictive accuracy of postoperative survival throughout the follow-up period. In addition, their areas under curve (AUCs) would be inferred and compared.

In our PSM analysis, a nearest neighbor matching algorithm by caliper matching with a specified distance at 0.20 SD of the logarithm of the propensity score was utilized to help adequately balance the baseline characteristics between the two AAPR groups. Finally, a 1:1 pair of well-matched patients was generated based on their propensity scores. Furthermore, neither sALB nor ALP, critical factors in the direct establishment of AAPR, would be considered in the PSM procedure (12).

The relationships between all estimated characteristics and survival outcomes were initially explored through univariable Cox proportional hazards regression analysis. Thereafter, any clinicopathological parameter with P<0.15 was included in multivariable Cox proportional hazards regression models, and hazard ratios (HRs) with 95% confidence intervals (CIs) were then generated to indicate which factors could play a significant prognostic role in predicting OS and PFS.

We further displayed nomograms graphically mapping multivariable Cox proportional hazards regression models built on independent prognostic contributors. In the prognostic nomogram, each predictive covariable was assigned a score from 0 to 100 based on its point scale bar, and the probability of survival was then represented by the cumulative points mapped by all these covariables. In addition, we computed Harrell’s concordance statistic (C-statistic) to measure the goodness-of-fit of each multivariable Cox proportional hazards regression model. Finally, we plotted calibration curves to reveal the consistency between survival outcomes predicted by nomograms and the real-world survival outcomes.




3 Results


3.1 Patient Demographics and Outcomes


3.1.1 Participant Population and Primary Demographics

From June 2009 to December 2012, a total of 661 patients underwent esophagectomy at an inpatient unit in our institution. Figure 1 shows a flowchart of the entire process of participant selection. During the study period, 497 patients have met all eligibility criteria, completed the entire follow-up assessment, and were ultimately enrolled in the current study (Figure 1). Their primary demographic data are summarized in Table 1.




Figure 1 | Flowchart of the inclusion and exclusion of participants.




Table 1 | Patient characteristics and in-hospital outcomes of the entire cohort.





3.1.2 Patient Characteristics

The entire cohort included 404 (81.3%) male and 93 (18.7%) female patients with a mean age of 59.15 ± 9.29 years and a mean BMI of 21.51 ± 3.24 kg/m2. A total of 125 (25.2%) patients were diagnosed preoperatively with one or more types of comorbidities (Table 1). Postoperative pathological evaluation showed that 95 (19.1%) patients, 248 (49.9%) patients and 154 (31.0%) patients were classified as TNM stage I, II and III ESCC, respectively. There were 52.3% of the cohort (260 patients) confirmed with the presence of LNM (N1-3 stage). Other pathological records are also detailed in Table 1. Finally, 189 (38.0%) patients received adjuvant chemotherapy (175) and/or adjuvant radiotherapy (56) after esophagectomy.



3.1.3 Laboratory Markers

The mean values regarding sALB, ALP, CRP, neutrophil count, and lymphocyte count in all included patients were 43.04 ± 3.22 g/L, 70.57 ± 19.19 U/L, 6.16 ± 11.44, 4.67 ± 1.87 109/L, and 1.96 ± 0.61 109/L. In addition, both AAPR and NLR could thus be obtained with mean values of 2.65 ± 1.61 and 0.65 ± 0.17, respectively, as shown in Table 1.



3.1.4 AAPR Evaluation

On the basis of biostatistical results generated by the Cutoff Finder, various cutoff points for AAPR were statistically significant for prognostic prediction, and an AAPR of 0.50 was finally recognized as the optimal cutoff point, as shown in Figure 2A. Therefore, 86 (17.3%) patients were classified into the AAPR<0.50 group, and the remaining 411 (82.7%) patients were classified into the AAPR≥0.50 group (Table 1 and Figure 2B).




Figure 2 | The AAPR optimal cutoff point (0.50). (A) Hazard ratios for overall survival according to the cutoff points for preoperative AAPR; (B) Patient distribution according to preoperative AAPR. The vertical line indicates the threshold value of AAPR with the most significant split in Log-rank test.





3.1.5 Postoperative Outcomes

The median follow-up time for our surgical cohort was 53 (1-114) months. Until the final follow-up date, the rates of OS and PFS were 42.7% and 38.2%, respectively. In-hospital outcomes are also detailed in Table 1. There were 88 (17.7%) patients developed with Clavien-Dindo grade ≥ III complications in the perioperative period. The 30-day and 90-day mortality rates for the entire cohort were 0.6% (3 cases) and 2.6% (13 cases), respectively.




3.2 Discriminatory Power of Peripheral Blood Biomarkers

Figure 3 shows the dynamic AUCs derived from the t-ROC analysis for all estimated peripheral blood markers. The AUCs for AAPR predicting postoperative survival ranged from 0.57 to 0.63 throughout the follow-up assessment, especially after ≥ 2 years at follow-up, showing a better discriminatory capacity than CRP and NLR. AAPR had significant predictive roles regarding 1-year OS, 3-year OS, 5-year OS, and 10-year OS with AUCs of 0.60, 0.60, 0.58, and 0.62, respectively (P<0.050).




Figure 3 | Time-dependent ROC analysis of the discriminatory ability of laboratory-assayed biomarkers for postoperative survival during follow-up.





3.3 Comparison Between AAPR Groups in the Entire Cohort


3.3.1 Preoperative AAPR and Patient Characteristics

Table 1 exhibits demographic differences in perioperative characteristics between the two AAPR groups. We found that patients with AAPR<0.50 had a significantly lower BMI (P=0.003), significantly larger tumor size (P<0.001), and a significantly higher percentage of perineural/neural invasion compared with patients with AAPR≥0.50. There were no significant differences in other clinicopathological features between the two AAPR groups.



3.3.2 Preoperative AAPR and In-Hospital Outcomes

Postoperative complication rate was found to be significantly higher in patients with AAPR<0.50 than in those with AAPR≥0.50 (25.6% vs. 16.1%; P=0.035; Table 1). There was no significant difference in 30-day mortality (0% vs. 0.7%; P=1.0) or 90-day mortality (5.8% vs. 1.9%; P=0.095) between the two AAPR groups (Table 1).



3.3.3 Preoperative AAPR and Survival Outcomes

Kaplan-Meier survival analysis revealed that the mean OS time estimates for the AAPR<0.50 and AAPR≥0.50 groups were 1267 ± 134 (95% CI: 1004-1530) days and 2082 ± 68 (95% CI: 1948-2216) days, respectively. Patients with AAPR<0.50 and with AAPR≥0.50 had an OS rate of 22.1% and 47.0% after follow-up, respectively. In addition, the mean PFS time estimates for the AAPR<0.50 and AAPR≥0.50 groups were 1138 ± 133 (95% CI: 877-1399) days and 1877 ± 71 (95% CI: 1737-2016) days, respectively. The PFS rates after follow-up for patients with AAPR<0.50 and with AAPR≥0.50 were 19.8% and 42.1%. Thus, both OS and PFS were significantly shorter in patients with AAPR<0.50 than those with AAPR≥0.50 (Log-rank P<0.001; Figures 4A, B).




Figure 4 | Kaplan-Meier survival analysis of (A) OS and (B) PFS between patients stratified by preoperative AAPR.





3.3.4 Univariable and Multivariable Analysis on Prognostic Factors of OS

Univariable Cox proportional hazards regression analysis based on the entire patient cohort showed that for each additional unit of age (P<0.001), BMI (P=0.010), NLR (P=0.008) and tumor size (P<0.001), male population (P=0.025), cardiovascular comorbidity (P=0.024), AAPR<0.50 (P<0.001), vascular invasion (P=0.001), lymphatic invasion (P=0.001), T3 stage tumor (P<0.001), LNM (P<0.001), adjuvant chemotherapy (P<0.001), and adjuvant radiotherapy (P=0.024) were significantly associated with postoperative OS, as shown in Table 2.


Table 2 | Univariable and multivariable analyses of the prognostic factors in the entire cohort.



After adjustment by all covariable estimates holding P<0.15, multivariable Cox proportional hazards regression analysis showed that for every 1 year increase in age (HR: 1.037; 95% CI: 1.022-1.052; P<0.001), every 1 kg/m2 increase in BMI (HR: 0.950; 95% CI: 0.910-0.992; P=0.020), AAPR<0.50 (HR: 1.92; 95% CI: 1.44-2.54; P<0.001), T3 stage tumor (HR: 1.39; 95% CI: 1.04-1.85; P=0.027), LNM (HR: 2.44; 95% CI: 1.85-3.22; P<0.001), adjuvant chemotherapy (HR: 1.39; 95% CI: 1.04-1.85; P=0.024), and the occurrence of postoperative complications (HR: 1.42; 95% CI: 1.04-1.92; P=0.025) could be independent prognostic factors for OS in ESCC patients undergoing esophagectomy (Table 2).

Finally, we constructed a prognostic nomogram incorporating all the above independent indicators to represent a visual and comprehensive risk evaluation scale for predicting postoperative OS, as shown in Figure 5A. We found that both LNM and AAPR were the most predominant predictors of postoperative OS in ESCC patients (P<0.001). This nomogram based on AAPR and other independent predictors presented a significant contribution to the discrimination of OS probability with a C-statistic of 0.71 (95% CI: 0.62-0.80; P<0.001). Figures 5B-E are calibration curves assessing the predictive strength of our nomogram for OS probability. These curves showed a significant agreement between the OS predicted by our nomogram and the real-world OS at different follow-up periods.




Figure 5 | Prediction of OS by preoperative AAPR. (A) AAPR composite nomogram and its calibration curves (B) 1-year OS, (C) 3-year OS, (D) 5-year OS, and (E) 10-year OS.





3.3.5 Univariable and Multivariable Analysis on Prognostic Factors of PFS

Univariable Cox proportional hazards regression analysis based on the entire patient cohort showed that for each additional unit of age (P=0.023), BMI (P=0.013) and tumor size (P<0.001), male population (P=0.033), AAPR<0.50 (P<0.001), vascular invasion (P=0.001), lymphatic invasion (P=0.002), T3 stage tumor (P<0.001), LNM (P<0.001), adjuvant chemotherapy (P<0.001), and adjuvant radiotherapy (P<0.001) were significantly associated with postoperative PFS (Table 2).

Multivariable Cox proportional hazards regression models built on clinicopathological parameters showing P<0.15 further demonstrated that for every 1 year increase in age (HR: 1.027; 95% CI: 1.013-1.041; P<0.001), every 1 kg/m2 increase in BMI (HR: 0.943; 95% CI: 0.904-0.983; P=0.006), every 0.5 cm increase in tumor size (HR: 1.101; 95% CI: 1.016-1.194; P=0.019), AAPR<0.50 (HR: 1.66; 95% CI: 1.25-2.18; P<0.001), LNM (HR: 2.06; 95% CI: 1.59-2.68; P<0.001), adjuvant chemotherapy (HR: 1.64; 95% CI: 1.25-2.16; P<0.001), and adjuvant radiotherapy (HR: 1.47; 95% CI: 1.06-2.06; P=0.022) were determined to be independent predictors of PFS in surgically resected ESCC (Table 2).

Finally, Figure 6A indicates a prognostic nomogram integrated by all the independent predictors of PFS mentioned above. LNM, AAPR, and adjuvant chemotherapy were the prognostic indicators contributing the most to postoperative PFS (P<0.001). The C-statistic of this nomogram was 0.70 (95% CI: 0.61-0.78), which had statistical significance when applied to differentiate the probability of PFS (P<0.001). In addition, as shown in Figures 6B-E, all calibration curves also showed a significant agreement between the nomogram-predicted PFS and the real-world PFS at different follow-up periods.




Figure 6 | Prediction of PFS by preoperative AAPR. (A) AAPR composite nomogram and its calibration curves (B) 1-year PFS, (C) 3-year PFS, (D) 5-year PFS, and (E) 10-year PFS.






3.4 Subgroup Analysis on the Prognostic Value of AAPR

As the subgroup survival results indicated, an unfavorable prognostic value of AAPR<0.50 for OS and PFS remained significantly reliable across all subgroups stratified by age, grade of differentiation, presence of perineural and neural invasion, tumor size, T stage, N stage, TNM stage, and occurrence of postoperative complications (Figures 7A, B).




Figure 7 | Subgroup analysis regarding the prognostic significance of preoperative AAPR on (A) OS and (B) PFS after esophagectomy for ESCC.



In addition, AAPR<0.50 was significantly associated with more inferior OS in all subgroups of BMI, preoperative comorbidity, adjuvant therapy, and male patients without vascular or lymphatic invasion. Moreover, AAPR<0.50 was also significantly associated with more inferior PFS in the subgroups of male gender, BMI <24 kg/m2, absence of preoperative comorbidity, absence of vascular or lymphatic invasion, and patients not receiving adjuvant therapy.



3.5 Comparison Between AAPR Groups in the PSM Cohort


3.5.1 PSM Cohort Generation

We determined BMI, NLR, CRP, perineural and neural invasion, and tumor size, all of which differed significantly between the two AAPR groups and were further engaged in the PSM procedure (Figure 8). As a result, this PSM analysis yielded 75 fully matched pairs of patients grouped by preoperative AAPR, as shown in Table 3.




Figure 8 | Mirrored histogram presenting the propensity score distribution and the overlap between unmatched and matched samples in the two AAPR groups.




Table 3 | Patient characteristics and in-hospital outcomes of the propensity score matched cohort.





3.5.2 Preoperative AAPR and In-Hospital Outcomes

In the PSM cohort, there was no significant difference between patients with AAPR<0.50 and those with AAPR≥0.50 in terms of postoperative complication rate (26.7% vs. 22.7%; P=0.57), 30-day mortality rate (1.3% vs. 1.3%; P=1.0), or 90-day mortality rate (6.7% vs. 2.7%; P=0.44) (Table 3).



3.5.3 Preoperative AAPR and Survival Outcomes

Kaplan-Meier survival analysis based on the PSM cohort showed that the mean OS time estimates for the AAPR<0.50 and AAPR≥0.50 groups were 1308 ± 148 (95% CI: 1017-1598) days and 2219 ± 157 (95% CI: 1911-2527) days, respectively. Patients with AAPR<0.50 and with AAPR≥0.50 had an OS rate of 24.0% and 53.3% after follow-up. In addition, the mean PFS time estimates for the AAPR<0.50 and AAPR≥0.50 groups were 1203 ± 146 (95% CI: 917-1489) days and 2112 ± 164 (95% CI: 1791-2434) days, respectively. The PFS rates after follow-up for patients with AAPR<0.50 and with AAPR≥0.50 were 21.3% and 50.7%, respectively. Thus, in the PSM cohort, patients with AAPR<0.50 had significantly worse outcomes of both OS and PFS than those with AAPR≥0.50 (Log-rank P<0.001; Figures 9A, B).




Figure 9 | PSM-based Kaplan-Meier survival analysis of (A) OS and (B) PFS between patient groups stratified by preoperative AAPR.





3.5.4 Univariable and Multivariable Analysis on Prognostic Factors of OS

Univariable Cox proportional hazards regression analysis revealed that for every 1 year increase in age (P=0.013), AAPR<0.50 (P<0.001), LNM (P<0.001), and the occurrence of postoperative complications (P=0.017) were significantly associated with shortened OS of ESCC patients in the PSM cohort (Table 4). Subsequently, in multivariable Cox proportional hazards regression analysis, all of them were further identified as independent prognostic biomarkers of postoperative OS after adjustment for other clinicopathological characteristics with P<0.15. In addition, LNM (HR: 2.56; 95% CI: 1.66-3.94; P<0.001) and AAPR<0.50 (HR: 2.40; 95% CI: 1.56-3.69; P<0.001) showed the most substantial prognostic significance associated with unfavorable OS in surgically resected ESCC (Table 4). A multivariable Cox proportional hazards regression model consisting of AAPR and other independent prognostic predictors had a significant discriminatory power for OS probability as indicated by a C-statistic of 0.71 (95% CI: 0.57-0.86; P<0.001).


Table 4 | Univariable and multivariable analyses of the prognostic factors in the propensity score matched cohort.





3.5.5 Univariable and Multivariable Analysis on Prognostic Factors of PFS

In univariable Cox proportional hazards regression analysis, we found that for every 1 year increase in age (P=0.017), AAPR<0.50 (P<0.001), LNM (P<0.001), and the occurrence of postoperative complications (P=0.042) were significantly associated with worsening PFS of ESCC patients in the PSM cohort (Table 4). Multivariable Cox proportional hazards regression model on clinicopathological covariables with P<0.15 further suggested that for every 1 year increase in age (HR: 1.029; 95% CI: 1.004-1.054; P=0.020), every 1 kg/m2 increase in BMI (HR: 0.923; 95% CI: 0.852-0.999; P=0.048), AAPR<0.50 (HR: 2.30; 95% CI: 1.50-3.53; P<0.001), and LNM (HR: 2.47; 95% CI: 1.57-3.89; P<0.001) could be regarded as independent predictors of postoperative PFS (Table 4). Finally, the multivariable Cox proportional hazards regression model involving AAPR and other independent prognostic predictors had a significant discriminatory power for the probability of PFS with a C-statistic of 0.71 (95% CI: 0.56-0.86; P<0.001).





4 Discussion


4.1 Key Results and Interpretations

Since Chan et al. (16) first introduced this simply synthetic biomarker based on sALB and serum ALP for estimating the outcome of the procedure in hepatocellular carcinoma, AAPR has been widely demonstrated to be promisingly indicative of post-treatment prognosis in a series of malignant tumors, including nasopharyngeal carcinoma (17), urothelial carcinoma (18), cholangiocarcinoma (19), lung cancer (12, 20), bladder cancer (21), and pancreatic cancer (22, 23). Several recent evidence-based literature reviews have also provided comprehensive results suggesting a potent prognostic impact of AAPR in human solid tumors, regardless of their histological origins (15, 24). However, until recently, there was no investigation aimed at the clinical significance of AAPR in surgically resected ESCC.

To our knowledge, our study was the first to employ a PSM analysis to elucidate potential prognostic effects of preoperative AAPR on OS and PFS in surgically resected ESCC. An AAPR of 0.50 was considered to be the threshold for prognostic outcome stratification of ESCC patients in our cohort. Patients with AAPR<0.50 had a significantly lower BMI, significantly larger tumor size, significantly higher NLR and CRP, and a significantly higher proportion of perineural and neural invasion than patients with AAPR≥0.50. Similar to previous reports in surgical oncology, we found that a decreased level of preoperative AAPR was significantly associated with poorer survival outcomes following esophagectomy for cancer. In our study, by applying an optimal cutoff point of 0.50, AAPR could play a considerable role in the effective risk stratification of OS and PFS in surgical patients with ESCC. In addition, we further established two nomograms based on preoperative AAPR with the aim to predict the probability of OS and PFS comprehensively. After calibration, AAPR<0.50 and LNM were finally identified as the two most apparent susceptibility factors for death from any cause or cancer progression in the present cohort of ESCC patients.

One of our study focuses was to determine the prognostic utility of AAPR in patients undergoing esophagectomy for ESCC via both Cox proportional hazards regression analysis and PSM analysis. PSM has been widely validated as an excellent statistical alternative that collapsed all potential confounders into a single value that matches each subject between study groups with well-balanced baseline characteristics, thus providing an effective way to circumvent the ontological limitations of classical multivariable regression modeling (8, 10, 12). Given such concerns, a total of 75 well-matched pairs of patients were extracted by reviewing the propensity scores of the two AAPR groups. Finally, AAPR was found to exhibit substantial prognostic impact in the entire cohort, and was also validated as a independent prognostic biomarker for OS and PFS in the PSM cohort.

Another highlight of our study was a comprehensive survival analysis of the prognostic roles of AAPR in a specific set of ESCC patient subgroups. Our findings confirmed that AAPR remained statistically reliable for predicting OS and PFS of ESCC patients in most subgroups stratified by clinicopathological characteristics. Furthermore, we observed no significant difference in either OS or PFS between patients with AAPR<0.50 and with AAPR≥0.50 in both women and patients with vascular or lymphatic invasive tumors. We speculated that the limited sample size of these two subgroups might have weakened the demonstrative power of Cox proportional hazards regression models derived.

The following possible biological mechanisms may help to elucidate the links between AAPR and prognosis of surgically resected ESCC. Firstly, hypoalbuminemia characterized by a decline in sALB has not only been considered as a promising indicator of suppression of host immune-nutritional reserve, but also as a potential diagnostic biomarker for human malignancies (14). Hypoalbuminemia also performs as one of the cardinal markers of cachexia during the carcinomatous progression, which is defined as a multifactorial syndrome characterized by an ongoing skeletal muscle loss that cannot be fully reversed by conventional nutritional support and eventually aggravates a functional impairment according to the Washington and Delphi consensus (29), especially throughout the disease trajectory of ESCC (30). In addition, as a negative acute-phase protein, sALB has also been used to reveal changes in the systemic inflammatory response, as hepatocyte synthesis of sALB can be influenced by the biological activity of pro-inflammatory cytokines. Both malnutrition and inflammation contribute to the development of hypoalbuminemia, which leads to impaired surgical tolerance due to an impaired ability to withstand acute injury (8, 10, 12). At the same time, sALB maintains its physiological properties as an antioxidant transporter. Therefore, hypoalbuminemia may impair antitumor immunity and response to adjuvant therapy, leading to unfavorable post-surgical prognosis (15).

Secondly, serum ALP is a hydrolytic enzyme mainly concentrated in the liver, bone, and kidney that catalyze the hydrolytic processes and phosphate transfer in an alkaline environment. An extensive body of evidence suggest that elevated ALP levels can indicate oxidative stress, which is induced by inflammation together with fast-growing tumors, contributing to the production of reactive oxygen species that damage the DNA, protein, and lipid, and promote active mutagenic metabolism (12, 31). In addition, increased cellular permeability in cancer-related inflammation can also increase intracellular ALP concentration and activity (32). Therefore, serum ALP can be considered a valuable marker of carcinogenesis, cancer cell proliferation and metastasis (29).



4.2 Clinical Significance

All our findings provide evidence to support the inclusion of a value of AAPR in routine risk assessment prior to esophagectomy to better distinguish patients who have a higher probability of suffering an unfavorable prognosis. AAPR is directly extrapolated from sALB and serum ALP, both of which can be easily and inexpensively obtained through peripheral chemistry test in the routine clinical practice. In addition, the predictive accuracy of postoperative survival in ESCC patients can be improved by identifying their AAPR levels early before surgery. Thus, more accurate prognostic prediction would thus facilitate the development of more individualized treatment plans to improve anti-inflammatory and nutritional care, enhance the tolerance of surgery, and limit potential adverse events.



4.3 Limitations

There were several notable limitations of this study.

First, this study was a retrospective analysis on a single-center prospectively collected database that was not externally validated. Therefore, due to the inherent limitations of retrospective nature, potential selection bias might have still attenuated the demonstrative strength of AAPR as a reliable prognostic marker for surgically resectable ESCC, despite our attempts to conduct a well-designed PSM analysis of the included patients based on our reasonably stringent eligibility criteria. In addition, the limited sample size of a single institution might also have negatively affected the strength of evidence in our study. Therefore, we strongly recommend additional multicenter prospective studies in the future to better control for potential confounding covariables to validate the clinical implication of AAPR in surgically resectable ESCC.

Second, the value of AAPR in this study was a single time-point measure preoperatively. However, AAPR was usually a dynamic serum biomarker which significantly fluctuated over time. It would also be essentially meaningful to explore the changes of AAPR during the follow-up period. Hence, a prospective validating analysis aimed on the dynamic prognostic roles of AAPR in surgically resectable ESCC can be regarded as a crucial area of investigation in the future.

Third, serum ALP comprises a heterogeneous group of isozymes presented only in intestinal, placental, and reproductive tissues, which are substantially different from the tissue-nonspecific types mainly produced by the liver, bone, and kidney (32). Unfortunately, ALP isozyme analysis was not a routine laboratory test at our institution during the study period. We suggest that different assays for the source of ALP may further help to understand possible biological mechanisms underlying the prognostic role of AAPR in ESCC.

Fourth, potential differences in the salvage procedures outside our institution might exist during the disease course between the two AAPR groups, which had probably altered the ESCC prognosis in favor of one group in an unintentional manner.

Finally, there was no consensus on the threshold for AAPR in surgical oncology. In the latest studies, the selective cutoff points for AAPR varied.




5 Conclusions

In conclusion, our study suggests that preoperative AAPR can be a promising prognostic predictor of OS and PFS in patients undergoing esophagectomy for ESCC. As a simple, convenient, and noninvasive biomarker from routine biochemical tests, AAPR shows excellent potential to help improve the predictive effectiveness of current risk stratification tools for the prognosis of surgically resected ESCC. As the present study still has some limitations, future multicenter prospective studies are urgently needed to confirm and validate our findings.
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1.59 (1.23 - 2.07) <0.001 1.23(0.93 - 1.62) 0.15
Reference

272(214-346) <0001  2.06(1.59-2.68)  <0.001
Reference

1.17 (0.93 - 1.49) 0.19
Reference

1.94 (1.55-2.44)  <0.001 164 (1.25-2.16)  <0.001
Reference

2.13(1.57 - 2.89) <0.001 1.47 (1.06 - 2.06) 0.022
Reference

1.15(0.86 - 1.54) 0.33
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Characteristics Overall Survival Progression Free Survival

Univariable Analysis Multivariable Analysis Univariable Analysis Multivariable Analysis
HR with 95%ClI P Value HR with 95%ClI P Value HR with 95%Cl P Value HR with 95%Cl P Value

Age (Per 1 Year Increase) 1.028 (1.006 - 1.051)  0.013  1.028(1.005-1.051) 0.018  1.026 (1.005 - 1.048)  0.017  1.029 (1.004 - 1.054)  0.020
Gender

Female Reference Reference
Male 1.06 (0.61 - 1.85) 0.83 1.01 (0.59 - 1.73) 097
Body Mass Index 0.945 (0.877 - 1.019) 0.14 0.926 (0.855-1.003) 0.060 0.947 (0.880 - 1.019) 0.140  0.923 (0.852 - 0.999)  0.048

(Per 1 kg/m? Increase)
Gastrointestinal Comorbidity

Absent Reference Reference

Present 1.24 (0.45 - 3.37) 0.68 1.18 (0.43 - 3.21) 0.75
Cardio-Cerebrovascular

Comorbidity

Absent Reference Reference

Present 1.29 (0.74 - 2.25) 0.37 1.25(0.72 - 2.17) 0.43
Diabetes Mellitus

Absent Reference Reference

Present 0.37 (0.05 - 2.62) 0.32 0.35 (0.05 - 2.49) 0.29
Respiratory Comorbidity

Absent Reference Reference

Present 1.09 (0.34 - 3.43) 0.89 0.96 (0.30 - 3.03) 0.94
Hepatobiliary Comorbidity

Absent Reference Reference

Present 1.26 (0.40 - 3.98) 0.70 1.12(0.35 - 3.53) 0.85
Neutrophil to Lymphocyte 1.094 (0.943 - 1.248) 0.26 1.058 (0.920 - 1.216) 0.43
Ratio (Per Unit Increase)

C - Reactive Protein 1.000 (0.982 - 1.019) 0.99 1.004 (0.986 - 1.021) 0.68
(Per 1 mg/L Increase)

Albumin to Alkaline

Phosphatase Ratio

> 0.50 Reference Reference

<0.50 2.34 (1.8 - 8.57) <0.001 2.40(1.56 - 3.69) <0.001 226 (1.49 - 3.42) <0.001 2.30(1.50 - 3.58) <0.001
Differentiation Grade

Well - Moderate Reference Reference

Poor 1.16 (0.74 - 1.82) 0.51 1.32(0.86 - 2.03) 0.21
Vascular Invasion

Absent Reference Reference

Present 1.35(0.70 - 2.61) 0.37 1.31(0.68 - 2.52) 0.42
Lymphatic Invasion

Absent Reference Reference

Present 1.08 (0.52 - 2.24) 0.83 1.03 (0.50 - 2.12) 0.94
Perineurium & Neural

Invasion

Absent Reference Reference

Present 1.26 (0.63 - 2.51) 0.562 1.17 (0.59 - 2.33) 0.66
Tumor Size 1.050 (0.934 - 1.180) 0.41 1.084 (0.967 - 1.216) 0.17
(Per 0.5 cm Increase)

T Stage

Ti-Ta Reference Reference

Ts 1.34 (0.83 - 2.16) 0.23 1.19 (0.76 - 1.88) 0.45
N Stage

No Reference Reference

Ny - N3 260 (1.69-399) <0.001  256(1.66-394) <0001 266 (1.75-4.04) <0001 247 (1.57-389  <0.001
TNM Stage

-l Reference Reference

n 1.17 (0.75 - 1.82) 0.49 1.32(0.86 - 2.02) 0.21
Adjuvant Chemotherapy

Not Received Reference Reference

Received 1.27 (0.82 - 1.95) 0.28 144 (095-2.19)  0.087 1.25 (0.76 - 2.06) 0.38
Adjuvant Radiotherapy

Not Received Reference Reference

Received 1.20 (0.66 - 2.15) 0.55 1.73(1.00 - 3.02) 0.052 1.02 (0.55 - 1.88) 0.96
Postoperative

Complications

Absent Reference Reference

Present 1.72(1.10 - 2.69) 0.017 1.62 (1.03 - 2.55) 0.036 1.58 (1.02 - 2.45) 0.042 1.43 (0.90 - 2.25) 0.13

Cl. Confidence Interval: HR, Hazard Ratio.





OEBPS/Images/table3.jpg
Characteristics

Age (Years)

Mean + SD

Median (IQR)

Gender (n, %)

Female

Male

Body Mass Index (kg/m?)
Mean + SD

Median (IQR)

Gastrointestinal Comorbidity (n, %)
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Present
Cardio-Cerebrovascular Comorbidity (n, %)
Absent

Present

Diabetes Mellitus (n, %)
Absent

Present

Respiratory Comorbidity (n, %)
Absent

Present

Hepatobiliary Comorbidity (n, %)
Absent

Present

Neutrophil to Lymphocyte Ratio
Mean + SD

Median (IQR)

C - Reactive Protein (mg/L)
Mean + SD

Median (IQR)

AAPR Value

Mean + SD

Median (IQR)

Differentiation Grade (n, %)
Well

Moderate

Poor

Vascular Invasion (n, %)
Absent

Present

Lymphatic Invasion (n, %)
Absent

Present

Perineurium & Neural Invasion (n, %)
Absent

Present

Tumor Size (cm)

Mean + SD

Median (IQR)

T Stage (n, %)

Ty

T2

T

N Stage (n, %)

No

N+

N2

NB

TNM Stage (n, %)

I

I

1l

Adjuvant Chemotherapy (n, %)
Not Received

Received

Adjuvant Radiotherapy (n, %)
Not Received

Received

Postoperative Complications (n, %)
Absent

Present

30 - Day Mortality (n, %)
Absent

Present

90 - Day Mortality (n, %)
Absent

Present

Propensity Score Matched Cohort

Total (N = 150)

59.61 + 9.39
60 (54 - 66)

25 (16.7%)
125 (83.3%)

20.70 + 2.84
20.24 (18.50 - 22.66)

144 (96.0%)
6 (4.0%)

127 (84.7%)
23 (15.3%)

146 (97.3%)
4(2.7%)

145 (96.7%)
5 (3.3%)

146 (97.3%)
42.7%)

295+ 1.45
2.62(1.86 - 3.81)

798 +11.13
3.54 (1.47 - 8.89)

0.55 £0.15
0.50 (0.46 - 0.63)

39 (26.0%)
71 (47.3%)
40 (26.7%)

136 (90.7%)
14 (9.3%)

138 (92.0%)
12 (8.0%)

136 (90.7%)
14 (9.3%)

4.27 £1.68
4.0(3.0-5.0)

12 (8.0%)
27 (18.0%)
111 (74.0%)

34 (22.7%)
75 (50.0%)
41 (27.3%)

103 (68.7%)
47 (31.3%)

133 (88.7%)
17 (11.3%)

113 (75.3%)
37 (24.7%)

148 (98.7%)
2(1.3%)

143 (95.3%)
7 (4.7%)

AAPR 2 0.50 (N = 75)

59.81 + 10.05
60 (53 - 68)

11 (14.7%)
64 (85.3%)

20.52 +2.75
20.08 (18.49 - 22.66)

72 (96.0%)
3 (4.0%)

61 (81.3%)
14 (18.7%)

73 (97.3%)
2(2.7%)

72 (96.0%)
3 (4.0%)

73 (97.3%)
2(2.7%)

299 + 1.47
273 (1.89 - 3.79)

7.81+11.96
2,78 (1.02 - 10.58)

0.67 £0.13
0.62 (0.57 - 0.76)

20 (26.7%)
34 (45.3%)
21 (28.0%)

68 (90.7%)
7 (9.3%)

69 (92.0%)
6 (8.0%)

68 (90.7%)
7(9.3%)

4.26 £ 1.85
4.0@B.0-50

7 (9.3%)
12 (16.0%)
56 (74.7%)

41 (54.7%)
30 (40.0%)
2 2.7%)
2 (2.7%)

17 (22.7%)
36 (48.0%)
22 (29.3%)

54 (72.0%)
21 (28.0%)

68 (90.7%)
7(9.3%)

58 (77.3%)
17 (22.7%)

74 (98.7%)
1(1.3%)

73 (97.3%)
2(2.7%)

AAPR < 0.50 (N = 75)

59.40 + 8.74
58 (64 - 66)

4(18.7%)
61 (81.3%)

20.88 + 2.94
20.38 (18.51 - 22.84)

72 (96.0%)
3 (4.0%)

66 (88.0%)
9 (12.0%)

73 (97.3%)
2(2.7%)

73 (97.3%)
2 (2.7%)

3 (97.3%)
2(2.7%)

291+143
256 (1.70 - 3.91)

816 +10.32
4.39 (2.22 - 8.79)

0.44 £ 0.05
0.46 (0.41 - 0.48)

19 (25.3%)
37 (49.3%)
19 (25.3%)

68 (90.7%)
7(9.3%)

69 (92.0%)
6 (8.0%)

68 (90.7%)
7(9.3%)

4.28 £1.51
40(8.0-50)

5 (6.7%)
15 (20.0%)
55 (73.3%)

32 (42.7%)
35 (46.7%)
5 (6.7%)
3 (4.0%)

17 (22.7%)
39 (52.0%)
19 (25.3%)

49 (65.3%)
26 (34.7%)

65 (86.7%)
10 (13.3%)

55 (73.3%)
20 (26.7%)

74 (98.7%)
1(1.3%)

70 (93.3%)
5 (6.7%)

P Value

0.63

0.51

0.58

1.0

0.26

1.0

1.0

1.0

0.76

0.080

< 0.001

0.88

1.0

1.0

1.0

0.94

o7

0.39

0.84

0.38

0.44

0.57

1.0

0.44

AAPR, Albumin to Alkaline Phosphatase Ratio; IQR, Interquartile Range; SD, Standard Deviation.
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Characteristics

Age (Years)

Mean + SD

Median (IQR)

Gender (n, %)

Female

Male

Body Mass Index (kg/m?)
Mean + SD

Median (IQR)

Gastrointestinal Comorbidity (n, %)
Absent

Present
Cardio-Cerebrovascular Comorbidity (n, %)
Absent

Present

Diabetes Mellitus (n, %)
Absent

Present

Respiratory Comorbidity (n, %)
Absent

Present

Hepatobiliary Comorbidity (n, %)
Absent

Present

Neutrophil to Lymphocyte Ratio
Mean + SD

Median (IQR)

C - Reactive Protein (mg/L)
Mean + SD

Median (IQR)

AAPR Value

Mean + SD

Median (IQR)

Differentiation Grade (n, %)
Well

Moderate

Poor

Vascular Invasion (n, %)
Absent

Present

Lymphatic Invasion (n, %)
Absent

Present

Perineurium & Neural Invasion (n, %)
Absent

Present

Tumor Size (cm)

Mean + SD

Median (IQR)

T Stage (n, %)

Ty

T2

Ta

N Stage (n, %)

No

Ny

Na

N3

TNM Stage (n, %)

I

]

1]

Adjuvant Chemotherapy (n, %)
Not Received

Received

Adjuvant Radiotherapy (n, %)
Not Received

Received

Postoperative Complications (n, %)
Absent

Present

30 - Day Mortality (n, %)
Absent

Present

90 - Day Mortality (n, %)
Absent

Present

Entire Cohort P Value
Total (N = 497) AAPR > 0.50 (N = 411) AAPR < 0.50 (N = 86)
59.15 + 9.29 59.11 £+ 9.38 59.34 + 8.92 091
59 (53 - 66) 59 (63 - 65) 58 (54 - 66)
93 (18.7%) 78 (19.0%) 5 (17.4%) 0.74
404 (81.3%) 333 (81.0%) 71 (82.6%)
21.51 +3.24 21.69 + 3.28 20.67 +2.89 0.003
21.26 (19.47 - 23.56) 21.47 (19.59 - 23.72) 20.20 (18.41 - 22.28)
468 (94.2%) 385 (93.7%) 83 (96.5%) 0.31
29 (5.8%) 26 (6.3%) 3 (3.5%)
427 (85.9%) 353 (85.9%) 74 (86.0%) 097
70 (14.1%) 58 (14.1%) 2 (14.0%)
483 (97.2%) 400 (97.3%) 83 (96.5%) 0.96
4 (2.8%) 11 (2.7%) 3 (3.5%)
475 (95.6%) 392 (95.4%) 83 (96.5%) 0.86
22 (4.4%) 19 (4.6%) 3 (3.5%)
478 (96.2%) 394 (95.9%) 84 (97.7%) 0.63
19 (3.8%) 17 (4.1%) 2 (2.3%)
265+ 1.61 2.58 £ 1.65 2.96 + 1.40 0.004
2.26 (1.70 - 3.17) 2.21(1.68 - 3.00) 2.65(1.87 - 3.91)
6.16 + 11.44 5.40 £ 10.18 9.80 + 16.73 <0.001
2.33(1.01 - 5.60) 2.05 (0.91 - 4.66) 4.95(2.32 - 9.56)
0.65 +0.17 0.69 +0.15 0.44 + 0.06 <0.001
0.62 (0.54 - 0.74) 0.66 (0.59 - 0.76) 0.46 (0.40 - 0.48)
116 (23.3%) 95 (23.1%) 21 (24.4%) 077
226 (45.5%) 185 (45.0%) 41 (47.7%)
155 (31.2%) 131 (31.9%) 24 (27.9%)
457 (92.0%) 380 (92.5%) 77 (89.5%) 0.37
40 (8.0%) 31 (7.5%) 9 (10.5%)
464 (93.4%) 386 (93.9%) 78 (90.7%) 0.28
33 (6.6%) 25 (6.1%) 8(9.3%)
468 (94.2%) 392 (95.4%) 76 (88.4%) 0.012
29 (5.8%) 19 (4.6%) 10 (11.6%)
379+ 1.57 3.67 £1.57 4.33 £ 1.45 < 0.001
4.0(3.0-50) 35(25-45) 40(35-50)
54 (10.9%) 49 (11.9%) 5 (5.8%) 0.25
92 (18.5%) 75 (18.2%) 17 (19.8%)
351 (70.6%) 287 (69.8%) 64 (74.4%)
237 (47.7%) 201 (48.9%) 36 (41.9%) 0.58
219 (44.1%) 178 (43.3%) 41 (47.7%)
24 (4.8%) 18 (4.4%) 6 (7.0%)
7 (3.4%) 14 (3.4%) 3(3.5%)
95 (19.1%) 76 (18.5%) 19 (22.1%) 0.67
248 (49.9%) 205 (49.9%) 43 (50.0%)
154 (31.0%) 130 (31.6%) 24 (27.9%)
322 (64.8%) 266 (64.7%) 6 (65.1%) 0.94
175 (35.2%) 145 (35.3%) 0 (34.9%)
441 (88.7%) 366 (89.1%) 75 (87.2%) 0.62
56 (11.3%) 45 (10.9%) 1(12.8%)
409 (82.3%) 345 (83.9%) 64 (74.4%) 0.035
88 (17.7%) 66 (16.1%) 2 (25.6%)
494 (99.4%) 408 (99.3%) 86 (100%) 1.0
3(0.6%) 3(0.7%) 0(0%)
484 (97.4%) 403 (98.1%) 81 (94.2%) 0.095
13 (2.6%) 8(1.9%) 5 (5.8%)

AAPR, Albumin to Alkaline Phosphatase Ratio; IQR, Interquartile Range; SD, Standard Deviation.





