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Abstract

Albumin-to-alkaline phosphatase ratio (AAPR), a composite biomarker based on
routine biochemical indicators, integrates serum albumin (reflecting nutritional sta-
tus and hepatic synthetic function) and alkaline phosphatase (indicating hepatobili-
ary damage and tumor invasion). First proposed by Chan et al. in 2015 for hepato-
cellular carcinoma prognosis, AAPR has demonstrated significant clinical value
across digestive system malignancies. In hepatocellular carcinoma, AAPR>0.40
predicts superior overall and recurrence-free survival. For cholangiocarcinoma,
AAPR>0.41 correlates with improved 5-year survival rates (33.4% vs. 16.5%). In
pancreatic cancer, AAPR<0.4 identifies patients with markedly shortened survival

Hohhot 010050, Inner Mongolia, China. (6.4 vs. 9.3 months). Gastric and colorectal cancer studies confirm low AAPR as an

independent predictor of poor prognosis (HR=2.49, 95% CI: 1.67-3.71). Addition-
ally, AAPR<0.50 significantly predicts worse outcomes in esophageal squamous
cell carcinoma. Despite the advantages of convenience, low cost, and stability,
AAPR faces limitations, including non-unified cutoff values and comorbidity inter-
ference. Future research should establish standardized thresholds, validate them
through multi-center prospective studies, and expand applications in rare digestive
tumors.

Keywords

Albumin-to-alkaline phosphatase ratio (AAPR); digestive system tumors; prognos-
tic biomarker; hepatocellular carcinoma; cholangiocarcinoma; pancreatic cancer;
gastric cancer

1. Introduction

Biomarkers are important bridges connecting basic medicine and clinical medicine, providing objective evidence for
early diagnosis, disease assessment, prognosis judgment, and therapeutic targets of diseases. Albumin (ALB) and
alkaline phosphatase (ALP), as two of the most widely used routine biochemical detection indicators, respectively
reflect the physiological and pathological status of the body from different dimensions. Moreover, their detection is
convenient and cost-effective, suitable for primary medical institutions and large-scale population screening. ALB is
a polypeptide chain produced by liver parenchymal cells, containing 585 amino acid residues in its molecular struc-
ture. The liver synthesizes approximately 9-12 grams daily, with a half-life of about 15-19 days in human plasma [1].
As one of the most abundant proteins in blood, it plays important roles in maintaining plasma osmotic pressure sta-
bility, transporting poorly water-soluble small molecular organic compounds and inorganic ions, ensuring communi-
cation between intracellular fluid, extracellular fluid, and tissue fluid, as well as anti-inflammatory and antioxidant
effects [2-4]. Additionally, albumin has heparin-like activity and antiplatelet aggregation effects [5]. ALP is a hydro-
lase widely present in human bone, liver, kidney, and intestine, mainly expressed on the cytoplasmic membrane of
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human cells, forming glycoproteins combined with the membrane [6]. Under alkaline body fluid conditions, it can
catalyze the hydrolysis of various phosphate monoesters [7]. Routine laboratory alkaline phosphatase detection is
performed by measuring total alkaline phosphatase levels in serum [8]. Total ALP includes four isoenzymes: placental
ALP, germ cell ALP, and intestinal ALP are tissue-specific ALPs, meaning they are only expressed in specific tissues
under physiological conditions; while liver/bone/kidney ALP is non-tissue-specific ALP, therefore also present in
blood [9-11], accounting for more than 90% of total alkaline phosphatase activity in blood [12]. Therefore, when the
liver, bone, kidney, and other organs develop lesions, serum ALP levels usually appear higher than normal.

However, single biochemical indicators often only reflect a certain pathological link of disease, making it difficult
to comprehensively assess the complex pathophysiological processes of diseases. Ratio-based biochemical indicators,
by integrating two or more related indicators, can achieve a diagnostic efficacy of “1+1>2,” compensating for the
shortcomings of single indicators. For example, the C-reactive protein to albumin ratio (CAR) comprehensively eval-
uates acute inflammatory response and nutritional consumption, being more accurate than single indicators [13], and
superior to separate C-reactive protein or albumin in predicting disease severity and mortality [14-18]. The albumin-
to-alkaline phosphatase ratio (AAPR) can comprehensively assess the inflammatory response, immunity, and nutri-
tional status of the body. It was first proposed by Chan AW et al. in 2015 for predicting the prognosis of liver cancer
[19]. With the steady growth of AAPR-related research, its research scope has expanded from initial hepatocellular
carcinoma to cholangiocarcinoma, pancreatic cancer, lung cancer, nasopharyngeal carcinoma, and other solid tumors,
and has been explored in liver diseases such as liver cirrhosis, liver fibrosis, and acute liver injury, as well as critical
illnesses such as sepsis and acute respiratory distress syndrome. However, there are currently few systematic reviews
summarizing the research progress of AAPR with different systemic tumors, so this article systematically searches
AAPR-related Chinese and English literature and provides a systematic review of its applications in different sys-
temic tumors.

1.1 Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the 6th most common cancer globally and the 3rd leading cause of cancer death.
China is a high-incidence area, with new cases accounting for more than 50% of global new cases annually [10].
AAPR was first proposed as a liver cancer prediction factor in 2015 [19]. With research progress, studies on AAPR
in HCC prognosis have gradually increased [21, 22]. In a study including 188 HCC patients, it was pointed out that
the AUC value of AAPR for predicting 1-year overall survival in liver cancer patients was 0.704, higher than other
ratio indicators: aspartate aminotransferase-lymphocyte ratio (ALR) 0.697, lymphocyte-monocyte ratio (LMR) 0.677,
and platelet-lymphocyte ratio (PLR) 0.693 [23]. In the study by Li Qun et al. [24] on hepatitis B-positive HCC, it
was similarly shown that the cumulative incidence of 1-year, 3-year, and 5-year survival in the AAPR>0.40 group
was 97.1%, 78.2%, and 67.3% respectively, significantly higher than the AAPR<0.40 group (80.2%, 54.4%, and
40.1% respectively) (P<0.001). AAPR can serve as an independent risk factor for overall survival and recurrence-
free survival. In the study by Zhang Feng et al. [25], including 445 HCC patients, it was similarly shown that AAPR
can serve as a predictor of tumor recurrence and prognosis in early HCC patients at initial treatment: patients with
lower AAPR had significantly lower recurrence-free survival and overall survival than those with higher AAPR.
AAPR was identified as an independent prognostic indicator, and its discriminative efficacy was superior to that of
other liver function indicators. In advanced liver cancer patients who did not receive standard anti-cancer treatment,
univariate and multivariate analysis confirmed that AAPR can also serve as a potential prognostic indicator (HR =
0.592, P=10.007) [26].

1.2 Cholangiocarcinoma

Cholangiocarcinoma (CCA) is a highly malignant tumor originating from the epithelium of the biliary system. In
recent years, its global incidence and mortality have shown significant upward trends [27, 28]. As the second most
common primary hepatobiliary malignancy after hepatocellular carcinoma, CCA is often diagnosed at middle or
advanced stages due to its hidden anatomical location and lack of specific early symptoms [29]. Its prognosis and
long-term survival have received extensive attention from scholars. AAPR has been found to have certain value in
prognostic prediction for CCA. In the study by Li Hui et al. [30], AAPR showed superior predictive value for long-
term survival in intrahepatic cholangiocarcinoma patients undergoing surgical treatment compared to combined al-
bumin and bilirubin indicators. Meanwhile, Xiong Jianping et al. [31] pointed out that the overall 1-year, 3-year, and
S-year survival rates of the low AAPR group (<0.41) were 70.2%, 38.0%, and 16.5% respectively, significantly lower
than the high AAPR group (=0.41) (81.7%, 53.9%, and 33.4% respectively) (P<0.0001). AAPR also has certain
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predictive value in combined hepatocellular carcinoma and cholangiocarcinoma (cHCC-CCA) patients. In the retro-
spective study by Zhang Feng and Lu Shenxin et al. [32], it was pointed out that AAPR is a strong indicator of overall
survival, superior to Child-Pugh (CP) score and albumin-bilirubin score (ALBI), and preoperative AAPR is an inde-
pendent prognostic predictor for cHCC-CCA.

1.3 Pancreatic Cancer

Pancreatic cancer is the digestive tract tumor with the worst prognosis. It is difficult to diagnose early, with most
cases discovered at advanced stages. Its prognosis is extremely poor, with a 5-year survival rate of less than 10% [33].
AAPR also has a certain predictive value in the prognosis of pancreatic cancer. In a cohort study including 419
unresectable pancreatic ductal adenocarcinoma patients receiving chemotherapy, it was pointed out that an AAPR of
0.4 was the optimal threshold for overall survival prediction. Patients with AAPR<0.4 had significantly shorter sur-
gical cycles than those with AAPR>0.4 (6.4 months vs 9.3 months; P<0.001). AAPR can serve as an independent
prognostic predictor for unresectable pancreatic ductal adenocarcinoma patients [34]. The study by Veysel Haksoyler
et al. [35] similarly found that pre-treatment AAPR<0.46 is a novel independent indicator of overall survival in pa-
tients with unresectable locally advanced pancreatic carcinoma who ultimately received chemoradiotherapy. In the
cohort study by Torre et al. [36], including 354 pancreatic cancer patients, it was pointed out that the 1-year, 2-year,
and 3-year survival rates of the high-risk group with ARPR<2.16 (ARPR is the reciprocal of AAPR) were all signif-
icantly higher than the low-risk group (ARPR>2.16).

1.4 Gastrointestinal Tumors

Gastric cancer and colorectal cancer are among the most common malignant tumors globally, ranking 5th and 3rd in
global cancer incidence, accounting for 14.5% of new cancer cases. In terms of mortality, they rank 5th and 2nd,
respectively, accounting for 16.1% of global cancer deaths, posing a significant burden on global health [37, 38].
With continuous advancement in research, treatment strategies for gastrointestinal tumors have also progressed, but
overall survival outcomes remain unsatisfactory [39]. AAPR, as a low-cost and easily accessible indicator, can effec-
tively predict survival prognosis in gastric cancer. Li Yuting et al. collected AAPR values from patients with distant
metastatic gastric cancer and evaluated the prognostic efficacy of AAPR in metastatic GC patients using Kaplan-
Meier methods and Cox proportional hazards regression models, concluding that AAPR<0.48 was significantly as-
sociated with bone (P<0.05) and liver metastasis (P<0.05), and patients with higher AAPR levels had better overall
survival and progression-free survival. In the retrospective study by Arak et al. [42] on early colorectal cancer, it was
similarly pointed out that in early colorectal cancer patients, the overall survival of the low AAPR group was worse
than the high AAPR group, and the AAPR index showed significant prognostic value compared to NLR and PLR in
the same patient cohort. A meta-analysis including 4 databases, 8 studies, and 2267 gastrointestinal cancer patients
pointed out: comprehensive overall survival results from univariate and multivariate analysis showed that the death
risk in the low AAPR group was significantly higher than the high AAPR group (HR = 2.49, 95% CI: 1.67 to 3.71,
P<0.001, I = 84.3%; HR =2.59, 95% CI: 1.55 to 4.35, P<0.001, I> = 80.3%). For recurrence-free survival, univariate
analysis showed worse outcomes in the low AAPR group (HR = 1.58, 95% CI: 1.18 to 2.13, P = 0.002, I* = 0.0%).
AAPR is expected to become a promising serological parameter for prognostic evaluation in gastrointestinal cancer
patients.

1.5 Esophageal Cancer

Esophageal cancer ranks 7th in global cancer incidence and 6th in mortality. Esophageal squamous cell carcinoma is
more common than esophageal adenocarcinoma, accounting for about 90% of all histological subtypes. Despite the
continuous development of treatment plans for esophageal cancer, its 5-year survival rate remains between 10% and
20%. AAPR has been found to serve as a novel and promising prognostic biomarker for cancer patients undergoing
esophagectomy. In a propensity score matching study, it was pointed out that esophageal squamous cell carcinoma
patients with AAPR<0.50 had significantly lower overall survival (OS) and progression-free survival (PFS) than
patients with AAPR>0.50 (log-rank P<0.001). This significant difference remained stable in propensity score match-
ing analysis.

2. Summary

In summary, albumin-to-alkaline phosphatase ratio (AAPR), as a composite biomarker based on routine biochemical
indicators, with advantages of convenient detection, low cost, and high stability, demonstrates diverse value in clinical
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management of major digestive system tumors, including hepatocellular carcinoma, gastric cancer, colorectal cancer,
pancreatic cancer, and cholangiocarcinoma. In differential diagnosis, it can effectively distinguish tumors from be-
nign diseases, and its diagnostic efficacy is further improved when combined with traditional tumor markers; in
prognostic prediction, low AAPR has been confirmed as an independent risk factor for poor survival in various di-
gestive system tumor patients, providing a reliable basis for patient risk stratification; in treatment response evalua-
tion, AAPR can effectively predict the efficacy and survival benefits of targeted therapy, immunotherapy, chemother-
apy, and local treatment, providing references for individualized treatment plan formulation. The application charac-
teristics of AAPR differ among different tumor types, with each having core advantages in specific areas, forming an
application system covering the entire course management of digestive system tumors.

3. Limitations and Prospects

The clinical application of AAPR still has limitations, such as a lack of unified cutoff values, susceptibility to inter-
ference from comorbidities, insufficient high-quality prospective studies, and research gaps in rare tumors. Future
research should focus on multi-center large-sample prospective validation to clarify optimal cutoff values for different
tumor types, etiologies, and stages; explore combined application models of AAPR with novel biomarkers and im-
aging indicators to further improve diagnostic and therapeutic precision; expand research in special populations such
as elderly patients and those with underlying diseases; establish dynamic monitoring systems to guide real-time ad-
justment of treatment plans; simultaneously fill research gaps in rare digestive system tumors such as small intestine
cancer and neuroendocrine tumors, promoting AAPR to play a greater value in precision diagnosis and treatment of
digestive system tumors.
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