Association of Alkaline Phosphatase, Lactate Dehydrogenase, and IL-1β Expression with Metastatic Bone Disease in Breast Cancer Patients: A Case-Control Study
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ABSTRACT 

	Aims: This study aimed to evaluate the associations of alkaline phosphatase (ALP), lactate dehydrogenase (LDH), and interleukin-1β (IL-1β) expression with metastatic bone disease (MBD) in breast cancer patients, and to determine their predictive value as risk markers.
Study design: Case-control study.
Place and Duration of Study: Department of Orthopaedics and Oncology Outpatient Clinic, Prof. Dr. I.G.N.G Ngoerah General Hospital, Denpasar, Bali, Indonesia, between July and December 2024.
Methodology: Forty-six female breast cancer patients aged 40–65 years were enrolled, including 26 patients with MBD (case group) and 20 without MBD (control group). Serum ALP and LDH levels were measured, and IL-1β expression was assessed via immunohistochemistry on primary tumor biopsy specimens. Bivariate analysis was performed using the Chi-square test, and multivariate logistic regression was used to identify independent predictors. The IL-1β cut-off value was determined by ROC curve analysis.
Results: Elevated ALP was significantly associated with MBD (OR = 10.50; 95% CI: 2.01–54.77; P = .002). High LDH levels also showed significant association (OR = 7.60; 95% CI: 1.70–33.90; P = .004), as did elevated IL-1β expression (OR = 7.72; 95% CI: 1.80–33.04; P = .003). Multivariate analysis identified ALP (AOR = 11.84; 95% CI: 2.01–69.86; P = .006) and IL-1β expression (AOR = 7.49; 95% CI: 1.49–37.71; P = .015) as independent predictors of MBD. The combined predictive model demonstrated strong diagnostic accuracy (AUC = 0.821; 95% CI: 0.698–0.944), with 80% sensitivity and 75% specificity.
Conclusion: Elevated ALP levels and high IL-1β expression are significantly associated with MBD in breast cancer patients and may serve as accessible predictive biomarkers for early identification of high-risk patients. The combination of ALP and IL-1β may support a cost-effective multimarker screening approach to enable timely clinical intervention and potentially reduce skeletal-related events. These associations, observed in a case-control design, do not establish causality, and prospective longitudinal studies are needed to determine whether biomarker elevations precede or result from bone metastasis. These findings should be validated in larger, multicenter cohorts.
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1. INTRODUCTION
Breast cancer is the most frequently diagnosed malignancy and the leading cause of cancer-related morbidity and mortality in women worldwide. According to GLOBOCAN 2020, an estimated 2.3 million new cases (11.7%) were reported, surpassing lung cancer as the most common malignancy globally. Bone is the most prevalent site of distant metastasis in breast cancer, with approximately 70% of women who succumb to this disease developing skeletal involvement (Mundy, 2002). Between 60% and 75% of metastatic breast cancer cases are diagnosed as metastatic bone disease (MBD) early in the disease course, substantially reducing five-year survival rates and leading to severe complications including osteodynia, pathological fractures, and neural compression (Coleman, 2006).
The pathogenesis of MBD in breast cancer involves a complex multi-step process. Tumor cells detach from the primary site, enter the bloodstream or lymphatic system, and colonize the bone microenvironment. Factors such as the biological properties of cancer cells, their interactions with bone-resident cells, and the bone microenvironment influence the ability of tumor cells to establish metastatic foci. MBD can lead to debilitating symptoms and complications, including severe bone pain, pathological fractures, impaired bone function, and hypercalcemia (Chen et al., 2017).
Alkaline phosphatase (ALP) is a serum enzyme reflecting the combined activity of several isoenzymes found in the liver, bone, kidneys, and intestinal lining. The bone-specific isoform (BAP) is released by osteoblasts in large quantities during bone remodeling activity, such as that associated with MBD. In a study conducted by the International Breast Cancer Study Group, ALP demonstrated superior efficacy compared to aspartate transaminase and gamma-glutamyltransferase in distinguishing patients with recurrence from those without (Jiang et al., 2023; Keshaviah et al., 2007; Metwally et al., 2020). Yazdani et al. (2019) and Chen et al. (2017) further confirmed the strong association between elevated serum ALP and MBD in breast cancer patients.
Lactate dehydrogenase (LDH) is a critical enzyme in cellular energy metabolism. Elevated serum LDH concentrations have been associated with tissue injury and various pathological conditions, including cancer. Its prognostic significance in oncology has been well-established, with higher baseline serum LDH levels correlating with poorer prognosis and shorter survival in patients with Ewing sarcoma, lung cancer, multiple myeloma, and metastatic melanoma (Brown et al., 2012; Li et al., 2016). LDH has also been incorporated into established prognostic models such as the Manchester Prognostic Score and the International Myeloma Staging System (Brown et al., 2010).
Interleukin-1β (IL-1β) is a pro-inflammatory cytokine that has emerged as a key mediator in breast cancer metastasis to bone. The IL-1 family comprises 11 members involved in inflammation and immune responses, including IL-1α, IL-1β, and IL-1Ra. Upon binding to IL-1 receptor type 1 (IL-1R1), IL-1β induces downstream signaling cascades and gene transcription. In the breast cancer context, IL-1β produced by both tumor and non-tumor cells within the bone microenvironment plays pivotal roles in regulating cell proliferation, migration, invasion, and apoptosis. Expression of IL-1β in primary breast tumors has been linked to cancer stage and increased risk of bone metastasis (Zhou, Tulotta and Ottewell, 2022). Recent reviews have further elucidated the molecular mechanisms by which IL-1β drives the metastatic cascade, including promotion of epithelial–mesenchymal transition (EMT), vascular and immunological changes, homing to bone, and stimulation of the vicious cycle of bone metastases (Zhou and Ottewell, 2024). Novel therapeutic strategies targeting IL-1 signaling, including Caspase-1 inhibition, have also been investigated as promising approaches for treating breast cancer bone metastasis (Zhou, Down et al., 2022). However, some investigators have noted that IL-1β levels may also be elevated in inflammatory conditions such as rheumatoid arthritis, thereby reducing its specificity as a standalone marker (Elaraj et al., 2006).
Although previous studies have investigated ALP, LDH, and IL-1β individually as prognostic factors in breast cancer, evidence regarding their combined predictive value for MBD remains limited and controversial. No prior study has simultaneously evaluated these three biomarkers as risk factors for MBD in a single cohort. Identifying reliable early biomarkers for MBD could facilitate timely interventions aimed at reducing pain, preventing skeletal-related events, and improving patient quality of life. Therefore, this study was designed to assess the associations between elevated ALP, LDH, and IL-1β expression and the occurrence of MBD in breast cancer patients, and to determine the most influential predictor among these biomarkers.
2. METHODOLOGY
2.1 Study Design and Setting
This case-control study was conducted at the Orthopaedics and Oncology Outpatient Clinics, Clinical Pathology Laboratory, and Anatomical Pathology Laboratory of Prof. Dr. I.G.N.G Ngoerah General Hospital, Denpasar, Bali, Indonesia, from July to December 2024. The study protocol was approved by the Ethics Committee of the Faculty of Medicine, Udayana University. All participants provided written informed consent prior to enrollment.
2.2 Study Population and Sample Size
The study population comprised female breast cancer patients aged 40–65 years. The case group consisted of patients with histologically confirmed breast cancer and radiologically documented bone metastasis (MBD), while the control group included breast cancer patients without evidence of bone metastasis. A total of 46 patients were enrolled: 26 in the case group and 20 in the control group. Sample size was calculated using the unpaired categorical comparative formula based on previously reported proportions (Chen et al., 2012; Schrijver et al., 2018), with an additional 20% allowance for potential dropouts.
2.3 Inclusion and Exclusion Criteria
Inclusion criteria were: (1) female patients aged 40–65 years with a confirmed diagnosis of breast cancer; (2) patients who had undergone primary tumor biopsy; (3) MBD cases confirmed by restaging imaging at the Oncology or Orthopaedics outpatient clinic; (4) biomarker data collected after biopsy and before initiation of chemotherapy; and (5) signed informed consent. Exclusion criteria included: (1) breast cancer patients with metastasis to sites other than bone; (2) bone metastasis originating from other primary malignancies; (3) incomplete or unavailable patient data; and (4) refusal to participate.
2.4 Biomarker Assessment
Serum ALP and LDH levels were measured from peripheral blood samples. ALP values were categorized as low (<100 U/L) or high (≥100 U/L), with the normal reference range for women being 30–98 U/L (Jiang et al., 2023). LDH levels were classified as low (<210 U/mL) or high (≥210 U/mL) based on published cut-off values (Hu et al., 2015).
IL-1β expression was evaluated by immunohistochemistry (IHC) on formalin-fixed, paraffin-embedded primary breast tumor biopsy specimens using an automated immunostainer (Bondmax, Leica). The immunoscore was calculated by multiplying the percentage of positively stained tumor cells by the staining intensity (scored as 0 = negative, 1 = weak, 2 = moderate, 3 = strong) and summing across all intensity categories (McCarty, 2010). The optimal cut-off for IL-1β immunoscore was determined using receiver operating characteristic (ROC) curve analysis and the Youden index.
2.5 Statistical Analysis
Descriptive statistics were presented as mean ± standard deviation for continuous variables and frequencies with percentages for categorical variables. Group comparisons were performed using the Chi-square test or Fisher's exact test as appropriate. ROC curve analysis was employed to determine the optimal IL-1β cut-off value. Bivariate analysis with cross-tabulation yielded crude odds ratios (OR) with 95% confidence intervals (CI). Variables with P < .25 in bivariate analysis were entered into a multivariate logistic regression model to identify independent risk factors and calculate adjusted odds ratios (AOR). Potential confounding variables including age, family history, ethnicity, and lifestyle factors were evaluated in bivariate analysis, and only those meeting the P < .25 threshold were considered for inclusion in the multivariate model. Model calibration was assessed using the Hosmer–Lemeshow goodness-of-fit test, and discriminative ability was evaluated using the area under the ROC curve (AUC). All analyses were performed using SPSS version 28 (IBM Corp., Armonk, NY, USA), with statistical significance set at P < .05.
3. RESULTS AND DISCUSSION
3.1 Baseline Characteristics of Study Subjects
A total of 46 female breast cancer patients were included. The mean age was 51.07 ± 8.75 years, with the majority (50%) in the 41–50 year age group. All participants were female. A family history of cancer was reported by 23.9% of patients. The predominant ethnicity was Balinese (76.1%). All patients in the MBD group were classified as stage IV (100%), whereas the control group predominantly comprised stage II and III patients. No participants had active inflammatory diseases, and all met the obesity criterion. The mean ALP level was 125.24 ± 80.9 U/L, mean LDH was 233.36 ± 72.2 U/L, and mean IL-1β immunoscore was 2.23 ± 0.70. The baseline characteristics are presented in Table 1.
Table 1. Baseline characteristics of study subjects
	Characteristic
	MBD Group (n=26)
	Non-MBD Group (n=20)
	Total (n=46)
	P value

	Age (years), mean ± SD
	51.07 ± 8.75
	51.07 ± 8.75
	51.07 ± 8.75
	.825

	  41–50 years, n (%)
	14 (53.8)
	9 (45.0)
	23 (50.0)
	

	  51–60 years, n (%)
	9 (34.6)
	7 (35.0)
	16 (34.8)
	

	Family history, n (%)
	5 (19.2)
	6 (30.0)
	11 (23.9)
	.307

	Balinese ethnicity, n (%)
	23 (88.5)
	12 (60.0)
	35 (76.1)
	.080

	Stage IV, n (%)
	26 (100)
	4 (20.0)
	30 (65.2)
	.001

	Alcohol consumption, n (%)
	2 (7.7)
	5 (25.0)
	7 (15.2)
	.114

	Smoking history, n (%)
	6 (23.1)
	1 (5.0)
	7 (15.2)
	.098

	ALP (U/L), mean ± SD
	158.23 ± 93.9
	82.36 ± 21.42
	125.24 ± 80.9
	.010

	LDH (U/L), mean ± SD
	263.76 ± 71.07
	193.85 ± 52.87
	233.36 ± 72.2
	.004

	IL-1β immunoscore, mean ± SD
	2.57 ± 0.50
	1.80 ± 0.69
	2.23 ± 0.70
	.001


The demographic profile reflects the typical characteristics of breast cancer observed in Southeast Asian populations. The peak incidence in the 41–50 year age group is consistent with findings from studies in China (Fan et al., 2014) and contrasts with reports from North America and Europe, where the median age at diagnosis is approximately 60 years (Youlden et al., 2014). The predominance of stage IV disease in the MBD group aligns with established literature indicating that 70–80% of stage IV breast cancer patients develop bone metastasis (Ibrahim et al., 2013).
3.2 Determination of IL-1β Cut-off Value
ROC curve analysis was performed to determine the optimal IL-1β immunoscore cut-off for predicting MBD. The analysis yielded an AUC of 0.706 (P = .015; 95% CI: 0.54–0.87), indicating fair diagnostic accuracy. Using the Youden index, the optimal cut-off was identified at an immunoscore of ≥2.5, yielding a sensitivity of 48.5% and specificity of 84.6% (Table 2). Although the sensitivity was modest, the high specificity suggests clinical utility in reducing false-positive results. As recommended by Chen et al. (2024), combining IL-1β with other markers such as ALP or systemic inflammatory indices may enhance overall predictive performance.
Table 2. ROC analysis results for IL-1β immunoscore cut-off
	AUC
	Std. Error
	P value
	95% CI
	Optimal Cut-off

	0.706
	0.085
	.015
	0.54–0.87
	≥2.5


3.3 Elevated ALP as a Risk Factor for MBD
Bivariate analysis demonstrated a statistically significant association between elevated ALP levels and the occurrence of bone metastasis (Table 3). Among patients in the MBD group, 53.8% exhibited high ALP levels compared to only 10.0% in the non-MBD group (P = .002). The odds ratio was 10.50 (95% CI: 2.01–54.77), indicating that patients with elevated ALP had a 10.5-fold greater likelihood of developing bone metastasis compared to those with normal ALP levels.
Table 3. Bivariate analysis of ALP levels and MBD
	ALP Category
	MBD (n=26)
	Non-MBD (n=20)
	P value
	OR (95% CI)

	High (≥100 U/L)
	14 (53.8%)
	2 (10.0%)
	.002
	10.50 (2.01–54.77)

	Low (<100 U/L)
	12 (46.2%)
	18 (90.0%)
	
	


These findings are consistent with published literature identifying ALP as a sensitive indicator of bone remodeling activity in the context of metastatic disease. The bone-specific isoform (BAP), released by osteoblasts during reparative bone activity, has been established as a reliable marker for detecting both bone and hepatic metastases in breast cancer (Thio et al., 2020). It should be noted that total serum ALP reflects contributions from multiple isoenzymes found in the liver, bone, kidneys, and intestinal lining, and can be elevated in diverse conditions including hepatobiliary disease, chronic kidney disease, and pregnancy. In the present study, total serum ALP rather than the bone-specific isoform (BAP) was measured, which may have reduced the specificity of this marker for bone metastasis. Nevertheless, the strong association observed in this study reinforces the clinical utility of ALP as an early screening tool for MBD in advanced breast cancer patients.
3.4 Elevated LDH as a Risk Factor for MBD
High LDH levels were significantly associated with MBD (Table 4). In the MBD group, 88.5% of patients had elevated LDH, compared to 50.0% in the non-MBD group (P = .004; OR = 7.60; 95% CI: 1.70–33.90). This finding aligns with the known biological role of LDH in tumor metabolism. Cancer cells preferentially metabolize glucose through aerobic glycolysis (the Warburg effect), driven by HIF-1α-mediated upregulation of glycolytic enzymes including LDH, resulting in elevated serum LDH levels (Zhang et al., 2015). However, LDH comprises five isoenzymes (LDH-1 to LDH-5) and can be elevated in conditions such as intravascular hemolysis, liver disease, myocardial infarction, and other tissue injuries (Forkasiewicz et al., 2020). In the present study, total serum LDH rather than specific isoenzyme fractions was measured, which may have reduced its specificity for detecting bone metastasis. Higher baseline LDH has been consistently associated with worse prognosis and increased metastatic potential across multiple solid tumors.
Table 4. Bivariate analysis of LDH levels and MBD
	LDH Category
	MBD (n=26)
	Non-MBD (n=20)
	P value
	OR (95% CI)

	High (≥210 U/mL)
	23 (88.5%)
	10 (50.0%)
	.004
	7.60 (1.70–33.90)

	Low (<210 U/mL)
	3 (11.5%)
	10 (50.0%)
	
	


3.5 Elevated IL-1β Expression as a Risk Factor for MBD
Elevated IL-1β expression (immunoscore ≥2.5) was significantly associated with bone metastasis (Table 5). Among MBD patients, 57.7% demonstrated high IL-1β expression versus 15.0% in the control group (P = .004; OR = 7.72; 95% CI: 1.80–33.04). IL-1β is a central mediator linking inflammation, epithelial–mesenchymal transition (EMT), and bone metastasis in breast cancer. It activates NF-κB and MAPK signaling pathways, leading to increased expression of EMT transcription factors, downregulation of E-cadherin, and upregulation of N-cadherin and vimentin, thereby enhancing tumor cell migration and tissue invasion (Tulotta and Ottewell, 2018).
Table 5. Bivariate analysis of IL-1β expression and MBD
	IL-1β Category
	MBD (n=26)
	Non-MBD (n=20)
	P value
	OR (95% CI)

	High (≥2.5)
	15 (57.7%)
	3 (15.0%)
	.004
	7.72 (1.80–33.04)

	Low (<2.5)
	11 (42.3%)
	17 (85.0%)
	
	


3.6 Multivariate Logistic Regression Analysis
All three biomarkers meeting the inclusion threshold (P < .25) were entered into a multivariate logistic regression model (Table 6). In the initial step, ALP (P = .025), LDH (P = .254), and IL-1β (P = .038) were included. As LDH did not reach statistical significance, it was removed in the final model. The final regression equation was: P(MBD) = 1 / [1 + exp(−Y)], where Y = −1.175 + 2.472 × ALP + 2.013 × IL-1β.
Table 6. Multivariate logistic regression analysis of MBD risk factors
	Predictor
	B Coefficient
	SE
	Wald
	P value
	AOR (95% CI)

	Constant
	−1.175
	0.512
	5.259
	.022
	0.309

	ALP (high)
	2.472
	0.905
	7.451
	.006
	11.84 (2.01–69.86)

	IL-1β (high)
	2.013
	0.825
	5.955
	.015
	7.49 (1.49–37.71)


The probability calculations derived from this model yielded clinically meaningful predictions: patients with both low ALP and low IL-1β had only a 23.64% probability of developing MBD; those with high ALP alone had a 78.55% probability; high IL-1β alone yielded a 69.83% probability; and patients with both elevated ALP and high IL-1β expression had a 96.52% probability of bone metastasis. The Hosmer–Lemeshow test confirmed adequate model calibration (χ² = 0.415, df = 2, P = .813). The predictive model demonstrated strong discriminative ability with an AUC of 0.821 (95% CI: 0.698–0.944), sensitivity of 80%, and specificity of 75% (Table 7).
Table 7. Predictive model accuracy
	AUC
	Std. Error
	P value
	95% CI

	0.821
	0.063
	<.001
	0.698–0.944


The finding that LDH lost its independent predictive significance in the multivariate model, despite being significant in bivariate analysis, may be attributed to its non-specific nature as a general marker of tissue injury and metabolic activity. The elevated LDH observed in MBD patients likely reflects both tumor-related and non-tumor-related metabolic processes, and its effect may have been confounded by ALP and IL-1β. This is consistent with observations by Forkasiewicz et al. (2020), who noted that LDH retains prognostic value but may not serve as an independent predictor when combined with more specific biomarkers.
The combination of ALP and IL-1β as independent predictors in the final model is biologically plausible. ALP directly reflects osteoblastic activity in response to metastatic bone remodeling, while IL-1β operates upstream by driving EMT, promoting tumor cell migration to bone, and stimulating osteoclast-mediated bone resorption through the RANK/RANKL/OPG axis (Tulotta and Ottewell, 2018). Their complementary mechanisms may explain the enhanced predictive performance observed when both markers are elevated simultaneously.
It is important to note that the elevated levels of ALP, LDH, and IL-1β observed in MBD patients may reflect the pathological consequences of bone metastasis rather than serve as causative factors. Elevated ALP likely results from increased osteoblastic activity in response to metastatic bone remodeling, while elevated LDH reflects the heightened metabolic demands of tumor cells and tissue injury associated with metastatic disease. For IL-1β, the relationship is more nuanced: preclinical evidence suggests that IL-1β produced by primary breast tumor cells may actively drive metastasis to bone through promotion of EMT and expansion of the bone metastatic niche (Tulotta and Ottewell, 2018; Zhou and Ottewell, 2024), while IL-1β is also upregulated as a consequence of tumor–bone cell interactions once metastasis has occurred. Therefore, IL-1β may play a dual role as both a contributor to and a consequence of the metastatic process. The case-control design of the present study does not permit definitive determination of the temporal or causal relationship between biomarker elevation and MBD.
In contemporary clinical practice, advanced imaging modalities such as bone scintigraphy and PET-CT remain the gold standard for detecting and monitoring bone metastasis, and serum biomarkers alone cannot replace these imaging tools. However, serum markers such as ALP and tissue-based markers such as IL-1β may have complementary value in clinical settings where access to advanced imaging is limited, or as adjunctive screening tools to identify patients who may benefit from earlier or more frequent imaging surveillance. This is particularly relevant in resource-limited settings in developing countries where PET-CT availability may be constrained.
This study has several limitations that should be acknowledged. First, the relatively small sample size (n = 46) may limit the statistical power and generalizability of the findings. Second, the inherent imbalance in disease staging between the case and control groups — with all MBD patients classified as stage IV while the control group predominantly comprised stage II and III patients — is a recognized limitation of the case-control design in metastatic disease research. This stage disparity may have influenced the observed biomarker levels, as tumor burden itself may contribute to elevated ALP and LDH levels. However, since all MBD patients were inherently stage IV by definition (distant metastasis), adjusting for stage in the regression model would introduce collinearity with the outcome variable. Third, the single-center design at Prof. Dr. I.G.N.G Ngoerah General Hospital in Bali limits the external validity of the results to other populations and clinical settings. Fourth, the use of single time-point biomarker measurements does not capture temporal changes; serial biomarker monitoring in a prospective cohort study would be essential to determine whether rising ALP, LDH, or IL-1β levels can predict the onset or progression of bone metastasis before clinical or radiological detection. Fifth, the dichotomous grouping of patients into MBD and non-MBD groups without further subclassification (e.g., bone-only metastases versus bone and other organ metastases versus non-bony metastases) limits the ability to determine whether the observed biomarker elevations are specific to bone metastasis or are associated with metastatic disease in general. Finally, both ALP and LDH were measured as total serum levels rather than their bone-specific isoforms (BAP and LDH-5, respectively), which may have reduced biomarker specificity. Patients with active inflammatory diseases were excluded; however, subclinical conditions cannot be entirely ruled out. Future studies with larger sample sizes, multicenter designs, prospective follow-up with serial biomarker measurements, and multi-group comparisons are warranted to validate and refine the predictive model.
4. CONCLUSION
This study demonstrates that elevated serum ALP levels and high IL-1β immunohistochemical expression are significantly associated with metastatic bone disease in breast cancer patients. The combined predictive model incorporating ALP and IL-1β achieved strong diagnostic accuracy (AUC = 0.821), with patients exhibiting both elevated biomarkers having a 96.52% probability of developing MBD. While LDH showed significant association with MBD in bivariate analysis, it did not retain independent predictive value in the multivariate model. These associations, observed in a cross-sectional case-control design, do not establish causality; the elevated biomarker levels may reflect the consequences of established bone metastasis rather than serve as causative factors, although preclinical evidence suggests a potential upstream role for IL-1β. These findings support the potential clinical utility of a multimarker approach combining ALP and IL-1β for early identification of breast cancer patients at high risk for skeletal metastasis, particularly as an adjunctive tool in resource-limited settings where advanced imaging may be constrained. Future studies with larger sample sizes, multicenter designs, prospective follow-up with serial biomarker measurements, and multi-group comparisons (bone-only versus bone and other organ versus non-bony metastases) are warranted to validate these findings, establish temporal relationships between biomarker elevations and MBD onset, and further refine the predictive model and to assess the clinical applicability of the ALP and IL-1β combination as a screening tool for metastatic bone disease in breast cancer patients.
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