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Abstract 
Background: Hepatic metastases represent a significant clinical challenge in breast cancer management, underscoring the importance of 

identifying predictive factors to optimize patient care. As the longitudinal patterns of liver function protein levels surrounding hepatic metastasis 

development remain poorly characterized, this study prospectively analyzed protein level trajectories over an 18-month period, spanning six 

months prior to and twelve months following metastasis diagnosis. Methods: This retrospective cohort study examined 104 patients with breast 

cancer-derived hepatic metastases, who received treatment at A.H. Post-Graduate Institute of Cancer, Cuttack, between 2022 and 2024. Data were 

retrospectively extracted from patient medical records. Results: Six months preceding the diagnosis of hepatic metastases, statistically significant 

deviations from established reference intervals were observed in hepatic function biomarkers. Specifically, aspartate aminotransferase (AST), 

alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT), lactate dehydrogenase (LDH), and alkaline phosphatase (ALP) exhibited 

elevations (p<0.001), while albumin levels demonstrated a concomitant decrease (p<0.001). At the time of metastatic diagnosis, further statistically 

significant increases in AST, GGT, and LDH were noted relative to the six-month pre-diagnosis levels (p<0.001). These hepatic function indicator 

changes were independent of patient or tumor-specific parameters. Notably, increased AST and decreased albumin at the time of diagnosis were 

associated with reduced overall survival. Conclusion: Evaluation of hepatic function protein levels is warranted to determine their clinical utility 

as biomarkers for the early identification of liver metastasis in breast cancer patients. Implementation of such screening protocols, in conjunction 

with advanced therapeutic interventions, may positively impact patient survival. 
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Introduction 

Breast cancer remains the leading malignancy in women, 

comprising 30% of all female cancers and ranking second in cancer-

related mortality after lung cancer [1]. It is the primary cause of 

cancer death among women globally [2]. While therapeutic 

advancements have enhanced overall prognosis, 20-30% of breast 

cancer patients develop metastatic disease [3-5]. The rising incidence 

of metastasis significantly diminishes patient survival, with a 

reduction in the 5-year survival rate from 80% to 23% upon 

metastatic progression [6-8]. 

Metastatic dissemination significantly impacts patient 

survival, emphasizing the necessity of early detection to facilitate 

timely therapeutic intervention and improve clinical outcomes. 

Hepatic metastasis, a common complication of breast cancer, is 

associated with a poor prognosis, characterized by a 5-year survival 

rate of 8.5% [9,10]. However, surgical resection of liver metastases 

has demonstrated survival benefits [11,12], underscoring the critical 

role of prompt diagnosis. 

Hepatic dysfunction is a common finding in breast cancer 

liver metastasis (BCLM), with previous studies reporting a 92% 

prevalence and strong positive correlations observed between 

gamma-glutamyl transferase (GGT) and alkaline phosphatase (AP) 

levels [13]. Stage III cancer and c-erbB-2-positivity have been 

identified as independent predictors of liver metastasis [14]. 

Compared to patients without hepatic involvement, those with 

BCLM demonstrate significantly elevated serum levels of alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), GGT, 

AP, lactate dehydrogenase (LDH), and cancer antigen 15-3 [10,11]. 

Therefore, the integrated analysis of tumor markers and liver 
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function tests may offer a valuable screening modality for BCLM. 

Additionally, serum albumin and total bilirubin levels have been 

shown to possess prognostic utility in predicting survival in patients 

with liver metastases [14,15]. 

This retrospective study sought to evaluate the predictive 

capacity of serum liver function-associated protein levels, as 

determined by standard screening assays, for the development of 

breast cancer liver metastases (BCLM) prior to clinical or 

radiological identification. Uniquely within our institution, this 

research investigated these protein levels across a defined 18-month 

temporal window, encompassing six months preceding and twelve 

months following BCLM diagnosis, thereby extending beyond 

traditional post-diagnostic analyses. 

Methods 

Patient selection 

This retrospective analysis utilized prospectively collected data to 

investigate liver function protein levels in breast cancer patients 

aged 20 to 80 years, treated at A.H. Post-Graduate Institute of 

Cancer, Cuttack, between January 2022 and December 2024. Serum 

levels of aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), gamma-glutamyl transferase (GGT), 

lactate dehydrogenase (LDH), alkaline phosphatase (AP), albumin, 

and bilirubin were extracted at three distinct time points: six months 

prior to, at the time of, and twelve months following the diagnosis 

of breast cancer liver metastases (BCLM). 

Normal ranges of liver function proteins as used in the 

University of Vienna.AST, aspartate aminotransferase; ALT, alanine 

aminotransferase; GGT, gamma-glutamyl transferase; LDH, lactate 

dehydrogenase, AP, alkaline phosphatise (Table 1). 

Table 1: Normal ranges of liver function proteins 

Liver Enzyme Normal range 

ASTU/L <35 

ALTU/L <35 

GGTU/L <40 

LDHU/L <250 

APU/L <105 

Albumin g/L 35–52 

Bilirubin mg/dL <1.2 
 

Clinical and pathological data were retrospectively extracted, 

encompassing tumor molecular subtype (luminal A, luminal B, 

HER2-positive, triple-negative), histological type (invasive ductal 

carcinoma, invasive lobular carcinoma), and grade (I-III). 

Additionally, demographic and lifestyle factors, including age, body 

mass index (BMI), smoking history, alcohol consumption, and 

exposure to potentially hepatotoxic medications, were recorded. 

Institutional standard reference ranges were utilized for data 

normalization (Table 1). 

Statistical analysis 

This study evaluated the prevalence of elevated liver function 

parameters six months prior to breast cancer liver metastases 

(BCLM) diagnosis. A chi-square test was utilized to compare 

observed percentages of values exceeding upper normal limits 

against expected rates, based on the assumption of a normal 

distribution and corresponding percentile cutoffs. Temporal changes 

in liver function parameters were assessed using Mann-Whitney U-

tests, comparing values at BCLM diagnosis and 12 months post-

diagnosis to baseline levels. Due to non-normality, this non-

parametric approach was selected. To mitigate type I errors from 

multiple comparisons (n=21), a Bonferroni correction was applied, 

adjusting the significance threshold to α = 0.0023. Exploratory 

analyses, employing Pearson or Spearman correlation coefficients 

for continuous or ordinal variables, and Mann-Whitney U-tests for 

nominal variables, were conducted to investigate potential 

associations between liver function parameters and other factors, 

utilizing a significance level of α = 0.05. 

Results 

A retrospective cohort analysis was conducted on 286 patients with 

metastatic breast cancer. Initial screening identified 82 patients with 

breast cancer liver metastases (BCLM), excluding 204 patients 

without hepatic involvement. Within the BCLM cohort, 54 patients 

(66.85%) exhibited complete serum liver protein data at two time 

points: six months prior to and at the time of BCLM diagnosis. 

Longitudinal laboratory data, encompassing BCLM diagnosis and 

twelve months post-diagnosis, were available for 58 patients 

(70.73%). A subset of 31 patients (37.80%) possessed complete data 

across all three time points. Two patients were excluded due to data 

insufficiency. Analysis of potential risk factors for elevated liver 

function proteins revealed that 77 patients (93.90%) were receiving 

at least one medication with documented hepatotoxic potential, with 

a mean of one such medication per patient. 

 
Fig1. Risk factors for elevated liver proteins. 
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A significant proportion of the patient cohort (93.90%) were exposed 

to at least one potentially hepatotoxic medication, with a mean of 4.3 

such agents administered concurrently. Pre-existing hepatic 

comorbidities were identified in 13.41% of patients, including a 

spectrum of conditions such as hepatic cirrhosis, hepatomegaly, 

hepatitis, cholangitis, steatohepatitis, cholestasis, hepatic tissue 

injury, and Hodgkin's lymphoma. Lifestyle risk factors included 

daily alcohol consumption in 12% of patients and daily tobacco use 

in 11%. 

Tumor characteristics 

The study cohort comprised patients with a mean age of 52.5 years 

(range: 25–80 years) at initial breast cancer diagnosis, with a mean 

latency of 5 years to the subsequent detection of breast cancer liver 

metastases (BCLM). Immunohistochemical subtyping of metastatic 

tissue, performed on 93.90% (n=77) of patients, demonstrated the 

following distribution: luminal A (15.58%), luminal B (31.16%), 

HER-2 positive (32.46%), and triple-negative (20.77%). Subtype 

data were not available for 6.10% (n=5) of patients. Histological 

confirmation of the primary tumor type was achieved in 95.12% 

(n=78) of cases, revealing a predominance of invasive ductal 

carcinoma (80.51%, n=63), followed by invasive lobular carcinoma 

(18.18%, n=14) and mixed carcinoma (2.43%, n=2). 

In this cohort, 80.4% (n=66) of patients exhibited 

extrahepatic metastatic dissemination. The most common sites of 

extrahepatic involvement were bone (77.27%, n=51), followed by 

lung (46.96%, n=31), brain (16.66%, n=11), skin (13.63%, n=9), 

peritoneum (4.54%, n=3), and ovary (1.51%, n=1). Isolated hepatic 

metastases were observed in 19.51% (n=16) of patients. Multiorgan 

metastases, excluding the liver, were present in 37.80% (n=31) of 

the study population. The median maximum diameter of intrahepatic 

lesions was 21 mm. Solitary hepatic metastases were documented in 

14.63% (n=12) of patients. The distribution of intrahepatic lesion 

multiplicity was as follows: 2–4 metastases in 34.14% (n=28), 5–8 

metastases in 10.97% (n=9), and a miliary pattern in 40.24% (n=33). 

Liver function indicator values 

In a cohort of 55 patients subsequently diagnosed with breast cancer 

liver metastases (BCLM), 27.77% (n=15) demonstrated elevated 

aspartate aminotransferase (AST) levels six months prior to 

diagnosis, a statistically significant increase compared to an 

expected 5% prevalence (p<0.001). The median AST level within 

this subset was 25.9 U/L (mean 34.1 U/L). At the time of BCLM 

diagnosis, AST levels were significantly elevated relative to the six-

month pre-diagnosis values (median 36.1 U/L, mean 65.5 U/L; 

p<0.001). Twelve months post-diagnosis, while AST levels 

remained elevated compared to the six-month pre-diagnosis values 

(median 34.9 U/L, mean 77.6 U/L), the observed difference did not 

maintain statistical significance after correction for multiple 

comparisons (p < 0.05) (Fig 2). 

 
Fig 2. Mean liver function protein level changes over time. 
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The concentrations (Y-axis) of each enzyme, including AST (A), 

ALT (B), GGT(C), LDH (D), AP (E), and proteins, including 

Albumin (F), and Bilirubin (G), are plotted as bar graph, showing 

values 6-month prior, at the time of diagnosis, and 12-month post-

diagnosis, represented on X-axis. The light grey belt shows normal 

ranges of protein level. Statistical analysis was performed using 

SPSS software and the p-values are represented as significant with a 

level of 0.05. After corrected by the Bonferroni method given the 

number of 21 tests, yielding a significance level of α=0.0024. 

A significant positive correlation was established between 

the ordinal severity of hepatic metastases and aspartate 

aminotransferase (AST) concentrations at the time of breast cancer 

liver metastases (BCLM) diagnosis (Spearman's rho = 0.524, p < 

0.001). Additionally, elevated AST levels at BCLM diagnosis were 

independently associated with a statistically significant increase in 

12-month mortality (p = 0.001). Notably, AST levels demonstrated 

no significant associations with molecular subtypes, primary tumor 

histology, tumor grade, alcohol consumption, smoking status, body 

mass index, age at initial breast cancer diagnosis, or age at BCLM 

diagnosis. 

In the six-month period preceding the diagnosis of breast 

cancer liver metastases (BCLM), median alanine aminotransferase 

(ALT) levels were 21 U/L (mean 32.7 U/L), with 27.77% of patients 

demonstrating values above the established normal range. This 

proportion represented a statistically significant increase compared 

to the expected 5% (p < 0.001). At the time of BCLM diagnosis, the 

median ALT was 30.1 U/L (mean 47.5 U/L), which, after multiple 

comparisons correction, did not significantly differ from the pre-

diagnostic levels (p = 0.007). Twelve months post-diagnosis, median 

ALT increased to 28.1 U/L (mean 41.4 U/L), exceeding the levels 

observed six months prior. Furthermore, a statistically significant 

positive correlation was established between the number of hepatic 

metastatic lesions and ALT levels at the time of diagnosis (Spearman 

r = 0.417, p < 0.001). 

In these study patients who developed breast cancer liver 

metastases (BCLM), a statistically significant elevation of gamma-

glutamyl transferase (GGT) levels was observed six months prior to 

diagnosis. Specifically, 41.81% of patients presented with GGT 

levels exceeding the established normal range (median 36.1 U/L, 

mean 70.4 U/L; p < 0.001 compared to an expected 5% in healthy 

individuals). At the time of BCLM diagnosis, a further increase in 

GGT levels was noted, with 63.2% of patients exhibiting elevated 

values (median 52.9 U/L, mean 251.8 U/L). Twelve months post-

diagnosis, while a marginal reduction in mean GGT levels was 

observed (median 83.1 U/L, mean 232.8 U/L), levels remained 

significantly higher than those recorded six months pre-diagnosis (p 

< 0.001). Furthermore, a significant positive correlation was 

established between GGT levels at diagnosis and the number of 

hepatic metastatic lesions (Spearman r = 0.493, p < 0.001). 

In patients subsequently diagnosed with bone and/or central 

nervous system leptomeningeal metastases (BCLM), lactate 

dehydrogenase (LDH) levels demonstrated a significant temporal 

pattern. Six months prior to BCLM diagnosis, the median LDH was 

198.1 U/L (mean 261.3 U/L), with 27.27% of patients exhibiting 

levels exceeding the normal reference range, a proportion 

significantly greater than the expected 5% (p < 0.001, implied). At 

the time of BCLM diagnosis, the median LDH increased to 265.9 

U/L (mean 397.9 U/L), and twelve months post-diagnosis, the 

median was 237.4 U/L (mean 529.4 U/L). A statistically significant 

elevation in LDH was observed at BCLM diagnosis compared to 

levels six months prior (p < 0.001). However, no significant 

difference was found between LDH levels at BCLM diagnosis and 

twelve months post-diagnosis (p = 0.16). Furthermore, a statistically 

significant positive correlation was established between LDH levels 

at BCLM diagnosis and the number of metastatic lesions, as 

evidenced by a Spearman's rank correlation coefficient of 0.267 (p 

= 0.011). 

In the six months preceding the diagnosis of breast cancer 

liver metastases (BCLM), 16.36% of patients (9/55) exhibited 

hypoalbuminemia, a proportion significantly elevated compared to 

the expected 2.5% (median: 39.5 U/L, mean: 39.1 U/L). While 

median and mean albumin levels demonstrated a downward trend at 

BCLM diagnosis and 12 months post-diagnosis, the reduction at 12 

months did not reach statistical significance after correction for 

multiple comparisons (p = 0.016) when compared to the 6-month 

pre-diagnosis baseline. Notably, patients with a post-BCLM 

diagnosis survival of less than 12 months presented with 

significantly lower albumin levels at the time of diagnosis compared 

to those with a survival exceeding 12 months (p = 0.001). 

In this retrospective cohort of 55 patients with breast cancer, 

40% (n=22) presented with elevated alkaline phosphatase (AP) 

levels six months prior to the diagnosis of breast cancer liver 

metastases (BCLM), significantly exceeding the expected 5% 

prevalence in a healthy population (p < 0.001). The median AP level 

at six months pre-diagnosis was 92.9 U/L (mean 111.8 U/L). At the 

time of BCLM diagnosis and 12 months post-diagnosis, median AP 

levels were 112.9 U/L (mean 193.6 U/L) and 116.2 U/L (mean 217.6 

U/L), respectively. While a numerical increase in AP levels was 

observed across these time points, statistical significance was not 

maintained after multiple comparison correction (p = 0.18 and p = 

0.009, respectively). However, a statistically significant positive 

correlation was demonstrated between AP levels at the time of 

BCLM diagnosis and the number of hepatic metastatic lesions 

(Spearman's rho = 0.404, p < 0.001). 

Within a cohort of 55 patients, 7.27% (n=4) presented with 

hyperbilirubinemia, a prevalence not statistically dissimilar from a 

hypothesized 5% threshold (p = 0.372). Although the proportion of 

patients with elevated bilirubin did not significantly deviate from the 

expected 5%, a statistically significant temporal increase in mean 

bilirubin concentrations was observed (p = 0.011), despite the 

absence of significant changes in median values (p = 0.581). 

Specifically, median bilirubin levels remained relatively stable at 

0.46 U/L six months pre-diagnosis and at diagnosis, increasing 

minimally to 0.48 U/L twelve months post-diagnosis. Conversely, 

mean bilirubin levels demonstrated a progressive elevation from 0.5 

U/L to 0.8 U/L and 1.5 U/L across the respective time points. 

Additionally, a statistically significant positive correlation was 

established between bilirubin levels at the time of diagnosis and the 

number of metastatic lesions (Spearman r = 0.254, p = 0.011). 

Discussion 

In this retrospective cohort study, 40.4% of patients demonstrated 

significant gamma-glutamyl transferase (GGT) elevation six months 

preceding the diagnosis of biliary carcinoma with liver metastases 

(BCLM). GGT levels showed a progressive increase coinciding with 

BCLM diagnosis, and a direct correlation was observed between 

GGT levels and metastatic burden. The simultaneous elevation of 

GGT and alkaline phosphatase (ALP) at diagnosis is indicative of 

heightened biliary tract compromise in BCLM. 

Although gamma-glutamyl transferase (GGT) is 

acknowledged for its high sensitivity in hepatic enzyme assessment, 

its diagnostic specificity is constrained [16]. Given that non-alcoholic 

fatty liver disease (NAFLD) and cholestasis, both recognized causes 

of GGT elevation, share risk factors with breast cancer [17], the 

documented association between NAFLD and breast cancer in non-
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obese women, as reported by Kwak et al., may explain the observed 

GGT elevation in this cohort, potentially acting as a significant 

confounder. 

While confined to the liver, hepatic metastasis in breast 

cancer significantly compromises patient prognosis [18]. This study, 

consistent with prior reports of a median survival of 11.2 months [14], 

demonstrated significant associations between biochemical markers 

and survival outcomes. Specifically, elevated aspartate 

aminotransferase (AST) levels were associated with increased 

mortality, corroborating findings by O'Reilly et al. [13]. Similarly, 

hypoalbuminemia correlated with reduced survival, as previously 

reported by Cheung et al. [19]. Notably, patients within this cohort 

experiencing survival durations of less than 12 months post-

diagnosis of breast cancer liver metastasis (BCLM) exhibited 

significantly lower albumin levels (p = 0.001), underscoring its 

prognostic value alongside AST. 

The finding of a baseline normal bilirubin concentration, 

despite concurrent elevations in other liver function tests (LFTs), six 

months prior to breast cancer liver metastasis (BCLM) diagnosis, 

raises significant clinical considerations. This observation suggests 

a potential predominance of hepatocellular injury over cholestatic 

processes. Given the established utility of liver enzyme profiles in 

BCLM detection, we recommend proactive screening for hepatic 

metastases in breast cancer patients presenting with abnormal LFTs. 

This approach facilitates timely implementation of optimal 

treatment strategies, including emerging therapies such as selective 

internal radiation therapy [20], thereby potentially improving long-

term patient outcomes. Furthermore, the subsequent temporal 

pattern of increased aspartate aminotransferase (AST), lactate 

dehydrogenase (LDH), alkaline phosphatase (AP), and bilirubin, 

coupled with a decrease in albumin, observed twelve months post-

BCLM diagnosis, may reflect either progressive disease burden or 

iatrogenic hepatotoxicity. 

The current retrospective analysis is limited by its small 

sample size and the potential for confounding factors. Specifically, 

the study did not fully control for hepatotoxic medication exposure, 

pre-existing hepatic comorbidities such as hepatitis B infection [21] 

and non-alcoholic fatty liver disease (NAFLD), or the presence of 

bone lesions, which may independently influence alkaline 

phosphatase (AP) levels. To mitigate these limitations, a prospective, 

large-scale cohort study is planned, focusing on breast cancer 

patients with liver metastases. This future investigation will 

incorporate AP isoenzyme analysis to differentiate skeletal and 

hepatic contributions to AP elevation. Despite these limitations, this 

study provides a preliminary analysis of alterations in liver protein 

levels preceding the diagnosis of breast cancer liver metastases 

(BCLM). 

Conclusion 

Considering the clinical risk of breast cancer liver metastasis 

(BCLM), the utilization of liver function tests as a screening tool is 

advocated for female breast cancer patients. To optimize patient 

management in the context of emerging survival-prolonging 

therapies, a prospective, multicenter trial is necessary to validate the 

diagnostic accuracy of these tests and to determine the optimal 

frequency of liver function protein level monitoring during extended 

follow-up. 
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