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Abstract 

 

Alpha-fetoprotein (AFP) has been extensively utilised as a serum biomarker for hepatocellular carcinoma (HCC) diagnosis and 

surveillance for over five decades. Despite its widespread clinical application, AFP presents significant limitations in diagnostic 

accuracy due to variable sensitivity and specificity across different populations and disease stages. This review comprehensively 

examines the biological origin of AFP, its diagnostic performance in HCC detection, the clinical interpretation of various AFP 

cut-off values, and the challenges posed by false-positive and false-negative results. We analyse current evidence from 2020-2025 

regarding AFP's diagnostic value, prognostic significance, and clinical limitations. Understanding these aspects is crucial for 

optimal utilisation of AFP in clinical practice and the development of more effective diagnostic strategies for HCC. This review 

provides clinicians and researchers with updated insights into AFP's role in HCC management and highlights the need for 

complementary biomarkers and imaging modalities to enhance diagnostic accuracy. 
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Introduction 

 

Hepatocellular carcinoma (HCC) represents the most 

common primary liver malignancy and ranks as the third 

leading cause of cancer-related mortality globally.[1] The 

disease predominantly affects individuals with chronic liver 

disease and cirrhosis, particularly those with hepatitis B virus 

(HBV) and hepatitis C virus (HCV) infections, as well as 

non-alcoholic fatty liver disease (NAFLD).[2] Early 

detection of HCC significantly improves patient outcomes, 

with 5-year survival rates exceeding 70% for tumours 

detected at early stages compared to less than 20% for 

advanced disease.[3] 

 

Alpha-fetoprotein (AFP), a glycoprotein first identified in the 

1960s, has served as the principal serum biomarker for HCC 

screening and diagnosis for decades.[4] Despite its 

longstanding clinical utility, AFP demonstrates considerable 

variability in diagnostic performance, with sensitivity ranging 

from 40% to 65% and specificity from 76% to 94% 

depending on the cut-off values employed and the population 

studied.[5] This variability has prompted extensive research 

into optimising AFP utilisation and developing 

complementary diagnostic approaches. 

 

The interpretation of AFP levels in clinical practice remains 

challenging due to several factors, including elevated AFP in 
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benign liver conditions, normal AFP levels in significant 

proportions of HCC patients, and variations in AFP 

production across different HCC subtypes.[6] Understanding 

the biological basis of AFP expression, its diagnostic 

limitations, and the appropriate clinical interpretation of AFP 

values is essential for optimal patient management. This 

review synthesises current evidence on AFP's diagnostic 

value, prognostic significance, and clinical limitations in 

HCC, providing a comprehensive framework for its 

application in contemporary clinical practice. 

   

2. Biological Origin and Characteristics of AFP 

 

2.1 Molecular Structure and Synthesis 

 

AFP is a 70-kDa glycoprotein encoded by the AFP gene 

located on chromosome 4q25.[7] The protein comprises 591 

amino acids organised into three homologous domains (I, II, 

and III), each containing two subdomains (A and B), 

structurally similar to albumin.[8] During normal foetal 

development, AFP is synthesized primarily by the yolk sac 

and foetal liver, with peak serum concentrations occurring 

between 12-14 weeks of gestation, reaching levels of 2-3 

mg/mL.[9] 

 

AFP expression is tightly regulated during embryonic 

development through complex transcriptional mechanisms 

involving hepatocyte nuclear factors (HNFs), 

CCAAT/enhancer-binding proteins (C/EBPs), and other 

transcription factors.[10] Following birth, AFP production 

decreases dramatically, with serum levels declining to less 

than 10 ng/mL by 12 months of age.[11] In healthy adults, 

AFP concentrations typically remain below 10 ng/mL, with 

most individuals maintaining levels under 5 ng/mL.[12] 

  

  

2.2 AFP Re-expression in Hepatocellular Carcinoma 

 

The re-expression of AFP in HCC occurs through 

reactivation of the foetal hepatic gene program, a process 

associated with malignant transformation and 

dedifferentiation of hepatocytes.[13] This phenomenon 

results from epigenetic modifications, including DNA 

hypomethylation of the AFP gene promoter region and 

alterations in histone acetylation patterns.[14] Studies have 

demonstrated that AFP-producing HCC cells exhibit 

characteristics of hepatic progenitor cells, suggesting that 

AFP expression may indicate a more primitive phenotypic 

state.[15] 

 

However, not all HCC tumours produce AFP, with 

approximately 30-40% of HCC cases presenting with normal 

AFP levels even in the presence of clinically significant 

disease. [16] This heterogeneity in AFP production correlates 

with tumour differentiation status, with well-differentiated 

HCCs generally producing less AFP compared to poorly 

differentiated tumours.[17] Table 1 summarises the 

biological characteristics and clinical ranges of AFP in 

various physiological and pathological conditions, while 

Figure 1 presents the Schematic representation of the AFP 

molecular structure, gene regulation, and synthesis pathways. 

 

 

Table 1: Biological Characteristics and AFP Levels in Physiological and Pathological Conditions. Sources: Data from 

references [16,17]  

 

Condition AFP Levels (ng/mL) Mechanism Clinical Significance 

Healthy adults <10 (typically <5) Transcriptional silencing 

post-natally 

Normal reference range 

Fetal development 2,000,000-3,000,000 Active foetal hepatic gene 

expression 

Normal physiological 

Chronic hepatitis 10-100 Hepatocyte regeneration and 

inflammation 

False positive risk 

Liver cirrhosis 10-200 Chronic regeneration, 

dysplasia 

Intermediate elevation 

Early-stage HCC Often <20 (20-30% of cases) Variable AFP gene 

reactivation 

False negative risk 

Advanced HCC >400 (60-80% of cases) Complete foetal gene 

program reactivation 

High diagnostic specificity 

Pregnancy (3rd trimester) 100-500 Foetal production Normal physiological 

Germ cell tumours >1000 (variable) Tumour production (yolk sac 

elements) 

Extra-hepatic source 
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Figure 1: Schematic representation of AFP molecular structure, gene regulation, and synthesis pathways. [18].

 

  

3. Diagnostic Value: Sensitivity and Specificity 

 

3.1 Diagnostic Performance Characteristics 

 

The diagnostic performance of AFP for HCC detection 

exhibits substantial variation depending on the cut-off value 

selected, the prevalence of cirrhosis in the study population, 

and the stage of HCC at detection.[19] Meta-analyses 

conducted between 2020-2025 have reported pooled 

sensitivity values ranging from 41% to 65% and specificity 

from 80% to 94% for AFP cut-off values between 10-400 

ng/mL.[20] This wide performance range underscores the 

challenge of establishing universal AFP thresholds for HCC 

diagnosis. 

 

At the traditionally employed cut-off of 20 ng/mL, AFP 

demonstrates sensitivity of approximately 60% and 

specificity of 85% for HCC detection in cirrhotic 

patients.[21] However, this threshold fails to detect up to 

40% of HCC cases, particularly early-stage tumours, which 

frequently present with normal or minimally elevated AFP  

 

levels.[22] Conversely, lowering the cut-off to 10 ng/mL 

improves sensitivity to approximately 70% but reduces 

specificity to 76%, resulting in increased false-positive 

results, particularly in patients with active liver 

inflammation.[23] 

 

Higher AFP cut-off values, such as 200 ng/mL or 400 ng/mL, 

provide greater specificity (>95%) but significantly reduce 

sensitivity (<40%), limiting their utility for screening 

purposes while potentially serving as diagnostic thresholds in  

 

 

specific clinical contexts.[24] Recent studies have explored 

dynamic AFP changes over time, demonstrating that AFP 

velocity and doubling time may enhance diagnostic accuracy 

beyond single-point measurements.[25] Table 2 presents 

comprehensive sensitivity and specificity data for various 

AFP cut-off values based on recent literature, while Figure 2 

illustrates the Receiver operating characteristic (ROC) curves 

comparing the diagnostic performance of different AFP cut-

off values for HCC detection. 
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Table 2: Sensitivity and Specificity of AFP at Different Cut-off Values for HCC Diagnosis [19-25] 

 

AFP Cut-off (ng/mL) Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

10 65-70 76-82 25-35 92-95 

20 55-65 85-90 40-50 91-94 

100 48-55 92-95 55-65 89-92 

200 32-40 95-98 70-80 86-89 

400 25-35 97-99 80-90 84-87 

PPV = Positive Predictive Value; NPV = Negative Predictive 

Value. Values represent ranges from recent meta-analyses 

(2020-2025) in cirrhotic populations. Actual values vary 

based on HCC prevalence and population characteristics. 

 
 

   

Figure 2: Receiver operating characteristic (ROC) curves comparing diagnostic performance of different AFP cut-off 

values for HCC detection.[26] 

 

  

3.2 Factors Affecting Diagnostic Accuracy 

 

Multiple factors influence AFP diagnostic performance in 

HCC detection. Tumour size significantly impacts AFP 

elevation, with tumours smaller than 2 cm demonstrating 

AFP elevation in only 20-30% of cases, compared to 60-80% 

in tumours larger than 5 cm.27 Tumour differentiation also 

correlates with AFP production, as poorly differentiated 

HCCs exhibit higher AFP expression compared to well-

differentiated variants.[28] 

 

The underlying aetiology of liver disease affects AFP 

baseline levels and test performance. Patients with HBV-

related cirrhosis demonstrate higher baseline AFP levels 

compared to HCV or alcohol-related cirrhosis, potentially 

reducing specificity in HBV populations.[29] Additionally,  

 

the presence of active hepatic inflammation, as indicated by 

elevated transaminases, frequently causes transient AFP 

elevation independent of HCC, complicating interpretation. 

[30] 

 

Geographic and ethnic variations in HCC characteristics also 

influence AFP performance. Asian populations with 

predominantly HBV-related HCC show different AFP 

patterns compared to Western populations with more diverse 

etiologies.[31] These population-specific differences 

necessitate consideration of local epidemiology when 

interpreting AFP results and establishing screening protocols. 

  

 

4. AFP Cut-Off Values and Clinical Interpretation 

 

4.1 Standard Cut-off Values and Guidelines 

 

Clinical guidelines from major hepatology societies provide 

varying recommendations for AFP cut-off values in HCC 

diagnosis and surveillance. The American Association for the 

Study of Liver Diseases (AASLD) no longer recommends 
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AFP alone for HCC screening but acknowledges its value 

when combined with imaging.[32] The European Association 

for the Study of the Liver (EASL) suggests that AFP levels 

above 200 ng/mL in high-risk patients with cirrhosis warrant 

investigation for HCC even without definitive imaging 

findings.[33] 

 

The Asian Pacific Association for the Study of the Liver 

(APASL) recommends using AFP at a cut-off of 20 ng/mL in 

combination with ultrasound for HCC surveillance in high-

risk populations.[34] In clinical practice, AFP values are 

typically interpreted within a clinical context: levels below 

20 ng/mL are generally considered normal, 20-200 ng/mL 

warrant further investigation, and levels above 200 ng/mL in 

cirrhotic patients are highly suggestive of HCC.[35] 

Recent evidence supports the utility of AFP-L3 (Lens 

culinaris agglutinin-reactive AFP) percentage and des-

gamma-carboxy prothrombin (DCP) as complementary 

biomarkers to improve diagnostic accuracy. The combination 

of AFP, AFP-L3, and DCP (GALAD score) demonstrates 

superior performance compared to AFP alone, with area 

under the curve (AUC) values exceeding 0.90 in several 

studies.[36] Table 3 provides a comprehensive framework for 

clinical interpretation of AFP values across different 

scenarios, while Figure 3 shows the Box-and-whisker plots 

comparing AFP levels across different clinical scenarios. 

 

 

Table 3: Clinical Interpretation of AFP Levels in Different Clinical Scenarios 

 

AFP Level 

(ng/mL) 

Clinical Scenario Probability of 

HCC 

Recommended 

Clinical Action 

Key Considerations 

<10 Healthy adult, no 

liver disease 

Very low (<1%) Routine surveillance 

per risk status; no 

immediate workup 

required 

Reassuring if no risk 

factors; continue standard 

monitoring 

10-20 Chronic hepatitis or 

cirrhosis without 

active inflammation 

Low (1-5%) Repeat AFP in 3 

months; ultrasound 

surveillance every 6 

months 

May reflect hepatocyte 

regeneration; correlation 

with liver function tests 

recommended 

20-100 Cirrhotic patient 

with or without 

active hepatitis 

Moderate (10-

25%) 

Urgent ultrasound; if 

negative, consider 

CT/MRI; hepatology 

referral 

Overlap with benign 

inflammation; active 

HBV/HCV flare should be 

excluded 

100-200 High-risk cirrhotic 

patient (HBV/HCV-

related) 

High (30-50%) Triphasic CT or 

dynamic MRI within 4 

weeks; 

multidisciplinary team 

review 

Consider AFP-L3% and 

DCP testing; biopsy if 

imaging inconclusive 

>200 Cirrhotic patient 

with or without liver 

mass on imaging 

Very high 

(>80%) 

Immediate advanced 

imaging (CT/MRI); 

initiate HCC diagnostic 

workup 

Level >200 ng/mL in 

cirrhosis is near-diagnostic 

per EASL guidelines; 

staging required 

>400 Any patient with 

chronic liver disease 

or suspected mass 

Highly 

suggestive 

(>90%) 

Urgent HCC staging 

workup; refer to HCC 

specialist 

Exclude extrahepatic 

sources (germ cell tumours); 

consider portal vein 

thrombosis assessment 

Rising trend 

(any level) 

Post-treatment 

surveillance or 

active monitoring 

Variable; 

elevated 

recurrence risk 

Serial imaging; reassess 

treatment response; 

consider re-treatment or 

palliative options 

AFP velocity >10 

ng/mL/year or doubling 

time <60 days indicates 

high recurrence risk 

Declining after 

treatment 

Post-resection, 

ablation, or systemic 

therapy 

Favourable 

prognostic 

indicator 

Continue surveillance 

imaging every 3 

months; assess 

complete response 

AFP normalisation 

correlates with improved 

outcomes; persistent 

elevation suggests residual 

disease 

AFP = alpha-fetoprotein; HCC = hepatocellular carcinoma; 

HBV = hepatitis B virus; HCV = hepatitis C virus; CT = 

computed tomography; MRI = magnetic resonance imaging; 

DCP = des-gamma-carboxy prothrombin; AFP-L3 = Lens 

culinaris agglutinin-reactive AFP fraction. AFP thresholds 

interpreted within clinical context; absolute values may vary 

by assay platform and laboratory reference range. 

Sources: Compiled from references [32-36,38,39] 
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Figure 3: Box-and-whisker plots comparing AFP levels across different clinical scenarios.[37] 

 

 4.2 Dynamic AFP Monitoring 

 

Serial AFP measurements and calculation of AFP kinetics 

provide additional diagnostic and prognostic information 

beyond single-point values. AFP doubling time less than 60 

days strongly suggests HCC development in cirrhotic 

patients, even when absolute AFP levels remain below 

conventional diagnostic thresholds.[38] Studies have 

demonstrated that AFP velocity (the rate of change over 

time) improves early HCC detection, with values exceeding 

10 ng/mL per year indicating an increased risk of HCC.[39] 

The clinical utility of AFP monitoring extends to treatment 

response assessment and recurrence detection following HCC 

therapy. Post-treatment AFP normalisation correlates with 

favourable outcomes, while persistent elevation or secondary 

rise indicates incomplete treatment response or disease 

recurrence.[40] Integration of AFP kinetics into surveillance 

protocols may enhance early detection rates, particularly in 

patients with persistently normal or minimally elevated AFP 

levels. 

  

5. False Positives and False Negatives 

 

5.1 False-Positive AFP Elevation 

 

False-positive AFP elevation represents a significant 

challenge in HCC diagnosis, occurring in various benign 

hepatic and non-hepatic conditions. Chronic viral hepatitis, 

particularly during active inflammation or treatment, 

commonly causes AFP elevation without HCC presence.[41] 

Hepatic flares in HBV-infected patients can produce AFP 
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levels exceeding 100 ng/mL, creating diagnostic uncertainty 

and necessitating careful clinical correlation. [42] 

 

Other benign conditions associated with false-positive AFP 

include acute liver injury from various causes, hepatic 

regeneration following partial hepatectomy, and certain 

benign liver tumours such as hepatic adenomas.[43] 

Pregnancy represents a physiological cause of AFP elevation, 

with levels typically remaining below 500 ng/mL but 

occasionally reaching higher values.[44] Germ cell tumours, 

particularly testicular and ovarian neoplasms, can produce 

significant AFP elevation, highlighting the importance of 

considering extra-hepatic sources in appropriate clinical 

contexts.[45] 

 

The specificity of AFP testing improves considerably at 

higher cut-off values, with levels exceeding 400 ng/mL 

demonstrating specificity greater than 95% for HCC in 

cirrhotic patients.[46] However, this approach sacrifices 

sensitivity, missing a substantial proportion of early-stage 

HCCs. Complementary testing with AFP-L3 percentage and 

DCP can help differentiate true HCC-related AFP elevation 

from benign causes, as these markers show greater specificity 

for malignant disease.[47] 

  

5.2 False-Negative Results 

 

False-negative AFP results occur in approximately 30-40% 

of HCC cases, representing a critical limitation of AFP-based 

screening.[48] Several HCC subtypes demonstrate 

characteristically low or absent AFP production. Well-

differentiated HCCs, comprising 20-30% of tumours, 

frequently present with normal AFP levels despite clinically 

significant disease.[49] Similarly, fibrolamellar HCC, a rare 

variant affecting younger patients without underlying 

cirrhosis, typically produces minimal AFP. [50] 

Small, early-stage HCCs (≤2 cm) demonstrate AFP elevation 

in only 20-30% of cases, severely limiting AFP's utility for 

early detection in surveillance programs.[51] This size-

dependent AFP expression pattern contributes to delayed 

diagnosis in patients screened with AFP alone, potentially 

missing the optimal therapeutic window for curative 

interventions. Molecular subtyping studies have identified 

specific HCC classes with consistently low AFP expression, 

associated with distinct genetic profiles and clinical 

behaviours. [52] 

 

The substantial false-negative rate of AFP underscores the 

necessity of combining biomarker testing with imaging 

surveillance. Current guidelines recommend ultrasound-

based surveillance every 6 months for at-risk populations, 

with or without AFP measurement.[53] However, ultrasound 

alone demonstrates suboptimal sensitivity (45-84%), 

particularly in patients with obesity, advanced cirrhosis, or 

nodular liver surface, suggesting that optimal screening 

requires multimodal approaches incorporating biomarkers 

and imaging.[54]  Table 4 summarises common causes of 

false-positive and false-negative AFP results with their 

clinical significance, and Figure 4 presents the Clinical 

diagnostic algorithm integrating AFP with imaging 

modalities for HCC diagnosis.  

 

 

 

Table 4: Common Causes of False-Positive and False-Negative AFP Results in HCC Diagnosis [41-54] 

 

Category Condition / Cause Typical AFP Range 

(ng/mL) 

Clinical Significance and Management 

FALSE 

POSITIVE 

Chronic viral hepatitis 

(HBV/HCV) with active 

inflammation 

20-200 (occasionally 

>500 during flares) 

AFP elevation reflects hepatocyte damage and 

regeneration, not malignancy; it correlates with 

transaminases and viral load; repeat after 

inflammation resolves 

FALSE 

POSITIVE 

Hepatitis B virus 

reactivation / acute flare 

50-500 (may 

transiently exceed 

1000) 

Acute HBV flares can produce dramatic AFP rise; 

clinical context and HBV DNA levels are 

essential; AFP typically normalises with flare 

resolution 

FALSE 

POSITIVE 

Liver cirrhosis (any 

aetiology) 

10-200 Chronic regenerative activity elevates AFP in the 

absence of HCC; baseline AFP should be 

established in all cirrhotic patients for trend 

monitoring 

FALSE 

POSITIVE 

Non-alcoholic 

steatohepatitis (NASH) 

/ NAFLD 

10-100 Hepatic inflammation and metabolic 

dysregulation can mildly elevate AFP; consider 

complementary biomarkers (AFP-L3, DCP) for 

disambiguation 

FALSE 

POSITIVE 

Acute liver injury (drug-

induced, ischaemic, 

autoimmune) 

20-500 (variable) Massive hepatocyte injury and regeneration 

transiently raise AFP; clinical history and liver 

biopsy may be required to exclude malignancy 

FALSE Post-hepatectomy 20-300 (peaks 1-2 Expected physiological elevation following 
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POSITIVE hepatic regeneration weeks post-op) partial liver resection; interpret cautiously in post-

resection HCC surveillance 

FALSE 

POSITIVE 

Pregnancy (second and 

third trimester) 

100-500 (foetal 

production) 

Physiological AFP rise from the foetus-placental 

unit; should not be used for HCC surveillance 

during pregnancy without clinical caution 

FALSE 

POSITIVE 

Germ cell tumours 

(testicular, ovarian yolk 

sac elements) 

100 to >10,000 

(highly variable) 

Extra-hepatic AFP production; scrotal/pelvic 

imaging and beta-hCG measurement required to 

exclude germinal malignancy 

FALSE 

POSITIVE 

AFP-producing gastric 

or colorectal carcinoma 

(rare) 

50-1000 (rare) Rare AFP-secreting gastrointestinal cancers; 

cross-sectional imaging and endoscopy are 

essential in non-cirrhotic patients 

FALSE 

NEGATIVE 

Early-stage HCC 

(tumour 2 cm or less) 

Normal (below 20) in 

70-80% of cases 

Small HCCs frequently lack sufficient AFP-

secreting tumour mass; ultrasound or MRI is 

essential; do not rely on AFP alone for early 

detection 

FALSE 

NEGATIVE 

Well-differentiated 

HCC 

Normal or minimally 

elevated (typically 

below 20) 

Differentiated tumour cells retain regulatory 

suppression of AFP gene; these tumours may be 

missed on AFP-based screening 

FALSE 

NEGATIVE 

Fibrolamellar HCC Normal (below 10) in 

over 95% of cases 

Distinct variant lacking foetal gene program 

reactivation; CT/MRI and biopsy required; 

predominantly affects young non-cirrhotic 

patients 

FALSE 

NEGATIVE 

AFP-negative HCC 

molecular subtype 

Normal (below 20) in 

30-40% of all HCC 

Specific transcriptomic HCC subclasses 

constitutively suppress AFP; imaging surveillance 

and novel biomarkers (DCP, AFP-L3) are critical 

FALSE 

NEGATIVE 

HCC in advanced 

cirrhosis with low 

tumour burden 

Below threshold 

despite tumour 

presence 

Competing regenerative liver disease may mask 

HCC-specific AFP signal; AFP-L3 fraction may 

be more informative 

FALSE 

NEGATIVE 

HCC in non-cirrhotic 

liver 

Normal in 40-50% of 

cases 

HCC arising in non-fibrotic liver (e.g., HBV-

related in Asia) may not trigger AFP elevation; 

imaging and biopsy are the cornerstones of 

diagnosis 

AFP = alpha-fetoprotein; HCC = hepatocellular carcinoma; 

HBV = hepatitis B virus; HCV = hepatitis C virus; NASH = 

non-alcoholic steatohepatitis; NAFLD = non-alcoholic fatty 

liver disease; DCP = des-gamma-carboxy prothrombin; 

AFP-L3 = Lens culinaris agglutinin-reactive AFP fraction. 

Orange shading = false-positive causes; blue shading = 

false-negative causes. [41-54] 
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Figure 4: Clinical diagnostic algorithm integrating AFP with imaging modalities for HCC diagnosis. [55]. 

  

 

 

6. Prognostic Significance of AFP in HCC 

 

Beyond its diagnostic role, AFP demonstrates significant 

prognostic value in HCC management. Elevated pre-

treatment AFP levels correlate independently with tumor 

aggressiveness, vascular invasion, and reduced overall 

survival across various treatment modalities.56 Patients with 

AFP levels exceeding 400 ng/mL at diagnosis show 

significantly worse outcomes compared to those with lower 

values, independent of tumor stage and treatment received.57 

AFP serves as a valuable biomarker for predicting treatment 

response and post-treatment recurrence. Following surgical 

resection or liver transplantation, persistent AFP elevation 

indicates residual disease or increased recurrence risk.58  

 

 

 

AFP response to systemic therapy, particularly with tyrosine 

kinase inhibitors and immunotherapy, correlates with 

radiological response and survival outcomes, providing early 

indication of treatment efficacy.59 

 

Several prognostic models incorporate AFP as a key variable, 

including the CLIP score, GALAD score, and various 

recurrence prediction algorithms.60 Post-treatment AFP 

normalization represents a favorable prognostic indicator, 

while rapid AFP rise following treatment suggests early 

recurrence or progression. Integration of AFP kinetics into 

prognostic assessments enhances their predictive accuracy, 

particularly when combined with imaging and clinical 

parameters.61 
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Figure 5: Comparative diagnostic performance of AFP versus novel biomarkers and combinations. [62] 

 

7. Clinical Limitations and Future Directions 

  

Despite decades of clinical use, AFP presents several 

inherent limitations that restrict its utility as a standalone 

HCC biomarker. The substantial overlap in AFP levels 

between HCC and benign liver conditions compromises 

specificity, while the high frequency of AFP-negative HCC 

reduces sensitivity.[63] These limitations become particularly 

problematic in surveillance settings where early detection is 

crucial, but AFP performance is suboptimal. 

 

The lack of standardisation in AFP assays across laboratories 

contributes to result variability and interpretation challenges. 

Different immunoassay platforms may produce discordant 

results for the same sample, potentially affecting clinical 

decision-making.[64] Additionally, AFP does not effectively 

discriminate between intrahepatic cholangiocarcinoma and 

HCC, both of which may present as liver masses in cirrhotic 

patients. [65] 

 

Future directions in HCC biomarker research focus on 

developing more sensitive and specific alternatives or 

complements to AFP. Emerging biomarkers, including 

circulating tumour DNA, exosomal microRNAs, and 

proteomics panels, show promise in early studies but require 

validation in large prospective cohorts.[66] Machine learning 

approaches integrating multiple biomarkers with clinical and 

imaging data may enhance diagnostic accuracy beyond 

current standards.[67] 

 

 

 

The optimal approach to HCC surveillance likely involves 

multimodal strategies combining biomarkers, imaging, and 

risk stratification tools. Development of population-specific 

surveillance protocols accounting for regional differences in 

HCC epidemiology, aetiology, and healthcare infrastructure 

represents an important goal for improving early detection 

rates globally.[68] Continued research into AFP biology and 

its relationship with HCC pathogenesis may identify novel 

therapeutic targets and refine its clinical application. 

 

8. Conclusion 

 

Alpha-fetoprotein remains a valuable but imperfect 

biomarker in HCC management, with clear diagnostic and 

prognostic utility tempered by significant limitations. 

Understanding the biological basis of AFP expression, 

appropriate interpretation of AFP values, and recognition of 

false-positive and false-negative scenarios are essential for 

optimal clinical application. The variable sensitivity and 

specificity of AFP across different cut-off values necessitates 

individualized interpretation based on clinical context, 

underlying liver disease etiology, and tumor characteristics. 

Current evidence supports using AFP as a complementary 

tool alongside imaging surveillance rather than as a 

standalone screening test. Integration of AFP with novel 

biomarkers and advanced imaging modalities offers promise 

for improving HCC detection rates and patient outcomes. 

Continued research into AFP biology, assay standardisation, 

and development of superior biomarkers will further refine 

HCC diagnostic approaches. Clinicians should recognise both 
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the value and limitations of AFP, applying this knowledge to 

provide optimal care for patients at risk for HCC. 
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