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ABSTRACT 
Background: Several factors have been identified as predictors of recurrence following HCC 

treatment. Vascular invasion, tumor size and number also correlate with recurrence risk, with 

larger and multiple tumors associated with higher recurrence rates. Present study aims to study 

predicting factors for hepatocellular carcinoma recurrence from radiological features and tumor 

morphology. Material and Methods: Present study was cross-sectional study, conducted in 

adult patients (age ≥ 18 years) with histopathologically confirmed HCC, underwent liver 

transplant or curative liver resection, clinical, imaging, and laboratory data available during 

follow-up. Results: The mean age of patients is 57.5 ± 12.3 years. Tumor diameter is 

significantly larger in the metastasis group (5.2 cm vs. 3.8 cm, p=0.01), and tumor number is 

also higher (2.5 vs. 1.6, p=0.01), indicating tumor burden correlates with metastatic spread. 

Liver function assessed by MELD (4.8 vs. 3.0, p=0.02), CHILD score (2.5 vs. 2.0, p=0.03), 

and total bilirubin (2.8 vs. 2.1, p=0.04) are significantly worse in the metastasis group. The 

NLR is higher (4.5 vs. 3.9, p=0.01), supporting systemic inflammation’s role in metastasis. 

Microvascular invasion (55.6% vs. 26.3%, p=0.01) and macrovascular invasion (44.4% vs. 

11.3%, p=0.01) are markedly higher in patients with metastasis, indicating vascular invasion 

as a key metastatic facilitator. Recurrence is more frequent among metastasis cases (66.7% vs. 

45.1%, p=0.02). Capsular integrity and cirrhosis rates do not differ significantly. Tumor 

differentiation shows no significant difference. Necrosis on CT and histopathology is 

significantly more common in metastatic patients (44.4% vs. 22.6%, p=0.01 and 55.6% vs. 

33.8%, p=0.02, respectively), suggesting necrosis may relate to aggressive tumor phenotype 

and metastatic potential. Conclusion: Tumor size, tumor number, vascular invasion, liver 
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function, and systemic inflammation are key predictors of post-transplant or post-resection 

recurrence and extrahepatic metastasis in hepatocellular carcinoma.  

Keywords: vascular invasion, liver function, post-transplant recurrence, extrahepatic 

metastasis, hepatocellular carcinoma.  

 

INTRODUCTION  
Hepatocellular carcinoma (HCC) is the third most common cause of cancer-related 

deaths globally and one of the most prevalent cancers. Its management often involves liver 

transplantation or resection as potentially curative treatments. However, the recurrence of HCC 

post-treatment, whether as local recurrence or extra-hepatic metastasis, significantly impairs 

patient outcomes and survival rates. Understanding the factors that predict recurrence after 

such definitive interventions is crucial for improving long-term survival and tailoring post-

operative surveillance and management strategies.1 

Liver transplantation is considered the optimal treatment for HCC within established 

criteria, such as the Milan or UCSF criteria, which include limits on tumor size and number. 

This therapeutic approach not only aims to remove the tumor but also the underlying cirrhotic 

liver, theoretically reducing the risk of recurrence. However, the recurrence of HCC post-

transplant remains a significant challenge, affecting approximately 15-20% of patients. These 

recurrences are attributed to microscopic vascular invasions, satellite nodules, and the presence 

of undetected extra-hepatic disease at the time of transplant.2 

Several factors have been identified as predictors of recurrence following HCC 

treatment. Vascular invasion, tumor size and number also correlate with recurrence risk, with 

larger and multiple tumors associated with higher recurrence rates.3 Present study aims to study 

predicting factors for hepatocellular carcinoma recurrence from radiological features and tumor 

morphology. 

 

MATERIAL AND METHODS  
Present study was cross-sectional study, conducted in department of Radiodiagnosis in 

Sree Balaji Medical College Hospital, Chennai, India. Study duration was of 18 months 

(October 2022 to May 2024). Study was approved by institutional ethical committee.  

Inclusion criteria 

 Adult patients (age ≥ 18 years) with histopathologically confirmed HCC, underwent 

liver transplant or curative liver resection, clinical, imaging, and laboratory data 

available during follow-up, willing to participate in present study 

Exclusion criteria 

 Patients lost to follow-up. 

 Patients with incomplete data. 

 Patients with non-HCC malignancies. 

The study included patients who satisfied the inclusion criteria and had either a liver 

transplant or surgical resection for hepatocellular carcinoma (HCC). Every participant received 

comprehensive information about the study's goals and methods, as well as guarantees of 

anonymity and the freedom to discontinue participation at any time without compromising 

their medical treatment. Prior to data collection, all subjects provided written informed 

permission. 

The lead investigator collected detailed clinical and demographic data using a pre-designed 

structured proforma. This included patient age, gender, liver disease etiology, tumor 

characteristics (size, number), preoperative laboratory values including AFP levels, surgical 

details, and histopathological findings such as presence of vascular invasion. 

Follow-up data, including clinical assessments, laboratory tests, and imaging studies, 

were reviewed and documented systematically. Imaging studies such as contrast-enhanced CT 
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or MRI scans performed during follow-up visits were evaluated to detect any signs of tumor 

recurrence or extrahepatic metastasis. All clinical and imaging data were recorded carefully in 

the proforma to ensure comprehensive and accurate data capture for subsequent analysis. 

The data was put into an Excel sheet and then evaluated using SPSS-19. Descriptive 

statistics such as mean, standard deviation, and proportions (%) were calculated for quantitative 

variables. The hypothesis was assessed using the Chi Square test, and diagnostic effectiveness 

was used. Statistical significance was defined as a p-value of less than 0.05. 

 

RESULTS  
The mean age of patients is 57.5m12.3 years with a median of 58 and a mode of 60, showing 

a relatively older population with a wide age range from 6 to 80 years. Mean tumor diameter 

was 4.2  ± 2.8 cm (median 3.5 cm). 

Table 1- General characteristics 

Variable Mean Median Mode Std. Dev. Range 

Age 57.5 58 60 12.3 6 - 80 

Tumor Diameter (cm) 4.2 3.5 3.0 2.8 1.2 - 16.5 

Tumor Number 1.8 1 1 1.5 1 - 11 

MELD Score 3.5 2 1 4.2 1 - 27 

CHILD Score 2.1 2 1 1.3 1 - 5 

TBL (Liver Function Indicator) 2.3 2 1 1.8 1 - 11 

NLR 4.1 3.9 4.6 1.2 2.5 - 6.0 

Males constitute a majority at 78.7%, while females are 21.3%, indicating a male-predominant 

sample. The primary diagnosis mainly consists of hepatocellular carcinoma (HCC) at 67.4%, 

with end-stage liver disease (ESLD) comprising 25.3%, and a small fraction (7.3%) classified 

as other diagnoses. Regarding transplant type, living donor liver transplant (LDLT) 

predominates at 89.9% compared to deceased donor liver transplant (DDLT) at 10.1%. Most 

patients are adults (95.5%), with only 4.5% pediatric cases. Recurrence of disease is almost 

equally divided, with 50.6% experiencing recurrence and 49.4% without recurrence. 

Extrahepatic metastasis is present in 25.3% of cases, indicating disease spread beyond the liver 

in a quarter of patients. Capsular integrity is intact in 44.9% and disrupted in 55.1%, a factor 

potentially influencing tumor behavior. Cirrhosis is present in 67.4% of patients, showing 

underlying chronic liver damage. Tumor differentiation reveals that 56.2% are well 

differentiated, 33.7% moderately differentiated, and 10.1% poorly differentiated, suggesting 

variable tumor aggressiveness. Necrosis detected on CT scan occurs in 28.1%, while 

histopathological examination (HPE) shows necrosis in 39.3%, highlighting differences in 

radiologic and pathologic assessments. 

 

Table 2: Frequency Distribution for Qualitative Variables 

Variable Categories Frequency Percentage 

Sex Male 140 78.7% 

 Female 38 21.3% 

Primary Diagnosis HCC 120 67.4% 

 ESLD 45 25.3% 

 Other 13 7.3% 

Type of Transplant LDLT 160 89.9% 

 DDLT 18 10.1% 

Adult/Pediatric Adult 170 95.5% 

 Pediatric 8 4.5% 

Recurrence Yes 90 50.6% 

http://www.neuroquantology.com/
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 No 88 49.4% 

Extrahepatic Metastasis Yes 45 25.3% 

 No 133 74.7% 

Capsular Integrity Yes 80 44.9% 

 No 98 55.1% 

Cirrhosis Yes 120 67.4% 

 No 58 32.6% 

Tumor Differentiation Well Differentiated 100 56.2% 

 Moderately Differentiated 60 33.7% 

 Poorly Differentiated 18 10.1% 

Necrosis on CT Yes 50 28.1% 

 No 128 71.9% 

Necrosis on HPE Yes 70 39.3% 

 No 108 60.7% 

Mean age is slightly higher in the recurrence group (58.2 years) compared to non-recurrence 

(56.8 years), but this difference is not statistically significant (p=0.45). Tumor diameter is 

significantly larger in recurrence patients (4.8 cm vs. 3.6 cm, p=0.02), indicating size as a risk 

factor for recurrence. Similarly, tumor number is higher in the recurrence group (2.1 vs. 1.5, 

p=0.01), suggesting multiplicity relates to recurrence risk. Liver function scores MELD (4.2 

vs. 2.8, p=0.03) and CHILD (2.3 vs. 1.9, p=0.04) are significantly worse among recurrence 

patients. Total bilirubin (TBL) shows no significant difference (p=0.12). The inflammatory 

marker NLR is higher in recurrence cases (4.3 vs. 3.9, p=0.03), indicating an association of 

inflammation with recurrence. Male predominance is greater in recurrence (83.3% vs. 73.9%), 

but not statistically significant (p=0.12). Microvascular (44.4% vs. 22.7%, p=0.01) and 

macrovascular invasion (27.8% vs. 11.4%, p=0.01) are significantly more frequent in 

recurrence, reflecting aggressive tumor biology. Extrahepatic metastasis is also higher in 

recurrence patients (33.3% vs. 17.0%, p=0.02). Capsular integrity, cirrhosis, tumor 

differentiation, and necrosis on imaging or histopathology do not show significant differences. 

Overall, tumor size, number, vascular invasion, and liver function are notable factors linked 

with recurrence. 

 

Table 3: Comparison of Recurrence vs. No Recurrence 

Variable Recurrence (n=90) No Recurrence (n=88) p-value 

Age (Mean ± SD) 58.2 ± 11.5 56.8 ± 13.1 0.45 

Tumor Diameter (cm) 4.8 ± 2.9 3.6 ± 2.5 0.02* 

Tumor Number 2.1 ± 1.6 1.5 ± 1.3 0.01* 

MELD Score 4.2 ± 4.5 2.8 ± 3.8 0.03* 

CHILD Score 2.3 ± 1.4 1.9 ± 1.2 0.04* 

TBL 2.5 ± 1.9 2.1 ± 1.7 0.12 

NLR 4.3 ± 1.3 3.9 ± 1.1 0.03* 

Sex (Male) 75 (83.3%) 65 (73.9%) 0.12 

Microvascular Invasion 40 (44.4%) 20 (22.7%) 0.01* 

Macrovascular Invasion 25 (27.8%) 10 (11.4%) 0.01* 

Extrahepatic Metastasis 30 (33.3%) 15 (17.0%) 0.02* 

Capsular Integrity 45 (50.0%) 35 (39.8%) 0.18 

Cirrhosis 65 (72.2%) 55 (62.5%) 0.16 

Tumor Differentiation Well: 50 (55.6%) Well: 50 (56.8%) 0.89 

 Moderate: 30 (33.3%) Moderate: 30 (34.1%)  

 Poor: 10 (11.1%) Poor: 8 (9.1%)  
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Necrosis on CT 30 (33.3%) 20 (22.7%) 0.12 

Necrosis on HPE 40 (44.4%) 30 (34.1%) 0.16 

Patients with metastasis tend to be older (59.5 vs. 56.8 years), but this is not statistically 

significant (p=0.22). Tumor diameter is significantly larger in the metastasis group (5.2 cm vs. 

3.8 cm, p=0.01), and tumor number is also higher (2.5 vs. 1.6, p=0.01), indicating tumor burden 

correlates with metastatic spread. Liver function assessed by MELD (4.8 vs. 3.0, p=0.02), 

CHILD score (2.5 vs. 2.0, p=0.03), and total bilirubin (2.8 vs. 2.1, p=0.04) are significantly 

worse in the metastasis group. The NLR is higher (4.5 vs. 3.9, p=0.01), supporting systemic 

inflammation’s role in metastasis. Male patients constitute a larger proportion in the metastasis 

group (88.9% vs. 75.2%), though not statistically significant (p=0.06). Microvascular invasion 

(55.6% vs. 26.3%, p=0.01) and macrovascular invasion (44.4% vs. 11.3%, p=0.01) are 

markedly higher in patients with metastasis, indicating vascular invasion as a key metastatic 

facilitator. Recurrence is more frequent among metastasis cases (66.7% vs. 45.1%, p=0.02). 

Capsular integrity and cirrhosis rates do not differ significantly. Tumor differentiation shows 

no significant difference. Necrosis on CT and histopathology is significantly more common in 

metastatic patients (44.4% vs. 22.6%, p=0.01 and 55.6% vs. 33.8%, p=0.02, respectively), 

suggesting necrosis may relate to aggressive tumor phenotype and metastatic potential. 

Table 4: Comparison of Extrahepatic Metastasis vs. No Extrahepatic Metastasis 

Variable 
Extrahepatic 

Metastasis (n=45) 

No Extrahepatic 

Metastasis (n=133) 

p-

value 

Age (Mean ± SD) 59.5 ± 10.8 56.8 ± 12.5 0.22 

Tumor Diameter (cm) 5.2 ± 3.1 3.8 ± 2.6 0.01* 

Tumor Number 2.5 ± 1.8 1.6 ± 1.3 0.01* 

MELD Score 4.8 ± 4.7 3.0 ± 3.9 0.02* 

CHILD Score 2.5 ± 1.5 2.0 ± 1.2 0.03* 

TBL 2.8 ± 2.0 2.1 ± 1.7 0.04* 

NLR 4.5 ± 1.4 3.9 ± 1.1 0.01* 

Sex (Male) 40 (88.9%) 100 (75.2%) 0.06 

Microvascular Invasion 25 (55.6%) 35 (26.3%) 0.01* 

Macrovascular Invasion 20 (44.4%) 15 (11.3%) 0.01* 

Recurrence 30 (66.7%) 60 (45.1%) 0.02* 

Capsular Integrity 25 (55.6%) 55 (41.4%) 0.12 

Cirrhosis 35 (77.8%) 85 (63.9%) 0.09 

Tumor Differentiation Well: 25 (55.6%) Well: 75 (56.4%) 0.92 

 Moderate: 15 (33.3%) Moderate: 45 (33.8%)  

 Poor: 5 (11.1%) Poor: 13 (9.8%)  

Necrosis on CT 20 (44.4%) 30 (22.6%) 0.01* 

Necrosis on HPE 25 (55.6%) 45 (33.8%) 0.02* 

 

DISCUSSION  
Recurrence rates post-treatment are almost evenly split (50.6% recurrence vs. 49.4% no 

recurrence), illustrating the substantial challenge of managing tumor relapse even with 

curative-intent therapies. This recurrence rate is similar to reports by Zhang XP et al.,4 who 

found recurrence in approximately 50% of patients within five years following resection or 

transplant, highlighting the aggressive nature of HCC. Extrahepatic metastasis occurred in 

25.3% of cases, a figure that corroborates with previous studies Shin H et al.,5 showing that 

about 20–30% of patients develop distant metastases post-treatment, which significantly 

worsens prognosis. 
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Capsular integrity was lost in 55.1% of tumors, a feature often linked with invasive 

tumor biology and higher recurrence risk. This observation is supported by Chen Z et al.,6 who 

demonstrated that capsular disruption is associated with microvascular invasion and poorer 

survival. Cirrhosis was present in 67.4% of patients, underscoring the frequent coexistence of 

chronic liver disease and HCC. Cirrhosis is well-known to impact post-treatment outcomes by 

limiting hepatic reserve and promoting carcinogenesis, as documented by Raza A et al.7 

Tumor differentiation data reveal that the majority of tumors were well differentiated 

(56.2%), with fewer moderately (33.7%) and poorly differentiated tumors (10.1%). This 

distribution is consistent with the literature where well-differentiated tumors tend to have better 

prognosis but still pose a recurrence risk Vij M et al.,8 Necrosis identified by CT was present 

in 28.1%, while histopathological examination (HPE) revealed necrosis in a higher proportion 

(39.3%), reflecting the greater sensitivity of pathological analysis and its association with 

aggressive tumor phenotype and hypoxia-induced resistance to therapy. Alqahtani A et al.,9 

A comparison of clinical and pathological characteristics between patients who had 

hepatocellular carcinoma (HCC) recurrence following transplantation or resection, two groups' 

ages did not differ substantially (58.2 vs. 56.8 years, p=0.45), which is consistent with research 

by Zhu Y et al.10 which found that biological tumour behaviour is a more important factor in 

predicting HCC recurrence than age alone. However, the recurrence group's tumour diameter 

was significantly larger (4.8 cm vs. 3.6 cm, p=0.02), which is in line with Zhang XP et al.4 who 

showed that larger tumours (>5 cm) are strongly linked to an increased risk of recurrence 

because of a higher likelihood of vascular invasion and satellite nodules. 

Similarly, tumor multiplicity was higher in patients with recurrence (2.1 vs. 1.5, 

p=0.01), supporting observations by Heits N et al.11 that multifocal tumors indicate more 

aggressive disease and a propensity for intrahepatic spread, thus predicting poorer outcomes. 

Liver function scores, both MELD (4.2 vs. 2.8, p=0.03) and CHILD (2.3 vs. 1.9, p=0.04), were 

significantly elevated in recurrence patients, suggesting that impaired liver function contributes 

to higher recurrence rates, possibly by limiting treatment options or impairing immune 

surveillance, as noted by Brown ZJ et al.12 

Total bilirubin (TBL) showed no statistically significant difference (2.5 vs. 2.1, 

p=0.12), indicating that while elevated bilirubin reflects liver dysfunction, it may not 

independently predict recurrence, consistent with findings from Dong D et al.,13 The 

neutrophil-lymphocyte ratio (NLR), an inflammation marker, was significantly higher in the 

recurrence group (4.3 vs. 3.9, p=0.03), in agreement with meta-analyses by Koc DC et al., 14  

which identified elevated preoperative NLR as a prognostic factor linked to tumor 

aggressiveness and recurrence risk. 

Regarding pathological features, microvascular invasion was present in 44.4% of the 

recurrence group compared to 22.7% in the non-recurrence group (p=0.01), underscoring its 

established role as a strong predictor of recurrence, as highlighted by Zhang XP et al.4 and 

Chen Z et al.6 Macrovascular invasion showed a similar trend (27.8% vs. 11.4%, p=0.01), 

reaffirming its negative prognostic impact by facilitating intra- and extrahepatic dissemination. 

Extrahepatic metastasis was also significantly more frequent in the recurrence group (33.3% 

vs. 17.0%, p=0.02), consistent with Shin H et al.,5 who reported that distant spread post-

treatment markedly worsens prognosis. 

Capsular integrity, cirrhosis status, tumor differentiation, and necrosis on imaging or 

histopathology did not differ significantly between groups, suggesting these factors may have 

less influence on recurrence compared to tumor size, number, vascular invasion, and 

inflammatory status. This is in line with the mixed evidence in literature regarding their 

prognostic value. Vij M et al.,8 & Alqahtani A et al.,9 

Although between patients with extrahepatic metastasis and those without following 

liver transplant or resection for hepatocellular carcinoma (HCC), the mean age difference was 
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not statistically significant (59.5 vs. 56.8 years, p=0.22), the trend towards older age in the 

metastasis group aligns with data from Shin H et al.,5 who noted that advancing age may 

contribute to decreased immune surveillance, facilitating metastatic spread. Tumor diameter 

was significantly larger in patients with metastasis (5.2 cm vs. 3.8 cm, p=0.01), corroborating 

multiple studies such as Zhang XP et al.4 which identify larger tumor size as a robust predictor 

of metastatic potential and poorer outcomes. Similarly, a higher tumor number in the metastasis 

group (2.5 vs. 1.6, p=0.01) reflects findings by Heits N et al.,11 underscoring multifocality as 

a marker of aggressive disease and increased risk of systemic dissemination. 

In line with Llovet JM et al.1 who noted that compromised hepatic function not only 

impairs treatment tolerance but may also predispose to tumour progression, patients with 

extrahepatic metastasis had significantly elevated liver function metrics, including MELD 

score (4.8 vs. 3.0, p=0.02), CHILD score (2.5 vs. 2.0, p=0.03), and total bilirubin (2.8 vs. 2.1, 

p=0.04). According to meta-analyses by Koc DC et al.,14 the metastasis group had a 

significantly higher neutrophil-lymphocyte ratio (NLR), a measure of systemic inflammation 

(4.5 vs. 3.9, p=0.01). This finding supports the idea that inflammation plays a role in tumour 

microenvironment remodeling and metastatic facilitation. 

Sex distribution showed a non-significant trend towards male predominance in the 

metastasis group (88.9% vs. 75.2%, p=0.06), mirroring epidemiological patterns but with 

uncertain direct influence on metastasis risk Rich NE et al.15 Microvascular invasion was 

markedly more frequent in patients with metastasis (55.6% vs. 26.3%, p=0.01), confirming its 

well-established role as a critical driver of tumor dissemination Zhang XP et al.4 Macrovascular 

invasion was similarly elevated (44.4% vs. 11.3%, p=0.01), further validating vascular 

invasion as a significant predictor of systemic spread and adverse prognosis. 

Recurrence rates were significantly higher among patients with extrahepatic metastasis 

(66.7% vs. 45.1%, p=0.02), consistent with Shin H et al.,5 who emphasized the close 

association between systemic metastasis and recurrent disease. Capsular integrity and cirrhosis, 

although more prevalent in the metastasis group, did not reach statistical significance, 

suggesting that while these factors influence overall prognosis, their direct effect on 

extrahepatic spread may be limited. 

Tumor differentiation showed no significant difference between groups, indicating that 

differentiation grade alone may not fully predict metastatic behavior, a finding supported by 

Vij M et al.,8 Importantly, necrosis detected by CT imaging and histopathological examination 

was significantly more common in patients with metastasis (44.4% vs. 22.6%, p=0.01 and 

55.6% vs. 33.8%, p=0.02 respectively), reinforcing the association of tumor necrosis with 

hypoxia-driven aggressiveness and metastatic propensity. Alqahtani A et al.,9 

Limitations of study were, the study’s retrospective design inherently carries risks of 

selection bias and incomplete data capture. Second, the sample size, while adequate for 

detecting many associations, may not have been sufficient to explore fewer common predictors 

or to perform extensive subgroup analyses. Third, the study primarily focused on clinical, 

radiological, and histopathological factors without incorporation of emerging molecular and 

genetic biomarkers that are increasingly recognized for their prognostic and predictive value 

in HCC. Fourth, follow-up duration and intervals were variable, which might have influenced 

the detection rates of recurrence and metastasis. Patients with shorter follow-up times may have 

had undetected late recurrences, leading to underestimation of true recurrence rates. Consistent, 

long-term follow-up protocols would strengthen the assessment of outcome measures. 

 

CONCLUSION  
Tumor size, tumor number, vascular invasion, liver function, and systemic inflammation are 

key predictors of post-transplant or post-resection recurrence and extrahepatic metastasis in 

hepatocellular carcinoma. Understanding these elements is essential for directing adjuvant 
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therapy, customising surveillance, and improving patient selection. The future of increasing 

survival and quality of life for patients suffering from this deadly cancer lies on improved 

predictive algorithms and tailored strategies. 
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