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Abstract: Spontaneous rupture of hepatocellular carcinoma (srHCC) is a life-threatening complication with complex pathophysiology 
and heterogeneous clinical presentations. This review aims to provide an up-to-date summary of the pathogenesis, clinical features, 
treatment strategies, prognostic factors, and emerging research in srHCC. We discuss current understanding of risk factors and rupture 
mechanisms, outline diagnostic and therapeutic approaches—including surgical, interventional, and systemic options—and explore 
postoperative management and prognosis. We also highlight recent clinical evidence and unmet research needs. Understanding the 
multifaceted nature of srHCC is essential to improve outcomes and guide future research directions. 
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Introduction
Hepatocellular carcinoma (HCC) is the sixth most common malignancy and the third leading cause of cancer-related 
mortality worldwide.1 According to the GLOBOCAN 2022 estimates, there were approximately 865,000 new cases and 
758,000 deaths due to HCC globally, with China accounting for nearly half of both incidence and mortality. HCC 
remains a major focus of cancer control in China.1,2

Spontaneous rupture of hepatocellular carcinoma (srHCC) is one of the most severe and life-threatening acute complications 
of HCC. It typically presents with sudden onset of severe abdominal pain, peritoneal irritation, and hemorrhagic shock. The 
incidence of srHCC ranges from 3% to 15%, with a particularly high prevalence among cirrhotic patients in East Asia.3–5 Due to 
its abrupt onset and rapid progression, srHCC frequently results in massive hemorrhage and high early mortality, with acute-phase 
mortality rates reported between 25% and 75%.4 In the TNM staging system, ruptured HCC is classified as stage T4, and 
conventional wisdom has long held that such patients have a dismal prognosis and are unsuitable for curative treatment.6,7 Despite 
being a relatively rare but critical complication, srHCC remains underrepresented in current guidelines. The diversity of clinical 
presentations and the lack of consensus on optimal management strategies underscore the need for a comprehensive review that 
consolidates current knowledge and identifies future directions.

However, recent real-world studies suggest that the prognosis of srHCC is not uniformly poor. A subset of patients can achieve 
meaningful mid- to long-term survival, including 5-year survival, following timely hemostasis, staged hepatectomy, and 
appropriate adjuvant therapy.8,9 These findings highlight the biological heterogeneity of srHCC and challenge the traditional 
notion that rupture universally indicates advanced disease. With advancements in interventional radiology, intraoperative 
management, and systemic therapies—such as immunotherapy and targeted agents—treatment strategies for srHCC have evolved 
from an emergency-oriented approach to a more comprehensive and potentially curative paradigm.4
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Nevertheless, patients with srHCC are often excluded from major Phase III clinical trials, leading to a paucity of high- 
level evidence. Significant regional and institutional variability in treatment strategies further underscores the need for 
standardized care. There is an urgent demand to systematically consolidate existing evidence, refine treatment algorithms, 
and define future research priorities to improve clinical outcomes in this challenging patient population. This review aims 
to bridge these gaps by providing a contemporary overview of srHCC, including its pathogenesis, clinical presentation, 
diagnostic strategies, therapeutic approaches, prognostic determinants, and emerging directions in clinical research. By 
integrating available data and highlighting unresolved questions, we hope to guide clinical practice and inform the design 
of future studies focused on this high-risk yet potentially treatable population.

Pathogenesis and Risk Factors
Pathophysiological Mechanisms
srHCC is an acute and life-threatening complication, typically resulting from the interplay of tumor burden, vascular 
abnormalities, underlying liver disease, and prior therapeutic interventions.10,11

Structurally, tumor characteristics play a fundamental role in the rupture process. Large, rapidly growing tumors—particularly 
those located subcapsularly or exhibiting exophytic growth patterns—are prone to central necrosis, which leads to increased local 
tension and ultimately rupture.10–12 This elevated intratumoral pressure, particularly when combined with thin overlying liver 
parenchyma, can compromise the tumor capsule and predispose to rupture. Histopathological studies have demonstrated that 
ruptured HCC lesions often display features of vascular fragility, including reduced elastic fibers in vessel walls, basement 
membrane disruption, and endothelial denudation. These are frequently accompanied by downregulation of von Willebrand factor 
and upregulation of matrix metalloproteinases (MMPs), collectively suggesting a marked increase in tumor-associated vascular 
fragility.13 In addition, abnormal tumor angiogenesis, often characterized by disorganized and leaky neovessels, contributes to 
mechanical instability and increases the risk of bleeding and rupture.

Moreover, chronic liver disease can further compromise vascular integrity and stress tolerance. Conditions such as 
cirrhosis, portal hypertension, and hypoalbuminemia reduce vascular compliance and heighten bleeding risk.14,15 

Systemic inflammation and fibrosis in cirrhotic livers may also reduce the liver’s ability to buffer mechanical stress, 
enhancing susceptibility to rupture under pressure. Both systemic and portal hypertension, through persistent hemody
namic stress and resultant hyaline degeneration, is considered an independent risk factor for rupture.16

Certain therapeutic interventions may also precipitate srHCC. Transarterial chemoembolization (TACE) can induce 
tumor necrosis and elevate intratumoral pressure, increasing the likelihood of capsular rupture.17 Anti-angiogenic agents 
such as sorafenib and ramucirumab, by inhibiting VEGF-mediated vascular repair, may contribute to increased micro
vascular fragility and trigger rupture events in susceptible patients.15,18

Risk Factors
Numerous clinical studies have identified a variety of risk factors associated with srHCC, encompassing host character
istics, tumor biology, and treatment history. Among host-related factors, male sex is associated with a higher incidence, 
possibly due to hormonal influences and gender-related tumor biology.19 Comorbid conditions such as hypertension, 
cirrhosis, ascites, and hypoalbuminemia are linked to impaired vascular stability and hepatic reserve, with hypertension 
being widely recognized as an independent predictor of rupture.11,16,20 Additionally, metabolic dysfunction-associated 
fatty liver disease (MAFLD) and obesity are emerging risk factors, as their often silent progression may lead to 
undetected tumor enlargement and diagnostic delay.21

Tumor characteristics are critical determinants of rupture risk. Lesions larger than 5 cm, subcapsular or exophytic in 
growth, and those with portal or hepatic venous invasion, are particularly susceptible.10 Elevated serum alpha-fetoprotein 
(AFP) levels (eg, ≥400 ng/mL) reflect aggressive tumor biology and are closely correlated with rupture occurrence.11

Therapy-related factors are also relevant. TACE-induced tumor necrosis and pressure elevation may provoke rupture, 
especially in tumors adjacent to the liver capsule.17 Anti-angiogenic therapies can compromise microvascular integrity 
and have been implicated in cases of treatment-associated srHCC.15,18
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Clinical Presentation and Diagnosis
Clinical Manifestations
srHCC is a fulminant complication with rapid progression and high mortality. The most common initial symptom is sudden onset 
of severe pain in the right upper quadrant or generalized abdominal pain, often accompanied by nausea, vomiting, and diaphoresis 
—reflecting autonomic nervous system activation.4 In more severe cases, patients may rapidly develop hypotension, tachycardia, 
altered consciousness, or even hemorrhagic shock. Reported rates of shock range from 30% to 90%.4,22

Some patients may present only with abdominal distension or progressive anemia, particularly those with poor 
baseline liver function or underlying chronic liver disease. In such cases, clinical manifestations may be subtle or 
nonspecific, making early recognition more challenging.5,22

This wide spectrum of clinical presentations—from overt hemorrhagic shock to vague abdominal discomfort—often 
complicates timely diagnosis. In patients with compensated cirrhosis or subclinical tumor rupture, symptoms may be 
insidious, leading to diagnostic delays.

Furthermore, overlapping signs with other causes of acute abdomen (eg, perforated peptic ulcer, ruptured spleen, or 
spontaneous bacterial peritonitis) may obscure clinical suspicion and necessitate prompt imaging for differentiation.

Diagnostic Strategies
The diagnosis of srHCC requires an integrated assessment of clinical presentation, laboratory findings, and imaging. 
Elevated alpha-fetoprotein (AFP) levels may support the diagnosis of HCC, particularly when AFP ≥ 400 ng/mL, which 
is also a known risk factor for rupture.11,23 Laboratory tests should include complete blood count, liver function tests, and 
coagulation profiles to evaluate bleeding severity, hepatic reserve, and coagulation status. When indicated, diagnostic 
paracentesis can confirm hemoperitoneum.24

Imaging plays a central role in confirming the diagnosis. Abdominal ultrasonography is a useful initial screening tool 
to detect tumors and intra-abdominal fluid. Contrast-enhanced computed tomography (CT) is the preferred modality, with 
a reported diagnostic accuracy of 75% to 100%.14 CT can identify peritumoral subcapsular hematomas, hemoperitoneum, 
and contrast extravasation within the tumor—considered direct signs of rupture.24

Contrast-enhanced ultrasound (CEUS) is a non-invasive and highly sensitive tool for detecting subcapsular rupture 
and active bleeding, particularly in patients unable to undergo CT.25,26 Digital subtraction angiography (DSA), although 
not a first-line diagnostic tool, is highly valuable in emergency settings where interventional therapy is needed. DSA not 
only confirms the bleeding source but also allows for immediate transarterial embolization.

In terms of differential diagnosis, other causes of hemoperitoneum should be considered, including splenic rupture, 
ruptured ectopic pregnancy, and ruptured abdominal aortic aneurysm.

Therapeutic Advances in srHCC
Initial Management and Supportive Care
srHCC is a life-threatening emergency characterized by rapid onset and progression. The primary therapeutic objective is 
immediate hemostasis and stabilization of hemodynamics. Initial management includes strict bed rest, nil per os (NPO), 
continuous monitoring of vital signs, and comprehensive supportive measures such as fluid resuscitation, transfusion, 
hemostatic therapy, liver protection, correction of coagulopathy, and maintenance of internal homeostasis.

For patients with limited hemorrhage, transiently stable hemodynamics, or those ineligible for surgery due to terminal 
disease status, conservative treatment may serve as a temporary or palliative approach. However, conservative treatment 
yields limited efficacy, with hemostatic success rates of approximately 40% and in-hospital mortality exceeding 66%, mainly 
due to hemorrhagic shock and liver failure.3,27 Therefore, in patients not at end-stage disease, supportive therapy alone should 
not be the first-line strategy; early transition to more definitive and active interventions is essential to improve prognosis.

Non-Surgical Treatment: Transarterial Embolization and Sequential Approaches
Interventional radiology remains the mainstay of non-surgical management for srHCC, particularly in patients unsuitable 
for immediate surgery. Transarterial embolization (TAE) achieves hemostasis by occluding the tumor’s feeding artery, 

Journal of Hepatocellular Carcinoma 2025:12                                                                                    https://doi.org/10.2147/JHC.S540510                                                                                                                                                                                                                                                                                                                                                                                                   2423

Cheng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



with reported success rates ranging from 86% to 99%.3 When combined with chemotherapeutic agents as part of 
transarterial chemoembolization (TACE), the approach not only controls bleeding but may also suppress tumor growth, 
potentially creating a window for subsequent surgical resection.5,28 However, careful evaluation of hepatic functional 
reserve is critical to prevent post-embolization liver failure.

The advantages of interventional therapy include minimal invasiveness, technical feasibility, repeatability, and relative 
hepatic safety, making it particularly suitable for patients with moderate to advanced disease and preserved liver function.29 

Nevertheless, as a non-curative modality, TAE/TACE cannot eradicate residual peritoneal tumor cells, and the risk of 
rebleeding remains substantial. Reports indicate that some patients may experience rebleeding within one week, with 
a mortality rate reaching 52%.28 Thus, early reassessment of surgical eligibility after initial hemostasis is strongly recom
mended, with integration of interventional and surgical strategies as part of a comprehensive treatment plan.

Surgical Treatment: Emergency vs Staged Hepatectomy
Hepatectomy remains one of the few potentially curative options for patients with spontaneous rupture of srHCC, and is generally 
classified into emergency hepatectomy (EmPH) and staged hepatectomy (SPH).22 EmPH may be considered in patients with 
moderate hemorrhage, hemodynamic stability, and resectable disease based on imaging, aiming to achieve simultaneous 
hemostasis and tumor clearance.30 However, in the emergency setting, full assessment of tumor margins, metastatic spread, 
and liver function is often limited, potentially compromising R0 resection rates and increasing postoperative risks.31 Reported R0 
resection rates for EmPH range from 81% to 91%, but in-hospital mortality varies widely from 7.6% to 50%.20,31 Some meta- 
analyses have indicated that TAE/TACE is associated with fewer complications and lower mortality compared to EmPH,22 

whereas other studies reported higher 30-day mortality in the TACE group,1 suggesting inconsistent evidence.
In contrast, SPH is performed after initial hemostasis via TAE/TACE and once the patient’s condition stabilizes. This 

approach has shown better safety profiles and long-term outcomes.22 Preoperative optimization enables improved periopera
tive tolerance and higher radical resection rates.32 Studies demonstrate that patients undergoing SPH have superior overall 
survival (OS) and disease-free survival (DFS) compared to those receiving interventional therapy alone.33

Timing of surgery is critical. Performing resection within 8 days of tumor rupture has been associated with reduced 
risk of peritoneal dissemination and improved survival outcomes.31,34 To further minimize peritoneal seeding, intrao
perative peritoneal lavage, omentectomy, and postoperative hyperthermic intraperitoneal chemotherapy (HIPEC) for 
high-risk patients may be employed,34 potentially lowering recurrence rates and enhancing long-term survival.

Evolution of Combined Strategies: Sequential Surgery and Conversion Therapy
Given the dual challenge of hemorrhage control and oncologic management in srHCC, a single treatment modality is 
often insufficient. A widely adopted strategy is the sequential approach—initial hemostasis using TAE/TACE followed by 
staged surgical resection once the patient stabilizes.35 This method leverages the low risk and efficacy of minimally 
invasive embolization and the curative potential of surgery, making it particularly suitable for patients with borderline 
hepatic function or unstable condition at presentation.36 Studies have confirmed the superiority of this approach in terms 
of perioperative complications, transfusion requirements, and mortality rates.37,38 Propensity score-matched analyses 
have also demonstrated improved survival outcomes with sequential resection compared to TACE alone.34

Conversion therapy is also emerging as a promising strategy for initially unresectable cases. Combining TACE with 
targeted agents (eg, sorafenib) or immunotherapy (eg, PD-1 inhibitors) may downstage tumors and facilitate subsequent 
R0 resection.34,35 Preliminary studies have reported significant improvements in progression-free survival (PFS) and 
overall survival (OS) with this approach,39,40 particularly in patients with high tumor burden, inadequate future liver 
remnant, or marginal liver function.

There is a paradigm shift in the management of srHCC—from “hemostasis first” to a dual focus on both bleeding control 
and comprehensive oncologic treatment. Treatment decisions should be individualized, considering multiple factors such as 
hemorrhage severity, liver function reserve, tumor burden, and overall patient condition.34 A multidisciplinary team (MDT) 
approach is essential for developing tailored strategies that maximize therapeutic benefit and improve long-term outcomes. 
Table 1 summarizes the therapeutic modalities and key clinical considerations discussed in this section.
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Prognostic Factors and Recurrence Patterns
Patients with srHCC generally exhibit poorer overall prognosis compared to those with non-ruptured HCC. Several 
studies have reported that the 1-, 3-, and 5-year overall survival (OS) rates following surgery in srHCC patients are 
approximately 66%, 23%, and 10%, respectively, which are significantly lower than those in non-ruptured counterparts 
(P < 0.001).8,41 Nevertheless, selected patients undergoing R0 resection followed by systemic therapy may achieve long- 
term survival comparable to non-ruptured HCC cases.10

Key prognostic factors for srHCC can be categorized into three major domains: hepatic functional status, tumor 
characteristics, and treatment strategies.

First, liver function plays a critical role. Established negative prognostic indicators include Child-Pugh class B/C, 
underlying cirrhosis, hypoalbuminemia, elevated INR, total bilirubin, and serum creatinine levels.1,33,42–44 Notably, the 
Child-Pugh classification remains one of the most accessible and reliable predictors of postoperative outcomes, as it 
integrates multiple dimensions of hepatic reserve. Advanced Child-Pugh stage (B or C) is consistently associated with 
impaired tolerance to surgery and higher recurrence risk. Additionally, elevated serum AFP levels (eg, ≥400 ng/mL) are 
associated with increased risk of recurrence and poorer survival outcomes.33,44 AFP is not only a diagnostic and 
surveillance marker but also serves as a surrogate for aggressive tumor biology. Persistent elevation of AFP after surgery 
may indicate residual disease or early recurrence and thus warrants close monitoring.

Second, tumor burden and biology are major determinants of outcome. A maximum tumor diameter >5 cm, multi
focal disease, presence of microvascular invasion (MVI), and portal vein tumor thrombosis (PVTT) are all strongly 
linked to postoperative recurrence.33 Among these, tumor size and multifocality reflect the intrinsic aggressiveness and 
dissemination potential of the tumor. Integration of tumor burden into risk models may improve individualized 
recurrence prediction. Among these, MVI is considered one of the most powerful predictors of recurrence after resection, 
with a reported hazard ratio (HR) of approximately 2.09.45

Third, the modality and timing of intervention substantially influence prognosis. Achieving R0 resection has 
consistently been shown to significantly improve OS, with some studies reporting a reduction in mortality risk by 
over 50% (HR ≈ 2.24).46 Compared to emergency hepatectomy, staged hepatectomy following TAE/TACE yields better 
long-term survival and lower risk of peritoneal dissemination.33,38 Notably, elective resection performed within 8 days of 
rupture is associated with reduced peritoneal seeding and improved outcomes.31

Regarding recurrence patterns, srHCC patients exhibit a unique predisposition to peritoneal metastasis due to tumor 
cell spillage during rupture. Studies have demonstrated a significantly higher rate of peritoneal recurrence in srHCC 
patients compared to non-ruptured HCC (eg, 30% vs 5.9%; P < 0.001).11,24,46 Intraoperative peritoneal lavage and early 
surgical intervention may help mitigate this risk.

Table 1 Summary of Therapeutic Strategies for srHCC by Treatment Phase

Treatment 
Phase

Approach Key Considerations

Initial 

Stabilization

Bed rest, fasting, fluid resuscitation, hemodynamic monitoring, anti- 

shock and liver protection therapy

Critical for survival; supportive care only for end- 

stage patients or bridge to further intervention

Non-Surgical 

Intervention

TAE/TACE for hemorrhage control, with or without chemotherapy; 

bridge to surgery

Minimally invasive; effective in bleeding control; risk 

of recurrence and liver failure remains

Surgical 

Treatment

Emergency hepatectomy or staged hepatectomy based on stability, 

tumor resectability, and liver function

Definitive therapy; better survival with R0 resection; 

requires comprehensive pre-op evaluation

Comprehensive 

Strategy

Sequential strategy: TAE/TACE followed by resection; conversion 

therapy using TACE + TKI/ICI; individualized multidisciplinary care

Combines benefits of intervention and resection; 

enables tumor downstaging; improves prognosis
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Adjuvant Therapy and Long-Term Outcomes
Patients with srHCC face a high risk of postoperative recurrence, particularly those with high-risk pathological features such 
as microvascular invasion (MVI), portal vein tumor thrombosis (PVTT), or multifocal disease.24,32,47 As a result, adjuvant 
therapy has been proposed as a critical strategy to improve disease-free survival (DFS) and overall survival (OS).

Transarterial chemoembolization (TACE) remains the most widely studied adjuvant approach in this setting. One 
study demonstrated that, among high-risk patients, postoperative adjuvant TACE significantly improved 5-year OS 
(29.8% vs 20.9%, P = 0.010), although no significant benefit was observed for DFS.24 Another investigation reported 
that the combination of TACE with tyrosine kinase inhibitors (TKIs) significantly improved 1- and 2-year DFS rates in 
high-risk HCC, suggesting the potential of combinatorial regimens.48

More recently, immunotherapy-based adjuvant strategies—particularly combinations involving PD-1/PD-L1 inhibi
tors and antiangiogenic agents (eg, atezolizumab plus bevacizumab)—have gained attention. Preliminary evidence 
indicates that TACE combined with PD-1/PD-L1 inhibitors and TKIs may enhance progression-free survival (PFS) 
and OS in advanced HCC,49,50 raising the possibility of application in the postoperative srHCC setting.

However, it is important to note that no prospective randomized studies to date have specifically investigated adjuvant 
therapy in srHCC. Current evidence is largely based on retrospective analyses or post hoc subgroup observations from 
broader HCC trials.24,48,51 Therefore, future research should prioritize well-designed, multicenter prospective trials to 
define the true efficacy and safety of various adjuvant strategies in this unique patient population. Efforts should also 
focus on optimizing combination regimens to further improve long-term outcomes in srHCC survivors.

Future Directions
srHCC remains a clinical emergency with complex treatment challenges and uncertain prognosis. Current management 
largely relies on clinical experience, lacking standardized guidelines and high-level evidence. Future advancements will 
require breakthroughs in data integration, therapeutic strategy optimization, and research infrastructure development.

First, a nationwide, multicenter real-world database should be established to systematically capture diagnostic, 
therapeutic, and follow-up information of srHCC patients. This would enable robust risk stratification, personalized 
treatment pathway development, and help overcome current limitations in sample size and treatment heterogeneity.

Second, the promotion of prospective, multicenter clinical trials is critical to improving the level of evidence for 
srHCC management. While current strategies are mainly based on retrospective data, future studies should focus on 
predefined endpoints related to surgical timing, interventional-surgical sequencing, and adjuvant therapies.

Third, optimizing adjuvant and conversion therapies is a priority. Postoperative recurrence remains high in srHCC, and 
preliminary data suggest potential benefits of TACE combined with targeted or immunotherapeutic agents in high-risk patients. 
However, dedicated prospective trials are required to validate these findings and determine the most effective regimens.

Fourth, development of a classification-based, personalized treatment algorithm is recommended. Clinical subtyping 
based on rupture characteristics and risk of peritoneal dissemination may guide stage-specific decision-making and 
facilitate more precise management.

In addition, perioperative optimization strategies may reduce the risk of peritoneal seeding. Evidence suggests that 
surgical intervention within eight days of rupture may help control dissemination. Intraoperative peritoneal lavage and 
high-frequency postoperative surveillance could aid in early detection and management of recurrence.

Finally, it is imperative to actively include srHCC patients in clinical trials. Many current HCC studies exclude this 
population, leading to a significant gap in evidence-based guidance. Future research frameworks should relax exclusion 
criteria or create dedicated trials for srHCC, thus improving treatment accessibility and scientific rigor.

Conclusion
Spontaneous rupture of hepatocellular carcinoma (srHCC) is a life-threatening complication, but recent advances in 
diagnosis, interventional radiology, surgery, and systemic therapies have improved outcomes in selected patients. Timely 
and individualized management can lead to meaningful survival, sometimes comparable to non-ruptured cases.
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However, challenges remain, including high recurrence rates, lack of standard treatment protocols, and limited 
evidence for adjuvant therapy. Future efforts should focus on building multicenter databases, conducting prospective 
studies, and developing risk-adapted treatment strategies to optimize outcomes in this unique HCC subtype.
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