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ABSTRACT:
hepatocellular carcinoma,is among the leading
causes of cancer related mortality worldwide.
Hepatocellular carcinoma usually arises in the setting
of chronic liver disease and cirrhosis, which are
considered the most critical predisposing conditions.
The major etiological factors, chronic infections with
hepatitis B virus (HBV) and hepatitis C virus (HCV)
while alcohol consumption, aflatoxin exposure,
obesity, diabetes, and MASLD significantly
contribute to disease progression. These infections
contribute to persistent inflammation and progressive
liver damage, thereby increasing the risk of
carcinogenesis.

Livercancer,predominantly

The pathophysiology of hepatocellular carcinoma is
complex and involves a multistep process driven by
chronic inflammation, oxidative stress, and fibrosis.
The symptoms of HCC is bloating, pain in the right
abdomen, jaundice, weight loss etc. Early detection,
diagnosis, and treatments key to improving patients
outcomes. Recent advances in immune therapy and
targeted  therapy.  This  review  discusses
epidemiology, risk factors, pathophysiology,

diagnosis, treatment, pharmacological management,
prevention, recent therapeutic advances.
KEYWORDS: Livercancer, HepatitisB virus,
Hepatitis C  virus,
Sorafenib, Immunotherapy

INTRODUCTION: Liver cancer is a significant

Hepatocellularcarcinoma,

global health concern and ranks among the leading
causes of cancer related mortality worldwide. The
most common type of primary liver cancer is
hepatocellular carcinoma (HCC), which accounts for
approximately 75-90% of all liver cancer Cases.
Hepatocellular carcinoma usually arises in the setting
of chronic liver disease and cirrhosis. Cirrhosis,
regardless of its underlying cause, creates a
microenvironment  that promotes continuous
hepatocyte injury, regeneration, and genetic
mutations, ultimately leading to malignant
transformation. Among the major etiological factors,
chronic infections with hepatitis B virus (HBV) and
Hepatitis C virus (HCV) are the most prominent

worldwide. These infections contribute to persistent
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inflammation and progressive liver damage, thereby
increasing the risk of carcinogenesis. In addition to
viral hepatitis, other risk factors such as excessive
alcohol consumption, aflatoxin exposure, and
metabolic disorders like non-alcoholic fatty liver
disease (now termed metabolic dysfunction-
associated steatotic liver disease, MASLD) have
emerged as important contributors to liver cancer
incidence. The rising prevalence of obesity and
diabetes has further shifted the epidemiological
trends of HCC, especially in Western and urban
populations. Over time, genetic and epigenetic
alterations accumulate in hepatocytes, including
mutations in tumor suppressor genes and oncogenes,
which promote uncontrolled cell proliferation .
Dysregulation of key molecular pathways such as
Wnt/B- catenin, p53, and vascular endothelial growth
factor (VEGF) signaling further contributes to tumor
development and progression.

Epidemiologically, liver cancer shows marked
geographic variation. The highest incidence rates are
observed in East Asia and sub-Saharan Africa,
largely due to the high prevalence of Chronic HBV
infection and exposure to environmental carcinogens
such as aflatoxins. One of the major challenges in
managing liver cancer is its asymptomatic nature in
the early stages. Most patients remain undiagnosed
until the disease has progressed to an advanced stage,
limiting the effectiveness of curative treatments.
Surveillance programs using imaging techniques
such as ultrasound and Dbiomarkers like
alphafetoprotein (AFP) are recommended for high-
risk populations, but their sensitivity and specificity
remain suboptimal.

Treatment options for hepatocellular carcinoma
depend on the stage of the disease, liver function, and
patient condition. Curative approaches include

surgical resection, liver transplantation, and local

ablative therapies, which are most effective when the
tumor is detected early. However, only a small
proportion of patients are eligible for these treatments
at diagnosis. For advanced-stage HCC, systemic
therapies such as targeted agents and immunotherapy
have shown promising results, although overall
survival rates remain relatively low.

It is a complex and multifactorial disease with
significant global health implications. Its strong
association with chronic liver disease, coupled with
challenges in early detection and limited treatment
options, contributes to its poor prognosis. Continued
research into its molecular mechanisms, risk factors,
and therapeutic strategies is essential to improve

early diagnosis, prevention, and patient outcomes.

|

|

(Figure 1)

EPIDEMIOLOGY

Hepatocellular carcinoma (HCC), the most common
type of primary liver cancer, is the third most
common cause of cancer-related death worldwide
and a leading cause of death in patients with chronic
liver disease and cirrhosis, accounting for an
estimated 830,200 deaths globally in 2020.
Alarmingly, it is projected to surpass colorectal
cancer and breast cancer to become the *¢ leading
cause of cancer-related death in the U.S. by 2040
HCC risk factors, prevalence and survival vary across
regions. There has been an etiologic shift in the major
risk factors for HCC over the past few decades, both
in the U.S. and throughout the world. Dramatic
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increases in HCC incidence have been observed in
the U.S. over the past three decades, though recent
data suggest incidence rates have plateaued or begun
to decrease, particularly among younger and middle-
aged adults, with a Surveillance, Epidemiology and
End Results (SEER) analysis through 2015
demonstrating a 6.2% per year decrease in
individuals aged 40—49 years and 10.3% per year
decrease in individuals aged 50-59 years.
Conversely, incidence has continued to rise steadily
since the mid-2000s among older adults aged >60
years, in both men and women and across all racial
and ethnic groups, except among Asian/Pacific
Islanders aged >70 years.

Overall, HCC mortality rates increased in the U.S.
during the 2000s until around 2013, when rates began
to plateau and subsequently started to decline around
2016. Recent improvements in overall survival are
attributed to increasing efforts toward early detection
and significant advances in surgical, loco regional,
and systemic therapies.

CAUSES AND RISK FACTORS

Hepeatitis B and Hepatitis C virus

Alcohol Drinking

Aflatoxin

Dietary Factors

Non-alcoholic Fatty liver disease

YV V.V V V VY

Obesity and Diabetes

Hepatitis B and Hepatitis C Viruses

Chronic infections with HBV and HCV are the main
causes of HCC worldwide. It is estimated that 54%
of LCs can be attributed to infection of HBV .In
addition, about 33% of LC was due to HCV
worldwide.

Alcohol drinking

Heavy drinking increases the incidence of primary
LC. More than one daily drinking in women and

twice a day in men are usually considered as the high

alcohol consumption, so that the Relative Risk (RR)
of LC in people who drink 3 times or more alcohol
per day is 1.16 and the RR for those who consume 6
times or more alcohol per day is 1.22 higher than
those who do not drink alcohol.

Aflatoxin

Food contamination with aflatoxin is one of the major
risk factors for hepatocellular carcinoma (HCC).
Aflatoxin is a toxic and carcinogenic chemical
produced by Aspergillus fungus.

Dietary factors

Compared to other types of cancer, there are few
studies on the role of types of cancer, diet supplement
in development of HCC. High consumption of red
meat and sugar has a positive relationship with
susceptibility to HCC, but the high consumption of
white meat or fish, vegetables, fruits, cereals, eggs,
milk increase of 100 g of daily intake of vegetables
reduces the risk of HCC by 8%, and the consumption
of 20 g of fish instead of red meat per day reduced its
not indicate any significant relationship between the
consumption of fruits and the risk of LC. 0.66 in
people who consumed coffee, compared to those who
didn't.

Non-alcoholic fatty liver disease (NAFLD)
Non-alcoholic fatty liver disease (NAFLD) with an
estimated prevalence of 25.2% is one of the most
common chronic liver diseases worldwide. It may
progress to non- alcoholic steatohepatitis (NASH),
cirrhosis, and hepatocellular carcinoma (HCC). .
Obesity and diabetes

Studies have found that the overweight and obesity
are associated with the increased risk for some
malignancies including HCC. The risk of LC in those
with overweight and obesity is respectively 17% and
89% higher than those who have normal weight.
SYMPTOMS: It may not produce any specific sign

or symptoms
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Pain in the right abdomen

Abdominal swelling

Bloating

Constant tiredness

Weight loss or Eating very little

Jaundice or (yellow colour discolouration of the eyes
and skin)

PATHOPHYSIOLOGY

1. Chronic Liver Injury and Risk Factors
The pathogenesis of liver cancer usually begins with
long-term liver damage caused by several etiological
factors. They are chronic hepatitis B virus infection,
Chronic hepatitis C virus infection, Alcoholic liver
disease , Non-alcoholic fatty liver disease ,Exposure
to toxins such as aflatoxin ,metabolic diseases cause
persistent viral infection and metabolic injury to
continuous hepatocyte damage and immune
activation,creating a pro-carcinogenic environment
in the liver .

2. Chronic Inflammation

Injured hepatocytes release inflammatory cytokines
and reactive oxygen species (ROS).Which stimulate
immune responses and tissue remodeling. Important
inflammatory mediators are tumor necrosis factor-o
(TNF-a), Interleukin-6 (IL-6),Nuclear factor-xB
(NF-kB),INK and STATS3 signaling pathways.These
mediators promote hepatocyte proliferation, inhibit
apoptosis, and cause DNA damage facilitating tumor
development?’.

3. Liver Fibrosis and Cirrhosis: Key events in
fibrogenesis:

Activation of hepatic stellate cells

Excess collagen deposition

Formation of fibrotic scar tissue

Progression to liver cirrhosis

Cirrhosis significantly increases the risk of

hepatocellular carcinoma because repeated cycles of

hepatocyte death and regeneration promote genetic

mutations.

Genetic and Molecular Alterations

Continuous cell proliferation and oxidative stress
lead to genomic instability and mutations in
hepatocytes. Common molecular alterations in major
signaling pathways involved; activation of
oncogenes, Inactivation of tumor suppressor genes,
Chromosomalinstability, Epigeneticchanges, Wnt/p-
pathway, TGF-3
MAPK/ERK pathways regulate cell proliferation,

catenin signaling  pathway,
apoptosis, angiogenesis, and tumor progression.

5. Viral-Induced Carcinogenesis

Chronic viral hepatitis contributes directly to
hepatocarcinogenesis .Hepatitis B virus: Viral DNA
integrates into the host genome &Causes
chromosomal instability and oncogene activation
&Hepatitis C virus : Viral proteins alter cell
signaling pathways &lInduce oxidative stress and
metabolic changes.Both mechanisms promote
persistent inflammation and malignant
transformation of hepatocytes.

6.Tumor Microenvironment and Immune
Dysregulation

The tumor microenvironment in liver cancer
contains: Cancer-associated fibroblasts (CAFs) &
Tumor-associated macrophages .

7. Malignant Transformation

Sequence of pathological progression is typically:
Chronic hepatitis— Fibrosis

—Cirrhosis —Dysplastic nodules— Hepatocellular
carcinoma. During this process hepatocytes acquire
malignant features such as:

Uncontrolled proliferation
Resistance to apoptosis
Metastatic potential
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Ultimately these changes lead to the formation of

malignant liver tumors .

Pathophysiology of Liver Cancer
(Hepatocellular Carcinoma)

I | - e
e
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TYPES OF LIVER CANCER
1.Hepato cellular Carcinoma (HCC)

2.Intrahepatic Cholangiocarcinoma (ICC)
3. Other Rare Primary Liver Cancers
a) Hepatoblastoma,

b) Angiosarcoma,
4. Secondary (Metastatic) Liver Cancer

STAGES OF LIVER CANCER

Staging systems are designed to predict the overall
prognosis of patients with HCC, to classify patients
according to the prognostic variables, to provide a
common system to compare results of various
clinical trials and to guide treatment choices.

1. Stage 0 or very early. Asymptomatic HCC
patients with a single nodule <2 cm without
portal hypertension, well-preserved liver
function (Child-Pugh class A), and good

performance status, which may benefit from
curative therapies, with > 80% survival at 5
years. Currently 5- 10% of Western patients are
diagnosed at this stage compared with 30% in
Japan diagnosed through intensive surveillance
programs

2. Stage A or early. Asymptomatic patients with

single nodule (2-5 cm) or three nodules < 3 cm

and Child-Pugh class A or B. These patients may
also benefit from curative therapies (resection,
liver transplantation, or local ablation), with 50-
75% survival at 5 years.

3. Stage B or intermediate. Large multinodular
HCC with Child-Pugh class A or B, with
adequate performance status.These patients may

benefit from chemoembolization with a median

survival of 20 months.
4. Stage C or advanced. Multinodular with portal
invasion or extrahepatic spread. These patients

may benefit from palliative treatments with new

agents such as sorafenib, with a median survival
of 11 months.

5. Stage D or terminal. Child-Pugh class C
patients, with very poor life expect Symptomatic
palliative treatment is proposed, with a median
survival of 3-4 months.

SCREENING AND DIAGNOSIS
Screening and monitoring individuals at high risk of

HCC facilitates its early detection, diagnosis, and
treatment and is key to improving patient’s outcomes.
1. Ultrasonography : Routine gray-scale US can
detect early- stage focal liver lesions with a high
degree of sensitivity, identify lesions as cystic or
solid, and provide a preliminary determination of if
lesions are benign or malignant. It is also able to
thoroughly screen for metastases in the liver or
abdominal cavity, and identify invasion of intra-
hepatic vessels and bile ducts. Color Doppler flow
US may be used to visualize the blood supply within
a lesion, to assist in determining if it is benign or
malignant, and to indicate the adjacent relationship
with important intra- hepatic vessels and the invasion
of intrahepatic vessels. Moreover, it can be used to
provide a preliminary assessment of the expected

efficacy of locoregional treatment for HCC.

DOI: 10.35629/4494-1104410420

| Impact Factor value 7.429 ISO 9001: 2008 Certified Journal Page 414



International Journal of Pharmaceutical research and Applications
) Volume 11, Issue 4, Jul.-Aug. 2026, pp:410-420 www.ijprajournal.com
“

IJPRA Journal

2. Computed Tomography and Magnetic
Resonance Imaging

Dynamic contrast-enhanced computed tomography
(CT) and multiparametric magnetic resonance
imaging (mpMRI) scans are the imaging methods of
choice for the diagnosis of HCC in those with
abnormal US and/or serum AFP levels during
screening. Dynamic contrast- enhanced CT/MRI
triple-phase scans include the late arterial phase
(usually scanned around 35 s after contrast injection:
the portal vein begins to enhance), the portal venous
phase (usually scanned 6090 s after contrast
injection: the portal vein is fully enhanced; contrast
filling is visible in the hepatic veins; parenchyma
usually reaches peak enhancement), and the delayed
phase (usually scanned 3 min after contrast injection:
both the portal vein and hepatic vein are enhanced but
the enhancement is Live. Less intense than the portal
venous phase; liver parenchyma is enhanced but the
enhancement is less intense than the portal venous
phase’®.

3. Digital subtraction angiography

Digital subtraction angiography (DSA) is a
minimally invasive procedure performed through
selective or ultra- selective cannulation of the hepatic
artery. This technique is most commonly used to
deliver hepatic locoregional therapy or to treat acute
bleeding from tumor ruptures. DSA not only
visualizes liver tumor blood vessels and livertumor
staining but also allows the number,size, and blood
supply of liver tumors to be visualized.

4. Hematological Molecular Markers for
HCC

Serum AFP is a commonly used biomarker for the
diagnosis of HCC and for monitoring treatment
response. 2022 HCC Guidelines in China Serum AFP
>400 pg/L is highly suggestive of HCC after
excluding pregnancy, chronic or active liver diseases,
embryonal tumors of the gonads, and gastrointestinal

DOI: 10.35629/4494-1104410420

tumors. For patients with mildly increased serum
AFP, imaging examinations should be combined and
dynamic monitoring should be performed.Cross
comparison with changes in liver function should
also be performed to facilitate diagnosis. Abnormal
prothrombin, protein induced by vitamin K
absence/antagonist-Il  (PIVKA 1II), des-gamma
carboxy-prothrombin (DCP), plasma microRNA
(miRNA) , and serum lens culinaris agglutinin-
reactive fraction of AFP (AFP-L3) may also be used
as early diagnostic biomarkers for HCC, especially
for individuals with negative serum AFP. The
sensitivity and specificity of the GALAD model,
based on sex, age. AFP, PIVKA II, and AFP-L3,
were 85.6% and 93.3%, respectively, for diagnosing
early-stage HCC, which facilitates the early
diagnosis of AFP- negative HCC?’.

5. Liver Biopsy for HCC

Diagnostic liver biopsy is usually not necessary in
patients with space-occupying lesions that have
typical imaging characteristics and are evaluable
using the clinical criteria for the diagnosis of HCC.
Especially for patients with HCC who have surgical
indications. Therefore, for patients with resectable
HCC or who are scheduled for liver transplantation
(LT), preoperative liver biopsy is not recommended,
in order to reduce the risk of tumor rupture,
hemorrhage, and dissemination.

For space-occupying lesions without typical imaging
characteristics, liver biopsy can provide a definitive
pathologic diagnosis. Liver biopsy can also be used
to determine the nature of the lesion and the
molecular classification of HCC and can provide
valuable information on the cause of liver disease to
guide treatment, determine prognosis, and conduct
research. Therefore, the need for liver lesion biopsy
should be assessed based on the patient benefit,

potential risks, and the operating experience of the
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physician. Liver biopsy should be performed under
the guidance of US or CT with a 16- or 18-gauge
needle.

The major risks of liver biopsy are bleeding and
needle tract implantation. Platelet count and
coagulation should be assessed Liver Cancer
preoperatively, and liver biopsy should be avoided in
patients with hemorrhagic tendencies. Normal liver
tissues should be passed by when selecting the
puncture tract to avoid direct puncture of nodules
located on the surface of the liver.

The puncture site should be chosen within and
adjacent to the tumor where imaging shows tumor
activity, and the integrity of the retrieved material
should be observed visually to improve diagnostic
accuracy. Pathologic diagnosis using liver lesion
biopsy is associated with a certain false-negative rate
due to multiple factors including the size of lesion,
especially for lesions with a diameter < 2 cm.
Therefore, a negative result from liver biopsy cannot
exclude the possibility of HCC. Observation and
regular follow-up are required. Repeat liver biopsy
and/ or close follow-up is recommended for patients
with limited biopsy specimens and negative
pathological result but who are clinically highly
suspected of having HCC.

TREATMENT OPTIONS

Treatment options for liver cancer (specifically
Hepatocellular Carcinoma - HCC) are highly
individualized based on tumor stage, liver function
(cirrhosis severity), and overall health, often utilizing
a multidisciplinary approach. The Barcelona Clinic
Liver Cancer (BCLC) staging system is the widely
accepted standard for determining treatment
strategies.

1.Curative Treatments (Early-Stage HCC)
These are designed to remove or destroy the tumor

completely:

a) Liver Transplantation: The optimal
treatment if criteria are met (usually Milan
criteria: single tumor < 5 < 5 c¢cm or up to o
nodules < 3 3 cm), as it cures both the tumor and
underlying liver disease.

b) Surgical Resection (Hepatectomy): Removal
of the tumor-bearing part of the liver. Best for
patients with preserved liver function.

c) Ablation Therapy: Uses heat
(Radiofrequency Ablation - RFA, or microwave)
or freezing (cryoablation) to destroy tumors < 3
<3 cm.

2. Locoregional Therapies (Intermediate-

Stage HCC)

These are palliative treatments aimed at stopping

tumor growth for patients not eligiblefor

surgery/transplant.

a) Transarterial Chemoembolization

(TACE): Delivers high-dose chemotherapy

directly to the tumour via the hepatic artery,

combined with blocking the blood supply.

(TARE/Y-90):

Radioactive beads are injected into the artery to

b) Radioembolization

target the tumor.

3. Systemic Therapies (Advanced/Metastatic
HCC)

These are used for advanced cases where the cancer

has spread or is no longer responsive to local

therapies.

a) Immunotherapy Combination: Currently,
the standard of care is Atezolizumab (Tecentriq)
+ Bevacizumab (Avastin), which has shown
significant improvement in overall survival.

b) Alternative Immunotherapies:

Durvalumab (Imfinzi) +Tremelimumab
(Imjudo) is another approved regimens.

) Targeted Therapies (Tyrosine Kinase

Inhibitors): Sorafenib (Nexavar) or Lenvatinib
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(Lenvima) are used if immunotherapy is not
suitable.

4. Emerging Approaches
a)

ConversionTherapy:Usingadvance
d systemic
therapies(immunotherapy/targeted) to
shrink a tumor from "unresectable" to
"resectable" (eligible for surgery).
b) Stereotactic Body Radiotherapy

(SBRT): A precise, high-dose radiation

technique.

PHARMACOLOGICAL MANAGEMENT
A) FIRST—LINE SYSTEMIC
THERAPIES

1.Sorafenib

Sorafenib was the first oral multikinase inhibitor drug
to treat advanced HCC. In vitro experiments found
that this drug inhibited HCC cell line growth and
angiogenesis by inhibiting the RAF/MEK/ERK
signalling pathway, as well as tyrosine and
serine/threonine kinase receptors. This drug is
indicated in patients with preserved liver function
who are not candidates for surgical or locoregional
therapies and those with advanced tumours according
to the BCLC classification and the Child-Pugh scale.
2.Lenvatinib

Lenvatinib is an oral receptor tyrosine kinase
inhibitor and used as a first-line treatment for
unresectable HCC. VEGF receptors (VEGFR), FGF
receptor (FGFR), PDGFRo, RET, and KIT are
among its therapeutic targets. In preclinical models,
lenvatinib was shown to selectively inhibit the
proliferation of human HCC cell lines and in vivo
tumour growth in xenograft models.The most

common adverse events in the lenvatinib group in

this study were diarrhoea, loss of appetite and weight
loss.

3.Atezolizumab plus bevacizumab
Atezolizumab is a monoclonal antibody that
selectively targets programmed death ligand-1 (PD-
L1) to reverse the suppression of T-cell activity.
Conversely, the monoclonal antibody bevacizumab
interferes with angiogenesis and tumour growth by
inhibiting VEGF activity. The combination of
atezolizumab and bevacizumab is a therapeutic
strategy aiming to simultaneously inhibit PD-L1
(atezolizumab) and VEGF (bevacizumab) signalling
in patients with advanced HCC.

B. SECOND—LINE SYSTEMIC THERAPIES
AND IMMUNOTHERAPY
1.Regorafenib

Regorafenib is another oral multikinase inhibitor that
primarily targets VEGFR, PDGF receptors, FGFR,
RET, and RAF and, in preclinical trials, was shown
to significantly inhibit liver tumour development. In
addition, it activates proteins involved in MAPK
signalling, apoptosis, and autophagy. The FDA
approved this drug as a second-line treatment for
patients who have already been treated with
sorafenib. The most common adverse events reported
in this study were hypertension, hand-foot skin
reactions, fatigue, and diarrhoea.

2.Cabozantinib

Cabozantinib is a multikinase inhibitor suppressor of
tumour growth, metastasis, and angiogenesis that
primarily targets VEGFR but also targets MET and
AXL, which in addition to being implicated in HCC
progression are involved in sorafenib resistance.

IMMUNOTHERAPY

Unfortunately, cancer cells can develop resistance to
systemic therapies. Thus, more and better drug

treatments must be devised for these patients.
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Potential strategies include combination approaches
and immunological therapy.

1.Nivolumab

Nivolumab is a human IgG4 monoclonal antibody
that binds to the PD- 1 receptor, inhibiting its
interaction with PD-L1 and PD-L2 and restoring T-
cell activity. Nivolumab has been shown to be
effective in several malignancies, including
melanoma, renal Hodgkin's lymphoma, lung cancer,
and gastric cancer. 2.Pembrolizamab
Pembrolizumab is an anti-PD-1 monoclonal antibody
that demonstrated clinical efficacy in patients with
advanced HCC. This antibody was evaluated in a
nonrandomized, multicentre, open-label, phase -II
study in patients with BCLC B-C HCC pre-treated
with sorafenib and it showed antineoplastic activity
with an ORR of 17% and a manageable safety profile.
PROGNOSIS

The prognosis of hepatocellular carcinoma (HCC)

remains  generally poor, although gradual
improvements have been observed over recent
decades. According to the SEER database analysis by
Ding and Wen, survival outcomes for HCC patients
have improved due to advances in early detection,
surveillance programs, and therapeutic strategies.
Despite these improvements, the overall survival rate
is still low because many patients are diagnosed at
advanced stages. The study highlights that early-
stage HCC has a significantly better prognosis,
particularly when patients receive curative treatments
such as surgical resection, liver transplantation, or
local ablation. In contrast, patients with advanced-
stage disease, tumor metastasis, or vascular invasion
have markedly reduced survival rates. The prognosis
is strongly influenced by multiple factors, including
Tumor stage at diagnosis

Tumor size and number of nodules

Presence of vascular invasion or extrahepatic spread
Underlying liver function (especially cirrhosis
severity)

Patient-related factors such as age and comorbidities
Additionally, the study found disparities in survival
based on demographic factors such as age, sex, and
ethnicity, indicating the importance of individualized
patient management.

Overall, while the prognosis of liver cancer remains
guarded, early diagnosis and appropriate treatment
significantly improve survival outcomes, and
continued advancements in medical care are
contributing to better long-term survival trends.

RECENT ADVANCES

Recent advances in hepatocellular carcinoma (HCC)
have significantly transformed its clinical
management with major progress driven by
immunotherapy, targeted therapy, and precision
medicine approaches. In the last few years (2025-
2026), immune checkpoint inhibitors (ICIs) have
emerged as the cornerstone of systemic therapy, with
agents such as nivolumab, pembrolizumab, and
atezolizumab demonstrating improved survival by
enhancing anti-tumor immune responses.
Combination regimens, particularly atezolizumab
plus bevacizumab, have shown superior overall
survival and progression-free survival compared with
earlier standards like sorafenib, establishing a new
first-line treatment.

Additionally, dual immunotherapy combinations
(e.g.,durvalumab plus tremelimumab) and ICI-based
regimens combined with anti-angiogenic agents or
tyrosine kinase inhibitors (TKIs) are further
improving clinical outcomes and reshaping
therapeutic strategies . Recent systematic reviews and

meta-analyses confirm that ICIs are effective across
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diverse patient subgroups, reinforcing their broad
applicability in advanced HCC.

Current evidence indicates that combining targeted
therapies with immunotherapy yields synergistic
effects, leading to better tumor control and survival
outcomes than monotherapy approaches .

At the same time, emerging therapeutic strategies
such as adoptive cell therapies (including CAR-T
cells), cancer vaccines, and oncolytic viruses are
being actively investigated and show promising
early-phase results by modulating the tumor
microenvironment and enhancing immune responses
. Neoadjuvant and adjuvant immunotherapy are also
gaining attention, particularly for patients with
resectable disease at high risk of recurrence,
suggesting a shift towards earlier integration of
systemic  therapies in treatment algorithms
.Technological advancements are further
accelerating progress in HCC management.
Artificial intelligence and radiomics-based imaging
techniques using CT and MRI are increasingly used
to improve early diagnosis, predict treatment
response, and guide personalized therapy decisions,

representing a key step toward precision oncology .

In parallel, improvements in locoregional
therapiesincluding radiofrequency ablation,
microwave ablation, and transarterial

chemoembolization (TACE) continue to provide
curative options for early-stage disease and are now
frequently combined with systemic therapies for

enhanced efficacy .

CONCLUSION

Liver cancer, predominantly hepatocellular
carcinoma (HCC), remains a major global health
burden characterized by high incidence and
mortality, particularly in regions with endemic

hepatitis B and C infections.

Despite significant progress in understanding its
molecular pathogenesis and the development of
advanced diagnostic and therapeutic strategies—
including targeted therapies, immunotherapy, and
improved surgical techniques—prognosis remains
poor for many patients due to late-stage diagnosis and
underlying liver dysfunction.

Preventive strategies such as hepatitis B vaccination,
antiviral treatment for chronic viral hepatitis,
reduction of aflatoxin exposure, and lifestyle
modifications play a crucial role in decreasing
disease burden. Early detection through surveillance
programs in high-risk populations has demonstrated
improved survival outcomes. Continued research into
biomarkers, personalized medicine and novel
therapeutic approaches is essential to further enhance
clinical outcomes and reduce global mortality

associated with liver cancer.
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