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Abstract: Hepatobiliary cancer (HBC) includes hepatocellular carcinoma and biliary tract carcinoma (cholangiocarcinoma and 
gallbladder carcinoma), and its morbidity and mortality are significantly correlated with disease stage. Surgery is the cornerstone of 
curative therapy for early stage of HBC. However, a large proportion of patients with HBC are diagnosed with advanced stage and can 
only receive systemic treatment. According to the results of clinical trials, the first-line and second-line treatment programs are 
constantly updated with the improvement of therapeutic effectiveness. In order to improve the therapeutic effect, reduce the occurrence 
of drug resistance, and reduce the adverse reactions of patients, the treatment of HBC has gradually developed from single-agent 
therapy to combination. The traditional therapeutic philosophy proposed that patients with advanced HBC are only amenable to 
systematic therapies. With some encouraging clinical trial results, the treatment concept has been revolutionized, and patients with 
advanced HBC who receive novel systemic combination therapies with multi-modality treatment (including surgery, transplant, TACE, 
HAIC, RT) have significantly improved survival time. This review summarizes the treatment options and the latest clinical advances of 
HBC in each stage and discusses future direction, in order to inform the development of more effective treatments for HBC. 
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Introduction
Primary hepatobiliary cancer includes hepatocellular carcinoma (HCC) and biliary tract carcinoma (BTC), the latter of which 
is stratified into cholangiocarcinoma (CCA) (ie, intrahepatic CCA (iCCA), perihilar CCA and distal CCA (eCCA)) and 
gallbladder carcinoma (GBC). Hepatocellular carcinoma (HCC) is the sixth most commonly diagnosed and the third most 
lethal malignancy.1 Hepatitis B virus (HBV) infection is the major aetiological factor in HCC worldwide, accounting for ~50% 
of cases.2 The risk of HCC due to hepatitis C virus (HCV) infection has been significantly reduced as patients have achieved 
a sustained virological response (SVR) with antiviral drugs. Nevertheless, patients with HCV-induced cirrhosis are considered 
to be at high risk for HCC even after HCV clearance.3 In addition, chronic alcohol consumption, non-alcoholic steatohepatitis 
(NASH) and environmental (aflatoxin, aristolochic acid and tobacco) factors have been identified as contributing to cancer 
development through different specific pathways.4,5 Other less common risk factors for HCC include cirrhosis caused by 
primary biliary cholangitis (PBC), hemochromatosis, and α1-antitrypsin deficiency. PBC is an autoimmune disease that 
destroys the small bile ducts in the liver, which can ultimately lead to cirrhosis and indirectly cause liver cancer.6 

Hemochromatosis is a genetic disease that leads to an excess of iron in the body. The surplus iron is stored in organs, 
including the liver, which can cause a series of problems, including hepatitis, cirrhosis, and liver cancer. Alpha-1 antitrypsin 
deficiency is a genetic disease characterized by a lack of a protein called alpha-1 antitrypsin, which can potentially harm the 
lungs and liver. Studies have shown that alpha-1 antitrypsin deficiency is associated with cirrhosis and liver cancer. These 
factors, although less common than viral hepatitis, alcoholic liver disease, or non-alcoholic fatty liver disease (NAFLD), are 
still noteworthy risk factors for HCC.7 The age-standardized death rate for intrahepatic cholangiocarcinoma (iCCA) increased 
from 2.15 per 100,000 people in 2009 to 2.95 per 100,000 people in 2018. Similarly, the age-standardized death rate for 
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extrahepatic cholangiocarcinoma (eCCA) increased from 0.28 per 100,000 people in 2009 to 0.39 per 100,000 people in 2018. 
In contrast, over the course of 10 years, the death rate related to gallbladder cancer decreased from 1.0 per 100,000 people in 
2009 to 0.87 per 100,000 people in 2018.8 Potential risk factors for biliary tract tumors include chronic biliary diseases such as 
primary biliary cholangitis and cholelithiasis; cirrhosis and hepatitis, especially hepatitis B or C; genetic factors like Lynch 
syndrome and familial adenomatous polyposis may increase the risk of biliary tract tumors in patients; Parasitic infections 
with Clonorchis sinensis and liver flukes may increase the risk of biliary tract tumors.9–11 In addition, cystic biliary tract 
diseases are predisposing conditions for bile stasis and stone formation, such as Caroli’s disease, with the incidence of biliary 
tract cancer (BTC) typically ranging between 7% and 14%.12

After completing disease-related examinations, HCC and BTC patients will formulate treatment plans developed, 
respectively, according to the Barcelona Clinic Liver Cancer (BCLC) staging system and the 8th edition of the American 
Joint Committee on Cancer (AJCC) Cancer Staging Manual. Surgical resection is the cornerstone of curative treatment, 
but it should only be undertaken in the early stages. The conventional treatment philosophy is that for patients with 
BCLC-B (intermediate stage) HCC, the recommended treatment is typically transarterial chemoembolization (TACE). In 
addition, in patients presenting with BCLC-C (advanced stage) who are no longer eligible for locoregional or curative 
therapies, systemic therapies are the only recommended treatment that can provide survival benefits.13 After under-
standing disease staging (eg, carcinogenic landscape, vascular involvement, distant metastasis), tumor biology, identifi-
cation of positive predictive biomarkers, molecular mechanisms of resistance to immunotherapy, and liver function 
grade, novel systemic therapies combined with or without multi-modality treatment are continually being tried, aiming to 
achieve the best survival prospects. In this review, we summarize the latest advancements in systemic therapies for HBC, 
outline the clinical findings of systemic therapy combined with other treatments and provide some perspectives for the 
future.

Therapeutic Landscape for Advanced HCC
The Barcelona Clinic Liver Cancer (BCLC) staging system is used to classify patients with HCC into five stages: 0 (very 
early), A (early), B (intermediate), C (advanced), and D (end-stage). This staging system provides therapeutic strategies 
for each stage. Advanced HCC is characterized by the following: The cancer has invaded the blood vessels, has spread to 
other parts of the body (metastasized), or both. Patients are typically still relatively functional, with an Eastern 
Cooperative Oncology Group (ECOG) performance status of 1–2.14 From 2007 to 2023, the first-line treatment for 
advanced HCC evolved from sorafenib, to lenvatinib, and then to the combination of atezolizumab (Tecentriq) and 
bevacizumab (Avastin).15 Sorafenib was the first drug approved by the FDA for the treatment of advanced HCC in 
April 2007. It is a type of targeted therapy, known as a multikinase inhibitor, exerting antiproliferative and antiangiogenic 
effects. The SHARP study, which established selection criteria and stratification factors such as the use of the BCLC 
staging system, Child-Pugh A grade liver function, and functional status (ECOG 0 or 1), is the benchmark for the clinical 
trial design of HCC.16 SHARP study constitutes the basis for future Phase III trials of advanced HCC research. In 
advanced HCC patients, the SHARP trial demonstrated that sorafenib was superior to placebo, representing 
a breakthrough in the treatment of HCC. In the sorafenib group and the placebo group, the most common drug-related 
adverse events for all severity levels were diarrhea (39% vs 11%), fatigue (22% vs 16%), hand-foot skin reaction (21% vs 
3%), and rash or desquamation (16% vs 11%). From 2007 to 2017, sorafenib was the only standard treatment available 
for advanced HCC.

Lenvatinib, an oral, multitargeted tyrosine kinase inhibitor that acts by inhibiting tumor angiogenesis and promoting 
programmed cell death, was approved by the FDA in August 2018 as a first-line treatment for advanced HCC based on 
the effectiveness demonstrated by a global open label randomized phase III study (REFLECT).17 The REFLECT trial 
enrolled clinically confirmed unresectable HCC patients. The inclusion criteria were as follows: one or more measurable 
target lesions according to modified RECIST (mRECIST), BCLC stage B or C, CP-A stage, ECOG-PS score of 0 or 1, 
and normal liver, kidney, pancreas, bone marrow, and blood function. Exclusion criteria are as follows: patients who have 
received systemic chemotherapy for advanced/unresectable HCC in the past or have received any anti-cancer or blood- 
enhancing treatment ≤28 days prior to randomization. Patients with main portal vein invasion, or liver mass ≥50%, or 
obvious bile duct invasion, were also excluded. The trial showed that the median overall survival (mOS) of the lenvatinib 
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group was 13.6 months (95% CI 12.1–14.9), which was not inferior to that of the sorafenib group at 12.3 months (95% 
CI 10.4–13.9; hazard ratio 0.92, 95% CI 0.79–1.06), meeting the non-inferiority criteria. However, compared with 
sorafenib, lenvatinib showed significant improvements in all secondary endpoints (higher objective response rate (ORR) 
(24.1% vs 9.2%; odds ratio [OR] 3.13; P < 0.001), longer progression-free survival (PFS) (7.4 months vs 3.7 months; 
hazard ratio [HR] 0.66; P < 0.001) and time to disease progression (TTP) (8.9 months vs 3.7 months; HR .063; P < 
0.001)). In addition, the overall tolerability of lenvatinib is manageable with the most common adverse events during 
treatment being hypertension (42%), diarrhea (39%), decreased appetite (34%), and weight loss (31%). Given the non- 
inferior efficacy to sorafenib and manageable tolerability profile, lenvatinib, replacing sorafenib, has become a new first- 
line systemic therapy for advanced HCC patients.

In May 2020, based on the landmark results of the IMbrave150 trial, the combination of atezolizumab and 
bevacizumab was approved by the US FDA as the standard first-line treatment for advanced HCC. Atezolizumab is an 
immune checkpoint inhibitor that works by selectively targeting the protein PD-L1 on cancer cells, which blocks its 
interaction with the receptors PD-1 and B7-1, thereby reversing the inhibition of T cells. Bevacizumab is a monoclonal 
antibody that targets VEGF, inhibiting angiogenesis and tumor growth. The IMbrave150 study evolved from a Phase 1b 
study that included 104 patients treated with the combination therapy of atezolizumab plus bevacizumab, which 
demonstrated an 36% ORR and an expected safety profile.18 The IMbrave 150 trial indicated the supremacy of 
atezolizumab plus bevacizumab in terms of OS and PFS outcomes than sorafenib, and quality of life measurements 
favored the combination as well. As far as the toxicity of the combination therapy is concerned, the two groups showed 
similar rates of all grade 3/4 adverse events. The incidence of grade 3/4 bleeding events was 6.4% with atezolizumab plus 
bevacizumab vs 5.8% with sorafenib. In addition, 15.2% of patients in the atezolizumab-bevacizumab group experienced 
grade 3 or 4 hypertension. However, other high-grade toxic effects are rare.15,19

Currently, based on positive Phase III data, three treatment options (regorafenib, cabozantinib, and ramucirumab) and 
promising Phase Ib/II studies, three additional treatments (nivolumab, pembrolizumab, and nivolumab plus ipilimumab) 
have been approved by the FDA for the second-line treatment of advanced HCC after progression on sorafenib.20 

Regorafenib, an oral multikinase inhibitor that targets VEGFR1–3 and other kinases, was approved for the second-line 
treatment of patients with advanced HCC who have failed to tolerate or progress after sorafenib treatment. The 
randomized, double-blind, placebo-controlled phase III clinical trial RESORCE demonstrated significantly better mOS, 
mPFS and ORR in the regorafenib treatment group than in the placebo group. The most common grade 3–4 events were 
fatigue (55.3%), hand–foot skin reaction (31.5%), hypertension (15.2%) and diarrhoea (7.8%).21

Cabozantinib, a multi-kinase inhibitor, suppresses tumor growth and metastasis by simultaneously targeting multiple 
pathways, including VEGFR, MET, and AXL. The CELESTIAL trial demonstrated an improvement in OS (10.2 months 
versus 8 months in the placebo group; HR 0.76, 95% CI 0.63–0.92; P = 0.0049). PFS was increased with cabozantinib 
compared with placebo (5.2 months versus 1.9 months; HR 0.44, 95% CI 0.36–0.52; P < 0.001) and ORR was increased 
from 0.4% in the placebo arm to 3.8% in the cabozantinib arm. The most common adverse reactions in the Cabozantinib 
group include hand-foot syndrome, hypertension, dry mouth, and fatigue, with hand-foot syndrome being the most 
common (50% in the Cabozantinib group vs 7% in the placebo group). In the Cabozantinib group, 8% of patients 
discontinued treatment due to adverse reactions.22

Ramucirumab is currently the only biomarker-guided HCC treatment by targeting the vascular endothelial growth 
factor receptor-2 (VEGFR-2) in liver cancer cells, inhibiting tumor angiogenesis and growth. The randomized, double- 
blind, phase III REACH-2 trial, aiming to establish the efficacy of ramucirumab, recruited 542 patients with advanced 
hepatocellular carcinoma who had previously received sorafenib treatment and had an alpha-fetoprotein concentration of 
≥400 ng/mL. The REACH-2 trial demonstrated that the mOS in this subgroup of patients was extended from 7.3 months 
to 8.5 months, compared to placebo (HR 0.710, 95% CI 0.531–0.949; P = 0.0199). The ramucirumab group had a higher 
PFS compared with placebo group, while there was no difference in terms of ORR.23 Common grade 3–4 treatment- 
related adverse events include hypertension, hyponatremia, hepatic and renal function abnormalities, leukopenia, 
thrombocytopenia, diarrhea, fatigue, and skin reactions. In a meta-analysis of HCC studies including REACH and 
REACH-2, the ramucirumab group showed improved OS and PFS compared to the placebo group in HCC patients with 
ascites.24
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For patients with HCC who experience disease progression after receiving conventional first-line treatment, especially 
those with severe liver cirrhosis or cardiovascular diseases and cannot tolerate other TKIs, ICI therapy holds therapeutic 
potential.5 Surprisingly, in both first-line phase III CheckMate 459 trial (nivolumab vs sorafenib)25 and second-line phase 
III KEYNOTE-240 trial (pembrolizumab vs placebo),26 monotherapy immune checkpoint inhibitors failed to improve 
OS despite having a durable response rate of 15% to 20%. The combination therapy of nivolumab (an anti-PD-1 
monoclonal antibody) and ipilimumab (an anti-CTLA-4 monoclonal antibody) was the first approved dual immunother-
apy regimen for advanced HCC patients after failed first-line treatment. As shown in the CheckMate 040 trial, the 
combination therapy achieved an ORR of 31%, with a median duration of response of 17 months, and a mOS of 23 
months.27 Although the combination therapy of nivolumab plus ipilimumab induced immune-related toxicities requiring 
systemic corticosteroid administration in 51% of cases, the FDA accelerated the approval of second-line treatment due to 
the efficacy of the outcomes. Other clinical trials of combination therapy or not for advanced liver cancer without 
regulatory approval are as follows: ORIENT-32,28 GO30140,18 KEYNOTE-524,29 KEYNOTE-224,30 RESCUE,31 

NCT02519348,32 NCT01008358,33 NCT0298992234 (Table 1)

Neoadjuvant Treatment for Advanced HCC Patients
Downstaging is defined as reducing the size of a tumor through neoadjuvant therapy to meet the Milan criteria for liver 
transplantation (a single tumor <5 cm or 2–3 tumors ≤3 cm)35 or the criteria for liver resection. This concept needs to be 
distinguished from bridging, which refers to the treatment of candidates awaiting liver transplantation or patients who are 
not eligible for liver resection. To augment the likelihood of successful downstaging, both AASLD and EASL recognize 
the restriction of initial tumor burden (number and size of lesions) as qualification criteria for downstaging.36,37 Both 

Table 1 Clinical Trial Results of Immunotherapies for Advanced-Stage HCC

Treatments (Trial) Study 
Phase

n ORR Median 
PFS

Median OS Treatment-Related Adverse Event 
Rates

Grade ≥ 3 Leading to 
Discontinuation

Leading 
to 
Death

Sintilimab+IBI305 
(bevacizumab biosimilar) vs 
sorafenib (ORIENT-32)

III 571 20.5% vs 
4.1%, 

(P<0.0001)

4.6 vs 2.8 
months 

(P<0.0001)

NE vs 10.4 
months 

(P<0.0001)

33.7% vs 
35.7%

13.7% vs 5.9% 2% vs 1%

Atezolizumab (GO30140) Ib 59 17% 3.4 months NE 5% 2% 0%

Pembrolizumab + lenvatinib 
(KEYNOTE-524)

Ib 104 36% 9.3 months 22.0 months 67% 18% (6% for both 

drugs)

3%

Pembrolizumab  
(KEYNOTE-224)

II 104 17% 4.9 months 12.9 months 26% 23% 1%

Camrelizumab+ apatinib 
(RESCUE)

II 120 22.5% 5.5 months NR 77% 9.2%; requiring 

corticoids:12%

1%

Durvalumab+ 
tremelimumab 
(NCT02519348)

I/II 75 24% 2.2 months 18.7 months 37.8% 10.8%; requiring 

corticoids: 24.3%

1%

Tremelimumab 
(NCT01008358)

II 20 17.6% 6.5 months 

(TTP)

8.2 months NR NR 0%

Camrelizumab 
(NCT02989922)

II 217 14.7% 2.1 months 13.8 months 22% 4% 1%

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, γ-glutamyltransferase; TTP, time to progression; NR, not reported; NE, not 
estimable.
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TACE and TARE have been used in HCC with the aim of downstaging the lesions to improve resectability. In 
a retrospective study involving over 2,500 patients, effective downstaging of initially beyond Milan criteria HCC patients 
(n = 465) following locoregional therapy resulted in a mOS of 10 years after liver transplantation.5 A study on 
downstaging of liver transplant patients beyond the Milan criteria with or without locoregional therapy showed that 
patients who received locoregional therapy had significantly increased 1-year (95% CI 1.01 to 1.23) and 5-year (95% CI 
1.03 to 1.32) survival rates compared to those who did not receive locoregional therapy.38 In a retrospective analysis of 
831 patients who underwent TACE treatment, 82 cases were successfully downstaged, and 43 patients underwent 
surgical resection.39 However, a retrospective, single-center study found that TARE significantly increased the likelihood 
of successful downstaging compared with conventional TACE (58% and 31%, respectively).40 TARE destroys tumor 
cells by delivering the radioactive drug directly to the tumor site through the injection of radioactive microspheres 
(typically erbium-90 or yttrium-90 microspheres) via arterial cannulation of the feeding vessel to the tumor. Neoadjuvant 
systemic therapy, such as immune checkpoint inhibitors (ICIs), for HCC patients who are on the liver transplant waiting 
list, is an attractive idea. However, it remains controversial due to the reported risk of rejection and graft loss after 
transplantation.41 Theoretically, in neoadjuvant therapy, ICIs can utilize the higher levels of tumor antigens present in the 
primary tumor and promote the expansion of existing tumor-specific T lymphocyte clones in the tumor 
microenvironment.42 In a phase 1b single-arm study, investigators evaluated the feasibility of cabozantinib and nivolu-
mab as neoadjuvant therapy in patients with hepatocellular carcinoma (HCC), including those who did not meet the 
traditional resection criteria.43 Among the enrolled 15 patients, 12 (80%) achieved negative surgical margins, with 5 of 
them (42%) experiencing significant pathological responses. In the neoadjuvant therapy, a shorter duration interval from 
the initial administration of neoadjuvant immunotherapy to the resection of the primary tumor is necessary to achieve 
optimal efficacy, while a longer duration interval negates the effectiveness of immunotherapy.44 Neoadjuvant combined 
(locoregional plus systemic therapy) approaches have been proposed for downstaging treatment in initially unresectable 
HCC. The results of studies combining TKIs (such as sorafenib or lenvatinib) with locoregional liver-directed therapies 
(such as TACE, TARE, or radiofrequency ablation) have shown modest outcomes.45–47 However, given the potential 
synergistic modulation of the tumor immune microenvironment by ICIs and locoregional therapy,48 many research teams 
have attempted to improve neoadjuvant treatment strategies by combining ICIs with locoregional therapy. There is 
a record of complete pathological response when using TARE plus nivolumab treatment for initially unresectable HCC 
lesions.49 Similarly, several case reports have shown that after TACE combined with ICIs treatment, patients exhibited an 
exceptional response, enabling safe resection of initially unresectable HCC.50,51 The PD-1/PD-L1 immune checkpoint 
inhibitors can also utilize the changes in the tumor microenvironment induced by RT.52 A pilot study indicated that 
various combination therapies involving palliative RT, anti-angiogenic TKIs, and PD-1/PD-L1 inhibitors did not 
demonstrate any unexpected safety signals in the treatment of advanced-stage HCC patients.53 Therefore, neoadjuvant 
radiotherapy combined with systemic therapy is safe and feasible. A Phase I trial suggests that patients with advanced 
HCC receiving SBRT plus nivolumab + ipilimumab combination therapy achieved promising outcomes (ORR 57%, 
median OS 46 months) compared to those receiving nivolumab + ipilimumab monotherapy (Checkmate 040 reported 
ORR 27–32%).54 Subsequent trials including NCT03482102, a single-arm Phase II trial of durvalumab and tremelimu-
mab with SBRT, and NCT03316872, a single-arm phase II study of pembrolizumab with SBRT will further investigate 
the potential benefits of SBRT combined with immunotherapy in advanced HCC.

Systemic Therapies for Early and Intermediate-Stage HCC
For patients with very early-stage (BCLC 0) and early-stage (BCLC A) HCC, the current treatment options include 
surgical resection, radiofrequency ablation (RFA), irreversible electroporation (IRE) and transplantation.4 Surgery is the 
cornerstone therapy for very early-stage and early-stage HCC. The aim is to achieve negative-margin (R0) resections 
while preserving the liver to the extent possible, thereby minimizing the risk of postoperative liver failure and death after 
hepatectomy. The utility of the Child-Pugh score and 15-minute indocyanine green retention rate (ICG R15) to accurately 
assess liver function before surgery is essential. According to Makuuchi criteria, two-thirds of liver parenchyma can be 
removed if ICG R15 is less than 10%, and less than one-third could be resected if it is 10%–19%, whereas patients with 
ICG R15 ≥20% will only tolerate single segmentectomy or less, based on the Child’s A liver function.55 With the 
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advancement of surgical techniques and the innovation of surgical instruments, minimally invasive liver surgery has 
gradually developed into a safe and effective surgical approach. The advantages of laparoscopic approach include 
improved visibility due to magnification, reduced fluid requirements, avoidance of long abdominal incisions, fewer 
surgical manipulations, and decreased respiratory damage. However, complex laparoscopic liver resection requires 
a longer learning curve than standard resection to be performed proficiently and safely.56,57 A recent meta-analysis, 
analysing 51 retrospective studies with or without propensity score matching, comparing laparoscopic and open 
hepatectomy in 6,812 patients with HCC demonstrated a trend towards reduced HCC recurrence rate and improved long- 
term survival with laparoscopic surgery.58 On a cautionary note, a retrospective registry study involving 1,270 patients 
found that unplanned conversion from laparoscopic to open hepatectomy for HCC, especially for major hepatectomy, 
was associated with reduced OS compared to direct open resection.59 The limitations of laparoscopic hepatectomy such 
as restricted movement of laparoscopic instruments to four degrees of freedom, loss of three-dimensional vision, and 
magnification of physiological hand tremors caused by elongated instruments pose significant challenges for complex 
liver resections.60,61 To overcome the limitations of laparoscopic surgery, another minimally invasive hepatectomy, 
robotic hepatectomy, was developed. The theoretical advantages of robotic technology include improved flexibility, 
visual, and precision magnification, as well as reduced tremors and fatigue, which may reduce the risk of conversion to 
open liver resection during complex hepatectomies.62,63 Robotic and laparoscopic hepatectomy have been demonstrated 
to be safe and effective for patients with BCLC 0-A stage hepatocellular carcinoma (HCC), compared to open 
hepatectomy. Additionally, these minimally invasive procedures can also lead to a shorter hospital stay. However, 
there were no significant differences in the 5-year PFS rate and OS rate among the three groups.64 Postoperative 
recurrence is believed to be due to tumor invasion into the branches of the portal vein, allowing tumor cells to spread and 
disseminate to other areas of the liver through portal venous flow.65 Given that HCC primarily spreads through the 
nearest portal vein, the selection of hepatic resection type is of concern. Anatomic hepatectomy (AH) allows for the 
systematic removal of the portal vein area where the tumor is located, theoretically reducing the risk of tumor recurrence 
and potentially improving survival rates.66 However, previous studies have yielded conflicting results. Some studies have 
indicated that AH improves long-term prognosis after surgery compared to non-anatomic hepatectomy (NAH),67–71 while 
others have not observed any survival benefits.72–75 Surgical margin is an independent risk factor for recurrence after 
hepatectomy. In view of the above controversy, some scholars believe that AH is unnecessary when a wide (≥ 1cm) 
tumor-free surgical margin can be obtained.76,77 Interestingly, after evaluating the relationship between AH and marginal 
status in HBV-associated HCC patients with microvascular invasion, Liu et al indicated that patients in the AH with wide 
margin (≥1 cm) group had significantly better mOS and disease-free survival compared to the AH with narrow margin 
(<1cm) group and NAH with wide margin or narrow margin group.69 Therefore, if technically feasible and safe, the 
combination of AH and wide margin should be considered as a recommended treatment strategy for HCC patients. 
Surgery as a first-line treatment for early-stage HCC has a 5-year survival rate of about 70%-80%.78 However, the 5-year 
recurrence rate following surgical resection can be as high as 70%.79 The mOS of ablation is 60 months, with a 5-year 
recurrence rate including local, distant intrahepatic, and extrahepatic metastases ranging from 50% to 70%.36,37 RFA is 
another curative treatment option for HCC with a diameter ≤3cm with a relatively good liver functional reserve, 
according to the guidelines established by the American Association for the Study of the Liver Disease,80 the 
European Association for the Study of the Liver,81 and Japanese evidence-based guidelines.82,83 When the tumor is 
located on the surface of the liver, adjacent to other organs that need to be mobilized, or when it cannot be detected by 
percutaneous ultrasound examination, laparoscopic radiofrequency ablation treatment is recommended.84 The current 
study showed that laparoscopic radiofrequency ablation resulted in a better long-term outcome in patients with liver 
damage B or C than endoscopic partial hepatic resection for patients with initial HCC within the Milan criteria (3-year 
OS: 82% vs 36%, p = 0.003).85 IRE treatment can be considered for patients with liver dysfunction, poor general 
condition, or tumors in hazardous locations such as biliary structures for thermal ablation therapy because of its less 
aggressive mechanism of action primarily relying on cell apoptosis rather than necrosis and distortion of connective 
tissue.86 IRE can provide safe and complete ablation for patients not amenable to thermal ablation therapy. 
A retrospective clinical study involving 75 cases of HCC with liver cirrhosis demonstrated that after undergoing IRE 
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treatment, the 6-month and 12-month overall local tumor PFS rates were 87% (95% confidence interval [CI]: 77%, 93%) 
and 70% (95% CI: 56%, 81%), respectively.87

Immune checkpoint inhibitors may be more effective against micro-metastases and residual disease, which is 
observed in HCC patients with tumor remnants after ablation. In the early stages of HCC, combining systemic treatment 
with locoregional therapy has the potential to reduce the risk of disease recurrence and prolong survival. In this scenario, 
however, the STORM Phase 3 trial compared sorafenib with a placebo in 1,114 HCC patients (214 received thermal 
ablation treatment, 900 received resection treatment), but the data showed no improvement in recurrence-free survival.88 

Similarly, other trials have also failed in this setting.89–92 Therefore, systemic treatment after complete ablation has not 
been recommended to date. Some trials demonstrated that combining other locoregional therapies after ablation has 
robust superior survival benefits of early-stage HCC patients.93,94 However, these results have not been replicated in 
phase III studies, and therefore, confirmatory data are needed before these techniques can be adopted in guidelines. The 
high density of CD3+ and CD8+ T cells in the tumor core and margin, along with the corresponding immune scores 
(based on the number of CD3+ and CD8+ lymphocytes in the tumor core and margin), is associated with a low 
recurrence rate after surgical resection of HCC.95 Therefore, there is a reason to integrate immunotherapy into the 
treatment of early-stage liver cancer in order to increase the chances of cure after HCC surgical treatment. Adoptive cell 
transfer therapy (ACT) is the most representative cancer immunotherapy method. A phase 3 open-label trial enrolling 
230 patients with HCC who underwent surgical resection or ablation showed that the experimental group receiving CIK 
cell, a mixture of T lymphocytes expanded in vitro with cytokines, had a significantly increased recurrence-free survival 
compared to the placebo group (44 months vs 30 months HR = 0.63; 95% CI 0.43–0.94; P = 0.010).96 Other clinical 
trials assessing the suitability of CIK therapy for HCC are summarized in Table 2.97–101 BCLC-B stage patients are 
defined as intermediate-stage HCC patients. Arterialization is a hallmark of HCC that has been used for the delivery of 
embolic particles, chemotherapy, and radiation therapy. Two randomized controlled trials (RCTs)102,103 with OS as the 
primary endpoint and subsequent meta-analysis104 have shown that TACE has demonstrated survival benefits compared 
to the best supportive care or suboptimal therapies. According to these trial data, guidelines from AASLD, EASL, 
APASL, and the European Society for Medical Oncology (ESMO) all recommend TACE as the standard treatment for 
intermediate-stage HCC. In addition, other locoregional therapies for intermediate-stage liver cancer include transarterial 
embolization, transarterial radioembolization (TARE) and drug-eluting bead transarterial chemoembolization (DEB- 
TACE). Several phase III trials have indicated that compared to TACE therapy, other locoregional therapies achieve 
no significant survival benefit105–107 (Table 3). With the emergence of effective systemic therapies, we have witnessed 
the development of trials combining arterial therapy with systemic treatment or utilizing systemic therapies as a control. 
The challenges faced in designing such trials are as follows. Firstly, TACE is not a standardized technique, and its 
indications and outcomes are influenced by various variables, including the type and size of particles, use of iodized oil, 
chemotherapy, procedure, and degree of selectivity.108 Secondly, there is no consensus on the endpoints yet. 
Conventional endpoints such as OS, PFS and TTP were used as primary endpoints, but negative outcomes do not 
adequately define TACE failure. Various new secondary endpoints have been developed, including modifications to PFS, 
such as time to progression to TACE (including time to progression and death), as well as time to vascular invasion or 
extrahepatic spread.109 Although there are various methods and endpoints, these trials have not provided convincing 

Table 2 Summary of Clinical Trials on the Applicability of CIK as HCC Treatment Strategies

Cells Used for ACT Patients 
(n) Total

Patients (n) 
Treated with ACT

Overall Survival Rate  
(ACT vs Control)

Recurrence Rate  
(ACT vs Control)

Study 
Reference

Cytokine-induced killer cells 146 72 62.4% vs 18.8% (2 years) 74.7% vs 97.4% [65]

Cytokine-induced killer cells 83 42 NR 7.14% vs 23.1% (1 year) [66]

Cytokine-induced killer cells 85 45 100% vs 100% (18 months) 15.6% vs 40.0% (18 months) [67]
Cytokine-induced killer cells 127 41/43 37.9%/38.1% vs 36.9% (5 years) 73%/72% vs 76% (5 years) [68]

Cytokine-induced killer cells 132 66 42.4% vs 24.2% (3 years) 72.7% vs 81.8% (3 years) [69]

Abbreviations: ACT, adoptive cell transfer therapy; NR, not reported.
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evidence of clinical benefit compared to TACE alone45,110–113 (Table 3). Some scholars have proposed specific endpoints, 
such as time-to-unTACEable progression as evaluation criteria. The criteria are as follows: Patients who cannot undergo 
further TACE treatment or do not benefit from TACE due to the following reasons: liver tumor progression (increase of 
more than 25% compared to baseline) according to the “Liver Cancer Efficacy Evaluation Criteria” (RECICL), transient 
deterioration of liver function to Child-Pugh C grade after TACE, major vessel invasion (MVI), or extrahepatic 
metastasis.114 A randomized, open-label, multicenter trial named TACTICS found that based on unTACEable progres-
sion as co-primary endpoints, the combination therapy of TACE + sorafenib significantly prolonged PFS compared to 
TACE alone115 (Table 3). This novel TACE-specific endpoint should be examined and validated in future TACE 
combination trials. Alternative strategies such as TACE combined with immunotherapy are currently under investigation. 
The prevailing rationale for combining TACE with immunotherapy is strong: locoregional therapy induces immunogenic 
tumour cell death, resulting in a release of antigens, damage-associated molecular patterns and pro-inflammatory 
cytokines that facilitate antigen presentation and priming of anti-tumour lymphocytes.116,117 A clinical trial testing the 
combination of tremelimumab (anti-CTLA4 antibody) with TACE or radiofrequency ablation for HCC showed an ORR 
of 26.3% and mOS of 19.4 months.118

Systemic Treatment Options in Special Populations
Approximately 10%–40% of HCC patients have portal vein tumor thrombosis (PVTT) at the time of diagnosis, leading to the 
high tumor invasiveness, insufficient hepatic reserve function, and portal hypertension.119,120 PVTT is divided into five grades 
in the classification system of the Liver Cancer Study Group of Japan121 (Table 4). Based on BCLC staging system, the 
European36 and American122 as well as the ESMO (European Society for Medical Oncology)123 guidelines for HCC diagnosis 
and treatment only recommend systemic treatment options such as targeted therapy and even consider PVTT as 
a contraindication for hepatic resection. However, in recent years, the Asian HCC guidelines have also acknowledged the 
results from real-world practice, in addition to those from large-scale, multicenter, randomized clinical trials. They also 
recommend local treatments such as TACE, HAIC, local radiotherapy, and hepatic resection as optional treatment options for 
patients with PVTT. In 2016, a retrospective study conducted in Japan involving 6474 HCC patients with PVTT revealed that 

Table 3 Outcomes of Randomized Controlled Trial Results for Intra-Arterial Treatment of HCC

Randomized Controlled 
Trial

Region Experimental Arms Endpoints Outcomes Study 
Reference

Okusaka et al 2009 Japan TAI (n = 82) vs cTACE (n = 79) OS 22.3 months vs 21.2 

months; P = 0.383

[73]

Yu et al 2014 China TEA(n = 49) vs cTACE (n = 49) OS 24.3 months vs 20.1 
months; P = 0.513

[74]

Golfieri et al 2014 
(PRECISION ITALIA 
trial)

Italy DEB-TACE (n = 89) vs cTACE (n = 88) OS 56.8% vs 55.4% (2 

years); P = 0.949

[75]

Kudo et al 2011  
(POST-TACE trial)

Japan, South 

Korea

cTACE plus sorafenib (n = 229) vs cTACE 

plus placebo (n = 229)

TTP 5.4 months vs 3.7 

months; P = 0.252

[44]

Kudo et al 2014  
(BRISK-TA trial)

Global cTACE/DEB-TACE plus brivanib (n = 249) 

vs cTACE plus placebo (n = 253)

OS 26.4 months vs 26.1 

months; P = 0.53

[78]

Lencioni et al 2016 
(SPACE trial)

Global DEB-TACE plus sorafenib (n = 154) vs 

DEB-TACE plus placebo (n = 153)

TTP 5.6 months vs 5.5 

months; P = 0.072

[79]

Meyer et al 2017  
(TACE 2 trial)

UK DEB-TACE plus sorafenib (n = 157) vs 
DEB-TACE plus placebo (n = 156)

PFS 7.8 months vs 7.7 
months; P = 0.85

[80]

Kudo et al 2018 
(ORIENTAL trial)

Japan, South 

Korea, Taiwan

cTACE plus orantinib (n = 445) vs cTACE 

plus placebo (n = 444)

OS 31.1 months vs 32.3 

months; P = 0.435

[81]

Kudo et al 2019 
(TACTICS trial)

Japan cTACE plus sorafenib (n = 80) vs cTACE 

(n = 76)

mPFS 25.2 months vs 13.5 

months; P = 0.006

[83]

Abbreviations: TAI, transarterial infusion chemotherapy; cTACE, conventional transarterial chemoembolization; TEA, transarterial ethanol ablation; DEB-TACE, drug- 
eluting bead transarterial chemoembolization; TTP, time to progression; OS, overall survival; mPFS, median progression-free survival.
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hepatic resection only had advantages in patients with Vp1-3, while there was no significant advantage in patients with Vp4 
based on subgroup analysis of PVTT classification.124 A multicenter retrospective study (n = 1580) compared the median 
survival time of HCC patients with PVTT who underwent hepatic resection, TACE, TACE combined with sorafenib, or 
radiotherapy.125 Among patients with Vp1-2 PVTT, the hepatic resection group had the best OS. Among patients with Vp3 
PVTT, the median survival time was 12.5 months in the hepatic resection group and 10.6 months in the TACE combined with 
radiotherapy group (p = 0.046). However, among patients with Vp4 PVTT, the median survival time was longer but not 
statistically significant in the TACE combined with radiotherapy group compared to the hepatic resection group (8.9 months vs 
6.0 months, p = 0.401). Until now, there have been no clinical trials or cohort studies investigating the systemic treatment of 
different types of PVTT. Kaneko et al reported a median survival of only 5.5 months in Vp3/4 PVTT patients treated with 
sorafenib and lenvatinib.126 Luo et al proposed that linear iodine-125 (125I) seed strand combined with portal vein stent (PVS) 
implantation plus TACE was a safe and effective palliative treatment option for patients with HCC and Vp4 PVTT.127 Huang 
et al conducted a real-world study to analyze the use of lenvatinib plus anti-PD-1 antibody as a first-line treatment in HCC 
patients with major vessel tumor thrombosis (MVTT).128 The tumor response of this combination therapy in MVTT (MVTT 
ORR: 54.5%) was superior to intrahepatic tumors (32.8%) and lung metastases (37.5%). According to these results, the 
interventional therapy combined with systemic therapy might be an effective therapy for advanced HCC and PVTT. Zhang 
et al conducted a single-center retrospective study to evaluate the safety and efficacy of combined interventional therapy (125I 
seed chain + PVS implantation + TACE) with systemic treatment (lenvatinib + anti-PD-1 antibody) as a first-line treatment for 
HCC patients with Vp4 PVTT.129 As a result, patients in group A (125I seed chain + PVS implantation + TACE+ lenvatinib + 
anti-PD-1 antibody) had significantly better intrahepatic tumor control (55.3% vs 17.5%, P < 0.001) and longer OS and PFS 
than group B (125I seed chain + PVS implantation + TACE+ lenvatinib) (OS, 17.7 ± 1.7 vs 12.0 ± 0.8 months, P = 0.010; PFS, 
17.0 ± 4.3 vs 8.0 ± 0.7 months, P < 0.001). In addition, two patients underwent liver transplantation, and one patient underwent 
surgical resection, suggesting that this combination therapy may provide an opportunity for surgical treatment in patients with 
unresectable HCC and Vp4 PVTT. In conclusion, the combined treatment approach of interventional therapy and systemic 
therapy can be considered as a first-line treatment option for patients with unresectable HCC and Vp4 PVTT.

Child Pugh class B(CP B) patients with advanced HCC are a wide heterogenous group with borderline liver function and 
high risk of post-treatment hepatic deterioration. The treatment decision should weigh the survival benefits provided by 
existing therapeutic agents against the risk of further liver damage, especially when the balance is already very fragile. 
Sorafenib is the only multi-kinase inhibitor approved for administration in CP B class patients. Previous studies have indicated 
that CP B advanced HCC patients may respond to and tolerate sorafenib treatment without extending OS as they often 
experience disease deterioration of liver, leading to treatment discontinuation and reduced life expectancy.130,131 Lenvatinib, 
similar to sorafenib, may be effective in treating HCC in CP B patients, but higher rates of discontinuation or withdrawal, 
treatment-related adverse events, and liver-related deaths, limiting its impact on OS.132,133 Additionally, compared to 
sorafenib, lenvatinib has no significant OS advantage in patients with decompensated liver cirrhosis (CP B and C).134 The 
impact of cabozantinib on the survival of advanced HCC patients appears to be significantly dependent on the severity of liver 
function impairment, with more favorable outcomes observed in patients with lower CP B scores. A recent international real- 
life study included 60, 22, and 1 cases of CP A, B, and C grade patients, respectively. The results showed that the AE rate was 
73% in the CP B group, while it was 43% in the CP A group (P = 0.017). The mOS in the CP B7 group was 7 months, while it 

Table 4 PVTT Classification System of Japanese Liver Cancer Study Group

Grade Definition

Vp0 Absence of invasion of (or tumor thrombus in) the portal vein
Vp1 Invasion of (or tumor thrombus in) distal to the second-order branches of the portal vein, but not of the second-order branches

Vp2 Invasion of (or tumor thrombus in) second-order branches of the portal vein

Vp3 Invasion of (or tumor thrombus in) first-order branches of the portal vein
Vp4 Invasion of (or tumor thrombus in) the main trunk of the portal vein and/or contra-lateral portal vein branch to the primarily involved 

lobe

Abbreviation: PVTT, portal vein tumor thrombus.
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was 9.7 months in the CP A group. In comparison, the mOS for CP B8, B9, and C was restricted to 3.4 months.135 In recent 
years, immune checkpoint inhibitors have completely changed the treatment landscape for HCC. Based on previous research 
findings, immunotherapy may be a relatively safe option for patients with impaired liver function. In the CheckMate-040 trial, 
49 patients with CP B HCC were intravenously administered nivolumab, with a reported ORR of 12% and disease control rate 
(DCR) of 55%. It is worth mentioning that the safety profile of nivolumab in this population is comparable to that of CP 
A patients.136 A recent real-world study recruited 431 CP B patients to compare the efficacy and safety of sorafenib and 
nivolumab. The results showed that the median survival period for the 79 patients who received nivolumab was 5 months, 
while it was 4 months for the group receiving sorafenib. Among the patients receiving nivolumab, 12% discontinued treatment 
due to toxicity, while among those receiving sorafenib, 36% (P = 0.001) discontinued treatment due to toxicity.137 A possible 
reason is that the metabolism of ICIs does not depend on liver function. However, similar to MKIs, the ORR of B CP patients 
receiving nivolumab treatment was significantly lower than that of CP A patients, and the OS of CP B8 or B9 patients was 
particularly poor compared to CP B7 patients.138 Atezolizumab-bevacizumab is a first-line treatment with high efficacy in 
unresectable HCC based on the IMbrave 150 study results. A recent multi-center retrospective study demonstrated that the 
ORR, and DCR were similar, with no significant differences observed across CP classes.139 However, OS for CP A patients 
was 16.8 months (95% CI, 14.1–23.9), while for CP B patients, it was 6.7 months (95% CI, 4.3–15.6) (P = 0.0003). This 
difference is attributed to potential liver damage leading to mortality. Apart from the CP score, the ALBI score is also 
significantly correlated with OS. Based on this finding, close monitoring should be mandatory, especially when combined with 
anti-VEGF drugs. The ICIs used in combination with anti-VEGF agents appear to provide a survival benefit, although it may 
not be as high as that seen in CP A patients, while in carefully selected CP B patients, they still have the potential to extend life 
expectancy.

Biomarkers Predict the Efficacy of Systemic Therapy
Biomarkers have emerged as powerful tools for diagnosis, prognosis, and predicting treatment response, enabling the 
maximization of clinical benefits through patient stratification. Currently, systemic therapies typically exhibit high 
heterogeneity in their efficacy among advanced HCC patients, and therefore, the identification of biomarkers for 
predicting treatment response and patient selection has become an urgent need. For response to sorafenib, patients 
with the mutation of the PI3K–AKT–mTOR pathway tended to have a lower ORR and a shorter mOS and PFS.140 In 
addition, VEGFA amplification and acyl-CoA synthetase long-chain family member 4 (ACSL4) expression in HCC 
tissue are associated with better responses to subsequent sorafenib treatment.141,142 For lenvatinib, FGF19, ST6GAL1, 
VEGF, FGF21, and ANG2 may be novel biomarkers that identify lenvatinib-susceptible HCC.143,144 In addition, 
for second-line therapy, ramucirumab is currently the only alpha-fetoprotein concentration-guided TKIs, as described 
above. Based on the correlation between clinical samples and potential predictive biomarkers, pre-existing larger 
infiltration of tumor-infiltrating lymphocytes (TIL) and inflammatory gene signatures of tumor microenvironment 
(TME) have shown better treatment response to ICI-based therapies. Patients with higher baseline levels of CD8+ 
TILs show improved prognosis after receiving nivolumab treatment. Additionally, baseline TME inflammatory gene 
characteristics, including CD8A, CD274, STAT1 and LAG3 genes, are associated with better clinical outcomes in 
patients treated with nivolumab.145 The GO30140 and IMbrave150 trials conducted comprehensive correlative analyses 
of tumor samples from 358 patients receiving atezolizumab and bevacizumab, atezolizumab alone, or sorafenib treat-
ment. In GO30140 cohort, better response was associated with higher baseline TIL density and which demonstrated 
improved survival outcomes in IMbrave150 cohort. In patients treated with the combination of atezolizumab and 
bevacizumab, pre-existing inflammatory gene signatures were associated with better clinical outcomes. A lower propor-
tion of Treg/Teff gene signature was also linked to improved PFS and OS in patients treated with atezolizumab and 
bevacizumab together in IMbrave150 cohort. Additionally, patients with mutations in the telomerase reverse transcriptase 
promoter region in HCC tumors received atezolizumab and bevacizumab had longer PFS and OS compared to those 
treated with sorafenib alone. Furthermore, low expression levels of AFP and GPC3 in the pre-treatment tumor samples 
were associated with longer PFS in the atezolizumab and bevacizumab group.146
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Combination of Systemic Therapy and Surgery for BTC
Adjuvant Therapy
Biliary tract cancers (BTCs) comprise intrahepatic cholangiocarcinoma (iCCA), extrahepatic cholangiocarcinoma 
(eCCA) and gallbladder carcinoma (GBC) originating in the epithelium of the biliary tract. Surgical treatment is 
considered curative for early-stage BTC, but only a small portion of cases (approximately 30%) are feasible.147,148 

The feasibility of surgical treatment for iCCA depends on the absence of intrahepatic and distant metastasis, no major 
vascular invasion, and sufficient future liver remnant (FLR). Margin status and nodal metastasis are associated with 
survival in patients who undergo resection for iCCA. The median survival is correlated with the width of the surgical 
margin (≤1mm, 15 months; 2–4mm, 36 months; 5–9mm, 57 months; ≥10mm, 64 months; p < 0.001), and it has been 
demonstrated that a margin >5mm is an independent predictor of survival (OR, 2.22; 95% CI, 1.59–3.09). However, in 
patients with lymph node-positive disease, survival after R0 and R1 resection is similar (median, 18 months and 13 
months, respectively; p = 0.1).149 Conventional lymph node dissection helps with tumor staging, but its role in improving 
prognosis is controversial.150 However, multicenter data showed an improved survival with the retrieval of three lymph 
nodes or higher when compared with patients with one or two nodes removed.151 The AJCC recommends 
a lymphadenectomy consisting of all fibroadipose and lymphatic tissue within the hepatoduodenal ligament between 
the hilar plate and the head of the pancreas, inclusive of a minimum of six nodes to ensure accurate staging and 
prognostication.152 There is currently controversy regarding whether to perform major hepatectomy for type I and type II 
perihilar cholangiocarcinoma (pCCA). Previous study showed that compared to patients who undergo isolated bile duct 
resection, adding major hepatectomy does not improve prognosis,153 while other studies have concluded otherwise.154,155 

Further prospective studies are needed to evaluate the impact of hepatectomy on type I and type II pCCA. Concomitant 
caudate resection is often required, especially when studies have demonstrated that caudate lobectomy reduces the 
possibility of margin-positive and thus decreasing local recurrence.57 Liver transplantation, only approved for certain 
unresectable pCCA (≤3cm, without lymph node involvement and intrahepatic or extrahepatic metastatic disease) showed 
better survival rate than resection (3-year: 54% vs 44%; 5-year: 54% vs 29%).156 Distal cholangiocarcinoma (dCCA) 
may infiltrate the pancreatic head and induce connective tissue hyperplasia. Over the last decade, minimally invasive 
pancreatoduodenectomy (MIPD), such as laparoscopic pancreatoduodenectomy (LPD) and robotic pancreatoduodenect-
omy (RPD), has been widely implemented, in a shift away from traditional open pancreatoduodenectomy (OPD). The 
mOS (30 vs 25 months) and DFS (29 vs 18 months) have no significant difference between MIPD and OPD, as the key to 
R0 resection was detailed medial perivascular dissection of the superior mesenteric artery (SMA) and perivenous tissue, 
as well as lymph node dissection.157 The 5-year OS rates for patients who underwent R0 and R1/R2 resections were 60% 
and 8%, and for lymph node negative and positive patients were 58% and 21%, respectively.158 The criteria for GBC 
resection include diseases localized to the gallbladder and/or adjacent liver (T1-3), with or without lymph nodes 
involvement in the hepatoduodenal ligament region (N1-2).159 GBC is often found incidentally after cholecystectomy 
and should be re-resected if there is no contraindication. The scope of operation includes hepatic segments IVb and V or 
non-anatomical 2–3 cm wedge and portal lymphadenectomy, while patients at T1a stage are treated with cholecystectomy 
only.160 With the exception of T1b stage GBC, re-resection significantly improved mOS, with T2 stage from 12.4 to 44.1 
months and T3 stage from 9.7 to 23.0 months.161

Adjuvant therapy has been proposed in order to reduce the high incidence of local and distant recurrence in resected 
BTC patients. The results of three prospective randomized clinical trials (RCTs) investigating the application of 
experimental adjuvant chemotherapy drugs in resected BTC patients have been published. The BCAT trial in Japan 
did not achieve its primary endpoint, as there was no significant difference in mOS and RFS between gemcitabine and 
observation group.162 The PRODIGE-12/ACCORD-18 study in France also failed to demonstrate any benefit of the 
combination of gemcitabine and oxaliplatin (GEM/OX) as adjuvant therapy compared to observation alone in terms of 
RFS in patients with CCA and GBC after surgery.163 On the other hand, the BILCAP study164 conducted in the United 
Kingdom involving patients with CCA and GBC showed clinical benefits of adjuvant capecitabine over observation in 
terms of mOS (53 months vs 36 months, HR 0.75, 95% CI 0.58–0.97; P = 0.028) in the pre-specified intention-to-treat 
population (ITT) sensitivity analysis adjusted for prognostic factors such as lymph node status, disease grade, and gender. 
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However, in the ITT analysis, the median RFS with capecitabine (24.4 months, 95% CI 18.6–35.9) was longer compared 
to the observation group (17.5 months, 95% CI 12.0–23.8) but no difference in the risk of recurrence was demonstrated 
beyond 24 months. In addition to the differences in BTC subtypes, heterogeneity in risk factors such as lymph node 
involvement and margin resection among the populations involved in these three adjuvant trials. Furthermore, differences 
in sample size calculations, statistical power of study design, data maturity, and follow-up time also contribute to the 
inconsistency in the effectiveness of adjuvant chemotherapy among the three RCT trials.

Neoadjuvant Therapy
Current guidelines recommend surgical resection for TNM 1 and TNM 2, but no recommendations have been given for 
neoadjuvant therapy except for hCCA that meet the criteria for liver transplantation.165,166 For those with locally 
advanced disease that is borderline resectable, neoadjuvant therapy provides an opportunity to reduce the tumor size 
and allow for surgical resection. Similar to HCC, BTC is recommended to assess tumor sensitivity prior to neoadjuvant 
therapy for optimal therapeutic effect.167 With the development of the Mayo protocol, initial success regarding favorable 
long-term survival has been achieved in neoadjuvant chemoradiotherapy followed by liver transplant.168,169 Some 
analyses suggest that patients with locally advanced iCCA who undergo surgery after neoadjuvant chemotherapy have 
similar short-term and long-term prognosis compared to patients with initially resectable ICC who undergo surgery alone. 
They may even have a survival advantage compared to patients who receive adjuvant chemotherapy after initial surgery, 
although no statistical difference is reached.170,171 In addition, analysis specifically focusing on patients with advanced 
stages (II–III) shows a statistically significant correlation between the utilization of neoadjuvant chemotherapy and 
improvement in OS.172 Neoadjuvant therapy is not a standard approach in resectable BTCs. Some article showed that 
1 cm clear margin is a key factor influencing long-term survival in early-stage BTC. The receipt of either neoadjuvant 
chemotherapy or adjuvant chemotherapy was not associated with improved OS in resectable BTC and does not support 
the routine administration of preoperative therapy.173,174 However, a large national database study indicated that 
neoadjuvant chemotherapy was associated with longer survival in a selected group of patients with BTC compared to 
those who underwent upfront surgical resection followed by adjuvant chemotherapy.175 There are several theoretical 
possibilities regarding how neoadjuvant chemotherapy may improve OS compared to adjuvant chemotherapy. One theory 
is that neoadjuvant chemotherapy provides additional time to identify patients with chemotherapy-resistant micrometa-
static disease, who are more likely to progress to overt metastasis regardless of surgical intervention. The observed 
benefits of neoadjuvant chemotherapy in early-stage cholangiocarcinoma may be due to effective management of 
micrometastatic disease rather than tumor downstaging. The use of neoadjuvant therapy is based on retrospective studies; 
therefore, there is no standardized treatment regimen. A total of 133 patients with iCCA received unspecified regimes, 
Gemcitabine-based regimes in 100 and other regimes including oxaliplatin, cisplatin, irinotecan, tegafur, uracil and 
Taxotere in 39.170–172,174,176–178 202 patients with hCCA were managed with the Mayo protocol or a similar variant. 
A total of 179 patients received 5-FU as part of the Mayo protocol. Other patients who did not undergo the Mayo 
protocol received gemcitabine, 5FU and leucovorin, gemcitabine and cisplatin or tegafur and uracil.179–181 11 dCCA 
patients underwent neoadjuvant therapy, with 9 received gemcitabine-based regimes, 2 receiving 5-FU-based regimes.173

Immunotherapy in Advanced Biliary Tract Cancers
Based on the results of Advanced Biliary Tract Cancer (ABC-02) Phase 3 and the Japanese BT22 Phase 2 trials, the 
combination of gemcitabine (Gem) and cisplatin (Cis) is currently the standard first-line treatment for patients with 
advanced BTC.182,183 Compared with chemotherapy, the effect of immunotherapy is more dependent on the molecular 
characteristics of BTC. The immune system, regulated by a complex immune checkpoint protein system, has the ability 
to recognize and destroy abnormal cells. The current ICIs can be broadly divided into three categories: (i) Programmed 
Cell Death Protein 1 (PD-1) inhibitors such as pembrolizumab and nivolumab; (ii) Programmed Cell Death Ligand 1 
(PD-L1) inhibitors such as atezolizumab, avelumab, and durvalumab; (iii) Cytotoxic T-Lymphocyte Antigen 4 (CTLA4) 
inhibitors such as ipilimumab and tremelimumab. Pembrolizumab is recommended for first-line treatment of patients 
with mismatch repair deficiency (d-MMR) or high microsatellite instability (MSI-H) and high tumor mutational burden 
(TMB > 10) in BTC. KEYNOTE-158 Phase 2 clinical trial, as one of the largest published immunotherapy studies, 
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assessed the efficacy of pembrolizumab in patients with MSI-H/dMMR refractory non-colorectal advanced tumors, 
including BTC. The subgroup analysis of 22 patients with BTC treated with pembrolizumab revealed an ORR of 40.9% 
(2-CR and 7-PR) with a median PFS of 4.2 months and a mOS of 24.3 months, regardless of PD-L1 positivity.184 

Nivolumab has a category 2B recommendation for second-line treatment (according to the National Comprehensive 
Cancer Network or NCCN guidelines) and is typically offered to patients without targetable mutations and who may be 
intolerant to chemotherapy.185 The single-group, multi-center nivolumab-related Phase-II study with 46 patients indicated 
that ORR was 22% (11/46, 0-CR, 10-PR, and 1 unconfirmed PR) with a disease control rate of 59% (27 of 46). In the 
intent-to-treat population, mPFS was 3.68 months (95% CI, 2.30–5.69 months), and mOS was 14.24 months (95% CI, 
5.98 months to not reached). In order to enhance the efficacy of immunotherapy for BTC, different treatment combina-
tions are currently being tested. One approach involves combining immunotherapy with chemotherapy. Early clinical 
data of nivolumab in combination with the standard-of-care chemotherapy, Gem and Cis as a first-line treatment showed 
signs of anti-tumor activity with an ORR of 37%, a mPFS of 4.2 months and mOS of 15.4 months.186 In addition, in an 
open-label, single-arm, phase II trial, patients with unresectable or metastatic BTC also received nivolumab plus GemCis. 
The ORR was 55.6%, with mPFS and mOS 6.1 and 8.5 months, respectively.187 The recently published phase III study 
TOPAZ-1 evaluates the addition of durvalumab, a PD-L1 inhibitor, to GemCis providing the encouraging result. The trial 
involved 685 previously untreated, unresectable recurrent/metastatic BTC patients and achieved the primary endpoint of 
the expected OS. The estimated OS was 12.8 months in the durvalumab combined with GemCis group, which was 
superior to the GemCis group (11.5 months; HR: 0.80). Furthermore, an improvement in mPFS was observed with the 
combination treatment of durvalumab and GemCis (7.2 vs 5.7 months), while the overall toxicity between the treatment 
groups was similar. The ORR was also favorable in the durvalumab group (26.7% vs 18.7%).188 A randomized, double- 
blind, placebo-controlled Phase 3 trial, KEYNOTE-966, confirmed the efficacy and safety of pembrolizumab in 
combination with GemCis therapy. The mOS in the pembrolizumab group was 12.7 months (95% CI 11.5–13.6), 
while in the placebo group, it was 10.9 months (95% CI 9.9–11.6) (HR 0.83 [95% CI 0.72–0.95]; one-sided P = 
0.0034) with similar treatment-related adverse events.189 A single-arm phase II study was conducted, enrolling 50 
patients with advanced biliary tract cancer (BTC), to explore the safety and efficacy of the combination of toripalimab, 
a PD-1 inhibitor, with gemcitabine and S-1 as first-line treatment for advanced BTC. After a median follow-up time of 
24.0 months (IQR: 4.3–31.0 months), the mPFS was 7.0 months (95% CI: 5.0–8.9 months); mOS was 15.0 months (95% 
CI: 11.6–18.4 months). An ORR of 30.6% (95% CI: 17.2%–44.0%) and a DCR of 87.8% (95% CI: 78.2%–97.3%) were 
achieved.190 The most common grade 3 or worse treatment-related adverse events (TRAEs) were leukopenia (38%) and 
neutropenia (32%), which have similar incidence rates as observed in previous studies with gemcitabine. Clinically, 
pembrolizumab in combination with TKI such as lenvatinib resulted in promising antitumor activity in patients with 
refractory BTC.191 On this basis, a single-arm, open-label, phase II study was conducted to investigate lenvatinib plus 
PD-1 inhibitors (pembrolizumab, tislelizumab, sintilimab, camrelizumab or toripalimab) as a first-line treatment for 
initially unresectable BTC. Among 38 enrolled patients, the ORR was 42.1% and the DCR was 76.3% with 8.0 months 
(95% CI: 4.6–11.4) of mPFS and 17.7 months (95% CI: not estimable) of mOS.192 Atezolizumab is a humanized 
immunoglobulin G1 (IgG1) monoclonal antibody that can bind to PD-L1 and block its interaction with PD-1 and B7.1 
receptor. Preclinical and early clinical data suggest that MEK inhibition (MEKi) can enhance tumor infiltration of T-cells, 
expression of MHC-I and PD-L1, modulate the tumor microenvironment to enhance host anti-tumor immune response, 
and augment response to PD-1 blockade.193–196 Based on this theory, the National Cancer Institute (NCI) Experimental 
Therapeutics Clinical Trials Network (ETCTN) conducted a randomized phase II study in which atezolizumab alone or in 
combination with cobimetinib (a MEK inhibitor) was investigated. The study included 86 patients with advanced, pre- 
treated biliary tract cancer (BTC). Although the combination therapy group had a higher PFS (3.65 months vs 1.87 
months; P = 0.027), the OS and ORR were similar between the two groups.197 The astonishing therapeutic effect of the 
combination of atezolizumab and bevacizumab has made it a first-line treatment for advanced HCC. Considering the 
crucial role of vascular endothelial growth factor (VEGF) in regulating the immune suppressive mechanisms within the 
tumor microenvironment of BTC, as well as the enhanced effect of cytotoxic chemotherapy on tumor immunity, the 
combination of atezolizumab and bevacizumab may improve the efficacy of first-line GEMOX chemotherapy in 
advanced BTC. A multicenter, single-arm, retrospective study of 30 patients with advanced BTC treated with the triple 
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combination of atezolizumab, bevacizumab, and GEMOX revealed an ORR of 76.7% and a DCR of 90.0% with a mPFS 
of 12 months and the mOS was not reached.198 Only 10.0% of patients experienced grade 3 or higher TRAEs, which is 
significantly better than the trial (70%) combining camrelizumab and GEMOX in advanced BTC, indicating that the 
triple therapy may have a safety advantage over other treatment strategies with similar mechanisms of action.199 

Additionally, multiple ongoing first-line trials are studying other ICI monotherapy combined with chemotherapy. 
A novel anti-PD-L1 antibody, envafolimab (KN035), is being investigated in a randomized phase III trial 
(NCT03478488) that compares gemcitabine/cisplatin with or without envafolimab. Ongoing phase II trials include 
NCT04172402 (nivolumab plus gemcitabine and S-1), NCT04191343 (toripalimab plus gemcitabine/oxaliplatin), and 
NCT03796429 (toripalimab plus gemcitabine and S-1).

Conclusions
In recent decades, there have been significant advancements in the systemic treatment of advanced HCC. First-line 
therapies have been approved, starting from sorafenib to lenvatinib, and subsequently with the combination of atezoli-
zumab and bevacizumab. However, as it has been proven that ICIs as monotherapy (pembrolizumab and nivolumab) 
cannot improve OS in HCC patients who have failed first-line treatment, the combination immunotherapy regimen of 
nivolumab and ipilimumab has been approved as a new second-line treatment. Surgery, ablation, or liver transplantation 
are the preferred treatment options for patients with very early and early-stage HCC. Adjuvant therapy after surgery, such 
as systemic treatment combined with local therapy, can improve patient survival. Surgery, ablation, or liver transplanta-
tion are the preferred treatment options for patients with very early and early-stage HCC. Adjuvant therapy after surgery, 
such as systemic treatment combined with locoregional therapy, can improve patient survival. TACE is the standard 
treatment for intermediate-stage HCC. With the emergence of effective systemic treatment methods and the induction of 
immunogenic tumor cell death through local therapy, which leads to the release of antigens, damage-associated molecular 
patterns, and pro-inflammatory cytokines, promoting antigen presentation and activation of anti-tumor lymphocytes, 
trials combining arterial therapy with systemic treatment are continuously being conducted. TACE and TARE are both 
used for advanced or beyond Milan criteria HCC, with the aim of downstaging the lesions to achieve surgical resection or 
liver transplantation. The use of novel systemic therapies, such as ICIs, as neoadjuvant treatments for liver transplanta-
tion, remains controversial due to reported risks of rejection and graft loss. However, neoadjuvant combination therapies 
(such as TACE or RT combined with immunotherapy) have been utilized to downstage initially unresectable HCC and 
have been proven to be safe and effective. The use of novel systemic treatment regimens for specific populations, such as 
patients with unresectable HCC Vp4 PVTT, can be complex. Research has shown that combination therapies involving 
TACE with implantation of linear iodine-125 seed chain in the portal vein stent, as well as lenvatinib combined with anti- 
PD-1 antibodies, can prolong patient survival and even potentially provide an opportunity for surgical treatment. 
Immunotherapy may be a relatively safe option for patients with Child-Pugh B liver function, as the metabolism of 
ICIs is not dependent on liver function. However, close monitoring of liver function is still necessary, especially when 
used in combination with anti-VEGF drugs. To maximize clinical benefits for patients, it is recommended to identify 
biomarkers before systemic treatment to predict treatment response and guide drug selection. Biliary tract cancers are 
characterized by clinical and pathological heterogeneity, with poor response to chemotherapy and dismal prognosis. Only 
the BILCAP study has shown that adjuvant treatment with capecitabine is beneficial for mOS in patients after resection 
of cholangiocarcinoma and gallbladder cancer compared to the placebo group. Neoadjuvant therapy is not a standard 
approach in resectable BTCs. Currently, guidelines recommend surgical resection for TNM1 and TNM2 stages. 
However, apart from perihilar cholangiocarcinoma that meets the criteria for liver transplantation, there are no recom-
mendations for neoadjuvant therapy yet. For those patients with locally advanced tumors that are resectable, neoadjuvant 
therapy offers the opportunity to shrink the tumor size and allow for surgical removal. Patients who receive neoadjuvant 
therapy and undergo successful surgery have similar survival outcomes as patients who are initially eligible for surgery. 
Due to the fact that current research on neoadjuvant therapy is based on retrospective studies, there is no standardized 
treatment regimen. The combination of gemcitabine and cisplatin is currently the standard first-line treatment for patients 
with advanced BTC. In order to improve the efficacy of treatment for advanced stage BTC, immune-based combination 
therapies are being continuously explored. The combination of immunotherapy with first-line GEMOX chemotherapy 
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has achieved remarkable efficacy in the treatment of advanced BTC. The triple therapy of atezolizumab and bevacizumab 
as first-line treatment for advanced HCC with GEMOX chemotherapy has been shown to have more safety advantages 
compared with other therapeutic strategies with similar mechanisms of action. Multiple trials involving the efficacy of 
triple therapy and other ICIs in combination with chemotherapy for advanced BTC are currently ongoing. Although the 
treatment options available for BTC patients are still limited, the rapid growth of information in this field supports a more 
optimistic outlook in the near future.
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