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abstract

There is not much information on hepatocellular carcinoma (HCC) in India. Here, we review the existing data,
available treatment choices, and future directions in HCC management. An extensive search was conducted
through PubMed and MEDLINE for studies published between January 2000 and June 2022 on the epide-
miology of HCC in India using the following key words: atezolizumab, BCLC staging, hepatocellular carcinoma,
immune checkpoint inhibitors, immunotherapy, and programmed cell death ligand-1, with the filters humans
and English language. The most frequent risk factors for the development of HCC in India include nonalcoholic
fatty liver disease, hepatitis B virus and hepatitis C virus infection, liver cirrhosis, and alcohol intake. On the basis
of new findings, the Barcelona Clinic Liver Cancer (BCLC) Staging Criteria need to be revised. As most cases in
India are discovered at a later stage, curative treatments such as surgical resection, ablation, or liver trans-
plantation may not be an option. Clinical trials are underway for a number of immune checkpoint drugs that
target cytotoxic T-cell lymphocyte-4 and programmed cell death-1/programmed cell death-ligand 1. In India,
phase III trials of atezolizumab in combination with other drugs are underway for the treatment of various
malignancies. Renin angiotensin system inhibitors, antivirals, primary hepatocyte transplantation, and bio-
artificial liver devices are among the future options for the management of HCC. In developing countries like
India, HCC is often diagnosed at an advanced stage because of a delay in routine testing or screening. Therefore,
developing effective treatment regimens for such stages is critical. Immunotherapy is a promising treatment option
that has the potential to increase overall response and survival rate.
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INTRODUCTION

As per the GLOBOCAN 2018 report, liver cancer is the
third leading cause of cancer-related deaths worldwide
and contributed to 781,631 (8.2%) deaths in 2018.1

Hepatocellular carcinoma (HCC) accounts for the bulk
of liver cancer cases, accounting for 80% of all
instances.2 Chronic hepatitis B virus (HBV) infection
was found to be responsible for 44% of all HCC cases
worldwide, followed by hepatitis C virus (HCV) infection
(21%).3 HCC has an estimated 5-year survival rate of
only 18%, which is partly due to the fact that only 30%-
40% of patients are discovered early and thus suitable
for curative treatments such as liver resection (LR),
ablation, or liver transplantation (LT).4 Most of them are
diagnosed at a later stage with widespread liver disease,
vascular invasion, and metastasis.4,5

There is a dearth of information about HCC in India, as
cancer is not a reportable disease, and the country’s
cancer registries are primarily urban. According to
unpublished data from multiple tertiary care insti-
tutes in India, the incidence of HCC is rising.6 The

available data suggest that age-adjusted incidence
rates of HCC range from 1 to 7.5 per 100,000
population, 0.7 to 7.5 among men, and 0.2 to 2.2 in
women.7 According to Population-Based Cancer
Registry from 2012 to 2014, Sikkim and Arunachal
Pradesh have the highest incidence of liver cancer
among all cancers in the country.8 Liver cancer was
responsible for 14,000 cancer deaths in India in
2010, with an age-standardized cancer mortality
rate of 6.8 (5.4-8.1) per 100,000 cases.9 In this
review, we discuss the available evidence, current
treatment options, and future directions in manag-
ing HCC, with a special emphasis on atezolizumab-
based immunotherapy.

METHODOLOGY

An extensive search was performed for studies pub-
lished in the last two decades on the epidemiology of
HCC in India through PubMed andMEDLINE using the
key words: atezolizumab, BCLC staging, hepatocel-
lular carcinoma, immune checkpoint inhibitors, im-
munotherapy, programmed cell death ligand-1, with
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the filters humans and English language. The start and end
dates for the searches were January 2000 and June 2022,
respectively. Articles published before the start search date
provided conceptual content only.

RISK FACTORS OF HCC

HBV and HCV infection, cirrhosis of the liver, and alcohol
consumption are the most common risk factors involved in
the development of HCC in India.10 Obesity, diabetes mel-
litus (DM), and nonalcoholic fatty liver disease (NAFLD) are
other important risk factors.11

The prevalence of hepatitis B surface antigen is 3%-4.2% in
India, with more than 40 million HBV carriers.12 Patients
infected with HBV have a 100-fold increased risk of devel-
oping HCC.14 Several studies have reported HBV infection to
be the most common cause of HCC in India accounting for
70%-80% of all cases, whereas HCV contributes to about
15% of HCC cases.5,10,14 Lack of proper education and basic
sanitation facilities and poor wastemanagement and drainage
systems have been conducive to the spread of HBV infection
through the fecal-oral route.15 In addition, birth-dose immu-
nization against hepatitis B is poor in India. As per the WHO,
less than half of newborns (45%) received birth dose of
hepatitis B vaccination in 2015.12 A systematic review and
meta-analysis found that the pooled anti-HCV seroprevalence
rates were 0.44% and 0.88% among blood donors and
pregnant women, respectively, in India. Prevalence rates were
higher among persons with HIV infection or sexually trans-
mitted diseases, commercial sex workers, persons who inject
drugs, and those undergoing frequent blood transfusions.16

Factors that increase the risk of needle stick injury and
transmission of HBV andHCV include the following: excessive
unwarranted usage of injections, unsafe injection practices,
insufficient hepatitis B vaccination among health care
workers, and improper sharps disposal.17 The Government of
India has launched the National Viral Hepatitis Control

Program in 2018 for prevention, detection, and treatment of
viral hepatitis in India.18

Risk of HCC is heightened in people with HBV-related or
HCV-related chronic liver disease if there is concomitant
chronic alcoholism, obesity, DM, HIV, or aflatoxin
exposure.11 Recent reports have confirmed this, wherein
viral hepatitis combined with alcohol was the most common
risk factor for HCC in India (63.9%).19 They also reported a
changing trend in etiology of HCC. A decrease in HBV in-
fections, stability in HCV infections, and rising incidence of
alcohol and nonalcoholic steatohepatitis (NASH) were ob-
served as risk factors for HCC over the past few decades.19

NAFLD has become a major risk factor for chronic liver
disease, cirrhosis, and HCC in India.14,20,21 NAFLD seems
to have surpassed hepatitis B as the most common cause
for HCC. In a 3-year observational study in a tertiary care
center in India, most common etiology of HCC was found to
be NAFLD/cryptogenic in 51% of the patients, followed by
17.4% for hepatitis B and 5.8% for hepatitis C,22 It is likely
to become the most prevalent etiologic factor in patients
with both cirrhotic and noncirrhotic HCC.22 The risk of
having NAFLD is affected by increased consumption of
energy-dense foods leading to obesity, type 2 DM, and
physical inactivity, all of which are common among
Indians.15 About 3%-15% of obese patients with NASH
develop cirrhosis, whereas about 4%-27% of patients with
NASH with cirrhosis acquire to HCC.21 Therefore, diagnosis
of HCC in its early stages, even among patients with
noncirrhotic NAFLD, is essential.

Patients with cirrhosis caused by HBV or HCV have a higher
risk of developing HCC than those with chronic hepatitis or
cirrhosis caused by other etiologies.11 The incidence of HCC
in cirrhotic patients in India is 1.6%per year.6 The prevalence
of cirrhosis among patients with HCC is as high as 59% to
86%.5,10,19 Therefore, cirrhotic patients must undergo sur-
veillance at regular intervals for the early detection of HCC.14

CONTEXT

Key Objective
In India, there is a scarcity of information on hepatocellular carcinoma (HCC). We review the available evidence, current

treatment choices, and future possibilities in the management of HCC in India.
Knowledge Generated
Nonalcoholic fatty liver disease is likely to become the most common etiologic factor for the development of HCC in both

cirrhotic and noncirrhotic patients in India. Atezolizumab, an immune checkpoint inhibitor that targets programmed cell
death-ligand 1 receptor, combined with bevacizumab, is indicated for the treatment of patients with unresectable or
metastatic HCC who have not received prior systemic therapy.

Relevance
Surgical resection, ablation, or liver transplantation may not be feasible as most cases of HCC are diagnosed late. Systemic

therapy with lenvatinib is now considered an alternative first-line therapy for advanced HCC, because of its noninferiority
compared with sorafenib. Immunotherapy is a promising treatment option for HCC, which has the potential to increase
overall response and survival rates.
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Chronic exposure to the fungal toxin aflatoxin B1 (AFB1) is
strongly linked to the development of HCC.23 In Southeast
Asian countries such as India, stored grains may contain
significant amounts of AFB1 in the months after the
monsoon.24 Histopathologic examination of HCC liver biop-
sies revealed high prevalence of AFB1 in the samples
(58.1%).24

There is emerging evidence from observational studies that
DM is a significant risk factor for HCC.11 Diabetes-related
risk factors include NAFLD, cirrhosis, and excessive fat
retention.13 Mechanisms underlying HCC progression in
patients with type 2 DM include aberrant glucose and lipid
metabolism, hyperinsulinemia, and insulin resistance; the
role of activated platelets; HCC-associated hub gene ex-
pression; inflammation and signaling pathways; microRNA;
altered gut microbiota, and immunomodulation.25 Risk of
HCC has also been linked to other factors such as frequent
consumption of processed meat and processed fish, and
there is a protective effect of consumption of fresh fish,
milk, and fruits.8

SURVEILLANCE OF HCC

HCC surveillance helps to identify early tumors that are
amenable to treatment. Global associations, including the
American Association for the Study of Liver Diseases
(AASLD), European Association for the Study of the Liver
(EASL), Asian Pacific Association for the Study of the Liver
(APASL), and Indian National Association for Study of the
Liver (INASL), advocate a 6-monthly abdominal ultra-
sonogram for HCC surveillance.11,26-28 The INASL 2019
Consensus recommends the following patients to be
subjected to surveillance for HCC: (1) Child’s A and B
cirrhotic patients of any etiology; (2) Child’s C cirrhotic
patients of any etiology who are listed for LT; (3) patients
with chronic hepatitis B (CHB) who have increased risk for
HCC according to risk scores such as Chinese university
(CU-HCC) or platelets, age, gender-hepatitis B (PAGE-B);
and (4) chronic HCV with advanced fibrosis. They rec-
ommend a semiannual abdominal ultrasonogram along
with assessment of alpha-fetoprotein levels.11

STAGING OF HCC

HCC staging is required for guiding treatment decisions,
prognosis, and standardization of research protocols.
Several staging systems for HCC have been proposed over
the past few decades. There is, however, lack of an in-
ternationally acknowledged staging system that allows for
the comparison of current management regimens among
diverse populations.11 The Barcelona Clinic Liver Cancer
(BCLC) Staging System is a commonly used tool for guiding
HCC treatment strategies both in clinical practice and in
clinical trials.29 Nonetheless, limitations of this staging
system include similar treatment recommendation for in-
dividuals with heterogeneous disease since they are
classified as the same stage.30 Surgery is not recom-
mended for patients with intermediate-stage HCC, and they
are referred to palliative treatment as per BCLC staging.
However, availability of new evidence suggests the need for
BCLC criteria to be refined or possibly changed.30-33 Recent
advances in surgical techniques have widened the scope
for LR as a treatment modality for HCC by reducing the risk
of postoperative complications and improving the resect-
ability of liver tumors that were previously considered
unresectable.32 Current findings demonstrate that LR can
provide good survival benefit in patients with large and
multinodular HCC or Child-Pugh B cirrhosis.34 Fukami
et al35 compared the survival benefits of LR with those of
transarterial chemoembolization (TACE) in patients with
multiple HCCs and reported that the overall survival (OS)
rate of patients who underwent LR was 60% at 5 years
compared with 41.6% with TACE (P , .001). Similar
findings were noted in a meta-analysis of 18 high-quality
studies comparing primary hepatectomy with TACE in
patients with intermediate- to advanced-stage HCC. They
found significantly better OS and 5-year survival rates for
primary hepatectomy compared with TACE.36

Very early stage (0)

  Single �� 2 cm
  Preserved liver function
  ECOG PS 0

Early stage (A)

  Single or up to 3 nodules � 3 cm
  Preserved liver function
  ECOG PS 0 

Intermediate stage (B)

 Multinodular
 Moderately preserved liver
    function (CTP � 8)
 ECOG PS 0 

Advanced stage (C)

  Portal invasion
  Extrahepatic spread
  Moderately preserved liver
     function (CTP � 8)
  ECOG PS � 2 

Terminal stage (D)

  End-stage liver function
     (CTP � 9)
Stage D1

  Tumor within transplant
     criteria
  ECOG PS � 2
Stage D2

  Tumor beyond transplant
     criteria
  ECOG PS � 2      

FIG 1. INASL-modified BCLC staging of HCC. BCLC, Barcelona
Clinic Liver Cancer; CTP, Child-Turcotte-Pugh; ECOG, Eastern
Cooperative Oncology Group; HCC, Hepatocellular Carcinoma;
INASL, Indian National Association for Study of Liver; PS, per-
formance status.
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INASL has proposed amodified version of the BCLC staging
system11 (Fig 1). They proposed that patients with end-
stage liver cirrhosis and heavily impaired liver functions
(Child-Pugh class C) but tumor size within Milan criteria
showing a performance score (PS) ≤ 2 should be con-
sidered for LT. In addition, expanded criteria were rec-
ommended for LT. A detailed assessment of extrahepatic
dissemination is required for accurate staging of HCC,
which may be performed through positron emission
tomography-computed tomography (PET CT) scan. A CT
scan of the abdomen and chest and a bone scan may also
be used.11 In patients who do not respond to the treatment
option that corresponds to their BCLC stage, the treatment
stage migration concept is followed, which refers to patients
who, because of a coexisting comorbidity, technical issue,
treatment failure, or disease progression, but still within the
original stage, are unable to be treated with the initial
suggested treatment. These individuals are referred to the
appropriate treatment for the next stage.11,37

TREATMENT MODALITIES FOR HCC

Because of its diversified nature, the management of HCC
is complex, requiring a multidisciplinary team approach to
attain the best possible outcome.38 A standard oncologic
approach consisting of systemic chemotherapy, external
radiation, or plain surgery does not work for HCC because of
the frequent presence of concomitant cirrhosis and portal
hypertension.39 Over the past 10 years, there have been
substantial advancements in HCC treatment. The available
treatment interventions can be broadly divided into curative
and noncurative therapies. Curative therapies include LR,
thermal ablation, and LT, whereas noncurative therapies
include TACE, transarterial radioembolization (TARE),

stereotactic body radiation therapy, and systemic chemo-
therapy, which aim to improve survival by delaying the
growth of the tumor.40 Figure 2 presents the treatment
algorithm for HCC.

Curative Therapies

Resection. Surgical resection is a treatment that has the
potential to be curative. It is recommended in patients with
resectable disease who do not have clinically significant
portal hypertension.41 The number and location of tumors,
hepatic reserve, the expected volume of resection, and the
underlying liver function are the factors that need to be
considered to determine if a lesion is resectable.40

In the absence of cirrhosis, LR is the treatment of choice if
there is an adequate amount of liver remaining.11 According to
the BCLC staging system, most of the patients with large size
HCC (. 10 cm) do not meet the criteria for LR. Wagle et al
studied the surgical outcome in such cases and found that
largeHCC is not a contraindication for surgery. Only if vascular
invasion is evident, it has a negative impact on survival.
Therefore, a higher chance of survival with minimal morbidity
can be achieved through proper case selection, such as a
single tumor with no gross vascular invasion, good PS, liver
remnant augmentation by sequential TACE with portal vein
embolization, good preoperative planning, and adherence to
hepatic surgery principles.42 The INASL suggests that LR
needs to be considered in experienced centers, particularly for
solitary tumors (≤ 5 cm) located in favorable regions, using
laparoscopic/minimally invasive techniques using a wide
surgical margin (≥ 1 cm) for better prognosis.11

However, there is a high risk of recurrence after resection.26,43

In such cases, postoperative adjuvant therapy is to be
considered. An international expert consensus on the

No     

Very early stage (0)

Early stage (A)

Intermediate stage (B)

Advanced stage (C)

Terminal stage (D)

Liver transplantation

Yes

Solitary 

Up to 3 nodules
≤ 3 cm

Ablation 

Optimal candidate for
resection

Yes
Resection

Associated
diseases

No

Yes
Ablation 

Transplantation

Systemic/immuno
therapy

TACE/TARE
with or without SBRT 

No

Supportive care

Stage D1

Stage D2

Transplantation

FIG 2. Treatment algorithm
for hepatocellular carci-
noma. SBRT, stereotactic
body radiotherapy; TACE,
transarterial chemo-
embolization; TARE, trans-
arterial radioembolization.
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management of recurrent and metastatic HCC after LR
recommends that follow-up should be performed once in
every 3-4 months within the first 2 years after LR. The follow-
up interval could be increased to 6months if all the evaluated
factors remain within normal range for 5 years.43

Ablation. Ablative treatment is a potentially curative alter-
native that has increased substantially in popularity during
the past decade. Radiofrequency ablation (RFA) is the
preferred treatment modality for HCC, and it has now
surpassed percutaneous ethanol injection as the most
commonly used ablative therapy.11

The EASL and European Organisation for Research and
Treatment of Cancer (EORTC) recommend the use of RFA
in tumors , 5 cm and ethanol injections in cases where
RFA is not technically feasible. However, both the tech-
niques have demonstrated complete resolution in . 90%
of cases, when the tumors are, 2cm in size with BCLC 0.44

The INASLD guidelines also recommend use of RFA, in
patients with solitary HCC , 3 cm, as the first-line treat-
ment, if the tumor is in a favorable location, and RFA +
TACE is offered if the tumor size is between 3 and 5 cm.11

LT. In general, patients requiring LT present late to the
hospitals in India, majority of them having developed
some form of decompensation.45 According to the Na-
tional Organ and Tissue Transplant Organization of India,
1,780 liver transplants were performed in 2020; of them,
1,487 were living liver transplants and only 291 were
deceased liver transplants.46 Hence, deceased donor LT
should be prioritized and encouraged. Furthermore,
present organ-sharing regulations that are based on
waiting time or institutional rotation must be replaced
with a severity-based system.15 The INASL considers LT
in patients within Milan criteria with cirrhosis and HCC as
a gold standard procedure.11 In addition, in patients
beyond Milan criteria, LT may be considered if the pa-
tient can be successfully downstaged into the Milan
criteria using locoregional therapy. Feasibility of LR must
be checked if LT is not an option in these patients.11

Noncurative Therapies

TACE. TACE is widely used in patients with HCC who are
not candidates for curative treatments. According to AASLD
guidelines, TACE is a standard palliative treatment in the
management of intermediate-stage HCC.40 Paul SB and
colleagues evaluated the outcome of TACE therapy in
patients with unresectable HCC in India. They concluded
that TACE is safe and well tolerated. Postprocedure com-
plications were mild with 13.6% showing postembolization
syndrome, which included pain abdomen, fever, nausea,
and vomiting.47 Agarwal et al evaluated the factors influ-
encing the outcome of TACE in Indians and proposed that it
is an effective and safe treatment in Child A and early Child
B patients. Factors such as Child class B, larger tumor size,
presence of portal vein thrombosis, metastasis, and high

baseline alpha-fetoprotein levels have a negative effect on
survival.48

TARE. TARE is a form of radiation therapy that involves
embolization with a radiotherapy agent injected into the
arteries supplying the HCC.11 Yttrium-90 based micro-
spheres are widely used in TACE. The INASL recommends
the use of TARE in patients with advanced HCC, such as
patients with portal vein thrombosis with good liver function
(Child A), and contraindicated in BCLC-D, Child C, patient
with contraindications to angiography, prior external beam
radiotherapy, significant hepatopulmonary shunt (. 20%),
and extrahepatic metastases.11 Numerous studies have
validated its safer toxicity profile when compared with
TACE. It also has longer time-to-progression and greater
ability to downsize and/or bridge patients to LT. Emerging
evidence has demonstrated that TARE may well be a viable
alternative to the first-line systemic drug sorafenib.49 The
INASL recommends the use of TARE in patients with ad-
vanced HCC, such as patients with portal vein thrombosis
with good liver function (Child A) and contraindicated in
BCLC-D, Child C, patient with contraindications to angi-
ography, prior external beam radiotherapy, significant
hepatopulmonary shunt (. 20%) and extrahepatic
metastases.11

Systemic chemotherapy. Systemic therapy includes tyrosine
kinase inhibitors (TKIs): sorafenib, lenvatinib, regorafenib,
and cabozantinib; monoclonal antibodies: ramucirumab
and bevacizumab; and immune checkpoint inhibitors (ICI):
nivolumab, pembrolizumab, and atezolizumab. Since the
introduction of molecular targeted agent sorafenib in 2007,
systemic therapy for HCC has changed remarkably. Sor-
afenib is the current first-line treatment for advanced HCC
(BCLC C) and intermediate-stage HCC (BCLC-B) with pre-
served liver function (child A; selected child B), not suitable
for or progressing despite locoregional therapy as per the
INASL.11 But because of its adverse effects, often there is a
need for dose reductions or cessation of the drug, and
therefore, sorafenib should be started at a lower dose.11 In a
prospective real-world study of sorafenib, a higher incidence
of liver dysfunction and hand-foot syndrome-rash was re-
ported among Indians compared with published data from
other countries.50 In a phase I dose de-escalation study
aimed to assess the safety and efficacy of sequentially de-
creasing doses of sorafenib in combination with atorvastatin
(10 mg once daily) and metformin (500 mg twice daily),
there was a marked reduction in sorafenib-related side
effects.51 Both these drugs show an inhibitory effect against
chronic hepatitis and liver cirrhosis and also resensitize HCC
cells to the action of sorafenib.

Lenvatinib, a TKI, has demonstrated its immunomodulatory
activity, which enhances its antitumor activity.52 An open-
labeled, phase III, multicentric, noninferiority trial was
conducted in Asia-Pacific, European, and North American
regions. It reported that the median survival time for
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lenvatinib of 13.6 months (95% CI, 12.1 to 14.9) was
noninferior to that of sorafenib (12.3 months, 10.4-13.9;
hazard ratio, 0.92; 95% CI, 0.79 to 1.06) in patients with
unresectable HCC.53 In another study, only 32.2% of pa-
tients on lenvatinib required dose reduction because of side
effects in comparison with patients taking sorafenib. These
findings have changed the treatment of HCC in India, and
lenvatinib is now considered an alternative first-line therapy
for advanced HCC.11,54

Immunotherapy. Immunotherapy is a promising thera-
peutic approach in the management of HCC because of its
immune-rich milieu. When combined with other treatment
modalities such as local treatment, monoclonal antibodies,
or TKIs, immunotherapy has the potential to improve the
overall response rate and survival.55

Development of ICIs has revolutionized the practice of
medical oncology. ICIs reinvigorate antitumor immune
responses by disrupting coinhibitory T-cell signaling.56

Various ICIs that target cytotoxic T-cell lymphocyte-
4–associated protein and programmed cell death-ligand
1 (PD-1/PD-L1) are now available that are increasingly
being tested in clinical trials and are gaining approval for a
variety of indications.57 Single-agent PD-1/PD-L1 ICIs, such
as atezolizumab, nivolumab, and pembrolizumab, have
demonstrated clinical effectiveness in the treatment of HCC
in phase Ib studies.58-60 Nivolumab and pembrolizumab are
approved as second-line agents.61 However, major draw-
backs of single-agent ICIs are the presence of primary
resistance and emergence of acquired resistance.57,62

Combination drug trials have revealed better outcomes
compared with monotherapy. Atezolizumab + bevacizumab
combination led to higher OS.61 In a phase Ib trial, patients
with advanced HCC were offered a combination of lenvatinib
and pembrolizumab. The objective response rate was 46%,
which was higher than objective response rates of 24% and
17% for single-agent lenvatinib and pembrolizumab, re-
spectively. The median progression-free survival was
9.3 months, whereas the OS was 22 months. This combi-
nation produced no new safety signals.63

ROLE OF ATEZOLIZUMAB IN THE MANAGEMENT OF HCC

Atezolizumab is a fully humanized, engineered monoclonal
antibody of IgG1 isotype that selectively targets PD-L1. In
the year 2016, atezolizumab (TECENTRIQ, Genentech
Oncology) became the first PD-L1 inhibitor to be approved
by the US Food and Drug Administration for treatment of
urothelial carcinoma and non–small-cell lung cancer
(Table 1).64 Currently, it is approved in the treatment of
small-cell lung cancer, HCC, and melanoma.65 Atezolizu-
mab phase III trials are currently underway in India for
breast cancer (CTRI/2017/10/010010, CTRI/2020/05/
025040, and CTRI/2021/08/035911), urothelial or non-
urothelial carcinoma of the urinary tract (CTRI/2017/08/
009196), non–small-cell lung cancer (CTRI/2017/11/

010690), and squamous cell carcinoma of the head and
neck (CTRI/2018/05/014028).66

Safety of Atezolizumab

The IMBrave150 trial has revealed an OS of 67.2% at
12 months with combination of atezolizumab and bev-
acizumab and a median progression-free survival of 6.8
months. Both revealed a better safety profile when com-
pared with sorafenib. Grade 3 or 4 HTN occurred in 15.2%
in the atezolizumab + bevacizumab group. Atezolizumab +
bevacizumab also reduced risk of deterioration on all
EORTC QLQ-C30 generic cancer symptom scales that were
prespecified for analysis (appetite loss, diarrhea, fatigue,
and pain) and two of three EORTC QLQ-HCC18 disease-
specific symptom scales that were prespecified for analysis
(fatigue and pain, but not jaundice).67

Combination Therapy Trials

Atezolizumab, when combined with bevacizumab, is indi-
cated for the treatment of unresectable or metastatic HCC
who have not received prior systemic therapy.65 Bevacizumab
inhibits the vascular endothelial growth factor pathway.
Vascular endothelial growth factor promotes immunosup-
pressive cells such as regulatory T cells, myeloid-derived
suppressor cells, and tumor-associated macrophages in-
side the tumor microenvironment, resulting in immunosup-
pression. It also suppresses antigen-presenting cells
and cytotoxic T-cell lymphocyte. Therefore, bevacizumab not
only inhibits tumor growth by reducing angiogenesis but also
enhances the immune agonistic effects of atezolizumab.68

This explains the combined use of atezolizumab and bev-
acizumab in cancer therapy. Dosage recommendation of
atezolizumab is 840mg once every 2weeks for breast cancer.
Bevacizumab is administered at 15 mg/kg once every 3
weeks.65 Several trials are now underway to determine the
efficacy of atezolizumab in combination with other drugs in
the treatment of various malignancies. Table 1 shows the
studies conducted to date on the use of atezolizumab in
HCC.58,67,69,70

CURRENT TREATMENTS AND FUTURE STRATEGIES

Renin Angiotensin System Inhibitors

Antihypertensive medicines such as angiotensin-
converting enzyme inhibitors and angiotensin receptor
blockers are a group of drugs, which may potentially help
patients with cancer. Pinter et al investigated the effect of
renin angiotensin system inhibitors (RASi) treatment on the
survival of patients with HCC and found that patients treated
with sorafenib + RASi had better median OS (19.5 months)
compared with those treated with either sorafenib (10.9
months) or RASi (9.7 months) alone (P = .043). Possible
mechanisms for improved survival in RASi-treated patients
include reduced tumor desmoplasia and liver fibrosis,
improved antitumor immunity, decreased portal pressure,
and suppression of angiogenesis.71
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TABLE 1. Various Studies Showing the Efficacy and Safety of Atezolizumab in HCC

Name of
the Study

Type of
Study Study Participants Study Groups

Primary and
Secondary End

Points Study Findings

GO30140
(NCT02715531)

Open-label,
multicentric,
multiarm,
phase Ib study

Age ≥ 18 years with
histologically, cytologically,
or clinically confirmed
unresectable HCC not
amenable to curative
treatment; no previous
systemic treatment; and
ECOG PS of 0 or 1

Group A: ATEZO (1,200
mg) + BEV (15 mg/kg)
IV once every 3 weeks
(n = 104)

Group F: ATEZO (1,200
mg) + BEV

(15 mg/kg) IV once every
3 weeks
(n = 60) or ATEZO
monotherapy (n = 59)

Group A: Confirmed
objective response rate
in all patients who
received the
combination treatment

Group F: PFS in the ITT
population

Safety data were assessed
in both the groups

Group A: About 37 (36%) of 104 patients
had a confirmed objective response

Most common grade 3-4 treatment–related
AEs were HTN (13%) and
proteinuria (7%)

Treatment-related SAE—24%
Treatment-related deaths—3%
Group F: The median PFS was 5.6 months

for ATEZO + BEV v 3.4 months for ATEZO
monotherapy (P = 0.011)

Most common grade 3-4 treatment–related
AEs were HTN (5%) for ATEZO + BEV;
none for monotherapy and proteinuria
(3%) for ATEZO + BEV; none for
monotherapy

Treatment-related SAE—12% in the
ATEZO + BEV group and 3% patients in
the ATEZO monotherapy group

Treatment-related deaths—none

IMBrave 150
(NCT03434379)

Open-label,
multicentric,
phase III trial

Age ≥ 18 years with systemic,
treatment-naive,
histologically, cytologically,
or clinically confirmed
unresectable HCC not
amenable to curative,
surgical, or locoregional
treatment and
ECOG-PS of 0 or 1

ATEZO (1,200 mg) + BEV
(15 mg/kg) IV once
every 3 weeks (n = 336)
or SOR (400 mg) twice
daily (n = 165)

OS and PFS in the ITT
population, as assessed
at an IRF according to
RECIST 1.1 and HCC-
modified RECIST
(mRECIST)

QoL questionnaire for
cancer (QLQ-30)

QLQ for HCC (QLQ-
HCC18)

Hazard ratio for death (ATEZO + BEV/
SOR)—0.58 (P , .001)

OS at 12months—67.2%with ATEZP + BEV
and 54.6% with SOR

Median PFS—6.8 months (ATEZO + BEV)
and 4.3 months (SOR)

Hazard ratio for disease progression or
death, 0.59 (P , .001)

Grade 3 or 4 AE—56.5% (ATEZO + BEV)
and 55.1% (SOR)

Grade 3 or 4 HTN occurred in 15.2% in the
ATEZO + BEV group.

Compared with SOR, ATEZO + BEV reduced
the risk of deterioration on all EORTC
QLQ-C30 generic cancer symptom scales
that were prespecified for analysis
(appetite loss, diarrhea, fatigue, and pain)
and two of three EORTC QLQ-HCC18
disease-specific symptom scales that
were prespecified for analysis (fatigue and
pain, but not jaundice)

At day 1 of treatment cycle five, the mean
EORTC QLQ-C30 score changes from
baseline in the ATEZO + BEV v SOR
groups were –3.29 (SD 17.56) v –5.83
(20.63) for QoL, –4.02 (19.42) v –9.76
(21.33) for role functioning, and –3.77
(12.82) v –7.60 (15.54) for physical
functioning

The median TTR was 2.8 months per
RECIST 1.1 and mRECIST with
ATEZO/BEV

Patients receiving ATEZO/BEV had a greater
DpR, per both criteria, across baseline
liver lesion sizes

Characteristics of complete responders were
similar to those of the ITT population

In complete responders receiving
ATEZO/BEV per mRECIST v RECIST 1.1,
respectively, median TTCR was shorter
(5.5 v 7.0months), mean baseline sum of
lesion diameter was longer (5.0 [SD, 5.1]
v 2.6 [SD, 1.4] cm), and the mean largest
liver lesion size was larger (4.8 [SD, 4.2]
v 2.3 [SD, 1.0] cm)

Abbreviations: AE, adverse effects; ATEZO, atezolizumab; BEV, bevacizumab; ECOG, Eastern Cooperative Oncology Group; EORTC, European
Organisation for Research and Treatment of Cancer; HCC, hepatocellular carcinoma; HTN, hypertension; IRF, Independent Review Facility; ITT, intention to
treat; IV, intravenous; OS, overall survival; PFS, progression-free survival; PS, performance status; QLQ, Quality of life questionnaire; QoL, quality of life; SAE,
serious adverse events; SD, standard Deviation; SOR, sorafenib; TTCR, time to complete response; TTR, time to response.
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Cell Therapies

Cell-based therapies have emerged as alternatives to LT,
which include primary hepatocyte transplantation and bio-
artificial liver devices. Primary hepatocyte transplantation
makes use of hepatocytes encapsulated in alginate beads or
mesenchymal stem cells, which has resulted in greater
engraftment, cell survival, and a reduced host immuno-
logical response. However, challenges such as the avail-
ability of good quality hepatocytes, cell function monitoring,
cryopreservation, and the immediate blood-mediated im-
mune response leading to cell loss remain.72 Another type of
cell-based therapy is the use of BALs, which are extracor-
poreal devices integrating hepatic cells and tissues. Although
several prototypes have been tested in clinical trials, BALs
are not in use in clinical settings or commercially available.73

The use of liver micro-organs as the biologic component for
BAL devices is intriguing because they harbor all hepatic
cellular types and microarchitecture and can easily be
obtained.73 As a result, further research is warranted in these
areas.

Antiviral Prophylaxis

Because of widespread availability of antiviral medication,
the long-term clinical results in patients with CHB have
improved considerably in recent decades.74 Antiviral
therapy in patients with BCLC-D may improve liver
function, expanding the therapeutic window for tumor-

specific medicines.11 Immunomodulators (conventional
interferon alpha and pegylated interferon alpha) and
nucleoside/nucleotide analog (lamivudine, adefovir,
entecavir, telbivudine, and tenofovir) have shown short-
term efficacy in the treatment of CHB.75 Long-term studies
using lamivudine and adefovir reveal a consistent de-
crease in development of HCC in both cirrhotic and
noncirrhotic patients.75 Another class of antivirals cur-
rently in clinical trials for treatment of HCV-related HCC is
direct-acting antivirals, which have improved the cure rate
to . 90%. Yet, because of high costs and underdiagnosis
in certain subpopulations, access to these drugs is
limited.76

CONCLUSION

In conclusion, management strategies for HCC remain a
challenge. Presentation of HCC in advanced stage is fre-
quently encountered in developing countries like India,
which could be attributed to the delay in routine test or
screening. Thus, it is imperative to develop effective thera-
peutic regimens for such stages. In addition, focus should be
diverted to understanding of molecular carcinogenesis, to
derive effective treatment options. Finally, preventive strat-
egies including hepatitis B vaccination, lifestylemodification,
reduced alcohol consumption, and surveillance for HCCmay
help in part to reduce the incidence of HCC in India.
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