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Abstract: Hepatocellular carcinoma (HCC) is the most common liver cancer and one of the 
leading causes of cancer-related deaths in the world. Multiple immunotherapeutic approaches 
have been investigated to date, and immunotherapy has become the new standard of care 
therapy in HCC. However, the current role of immunotherapy in HCC remains non-curative. 
Given this context, a high priority for oncology is understanding the biomarkers that predict 
clinical response to immunotherapy, have the potential to improve patient selection to 
maximize the clinical benefit, and spare unnecessary toxicity. In this review, we summarize 
the key predictive and prognostic biomarkers investigated in immunotherapy clinical trials in 
HCC and the emerging biomarkers to serve as a roadmap for future clinical trials. 
Biomarkers from tumoral tissues including PDL-1 expression, tissue infiltrating lympho-
cytes, tumor mutational burden (TMB) and specific immune signatures, and from peripheral 
blood including neutrophil-to-lymphocytes ratio, platelet-to-lymphocytes ratio, circulating 
tumor DNA (ctDNA), circulating tumor cells (CTCs), and specific cytokines, along with gut 
microbiota are among the studied biomarkers to date in the HCC era. More integrative 
approaches, including mathematical biomarkers to predict immunotherapy outcomes, are yet 
to be studied in HCC. 
Keywords: hepatocellular carcinoma, immunotherapy, biomarker

Introduction
Hepatocellular carcinoma (HCC) is the most common liver cancer and the fourth 
leading cause of cancer-related deaths worldwide.1 Curative options (liver trans-
plantation, resection, and ablation) remain limited to a small subset of patients 
because most patients are diagnosed at advanced stages and/or have underlying 
chronic liver disease, and there is a shortage of available organs for liver 
transplantation.2 Systemic treatment options for advanced HCC remained limited 
to targeted therapy and multitargeted tyrosine kinase inhibitors, in the form of 
sorafenib, lenvatinib, regorafenib, cabozantinib, and ramucirumab, until 
recently.3–7 In recent years, immune checkpoint inhibitors (ICIs) including nivolu-
mab and pembrolizumab have shown survival benefit and have been approved as 
first or second line therapies.2 Most recently, the randomized Phase 3 IMbrave150 
trial with sorafenib versus atezolizumab, anti-PD-L1 antibody, plus bevacizumab, 
anti-VEGF antibody, showed positive results, and atezolizumab plus bevacizumab 
became the new preferred standard first line treatment for advanced HCC.8 Results 
of the IMbrave150 trial presented at the Digital Liver Cancer Summit of the 
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European Association for the Study of the Liver on 
February 2021 showed that atezolizumab plus bevacizu-
mab treatment was superior in prolonging overall survival 
(OS) (19.2 months versus 13.4 months for sorafenib, 
HR=0.66, 95% CI=0.52–0.85, P=0.0009) and progression- 
free survival (PFS) (6.9 months versus 4.3 months for 
sorafenib, HR=0.65, 95% CI=0.53–0.81 P=0.0001) versus 
sorafenib.9

Although the clinical development of ICIs has been 
accelerating in HCC, treatment is considered non- 
curative. In addition, around 25% of patients develop 
grade 3–4 immune-related adverse events.10,11 Therefore, 
understanding which biomarkers predict clinical response 
to immunotherapy can potentially improve the patient 
selection and treatment outcomes. Furthermore, given the 
recent encouraging results of the Imbrave150 trial8 with 
ICI plus an anti-angiogenesis agent, there is an additional 
unmet need for biomarkers that could help to determine 
which patients should receive combination therapy, and 
which could be spared unnecessary toxicity. The biomar-
kers from longitudinal tumor and blood samples may also 
allow us to understand both intrinsic and acquired resis-
tance mechanisms.

Biomarker studies in HCC are still in infancy given the 
later use of ICI and have primarily been led by results 
from other types of cancers. There is no established pre-
dictive biomarker for HCC, unlike some other cancer 
types where PD-L1 expression is used to select patients 
for pembrolizumab.12 Studies to identify possible predic-
tive biomarkers for immunotherapy in HCC have recently 
begun. In this review, we summarize the key predictive 
and prognostic biomarkers studied in immunotherapy clin-
ical trials in HCC (Table 1) and the emerging biomarkers 
from both tumoral tissue (tumor or tumor microenviron-
ment) and extratumoral biospecimens such as peripheral 
blood and feces (Figure 1), to serve as a roadmap for 
designing future clinical and biomarker trials in HCC.

Current Landscape of Biomarker 
Analysis in Clinical Trials Studying 
Immunotherapy of HCC
Nivolumab was the first approved immune checkpoint 
inhibitor in HCC based on the CheckMate 040 trial 
(NCT01658878), where the safety and clinical benefit 
were assessed across multiple HCC etiologies leading to 
conditional approval of nivolumab in the second-line 
setting.10 This study included four groups of patients: 1) 

those who did not receive or were intolerant of sorafenib 
without viral hepatitis; 2) those who progressed on sora-
fenib without viral hepatitis; 3) those who were HCV 
infected; and 4) patients who were HBV infected. 
Objective response rates (ORRs) were similar across dif-
ferent etiologies, including both sorafenib-naïve and sor-
afenib-treated patients, and were reported to be between 
15 and 20%. Notably, response rates occurred regardless 
of PD-L1 expression on tumor cells.10 In a recent study, 
tumor samples from dose-escalation and dose-expansion 
phases of the CheckMate 040 trial were analyzed to 
explore biomarkers with a goal of identifying patients 
who may benefit the most from immunotherapy.13 This 
study showed that in the overall population (sorafenib- 
naïve and sorafenib-treated), high PD-L1 expression on 
tumor cells was associated with improved survival. 
However, PD-L1 expression was not predictive of ORR, 
suggesting that PD-L1 may not serve as an ideal 
biomarker.13 Furthermore, high PD-1 (a T-cell exhaustion 
marker) expression in tumor was associated with ORR. 
Higher densities of CD3+ or CD8+ tumor infiltrating 
lymphocytes (TILs), but not CD4+ or FOXP3+ TILs, 
exhibited a trend towards improved OS (overall survival). 
Unlike T-cells, no association was found between survival 
and either CD68+ (all macrophages) or CD163+ (alterna-
tively activated) macrophages in tumor tissues. 
Additionally, gene expression profiling (GEP) of tumor 
tissues revealed that an inflammatory signature consisting 
of CD274 (PD-L1), CD8α, LAG3, and STAT1 was asso-
ciated with both improved ORR and OS, suggesting that 
underlying inflammation within the tumor microenviron-
ment may favor improved clinical outcome. Moreover, 
lower expression of systemic inflammatory markers 
including the neutrophil-to-lymphocyte ratio (NLR) and 
platelet-to-lymphocyte ratio (PLR) was found to be asso-
ciated with ORR with nivolumab treatment.

Another study, where tislelizumab, an anti-PD-1 mono-
clonal antibody, was given to patients with advanced HCC 
previously treated with sorafenib (NCT02407990 and 
NCT04068519), showed that tislelizumab demonstrated 
anti-tumor activity with an ORR of 13% and PFS of 3.3 
months.14 Notably, sorafenib exposure appeared to change 
the PD-L1 expression and gene signatures within the tumor 
microenvironment: sorafenib-exposed samples were asso-
ciated with more immune-suppressive signatures. In con-
trast, sorafenib-naïve samples were associated with high 
PD-L1 expression and an immune-cell activation signature 
along with higher expression of co-inhibitory molecules. 
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PD-L1 expression on tumor cells was associated with 
improved response and PFS from tislelizumab. Non- 
responders showed elevated expression of genes related to 
angiogenesis (TEK, KDR, HGF, and EGR1), immune 
exhaustion (CD274, CTLA-4, TIGIT, and CD96), and cell 
cycle (E2F7, FOXA1, and FANCD2), compared to 
responders.14

In the KEYNOTE-224 trial, where the PD-1 inhibitor 
pembrolizumab was given to patients with HCC in 
the second-line setting, PD-L1 expression on both tumor 
cells and non-tumor cells (lymphocytes and macrophages) 
was found to be associated with improved responses to 
treatment, whereas PD-L1 expression on tumor cells alone 
was not associated with clinical response.11 Similarly, in 
the CheckMate 040 trial, where nivolumab and ipilimu-
mab were given to patients with advanced HCC who were 
previously treated with sorafenib, no association was 
found between treatment response and baseline PD-L1 
expression.15 In the ChekMate 459 study 
(NCT02576509), where the PD-1 inhibitor, nivolumab 

versus sorafenib were given to HCC patients, nivolumab 
showed consistent survival benefit over sorafenib regard-
less of baseline PD-L1 expression (PD-L1 ≥1% HR=0.80 
[95% CI=0.54–1.17]; PD-L1 <1% HR=0.84 [95% 
CI=0.70–1.01).16 However, expression of PD-L1 ≥1% 
was found to be associated with longer median OS in 
those treated with nivolumab versus sorafenib (16.1 ver-
sus 8.6 months).16 In a multicohort study, where the PD- 
L1 inhibitor, durvalumab was given to HCC patients in 
combination with the anti-VEGFR2 antibody, ramuciru-
mab, the PD-L1 high subgroup was found to be associated 
with a better response to treatment in terms of both OS and 
PFS.17

In the Phase 1b GO300140 trial (NCT02715531), 
archival pre-treatment tumor tissues or fresh biopsies 
were obtained from patients with unresectable HCC 
receiving atezolizumab plus bevacizumab or atezolizumab 
monotherapy to investigate molecular features associated 
with clinical response or improved progression-free survi-
val (PFS). Gene expression analysis demonstrated that 

Figure 1 Spectrum of biomarkers from different biological sources for response to immune checkpoint inhibitors in HCC. Created with BioRender.com.
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high PD-L1 and T-effector gene (GZM, PRF1, and 
CXCL9) signatures were associated with improved 
responses and longer PFS, whereas gene expression 
related to Notch pathway activation (ie, high expression 
of HES1) was associated with a lack of response and 
shorter PFS.18 In contrast, whole exome sequencing 
showed that tumor mutation burden (TMB) was not asso-
ciated with a response to treatment or PFS. Importantly, 
high expression of VEGFR2, genes related to regulatory 
T-cells (Tregs; CCR8, BATF, CTSC, TNFRSF4, FOXP3, 
TNFRSF18, IKZF2, and IL2RA), myeloid inflammation 
(CXCL1, CXCL2, CXCL3, CXCL8, IL6, and PTGS1), 
and TREM1/MDSC (Myeloid-derived suppressor cells) 
signatures were associated with longer PFS in patients 
treated with atezolizumab plus bevacizumab than in 
those treated with atezolizumab monotherapy.

AFP (alpha-fetoprotein) is the most widely used and 
accepted serum tumor biomarker in HCC.19 Zhu et al20 

investigated the role of AFP as a potential biomarker for 
atezolizumab plus bevacizumab efficacy on patients from 
the phase Ib study GO30140 and Imbrave150. The optimal 
time for AFP measurement and optimal AFP cutoffs were 
determined based on the GO30140 study and further vali-
dated on data from Imbrave150. This analysis demon-
strated that a 6-week interval was found to be optimal 
for AFP measurement. A 75% or greater decrease in 
AFP was found to be predictive of tumor response, and 
10% or less increase correlated with disease control. The 
data from Imbrave150 demonstrated that in patients with 
baseline AFP levels greater than 20 ng/mL who received 
atezolizumab plus bevacizumab, ≥75% decrease or ≤10% 
increase in AFP levels at 6 weeks were significantly asso-
ciated with OS and PFS improvements.20 Furthermore, 
another study in which lenvatinib and an anti-PD-1 anti-
body were given to patients with unresectable HCC as 
front-line therapy showed that a more than 50% decrease 
in AFP and protein induced by vitamin K absence or 
antagonist-II (PIVKA-II) levels measured at 2–3 weeks 
after the treatment was associated with a higher rate of 
radiological response.21

Notably, both transarterial chemoembolization (TACE) 
and locoregional ablative therapies have been shown to 
induce a peripheral immune response that can be poten-
tially augmented by immune-modulating agents.22,23 The 
study by Duffy et al24 highlighted the benefit from treme-
limumab (CTLA-4 inhibitor) in combination with locore-
gional treatments in patients with advanced HCC 
(NCT01853618). In this pilot trial, 32 patients who 

underwent either subtotal radiofrequency ablation (RFA), 
cryoablation (CA), or TACE received tremelimumab. Out 
of 19 evaluable patients who had measurable target lesions 
outside of the areas treated with ablation or TACE, five 
(26.3%) achieved confirmed partial response. Median OS 
and time-to-progression (TTP) were 12.3 and 7.4 months, 
respectively. Interestingly, the percentage of activated CD4 
+ and CD8+ T-cells in the peripheral blood mononuclear 
cells (PBMCs) increased after the treatment. Additionally, 
evaluable tumor lesions showed increased CD3+CD8+ 
tumor-infiltrating lymphocytes following treatment. 
Importantly, responders, defined as stable disease or partial 
response of at least 4 months, had higher post- 
tremelimumab CD3+ and CD8+ T-cell infiltration in 
tumor tissue, compared with non-responders, defined as 
disease progression or partial response of under 4 
months.24 This study was followed by another cohort in 
which comprehensive immune monitoring on PBMCs and 
tumors was published from patients in the same trial.25 

Tremelimumab therapy appeared to increase CD8+ HLA- 
DR+, CD8+ PD-1+, CD8+ ICOS+, CD4+ HLA-DR+, 
CD4+ PD-1+, and CD4+ ICOS+ T-cells in the PBMCs 
of both responder and non-responder patients. Importantly, 
responder patients had a higher frequency of CD4+ PD-1+ 
cells in PBMCs prior to therapy than patients not respond-
ing, suggesting that the CD4+ PD1+ cell count may be 
used as a predictive biomarker of response to ICIs. 
Although there were no differences in this study between 
responders and non-responders regarding the expression of 
PD-1, CD3, CD8, and CD68 in pre-treatment tumor tis-
sues, responders showed significantly increased CD3 and 
PD-1 expression after treatment compared to non- 
responders. Furthermore, T-cell receptor sequencing indi-
cated that tremelimumab appeared to decrease peripheral 
clonality, showing a broadening of the T-cell repertoire.25 

Another study with a total of 14 stage 4 HCC patients who 
received PD-1/PD-L1 inhibitor treatment showed that 
responders had a lower percentage of Tregs, a lower 
ratio of effector memory T-cells to Tregs, and a higher 
proportion of CD4+ CD8+ double-positive T-cells in per-
ipheral blood after the treatment than in non-responders.26 

Moreover, the expression levels of TIM3 and OX40 were 
lower in responders than non-responders.26

Taken together, immunotherapy approaches with com-
bined systemic and local therapies in advanced unresect-
able HCC are rapidly evolving, along with exploratory 
studies of potential predictive and prognostic biomarkers. 
However, the retrospective nature of the analysis, along 
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with the small number of patients, are limiting the ability 
to validate potential important biomarkers in this setting. 
Therefore, future studies should focus on prospective 
incorporation of biomarkers strategies to obtain pre- 
treatment sampling from tissue and/or blood, which is 
becoming critical to the success of identifying and validat-
ing predictive and prognostic immune biomarkers in HCC. 
This strategy will facilitate the development of immune 
biomarker strategies to select patient candidates for trials 
entry and eventually identify predictive biomarkers of 
therapeutic response.

Notably, recent immunotherapy studies in operable 
disease in different tumor types suggested that the thera-
peutic efficacy of neoadjuvant immune checkpoint inhibi-
tion was greater than that of the same treatment in the 
adjuvant setting.27 In HCC, Kaseb et al28 showed an 
illustrative case report of a series of patients from 
a randomized Phase II trial of perioperative immunother-
apy for HCC (NCT03222076) and reported pathologic 
complete response in three of nine initial cases on the 
trial. Subsequently, 20 patients underwent surgical resec-
tion after receiving neoadjuvant nivolumab alone (Arm A) 
or nivolumab plus ipilimumab (Arm B). Six out of 20 
patients who underwent surgery (30%, three and three in 
Arms A and B) achieved major pathologic responses, and 
no recurrence was observed in these patients. This study 
demonstrates that neoadjuvant immunotherapy-based 
treatment may contribute to a paradigm shift in the pre- 
operative setting of resectable HCC. The cases with patho-
logic complete response presented in this study showed an 
increase in CD8+ T-cell infiltration in tumor tissues, spe-
cifically with two T-cell clusters (CD3+CD8+CD45RO 
+Eomes+CD57+CD38low and CD3+CD8+CD45RO 
+Eomes+). Interestingly, Tregs (CD3+CD4+CD45RO 
+FOXP3+ICOS+ cells), which are known to be associated 
with poor prognosis and decreased survival in HCC by 
suppressing anti-tumor immune response,29 also showed 
an increase in post-treatment tumor tissue of the patient, 
compared to a pre-treatment tumor tissue.28 Responders on 
the study were found to have an increased ratio of CD8+ 
T-cells to T-regulatory cells. This is particularly important 
in HCC, since the intratumoral balance between cytotoxic 
effector T-cells and inhibitory regulatory cells has been 
strongly associated with HCC tumor recurrence after 
resection and also overall survival in HCC.30 Therefore, 
future studies in the operable setting in HCC represent 
a unique opportunity to identify predictive and prognostic 
immune biomarkers to neoadjuvant or adjuvant 

immunotherapy in resectable HCC. CD8+ T-cells to 
Tregs ratio is a specially attractive biomarker in this 
setting.30 This study is ongoing, and final results may 
provide further insights into the use of TILs as 
a biomarker of response to neoadjuvant ICIs in resectable 
HCC.

Notably, transforming growth factor-β (TGF-β) is 
known to be an immunosuppressive and fibrotic 
cytokine.31 The highly activated TGFβ signature was 
found to be associated with fibrosis and activated stro-
mal signatures in HCC and might mediate immunother-
apy resistance.32 Out of 11 cytokines and chemokines 
tested, only baseline TGF-β cytokine level in peripheral 
blood was significantly higher in non-responders than in 
responders in a study with 24 patients with unresectable 
HCC receiving pembrolizumab. This suggests that base-
line TGF-β could be a predictive biomarker for response 
to pembrolizumab,33 and that the integration of anti- 
TGF-β agents into immunotherapy strategies could be 
an attractive approach to enhance immunotherapy 
activity.

Importantly, HCC has different underlying etiologies 
that can lead to carcinoma by distinctly regulating the 
hepatic microenvironment and immune responses which 
could eventually affect immunotherapy efficacy in 
patients.34 A recent study by Pfister et al35 showed that 
immunotherapy did not improve survival in patients with 
non-viral HCC. Interestingly, patients with NASH-induced 
HCC who received ICIs showed reduced survival com-
pared to patients with other etiologies, possibly due to 
accumulation of exhausted, unconventionally activated 
CD8+PD1+ T-cells in NASH-effected liver.35 Therefore, 
patients stratification according to underlying etiologies 
should be taken into consideration for future immunother-
apy-based clinical trials in HCC.

Emerging Biomarkers for 
Immunotherapy in HCC
Imaging
Tumor stiffness and fibrosis could be another factor in 
predicting immunotherapy response in HCC. A total of 
25 patients with HCC were evaluated for stiffness by 
magnetic resonance elastography (MRE) and enhancement 
by magnetic resonance imaging (MRI) before and after 
immunotherapy.36 This study showed that treatment 
response was associated with the absence of portal venous 
phase capsular enhancement and an increase in HCC 
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stiffness.36 Moreover, stiffness was significantly correlated 
with intratumoral T lymphocytes on tumor biopsy.37

Circulating Tumor Cells
Liquid biopsies are non-invasive and provide rapid real- 
time information for prediction of treatment response or 
disease monitoring. Liquid biopsy entails an analysis of 
circulating tumor components such as circulating tumor 
cells (CTCs), extracellular vesicles, or nucleic acids 
released from tumor cells.38 A recent study by 
Winogrand et al39 showed the presence of PD-L1+CTCs 
was associated with favorable immunotherapy outcome 
(n=10), but it was also a negative prognostic biomarker 
and survival predictor overall (n=87). Among ten patients 
with HCC receiving immune checkpoint inhibitors (nivo-
lumab or pembrolizumab), all patients who responded had 
PD-L1+ CTCs, and all patients without PD-L1+ CTCs 
failed treatment. In the same study, PD-L1+ CTCs were 
evaluated in 87 patients with HCC at different stages and 
their presence in blood accurately discriminated patients 
with more advanced disease from those with early-stage 
HCC, hence it was proposed to be a prognostic biomarker. 
PD-L1+ CTCs were also found to be an independent 
survival predictor as patients with PD-L1+ CTCs had 
significantly inferior OS compared to those without PD- 
L1+ CTCs, even after controlling for other factors.

Circulating Tumor DNA (ctDNA)
ctDNA is released from apoptotic and necrotic tumor cells 
and can be used to determine information about tumor 
burden and cancer mutational profile,40 thus it could be 
a feasible biomarker for predicting treatment outcome. 
A study with a large cohort of 313 patients with eight 
tumor types including HCC who received various treat-
ments, including immunotherapy, showed that either the 
absolute value of ctDNA content fraction at the time of 
clinical imaging or the dynamic changes in ctDNA were 
highly correlated with clinical outcome.41 Importantly, 
changes in ctDNA were found to be consistent with corre-
sponding imaging-based evaluations of the same 
patients.41 A recent prospective phase II clinical trial was 
conducted to assess the feasibility of using ctDNA in five 
different groups of patients with advanced solid tumors 
treated with pembrolizumab.42 The study showed that both 
baseline and changes in ctDNA levels from baseline were 
correlated with OS and PFS. The latter was also found to 
be predictive of ICI response across cancer types.42 In 
a cohort of 48 unresectable HCC patients receiving 

atezolizumab plus bevacizumab, a personalized ctDNA 
assay for each patient was designed based on tumor muta-
tional signatures, and a longitudinal detection of ctDNA 
was performed to monitor treatment outcome.43 This study 
showed that higher baseline ctDNA was associated with 
greater tumor burden, and dynamic changes in ctDNA 
levels post-treatment were associated with response. The 
patients whose ctDNA became undetectable after the treat-
ment showed longer PFS.43 Importantly, across a variety 
of solid tumors, including colorectal cancer,44 ctDNA stu-
dies have gained major interest following resection of 
primary colorectal cancer supporting the correlation 
between the presence of ctDNA post-resection and the 
existence of microscopic residual disease and 
a subsequent recurrence. Thus, mutational signatures of 
the primary HCC tumor may emerge as a potential non-
invasive biomarker for monitoring HCC tumor recurrence, 
and, therefore, warrant future testing and validation studies 
in resectable HCC.

Gut Microbiota
Microbiota, commensal microorganisms, are known to influ-
ence immune responses and could be used as an emerging 
biomarker in immunotherapy. Accumulated evidence has 
shown that the gut microbiota may support immunotherapy 
efficacy or lack thereof in various cancer types.45 A study 
with eight HCC patients receiving anti-PD-1 treatment 
showed that fecal samples from responders had higher taxo-
nomic diversity and more gene counts in 20 species including 
Akkermansia and Ruminococcaceae than those from non- 
responders, and the dissimilarity was evident as early as the 
6th week after treatment initiation. This suggests that gut 
microbiota composition may provide an early prediction of 
treatment outcome.46 Another study with 74 advanced stage 
gastrointestinal cancer patients receiving anti-PD-1/PD-L1 
treatment showed that fecal samples from responders had 
a higher abundance of Prevotellaceae and a lesser abundance 
of Bacteroidacea.47 Moreover, one particular subgroup of 
responders harbored a significantly higher abundance of 
Prevotella, Ruminococcaceae, and Lachnospiraceae. In this 
study, no significant difference was seen regarding taxonomic 
diversity between responders and non-responders.47

Tumor Mutational Burden and Specific 
Mutational Alterations
High TMB, non-synonymous single nucleotide variants 
(nsSNVs) in a tumor, is hypothesized to produce more 
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neoantigens which foster high frequencies and greater 
diversity of tumor-specific T-cell responses, thus making 
immunotherapy more effective.48 Higher TMB predicts 
favorable outcome to PD-1/PD-L1 blockage across diverse 
tumors including HCC.49,50 Multiple studies have shown 
that TMB is generally low (median <10 mut/Mb) in 
HCC.51 For example, one small case series in HCC 
(n=17) found a median TMB of 4 mut/Mb. There was no 
significant difference between immunotherapy responders 
and non-responders regarding TMB.52

With the implementation of next generation sequen-
cing, several driver mutations in genes including TERT, 
CTNNB1, TP53, AXIN1, ARID1A, and ARID1B were 
identified in HCC.53 Based on these mutations and epige-
netic alterations, further molecular subclassification was 
developed.54 Although these mutations were “non- 
druggable”, they might potentially affect response to 
immunotherapy.55 Importantly, activating mutations in 
WNT/β-catenin signaling were associated with a lower 
disease control rate (DCR), shorter median PFS, and 
shorter median OS for patients treated with ICIs.56 No 
other pathway alterations were found to be associated 
with resistance or responsiveness to immunotherapy in 
HCC.56 This suggests that the presence of activating 
WNT/β-actin mutation confers innate resistance to ICIs 
which was consistent with the study in melanoma where 
lack of T-cell infiltration was correlated with altered β- 
catenin signaling.57,58

Mathematical Biomarkers and Combined 
Multiparametric Biomarkers
The complex interactions of multiple biological systems 
dictate the response to ICI. Mathematical modeling is 
one approach to bridge the scientific knowledge gaps 
that exist for these interactions. Butner et al59,60 have 
recently shown in a series of papers that ICI response 
can be modeled on “super parameters” that describe the 
“Anti-tumor immune state”, the “tumor cell kill rate” of 
ICI, and the tumor proliferation rate. The investigators 
demonstrated that some of these super parameters could 
be estimated by taking measurements of the tumor 
volume from standard computed tomography (CT) 
scans over time, and that these could be used to predict 
outcomes and long-term benefits of ICI in many solid 
tumors. Application of physical oncology to HCC may 
reveal how traditional biomarkers could be used in 
a mechanistic mathematical model to help identify 

patients who are likely to benefit from combination 
ICIs and other novel therapeutic approaches.

Multiparametric approaches to biomarker studies that 
combine different aspects of tumors have been recently 
started since no single robust biomarker has been identi-
fied for most cancer so far. Recently, in a study with 
metastatic non-small cell lung cancer patients, the multi-
parametric analysis gave a better diagnostic performance 
than single parameters like radiomic signature, PD-L1, or 
IFN-γ expression regarding clinical response, sensitivity, 
and specificity.61 In another interesting study, an astronom-
ical algorithm was applied to multiplex immunofluores-
cence labeling of pathology specimens to establish spatial 
relationships between tumor cells and multiple immune 
elements and immunoarchitectural characterization of the 
tumor.62 With only six markers, they identified key fea-
tures in pretreatment melanoma specimens that predicted 
response to immunotherapy, suggesting that this approach 
might give more accuracy regarding treatment response 
prediction than individual IHC markers like PD-L1 
expression.

Conclusion
We have described the data for ICIs and the associated 
biomarker work in recent landmark studies for HCC. 
Although multiple potential candidates that predict 
response and guide therapy decisions have emerged, 
there is currently no standard biomarker that predict ICI 
outcome in patients with HCC. Capturing the complexities 
of ICI response and resistance through non-invasive means 
will be the subject of intense investigations in the coming 
years. Notably, HCC is often diagnosed without the need 
for a biopsy based on characteristic imaging pattern per 
American Association for Study of Liver Diseases 
(AASLD) guidelines.63 However, obtaining tissue biopsies 
in patients receiving ICI might give invaluable information 
about possible predictive biomarkers and the mechanism 
of resistance to immunotherapy. Tumor PD-L1 expression 
is the most widely studied biomarker in HCC, but there are 
conflicting results on its predictive potential as in other 
cancer types. Integrative multiparametric approaches that 
combine histopathology, imaging, and immune signatures 
appear to be the most comprehensive way to assess treat-
ment outcomes and seem to be promising in the future. 
Personalized therapy through a biomarker-driven approach 
is expected to result in improved outcomes for patients and 
transition this approach from non-curative to potentially 
curative.
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