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Immune checkpoint inhibitors (ICIs) have altered the treat-
ment landscape for hepatocellular carcinoma (HCC). Anti-
programmed cell death-1/programmed cell death-ligand 1 
(PD-1/PD-L1) antibody has been approved for second-line or 
first-line treatment in HCC, including nivolumab, pembroli-
zumab, and atezolizumab. However, despite the breakthrough 
in clinical treatment with ICIs, majority of patients do not 
respond to ICI therapy, especially in the ICI monotherapy set-
ting. Pembrolizumab or nivolumab has an objective response 
rate of 18%–20% in HCC.1,2 Therefore, more attentions have 
been paid to identify predictive biomarkers for the efficacy of 
ICIs, and more comprehensive understanding has been obtained 
in recent years, including data on biomarkers of tumor immune 
microenvironment phenotype, molecular classification, liquid 
biopsy biomarkers, and host-related factors.3

In this issue of the Journal, Hung et al. evaluated PD-1 and 
PD-L1 expressions on circulating immune cells in patients with 
HCC before and after Nivolumab monotherapy.4 Peripheral 
blood mononuclear cells were collected from 16 patients with 
advanced HCC undergoing Nivolumab therapy from a phase 1 
clinical trial, the author showed that patients with disease con-
trol had significantly lower PD-1 expression on B cells, whereas 
patients with disease progression had increased PD-L1 expres-
sion on monocytes after treatment. Patients with disease control 
tended to show CD8 T cells with lower PD-1 positivity than 
did patients with disease progression. In general, this study was 
limited by the small sample size, and these results need to be 
confirmed by further large prospective studies. Nevertheless, 
this study provides insights for future research of biomarkers 
for HCC immunotherapy.

Since the currently available ICIs are targeting the PD-1/
PD-L1 pathway, the expressions of PD-1 or PD-L1 on immune 
cells or tissue are the main research focus to predict efficacy of 
these ICIs. In some tumor types, such as non-small-cell lung 
cancer, PD-L1 expression has been associated with improved 
response.5 However, the association between PD-L1 expres-
sion and efficacy in HCC remains controversial. Initial analyses 
of CheckMate 040 and KEYNOTE-224 trials did not show a 

significant correlation between PD-L1 expression and objective 
response.2,6 Further analysis of patients in the CheckMate 040 
trial showed that tumor PD-1 and PD-L1 expression were associ-
ated with improved OS, but complete or partial tumor responses 
could still be observed in PD-L1-negative patients treated with 
nivolumab.7 The PD-1 or PD-L1 expression analysis, which 
needs tumor tissue sampling, is limited by the invasiveness of 
the biopsy procedure, sampling error due to intratumor or 
intertumor heterogeneity, and change tumor microenvironment 
overtime. In contrast, circulating biomarkers have the advantage 
of easy sampling and possibility of repeated measurement after 
treatment, which may make it more convenient for clinical use. 
For example, circulating PD-1+ CD8 T cells have been shown to 
correlate with response and disease progression in patients with 
non-small cell lung cancer treated with immunotherapy.8 The 
study by Hung et al also provide promising results of circulating 
immune cell markers to predict response after ICI therapy for 
HCC.4

A recent study showed that PI3K–mTOR pathway alterations 
were associated with poorer disease control rate and progres-
sion-free survival in sorafenib-treated HCC patients, whereas 
activating alteration WNT/b-catenin signaling was associated 
with lower disease control rate, shorter median progression-free 
survival, and overall survival in HCC patients treated with ICIs.9 
Another study further analyzed these mutational landscapes of 
advanced HCC using circulating tumor DNA.10 By perform-
ing deep sequencing of 25 targeted genes and Digital Droplet 
PCR of TERT promoter, the author showed that mutations in 
the PI3K/mTOR pathway were associated with significantly 
shorter progression-free survival after tyrosine kinase inhibitors, 
but WNT pathway mutations were not associated with clini-
cal outcomes after ICI therapy. Therefore, the role of circulating 
tumor DNA in predicting response to ICI therapy remains to be 
explored. Recently, several soluble immune checkpoint-related 
proteins, such as soluble PD-1 and soluble PD-L1, were shown 
to have promising prognostic value in various cancer types, 
including HCC.11 Whether these soluble immune checkpoint-
related proteins have prognostic value in HCC patients with ICI 
therapy worth further study. Recent studies showed that early 
AFP response could be an on-treatment predictive biomarker 
of response of ICIs,12 but currently there is still lack of an ideal 
baseline circulating biomarker to predict clinical outcomes after 
ICI therapy for HCC.

Finally, the immune-modulatory effect of loco-regional thera-
pies and targeted therapies may change the immune microenvi-
ronment of HCC.13 Combination of ICI with other novel agents 
or conventional anti-cancer therapy may further improve the 
response and survival of advanced HCC, such as atezolizumab 
plus bevacizumab, and pembrolizumab plus lenvatinib.14,15 
Numerous other immune-modulatory approaches and combi-
nations have been pursued for HCC treatment. A more com-
prehensive approach to detect key changes in the immune cell 
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population and tumor microenvironment is needed for future 
biomarker studies. With the development of research technol-
ogy such as high-throughput sequencing technology, microarray 
technology, and artificial intelligence, more and more poten-
tial biomarkers could be widely screened on a genomic scale 
to explore the mechanisms and predictors of immunotherapy 
efficacy and drug resistance in the future.
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