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The quest for precision oncology with immune checkpoint
inhibitors for hepatocellular carcinoma
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The advent of immune checkpoint inhibitors (ICIs) has drastically
changed the landscape of hepatocellular carcinoma (HCC)
treatment. Nivolumab was the first ICI to receive accelerated
approval from the Food and Drug Administration (FDA) in 2017
based on an objective response rate of ~15% and prolonged
duration of response in patients previously treated with sor-
afenib.! These results were followed by encouraging phase II data
for other ICIs - pembrolizumab monotherapy and nivolumab in
combination with ipilimumab - also resulting in accelerated
approvals by the FDA.?? Finally, the combination of atezolizumab
and bevacizumab is now established as the standard of care first-
line treatment of advanced-stage HCC based on results of the
IMBrave-150 trial, which showed a significantly improved over-
all survival (OS), progression-free survival (PFS) and quality of
life compared to sorafenib.* Most recently, the combination of
cabozantinib and atezolizumab was reported to improve PFS and
durvalumab and tremelimumab was reported to improve OS
compared to sorafenib in patients with unresectable HCC.
Several additional clinical trials are ongoing to evaluate ICIs as
monotherapy or in combination with other agents both in first-
and second- lines.

Despite these improvements, less than one-third of patients
treated with ICIs achieve an objective response rate (ORR) and
median survival for patients with advanced-stage HCC remains
below 2 years.!™ Therefore, one of the most relevant unsolved
medical needs in this field is the identification of a treatment
response biomarker that can help select patients with a higher
probability of response to ICIs. From a methodological point of
view, one must be careful not to overinterpret small differences
in subgroup analyses, particularly if not pre-planned and sup-
ported by a biological hypothesis. In contrast, effect modification
occurs when the magnitude of effect of the primary exposure on
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an outcome significantly differs depending on the level of a third
variable, i.e., the effect modifier. An ideal biomarker for this goal
should be simple, inexpensive, and easily measurable soon after
HCC diagnosis. One of the best examples in HCC treatment has
been alpha-fetoprotein (AFP) as a treatment response biomarker
for ramucirumab, with high-AFP patients but not low-AFP pa-
tients achieving a survival benefit.° Previously, the beneficial
effect of sorafenib was also shown to be greater in patients with
hepatitis C infection and those who experienced hand-foot skin
reaction via official moderator analyses. To date, available clinical
trial data for ICIs in patients with HCC have failed to identify
effect modifiers or subgroups of patients with higher likelihood
of response. This is not trivial as identification of patients who
respond differently is necessary to generate response-guided
therapeutic algorithms and can avoid futile treatment of pa-
tients with a low chance of response. In contrast to other tumors,
ICI efficacy in HCC does not seem to be related to PD-L1
expression, and treatment response biomarkers observed in
other cancers such as microsatellite instability are rare in HCC.”
In the absence of biomarkers to promote a model of precision
treatment, providers have decided between different options
based on differences in trial populations (e.g., exclusion criteria),
treatment-related adverse event (AE) profiles, secondary out-
comes including ORR, and availability of real-world data in
extended populations; however, these decisions are often sub-
jective and lead to substantial variation in practice patterns.
Scheiner and colleagues address this area of need in a recent
multicenter retrospective cohort study,® in which they devel-
oped and externally validated a biomarker panel (CRAFITY
score), including C-reactive protein (CRP) >1 mg/dl and AFP >100
ng/ml, for patients receiving ICI therapy using a multiple time-
fixed Cox regression model. In the external validation cohort,
the CRAFITY score was able to stratify patients in terms of OS. C-
statistics were 0.62 in both the derivation and validation cohorts,
and the model had good calibration between predicted and
observed survival probabilities. The CRAFITY score was also
evaluated in a cohort of patients receiving sorafenib and was able
to stratify patients in terms of OS but not disease control rate.
The CRAFITY score has several strengths including its use of
2 serum-based laboratory measures that can be easily checked,
without a need for invasive histologic assessment. Despite this
simplicity, the model was able to accurately stratify patients
treated with ICIs in terms of OS. In contrast to sorafenib-treated
patients, the potential association with disease control rate in
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ICI-treated patients suggests a role for CRAFITY as a treatment
response biomarker and not simply as a prognostic biomarker.’
However, whether CRAFITY is truly able to accurately predict
radiological response will need to be evaluated in future
studies. It is well known that higher AFP levels are associated
with worse prognosis, with higher AFP levels being associated
with increased recurrence after liver transplantation and worse
0S among those with advanced-stage disease.'”!! There is
biological rationale for why CRAFITY may act as a treatment
response biomarker for patients being treated with ICIs. With
increasing recognition of HCC heterogeneity, Sia and colleagues
found approximately one-fourth of HCCs have markers of an
inflammatory response (immune class), including 2 subclasses
characterized by adaptive or exhausted immune responses.'?
These data highlighted that some HCCs may be more suscep-
tible to ICIs targeting the PD-1/PD-L1 axis. More recently, tissue
samples from the Checkmate040 trial also demonstrated an
inflammatory 4-gene signature, including CD274, CD8A, LAG3,
and STAT1, was associated with improved objective responses
and OS among patients treated with nivolumab."® CRP, a known
marker of systemic inflammation, may correspond to these
inflammatory pathways and a higher likelihood of an immu-
nologically “hot tumor”.'* Further, the authors describe the
association of CRP and AFP with an immunosuppressive state,
involving suppression of CD4+ and CD8+ T cells, reduction in
co-stimulatory signals from mature dendritic cells, inhibition of
natural Kkiller cells, and expansion of myeloid-derived sup-
pressor cells.””

The study by Scheiner and colleagues is another step towards
precision oncology, providing a biomarker panel that helps
identify patients who are more likely to respond to ICIs. How-
ever, while the model was able to stratify patients and achieve
good calibration, its c-statistic in both the derivation and vali-
dation cohorts was only 0.62, highlighting room for further
improvement before its incorporation into clinical practice.
Several emerging—omics approaches (such as radiomics, geno-
mics, transcriptomics or metabolomics) could improve the se-
lection of patients at higher probability of benefitting from ICI
treatment. Future studies should aim to evaluate the additive
value of the 4-gene signature, in cases where tissue is available,
as well as factors associated with ICI response in other cancers
such as the gut microbiome, circulating tumor DNA, and exoso-
mal molecules.'>"”

In addition to lower than desired discrimination, the authors
acknowledge the marked heterogeneity of the cohort including
different ICI therapies, lines of therapy, and liver disease sever-
ities — all of which can complicate interpretation of the observed
associations. Although the authors performed subgroup analyses
to evaluate some of these effects, this was done using patients
from both the derivation and validation cohorts, leading to
possible overfitting of the model. Finally, most of the patients in
the current analysis were treated with nivolumab or pem-
brolizumab monotherapy, whereas recent trials have focused on
combination therapies in which ICIs are combined with anti-
VEGF inhibitors (e.g., bevacizumab), tyrosine kinase inhibitors
(e.g., cabozantinib or lenvatinib), or CTLA-4 inhibitors (e.g.,
tremelimumab or ipilimumab). Future studies will be needed to
see if the CRAFITY score performs well in patients treated with
combination therapies. Considering these limitations, the
CRAFITY score may be considered as a stratification variable for
clinical trials of ICIs but likely warrants further refinement and

validation before being applied to identify patients for ICI
treatment in clinical practice.

Additionally, most studies in precision oncology have focused
on treatment efficacy, although safety represents another
important aspect of treatment. The prognosis of patients with
HCC can often be driven by a competing risk of liver-related
mortality, particularly when use of ICIs is expanded to patients
with more advanced liver dysfunction than the Child-Pugh A
patient population typically included in clinical trials.'® The
management of patients with HCC should be guided by a risk-
benefit analysis balancing treatment effectiveness and the risk
of treatment-related AEs, as assessed by the incremental safety-
effectiveness ratio.”” It may be possible to similarly use a risk
stratification model to differentiate ICI-treated patients at high
vs. low risk of immune-related AEs and/or liver-related mortal-
ity.2° Although immune-related AEs are rare with ICIs, they can
be severe in nature and even fatal in cases.”’ Having data on the
predicted benefits and harms in an individual could facilitate
precision oncology, whereby ICIs are provided to patients with
high predicted benefit and low risk of AEs but avoided in those
with low benefit and high risk of AEs.

In summary, the CRAFITY score provides another tool that
pushes the HCC field one step closer to a precision oncology
paradigm. However, prospective studies are still needed to
further optimize the performance of available treatment
response biomarkers and address other remaining gaps. These
studies will be critical to help determine whether the CRAFITY
score, or other emerging biomarker panels, can be applied in
clinical practice to guide treatment decisions and identify a
subgroup of patients who would derive the greatest benefit-to-
risk ratio with ICI therapy.

Financial support
AGS research supported in part by National Institutes of Health
(NIH) RO1 MDO012565.

Conflict of interest

Giuseppe Cabibbo has served as a consultant or on advisory
boards for Bayer, Eisai, and Ipsen. Amit Singal has served as a
consultant or on advisory boards for Bayer, Wako Diagnostics,
Exact Sciences, Roche, Glycotest, and GRAIL.

Authors’ contributions

Interpretation of data and drafting of the manuscript (all au-
thors); critical revision of the manuscript for important intel-
lectual content (all authors). All authors approve final version of
the manuscript.

Supplementary data
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jhep.2021.11.021.

References
Author names in bold designate shared co-first authorship

[1] Yau T, Hsu C, Kim TY, Choo SP, Kang YK, Hou M-H, et al. Nivolumab in
advanced hepatocellular carcinoma: sorafenib-experienced Asian cohort
analysis. ] Hepatol 2019 Sep;71(3):543-552.

[2] Finn RS, Ryoo BY, Merle P, Kudo M, Bouattour M, Lim H, et al. Pem-
brolizumab as second-line therapy in patients with advanced hepato-
cellular carcinoma in KEYNOTE-240: a randomized, double-blind, phase
III trial. J Clin Oncol 2020 Jan 20;38(3):193-202.

2 Journal of Hepatology 2021 vol. m | 1-3


https://doi.org/10.1016/j.jhep.2021.11.021
https://doi.org/10.1016/j.jhep.2021.11.021
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref1
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref1
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref1
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref2
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref2
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref2
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref2

[3] YauT, Kang YK, Kim TY, El-Khoueiry AB, Santoro A, Sangro B, et al. Efficacy
and safety of nivolumab plus ipilimumab in patients with advanced he-
patocellular carcinoma previously treated with sorafenib: the CheckMate
040 randomized clinical trial. JAMA Oncol 2020 Nov 1;6(11):e204564.

[4] Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, Kim T-Y, et al. Atezolizumab
plus bevacizumab in unresectable hepatocellular carcinoma. N Engl ] Med
2020 May 14;382(20):1894-1905.

[5] Sangro B, Sarobe P, Hervas-Stubbs S, Melero 1. Advances in immuno-
therapy for hepatocellular carcinoma. Nat Rev Gastroenterol Hepatol
2021;18:525-543.

[6] Zhu AX, Kang Y-K, Yen C-J, Finn RS, Galle PR, Llovet JM, et al. Ramucir-
umab after sorafenib in patients with advanced hepatocellular carcinoma
and increased alpha-fetoprotein concentrations (REACH-2): randomised,
double-blind, placebo-controlled phase 3 trial. Lancet Oncol
2019;20(2):282-296.

[7] Jilkova ZM, Aspord C, Decaens T. Predictive factors for response to PD-1/
PD-L1 checkpoint inhibition in the field of hepatocellular carcinoma:
current status and challenges. Cancers 2019;11(10):1554.

[8] Scheiner B, Pomej K, Kirstein MM, Hucke F, Finkelmeier F, Waidmann O,
et al. Prognosis of patients with hepatocellular carcinoma treated with
immunotherapy - development and validation of the CRAFITY score.
] Hepatol 2021. https://doi.org/10.1016/j.jhep.2021.09.035.

[9] Singal AG, Hoshida Y, Pinato DJ, Marrero JA, Nault J-C, Paradis V, et al.
International liver cancer association (ILCA) white paper on biomarker
development  for  hepatocellular  carcinoma.  Gastroenterology
2021;160(7):2572-2584.

[10] Mehta N, Dodge ], Grab ], Yao F. National experience on down-staging of
hepatocellular carcinoma before liver transplant: influence of tumor
burden, alpha-fetoprotein, and wait time. Hepatology 2020;71(3):943-954.

[11] Trevisani F, Garuti F, Neri A. Alpha-fetoprotein for diagnosis, prognosis,
and treatment. Semin Liver Dis 2019;39(2):163-177.

[12] Sia D, Jiao Y, Martinez-Quetglas I, Kuchuk O, Villacorta-Martin C, Castro de
Moura M, et al. Identification of an Immune-specific class of

JOURNAL
OF HEPATOLOGY

hepatocellular carcinoma, based on molecular features. Gastroenterology
2017;153(3):812-826.

[13] Sangro B, Melero I, Wadhawan S, Finn R, Abou-Alfa G, Cheng A, et al.
Association of inflammatory biomarkers with clinical outcomes in
nvolumab-treated patients with advanced hepatocellular carcinoma.
] Hepatol 2020;73(6):1460-1469.

[14] Shin JH, Kim (], Jeon EJ, Sung CO, Shin H]J, Choi ], et al. Overexpression of
C-reactive protein as a poor prognostic marker of resectable hepatocel-
lular carcinoma. J Pathol Transl Med 2015;49(2):105-111.

[15] Nakamura Y. Biomarkers for immune checkpoint inhibitor-mediated tu-
mor response and adverse events. Front Med 2019;6:119.

[16] Galle PR, Foerster F, Kudo M, Chan SL, Llovet JM, Qin S, et al. Biology and
significance of alpha-fetoprotein in hepatocellular carcinoma. Liver Int
2019;39:2214-2229.

[17] Yoshida T, Ichikawa ], Giuroiu I, Laino AS, Hao Y, Krogsgaard M, et al.
C reactive protein impairs adaptive immunity in immune cells of patients
with melanoma. ] Immunother Cancer 2020;8(1):e000234.

[18] Cabibbo G, Petta S, Barbara M, Attardo S, Bucci L, Farinati F, et al. Hepatic
decompensation is the major driver of death in HCV-infected cirrhotic
patients with successfully treated early hepatocellular carcinoma.
] Hepatol 2017;67(1):65-71.

[19] Cabibbo G, Reig M, Celsa C, Torres F, Battaglia S, Enea M, et al. First-line
immune checkpoint inhibitor-based sequential therapies for advanced
hepatocellular carcinoma: rationale for future trials. Liver Cancer 2021.
https://doi.org/10.1159/000520278.

[20] Fujiwara N, Fobar A, Raman I, Li Q-Z, Marrero JA, Parikh ND, et al.
A blood-based prognostic liver secretome signature predicts long-term
risk of hepatic decompensation in cirrhosis. Clin Gastroenterol Hep-
atol 2021.

[21] Ramos-Casals M, Brahmer ], Callahan M, Flores-Chavez A, Keegan N,
Khamashta M, et al. Immune-related adverse events of checkpoint in-
hibitors. Nat Rev Dis Primers 2020;6(1):38.

Journal of Hepatology 2021 vol. m | 1-3 3


http://refhub.elsevier.com/S0168-8278(21)02226-1/sref3
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref3
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref3
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref3
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref4
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref4
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref4
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref5
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref5
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref5
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref6
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref6
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref6
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref6
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref6
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref7
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref7
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref7
https://doi.org/10.1016/j.jhep.2021.09.035
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref9
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref9
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref9
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref9
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref10
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref10
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref10
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref11
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref11
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref12
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref12
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref12
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref12
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref13
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref13
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref13
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref13
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref14
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref14
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref14
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref15
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref15
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref16
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref16
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref16
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref17
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref17
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref17
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref18
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref18
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref18
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref18
https://doi.org/10.1159/000520278
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref20
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref20
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref20
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref20
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref21
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref21
http://refhub.elsevier.com/S0168-8278(21)02226-1/sref21

	The quest for precision oncology with immune checkpoint inhibitors for hepatocellular carcinoma
	Financial support
	Conflict of interest
	Authors' contributions
	Supplementary data
	References


