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Simple Summary: This review provides a comprehensive summary of the literature published thus
far to highlight the prognostic significance of serum albumin (ALB) level and various ALB-based
mono- and combination biomarkers in predicting the prognosis of patients with hepatocellular
carcinoma (HCC) treated with different therapies.

Abstract: Hepatocellular carcinoma (HCC) is the predominant form of primary liver cancer. Although
many surgical and nonsurgical therapeutic options have been established for treating HCC, the overall
prognosis for HCC patients receiving different treatment modalities remains inadequate, which causes
HCC to remain among the most life-threatening human cancers worldwide. Therefore, it is vitally
important and urgently needed to develop valuable and independent prognostic biomarkers for
the early prediction of poor prognosis in HCC patients, allowing more time for more timely and
appropriate treatment to improve the survival of patients. As the most abundant protein in plasma,
human serum albumin (ALB) is predominantly expressed by the liver and exhibits a wide variety
of essential biological functions. It has been well recognized that serum ALB level is a significant
independent biomarker for a broad spectrum of human diseases including cancer. Moreover, ALB
has been commonly used as a potent biomaterial and therapeutic agent in clinical settings for the
treatment of various human diseases. This review provides a comprehensive summary of the evidence
from the up-to-date published literature to underscore the prognostic significance of serum ALB level
and various ALB-based mono- and combination biomarkers in the prediction of the prognosis of
HCC patients after treatment with different surgical, locoregional, and systemic therapies.

Keywords: hepatocellular carcinoma; albumin; prognostic significance; mono-biomarker; combination
biomarker

1. Introduction

Hepatocellular carcinoma (HCC) is the most prevalent type of primary liver cancer
and is responsible for up to 90% of primary liver malignancies [1,2]. Although remarkable
progress has been made in the prevention and treatment of HCC, HCC remains the sixth
most frequent human cancer and the third leading cause of cancer-related death worldwide,
leading to nearly 900,000 new cases and 800,000 new deaths each year [3,4]. Although
curative therapeutic options such as liver transplantation and hepatic resection surgery
are available for the treatment of HCC patients, the survival benefits of the therapies
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are considerably impeded by donor-organ scarcity and recurrence of HCC after surgery,
respectively [5,6]. Moreover, HCC displays a high degree of intratumoral heterogeneity and
drug resistance, which largely weaken the therapeutic effectiveness of current locoregional
and systemic treatments, such as radiation therapy, ablation, embolization, chemotherapy,
and molecular targeted therapy [7–9]. Therefore, the discovery of valuable and independent
prognostic biomarkers for the early identification of HCC patients with poor prognosis
allowing for timely management and better treatment is an important objective to improve
the survival of patients.

Human serum albumin (ALB) is the most abundant protein in plasma. ALB is promi-
nently produced by and secreted from the liver and has multiple important biological
functions, including regulation of plasma oncotic pressure, determination of tissue fluid
distribution, maintenance of vascular permeability, adjustment of acid–base equilibrium,
modulation of immune responses, suppression of oxidative stress, prevention of endothe-
lial cell apoptosis, inhibition of blood coagulation, and transportation of endogenous and
exogenous compounds [10,11]. In addition, it has been well verified that serum ALB level is
a valuable and independent biomarker for a broad range of human diseases, including
cancer, chronic liver disease, chronic kidney disease, ischemic stroke, diabetes, rheuma-
toid arthritis, inflammatory bowel disease, severe acute graft-versus-host disease, post-
menopausal obesity, and the diseases that require glycemic control [12–15]. Moreover, ALB
is widely used in clinical settings to treat a wide variety of human diseases, including
chronic liver disease, acute liver failure, shock, trauma, burns, hypovolemia, hemorrhage,
surgical blood loss, hemodialysis, cardiopulmonary bypass, resuscitation, nutritional sup-
port, acute respiratory distress syndrome, and hypoalbuminemia [16–19].

In this review, we comprehensively summarize the literature published thus far,
providing supportive evidence to highlight the prognostic significance of serum ALB
level and various ALB-based mono- and combination biomarkers in the prediction of
the outcomes of HCC patients receiving different treatment modalities including surgical,
locoregional, and systemic therapies.

2. Prognostic Significance of Serum ALB Level in HCC Patients

Multiple lines of studies have validated the prognostic value of a pre-treatment serum
ALB level in HCC patients (Table 1). Studies conducted by Chen et al. [20], Chen et al. [21],
and Wang et al. [22] showed that a low pre-treatment serum ALB level independently pre-
dicted worse overall survival (OS), disease-free survival (DFS), and recurrence-free survival
(RFS) in HCC patients undergoing curative surgical resection. Another study conducted
by Zeng et al. [23] revealed that a low pre-treatment serum ALB level was independently
correlated with worse OS in HCC patients treated with external beam radiation therapy
(EBRT). In addition, studies conducted by Castellano et al. [24] and Kuriyama et al. [25]
identified that a low pre-treatment serum ALB level is a factor that is independently
associated with worse OS in HCC patients treated with percutaneous ethanol injection
(PEI). Studies conducted by Xu et al. [26] and Toshikuni et al. [27] demonstrated that
a low pre-treatment serum ALB level independently predicted worse OS in HCC patients
treated with radiofrequency ablation (RFA) or percutaneous microwave ablation (PMWA).
Studies conducted by Ikeda et al. [28] and O’Suilleabhain et al. [29] confirmed that a low
pre-treatment serum ALB level is an independent factor which predicts worse OS in HCC
patients treated with transarterial embolization (TAE) or transarterial chemoembolization
(TACE). Furthermore, a study conducted by Lerose et al. [30] ascertained that a low pre-
treatment serum ALB level was independently associated with worse OS in HCC patients
treated with curative surgical resection, PEI, TACE, or antihormonal therapy. Another
study conducted by Baek et al. [31] verified that a low pre-treatment serum ALB level was
an independent predictor for worse OS and failure-free survival (FFS) in HCC patients
receiving molecular targeted therapy with sorafenib.
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Table 1. Prognostic significance of serum ALB level in HCC patients.

Biomarkers Patients and Treatment Modalities Prognostic Significance Year References

Pre-treatment
ALB level

145 patients with small HCC (≤3 cm) treated
with curative surgical resection.

Low ALB level predicted worse OS
(<3.7 vs. ≥3.7 g/dL). 2003 Chen et al. [20]

234 patients with noncirrhotic HCC treated
with curative surgical resection.

Low ALB level predicted worse OS and DFS
(≤3.5 vs. >3.5 g/dL). 2003 Chen et al. [21]

303 patients with HCC treated with curative
surgical resection.

Low ALB level predicted worse OS and RFS
(≤4 vs. >4 g/dL). 2019 Wang et al. [22]

136 patients with HCC treated with EBRT. Low ALB level predicted worse OS
(≤3.5 vs. >3.5 g/dL). 2008 Zeng et al. [23]

71 cirrhotic patients with HCC
treated with PEI.

Low ALB level predicted worse OS
(≤3 vs. >3 g/dL). 1997 Castellano et al. [24]

100 patients with HCC treated with PEI. Low ALB level predicted worse OS
(≤3.5 vs. >3.5 g/dL). 2002 Kuriyama et al. [25]

137 patients with HCC treated
with RFA or PMWA.

Low ALB level predicted worse OS
(≤3.5 vs. >3.5 g/dL). 2005 Xu et al. [26]

100 HCV-infected patients with small HCC
(≤3 cm) treated with RFA.

Low ALB level predicted worse OS

(<3.5 vs. ≥3.5 g/dL).
2012 Toshikuni et al. [27]

128 patients with HCC treated with TAE. Low ALB level predicted worse OS
(≤3.5 vs. >3.5 g/dL). 2002 Ikeda et al. [28]

320 patients with HCC treated with TACE. Low ALB level predicted worse OS
(≤3.5 vs. >3.5 g/dL). 2003 O’Suilleabhain et al. [29]

141 patients with HCC treated with curative
surgical resection, PEI, TACE,

or antihormonal therapy.

Low ALB level predicted worse OS
(≤3.3 vs. >3.3 g/dL). 2001 Lerose et al. [30]

201 patients with HCC treated with molecular
targeted therapy with sorafenib.

Low ALB level predicted worse OS and FFS
(<3.4 vs. ≥3.4 g/dL). 2011 Baek et al. [31]

Abbreviations: ALB—albumin; HCC—hepatocellular carcinoma; PEI—percutaneous ethanol injection;
OS—overall survival; TACE—transarterial chemoembolization; TAE—transarterial embolization; DFS—disease-
free survival; RFA—radiofrequency ablation; PMWA—percutaneous microwave ablation; EBRT—external beam
radiation therapy; FFS—failure-free survival; HCV—hepatitis C virus; RFS—recurrence-free survival; vs.—versus.

Collectively, these studies support the use of a low pre-treatment serum ALB level
as a valuable independent prognostic biomarker for poor outcomes in HCC patients after
treatment with various therapies.

3. Prognostic Significance of Serum ALB/Alkaline Phosphatase (ALP) Ratio in
HCC Patients

Other than serum ALB level alone, many serum ALB-based biomarkers, which are
developed based on ALB and various other factors, have been verified as having prognostic
value in HCC patients in multiple lines of studies. One such biomarker is the ratio of the pre-
treatment serum ALB level to the serum ALP level (Table 2). ALP is a kind of phosphatase
that catalyzes the hydrolysis of various organic phosphate esters at alkaline pH values [32].
Studies conducted by Chan et al. [33], Li et al. [34], and Zhang et al. [35] showed that a low
pre-treatment serum ALB/ALP ratio independently predicted worse OS, DFS, and RFS in
HCC patients receiving curative surgical resection. Another study conducted by Li et al. [36]
determined an independent association between a low pre-treatment serum ALB/ALP
ratio and worse OS in HCC patients undergoing liver transplantation. Furthermore, a study
conducted by Zhang et al. [37] confirmed that a low pre-treatment serum ALB/ALP ratio
was independently correlated with worse OS and RFS in HCC patients treated with RFA.
A study conducted by Chen et al. [38] identified a low pre-treatment serum ALB/ALP ratio
as an independent factor which predicted worse OS in HCC patients treated with TACE.
Another study conducted by Cai et al. [39] demonstrated that a low pre-treatment serum
ALB/ALP ratio was a factor that was independently associated with worse OS in HCC
patients treated without any standard anti-cancer therapies.
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Table 2. Prognostic significance of serum ALB/ALP ratio in HCC patients.

Biomarkers Patients Prognostic Significance Year References

Pre-treatment
ALB/ALP ratio a

217 patients with HCC treated with curative surgical resection
(as training cohort); 256 patients with HCC treated with curative

surgical resection; and 425 patients with HCC treated with transarterial
therapy, systemic chemotherapy, or supportive care

(as 2 validation cohorts).

Low ALB/ALP ratio
predicted worse OS and DFS

(<0.23 vs. ≥0.23).
2015 Chan et al. [33]

221 HBV-infected patients with HCC treated with curative
surgical resection.

Low ALB/ALP ratio
predicted worse OS and RFS

(≤0.40 vs. >0.40).
2020 Li et al. [34]

267 patients with combined HCC and cholangiocarcinoma treated with
curative surgical resection

(187 as training cohort and 80 as validation cohort).

Low ALB/ALP ratio
predicted worse OS

(≤0.43 vs. >0.43).
2020 Zhang et al. [35]

210 patients with HCC treated with liver transplantation.
Low ALB/ALP ratio
predicted worse OS

(≤0.38 vs. >0.38).
2020 Li et al. [36]

445 patients with HCC treated with RFA (297 as training cohort and
148 as validation cohort).

Low ALB/ALP ratio
predicted worse OS and RFS

(≤0.40 vs. >0.40).
2021 Zhang et al. [37]

372 patients with HCC treated with TACE (as training cohort);
82 patients with HCC treated with TACE; and 202 patients with HCC

treated with supportive care (as 2 validation cohorts).

Low ALB/ALP ratio
predicted worse OS
(≤0.439 vs. >0.439).

2018 Chen et al. [38]

237 patients with advanced HCC treated without any standard
anti-cancer therapies.

Low ALB/ALP ratio
predicted worse OS

(≤0.38 vs. >0.38).
2018 Cai et al. [39]

a ALB/ALP ratio was calculated by dividing serum ALB level (g/L) by serum ALP level (IU/L). Abbrevi-
ations: ALB—albumin; ALP—alkaline phosphatase; HCC—hepatocellular carcinoma; OS—overall survival;
DFS—disease-free survival; TACE—transarterial chemoembolization; HBV—hepatitis B virus; RFS—recurrence-
free survival; RFA—radiofrequency ablation; vs.—versus.

Taken together, these studies suggest that a low pre-treatment serum ALB/ALP ratio
has a significant independent prognostic value for poor outcomes in HCC patients after
treatment with various therapies.

4. Prognostic Significance of Serum C-Reactive Protein (CRP)/ALB Ratio in
HCC Patients

The prognostic value of another serum ALB-based biomarker, which is the ratio of the
pre-treatment serum CRP level to serum ALB level, in HCC patients has been validated in
multiple lines of studies (Table 3). CRP is a plasma protein that is produced by the liver
and functions as a key component in acute-phase inflammatory response [40]. Studies
conducted by Shimizu et al. [41] and Ren et al. [42] showed that a high pre-treatment serum
CRP/ALB ratio independently predicted worse OS and tumor-free survival (TFS) in HCC
patients undergoing curative surgical resection. Studies conducted by Kinoshita et al. [43],
Chen et al. [44], and Li et al. [45] revealed that a high pre-treatment serum CRP/ALB
ratio was independently correlated with worse OS and RFS in HCC patients treated with
curative surgical resection, RFA, PEI, or TACE. A study conducted by Tada et al. [46]
ascertained an independent association between a high pre-treatment serum CRP/ALB
ratio and worse OS in HCC patients receiving molecular targeted therapy with lenvatinib.
Consistent with the aforementioned findings, a study conducted by Wu et al. [47] identified
a low pre-treatment serum ALB/CRP ratio as an independent predictor for worse OS and
DFS in HCC patients treated with curative surgical resection, RFA, TACE, or systemic
chemotherapy. In addition to the pre-treatment serum CRP/ALB or ALB/CRP ratio,
a high post-treatment serum, high-sensitivity CRP (hsCRP)/ALB ratio was shown in
a study conducted by Oh et al. [48] to independently predict worse OS and RFS in HCC
patients receiving curative surgical resection.
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Table 3. Prognostic significance of serum CRP/ALB ratio in HCC patients.

Biomarkers Patients Prognostic Significance Year References

Pre-treatment
CRP/ALB ratio a

239 patients with HCC treated with curative
surgical resection.

High CRP/ALB ratio predicted worse OS
(>0.028 vs. ≤0.028). 2018 Shimizu et al. [41]

187 patients with HCC treated with curative
surgical resection.

High CRP/ALB ratio predicted worse TFS
(≥0.037 vs. <0.037). 2019 Ren et al. [42]

186 patients with HCC treated with curative
surgical resection, RFA, PEI, or TACE.

High CRP/ALB ratio predicted worse OS
(≥0.037 vs. <0.037). 2015 Kinoshita et al. [43]

979 patients with HCC treated with curative
surgical resection, RFA, or TACE (659 as training

cohort and 320 as validation cohort).

High CRP/ALB ratio predicted worse OS
(≥0.05 vs. <0.05). 2018 Chen et al. [44]

958 patients with HCC treated with TACE. High CRP/ALB ratio predicted worse OS
(≥0.06 vs. <0.06). 2022 Li et al. [45]

522 patients with HCC treated with molecular
targeted therapy with lenvatinib.

High CRP/ALB ratio predicted worse OS
(≥0.108 vs. <0.108). 2022 Tada et al. [46]

Pre-treatment
ALB/CRP ratio b

409 patients with HCC treated with curative
surgical resection, RFA, TACE,

or systemic chemotherapy.

Low ALB/CRP ratio predicted worse OS and
DFS (≤5.4 vs. >5.4). 2019 Wu et al. [47]

Post-treatment
hsCRP/ALB ratio c

389 patients with HCC treated with curative
surgical resection.

High hsCRP/ALB ratios predicted worse OS
and RFS (>0.625 and >0.500 vs. ≤0.625 and

≤0.500, respectively).
2018 Oh et al. [48]

a CRP/ALB ratio was calculated by dividing serum CRP level (mg/L) by serum ALB level (g/L). b ALB/CRP ratio
was calculated by dividing serum ALB level (g/L) by serum CRP level (mg/L). c Post-treatment hsCRP/ALB ratio
was calculated by dividing hsCRP level (mg/L) by ALB level (g/L) using data on day 0 or day 1 after treatment.
Abbreviations: CRP—C-reactive protein; ALB—albumin; HCC—hepatocellular carcinoma; RFA—radiofrequency
ablation; PEI—percutaneous ethanol injection; TACE—transarterial chemoembolization; OS—overall sur-
vival; hsCRP—high-sensitivity C-reactive protein; RFS—recurrence-free survival; TFS—tumor-free survival;
DFS—disease-free survival; vs.—versus.

Overall, these studies indicate that a high pre-treatment or post-treatment serum
CRP/ALB ratio is a valuable independent biomarker for prediction of poor outcomes in
HCC patients after treatment with various therapies.

5. Prognostic Significance of Serum ALB/Globulin (GLB) Ratio in HCC Patients

The ratio of the pre-treatment serum ALB level to serum GLB level is another serum
ALB-based biomarker with prognostic value in HCC patients that has been validated in
multiple lines of studies (Table 4). GLB is another abundant blood protein that consists
of hundreds of serum globular proteins including enzymes, complement, carrier proteins,
and immunoglobulins [49]. A study conducted by Deng et al. [50] showed that a low
pre-treatment serum ALB/GLB ratio independently predicted worse OS and greater re-
currence in HCC patients undergoing curative surgical resection. Studies conducted by
Zhang et al. [51] and Utsumi et al. [52] revealed that a low pre-treatment serum ALB/GLB
ratio was independently correlated with worse OS and RFS in HCC patients undergoing
curative surgical resection. Another study conducted by Zhang et al. [53] verified an inde-
pendent association between a low pre-treatment serum ALB/GLB ratio and worse OS in
HCC patients receiving curative surgical resection or liver transplantation. Consistent with
the aforementioned findings, a study conducted by Shimizu et al. [54] demonstrated that
a high pre-treatment serum GLB/ALB ratio was an independent factor which predicted
worse OS in HCC patients receiving curative surgical resection.

Altogether, these studies propose that a low pre-treatment serum ALB/GLB ratio
holds a valuable independent prognostic value for poor outcomes in HCC patients after
treatment with various therapies.
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Table 4. Prognostic significance of serum ALB/GLB ratio in HCC patients.

Biomarkers Patients Prognostic Significance Year References

Pre-treatment
ALB/GLB ratio a

172 patients with HCC treated with curative surgical resection. Low ALB/GLB ratio predicted worse OS
and greater recurrence (<1.48 vs. ≥1.48). 2016 Deng et al. [50]

693 patients with HCC treated with curative surgical resection. Low ALB/GLB ratio predicted worse OS
and RFS (<1.0 vs. ≥1.0). 2020 Zhang et al. [51]

157 patients with HCC treated with curative surgical resection. Low ALB/GLB ratio predicted worse OS
(<1.16 vs. ≥1.16). 2021 Utsumi et al. [52]

150 patients with HCC treated with curative surgical resection or
liver transplantation.

Low ALB/GLB ratio predicted worse OS
(<1.18 vs. ≥1.18). 2016 Zhang et al. [53]

Pre-treatment
GLB/ALB ratio b 368 patients with HCC treated with curative surgical resection. High GLB/ALB ratio predicted worse OS

(>0.918 vs. ≤0.918) 2017 Shimizu et al. [54]

a ALB/GLB ratio was calculated by dividing serum ALB level (g/L) by serum GLB level (g/L). b GLB/ALB ratio
was calculated by dividing serum GLB level (g/L) by serum ALB level (g/L). Abbreviations: ALB—albumin;
GLB—globulin; HCC—hepatocellular carcinoma; OS—overall survival; RFS—recurrence-free survival;
vs.—versus.

6. Prognostic Significance of Serum ALB–BILirubin (BIL) Grade in HCC Patients

The prognostic value of the pre-treatment serum ALB–BIL grade, which is another
serum ALB-based biomarker, in HCC patients has been validated in multiple lines of
studies (Table 5). BIL is a major end-product of heme catabolism in the systemic circu-
lation and is an essential component of bile [55]. Studies conducted by Ma et al. [56],
Wang et al. [57], Li et al. [58], Zhang et al. [59], Ho et al. [60], Ruzzenente et al. [61],
Zhao et al. [62], Chen et al. [63], Mao et al. [64], and Tsai et al. [65] showed that a high
pre-treatment serum ALB–BIL grade independently predicted worse OS and RFS in HCC
patients undergoing curative surgical resection. Studies conducted by Lee et al. [66] and
Fagenson et al. [67] revealed that a high pre-treatment serum ALB–BIL grade was in-
dependently correlated with greater early recurrence (≤1 year) and 30-day mortality in
HCC patients undergoing curative surgical resection. Additionally, studies conducted
by Bernardi et al. [68] and Liao et al. [69] identified a high pre-treatment serum ALB–BIL
grade as an independent predictor for worse OS and RFS in HCC patients undergoing
liver transplantation. Studies conducted by Lo et al. [70] and Murray et al. [71] ascertained
an independent association between a high pre-treatment serum ALB–BIL grade and worse
OS in HCC patients treated with stereotactic body radiation therapy (SBRT) and stereotac-
tic ablative radiation therapy (SABR). Studies conducted by Kao et al. [72], An et al. [73],
Chen et al. [74], and Long et al. [75] showed that a high pre-treatment serum ALB–BIL
grade was a factor that was independently associated with worse OS and RFS in HCC
patients treated with RFA or PMWA. Studies conducted by Hickey et al. [76], Gui et al. [77],
Kim et al. [78], Antkowiak et al. [79], Khalid et al. [80], Lee et al. [81], Zhong et al. [82],
Ho et al. [83], and Chen et al. [84] confirmed that a high pre-treatment serum ALB–BIL
grade was an independent factor which predicted worse OS in HCC patients receiv-
ing TACE or transarterial radioembolization (TARE). Furthermore, studies conducted
by Kuo et al. [85], Nguyen et al. [86], and Tada et al. [87] showed that a high pre-treatment
serum ALB–BIL grade independently predicted worse OS in HCC patients receiving molec-
ular targeted therapy with sorafenib. Studies conducted by Ho et al. [88], Ho et al. [89],
Ho et al. [90], Chang et al. [91], Ho et al. [92], and Ko et al. [93] demonstrated that a high
pre-treatment serum ALB–BIL grade was independently correlated with worse OS in HCC
patients treated with curative surgical resection, liver transplantation, radiotherapy, RFA,
PEI, TACE, molecular targeted therapy, or supportive care. Another study conducted by
Kim et al. [94] revealed that a high pre-treatment serum ALB–BIL grade was a factor that
was independently associated with worse OS and progression-free survival (PFS) in HCC
patients treated with proton beam therapy (PBT).
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Table 5. Prognostic significance of serum ALB–BIL grade in HCC patients.

Biomarkers Patients Prognostic Significance Year References

Pre-treatment
ALB–BIL grade a

318 patients with HCC treated with curative
surgical resection (160 as training cohort and 158

as validation cohort).

High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2016 Ma et al. [56]

1242 patients with HCC treated with curative
surgical resection.

High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2016 Wang et al. [57]

491 patients with HCC treated with curative
surgical resection.

High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2017 Li et al. [58]

338 patients with HCC treated with curative
surgical resection.

High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2018 Zhang et al. [59]

1038 patients with HCC treated with curative
surgical resection.

High ALB–BIL grade predicted worse RFS
(grade 2/3 vs. 1). 2019 Ho et al. [60]

187 patients with HCC treated with curative
surgical resection.

High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2019 Ruzzenente et al. [61]

196 patients with HCC treated with curative
surgical resection.

High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2020 Zhao et al. [62]

265 patients with HCC treated with curative
surgical resection.

High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2021 Chen et al. [63]

166 AFP-negative patients with HCC treated
with curative surgical resection.

High ALB–BIL grade predicted worse RFS
(grade 2 vs. 1). 2021 Mao et al. [64]

2137 patients with HCC treated with curative
surgical resection.

High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2021 Tsai et al. [65]

465 patients with HCC treated with curative
surgical resection.

High ALB–BIL grade (grade 2 or 3)
independently predicted greater early
recurrence (≤1 year) than low grade

(grade 2/3 vs. 1).

2018 Lee et al. [66]

13,783 patients with HCC treated with curative
surgical resection.

High ALB–BIL grade predicted greater 30-day
mortality (grade 2/3 vs. 1). 2020 Fagenson et al. [67]

301 patients with HCC treated with liver
transplantation.

High ALB–BIL grade predicted worse OS
(grade 3 vs. 1). 2019 Bernardi et al. [68]

75 patients with HCC treated with liver
transplantation.

High ALB–BIL grade predicted worse OS and
RFS (grade 2/3 vs. 1). 2019 Liao et al. [69]

152 patients with HCC treated with SABR. High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2017 Lo et al. [70]

152 patients with HCC treated with SBRT. High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2018 Murray et al. [71]

622 patients with HCC treated with RFA. High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2017 Kao et al. [72]

183 HCV-infected patients with HCC treated
with PMWA.

High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2019 An et al. [73]

271 patients with HCC treated with RFA. High ALB–BIL grade predicted worse OS and
RFS (grade 2/3 vs. 1). 2019 Chen et al. [74]

344 patients with HCC treated with RFA. High ALB–BIL grade predicted worse OS and
RFS (grade 2 vs. 1). 2022 Long et al. [75]

765 patients with HCC treated with
TACE or TARE.

High ALB–BIL grade predicted worse OS
(grade 3 vs. 2). 2016 Hickey et al. [76]

117 patients with HCC treated with TARE. High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2018 Gui et al. [77]

476 patients with HCC treated with TACE. High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2018 Kim et al. [78]

1000 patients with HCC treated with TARE. High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2019 Antkowiak et al. [79]

71 patients with HCC treated with TACE. High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2019 Khalid et al. [80]

293 patients with HCC treated with TACE. High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2019 Lee et al. [81]

838 patients with HCC treated with TACE
(548, 115, and 175 as training cohort and

2 validation cohorts, respectively).

High ALB–BIL grade predicted worse OS
(grade 3 vs. 1). 2019 Zhong et al. [82]

1051 patients with HCC treated with TACE. High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2021 Ho et al. [83]

359 patients with HCC treated with TACE. High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2022 Chen et al. [84]
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Table 5. Cont.

Biomarkers Patients Prognostic Significance Year References

Pre-treatment
ALB–BIL grade a

260 patients with HCC treated with molecular
targeted therapy with sorafenib.

High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2017 Kuo et al. [85]

110 patients with HCC treated with molecular
targeted therapy with sorafenib.

High ALB–BIL grade predicted worse OS
(grade 3 vs. 1/2). 2019 Nguyen et al. [86]

567 patients with HCC treated with molecular
targeted therapy with sorafenib.

High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2019 Tada et al. [87]

829 patients with HCC treated with curative
surgical resection, local ablation therapy,

or TACE.

High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2019 Ho et al. [88]

1846 patients with HCC treated with curative
surgical resection, liver transplantation,

radiotherapy, local ablation therapy, TACE,
molecular targeted therapy, or supportive care.

High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2020 Ho et al. [89]

1093 patients with HCC treated with curative
surgical resection, liver transplantation, local

ablation therapy, TACE, systemic chemotherapy,
molecular targeted therapy, or supportive care.

High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2020 Ho et al. [90]

420 patients with HCC treated with curative
surgical resection, RFA, PEI, TACE, or

supportive care.

High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2021 Chang et al. [91]

1898 patients with HCC treated with curative
surgical resection, liver transplantation, local
ablation therapy, TACE, molecular targeted

therapy, or supportive care.

High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2022 Ho et al. [92]

3341 HBV- and/or HCV-infected patients with
HCC treated with curative surgical resection,
liver transplantation, local ablation therapy,

or TACE.

High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2022 Ko et al. [93]

46 patients with HCC treated with PBT. High ALB–BIL grade predicted worse OS and
PFS (grade 2/3 vs. 1). 2022 Kim et al. [94]

86 patients with HCC (>4 cm) treated with
TACE combined with CRA.

High ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2020 Huang et al. [95]

173 patients with HCC treated with TACE
combined with molecular targeted therapy

with sorafenib.

High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2020 Wang et al. [96]

504 patients with HCC treated with TACE
combined with molecular targeted therapy with
sorafenib (319, 61, and 124 as training cohort and

2 validation cohorts, respectively).

High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2020 Zhong et al. [97]

38 patients with HCC treated with HFRT or
SBRT combined with immunotherapy with

camrelizumab or sintilimab.

High ALB–BIL grade predicted worse OS and
RFS (grade 2 vs. 1). 2022 Dong et al. [98]

Pre-treatment easy
ALB–BIL grade b

3794 patients with HCC treated with curative
surgical resection, liver transplantation, local

ablation therapy, TACE, systemic chemotherapy,
molecular targeted therapy, or supportive care.

High easy ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2021 Ho et al. [99]

Pre-treatment
modified

ALB–BIL grade c

524 patients with HCC treated with molecular
targeted therapy with lenvatinib.

High modified ALB–BIL grade predicted
worse OS (grade 2b/3 vs. 1/2a). 2021 Tada et al. [100]

On-treatment
ALB–BIL grade d

88 patients with HCC treated with molecular
targeted therapy with sorafenib followed

by regorafenib.

High ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2021 Wang et al. [101]

Post-treatment
ALB–BIL grade

136 patients with HCC treated with curative
surgical resection.

High ALB–BIL grade predicted worse OS and
RFS (grade 3 vs. 2) e. 2018 Amisaki et al. [102]

525 patients with HCC treated with curative
surgical resection.

High ALB–BIL grade predicted worse OS and
RFS (grade 2/3 vs. grade 1) f.

2020 Cho et al. [103]

383 patients with HCC treated with curative
surgical resection.

High ALB–BIL grade predicted worse OS and
RFS (grade 2/3 vs. 1) g. 2020 Lin et al. [104]

310 patients with HCC treated with molecular
targeted therapy with sorafenib and developing

PD (155 as training cohort and
155 as validation cohort).

High ALB–BIL grade predicted worse PPS
(grade 3 vs. 1). 2018 Lee et al. [105]
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Table 5. Cont.

Biomarkers Patients Prognostic Significance Year References

Post-treatment
ALB–BIL

grade change

258 HBV-infected patients with HCC treated
with curative surgical resection

Increased ALB–BIL grade change predicted
worse OS and greater recurrence (>0 vs. ≤0) h.

2018 Li et al. [106]

300 patients with HCC treated with curative
surgical resection.

High ALB–BIL grade change predicted worse
OS and RFS (>0.71 vs. ≤0.71) i. 2019 Ye et al. [107]

613 HCV-infected patients with HCC treated
with TACE.

Increased ALB–BIL grade change predicted
worse OS and greater recurrence (>0 vs. ≤0) j. 2022 Lin et al. [108]

69 patients with HCC treated with molecular
targeted therapy with atezolizumab and

bevacizumab.

High ALB–BIL grade change predicted worse
OS (>0.376 vs. ≤0.376) k.

2022 Unome et al. [109]

a ALB–BIL grade was calculated by the formula 0.66 × log10 serum BIL level (µmol/L) − 0.085 × serum ALB
level (g/L) and stratified as grade 1 (≤−2.60), grade 2 (>−2.60 to ≤−1.39), or grade 3 (>−1.39). b Easy ALB–
BIL grade was calculated as the formula serum BIL (mg/dL) − 9 × serum ALB level (g/dL) and stratified
as grade 1 (≤−34.4), grade 2 (>−34.4 to <−22.2), or grade 3 (≥−22.2). c Modified ALB–BIL grade was calcu-
lated by the same formula as ALB–BIL grade and stratified as grade 1 (≤ –2.60), grade 2a (>−2.60 to ≤−2.27),
grade 2b (>−2.27 to ≤−1.39), or grade 3 (>−1.39). d On-treatment ALB–BIL grade was calculated using data
from before the initiation of regorafenib therapy. e Post-treatment ALB–BIL grade was calculated using data
from day 5 after treatment. f Post-treatment ALB–BIL grade was calculated using data from the 1st year af-
ter treatment. g Post-treatment ALB–BIL grade was calculated using data from the 5th year after treatment.
h Post-treatment ALB–BIL grade change was calculated by subtracting pre-treatment ALB–BIL grade from post-
treatment 1st-month ALB–BIL grade. i Post-treatment ALB–BIL grade change was calculated by subtracting
pre-treatment ALB–BIL grade from the post-treatment 1st-day ALB–BIL grade. j Post-treatment ALB–BIL grade
change was calculated by subtracting pre-treatment ALB–BIL grade from post-first-round-TACE ALB–BIL grade.
k Post-treatment ALB–BIL grade change was calculated by subtracting pre-treatment ALB–BIL grade from post-
treatment 3rd-month ALB–BIL grade. Abbreviations: ALB—albumin; BIL—bilirubin; HCC—hepatocellular carci-
noma; TACE—transarterial chemoembolization; TARE—transarterial radioembolization; OS—overall survival;
SABR—stereotactic ablative radiation therapy; RFS—recurrence-free survival; PD—progressive disease;
PPS—post-progression survival; HBV—hepatitis B virus; SBRT—stereotactic body radiation therapy;
HCV—hepatitis C virus; PMWA—percutaneous microwave ablation; CRA—cryoablation; RFA—radiofrequency
ablation; PEI—percutaneous ethanol injection; AFP—alpha-fetoprotein; HFRT—hypofractionated radiation
therapy; PBT—proton beam therapy; PFS—progression-free survival; vs.—versus.

Moreover, a study conducted by Huang et al. [95] showed that a high pre-treatment
serum ALB–BIL grade independently predicted worse OS in HCC patients treated with
TACE combined with cryoablation (CRA). Studies conducted by Wang et al. [96] and
Zhong et al. [97] found that a high pre-treatment serum ALB–BIL grade was independently
associated with worse OS in HCC patients receiving TACE combined with molecular
targeted therapy with sorafenib. A study conducted by Dong et al. [98] demonstrated that
a high pre-treatment serum ALB–BIL grade was an independent predictor for worse OS
and RFS in HCC patients receiving hypofractionated radiation therapy (HFRT) or SBRT
combined with immunotherapy with camrelizumab or sintilimab.

In addition, a study conducted by Ho et al. [99] showed that a high pre-treatment
serum easy ALB–BIL grade independently predicted worse OS in HCC patients treated with
curative surgical resection, liver transplantation, local ablation therapy, TACE, systemic
chemotherapy, molecular targeted therapy, or supportive care. Another study conducted
by Tada et al. [100] revealed that a high pre-treatment serum modified ALB–BIL grade
was a factor that was independently correlated with worse OS in HCC patients receiving
molecular targeted therapy with lenvatinib.

Other than the pre-treatment serum ALB–BIL grade, a high on-treatment serum ALB–
BIL grade was shown in a study conducted by Wang et al. [101] to independently predict
worse OS in HCC patients receiving molecular targeted therapy with sorafenib followed by
regorafenib. Furthermore, studies conducted by Amisaki et al. [102], Cho et al. [103], and
Lin et al. [104] confirmed that a high post-treatment serum ALB–BIL grade was an inde-
pendent factor which predicted worse OS and RFS in HCC patients undergoing curative
surgical resection. Another study conducted by Lee et al. [105] verified an independent as-
sociation between a high post-treatment serum ALB–BIL grade and worse post-progression
survival (PPS) in HCC patients who received molecular targeted therapy with sorafenib
and developed progressive disease (PD).
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Moreover, studies conducted by Li et al. [106] and Ye et al. [107] revealed that an
increased or high post-treatment serum ALB–BIL grade change was independently cor-
related with worse OS and RFS in HCC patients undergoing curative surgical resection.
A study conducted by Lin et al. [108] identified increased post-treatment serum ALB–BIL
grade change as an independent predictor for worse OS and greater recurrence in HCC
patients treated with TACE. Another study conducted by Unome et al. [109] showed that
a high post-treatment serum ALB–BIL grade change was a factor that was independently
associated with worse OS in HCC patients receiving molecular targeted therapy with
atezolizumab and bevacizumab.

Collectively, these studies suggest that a high pre-treatment, on-treatment, or post-
treatment serum ALB–BIL grade is a significant independent prognostic biomarker for
poor outcomes in HCC patients after treatment with various therapies.

7. Prognostic Significance of Serum Platelet (PLT)-ALB–BIL Grade in HCC Patients

On the basis of serum ALB–BIL grade, the pre-treatment serum PLT–ALB–BIL grade
has been developed as another serum ALB-based biomarker and has been validated with
prognostic value in HCC patients in multiple lines of studies (Table 6). PLT plays a critical
role in not only hemostasis, thrombosis, and wound healing, but also inflammatory re-
sponse and immune regulation [110]. Studies conducted by Luo et al. [111], Lu et al. [112],
Wu et al. [113], and Pang et al. [114] showed that a high pre-treatment serum PLT–ALB–BIL
grade independently predicted worse OS and RFS in HCC patients undergoing curative
surgical resection. A study conducted by Ho et al. [115] revealed that a high pre-treatment
serum PLT–ALB–BIL grade was independently correlated with worse OS in HCC pa-
tients treated with hypofractionated radiation therapy (HFRT). A study conducted by
Carling et al. [116] ascertained that a high pre-treatment serum PLT–ALB–BIL grade was
independently associated with worse OS in HCC patients treated with drug-eluting em-
bolic TACE (DEE-TACE). Another study conducted by Lee et al. [117] demonstrated an
independent association between a high pre-treatment serum PLT–ALB–BIL grade and
worse OS in HCC patients receiving curative surgical resection, RFA, TACE, or supportive
care. Furthermore, studies conducted by Ni et al. [118] and Hu et al. [119] identified a high
pre-treatment serum PLT–ALB–BIL grade as an independent predictor for worse OS in
HCC patients receiving TACE combined with PMWA or molecular targeted therapy with
sorafenib. In addition to the pre-treatment serum PLT–ALB–BIL grade, a non-increased
post-treatment serum PLT–ALB–BIL grade change was shown in a study conducted by
Wang et al. [120] to be an independent factor which predicted worse OS and RFS in HCC
patients treated with curative surgical resection.

Table 6. Prognostic significance of serum PLT–ALB–BIL grade in HCC patients.

Biomarkers Patients Prognostic Significance Year References

Pre-treatment
PLT–ALB–BIL grade a

785 HBV-infected patients with HCC treated with
curative surgical resection.

High PLT–ALB–BIL grade predicted worse OS
and RFS (grade 2/3 vs. 1). 2018 Luo et al. [111]

2038 patients with HCC treated with curative
surgical resection.

High PLT–ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2019 Lu et al. [112]

134 HBV-infected patients with HCC treated with
curative surgical resection.

High PLT–ALB–BIL grade predicted worse OS
and RFS (grade 2/3 vs. 1). 2019 Wu et al. [113]

465 HBV-infected patients with HCC treated with
curative surgical resection.

High PLT–ALB–BIL grade predicted worse OS
and RFS (grade 2/3 vs. 1). 2020 Pang et al. [114]

174 patients with HCC treated with HFRT. High PLT–ALB–BIL grade predicted worse OS
(grade 3 vs. 1). 2018 Ho et al. [115]

49 patients with HCC treated with DEE-TACE. High PLT–ALB–BIL grade predicted worse OS
(grade 2 vs. 1). 2019 Carling et al. [116]

6507 patients with HCC treated with curative surgical
resection, RFA, TACE, or supportive care.

High PLT–ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2019 Lee et al. [117]

349 patients with HCC treated with TACE combined
with PMWA.

High PLT–ALB–BIL grade predicted worse OS
(grade 2/3 vs. 1). 2019 Ni et al. [118]

418 patients with HCC treated with TACE combined
with molecular targeted therapy with sorafenib.

High PLT–ALB–BIL grade predicted worse OS
(grade 3 vs. 1). 2021 Hu et al. [119]
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Table 6. Cont.

Biomarkers Patients Prognostic Significance Year References

Post-treatment
PLT–ALB–BIL grade

change b

489 patients with HCC treated with curative surgical
resection (342 as training cohort

and 147 as validation cohort)

Non-increased PLT–ALB–BIL grade change
predicted worse OS and RFS (≤0 vs. >0). 2021 Wang et al. [120]

a PLT–ALB–BIL grade was calculated by the formula 2.02 × log10 serum BIL level (µmol/L) − 0.37 × [log10 serum
BIL level (µmol/L)]2 − 0.04 × serum ALB level (g/L) − 3.48 × log10 serum PLT count (109/L) + 1.01 × [log10
serum PLT count (109/L)]2 and stratified as grade 1 (≤−2.53), grade 2 (>−2.53 to ≤−2.09), or grade 3 (>−2.09).
b Post-treatment PLT–ALB–BIL grade change was calculated by subtracting pre-treatment PLT–ALB–BIL
grade from post-treatment, 1st-month PLT–ALB–BIL grade. Abbreviations: PLT—platelet; ALB—albumin;
BIL—bilirubin; HCC—hepatocellular carcinoma; HFRT—hypofractionated radiation therapy; OS—overall
survival; HBV—hepatitis B virus; RFS—recurrence-free survival; DEE-TACE—drug-eluting embolic
transarterial chemoembolization; RFA—radiofrequency ablation; TACE—transarterial chemoembolization;
PMWA—percutaneous microwave ablation; vs.—versus.

Taken together, these studies suggest that a high pre-treatment or post-treatment
serum PLT–ALB–BIL grade is a significant independent biomarker for prediction of poor
outcomes in HCC patients after treatment with various therapies.

8. Prognostic Significance of Other Serum ALB-Based Mono-Biomarkers in
HCC Patients

The prognostic value of various other pre-treatment serum ALB-based mono-biomarkers
in HCC patients has been validated in multiple lines of studies (Table 7). Studies con-
ducted by Xu et al. [121] and Mai et al. [122] showed that a high pre-treatment serum
fibrinogen (FIB)/ALB ratio was an independent predictor for worse OS and DFS in HCC
patients undergoing curative surgical resection. Studies conducted by Shen et al. [123] and
Liu et al. [124] revealed that a low pre-treatment serum ALB/gamma-glutamyltransferase
(GGT) ratio was independently correlated with worse OS and RFS in HCC patients receiv-
ing curative surgical resection or RFA. Consistent with the findings of the aforementioned
studies, studies conducted by Liu et al. [125] and Zhang et al. [126] verified an independent
association between a high pre-treatment serum GGT/ALB ratio and worse OS and DFS in
HCC patients treated with curative surgical resection. Furthermore, studies conducted by
Gan et al. [127], Haruki et al. [128], Li et al. [129], Meira Junior et al. [130], Shen et al. [131],
and Iida et al. [132] demonstrated that a high pre-treatment serum lactic dehydrogenase
(LDH)/ALB ratio, serum prothrombin time–international normalized ratio (PT-INR)/ALB
ratio, serum PLT/ALB ratio, serum PLT–ALB grade, serum neutrophil to lymphocyte ratio
(NLR)/ALB ratio, and a low pre-treatment serum CRP-ALB-lymphocyte (LYM) index inde-
pendently predicted worse OS, DFS, and RFS in HCC patients treated with curative surgical
resection. Another study conducted by Peng et al. [133] revealed that a high pre-treatment
serum aspartate aminotransferase (AST)/ALB ratio was a factor that was independently
correlated with worse OS and RFS in HCC patients undergoing curative surgical resection.

Table 7. Prognostic significance of other serum ALB-based mono-biomarkers in HCC patients.

Biomarkers Patients Prognostic Significance Year References

Pre-treatment
FIB/ALB ratio a

151 patients with HCC treated with curative
surgical resection.

High FIB/ALB ratio predicted worse OS and
greater recurrence (>0.062 vs. ≤0.062). 2018 Xu et al. [121]

1502 patients with HCC treated with
curative surgical resection.

High FIB/ALB ratio predicted worse OS and
DFS (>0.089 vs. ≤0.089). 2022 Mai et al. [122]

Pre-treatment
ALB/GGT ratio b

480 patients with HCC treated with curative
surgical resection.

Low ALB/GGT ratio predicted worse OS and
RFS (≤0.5 vs. >0.5). 2019 Shen et al. [123]

394 patients with HCC treated with RFA. Low ALB/GGT ratio predicted worse OS and
RFS (≤0.63 vs. >0.63). 2021 Liu et al. [124]

Pre-treatment
GGT/ALB ratio c

206 patients with HCC treated with curative
surgical resection.

High GGT/ALB ratio predicted worse OS
(>0.946 vs. ≤0.946). 2020 Liu et al. [125]

Cirrhotic patients with HCC treated with
curative surgical resection.

High GGT/ALB ratio predicted worse OS and
DFS (≥1.1733 vs. <1.1733). 2022 Zhang et al. [126]
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Table 7. Cont.

Biomarkers Patients Prognostic Significance Year References

Pre-treatment
LDH/ALB ratio d

1041 patients with HCC treated with
curative surgical resection (768 as training

cohort and 273 as validation cohort).

High LDH/ALB ratio predicted worse OS and
RFS (≥5.5 vs. <5.5). 2018 Gan et al. [127]

Pre-treatment
PT-INR/ALB ratio e

199 patients with HCC treated with curative
surgical resection.

High PT-INR/ALB ratio predicted worse OS
and DFS (≥0.288 vs. <0.288). 2018 Haruki et al. [128]

Pre-treatment
PLT/ALB ratio f

628 patients with HCC treated with curative
surgical resection.

High PLT/ALB ratio predicted worse OS and
RFS (>4.8 vs. ≤4.8). 2019 Li et al. [129]

Pre-treatment
PLT–ALB grade g

182 patients with HCC treated with curative
surgical resection.

High PLT–ALB grade predicted worse OS (grade
2/3 vs. 1). 2022 Meira Junior et al. [130]

Pre-treatment
NLR/ALB ratio h

169 patients with HCC treated with curative
surgical resection.

High NLR/ALB ratio predicted worse OS
(>0.056 vs. ≤0.056). 2021 Shen et al. [131]

Pre-treatment
CRP-ALB-LYM index i

651 patients with HCC treated with curative
surgical resection (384 as training cohort

and 267 as validation cohort).

Low CRP-ALB-LYM index predicted worse OS
and RFS (<5 vs. ≥5). 2022 Iida et al. [132]

Pre-treatment
AST/ALB ratio j

1874 patients with HCC treated with
curative surgical resection (991 as training

cohort and 883 as validation cohort).

High AST/ALB ratio predicted worse OS and
RFS (>1.6 vs. <0.7). 2022 Peng et al. [133]

a FIB/ALB ratio was calculated by dividing serum FIB level (mg/dL) by serum ALB level (mg/dL). b ALB/GGT
ratio was calculated by dividing serum ALB level (g/L) by serum GGT level (U/L). c GGT/ALB ratio was
calculated by dividing serum GGT level (U/L) by serum ALB level (g/L). d LDH/ALB ratio was calculated by
dividing serum PLT count (U/L) by serum ALB level (g/L). e PT-INR/ALB ratio was calculated by dividing
PT-INR by serum ALB level (g/dL). f PLT/ALB ratio was calculated by dividing serum PLT count (109/L) by
serum ALB level (g/L). g PLT–ALB score was calculated by the formula −0.777 × serum ALB level (g/dL)
−0.575 × log10 serum PLT count (1010/L) and stratified as grade 1 (≤−3.77), grade 2 (>−3.77 to ≤−3.04), or
grade 3 (>−3.04). h NLR was calculated by dividing serum NEU count (109/L) by serum LYM count (109/L), and
NLR/ALB ratio was calculated by dividing NLR by serum ALB level (g/L). i CRP-ALB-LYM index was calcu-
lated by the formula [serum ALB level (g/dL) × serum LYM count (109/L)]/[serum CRP level (mg/dL) × 104].
j AST/ALB ratio was calculated by dividing serum AST level (U/L) by serum ALB level (g/L). Abbrevia-
tions: ALB—albumin; HCC—hepatocellular carcinoma; FIB—fibrinogen; OS—overall survival; DFS—disease-
free survival; GGT—gamma-glutamyltransferase; RFA—radiofrequency ablation; RFS—recurrence-free sur-
vival; LDH—lactic dehydrogenase; PT-INR—prothrombin time–international normalized ratio; PLT—platelet;
NLR—neutrophil to lymphocyte ratio; CRP—C-reactive protein; LYM—lymphocyte; NEU—neutrophil;
AST—aspartate aminotransferase; vs.—versus.

Overall, these studies support that serum ALB-based mono-biomarkers have a valu-
able and independent prognostic value for poor outcomes in HCC patients after treatment
with various therapies.

9. Prognostic Significance of Serum ALB-Based Combination Biomarkers in
HCC Patients

Multiple lines of studies have validated the prognostic value of combinations of vari-
ous pre-treatment serum ALB-based biomarkers and other biomarkers in HCC patients
(Table 8). A study conducted by Li et al. [134] showed that a high score of pre-treatment
serum ALB–BIL grade combined with a pre-treatment serum PLT/LYM ratio independently
predicted worse OS and RFS in HCC patients undergoing curative surgical resection. Stud-
ies conducted by Liao et al. [135] and Zhang et al. [136] revealed that a high score or grade
of a pre-treatment serum ALB–BIL combined with pre-treatment fibrosis-4 (FIB-4) score
was independently correlated with worse OS and RFS in HCC patients undergoing curative
surgical resection. Another study conducted by Luo et al. [137] verified that a high score of
pre-treatment serum ALB–BIL grade combined with pre-treatment serum AST/PLT ratio
was independently associated with worse OS and RFS in HCC patients receiving curative
surgical resection. Additionally, a study conducted by Zhang et al. [138] revealed that
a high pre-treatment serum ALB–BIL grade combined with pre-treatment serum GGT level
was an independent factor which predicted worse OS and DFS in HCC patients receiving
curative surgical resection. Studies conducted by Pan et al. [139] and Liang et al. [140]
showed that a high score or grade of the pre-treatment serum ALB–BIL combined with
pre-treatment prognostic nutritional index (PNI) independently predicted worse OS and
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DFS in HCC patients treated with curative surgical resection or RFA. Studies conducted
by Yang et al. [141] and Ha et al. [142] ascertained that a high grade or score of the pre-
treatment serum ALB–BIL combined withpre-treatment systemic immune-inflammation
index (SII) was independently correlated with worse OS, RFS, and cancer-specific sur-
vival (CSS) in HCC patients treated with RFA, PMWA, or TACE. A study conducted by
Qin et al. [143] identified a high pre-treatment serum ALB–BIL grade combined with pre-
treatment clinically significant portal hypertension (CSPH) as an independent predictor for
worse OS and RFS in HCC patients undergoing curative surgical resection.

Table 8. Prognostic significance of serum ALB-based combination biomarkers in HCC patients.

Biomarkers Patients Prognostic Significance Year References

Pre-treatment ALB–BIL grade
combined with pre-treatment

PLT/LYM ratio a

475 patients with HCC treated with curative
surgical resection.

High score of ALB–BIL grade combined
with PLT/LYM ratio (score 1 or 2)

independently predicted worse OS and RFS
than low score (score 0).

2018 Li et al. [134]

Pre-treatment ALB–BIL grade
combined with pre-treatment

FIB-4 score

350 patients with HCC treated with curative
surgical resection.

High grade of ALB–BIL grade combined
with FIB-4 score (grade 2, 3, or 4)

independently predicted worse RFS than
low grade (grade 1) b

2018 Liao et al. [135]

544 patients with HCC treated with curative
surgical resection.

High score of ALB–BIL grade combined
with FIB-4 score (score 2 or 3)

independently predicted worse OS and RFS
than low score (score 1) c.

2019 Zhang et al. [136]

Pre-treatment ALB–BIL grade
combined with pre-treatment

AST/PLT ratio d

239 patients with HCC treated with curative
surgical resection.

High score of ALB–BIL grade combined
with AST/PLT ratio (score 2 or 3)

independently predicted worse OS and RFS
than low score (score 1).

2019 Luo et al. [137]

Pre-treatment ALB–BIL grade
combined with pre-treatment

GGT level e

520 patients with HCC treated with curative
surgical resection.

High grade of ALB–BIL grade combined
with GGT level (grade 2 or 3)

independently predicted worse OS and DFS
than low grade (grade 1).

2019 Zhang et al. [138]

Pre-treatment ALB–BIL grade
combined with

pre-treatment PNI

110 patients with HCC treated with RFA.

High score of ALB–BIL grade combined
with PNI (score 1, 2, or 3) independently

predicted worse OS than low grade
(score 0) f.

2020 Pan et al. [139]

868 HBV-infected patients with HCC
treated with curative surgical resection.

High grade of ALB–BIL grade combined
with PNI (grade 4) independently predicted

worse OS and DFS than low grade
(grade 1) g.

2021 Liang et al. [140]

Pre-treatment ALB–BIL grade
combined with

pre-treatment SII

405 patients with HCC treated with RFA
or PMWA.

High grade of ALB–BIL grade combined
with SII (grade 2 or 3) independently

predicted worse OS, RFS, and CSS than low
grade (grade 1) h.

2020 Yang et al. [141]

295 patients with HCC treated with TACE.
High score of ALB–BIL grade combined

with SII (score 2) independently predicted
worse OS than low score (score 0 or 1) i.

2023 Ha et al. [142]

Pre-treatment ALB–BIL grade
combined with

pre-treatment CSPH j

1679 HBV-infected patients with HCC
treated with curative surgical resection.

High grade of ALB–BIL grade combined
with CSPH (grade 2 or 3) independently

predicted worse OS and RFS than low
grade (grade 1).

2021 Qin et al. [143]

Pre-treatment modified
ALB–BIL grade combined

with pre-treatment
AFP level k

480 patients with HCC treated with curative
surgical resection.

High score of modified ALB–BIL grade
combined with AFP level (score 1 or 2)

independently predicted worse OS and RFS
than low grade (score 0).

2022 Kaibori et al. [144]

426 patients with HCC treated with
molecular targeted therapy with

atezolizumab and bevacizumab (255 as
training cohort and 171
as validation cohort).

High score of modified ALB–BIL grade
combined with AFP level (score 1 or 2)

independently predicted worse OS and PFS
than low grade (score 0).

2022 Hatanaka et al. [145]

Pre-treatment ALB–BIL grade
combined with

post-treatment AFP
level change l

75 patients with HCC treated with
molecular targeted therapy with

atezolizumab and bevacizumab (38 as
training cohort and 37 as validation cohort).

High score of ALB–BIL grade combined
with AFP level change (score 2)

independently predicted worse OS and PFS
than low grade (score 0 or 1).

2022 Campani et al. [146]
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Table 8. Cont.

Biomarkers Patients Prognostic Significance Year References

Pre-treatment CRP/ALB ratio
combined with

pre-treatment NLR m

172 patients with HCC treated with TACE
followed by RFA.

High grade of CRP/ALB ratio combined
with NLR (grade 3) independently
predicted worse OS than low grade

(grade 1 or 2).

2019 Shen et al. [147]

Pre-treatment ALB/FIB ratio
combined with pre-treatment

GGT/PLT ratio n

616 patients with HCC treated with curative
surgical resection.

High grade of ALB/FIB ratio combined
with GGT/PLT ratio (grade 2 or 3)

independently predicted worse OS and RFS
than low grade (grade 1).

2020 Zhang et al. [148]

Pre-treatment ALB level
combined with pre-treatment
HBV pre-S2 gene mutation o

75 HBV-infected patients with HCC treated
with curative surgical resection.

High grade of ALB level combined with
HBV pre-S2 gene mutation (grade 4)

independently predicted worse RFS than
low grade (grade 1).

2021 Jeng et al. [149]

a ALB–BIL grade 1 (≤−2.60), 2 (>−2.60 to ≤−1.39), or 3 (>−1.39) was allocated a score of 0, 1, or 2, respectively.
PLT/LYM ratio was calculated by dividing serum PLT count (109/L) by serum LYM count (109/L) and stratified as
score 0 (<150) or score 1 (≥150). The score of ALB–BIL grade combined with PLT/LYM ratio was the summation
of ALB–BIL and PLT/LYM scores. b ALB–BIL grade was categorized as low (≤−2.60) or high (>−2.60) grade.
FIB-4 score was calculated by the formula [age × serum AST level (U/L)]/serum PLT count (109/L) × [serum
ALT level (U/L)]1/2 and categorized as low (≤3.25) or high (>3.25) score. The combination of ALB–BIL grade and
FIB-4 score was categorized as grade 1 (low ALB–BIL grade and low FIB-4 score), grade 2 (high ALB–BIL grade
but low FIB-4 score), grade 3 (low ALB–BIL grade but high FIB-4 score), or grade 4 (high ALB–BIL grade and
high FIB-4 score). c ALB–BIL grade was categorized as grade 1 (≤−2.60), grade 2 (>−2.60 to ≤−1.39), or grade 3
(>−1.39). FIB-4 score was categorized as score 0 (≤3.25) or score 1 (>3.25). The score of ALB–BIL grade combined
with FIB-4 score was the summation of ALB–BIL grade and FIB-4 score. d ALB–BIL grade was categorized as
grade 1 (≤−2.60), grade 2 (>−2.60 to ≤−1.39), or grade 3 (>−1.39). AST/PLT ratio was calculated by the formula
[serum AST level (U/L)/ULN]/serum PLT count (109/L) × 100 and categorized as score 0 (<0.5) or score 1 (≥0.5).
The score of ALB–BIL grade combined with AST/PLT ratio was the summation of ALB–BIL grade and AST/PLT
score. e ALB–BIL grade was categorized as low (≤−2.60) or high (>−2.60) grade. GGT level was categorized as
low (≤50 U/L) or high (>50 U/L) level. The combination of ALB–BIL grade and GGT level was categorized as
grade 1 (low ALB–BIL grade and low GGT level), grade 2 (high ALB–BIL grade or high GGT level), or grade 3
(high ALB–BIL grade and high GGT level). f ALB–BIL grade 1 (≤−2.60), 2 (>−2.60 to ≤−1.39), or 3 (>−1.39) was
allocated a score of 0, 1, or 2, respectively. PNI was calculated by the formula serum ALB level (g/L) + 5 × serum
LYM count (109/L) and categorized as score 0 (≥47.2) or 1 (<47.2). The score of ALB–BIL grade combined with
PNI was the summation of ALB–BIL and PNI scores. g ALB–BIL grade was categorized as low (≤−2.80) or high
(>−2.80) grade. PNI was categorized as low (≤46) or high (>46) score. The combination of ALB–BIL grade and
PNI was categorized as grade 1 (low ALB–BIL grade but high PNI score), grade 2 (low ALB–BIL grade and low
PNI score), grade 3 (high ALB–BIL grade and high PNI score), or grade 4 (high ALB–BIL grade but low PNI
score). h ALB–BIL grade was categorized as low (≤−2.60) or high (>−2.60) grade. SII was calculated by the
formula serum NEU count (109/L) × serum PLT count (109/L) / serum LYM count (109/L) and categorized
as low (≤330 × 109) or high (>330 × 109) score. The combination of ALB–BIL grade and SII was categorized
as grade 1 (low ALB–BIL grade and low SII score), grade 2 (high ALB–BIL grade or high SII score), or grade 3
(high ALB–BIL grade and high SII score). i ALB–BIL grade was categorized as low (≤−2.60) or high (>−2.60)
grade. SII was categorized as low (≤152.8) or high (>152.8) score. The combination of ALB–BIL grade and SII was
categorized as score 0 (low ALB–BIL grade and low SII score), score 1 (high ALB–BIL grade or high SII score), or
score 2 (high ALB–BIL grade and high SII score). j ALB–BIL grade was categorized as grade 1 (≤−2.60), grade 2
(>−2.60 to ≤−1.39), or grade 3 (>−1.39). CSPH was defined by the presence of esophagogastric varices and/or
a serum PLT count < 100 × 109/l in association with splenomegaly and categorized as score 0 or 1 for the absence
or presence of CSPH, respectively. The score of ALB–BIL grade combined with CSPH was the summation of
ALB–BIL grade and CSPH score. k Modified ALB–BIL grade was categorized as grade 1 (≤−2.60), grade 2a
(>−2.60 to ≤−2.27), grade 2b (>−2.27 to ≤−1.39), or grade 3 (>−1.39). Serum AFP level was categorized as
low (<100 ng/mL) or high (≥100 ng/mL) level. The combination of modified ALB–BIL grade and serum AFP
level was categorized as score 0 (modified ALB–BIL grade 1/2a and low serum AFP ratio), score 1 (modified
ALB–BIL grade 2b/3 or high serum AFP ratio), or score 2 (modified ALB–BIL grade 2b/3 and high serum AFP
ratio). l ALB–BIL grade was categorized as grade 1 (≤−2.60), grade 2 (>−2.60 to ≤−1.39), or grade 3 (>−1.39).
Post-treatment AFP level change was calculated by subtracting pre-treatment AFP level from post-treatment
3rd-week AFP level and categorized as decreased (≥20%) or non-decreased (<20%). The combination of ALB–BIL
grade and AFP level change was categorized as score 0 (ALB–BIL grade 1 and decreased AFP level change), score
1 (ALB–BIL grade 2 or non-decreased AFP level change), or score 2 (ALB–BIL grade 2 and non-decreased AFP
level change). m CRP/ALB ratio was categorized as low (≤0.275) or high (>0.275) ratio. NLR was categorized
as low (≤2.205) or high (>2.205) ratio. The combination of CRP/ALB ratio and NLR was categorized as grade
1 (low CRP/ALB ratio and low NLR ratio), grade 2 (high CRP/ALB ratio or high NLR ratio), or grade 3 (high
CRP/ALB ratio and high NLR ratio). n ALB/FIB ratio was calculated by dividing serum ALB level (mg/dL)
by serum FIB level (mg/dL) and stratified as low (<9.6) or high (≥9.6) ratio. GGT/PLT ratio was calculated by
dividing serum GGT level (U/L) by serum PLT count (109/L) and categorized as low (<0.24) or high (≥0.24)
ratio. The combination of ALB/FIB ratio and GGT/PLT ratio was categorized as grade 1 (high ALB/FIB ratio
but low GGT/PLT ratio), grade 2 (high ALB/FIB ratio and high GGT/PLT ratio or low ALB/FIB ratio and low
GGT/PLT ratio), or grade 3 (low ALB/FIB ratio but high GGT/PLT ratio). o Serum ALB level was categorized as
low (≤3.8 g/dL) or high (>3.8 g/dL) level. HBV pre-S2 gene mutation was defined by the presence of deletion
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mutations spanning the pre-S2 gene segment of viral DNA in serum. The combination of ALB level com-

bined with HBV pre-S2 gene mutation was categorized as grade 1 (high ALB level but absence of mutation),

grade 2 (low ALB level and absence of mutation), grade 3 (high ALB level and presence of mutation), or grade

4 (low ALB level but presence of mutation). Abbreviations: ALB—albumin; HCC—hepatocellular carcinoma;

BIL—bilirubin; PLT—platelet; LYM—lymphocyte; FIB-4—fibrosis-4; AST—aspartate aminotransferase;

CRP—C-reactive protein; NLR—neutrophil to lymphocyte ratio; TACE—transarterial chemoembolization;

RFA—radiofrequency ablation; GGT—gamma-glutamyltransferase; DFS—disease-free survival; PNI—prognostic

nutritional index; SII—systemic immune-inflammation index; PMWA—percutaneous microwave ablation;

CSS—cancer-specific survival; FIB—fibrinogen; NEU—neutrophil; HBV—hepatitis B virus; CSPH—clinically

significant portal hypertension; ALT—alanine aminotransferase; ULN—upper limit of normal; AFP—alpha-

fetoprotein; PFS—progression-free survival; vs.—versus.

Moreover, a study conducted by Kaibori et al. [144] revealed that a high score of the
pre-treatment serum modified ALB–BIL grade combined with pre-treatment serum AFP
level was a factor that was independently correlated with worse OS and RFS in HCC pa-
tients treated with curative surgical resection. A study conducted by Hatanaka et al. [145]
ascertained that a high score of the pre-treatment serum modified ALB–BIL grade com-
bined with pre-treatment serum AFP level independently predicted worse OS and PFS in
HCC patients receiving molecular targeted therapy with atezolizumab and bevacizumab.
Another study conducted by Campani et al. [146] showed that a high score of the pre-
treatment serum ALB–BIL grade combined with post-treatment serum AFP level change
was independently correlated with worse OS and PFS in HCC patients receiving molecular
targeted therapy with atezolizumab and bevacizumab.

Furthermore, a study conducted by Shen et al. [147] confirmed an independent asso-
ciation between a high grade of the pre-treatment serum CRP/ALB ratio combined with
pre-treatment serum NLR and worse OS in HCC patients treated with TACE followed
by RFA. A study conducted by Zhang et al. [148] demonstrated that a high grade of the
pre-treatment serum ALB/FIB ratio combined with pre-treatment serum GGT/PLT ratio
was independently associated with worse OS and RFS in HCC patients receiving curative
surgical resection. Another study conducted by Jeng et al. [149] verified that a high grade of
the pre-treatment serum ALB level combined with a pre-treatment hepatitis B virus (HBV)
pre-S2 gene deletion mutation as an independent predictor for worse RFS in HCC patients
undergoing curative surgical resection.

Altogether, these studies indicate that serum ALB-based combination biomarkers hold
a significant and independent prognostic value for poor outcomes in HCC patients after
treatment with various therapies.

10. Conclusions

This review provides a comprehensive summary of the up-to-date published literature
that validates the independent prognostic significance of pre-treatment, on-treatment, or
post-treatment serum ALB level and various ALB-based mono- and combination biomark-
ers in predicting the prognosis of HCC patients undergoing different surgical, locoregional,
and systemic treatments. Considering that different HCC patient groups may have dis-
tinct clinicopathological backgrounds and treatment modalities, it is quite important to
choose the type of ALB-based biomarker which exhibits the most optimal prognostic per-
formance for individual HCC patients in order to achieve the best prediction of patient
outcomes after therapy. Moreover, since ALB has been commonly applied in clinical set-
tings as a powerful biomaterial and therapeutic agent for the treatment of a broad range
of human diseases [16–19], identification of HCC patients with poor prognosis by ALB-
based biomarkers may hold great promise in selecting the patients suitable for receiving
ALB-based therapeutic strategies.

In addition, the molecular structure of ALB has been shown to undergo extensive dam-
age under conditions of chronic-liver-disease-related liver failure such as decompensated
cirrhosis due to systemic inflammation and oxidative stress, leading to a decline in the
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functional capacity of ALB [150,151]. Furthermore, many post-translational modifications
of ALB, including phosphorylation, glycation, methylation, carbonylation, and acetylation,
have been identified and display different potential impacts on ALB functions [152,153].
These structural and post-translational alterations of ALB may possibly explain the com-
plexity of the use of serum ALB level in medical applications and may hold a great promise
to discover novel prognostic value of serum ALB in HCC patients.

Author Contributions: Conceptualization, L.-B.J., W.-L.C. and C.-F.T.; funding acquisition, L.-B.J.,
W.-L.C. and C.-F.T.; visualization, L.-B.J., W.-L.C. and C.-F.T.; writing—original draft, C.-F.T.;
writing—review and editing, C.-F.T. All authors have read and agreed to the published version
of the manuscript.

Funding: This work was supported by grants from the China Medical University, Taichung, Taiwan
(grant number CMU111-ASIA-08).

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

HCC—hepatocellular carcinoma; ALB—albumin; OS—overall survival; DFS—disease-free sur-
vival; RFS—recurrence-free survival; EBRT—external beam radiation therapy; PEI—percutaneous
ethanol injection; RFA—radiofrequency ablation; PMWA—percutaneous microwave ablation;
TAE—transarterial embolization; TACE—transarterial chemoembolization; FFS—failure-free survival;
ALP—alkaline phosphatase; CRP—C-reactive protein; TFS—tumor-free survival; hsCRP—high-
sensitivity C-reactive protein; GLB—globulin; BIL—bilirubin; SBRT—stereotactic body radiation
therapy; SABR—stereotactic ablative radiation therapy; TARE—transarterial radioembolization;
CRA—cryoablation; HFRT—hypofractionated radiation therapy; PFS—progression-free survival;
PBT—proton beam therapy; PPS—post-progression survival; PD—progressive disease; PLT—platelet;
DEE-TACE—drug-eluting embolic transarterial chemoembolization; FIB—fibrinogen; GGT—gamma-
glutamyltransferase; LDH—lactic dehydrogenase; PT-INR—prothrombin time–international normalized
ratio; NLR—neutrophil to lymphocyte ratio; LYM—lymphocyte; FIB-4—fibrosis-4; AST—aspartate
aminotransferase; PNI—prognostic nutritional index; SII—systemic immune-inflammation index;
CSS—cancer-specific survival; CSPH—clinically significant portal hypertension; HBV—hepatitis
B virus.

References
1. Llovet, J.M.; Zucman-Rossi, J.; Pikarsky, E.; Sangro, B.; Schwartz, M.; Sherman, M.; Gores, G. Hepatocellular carcinoma. Nat. Rev.

Dis. Primers. 2016, 2, 16018. [CrossRef] [PubMed]
2. Cheng, K.-C.; Lin, W.-Y.; Liu, C.-S.; Lin, C.-C.; Lai, H.-C.; Lai, S.-W. Association of different types of liver disease with demographic

and clinical factors. Biomed. Pharmacother. 2016, 6, 16. [CrossRef]
3. Kulik, L.; El-Serag, H.B. Epidemiology and Management of Hepatocellular Carcinoma. Gastroenterology 2019, 156, 477–491.e1.

[CrossRef]
4. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
5. Zhou, L.; Wang, S.-B.; Chen, S.-G.; Qu, Q.; Rui, J.-A. Risk factors of recurrence and poor survival in curatively resected

hepatocellular carcinoma with microvascular invasion. Adv. Clin. Exp. Med. 2020, 29, 887–892. [CrossRef] [PubMed]
6. Tampaki, M.; Papatheodoridis, G.V.; Cholongitas, E. Intrahepatic recurrence of hepatocellular carcinoma after resection: An

update. Clin. J. Gastroenterol. 2021, 14, 699–713. [CrossRef]
7. Huang, A.; Yang, X.R.; Chung, W.Y.; Dennison, A.R.; Zhou, J. Targeted therapy for hepatocellular carcinoma. Signal Transduct.

Target Ther. 2020, 5, 146. [CrossRef] [PubMed]
8. Makary, M.S.; Ramsell, S.; Miller, E.; Beal, E.W.; Dowell, J.D. Hepatocellular carcinoma locoregional therapies: Outcomes and

future horizons. World J. Gastroenterol. 2021, 27, 7462–7479. [CrossRef]
9. Hou, Z.; Liu, J.; Jin, Z.; Qiu, G.; Xie, Q.; Mi, S.; Huang, J. Use of chemotherapy to treat hepatocellular carcinoma. Biosci. Trends

2022, 16, 31–45. [CrossRef] [PubMed]
10. Spinella, R.; Sawhney, R.; Jalan, R. Albumin in chronic liver disease: Structure, functions and therapeutic implications. Hepatol. Int.

2015, 10, 124–132. [CrossRef]
11. Belinskaia, D.A.; Voronina, P.A.; Shmurak, V.I.; Jenkins, R.O.; Goncharov, N.V. Serum Albumin in Health and Disease: Esterase,

Antioxidant, Transporting and Signaling Properties. Int. J. Mol. Sci. 2021, 22, 10318. [CrossRef]

http://doi.org/10.1038/nrdp.2016.18
http://www.ncbi.nlm.nih.gov/pubmed/27158749
http://doi.org/10.7603/s40681-016-0016-2
http://doi.org/10.1053/j.gastro.2018.08.065
http://doi.org/10.3322/caac.21660
http://doi.org/10.17219/acem/76750
http://www.ncbi.nlm.nih.gov/pubmed/32750753
http://doi.org/10.1007/s12328-021-01394-7
http://doi.org/10.1038/s41392-020-00264-x
http://www.ncbi.nlm.nih.gov/pubmed/32782275
http://doi.org/10.3748/wjg.v27.i43.7462
http://doi.org/10.5582/bst.2022.01044
http://www.ncbi.nlm.nih.gov/pubmed/35173139
http://doi.org/10.1007/s12072-015-9665-6
http://doi.org/10.3390/ijms221910318


Cancers 2023, 15, 1005 17 of 23

12. Gupta, D.; Lis, C.G. Pretreatment serum albumin as a predictor of cancer survival: A systematic review of the epidemiological
literature. Nutr. J. 2010, 9, 69. [CrossRef] [PubMed]

13. Koga, M.; Kasayama, S. Clinical impact of glycated albumin as another glycemic control marker. Endocr. J. 2010, 57, 751–762.
[CrossRef] [PubMed]

14. Sbarouni, E.; Georgiadou, P.; Voudris, V. Ischemia modified albumin changes—Review and clinical implications. Clin. Chem.
Lab. Med. 2011, 49, 177–184. [CrossRef] [PubMed]

15. Freitas, P.A.C.; Ehlert, L.R.; Camargo, J.L. Glycated albumin: A potential biomarker in diabetes. Arch. Endocrinol. Metab. 2017, 61,
296–304. [CrossRef]

16. Erstad, B.L.; Gales, B.J.; Rappaport, W.D. The use of albumin in clinical practice. Arch. Intern. Med. 1991, 151, 901–911. [CrossRef]
17. Hastings, G.E.; Wolf, P.G. The therapeutic use of albumin. Arch. Fam. Med. 1992, 1, 281–287. [CrossRef]
18. Haynes, G.R.; Navickis, R.J.; Wilkes, M.M. Albumin administration–what is the evidence of clinical benefit? A systematic review

of randomized controlled trials. Eur. J. Anaesthesiol. 2003, 20, 771–793. [CrossRef]
19. Liberati, A.; Moja, L.; Moschetti, I.; Gensini, G.F.; Gusinu, R. Human albumin solution for resuscitation and volume expansion in

critically ill patients. Intern. Emerg. Med. 2006, 1, 243–245. [CrossRef]
20. Chen, J.-Y.; Chau, G.-Y.; Lui, W.-Y.; Tsay, S.-H.; King, K.-L.; Wu, C.-W. Clinicopathologic Features and Factors Related to Survival

of Patients with Small Hepatocellular Carcinoma after Hepatic Resection. World J. Surg. 2003, 27, 294–298. [CrossRef]
21. Chen, M.-F.; Tsai, H.-P.; Jeng, L.-B.; Lee, W.-C.; Yeh, C.-N.; Yu, M.-C.; Hung, C.-M. Prognostic Factors after Resection for

Hepatocellular Carcinoma in Noncirrhotic Livers: Univariate and Multivariate Analysis. World J. Surg. 2003, 27, 443–447.
[CrossRef]

22. Wang, L.; Li, Q.; Zhang, J.; Lu, J. A Novel Prognostic Scoring Model Based on Albumin and gamma-Glutamyltransferase for
Hepatocellular Carcinoma Prognosis. Cancer Manag. Res. 2019, 11, 10685–10694. [CrossRef] [PubMed]

23. Zeng, Z.-C.; Fan, J.; Tang, Z.-Y.; Zhou, J.; Wang, J.-H.; Wang, B.-L.; Guo, W. Prognostic factors for patients with hepatocellular
carcinoma with macroscopic portal vein or inferior vena cava tumor thrombi receiving external-beam radiation therapy. Cancer Sci.
2008, 99, 2510–2517. [CrossRef] [PubMed]

24. Castellano, L.; Calandra, M.; Blanco, C.D.V.; de Sio, I. Predictive factors of survival and intrahepatic recurrence of hepatocellular
carcinoma in cirrhosis after percutaneous ethanol injection: Analysis of 71 patients. J. Hepatol. 1997, 27, 862–870. [CrossRef]
[PubMed]

25. Kuriyama, H.; Okada, S.; Okusaka, T.; Ueno, H.; Ikeda, M. Prognostic factors in patients with small hepatocellular carcinoma
treated by percutaneous ethanol injection. J. Gastroenterol. Hepatol. 2002, 17, 1205–1210. [CrossRef]

26. Xu, H.-X.; Lu, M.-D.; Xie, X.-Y.; Yin, X.-Y.; Kuang, M.; Chen, J.-W.; Xu, Z.-F.; Liu, G.-J. Prognostic factors for long-term outcome
after percutaneous thermal ablation for hepatocellular carcinoma: A survival analysis of 137 consecutive patients. Clin. Radiol.
2005, 60, 1018–1025. [CrossRef]

27. Toshikuni, N.; Takuma, Y.; Goto, T.; Yamamoto, H. Prognostic factors in hepatitis C patients with a single small hepatocellular
carcinoma after radiofrequency ablation. Hepatogastroenterology 2012, 59, 2361–2366. [CrossRef]

28. Ikeda, M.; Okada, S.; Yamamoto, S.; Sato, T.; Ueno, H.; Okusaka, T.; Kuriyama, H.; Takayasu, K.; Furukawa, H.; Iwata, R.
Prognostic factors in patients with hepatocellular carcinoma treated by transcatheter arterial embolization. Jpn. J. Clin. Oncol.
2002, 32, 455–460. [CrossRef]

29. O’Suilleabhain, C.B.; Poon, R.T.P.; Yong, J.L.; Ooi, G.C.; Tso, W.K.; Fan, S.T. Factors predictive of 5-year survival after transarterial
chemoembolization for inoperable hepatocellular carcinoma. Br. J. Surg. 2003, 90, 325–331. [CrossRef]

30. Lerose, R.; Molinari, R.; Rocchi, E.; Manenti, F.; Villa, E. Prognostic features and survival of hepatocellular carcinoma in Italy:
Impact of stage of disease. Eur. J. Cancer 2001, 37, 239–245. [CrossRef]

31. Baek, K.K.; Kim, J.-H.; Uhm, J.E.; Park, S.H.; Lee, J.; Park, J.O.; Park, Y.S.; Kang, W.K.; Lim, H.Y. Prognostic Factors in Patients with
Advanced Hepatocellular Carcinoma Treated with Sorafenib: A Retrospective Comparison with Previously Known Prognostic
Models. Oncology 2011, 80, 167–174. [CrossRef]

32. Zaher, D.M.; El-Gamal, M.I.; Omar, H.A.; Aljareh, S.N.; Al-Shamma, S.A.; Ali, A.J.; Zaib, S.; Iqbal, J. Recent advances with alkaline
phosphatase isoenzymes and their inhibitors. Arch. Pharm. 2020, 353, e2000011. [CrossRef]

33. Chan, A.W.H.; Chan, S.L.; Mo, F.K.F.; Wong, G.L.H.; Wong, V.W.S.; Cheung, Y.-S.; Chan, H.L.Y.; Yeo, W.; Lai, P.B.S.; To, K.-F.
Albumin-to-Alkaline Phosphatase Ratio: A Novel Prognostic Index for Hepatocellular Carcinoma. Dis. Markers 2015, 2015,
564057. [CrossRef] [PubMed]

34. Li, Q.; Lyu, Z.; Wang, L.; Li, F.; Yang, Z.; Ren, W. Albumin-to-Alkaline Phosphatase Ratio Associates with Good Prognosis of
Hepatitis B Virus-Positive HCC Patients. OncoTargets Ther. 2020, 13, 2377–2384. [CrossRef]

35. Zhang, F.; Lu, S.; Tian, M.; Hu, K.; Chen, R.; Zhang, B.; Ren, Z.; Shi, Y.; Yin, X. Albumin-to-Alkaline Phosphatase Ratio is an
Independent Prognostic Indicator in Combined Hepatocellular and Cholangiocarcinoma. J. Cancer 2020, 11, 5177–5186. [CrossRef]

36. Li, H.; Wang, L.; Chen, L.; Zhao, H.; Cai, J.; Yao, J.; Zheng, J.; Yang, Y.; Wang, G. Prognostic Value of Albumin-to-Alkaline
Phosphatase Ratio in Hepatocellular Carcinoma Patients Treated with Liver Transplantation. J. Cancer 2020, 11, 2171–2180.
[CrossRef]

37. Zhang, F.; Lu, S.-X.; Hu, K.-S.; Gan, Y.-H.; Chen, Y.; Ge, N.-L.; Yang, B.-W.; Zhang, L.; Chen, R.-X.; Ren, Z.-G.; et al. Albumin-to-
alkaline phosphatase ratio as a predictor of tumor recurrence and prognosis in patients with early-stage hepatocellular carcinoma
undergoing radiofrequency ablation as initial therapy. Int. J. Hyperth. 2021, 38, 1–10. [CrossRef] [PubMed]

http://doi.org/10.1186/1475-2891-9-69
http://www.ncbi.nlm.nih.gov/pubmed/21176210
http://doi.org/10.1507/endocrj.K10E-138
http://www.ncbi.nlm.nih.gov/pubmed/20724796
http://doi.org/10.1515/CCLM.2011.037
http://www.ncbi.nlm.nih.gov/pubmed/21083441
http://doi.org/10.1590/2359-3997000000272
http://doi.org/10.1001/archinte.1991.00400050051011
http://doi.org/10.1001/archfami.1.2.281
http://doi.org/10.1097/00003643-200310000-00003
http://doi.org/10.1007/BF02934748
http://doi.org/10.1007/s00268-002-6539-6
http://doi.org/10.1007/s00268-002-6708-7
http://doi.org/10.2147/CMAR.S232073
http://www.ncbi.nlm.nih.gov/pubmed/31920379
http://doi.org/10.1111/j.1349-7006.2008.00981.x
http://www.ncbi.nlm.nih.gov/pubmed/19032365
http://doi.org/10.1016/S0168-8278(97)80324-8
http://www.ncbi.nlm.nih.gov/pubmed/9382974
http://doi.org/10.1046/j.1440-1746.2002.02807.x
http://doi.org/10.1016/j.crad.2005.04.009
http://doi.org/10.5754/hge12394
http://doi.org/10.1093/jjco/hyf097
http://doi.org/10.1002/bjs.4045
http://doi.org/10.1016/S0959-8049(00)00354-3
http://doi.org/10.1159/000327591
http://doi.org/10.1002/ardp.202000011
http://doi.org/10.1155/2015/564057
http://www.ncbi.nlm.nih.gov/pubmed/25737613
http://doi.org/10.2147/OTT.S242034
http://doi.org/10.7150/jca.45633
http://doi.org/10.7150/jca.39615
http://doi.org/10.1080/02656736.2020.1850885
http://www.ncbi.nlm.nih.gov/pubmed/33400889


Cancers 2023, 15, 1005 18 of 23

38. Chen, Z.-H.; Zhang, X.-P.; Cai, X.-R.; Xie, S.-D.; Liu, M.-M.; Lin, J.-X.; Ma, X.-K.; Chen, J.; Lin, Q.; Dong, M.; et al. The
Predictive Value of Albumin-to-Alkaline Phosphatase Ratio for Overall Survival of Hepatocellular Carcinoma Patients Treated
with Trans-Catheter Arterial Chemoembolization Therapy. J. Cancer 2018, 9, 3467–3478. [CrossRef] [PubMed]

39. Cai, X.; Chen, Z.; Chen, J.; Ma, X.; Bai, M.; Wang, T.; Chen, X.; Wu, D.; Wei, L.; Li, X.; et al. Albumin-to-Alkaline Phosphatase Ratio
as an Independent Prognostic Factor for Overall Survival of Advanced Hepatocellular Carcinoma Patients without Receiving
Standard Anti-Cancer Therapies. J. Cancer 2018, 9, 189–197. [CrossRef]

40. Hart, P.C.; Rajab, I.M.; Alebraheem, M.; Potempa, L.A. C-Reactive Protein and Cancer—Diagnostic and Therapeutic Insights.
Front. Immunol. 2020, 11, 595835. [CrossRef] [PubMed]

41. Shimizu, T.; Ishizuka, M.; Suzuki, T.; Tanaka, G.; Shiraki, T.; Sakuraoka, Y.; Matsumoto, T.; Kato, M.; Aoki, T.; Kubota, K. The Value
of the C-Reactive Protein-to-Albumin Ratio is Useful for Predicting Survival of Patients with Child–Pugh Class A Undergoing
Liver Resection for Hepatocellular Carcinoma. World J. Surg. 2017, 42, 2218–2226. [CrossRef] [PubMed]

42. Ren, Y.; Fan, X.; Chen, G.; Zhou, D.; Lin, H.; Cai, X. Preoperative C-reactive protein/albumin ratio to predict mortality and
recurrence of patients with hepatocellular carcinoma after curative resection. Med. Clin. 2019, 153, 183–190. [CrossRef] [PubMed]

43. Kinoshita, A.; Onoda, H.; Imai, N.; Iwaku, A.; Oishi, M.; Tanaka, K.; Fushiya, N.; Koike, K.; Nishino, H.; Matsushima, M.
The C-Reactive Protein/Albumin Ratio, a Novel Inflammation-Based Prognostic Score, Predicts Outcomes in Patients with
Hepatocellular Carcinoma. Ann. Surg. Oncol. 2014, 22, 803–810. [CrossRef]

44. Chen, J.; Fang, A.; Chen, M.; Tuoheti, Y.; Zhou, Z.; Xu, L.; Chen, J.; Pan, Y.; Wang, J.; Zhu, H.; et al. A novel inflammation-based
nomogram system to predict survival of patients with hepatocellular carcinoma. Cancer Med. 2018, 7, 5027–5035. [CrossRef]

45. Li, J.; Yang, S.; Li, Y.; Li, C.; Xia, Y.; Zhu, S.; Xia, J. The C-Reactive Protein to Albumin Ratio Is an Independent Prognos-
tic Factor in Patients with Hepatocellular Carcinoma Undergoing Transarterial Chemoembolization: A Large Cohort Study.
Cardiovasc. Interv. Radiol. 2022, 45, 1295–1303. [CrossRef] [PubMed]

46. Tada, T.; Kumada, T.; Hiraoka, A.; Hirooka, M.; Kariyama, K.; Tani, J.; Atsukawa, M.; Takaguchi, K.; Itobayashi, E.;
Fukunishi, S.; et al. C-reactive protein to albumin ratio predicts survival in patients with unresectable hepatocellular carcinoma
treated with lenvatinib. Sci. Rep. 2022, 12, 1–10. [CrossRef]

47. Wu, M.-T.; He, S.-Y.; Chen, S.-L.; Li, L.-F.; He, Z.-Q.; Zhu, Y.-Y.; He, X.; Chen, H. Clinical and prognostic implications of
pretreatment albumin to C-reactive protein ratio in patients with hepatocellular carcinoma. BMC Cancer 2019, 19, 538. [CrossRef]
[PubMed]

48. Oh, T.K.; Choi, Y.-R.; Cho, J.Y.; Yoon, Y.-S.; Han, H.-S.; Park, I.S.; Ryu, J.-H. The High-Sensitivity C-Reactive Protein/Albumin
Ratio Predicts Long-Term Oncologic Outcomes after Curative Resection for Hepatocellular Carcinoma. J. Clin. Med. 2018, 7, 139.
[CrossRef] [PubMed]

49. Chi, J.; Xie, Q.; Jia, J.; Liu, X.; Sun, J.; Chen, J.; Yi, L. Prognostic Value of Albumin/Globulin Ratio in Survival and Lymph Node
Metastasis in Patients with Cancer: A Systematic Review and Meta-analysis. J. Cancer 2018, 9, 2341–2348. [CrossRef]

50. Deng, Y.; Pang, Q.; Miao, R.-C.; Chen, W.; Zhou, Y.-Y.; Bi, J.-B.; Liu, S.-S.; Zhang, J.-Y.; Qu, K.; Liu, C. Prognostic significance of
pretreatment albumin/globulin ratio in patients with hepatocellular carcinoma. OncoTargets Ther. 2016, 9, 5317–5328. [CrossRef]

51. Zhang, C.-C.; Xing, H.; Wang, Y.; Liang, L.; Diao, Y.-K.; Chen, T.-H.; Lau, W.Y.; Bie, P.; Chen, Z.-Y.; Yang, T. Preoperative Inversed
Albumin-to-Globulin Ratio Predicts Worse Oncologic Prognosis Following Curative Hepatectomy for Hepatocellular Carcinoma.
Cancer Manag. Res. 2020, 12, 9929–9939. [CrossRef]

52. Utsumi, M.; Kitada, K.; Tokunaga, N.; Narusaka, T.; Hamano, R.; Miyasou, H.; Tsunemitsu, Y.; Otsuka, S.; Inagaki, M. Preoperative
Albumin-to-Globulin Ratio Predicts Prognosis in Hepatocellular Carcinoma: A Cohort Study Including Non-Hepatitis Virus-
Infected Patients. Dig. Surg. 2021, 38, 307–315. [CrossRef] [PubMed]

53. Zhang, J.; Liu, X.; Yang, Z.; Chen, Y.; Luo, R. The pretreatment albumin to globulin ratio, a validated biomarker, predicts prognosis
in hepatocellular carcinoma. J. BUON. 2016, 21, 925–934.

54. Shimizu, T.; Ishizuka, M.; Suzuki, T.; Tanaka, G.; Park, K.H.; Matsumoto, T.; Shiraki, T.; Sakuraoka, Y.; Kato, M.; Aoki, T.; et al.
The preoperative globulin-to-albumin ratio, a novel inflammation-based prognostic system, predicts survival after potentially
curative liver resection for patients with hepatocellular carcinoma. J. Surg. Oncol. 2017, 116, 1166–1175. [CrossRef]

55. Sticova, E.; Jirsa, M. New insights in bilirubin metabolism and their clinical implications. World J. Gastroenterol. 2013, 19, 6398–6407.
[CrossRef] [PubMed]

56. Ma, X.-L.; Zhou, J.-Y.; Gao, X.-H.; Tian, L.; Wu, J.; Zhang, C.-Y.; Zhou, Y.; Dai, Q.; Wang, B.-L.; Pan, B.-S.; et al. Application of the
albumin-bilirubin grade for predicting prognosis after curative resection of patients with early-stage hepatocellular carcinoma.
Clin. Chim. Acta 2016, 462, 15–22. [CrossRef] [PubMed]

57. Wang, Y.-Y.; Zhong, J.-H.; Su, Z.-Y.; Huang, J.-F.; Lu, S.-D.; Xiang, B.-D.; Ma, L.; Qi, L.-N.; Ou, B.-N.; Li, L.-Q. Albumin–bilirubin
versus Child–Pugh score as a predictor of outcome after liver resection for hepatocellular carcinoma. Br. J. Surg. 2016, 103, 725–734.
[CrossRef] [PubMed]

58. Li, M.-X.; Zhao, H.; Bi, X.-Y.; Li, Z.-Y.; Huang, Z.; Han, Y.; Zhou, J.-G.; Zhao, J.-J.; Zhang, Y.-F.; Cai, J.-Q. Prognostic value of the
albumin-bilirubin grade in patients with hepatocellular carcinoma: Validation in a Chinese cohort. Hepatol. Res. 2016, 47, 731–741.
[CrossRef]

59. Zhang, Z.-Q.; Xiong, L.; Zhou, J.-J.; Miao, X.-Y.; Li, Q.-L.; Wen, Y.; Zou, H. Ability of the ALBI grade to predict posthepatectomy
liver failure and long-term survival after liver resection for different BCLC stages of HCC. World J. Surg. Oncol. 2018, 16, 208.
[CrossRef]

http://doi.org/10.7150/jca.26120
http://www.ncbi.nlm.nih.gov/pubmed/30310503
http://doi.org/10.7150/jca.21799
http://doi.org/10.3389/fimmu.2020.595835
http://www.ncbi.nlm.nih.gov/pubmed/33324413
http://doi.org/10.1007/s00268-017-4446-0
http://www.ncbi.nlm.nih.gov/pubmed/29288307
http://doi.org/10.1016/j.medcli.2018.11.010
http://www.ncbi.nlm.nih.gov/pubmed/30606506
http://doi.org/10.1245/s10434-014-4048-0
http://doi.org/10.1002/cam4.1787
http://doi.org/10.1007/s00270-022-03208-w
http://www.ncbi.nlm.nih.gov/pubmed/35835873
http://doi.org/10.1038/s41598-022-12058-y
http://doi.org/10.1186/s12885-019-5747-5
http://www.ncbi.nlm.nih.gov/pubmed/31164099
http://doi.org/10.3390/jcm7060139
http://www.ncbi.nlm.nih.gov/pubmed/29880755
http://doi.org/10.7150/jca.24889
http://doi.org/10.2147/OTT.S109736
http://doi.org/10.2147/CMAR.S275307
http://doi.org/10.1159/000518307
http://www.ncbi.nlm.nih.gov/pubmed/34515102
http://doi.org/10.1002/jso.24772
http://doi.org/10.3748/wjg.v19.i38.6398
http://www.ncbi.nlm.nih.gov/pubmed/24151358
http://doi.org/10.1016/j.cca.2016.08.005
http://www.ncbi.nlm.nih.gov/pubmed/27520748
http://doi.org/10.1002/bjs.10095
http://www.ncbi.nlm.nih.gov/pubmed/27005482
http://doi.org/10.1111/hepr.12796
http://doi.org/10.1186/s12957-018-1500-9


Cancers 2023, 15, 1005 19 of 23

60. Ho, S.-Y.; Hsu, C.-Y.; Liu, P.-H.; Hsia, C.-Y.; Su, C.-W.; Huang, Y.-H.; Hou, M.-C.; Huo, T.-I. Albumin-bilirubin (ALBI) grade-based
nomogram to predict tumor recurrence in patients with hepatocellular carcinoma. Eur. J. Surg. Oncol. (EJSO) 2019, 45, 776–781.
[CrossRef]

61. Ruzzenente, A.; De Angelis, M.; Conci, S.; Campagnaro, T.; Isa, G.; Bagante, F.; Ciangherotti, A.; Pedrazzani, C.; Capelli, P.;
Iacono, C.; et al. The albumin-bilirubin score stratifies the outcomes of Child-Pugh class A patients after resection of hepatocellular
carcinoma. Transl. Cancer Res. 2019, 8, S233–S244. [CrossRef]

62. Zhao, S.; Wang, M.; Yang, Z.; Tan, K.; Zheng, D.; Du, X.; Liu, L. Comparison between Child-Pugh score and Albumin-Bilirubin
grade in the prognosis of patients with HCC after liver resection using time-dependent ROC. Ann. Transl. Med. 2020, 8, 539.
[CrossRef]

63. Chen, W.; Zhang, Z.; Fang, X.; Xiong, L.; Wen, Y.; Zhou, J.; Kong, F.; Zou, H. Prognostic value of the ALBI grade among patients
with single hepatocellular carcinoma without macrovascular invasion. Medicine 2021, 100, e26265. [CrossRef]

64. Mao, S.; Yu, X.; Shan, Y.; Fan, R.; Wu, S.; Lu, C. Albumin-Bilirubin (ALBI) and Monocyte to Lymphocyte Ratio (MLR)-Based
Nomogram Model to Predict Tumor Recurrence of AFP-Negative Hepatocellular Carcinoma. J. Hepatocell. Carcinoma 2021, 8,
1355–1365. [CrossRef] [PubMed]

65. Tsai, Y.-C.; Sou, F.-M.; Liu, Y.-W.; Wu, Y.-J.; Yong, C.-C.; Chen, D.-W.; Huang, P.-Y.; Cho, W.-R.; Chuang, C.-H.; Hsiao, C.-C.; et al.
Preoperative ALBI grade predicts the outcomes in non-B non-C HCC patients undergoing primary curative resection.
BMC Gastroenterol. 2021, 21, 386. [CrossRef]

66. Lee, Y.H.; Koh, Y.S.; Hur, Y.H.; Cho, C.K.; Kim, H.J.; Park, E.K. Effectiveness of the albumin-bilirubin score as a prognostic factor
for early recurrence after curative hepatic resection for hepatocellular carcinoma. Ann. Hepato-Biliary-Pancreat. Surg. 2018, 22,
335–343. [CrossRef]

67. Fagenson, A.M.; Gleeson, E.M.; Pitt, H.A.; Lau, K.N. Albumin-Bilirubin Score vs Model for End-Stage Liver Disease in Predicting
Post-Hepatectomy Outcomes. J. Am. Coll. Surg. 2020, 230, 637–645. [CrossRef] [PubMed]

68. Bernardi, N.; Chedid, M.F.; Grezzana-Filho, T.J.M.; Chedid, A.D.; Pinto, M.A.; Leipnitz, I.; Prediger, J.E.; Prediger, C.; Backes, A.N.;
Hammes, T.O.; et al. Pre-transplant ALBI Grade 3 Is Associated with Increased Mortality After Liver Transplantation.
Dig. Dis. Sci. 2019, 64, 1695–1704. [CrossRef]

69. Liao, J.; Liu, J.; Li, C.; Fan, J.; Wang, Z. Albumin-bilirubin grade as a prognostic factor of hepatocellular carcinoma after treatment
with orthotopic liver transplantation. Transl. Cancer Res. 2019, 8, 1457–1465. [CrossRef] [PubMed]

70. Lo, C.-H.; Liu, M.-Y.; Lee, M.-S.; Yang, J.-F.; Jen, Y.-M.; Lin, C.-S.; Chao, H.-L.; Shen, P.-C.; Huang, W.-Y. Comparison Between
Child-Turcotte-Pugh and Albumin-Bilirubin Scores in Assessing the Prognosis of Hepatocellular Carcinoma After Stereotactic
Ablative Radiation Therapy. Int. J. Radiat. Oncol. 2017, 99, 145–152. [CrossRef]

71. Murray, L.J.; Sykes, J.; Brierley, J.; Kim, J.J.; Wong, R.K.; Ringash, J.; Craig, T.; Velec, M.; Lindsay, P.; Knox, J.J.; et al. Baseline
Albumin-Bilirubin (ALBI) Score in Western Patients With Hepatocellular Carcinoma Treated With Stereotactic Body Radiation
Therapy (SBRT). Int. J. Radiat. Oncol. 2018, 101, 900–909. [CrossRef] [PubMed]

72. Kao, W.-Y.; Su, C.-W.; Chiou, Y.-Y.; Chiu, N.-C.; Liu, C.-A.; Fang, K.-C.; Huo, T.-I.; Huang, Y.-H.; Chang, C.-C.; Hou, M.-C.; et al.
Hepatocellular Carcinoma: Nomograms Based on the Albumin-Bilirubin Grade to Assess the Outcomes of Radiofrequency
Ablation. Radiology 2017, 285, 670–680. [CrossRef] [PubMed]

73. An, C.; Li, X.; Yu, X.; Cheng, Z.; Han, Z.; Liu, F.; Yu, J.; Liang, P. Nomogram based on albumin-bilirubin grade to predict outcome
of the patients with hepatitis C virus-related hepatocellular carcinoma after microwave ablation. Cancer Biol. Med. 2019, 16,
797–810. [CrossRef]

74. Chen, P.-C.; Chiu, N.-C.; Su, C.-W.; Huang, Y.-H.; Hou, M.-C.; Lin, H.-C.; Wu, J.-C. Albumin-bilirubin grade may determine the
outcomes of patients with very early stage hepatocellular carcinoma after radiofrequency ablation therapy. J. Chin. Med. Assoc.
2019, 82, 2–10. [CrossRef] [PubMed]

75. Long, H.; Xie, X.; Huang, G.; Huang, T.; Xie, X.; Liu, B. Prognostic Role of Albumin-Bilirubin Grade in Hepatocellular Carcinoma
After Ultrasound-guided Percutaneous Radiofrequency Ablation: A Single-center Experience Over a Decade. Surg. Laparosc.
Endosc. Percutan. Tech. 2022, 32, 350–356. [CrossRef]

76. Hickey, R.; Mouli, S.; Kulik, L.; Desai, K.; Thornburg, B.; Ganger, D.; Baker, T.; Abecassis, M.; Kallini, J.R.; Gabr, A.; et al.
Independent Analysis of Albumin-Bilirubin Grade in a 765-Patient Cohort Treated with Transarterial Locoregional Therapy for
Hepatocellular Carcinoma. J. Vasc. Interv. Radiol. 2016, 27, 795–802. [CrossRef]

77. Gui, B.; Weiner, A.A.; Nosher, J.; Lu, S.-E.; Foltz, G.M.; Hasan, O.; Kim, S.K.; Gendel, V.; Mani, N.B.; Carpizo, D.R.; et al.
Assessment of the Albumin-Bilirubin (ALBI) Grade as a Prognostic Indicator for Hepatocellular Carcinoma Patients Treated With
Radioembolization. Am. J. Clin. Oncol. 2018, 41, 861–866. [CrossRef]

78. Kim, J.H.; Sinn, D.H.; Lee, J.-H.; Hyun, D.; Cho, S.K.; Shin, S.W.; Chang, Y.; Kim, Y.J.; Yoon, J.-H.; Kang, W.; et al. Novel Albumin–
Bilirubin Grade-Based Risk Prediction Model for Patients with Hepatocellular Carcinoma Undergoing Chemoembolization.
Dig. Dis. Sci. 2018, 63, 1062–1071. [CrossRef]

79. Antkowiak, M.; Gabr, A.; Das, A.; Ali, R.; Kulik, L.; Ganger, D.; Moore, C.; Abecassis, M.; Katariya, N.; Mouli, S.; et al.
Prognostic Role of Albumin, Bilirubin, and ALBI Scores: Analysis of 1000 Patients with Hepatocellular Carcinoma Undergoing
Radioembolization. Cancers 2019, 11, 879. [CrossRef]

http://doi.org/10.1016/j.ejso.2018.10.541
http://doi.org/10.21037/tcr.2018.12.10
http://doi.org/10.21037/atm.2020.02.85
http://doi.org/10.1097/MD.0000000000026265
http://doi.org/10.2147/JHC.S339707
http://www.ncbi.nlm.nih.gov/pubmed/34805014
http://doi.org/10.1186/s12876-021-01944-w
http://doi.org/10.14701/ahbps.2018.22.4.335
http://doi.org/10.1016/j.jamcollsurg.2019.12.007
http://www.ncbi.nlm.nih.gov/pubmed/31954813
http://doi.org/10.1007/s10620-019-5456-6
http://doi.org/10.21037/tcr.2019.07.52
http://www.ncbi.nlm.nih.gov/pubmed/35116888
http://doi.org/10.1016/j.ijrobp.2017.04.036
http://doi.org/10.1016/j.ijrobp.2018.04.011
http://www.ncbi.nlm.nih.gov/pubmed/29976502
http://doi.org/10.1148/radiol.2017162382
http://www.ncbi.nlm.nih.gov/pubmed/28562211
http://doi.org/10.20892/j.issn.2095-3941.2018.0486
http://doi.org/10.1097/JCMA.0000000000000001
http://www.ncbi.nlm.nih.gov/pubmed/30839396
http://doi.org/10.1097/SLE.0000000000001049
http://doi.org/10.1016/j.jvir.2016.03.005
http://doi.org/10.1097/COC.0000000000000384
http://doi.org/10.1007/s10620-018-4934-6
http://doi.org/10.3390/cancers11060879


Cancers 2023, 15, 1005 20 of 23

80. Khalid, M.A.; Achakzai, I.K.; Hanif, F.M.; Ahmed, S.; Majid, Z.; Luck, N.H. To determine the prognostic value of the albumin–
bilirubin grade (ALBI) in patients underwent transarterial chemoembolization for unresectable hepatocellular carcinoma.
Gastroenterol. Hepatol. bed bench 2019, 12, 110–115.

81. Lee, I.-C.; Hung, Y.-W.; Liu, C.-A.; Lee, R.-C.; Su, C.-W.; Huo, T.-I.; Li, C.-P.; Chao, Y.; Lin, H.-C.; Hou, M.-C.; et al. A new
ALBI-based model to predict survival after transarterial chemoembolization for BCLC stage B hepatocellular carcinoma. Liver Int.
2019, 39, 1704–1712. [CrossRef] [PubMed]

82. Zhong, B.-Y.; Ni, C.-F.; Ji, J.-S.; Yin, G.-W.; Chen, L.; Zhu, H.-D.; Guo, J.-H.; He, S.-C.; Deng, G.; Zhang, Q.; et al. Nomogram and
Artificial Neural Network for Prognostic Performance on the Albumin-Bilirubin Grade for Hepatocellular Carcinoma Undergoing
Transarterial Chemoembolization. J. Vasc. Interv. Radiol. 2019, 30, 330–338. [CrossRef] [PubMed]

83. Ho, S.-Y.; Hsu, C.-Y.; Liu, P.-H.; Lee, R.-C.; Ko, C.-C.; Huang, Y.-H.; Su, C.-W.; Hou, M.-C.; Huo, T.-I. Albumin–Bilirubin (ALBI)
Grade-Based Nomogram for Patients with Hepatocellular Carcinoma Undergoing Transarterial Chemoembolization. Dig. Dis. Sci.
2020, 66, 1730–1738. [CrossRef] [PubMed]

84. Chen, H.-Y.; Kee, K.-M.; Lu, S.-N.; Wang, J.-H.; Chen, C.-H.; Hung, C.-H.; Yen, Y.-H.; Kuo, Y.-H. Incorporating albumin-bilirubin
grade and up-to-seven criteria to predict outcomes of patients with intermediate stage hepatocellular carcinoma after transarterial
(chemo)embolization. J. Formos. Med. Assoc. 2021, 121, 778–786. [CrossRef]

85. Kuo, Y.-H.; Wang, J.-H.; Hung, C.-H.; Rau, K.-M.; Wu, I.-P.; Chen, C.-H.; Kee, K.-M.; Hu, T.-H.; Lu, S.-N. Albumin-Bilirubin grade
predicts prognosis of HCC patients with sorafenib use. J. Gastroenterol. Hepatol. 2017, 32, 1975–1981. [CrossRef] [PubMed]

86. Nguyen, T.T.H.; Nguyen, V.H.; Nguyen, T.L.; Le, V.Q. Role of Baseline Albumin-Bilirubin Grade on Predict Overall Survival
Among Sorafenib-Treated Patients with Hepatocellular Carcinoma in Vietnam. Cancer Control. 2019, 26, 1073274819865269.
[CrossRef] [PubMed]

87. Tada, T.; Kumada, T.; Toyoda, H.; Tsuji, K.; Hiraoka, A.; Michitaka, K.; Deguchi, A.; Ishikawa, T.; Imai, M.; Ochi, H.; et al. Impact
of albumin–bilirubin grade on survival in patients with hepatocellular carcinoma who received sorafenib: An analysis using
time-dependent receiver operating characteristic. J. Gastroenterol. Hepatol. 2019, 34, 1066–1073. [CrossRef]

88. Ho, S.-Y.; Liu, P.-H.; Hsu, C.-Y.; Hsia, C.-Y.; Su, C.-W.; Huang, Y.-H.; Lei, H.-J.; He, Y.-J.; Hou, M.-C.; Huo, T.-I. An
Albumin-Bilirubin (ALBI) Grade–based Prognostic Model for Patients With Hepatocellular Carcinoma Within Milan Criteria.
Am. J. Clin. Oncol. 2019, 42, 698–704. [CrossRef]

89. Ho, S.-Y.; Hsu, C.-Y.; Liu, P.; Hsia, C.-Y.; Lei, H.-J.; Huang, Y.-H.; Ko, C.-C.; Su, C.-W.; Lee, R.-C.; Hou, M.-C.; et al. Albumin-
bilirubin grade-based nomogram of the BCLC system for personalized prognostic prediction in hepatocellular carcinoma.
Liver Int. 2019, 40, 205–214. [CrossRef]

90. Ho, S.-Y.; Liu, P.-H.; Hsu, C.-Y.; Hsia, C.-Y.; Huang, Y.-H.; Su, C.-W.; Lei, H.-J.; Lee, R.-C.; Hou, M.-C.; Huo, T.-I. A New Prognostic
Model Based on Albumin–Bilirubin Grade for Hepatocellular Carcinoma Beyond the Milan Criteria. Dig. Dis. Sci. 2019, 65,
658–667. [CrossRef]

91. Chang, C.-Y.; Wei, C.-Y.; Chen, P.-H.; Hou, M.-C.; Chao, Y.; Chau, G.-Y.; Lee, R.-C.; Huang, Y.-H.; Su, Y.-H.; Wu, J.-C.; et al. The
role of albumin–bilirubin grade in determining the outcomes of patients with very early-stage hepatocellular carcinoma. J. Chin.
Med. Assoc. 2021, 84, 136–143. [CrossRef]

92. Ho, S.-Y.; Liu, P.-H.; Hsu, C.-Y.; Huang, Y.-H.; Liao, J.-I.; Su, C.-W.; Hou, M.-C.; Huo, T.-I. A New Tumor Burden Score and
Albumin–Bilirubin Grade-Based Prognostic Model for Hepatocellular Carcinoma. Cancers 2022, 14, 649. [CrossRef]

93. Ko, C.-C.; Ho, S.-Y.; Liu, P.-H.; Hsu, C.-Y.; Hsia, C.-Y.; Huang, Y.-H.; Su, C.-W.; Lei, H.-J.; Lee, R.-C.; Hou, M.-C.; et al. Dual
hepatitis B and C-associated hepatocellular carcinoma: Clinical characteristics, outcome, and prognostic role of albumin–bilirubin
grade. Int. J. Clin. Oncol. 2022, 27, 739–748. [CrossRef] [PubMed]

94. Kim, T.H.; Kim, B.H.; Park, J.-W.; Cho, Y.R.; Koh, Y.-H.; Chun, J.W.; Oh, E.S.; Lee, D.Y.; Lee, S.U.; Suh, Y.-G.; et al. Proton Beam
Therapy for Treatment-Naïve Hepatocellular Carcinoma and Prognostic Significance of Albumin-Bilirubin (ALBI) Grade. Cancers
2022, 14, 4445. [CrossRef] [PubMed]

95. Huang, Z.; Zuo, M.; Ni, J.-Y.; Gu, Y.; Zhang, T.-Q.; Jiang, Y.; Zhuo, S.; An, C.; Huang, J. Assessment in the Survival Outcome After
Transarterial Chemoembolization Combined with Cryoablation for Hepatocellular Carcinoma (Diameter > 4 cm) Based on the
Albumin-Bilirubin Grade and Platelet-Albumin-Bilirubin grade: A Preliminary Study. Cancer Manag. Res. 2020, 12, 1373–1385.
[CrossRef]

96. Wang, Z.; Fan, Q.; Wang, M.; Wang, E.; Li, H.; Liu, L. Comparison between Child-Pugh Score and albumin-bilirubin grade in
patients treated with the combination therapy of transarterial chemoembolization and sorafenib for hepatocellular carcinoma.
Ann. Transl. Med. 2020, 8, 537. [CrossRef]

97. Zhong, B.-Y.; Yan, Z.-P.; Sun, J.-H.; Zhang, L.; Hou, Z.-H.; Yang, M.-J.; Zhou, G.-H.; Wang, W.-S.; Li, Z.; Huang, P.; et al. Prognostic
Performance of Albumin–Bilirubin Grade with Artificial Intelligence for Hepatocellular Carcinoma Treated With Transarterial
Chemoembolization Combined With Sorafenib. Front. Oncol. 2020, 10, 525461. [CrossRef] [PubMed]

98. Dong, D.; Zhu, X.; Wang, H.; Li, L.; Wan, M.; Li, S.; Zhang, Y.; Geng, J.; Li, Y.; Wang, W. Prognostic significance of albumin–
bilirubin score in patients with unresectable hepatocellular carcinoma undergoing combined immunotherapy and radiotherapy.
J. Med. Imaging Radiat. Oncol. 2022, 66, 662–670. [CrossRef] [PubMed]

99. Ho, S.; Liu, P.; Hsu, C.; Ko, C.; Huang, Y.; Su, C.; Hsia, C.; Tsai, P.; Chou, S.; Lee, R.; et al. Easy albumin–bilirubin score as a new
prognostic predictor in hepatocellular carcinoma. Hepatol. Res. 2021, 51, 1129–1138. [CrossRef]

http://doi.org/10.1111/liv.14194
http://www.ncbi.nlm.nih.gov/pubmed/31319016
http://doi.org/10.1016/j.jvir.2018.08.026
http://www.ncbi.nlm.nih.gov/pubmed/30819473
http://doi.org/10.1007/s10620-020-06384-2
http://www.ncbi.nlm.nih.gov/pubmed/32548811
http://doi.org/10.1016/j.jfma.2021.07.003
http://doi.org/10.1111/jgh.13783
http://www.ncbi.nlm.nih.gov/pubmed/28295594
http://doi.org/10.1177/1073274819865269
http://www.ncbi.nlm.nih.gov/pubmed/31364390
http://doi.org/10.1111/jgh.14564
http://doi.org/10.1097/COC.0000000000000581
http://doi.org/10.1111/liv.14249
http://doi.org/10.1007/s10620-019-05813-1
http://doi.org/10.1097/JCMA.0000000000000482
http://doi.org/10.3390/cancers14030649
http://doi.org/10.1007/s10147-022-02117-9
http://www.ncbi.nlm.nih.gov/pubmed/35119581
http://doi.org/10.3390/cancers14184445
http://www.ncbi.nlm.nih.gov/pubmed/36139604
http://doi.org/10.2147/CMAR.S234116
http://doi.org/10.21037/atm.2020.02.114
http://doi.org/10.3389/fonc.2020.525461
http://www.ncbi.nlm.nih.gov/pubmed/33392064
http://doi.org/10.1111/1754-9485.13398
http://www.ncbi.nlm.nih.gov/pubmed/35243796
http://doi.org/10.1111/hepr.13671


Cancers 2023, 15, 1005 21 of 23

100. Tada, T.; Kumada, T.; Hiraoka, A.; Atsukawa, M.; Hirooka, M.; Tsuji, K.; Ishikawa, T.; Takaguchi, K.; Kariyama, K.;
Itobayashi, E.; et al. Impact of modified albumin–bilirubin grade on survival in patients with HCC who received lenvatinib.
Sci. Rep. 2021, 11, 14474. [CrossRef]

101. Wang, H.-W.; Chuang, P.-H.; Su, W.-P.; Kao, J.-T.; Hsu, W.-F.; Lin, C.-C.; Huang, G.-T.; Lin, J.-T.; Lai, H.-C.; Peng, C.-Y. On-
Treatment Albumin-Bilirubin Grade: Predictor of Response and Outcome of Sorafenib-Regorafenib Sequential Therapy in Patients
with Unresectable Hepatocellular Carcinoma. Cancers 2021, 13, 3758. [CrossRef]

102. Amisaki, M.; Uchinaka, E.; Morimoto, M.; Tokuyasu, N.; Sakamoto, T.; Honjo, S.; Saito, H.; Fujiwara, Y. Post-operative albumin-
bilirubin grade predicts long-term outcomes among Child–Pugh grade A patients with hepatocellular carcinoma after curative
resection. Hepatobiliary Pancreat. Dis. Int. 2018, 17, 502–509. [CrossRef] [PubMed]

103. Cho, W.-R.; Hung, C.-H.; Chen, C.-H.; Lin, C.-C.; Wang, C.-C.; Liu, Y.-W.; Wu, Y.-J.; Yong, C.-C.; Chen, K.-D.; Tsai, Y.-C.; et al.
Ability of the post-operative ALBI grade to predict the outcomes of hepatocellular carcinoma after curative surgery. Sci. Rep.
2020, 10, 7290. [CrossRef]

104. Lin, C.-Y.; Lin, C.-C.; Wang, C.-C.; Chen, C.-L.; Hu, T.-H.; Hung, C.-H.; Huang, P.-Y.; Tsai, M.-C. The ALBI Grade is a Good Predic-
tive Model for Very Late Recurrence in Patients with Hepatocellular Carcinoma Undergoing Primary Resection. World J. Surg.
2019, 44, 247–257. [CrossRef]

105. Lee, P.-C.; Chen, Y.-T.; Chao, Y.; Huo, T.-I.; Li, C.-P.; Su, C.-W.; Lee, M.-H.; Hou, M.-C.; Lee, F.-Y.; Lin, H.-C.; et al. Validation of the
albumin-bilirubin grade-based integrated model as a predictor for sorafenib-failed hepatocellular carcinoma. Liver Int. 2017, 38,
321–330. [CrossRef]

106. Li, C.; Zhang, X.-Y.; Peng, W.; Wen, T.-F.; Yan, L.-N.; Li, B.; Yang, J.-Y.; Wang, W.-T.; Xu, M.-Q. Postoperative Albumin–Bilirubin
Grade Change Predicts the Prognosis of Patients with Hepatitis B-Related Hepatocellular Carcinoma Within the Milan Criteria.
World J. Surg. 2017, 42, 1841–1847. [CrossRef]

107. Ye, L.; Liang, R.; Zhang, J.; Chen, C.; Chen, X.; Zhang, Y.; Wang, G.; Yang, Y.; Chen, G. Postoperative albumin-bilirubin grade and
albumin-bilirubin change predict the outcomes of hepatocellular carcinoma after hepatectomy. Ann. Transl. Med. 2019, 7, 367.
[CrossRef]

108. Lin, P.-T.; Teng, W.; Jeng, W.-J.; Chen, W.-T.; Hsieh, Y.-C.; Huang, C.-H.; Lui, K.-W.; Hung, C.-F.; Wang, C.-T.; Chai, P.-M.; et al.
Dynamic Change of Albumin-Bilirubin Score Is Good Predictive Parameter for Prognosis in Chronic Hepatitis C-hepatocellular
Carcinoma Patients Receiving Transarterial Chemoembolization. Diagnostics 2022, 12, 665. [CrossRef] [PubMed]

109. Unome, S.; Imai, K.; Takai, K.; Miwa, T.; Hanai, T.; Nishigaki, Y.; Hayashi, H.; Kochi, T.; Shimizu, S.; Nagano, J.; et al. Changes in
ALBI Score and PIVKA-II within Three Months after Commencing Atezolizumab Plus Bevacizumab Treatment Affect Overall
Survival in Patients with Unresectable Hepatocellular Carcinoma. Cancers 2022, 14, 6089. [CrossRef]

110. Holinstat, M. Normal platelet function. Cancer Metastasis Rev. 2017, 36, 195–198. [CrossRef] [PubMed]
111. Luo, H.M.; Zhao, S.Z.; Li, C.; Chen, L.P. Preoperative platelet-albumin-bilirubin grades predict the prognosis of patients with

hepatitis B virus-related hepatocellular carcinoma after liver resection: A retrospective study. Medicine 2018, 97, e0226. [CrossRef]
112. Lu, L.-H.; Zhang, Y.-F.; Mu-Yan, C.; Kan, A.; Zhong, X.-P.; Mei, J.; Ling, Y.-H.; Li, S.-H.; Shi, M.; Wei, W.; et al. Platelet-albumin-

bilirubin grade: Risk stratification of liver failure, prognosis after resection for hepatocellular carcinoma. Dig. Liver Dis. 2019, 51,
1430–1437. [CrossRef]

113. Wu, B.; Hu, X.; Jin, H.; Zhou, L.; Zhang, D.; Man, Z.; Wang, Y.; Yang, S.; Pang, Q.; Liu, H.; et al. Albumin-bilirubin and
platelet-albumin-bilirubin grades for hepatitis B-associated hepatocellular carcinoma in Child-Pugh A patients treated with
radical surgery: A retrospective observational study. Medicine 2019, 98, e17394. [CrossRef]

114. Pang, Q.; Liu, S.; Wang, L.; Pan, H.; Wang, C.; Zhou, L.; Lu, Y.; Liu, H. The Significance of Platelet–Albumin–Bilirubin (PALBI)
Grade in Hepatocellular Carcinoma Patients Stratified According to Platelet Count. Cancer Manag. Res. 2020, 12, 12811–12822.
[CrossRef]

115. Ho, C.H.; Chiang, C.-L.; Lee, F.A.; Choi, H.C.; Chan, J.C.; Yeung, C.S.; Huang, J.; Chan, M.K.; Blanck, O.; Wong, F.C. Comparison
of platelet-albumin-bilirubin (PALBI), albumin-bilirubin (ALBI), and child-pugh (CP) score for predicting of survival in advanced
hcc patients receiving radiotherapy (RT). Oncotarget 2018, 9, 28818–28829. [CrossRef] [PubMed]

116. Carling, U.; Røsok, B.; Line, P.-D.; Dorenberg, E.J. ALBI and P-ALBI grade in Child-Pugh A patients treated with drug eluting
embolic chemoembolization for hepatocellular carcinoma. Acta Radiol. 2018, 60, 702–709. [CrossRef] [PubMed]

117. Lee, S.K.; Song, M.J.; Kim, S.H.; Park, M. Comparing various scoring system for predicting overall survival according to treatment
modalities in hepatocellular carcinoma focused on Platelet-albumin-bilirubin (PALBI) and albumin-bilirubin (ALBI) grade: A
nationwide cohort study. PLoS ONE 2019, 14, e0216173. [CrossRef]

118. Ni, J.-Y.; Fang, Z.-T.; An, C.; Sun, H.-L.; Huang, Z.-M.; Zhang, T.-Q.; Jiang, X.-Y.; Chen, Y.-T.; Xu, L.-F.; Huang, J.-H. Comparison of
albumin-bilirubin grade, platelet-albumin-bilirubin grade and Child-Turcotte-Pugh class for prediction of survival in patients
with large hepatocellular carcinoma after transarterial chemoembolization combined with microwave ablation. Int. J. Hyperth.
2019, 36, 840–852. [CrossRef] [PubMed]

119. Hu, K.; Yuan, J.; Tang, B.; Zhang, F.; Lu, S.; Chen, R.; Zhang, L.; Ren, Z.; Yin, X. Albumin-bilirubin index and platelet-albumin-
bilirubin index contribute to identifying survival benefit candidates in patients with hepatocellular carcinoma and Child-Pugh
grade A undergoing transcatheter arterial chemoembolization with sorafenib treatment. Ann. Transl. Med. 2021, 9, 237. [CrossRef]
[PubMed]

http://doi.org/10.1038/s41598-021-93794-5
http://doi.org/10.3390/cancers13153758
http://doi.org/10.1016/j.hbpd.2018.07.011
http://www.ncbi.nlm.nih.gov/pubmed/30077606
http://doi.org/10.1038/s41598-020-64354-0
http://doi.org/10.1007/s00268-019-05197-3
http://doi.org/10.1111/liv.13527
http://doi.org/10.1007/s00268-017-4355-2
http://doi.org/10.21037/atm.2019.06.01
http://doi.org/10.3390/diagnostics12030665
http://www.ncbi.nlm.nih.gov/pubmed/35328217
http://doi.org/10.3390/cancers14246089
http://doi.org/10.1007/s10555-017-9677-x
http://www.ncbi.nlm.nih.gov/pubmed/28667366
http://doi.org/10.1097/MD.0000000000010226
http://doi.org/10.1016/j.dld.2019.04.006
http://doi.org/10.1097/MD.0000000000017394
http://doi.org/10.2147/CMAR.S277013
http://doi.org/10.18632/oncotarget.25522
http://www.ncbi.nlm.nih.gov/pubmed/29988960
http://doi.org/10.1177/0284185118799519
http://www.ncbi.nlm.nih.gov/pubmed/30205701
http://doi.org/10.1371/journal.pone.0216173
http://doi.org/10.1080/02656736.2019.1646927
http://www.ncbi.nlm.nih.gov/pubmed/31452408
http://doi.org/10.21037/atm-20-3118
http://www.ncbi.nlm.nih.gov/pubmed/33708864


Cancers 2023, 15, 1005 22 of 23

120. Wang, Z.-X.; Peng, W.; Zhang, X.-Y.; Wen, T.-F.; Li, C. Prognostic significance of postoperative change of PALBI grade for patients
with hepatocellular carcinoma after hepatectomy. Medicine 2021, 100, e24476. [CrossRef] [PubMed]

121. Xu, Q.; Yan, Y.; Gu, S.; Mao, K.; Zhang, J.; Huang, P.; Zhou, Z.; Chen, Z.; Zheng, S.; Liang, J.; et al. A Novel Inflammation-Based
Prognostic Score: The Fibrinogen/Albumin Ratio Predicts Prognoses of Patients after Curative Resection for Hepatocellular
Carcinoma. J. Immunol. Res. 2018, 2018, 4925498. [CrossRef]

122. Mai, R.-Y.; Bai, T.; Luo, X.-L.; Wu, G.-B. Preoperative fibrinogen-to-albumin ratio predicts the prognosis of patients with
hepatocellular carcinoma subjected to hepatectomy. BMC Gastroenterol. 2022, 22, 261. [CrossRef]

123. Shen, J.; Tang, L.; Zhang, X.; Peng, W.; Wen, T.; Li, C.; Yang, J.; Liu, G. A Novel Index in Hepatocellular Carcinoma Patients After
Curative Hepatectomy: Albumin to Gamma-Glutamyltransferase Ratio (AGR). Front. Oncol. 2019, 9, 817. [CrossRef]

124. Liu, W.; Zhang, F.; Quan, B.; Li, M.; Lu, S.; Li, J.; Chen, R.; Yin, X. The Prognostic Value of the Albumin to Gamma-
Glutamyltransferase Ratio in Patients with Hepatocellular Carcinoma Undergoing Radiofrequency Ablation. Dis. Markers
2021, 2021, 3514827. [CrossRef]

125. Liu, K.J.; Lv, Y.X.; Niu, Y.M.; Bu, Y. Prognostic value of gamma-glutamyl transpeptidase to albumin ratio combined with aspartate
aminotransferase to lymphocyte ratio in patients with hepatocellular carcinoma after hepatectomy. Medicine 2020, 99, e23339.
[CrossRef]

126. Zhang, S.; Xu, L.; Xu, M. Gamma-glutamyl transpeptidase to Albumin Ratio holds a prognostic significance in hepatocellular
carcinoma patients with liver cirrhosis after hepatectomy. Asian J. Surg. 2022. [CrossRef]

127. Gan, W.; Zhang, M.X.; Wang, J.X.; Fu, Y.P.; Huang, J.L.; Yi, Y.; Jing, C.Y.; Fan, J.; Zhou, J.; Qiu, S.J. Prognostic impact of lactic
dehydrogenase to albumin ratio in hepatocellular carcinoma patients with Child-Pugh I who underwent curative resection:
A prognostic nomogram study. Cancer Manag. Res. 2018, 10, 5383–5394. [CrossRef]

128. Haruki, K.; Shiba, H.; Saito, N.; Horiuchi, T.; Shirai, Y.; Fujiwara, Y.; Furukawa, K.; Sakamoto, T.; Yanaga, K. Risk stratification
using a novel liver functional reserve score of combination prothrombin time–international normalized ratio to albumin ratio and
albumin in patients with hepatocellular carcinoma. Surgery 2018, 164, 404–410. [CrossRef] [PubMed]

129. Li, C.; Peng, W.; Zhang, X.-Y.; Wen, T.-F.; Chen, L.-P. The preoperative platelet to albumin ratio predicts the prognosis of
hepatocellular carcinoma patients without portal hypertension after liver resection. Medicine 2019, 98, e17920. [CrossRef]
[PubMed]

130. Meira Junior, J.D.; Fonseca, G.M.; Carvalho Neto, F.N.; Jeismann, V.B.; Kruger, J.A.P.; Silva, J.P.M.; Coelho, F.F.; Herman, P.
Platelet-albumin (PAL) score as a predictor of perioperative outcomes and survival in patients with hepatocellular carcinoma
undergoing liver resection in a Western center. Surg Oncol. 2022, 42, 101752. [CrossRef]

131. Shen, X.; Wang, W.; Niu, X. Neutrophil Lymphocyte Ratio to Albumin Ratio and White Blood Cell to Hemoglobin Ratio as
Prognostic Markers for Hepatocellular Carcinoma Patients Who Underwent Curative Hepatectomy. Int. J. Gen. Med. 2021, 14,
5029–5038. [CrossRef] [PubMed]

132. Iida, H.; Tani, M.; Komeda, K.; Nomi, T.; Matsushima, H.; Tanaka, S.; Ueno, M.; Nakai, T.; Maehira, H.; Mori, H.; et al. Superiority
of CRP-albumin-lymphocyte index (CALLY index) as a non-invasive prognostic biomarker after hepatectomy for hepatocellular
carcinoma. Hpb 2021, 24, 101–115. [CrossRef] [PubMed]

133. Peng, W.; Shen, J.; Dai, J.; Leng, S.; Xie, F.; Zhang, Y.; Ran, S.; Sun, X.; Wen, T. Preoperative aspartate aminotransferase to albumin
ratio correlates with tumor characteristics and predicts outcome of hepatocellular carcinoma patients after curative hepatectomy:
A multicenter study. BMC Surg. 2022, 22, 307. [CrossRef] [PubMed]

134. Li, C.; Zhang, X.-Y.; Peng, W.; Wen, T.-F.; Yan, L.-N.; Li, B.; Yang, J.-Y.; Wang, W.-T.; Xu, M.-Q.; Chen, L.-P. Preoperative albumin-
bilirubin grade plus platelet-to-lymphocyte ratio predict the outcomes of patients with BCLC stage A hepatocellular carcinoma
after liver resection. Medicine 2018, 97, e11599. [CrossRef]

135. Liao, R.; Li, D.-W.; Du, C.-Y.; Li, M. Combined Preoperative ALBI and FIB-4 Is Associated with Recurrence of Hepatocellular
Carcinoma After Curative Hepatectomy. J. Gastrointest. Surg. 2018, 22, 1679–1687. [CrossRef]

136. Zhang, J.; Luo, Y.; Li, C.; Liu, J.; Xiang, H.; Wen, T. The combination of the preoperative albumin-bilirubin grade and the fibrosis-4
index predicts the prognosis of patients with hepatocellular carcinoma after liver resection. Biosci. Trends 2019, 13, 351–357.
[CrossRef] [PubMed]

137. Luo, H.; Li, C.; Chen, L. Preoperative albumin-bilirubin grade combined with aspartate aminotransferase-to-platelet count
ratio index predict outcomes of patients with hepatocellular carcinoma within Milan criteria after liver resection. Biosci. Trends
2019, 13, 176–181. [CrossRef]

138. Zhang, C.H.; Ni, X.C.; Chen, B.Y.; Qiu, S.J.; Zhu, Y.M.; Luo, M. Combined preoperative albumin-bilirubin (ALBI) and serum
gamma-glutamyl transpeptidase (GGT) predicts the outcome of hepatocellular carcinoma patients following hepatic resection.
J. Cancer. 2019, 10, 4836–4845. [CrossRef]

139. Pan, J.; Chen, S.; Tian, G.; Jiang, T. Preoperative Albumin–Bilirubin Grade with Prognostic Nutritional Index Predicts the Outcome
of Patients with Early-Stage Hepatocellular Carcinoma After Percutaneous Radiofrequency Ablation. Front. Med. 2020, 7, 584871.
[CrossRef]

140. Liang, X.; Liangliang, X.; Peng, W.; Tao, Y.; Jinfu, Z.; Ming, Z.; Mingqing, X. Combined prognostic nutritional index and
albumin-bilirubin grade to predict the postoperative prognosis of HBV-associated hepatocellular carcinoma patients. Sci. Rep.
2021, 11, 14624. [CrossRef]

http://doi.org/10.1097/MD.0000000000024476
http://www.ncbi.nlm.nih.gov/pubmed/33725934
http://doi.org/10.1155/2018/4925498
http://doi.org/10.1186/s12876-022-02328-4
http://doi.org/10.3389/fonc.2019.00817
http://doi.org/10.1155/2021/3514827
http://doi.org/10.1097/MD.0000000000023339
http://doi.org/10.1016/j.asjsur.2022.08.098
http://doi.org/10.2147/CMAR.S176317
http://doi.org/10.1016/j.surg.2018.02.022
http://www.ncbi.nlm.nih.gov/pubmed/29754978
http://doi.org/10.1097/MD.0000000000017920
http://www.ncbi.nlm.nih.gov/pubmed/31702672
http://doi.org/10.1016/j.suronc.2022.101752
http://doi.org/10.2147/IJGM.S329911
http://www.ncbi.nlm.nih.gov/pubmed/34511986
http://doi.org/10.1016/j.hpb.2021.06.414
http://www.ncbi.nlm.nih.gov/pubmed/34244053
http://doi.org/10.1186/s12893-022-01751-4
http://www.ncbi.nlm.nih.gov/pubmed/35945520
http://doi.org/10.1097/MD.0000000000011599
http://doi.org/10.1007/s11605-018-3810-1
http://doi.org/10.5582/bst.2019.01212
http://www.ncbi.nlm.nih.gov/pubmed/31527331
http://doi.org/10.5582/bst.2019.01088
http://doi.org/10.7150/jca.33877
http://doi.org/10.3389/fmed.2020.584871
http://doi.org/10.1038/s41598-021-94035-5


Cancers 2023, 15, 1005 23 of 23

141. Qian, T.-G.; Yu, J.; Liang, P.; Yang, Q.; Yu, X.-L.; Wang, Y.; Cheng, Z.-G.; Han, Z.-Y.; Liu, F.-Y. Predictive effects of a combined
indicator in patients with hepatocellular carcinoma after thermal ablation. J. Cancer Res. Ther. 2020, 16, 1038–1050. [CrossRef]

142. Ha, F.; Wang, X.; Han, T.; Jia, K.; Wang, S.; Song, D. Value of Preoperative Systemic Immune-Inflammation Index and Albumin-
Bilirubin Grade in Patients with Hepatocellular Carcinoma Undergoing Transarterial Embolization. Turk. J. Gastroenterol. 2023.
[CrossRef]

143. Qin, L.; Li, C.; Xie, F.; Wang, Z.; Wen, T. Combination of albumin-bilirubin grade and clinically significant portal hypertension
predicts the prognosis of patients with hepatocellular carcinoma after liver resection. Biosci. Trends 2021, 15, 41–49. [CrossRef]
[PubMed]

144. Kaibori, M.; Yoshii, K.; Matsui, K.; Matsushima, H.; Kosaka, H.; Yamamoto, H.; Aoi, K.; Yamaguchi, T.; Yoshida, K.;
Hatanaka, T.; et al. Modified Albumin-Bilirubin Grade and Alpha-Fetoprotein Score (mALF Score) for Predicting the Prognosis
of Hepatocellular Carcinoma after Hepatectomy. Cancers 2022, 14, 5292. [CrossRef] [PubMed]

145. Hatanaka, T.; Kakizaki, S.; Hiraoka, A.; Tada, T.; Hirooka, M.; Kariyama, K.; Tani, J.; Atsukawa, M.; Takaguchi, K.;
Itobayashi, E.; et al. Development and validation of a modified albumin-bilirubin grade and alpha-fetoprotein score (mALF
score) for hepatocellular carcinoma patients receiving atezolizumab and bevacizumab. Hepatol. Int.. [CrossRef]

146. Campani, C.; Bamba-Funck, J.; Campion, B.; Sidali, S.; Blaise, L.; Ganne-Carrié, N.; Demory, A.; Sutter, O.; Larrey, E.;
Evain, M.; et al. Baseline ALBI score and early variation of serum AFP predicts outcomes in patients with HCC treated by
atezolizumab–bevacizumab. Liver Int. 2022. [CrossRef] [PubMed]

147. Shen, Y.; Wang, H.; Li, W.; Chen, J. Prognostic significance of the CRP/Alb and neutrophil to lymphocyte ratios in hepatocellular
carcinoma patients undergoing TACE and RFA. J. Clin. Lab. Anal. 2019, 33, e22999. [CrossRef]

148. Zhang, J.; Wang, T.; Xu, L.; Wang, P.; Zhang, M.; Xu, M. Development and validation of a prognostic model based on the
albumin-to-fibrinogen ratio (AFR) and gamma-glutamyl transpeptidase-to-platelet ratio (GPR) in hepatocellular carcinoma
patients. Clin. Chim. Acta 2020, 511, 107–116. [CrossRef]

149. Jeng, L.-B.; Li, T.-C.; Hsu, S.-C.; Chan, W.-L.; Teng, C.-F. Association of Low Serum Albumin Level with Higher Hepatocellular Car-
cinoma Recurrence in Patients with Hepatitis B Virus Pre-S2 Mutant after Curative Surgical Resection. J. Clin. Med. 2021, 10, 4187.
[CrossRef]

150. Jalan, R.; Schnurr, K.; Mookerjee, R.P.; Sen, S.; Cheshire, L.; Hodges, S.; Muravsky, V.; Williams, R.; Matthes, G.; Davies, N.A.
Alterations in the functional capacity of albumin in patients with decompensated cirrhosis is associated with increased mortality.
Hepatology 2009, 50, 555–564. [CrossRef]

151. Oettl, K.; Birner-Gruenberger, R.; Spindelboeck, W.; Stueger, H.P.; Dorn, L.; Stadlbauer, V.; Putz-Bankuti, C.; Krisper, P.;
Graziadei, I.; Vogel, W.; et al. Oxidative albumin damage in chronic liver failure: Relation to albumin binding capacity, liver
dysfunction and survival. J. Hepatol. 2013, 59, 978–983. [CrossRef]

152. Domenicali, M.; Baldassarre, M.; Giannone, F.A.; Naldi, M.; Mastroroberto, M.; Biselli, M.; Laggetta, M.; Patrono, D.; Bertucci, C.;
Bernardi, M.; et al. Posttranscriptional changes of serum albumin: Clinical and prognostic significance in hospitalized patients
with cirrhosis. Hepatology 2014, 60, 1851–1860. [CrossRef]

153. Kannan, S.; Souchelnytskyi, S. Review of post-translational modification of human serum albumin. Curr. Protein Pept. Sci.
2022, 23, 114–120. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.4103/jcrt.JCRT_1080_19
http://doi.org/10.5152/tjg.2023.22296
http://doi.org/10.5582/bst.2021.01064
http://www.ncbi.nlm.nih.gov/pubmed/33627573
http://doi.org/10.3390/cancers14215292
http://www.ncbi.nlm.nih.gov/pubmed/36358711
http://doi.org/10.1007/s12072-022-10406-8
http://doi.org/10.1111/liv.15487
http://www.ncbi.nlm.nih.gov/pubmed/36444741
http://doi.org/10.1002/jcla.22999
http://doi.org/10.1016/j.cca.2020.09.038
http://doi.org/10.3390/jcm10184187
http://doi.org/10.1002/hep.22913
http://doi.org/10.1016/j.jhep.2013.06.013
http://doi.org/10.1002/hep.27322
http://doi.org/10.2174/1389203723666220217150332
http://www.ncbi.nlm.nih.gov/pubmed/35176988

	Introduction 
	Prognostic Significance of Serum ALB Level in HCC Patients 
	Prognostic Significance of Serum ALB/Alkaline Phosphatase (ALP) Ratio in HCC Patients 
	Prognostic Significance of Serum C-Reactive Protein (CRP)/ALB Ratio in HCC Patients 
	Prognostic Significance of Serum ALB/Globulin (GLB) Ratio in HCC Patients 
	Prognostic Significance of Serum ALB–BILirubin (BIL) Grade in HCC Patients 
	Prognostic Significance of Serum Platelet (PLT)-ALB–BIL Grade in HCC Patients 
	Prognostic Significance of Other Serum ALB-Based Mono-Biomarkers in HCC Patients 
	Prognostic Significance of Serum ALB-Based Combination Biomarkers in HCC Patients 
	Conclusions 
	References

