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Abstract

The known factors that are associated with the development of HCC are chronic inflammation by hepatitis viruses B and C, alco-
holism, metabolic dysfunction-associated steatotic liver disease (such as obesity) and chronic dietary intake of hepatocarcinogens
such as aflatoxin B1. They cause chronic inflammation, which can lead to cirrhosis, a precursor of HCC, which in turn is often associ-
ated with serum hypoalbuminemia. Interventions can be used at any of these stages for the prevention and possible treatment
of HCC. This article reviews the normal physiology of albumin and the use of its serum levels in survival prognostication in HCC
patients, as well as the known actions of albumin in normal and diseased liver, especially in the context of hepatocarcinogenesis

and its relationship to the HCC biomarker alpha-fetoprotein.
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he introduction into clinical practice of the Glasgow nu-

trition-systemic inflammation prognostic score (Albu-
min plus C-reactive protein serum levels) for prognosis of
gastrointestinal cancers and the ALBI index (Albumin plus
Bilirubin serum levels) for assessment of both liver cirrhosis
and for prognosis of patients with hepatocellular carcino-
ma (HCC), prompted this review of the normal control and
function of serum albumin (normal concentration range
3.4-5.4 g/dL) and what its role and significance might be in
patients with HCC, to help understand why its serum levels
are such a useful prognosis marker.

Albumin Structure, Function and Uses

Human serum albumin (HSA) is a 66.5 kDa negatively
charged protein with high solubility and stability, en-
coded on chromosome 4. It has a single polypeptide
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sequence formed by 585 amino acids and a secondary
structure consisting of 55% a-helix and 45% [3-structure.
Its tertiary structure is heart-like shaped, possessing three
homologous domains, I-lll. Albumin accounts for roughly
50% of total plasma proteins and its 2 major functions are
to maintain plasma osmolality and to protect cells from
damage by free radicals and various toxic chemicals.? The
presence of negative charges on albumin enhances its
solubility and facilitates stable binding with diverse drug
molecules via electrostatic interactions. These allow it to
act as a drug-transport system in vivo. It also has a variety
of enzymatic activities such as esterase function, which
can convert pre-drugs to active drugs. It is already in clini-
cal use for its property of binding nano-particle paclitaxel
(nab-paclitaxel) in medical oncology practice,® as well
as for binding and delivery of doxorubicin and cisplatin.
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Albumin is also a major antioxidant in the bloodstream,
closely linked to its structure. Its cysteine residues which
contain thiol groups account for 80% of all thiol groups in
the blood and are key antioxidants within blood vessels.
Human serum albumin (HSA) utilizes these cysteine resi-
dues to neutralize free radicals and exhibits antioxidant
functions by binding with various ligands. Furthermore,
it has anti-inflammatory properties, by binding mediators
such as TNF- a or indirectly by regulating cellular glutathi-
one levels. It can undergo post-translational modifications
in diseases such as cirrhosis, the commonest of which is
oxidation of cysteine residue 34, leading to both struc-
tural and functional changes in the albumin molecule.
Albumin can protect healthy cells during treatment by ra-
diotherapy and free radical-generating chemotherapies.
Albumin can also be used in clinical diagnostics, such as
in hepatic arterial perfusion scintigraphy using 99mTc-
labelled albumin macroaggregates (MAA) to identify po-
tential pulmonary or digestive shunts in preparation for
hepatic artery radioembolization.®! Interestingly, most
human albumin is not in circulation, since 60% is stored
in the interstitial space. Although the half-life of albumin
is about 17-20 days, it only lasts 16-18 hours in circulation
owing to transcapillary escape.

Albumin (from Latin albus, white) is predominantly synthe-
sized in the liver, although extra-hepatic albumin mRNA
has been detected. Hepatic albumin synthesis can increase
several-fold in response to hypoalbuminemia and stimula-
tion by insulin, glucocorticoids, or growth hormone.

In contrast, proinflammatory cytokines inhibit albumin
synthesis. Degradation of albumin can occur in any tissue,
but mostly in the liver, kidney and muscle. Plasma albumin
concentration is the result of the balance between albumin
synthesis, exchange between intravascular and interstitial
compartments, albumin degradation by catabolism, and
renal or intestinal loss.™

Causes of Hypoalbuminemia

Hypoalbuminemia is present in about 20% of hospital
patients and has many causes, mostly associated with
acute and chronic inflammation. Associated conditions
include liver cirrhosis, cardiac failure, malnutrition (de-
ficient amino acid intake), nephrotic syndrome and
increased losses from the gut and kidneys. It is a very
important prognostic factor for death, but it is unclear
if this is a direct effect of hypoalbuminemia, or a second-
ary consequence of its manifold causes, such as inflam-
mation or malnutrition. Albumin infusion has been used
for many years for treating the consequences of cirrhosis
and has been recommended for large volume depletion

after paracentesis, for spontaneous bacterial peritonitis
and for acute liver injury of cirrhosis.”® However, its use
for many other indications in clinical practice is largely
controversial.”

Hypoalbuminemia in Cancer

Several mechanisms seem to be involved in the hypoalbi-
nemia of cancer. Most important is the inflammation-me-
diated reduction in synthesis.® In addition, both changes
in its secretion® and increased vascular permeability, con-
tribute to a redistribution of albumin from the intravas-
cular to the interstitial spaces. Furthermore, malnutrition,
especially in patients with cancer of the Gl tract, as well as
cancer cachexia are also involved in the hypoalbuminemia
of cancer.

Tissue Albumin and Alpha-Fetoprotein in HCC

The structures of albumin and alpha-fetoprotein are simi-
lar and they are from closely related gene families. Several
quantitative studies in HCC patient tissues, particularly of
tumor tissue, show decreased albumin and often increased
in alpha-fetoprotein (AFP), usually in the same tumor. Al-
bumin amounts are often related to the degree of HCC
differentiation , with sparser aloumin being found in more
poorly differentiated HCCs.['>'2

Cancer Cachexia and HCC

Cancer cachexia, meaning the weakness, loss of body mass
and tumor-produced catabolic factors occurs in many ad-
vanced cancer patients, including those with HCC.l'*"¢1 A
prominent associated feature is hypoalbuminemia.l'”? The
main treatments are nutritional support and control of the
underlying cancer.

Inflammation and HCC

Most HCCs arise in the setting of a chronically inflamed
liver, due mainly to infections with chronic hepatitis B or
C, toxic free radicals from alcoholism or dietary hepatocar-
cinogens (Aflatoxin B1), and increasingly from metabolic
dysfunction-associated steatotic liver disease (formerly,
non-alcoholic fatty liver disease)."® However, genome
instability and non-resolving inflammation are well-de-
scribed hallmark of many cancers including HCC.'"™ This is
a 2-way process in which the HCC can recruit inflammatory
cells and thereby change its microenvironment.?® This in-
flammation then promotes tumor cell growth, angiogene-
sis, tumor invasion and the evasion ofimmune surveillance.
20 Targeting inflammation can thus be seen as a reasonable
and biology-based approach to HCC therapy.
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Liver Function and HCC

Hypoalbuminemia has been shown to be linearly and in-
versely related to risk of development of cancers, includ-
ing HCC.2"31 Furthermore, both albumin and other liver
function tests relate to parameters of HCC aggressiveness.
24321 Thus, which comes first? An HCC of increasing size that
invades and destroys hepatic parenchyma? Or, hepatic in-
flammatory signals that provide support and drive increas-
ing HCC growth?

Albumin Levels and HCC Survival

Serum albumin levels have been shown to correlate with
HCC survival in association with a variety of treatments.1*338
Again, does low albumin cause worse survival, or does ag-
gressive HCC cause worse survival and worse albumin and
other liver parameters? The situation has not been clearly
resolved.

Glasgow Index and ALBI Score in HCC

Both scores have 2 serum parameters, one of which is se-
rum albumin. Glasgow score also includes an inflamma-
tion marker, serum C-reactive protein (CRP), whereas ALBI
includes total serum bilirubin levels as a second parameter
of liver function. Both albumin and total bilirubin are 2 im-
portant objectively measurable components of the Child-
Pugh score.Thereis considerable literature on the Glasgow
score (and its updated variants) as an HCC prognosticator.
139461 An even larger literature has emerged and continues
to grow on the value of the ALBI score both for treatment-
based prognosis as well as for liver toxicities post therapy.
147551 An easy Web-based method for calculating ALBI score
and grade is now available at www.mdcalc.com. However,
it has been suggested that prognosis in HCC depends more
on albumin levels that ALBL5®

The Mechanisms for Albumin Actions on
Tumor Growth

Is hypoalbuminemia a passive index of poor survival, or is
it telling us something important about the function of se-
rum albumin in controlling HCC growth or development?

There is increasing direct evidence that albumin can con-
trol HCC growth and invasion. When added directly at
physiological concentrations to HCC cells growing in cul-
ture, albumin can cause inhibition of both cell growth and
migration and a decrease in alpha-fetoprotein levels.>”->%
Albumin in also associated with growth inhibition of other
cancer cells in vitro.® Since albumin can bind and trans-
port many drugs, the interaction with drugs and HCC cells
may be complex, as it has also been shown to antagonize

Journal of Inonu Liver Transplantation Institute

the cytostatic actions of sorafenib.® Furthermore, there
may be a reciprocal effect on AFP as albumin can also in-
hibit AFP levels, and levels of albumin and AFP seem to be
inverse, both in tumors and in HCC patients.['%33%8.61.62

Therapeutic Manipulation of Albumin Levels
for HCC Therapy

There is a great deal of nutritional literature concerning
various foods in relation to both protein levels and to can-
cer. However, it is mainly speculative and contradictory,
with little practical science or experimentation behind it.*
%l Nevertheless, aloumin synthesis is influenced by both
nutritional status and growth hormone stimulation;® 7
and conversely it is inhibited by inflammation. Aloumin
infusions have been evaluated for treating the hypoalbu-
minemia of cirrhosis, as well as for cirrhotic complications.
However, at the time of this writing, the national liver soci-
eties have approved its use only for a few specific compli-
cations of cirrhosist™ %7 as noted in the first section of this
review. This seems also applicable to treatment of liver dys-
function in HCC patients.”!

We are thus left with the overall idea that hypoalbumin-
emia is a response to inflammation, rather than a conse-
quence of cancer growth,”? although both are plausible.
The evidence supporting nutritional treatment for cancer is
weak, mainly owing to the absence of robust clinical trials.

Is there a case for a pilot study of albumin infusion, or of
other means of suppressing the inflammation as the cause
of hypoalbuminemia, such as salicylates, as shown in Fig-
ure 1, or the use of non-steroidal anti-inflammatory drugs
(NSAIDs) to increase serum albumin levels and possibly de-
crease AFP levels, given the experimental evidence of sup-
pression of HCC growth and reduction in high AFP levels by
albumin? There is epidemiological evidence for lower HCC
incidence in patients taking these agents,”>’4 but whether
they act through control of albumin or other pathways is
unclear.

Figure 1. Summary of the ideas in this review.
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One other use for serum albumin or ALBI (Albumin Bili-
rubin) levels is as an early marker for tumor responses to
anti-HCC therapy. This has already been incorporated as an
ALBI-sarcopenia score and is being used as a prognostic
indicator for survival in patients being treated with radio-
embolization,”> 7® although albumin-only levels seem to
be sufficient for prognosis in transarterial radioemboliza-
tion (TARE).>® It seems to be similarly useful in assessing
tumor responses to chemoembolization in HCC patients®*
1'as well as in HCC patients being treated with immune
checkpoint inhibitors.”® 7 Low baseline ALBI grade may
even predict response to this class of agents.®® ALBI also
predicted response to both regorafenib and lenvatinib
therapy and to transarterial chemoembolization (TACE)
therapy in HCC patients.®'#! There are multiple factors in-
volved in both HCC development and in HCC aggressive-
ness, which have recently been integrated into a single
multifactorial prognostic web tool® at: https://apkatos.
github.io/webpage_ nps. The use of ALBI in non-cirrhotic
HCC patients is unclear,®” although conversely, hypoalbu-
minemia is a prognostic factor even in patients with small
size HCCs B8

Conclusion

Albumin is a critically important blood component with
many biochemical functions in addition to the control of
oncotic pressure. There is a strong relationship between
hypoalbinemia and poor prognosis in patients with HCC
and with many other tumor types. It also has known ac-
tivities in experimental HCC growth and migration control.
Whether it is only a passive predictor of HCC survival and
responses to therapy or is actively involved in HCC biology
remains to be determined.

References

1. Carvalho JR, Verdelho Machado M. New insights about albumin
and liver disease. Ann Hepatol 2018;17:547-60.

2. XuT, NaJ, Liu Q Kuang G, Zhang Q, Zhao Y. Function of albumin
and its application in tumor therapy. Mater Today Commun
2024;41:110575.

3. Von Hoff DD, Ervin T, Arena FP, Chiorean EG, Infante J, Moore M,
et al. Increased survival in pancreatic cancer with nab-paclitaxel
plus gemcitabine. N Engl J Med 2013;369:1691-703.

4. Watanabe H, Imafuku T, Otagiri M, Maruyama T. Posttranslational
modification-induced functional impairment of albumin in
oxidative stress-related diseases. J Pharm Sci 2017;106:2195-203.

5. Lenoir L, Edeline J, Rolland Y, Pracht M, Raoul JL, Ardisson V, et al.
Usefulness of MAA SPECT/CT in identifying extrahepatic uptake
before liver radioembolization. Eur J Nucl Med Mol Imaging
2012;39:872-80.

6. Trebicka J, Garcia-Tsao G. Controversies regarding albumin

10.

11.

12.

13.

14.

15.

16.

17.

18

19.

20.

21.

22,

23.

24,

S47

therapy in cirrhosis. Hepatology 2025;81:288-303.

Moujaess E, Fakhoury M, Assi T, Elias H, El Karak F, Ghosn M, et al.
Therapeutic use of human albumin in cancer patients. Crit Rev
Oncol Hematol 2017;120:203-9.

Chojkier M. Inhibition of albumin synthesis in chronic diseases. J
Clin Gastroenterol 2005;39:5143-6.

Harson MM, Williams DJ. Albumin synthesis in rats treated with
N-2-acetylaminofluorene. Br J Cancer 1979;40:791-7.

Kojiro M, Kawano Y, Isomura T, Nakashima T. Albumin and
AFP-positive cells in hepatocellular carcinoma. Lab Invest
1981;44:221-6.

Ohguchi S, Nakatsukasa H, Higashi T, Ashida K, Nouso K, Ishizaki
M, et al. Expression of alpha-fetoprotein and albumin genes in
human hepatocellular carcinomas. Hepatology 1998;27:599-607.
Shahid M, Mubeen A, Tse J, Kakar S, Bateman AC, Borger D,
et al. Albumin RNA detection as a marker of hepatocellular
differentiation. Am J Surg Pathol 2015;39:25-34.

Rich NE, Phen S, Desai N, Mittal S, Yopp AC, Yang JD, et al. Cachexia
in hepatocellular carcinoma and association with prognosis. Clin
Gastroenterol Hepatol 2022;20:e1157-66.

Akaoka M, Haruki K, Taniai T, Yanagaki M, lgarashi Y, Furukawa K,
etal. Clinical significance of cachexia index after hepatic resection
for hepatocellular carcinoma. Surg Oncol 2022;45:101881.
Unome S, Imai K, Aiba M, Miwa T, Hanai T, Suetsugu A, et al.
Cachexia predicts mortality in hepatocellular carcinoma on
targeted therapy. Clin Nutr ESPEN 2025;66:454-9.

Pawarode A, Voravud N, Sriuranpong V, Kullavanijaya P, Patt YZ.
Natural history of untreated primary hepatocellular carcinoma.
Am J Clin Oncol 1998;21:386-91.

Liu XY, Zhang X, Ruan GT, Zhang KP, Tang M, Zhang Q, et al. One-
year mortality in cancer cachexia associated with albumin and
total protein. Cancer Manag Res 2021;13:6775-83.

. Schuster S, Cabrera D, Arrese M, Feldstein AE. Triggering and

resolution of inflammation in NASH. Nat Rev Gastroenterol
Hepatol 2018;15:349-64.

Hanahan D, Weinberg RA. Hallmarks of cancer: next generation.
Cell 2011;144:646-74.

Yu LX, Ling Y, Wang HY. Nonresolving
hepatocellular carcinoma development.
2018;2:6.

Kihn T, Sookthai D, Graf ME, Schiibel R, Freisling H, Johnson T,
et al. Alboumin, bilirubin, uric acid and cancer risk: prospective
population-based study. Br J Cancer 2017;117:1572-9.

Yang Z, Zheng Y, Wu Z, Wen Y, Wang G, Chen S, et al. Association
between pre-diagnostic serum albumin and cancer risk. Cancer
Med 2021;10:4054-65.

Nunez KG, Sandow T, Patel J, Hibino M, Fort D, Cohen AJ, et al.
Hypoalbuminemia is an independent risk factor for tumor

inflammation in
NPJ Precis Oncol

progression in HCC bridge-to-transplant candidates. Cancers
(Basel) 2022;14:1684.
Carr Bl, Guerra V. Serum albumin levels in relation to tumor



S48

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

parameters in hepatocellular carcinoma. Int J Biol Markers
2017;32:391-6.

Chan SL, Chan AW, Chan AK, Jian P, Mo F, Chan CM, et al. Systematic
evaluation of circulating inflammatory markers for hepatocellular
carcinoma. Liver Int 2017;37:280-9.

Li L, Chan SL, Mo F, Hui EP, Koh J, Chan AK, et al. Inflammation and
health-related quality of life in hepatocellular carcinoma. Qual
Life Res 2019;28:2597-607.

Carr Bl, Akkiz H, Guerra V, Uskiidar O, Kuran S, Karaogullarindan
U, et al. C-reactive protein and hepatocellular carcinoma:
relationships to tumor factors. Clin Pract (Lond) 2018;15:625-34.
Refolo MG, Messa C, GuerraV, Carr Bl, D’Alessandro R.Inflammatory
mechanisms of HCC development. Cancers (Basel) 2020;12:641.
Carr Bl, Guerra V, Giannini EG, Farinati F, Ciccarese F, Rapaccini
GL, et al. A liver index and its relationship to indices of HCC
aggressiveness. J Integr Oncol 2016;5:178.

Carr B, Guerra V, Donghia R, Farinati F, Giannini EG, Muratori L, et
al. Clinical phenotypes and survival in patients with large HCCs.
Cancers (Basel) 2021;13:592.

Donghia R, Carr B, Yilmaz S. Factors related to tumor size and
survival in HCC: role of PLR, PVT, albumin. Oncology 2025;:1-11.
Carr B, Guerra V, Donghia R, Yilmaz S. Tumor multifocality and
serum albumin in HCC with portal vein thrombosis. Ann Med
Surg (Lond) 2021;66:102458.

Carr B, Guerra V, Ince V, Isik B, Yilmaz S. Alpha-fetoprotein and
albumin inversely relate to tumor parameters in HCC. Hepatol
Forum 2024;5:11-7.

Ventura, Carr BI, Kori |, Shibolet O. Aggressiveness factors in HCC
undergoing TACE. World J Gastroenterol 2018;24:1641-9.

Li J, Yang S, Li Y, Li C, Xia Y, Zhu S, et al. CRP-to-albumin ratio
predicts outcomes after TACE in HCC. Cardiovasc Intervent Radiol
2022;45:1295-303.

Lerose R, Molinari R, Rocchi E, Manenti F, Villa E. Prognostic
features and survival of HCC in Italy. Eur J Cancer 2001;37:239-45.
Poon RT, Fan ST, Lo CM, Liu CL, Wong J. Intrahepatic recurrence
after curative resection of HCC. Ann Surg 1999;229:216-22.
Huang YH, Chen CH, Chang TT, Chen SC, Wang SY, Lee PC, et al.
Role of transcatheter arterial embolization in resectable HCC.
Liver Int 2004;24:419-24.

Kumamoto T, Takeda K, Matsuyama R, Sawada YU, Sahara K,
Yabushita Y, et al. Glasgow prognostic score predicts survival
and recurrence after hepatectomy for HCC. Anticancer Res
2023;43:875-82.

Abe T, Tashiro H, Kobayashi T, Hattori M, Kuroda S, Ohdan H.
Glasgow prognostic score and prognosis after hepatectomy for
HCC. World J Surg 2017;41:1860-70.

Li MX, Bi XY, Li ZY, Huang Z, Han Y, Zhou JG, et al. Prognostic
value of Glasgow prognostic score in hepatocellular carcinoma.
Medicine (Baltimore) 2015;94:e2133.

Agalar C, Egeli T, Unek T, Ozbilgin M, Aysal A, Cevlik AD, et al.
Predictive role of Glasgow prognostic scorein liver transplantation

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

Journal of Inonu Liver Transplantation Institute

for HCC. Transplant Proc 2019;51:1134-8.

Kinoshita A, Onoda H, Imai N, Iwaku A, Oishi M, Tanaka K, et al.
Glasgow prognostic score predicts survival in hepatocellular
carcinoma. BMC Cancer 2013;13:52.

Yamamoto M, Kobayashi T, Kuroda S, Hamaoka M, Okimoto S,
Honmyo N, et al. Validation of inflammation-based prognostic
markers in hepatocellular carcinoma. Ann Gastroenterol Surg
2019;3:667-75.

Tada T, Kumada T, Hiraoka A, Kariyama K, Tani J, Hirooka M, et
al. New inflammation-based prognostic system for advanced
HCC treated with atezolizumab-bevacizumab. Cancer Med
2023;12:6980-93.

Carr BI, Ince V, Bag HG, Usta S, Ersan V, Isik B, et al. CRP as a
prognostic biomarker in HCC treated by liver transplantation. Clin
Pract (Lond) 2021;18:1626-32.

Toyoda H, Johnson PJ. The ALBI score: liver function in HCC. JHEP
Rep 2022;4:100557.

Campani C, Bamba-Funck J, Campion B, Sidali S, Blaise L, Ganne-
Carrié N, et al. ALBI and AFP changes predict outcomes in HCC
treated with atezolizumab-bevacizumab. Liver Int 2023;43:708-
17.

Ananchuensook P, Sriphoosanaphan S, Suksawatamnauy S,
Siripon N, Pinjaroen N, Geratikornsupuk N, et al. EZ-ALBI score
validation in intermediate-stage HCC treated with TACE. BMC
Gastroenterol 2022;22:295.

PengY,WeiQ, HeY, Xie Q, Liang Y, Zhang L,et al. ALBI vs Child-Pugh
in HCC prognosis: systematic review. Expert Rev Gastroenterol
Hepatol 2020;14:383-400.

Liu PH, Hsu CY, Hsia CY, Lee YH, Chiou YY, Huang YH, et al. ALBI
and PALBI predict survival across HCC treatments. J Gastroenterol
Hepatol 2017;32:879-86.

Unome S, Imai K, Takai K, Miwa T, Hanai T, Nishigaki Y, et al. ALBI
and PIVKA-II changes after atezolizumab plus bevacizumab in
unresectable HCC. Cancers (Basel) 2022;14:6089.

Lescure C, Estrade F, Pedrono M, Campillo-Gimenez B, Le Sourd
S, Pracht M, et al. ALBI predicts toxicity after SIRT in HCC. Cancers
(Basel) 2021;13:3794.

Finessi M, Cioffi M, Grimaldi S, Fronda M, Rovera G, Passera R, et
al. ALBI predicts overall survival in HCC after SIRT. Radiol Med
2025;130:271-9.

Antkowiak M, Gabr A, Das A, et al. Albumin, bilirubin and ALBI
predict outcomes in HCC after radioembolization. Cancers (Basel)
2019;11:879.

Kariyama K, Nouso K, Hiraoka A, Wakuta A, Oonishi A, Kuzuya
T, et al. EZ-ALBI score predicts HCC prognosis. Liver Cancer
2020;9:734-43.

Nojiri S, Joh T. Albumin suppresses hepatocellular carcinoma
proliferation. Int J Mol Sci 2014;15:5163-74.

Bagirsakei E, Sahin E, Atabey N, Erdal E, Guerra V, Carr BIl. Role of
albumin in growth inhibition in HCC. Oncology 2017;93:136-42.

Fu X, Yang Y, Zhang D. Albumin suppresses invasion and



Carr, Serum Albumin in Relation to Hepatocellular Carcinoma / doi: 10.14744/jilti.2025.40316

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

metastasis in HCC. Liver Int 2022;42:696-709.

Kanno SI, Itoh K, Suzuki N, Tomizawa A, Yomogida S, Ishikawa M.
Exogenous albumin inhibits sorafenib-induced cytotoxicity in
cancer cells. Mol Clin Oncol 2013;1:29-34.

Sagir H, Alotaibi H, Carr Bl. Effects of exogenous albumin on
hepatoma cell growth and migration. IZTU J Med Health Sci
2024;4:105-6.

Weber TR, Dalsing MC, Sawchuck A, Sieber P, Grosfeld JL. Effect of
protein deficiency on growth and response of hepatoma. J Surg
Res 1983;34:395-403.

MutoY, Sato S, Watanabe A, Moriwaki H, Suzuki K, Kato A. Obesity
increases liver cancer risk and BCAA reduces carcinogenesis in
cirrhosis. Hepatol Res 2006;35:204-14.

Giovannucci E, Willett WC. Dietary factors and colon cancer risk.
Ann Med 1994;26:443-52.

Yishake D, He TT, Liu ZY, Chen S, Luo Y, Liu XZ, et al. Dietary
protein and HCC prognosis: prospective cohort. Food Funct
2021;12:11568-76.

Campbell TC. Cancer prevention and treatment by wholistic
nutrition. J Nat Sci 2017;3:e448.

Appleton BS, Campbell TC. Effect of dietary protein on aflatoxin-
induced hepatic lesions. Cancer Res 1983;43:2150-4.

Farvid MS, Malekshah AF, Pourshams A, Poustchi H, Sepanlou
SG, Sharafkhah M, et al. Dietary protein sources and mortality:
Golestan cohort. Am J Prev Med 2017;52:237-48.

Li N, Zhou L, Zhang B, Dong P, Lin W, Wang H, et al. Recombinant
human GH increases albumin and survival in liver failure. Dig
Liver Dis 2008;40:554-9.

Wu N, LiuT, Tian M, Liu C, Ma S, Cao H, et al. Aloumin from ‘native’
to ‘effective’: diverse functions. Mol Med Rep 2024;29:24.

Chaibi S, Larrey E, Couty JP, Sultanik P, Campani C, Blaise L, et al.
Albumin infusion reduces ascites in Child-Pugh B HCC patients
treated with atezolizumab-bevacizumab. Clin Res Hepatol
Gastroenterol 2023;47:102199.

Nazha B, Moussaly E, Zaarour M, Weerasinghe C, Azab
B. Hypoalbuminemia in colorectal nutritional or
inflammatory marker? World J Gastrointest Surg 2015;7:370-7.
Giannini EG, Lai Q. Aspirin and HCC prevention considerations.
Ann Trans| Med 2023;11:225.

Jang H, Lee YB, Moon H, Chung JW, Nam JY, Cho EJ, et al. Aspirin use
and HCCrisk in chronic hepatitis B. Hepatology 2022;76:492-501.

cancer:

75.

76.

77.

78.

79.

80.

81.

82.

83.

84,

85.

86.

87.

88.

S$49

Elsabaawy M, Badran H, Ragab A, Abdelhafiz R, Nageeb M, Ashour
R, et al. ALBI-sarcopenia score predicts HCC treatment outcomes.
Sci Rep 2025;15:14621.

Kolligs F, Arnold D, Golfieri R, Pech M, Peynircioglu B, Pfammatter
T, et al. Survival after TARE in HCC: CIRT study results. JHEP Rep
2022;5:100633.

Bannangkoon K, Hongsakul K, Tubtawee T. Validation of ALBI-TAE
model in HCC undergoing TACE. Cancer Imaging 2023;23:51.
Zhang L, Feng J, Kuang T, Chai D, Qiu Z, Deng W, et al. Blood
biomarkers predict outcome after ICl therapy in HCC: pooled
analysis. Int Immunopharmacol 2023;118:110019.

Campani C, Bamba-Funck J, Campion B, Sidali S, Blaise L, Ganne-
Carrié N, et al. ALBI and AFP variation predict outcome after
atezolizumab-bevacizumab. Liver Int 2023;43:708-17.

Wong JSL, Kwok GGW, Tang V, Li BCW, Leung R, Chiu J, et
al. lpilimumab and nivolumab/pembrolizumab in prior ICI-
refractory HCC. J Immunother Cancer 2021;9:001945.

Xu H, Cao D, Zhou D, Zhao N, Tang X, Shelat VG, et al. ALBI
predicts regorafenib response in HCC: meta-analysis. BMC Cancer
2023;23:1006.

Zhao Y, Huang F, Liu S, Jian L, Xia X, Lin H, et al. MRI radiomics +
ALBI to predict HAIC response in unresectable HCC. J Cancer Res
Clin Oncol 2023;149:5181-92.

Lin PT, Teng W, Jeng WJ, Chen WT, Hsieh YC, Huang CH, et al.
Dynamic ALBI change predicts prognosis after TACE in HCC.
Diagnostics (Basel) 2022;12:665.

Saeki I, Yamasaki T, Yamashita S, Hanazono T, Urata Y, Furutani T,
et al. Early predictors of response to lenvatinib in HCC. Cancers
(Basel) 2020;12:779.

Keshavarz P, Nezami N, Yazdanpanah F, Khojaste-Sarakhsi M,
Mohammadigoldar Z, Azami M, et al. Al prediction of TACE
outcomesin HCC: systematicreview.EurJRadiol 2025;184:111948.
Pancoska P, Carr B, Ince V, Yilmaz S. Phenotyping strategy in
Turkish HCC dataset. J Inonu Liver Transpl Inst 2025;3:31-41.
Tanaka Y, Ogawa E, Huang CF, Toyoda H, Jun DW, Tseng CH, et
al. HCC risk in East Asians after SVR with DAAs: REAL-C cohort.
Hepatol Int 2020;14:1023-33.

Nunez KG, Sandow T, Patel J, Hibino M, Fort D, Cohen AJ, et al.
Hypoalbuminemia as independent risk factor for HCC progression
in transplant candidates. Cancers (Basel) 2022;14:1684.



