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Abstract

Introduction—Many single and combination blood tests that reflect local or systemic
inflammation have been shown to be useful prognosticators in patients with a variety of tumor

types.

To try to clarify this issue in patients with non-surgically treatable hepatocellular carcinoma,
multiple serum parameters were evaluated for their relationship to survival.

Methods—A prospectively collected database was interrogated of 487 patients with known
hepatocellular carcinoma and documented survival and having all the inflammation parameters
of interest in this study, together with baseline tumor characteristics from CT scans. Serum
parameters included NLR, PLR, CRP, ESR, albumin and GGT.

Results—All the parameters had significant Hazard Ratios on Cox regression model.
Combination double parameters with Hazard Ratios >2.0 were: ESR plus GGT, albumin plus
GGT, albumin plus ESR. The triplet combination of albumin plus GGT plus ESR had a Hazard
Ratio of 6.33. Using Harrell’s concordance index (C-index), the highest inflammation-based
2-parameter prognostic score was for albumin plus GGT.

When clinical characteristics of patients with high values for albumin plus low values for GGT

were compared to low values for albumin plus high values for GGT (worse prognosis), statistically
significant differences were found for tumor size, tumor focality, macroscopic portal vein invasion
and serum alpha-fetoprotein levels. Addition of ESR did not provide additional tumor information.
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Conclusion—The combination of serum albumin plus GGT levels was the most prognostically
useful amongst the inflammation parameters that were tested, and reflected significant differences
in tumor aggressiveness characteristics.
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Introduction

The idea that chronic inflammation might be an important mechanistic aspect of the
development of some cancers, was first proposed one and a half centuries ago [1] and was
subsequently shown to involve the tumor microenvironment [2]. Hepatocellular carcinoma
(HCC) most commonly develops on the basis of several chronic inflammatory diseases,
included hepatitis B and C (HBV, HCV), non-alcoholic steatohepatitis (NASH) and chronic
alcoholism [3]. Several commonly-used markers of inflammation have been used in the
management of of various cancers including HCC in clinical practice, as indices of
prognosis and even tumor aggressiveness [4, 5]. They include C-reactive protein (CRP),
albumin, the combination of CRP and albumin (Glasgow Index), erythrocyte sedimentation
rate (ESR), neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), as
well as several indices of liver inflammation and damage, that include serum AST, ALT and
GGT levels [6-13].

In order to assess their relative usefulness for HCC prognosis in clinical practice, a
comparison was made between these inflammation markers. We found that the combination
of serum albumin plus GGT levels was the most prognostically useful and also reflected
tumor aggressiveness.

Clinical Methods

A database containing 487 adult (ages 28-88) non transplant institutional Turkish HCC
patients was examined. They had both survival data and baseline tumor parameter data from
CT scans on maximum tumor diameter (MTD), number of tumor nodules and presence

or absence of macroscopic portal vein thrombosis (PVT); as well as baseline serum alpha-
fetoprotein (AFP) levels, complete blood counts with differential white counts and platelet
levels and routine serum liver function tests. Diagnosis was made either via tumor biopsy
or according to AASLD/EASL guidelines. Almost all patients were Child Pugh class A or
B and received locoregional therapy, bar the few who were class C, who received only best
supportive care.

Database management conformed to legislation on privacy and this study conforms to the
ethical guidelines of the Declaration of Helsinki and approval for this retrospective study
on de-identified and deceased HCC patients. This work was thus approved for a waiver by
the Institutional Ethics Committee. This work has been reported in line with the STROCSS
criteria [35].

The clinicaltrials.gov registration number was: NCT04477720.
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Statistical analysis

Patient parameters were reported as Mean £Standard Deviation (M+SD) for continuous
variables, and as frequencies and percentages (%) for categorical variables.

Normal distributions of quantitative variables were tested using the Kolmogorov-Smirnov
test.

For testing the associations among groups, the Chi-square test for categorical variables
was used and when the variables were not distributed normally, the Wilcoxon rank-sum
(Mann-Whitney) test was used for continuous variables.

For studying the time between entry to a study and a subsequent event, the non-parametric
Kaplan—Meier method was used to explore survival probability.

The log-rank test was applied to evaluate the equality of survival among categories.

The Cox model is a statistical technique for exploring the relationship between the survival
of a patient and singular or several explanatory variables, it allows us to estimate the
hazard risk (HR) of survival for an individual, given their prognostic variables (measured
as continuous or categorical), was used. The Cox proportional hazard model was fitted to
the data, and the proportional hazard assumption was evaluated by means of Schoenfeld
residuals (SRT).

Model fitting was evaluated by means of Akaike Information Criteria (AIC) and Bayesian
information criterion (BIC) [14].

Risk estimators was expressed as Hazard Ratios (HR) and 95% Confidence Interval (95%
CI). Multicollinearity among parameters was assessed using the variance inflation factor
(VIF), with a score of 2 leading to the exclusion of a variable.

For the final most parsimonious multiple Cox proportional hazard model, we used the
stepwise method in backward and the factors significantly associated with disease’s
progression, (z test of the coefficients of the multiple regression statistically significant
at p-value<0.10), was left in the model.

The concordance index (C-Index) was used to measure how well the parameter is a predictor
of the time to an event in a survival model, so the observation with the higher survival time
has the higher probability of survival predicted by the model.

The high values of C-index mean (= 0.50) that the model predicts higher probabilities of
survival for higher observed survival times.

When testing the null hypothesis of no association, the two-tailed probability level of error
was 0.05. All the statistical computations were made using STATA, StataCorp. 2019. Stata
Statistical Software: Release 16. College Station, TX: StataCorp LLC.
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Results

Single inflammation parameters in relation to survival.

Commonly used indices and parameters of clinical inflammation were examined for their
relationship to survival, using a Cox regression analysis on the single parameters (Table 1A).
The hazard ratios (HRs) were different for differing parameters that were considered, but all
were statistically significant. The highest HRs were for albumin, GGT, ESR and CRP, being
2.31,2.02, 1.83 and 1.46, respectively.

In a final multiple Cox regression model in all the patients on all of the single parameters
together in the model, using the stepwise backward method, the highest HRs were for
albumin, CRP and GGT, being 2.28, 1.83 and 1.56, respectively (Table 1B).

Combinations of inflammation parameters in relation to survival.

A Cox regression model on combinations of parameters in the model was then calculated
(Table 2). All abnormal values of the combinations had significantly higher HRs when
compared to normal values, with highest HRs being for the combinations of ESR (> 15
mm/hr) & GGT (> 100 IU/mL), HR 3.03; Albumin (< 3.5 g/dL) & GGT (> 100 1U/mL),
HR 3.98 and Albumin (< 3.5 g/dL) & ESR (> 15 mm/hr), HR 4.03. A triplicate of Albumin
(£3.59/dL) and GGT (> 100 IU/mL) and ESR (> 15 mm/hr) compared to the triplicate of
Albumin (> 3.5 g/dL) and GGT (< 100 IU/mL) and ESR (< 15 mm/hr) and had an HR of
6.33 (bottom group in Table 2).

C-index for concordance for ordering survival times.

Predictive scores regarding survival were next investigated by Harrell’s concordance index
(C-index), shown in Table 3. The C-index is the proportion of observations that the model
can correctly order for survival times. Thus, values near 1 indicate that the risk scores are
good at predictors, in this case, of survival. The combination of serum albumin and GGT
values had the highest C-index of 0.64 and therefore in these comparisons had the best
predictive value for survival amongst the combinations that were tested.

Clinical and tumor characteristics and survival in relation to combination GGT plus
albumin parameters.

The clinical and tumor parameters were then examined for patients having Albumin (> 3.5
g/dL) and GGT (< 100 1U/mL) versus patients with Albumin (< 3.5 g/dL) and GGT (> 100
IU/mL) (Table 4A). Patients in the Albumin (< 3.5 g/dL) and GGT (> 100 1U/mL) group had
significantly worse tumor parameters in every category measured, including MTD, tumor
focality, AFP levels and percent of patients with PVT, when compared to the Albumin (<
3.5¢/dL) and GGT (> 100 IU/mL) group. The laboratory values were also significantly
different for every parameter except blood platelet levels. The addition of ESR values to
those for Albumin and GGT was also examined (Table 4B), and the tumor parameters were
also significantly different between the 2 groups, but the findings were quite similar to those
found for only Albumin and GGT levels, as seen in Table 4A.
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A Kaplan-Meier Survival plot was then constructed for three 2-parameter combinations

and the 3-parameter combination (Fig 1) and shows the superior and very similar survival
discrimination both for GGT and albumin combination, and ESR plus albumin combination,
as well as for GGT and albumin and ESR combination. These are reflected in the

hazard rations in Table 2. All combinations in Fig 1 contained albumin. This is a

recognized important HCC prognostic factor (Glasgow Index of albumin plus CRP). There
is considerable variation in the good prognosis groups with high serum albumin levels, but
the patients with low serum albumin levels all had survivals of 5, 6 or 7 months, which were
very similar.

Discussion

The main findings of this comparative study, involving the inflammation markers NLR,
PLR, CRP, ESR, GGT and Albumin are that while all had significant hazard ratios on

Cox Regression model for survival, the highest were for GGT and albumin. The single
parameters were combined and hazard ratios were highest for GGT and albumin, as well
as for ESR and albumin, with an even greater hazard ration for the combination of all 3
parameters (Table 2). This was confirmed by the C-index analysis (Table 3), in which we
found C-index scores of 0.64 for GGT and albumin, 0.61 for CRP and albumin, and 0.60
for combination ESR and albumin (Table 3). It was found that this could be explained

in part by our finding that low albumin plus high GGT was associated with significantly
worse tumor factors (MTD, number of tumor foci, PVT and AFP levels) than the opposite
combination of high albumin plus low GGT levels (Table 4). Although the triple parameter
combination of GGT plus albumin pus ESR showed the highest hazard ratio in Table 3, there
was no increased discriminant power for tumor characteristics using 3 parameters versus 2
parameters (Table 4).

The tumor inflammatory microenvironment appears to be a bidirectional process, in which
the tumor produces inflammatory cytokines, and the bodily responds to the presence of the
tumor by mounting an immune inflammatory attack [15, 16]. Many effector chemokines

and cytokines have been described as being involved, resulting in an enhancement of tumor
growth and invasiveness. Amongst its several physiological functions in the blood, serum
albumin levels have been well-described as an inflammation marker and a prognostic marker
in HCC [17-30] and albumin may actively participate in HCC growth control mechanisms
[12, 13, 27, 31], possibly through its ability to bind reactive oxygen species and so modulate
inflammation [32, 33].

GGT has been increasingly recognized and diagnostically useful for liver inflammation,

risk of HCC development and for prognosis of patients with an HCC diagnosis [34-45].

It is especially useful as a biomarker for HCC patients with low AFP levels [46]. It isa
membrane-bound enzyme involved in the metabolism of the thiol antioxidant glutathione, by
transferring y-glutamyl groups and can protect cells from oxidant damage by neutralizing
reactive oxygen species [47] and might thus confer a survival and a growth advantage on
HCC cells [48, 49].
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These 2 clinical chemistry parameters thus have multiple functions in addition to being
inflammation markers. Although other parameter combinations were also prognostically
useful, GGT plus albumin provided greatest survival discrimination. Furthermore, they also
predicted significantly greater discrimination in all 4 measures of tumor aggressiveness
that were measured here, namely, MTD, PVT, AFP and multifocality, thus providing a
reasonable explanation for their prognostic usefulness.

Funding Sources:

This work was supported in part by NIH grant CA 82723 (B.I.C).

Data Availability Statement:

The data are available on request to the authors, as they are not publicly available on legal
grounds. However, all analyzed data were included in the article. Any further enquiries
should be directed to the corresponding author.

Abbreviations:

HCC hepatocellular carcinoma
WBC White blood count

T.Bil Total bilirubin

AST Aspartate amino transferase
ALT Alanine aminotransferase
ALKP Alkaline phosphatase

GGT Gamma glutamyl transferase
CRP C-reactive protein

ESR erythrocyte sedimentation rate
NLR neutrophil to lymphocyte ratio
PLR platelet count to lymphocyte ratio
CT computed axial tomography
HR hazard ratio

se (HR) standard error of HR

C-index Harrell’s concordance index
AFP alpha-fetoprotein

Oncology. Author manuscript; available in PMC 2024 March 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carr and Guerra

References
1

Page 7

. Virchow RLK. Die krankhaften Geschwilste. (book). Berlin: August Hirschwald. (1863).

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

10

11.

12.

13.

14.

15.

16.

17.

18.

[PubMed: 21376230]

. Refolo MG, Messa C, Guerra V, Carr Bl, D’Alessandro R. Inflammatory Mechanisms of

HCC Development. Cancers (Basel). 2020;12(3):641. doi: 10.3390/cancers12030641. [PubMed:
32164265]

. EMT and Inflammation: Crossroads in HCC. Sengez B, Carr BI, Alotaibi H. J Gastrointest Cancer.

2022 Jan 12. doi: 10.1007/s12029-021-00801-z. Online ahead of print.

. Inflammatory markers C-reactive protein and PLR in relation to HCC characteristics. Suner A, Carr

BI, Akkiz H, Uskudar O, Kuran S, Tokat Y, Tokmak S, Balli T, Ulku A, AkCam T, Delik A, Arslan
B, Doran F, YalCin K, Ekinci N, Yilmaz S, Ozakyol A, Yicesoy M, BahCeci HI, Polat KY, Simsek
H, Ormeci N, Sonsuz A, Demir M, KihC M, Uygun A, Demir A, Altintas E, Karakulah G, Temel T,
Bektas A. J Transl Sci. 2019;5(3):10.15761/JTS.1000260. doi: 10.15761/JTS.1000260. Epub 2018
Jun 22.

. Fabris C, Pirisi M, Soardo G, Toniutto P, Falleti E et al. Diagnostic usefulness of acute-phase protein

measurement in hepatocellular carcinoma. Cancer Invest. 1996;14:103-8. [PubMed: 8597894]

. Carr Bl, Akkiz H, Guerra V, Uskiidar O, Kuran S et al. C-reactive protein and hepatocellular

carcinoma: analysis of its relationships to tumor factors. Clin Pract (London). 2018; 15: 625-634

. Shiba H, Horiuchi T, Sakamoto T, Furukawa K, Shirai Y et al. Glasgow prognostic score predicts

therapeutic outcome after hepatic resection for hepatocellular carcinoma. Oncol Lett. 2017;14:293—
298. [PubMed: 28693167]

. Carr BI, Akkiz H, Bag HG, Guerra V, Donghia R, Yalcin K et al. Erythrocyte Sedimentation

Rate and Gamma-glutamyl Transpeptidase Combined are Potent Predictors of Survival and Tumor
Characteristics in Hepatocellular Carcinoma Patients. J. Clin Trials 2020; 10: 425-432.

. Yamamoto M, Kobayashi T, Kuroda S, Hamaoka M, Okimoto S et al. Verification of inflammation-
based prognostic marker as a prognostic indicator in hepatocellular carcinoma. Ann Gastroenterol
Surg. 2019;3:667-675 [PubMed: 31788655]

XuL, YusS, Zhuang L, Wang P, Shen Y et al. Systemic inflammation response index
(SIRI) predicts prognosis in hepatocellular carcinoma patients. Oncotarget. 2017;8:34954-34960
[PubMed: 28430597]

Carr BI, Guerra V. Serum albumin levels in relation to tumor parameters in hepatocellular
carcinoma patients. Int J Biol Markers. 2017 Oct 31;32(4):e391-e396. doi: 10.5301/ijbm.5000300.
[PubMed: 28862714]

Akkiz H, Carr BI, Bag HG, Karaogullarindan U, Yalgin K, Ekin N, Ozakyol A, Altintas E, Balaban
HY, Simsek H, Uyanikoglu A, Balkan A, Kuran S, Uskiidar O, Ulger Y, Giiney B, Delik A. Serum
levels of inflammatory markers CRP, ESR and albumin in relation to survival for patients with
hepatocellular carcinoma. Int J Clin Pract. 2021 Feb;75(2):13593. doi: 10.1111/ijcp.13593. Epub
2020 Dec 12. [PubMed: 32583494]

Newson R 2006. Efficient calculation of jackknife confidence intervals for rank statistics. Journal
of Statistical Software 15: 1-10.

Hernandez-Gea V, Toffanin S, Friedman SL, Llovet JM. Role of the microenvironment in the
pathogenesis and treatment of hepatocellular carcinoma. Gastroenterology. 2013;144:512-527.
[PubMed: 23313965]

Balkwill F, Mantovani A. Inflammation and cancer: back to Virchow? Lancet.
2001;357(9255):539-545. [PubMed: 11229684]

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(4):307-315. doi: 10.1159/000518307. Epub 2021 Aug 10. [PubMed: 34515102]

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

Oncology. Author manuscript; available in PMC 2024 March 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carr and Guerra

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Page 8

Curative Hepatectomy. Int J Gen Med. 2021 Aug 29;14:5029-5038. doi: 10.2147/IJGM.S329911.
[PubMed: 34511986]

Chen S, Ma W, Cao F, Shen L, Qi H, Xie L, Wu Y, Fan W. Hepatocellular Carcinoma Within

the Milan Criteria: A Novel Inflammation-Based Nomogram System to Assess the Outcomes of
Ablation. Front Oncol. 2020 Sep 14;10:1764. doi: 10.3389/fonc.2020.01764. [PubMed: 33042823]

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 Sep 4;9:817. doi: 10.3389/fonc.2019.00817. [PubMed: 31612101]

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 Nov;33(9):e22999. doi: 10.1002/jcla.22999. Epub 2019 Aug 16. [PubMed: 31418936]
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 (Barc). 2019 Sep 13;153(5):183-190. English, Spanish. doi: 10.1016/
j.medcli.2018.11.010. Epub 2018 Dec 31. [PubMed: 30606506]

Suner A, Carr Bl, Akkiz H, Karakiilah G, Uskiidar O, Yalgin K, Kuran S, Tokat Y, Yilmaz S,
Ozakyol A, Tokmak S, Balli T, Yiicesoy M, Bahceci Hi, Ulkii A, Akgam T, Polat KY;, Ekinci N,
Simsek H, Ormeci N, Sonsuz A, Demir M, Kilig M, Uygun A, Demir A, Delik A, Arslan B, Doran
F, Altintas E, Temel T, Bektas A. C-Reactive Protein and Platelet-Lymphocyte Ratio as Potential
Tumor Markers in Low-Alpha-Fetoprotein Hepatocellular Carcinoma. Oncology. 2019;96(1):25-
32. doi: 10.1159/000492473. Epub 2018 Oct 18. [PubMed: 30336489]

Casadei Gardini A, Foschi FG, Conti F, Petracci E, Vukotic R, Marisi G, Buonfiglioli F, Vitale

G, Ravaioli F, Gitto S, Verucchi G, Lenzi M, Bolondi L, Mazzella G, Brillanti S, Andreone

P; member of the Bologna DAA group. Immune inflammation indicators and ALBI score to
predict liver cancer in HCV-patients treated with direct-acting antivirals. Dig Liver Dis. 2019
May;51(5):681-688. doi: 10.1016/j.d1d.2018.09.016. Epub 2018 Sep 22. [PubMed: 30327251]

Gkika E, Bettinger D, Krafft L, Schultheiss M, Neeff HP, Maruschke L, Schulenburg M, Adebahr
S, Kirste S, Nestle U, Thimme R, Grosu AL, Brunner TB. The role of albumin-bilirubin

grade and inflammation-based index in patients with hepatocellular carcinoma treated with
stereotactic body radiotherapy. Strahlenther Onkol. 2018 May;194(5):403-413. English. doi:
10.1007/s00066-017-1256-0. Epub 2018 Jan 10. [PubMed: 29322205]

Shimizu T, Ishizuka M, Suzuki T, Tanaka G, Park KH, Matsumoto T, Shiraki T, Sakuraoka Y, Kato
M, Aoki T, Kubota K. 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 Dec;116(8):1166-1175. doi: 10.1002/js0.24772.
Epub 2017 Aug 29. [PubMed: 28853157]

Bagirsakgl E, Sahin E, Atabey N, Erdal E, Guerra V, Carr Bl. Role of Albumin in Growth
Inhibition in Hepatocellular Carcinoma. Oncology. 2017;93(2):136-142. doi: 10.1159/000471807.
Epub 2017 May 10. [PubMed: 28486226]

Kinoshita A, Onoda H, Imai N, lwaku 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. 2015
Mar;22(3):803-10. doi: 10.1245/s10434-014-4048-0. Epub 2014 Sep 5. [PubMed: 25190127]
Pinato DJ, North BV, Sharma R. A novel, externally validated inflammation-based prognostic
algorithm in hepatocellular carcinoma: the prognostic nutritional index (PNI). Br J Cancer. 2012
Apr 10;106(8):1439-45. doi: 10.1038/bjc.2012.92. Epub 2012 Mar 20. [PubMed: 22433965]
Kinoshita A, Onoda H, Imai N, lwaku A, Oishi M, Tanaka K, Fushiya N, Koike Nishino

H, Matsushima M, Saeki C, Tajiri H. The Glasgow Prognostic Score, an inflammation based
prognostic score, predicts survival in patients with hepatocellular carcinoma. BMC Cancer. 2013
Feb 2;13:52. doi: 10.1186/1471-2407-13-52. [PubMed: 23374755]

Nojiri S, Joh T Albumin suppresses human hepatocellular carcinoma proliferation and the cell
cycle. Int J Mol Sci. 2014; 15: 5163-5174. [PubMed: 24663086]

Arroyo V, Garcia-Martinez R, Salvatella X Human serum albumin, systemic inflammation, and
cirrhosis. J Hepatol. 2014; 61: 396-407 [PubMed: 24751830]

Oncology. Author manuscript; available in PMC 2024 March 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carr and Guerra

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

44,

45,

46.

47.

48.

Page 9

Smith C, Halliwell B, Aruoma Ol Protection by albumin against the pro-oxidant actions of
phenolic dietary components. Food Chem Toxicol. 1992; 30: 483-489. [PubMed: 1379971]

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 Nov 19;2021:3514827. doi: 10.1155/2021/3514827.
[PubMed: 34840628]

Ke Q, Xiang F, Xiao C, Huang Q, Liu X, Zeng Y, Wang L, Liu J. Exploring the clinical value

of preoperative serum gamma-glutamyl transferase levels in the management of patients with
hepatocellular carcinoma receiving postoperative adjuvant transarterial chemoembolization. BMC
Cancer. 2021 Oct 18;21(1):1117. doi: 10.1186/s12885-021-08843-z. [PubMed: 34663242]

Carr Bl, Akkiz H, Bag HG, Karaogullarindan U, Yalgin K, Ekin N, Ozakyol A, Altintas E, Balaban
HY, Simsek H, Uyanikoglu A, Balkan A, Kuran S, Uskiidar O, Ulger Y, Giiney B, Delik A.
Serum levels of gamma-glutamyl transpeptidase in relation to HCC human biology and prognosis.
J Transl Sci. 2021 Jun;7(3):10.15761/jts.1000446. doi: 10.15761/jts.1000446. Epub 2020 Sep 17.

Orzechowska D, Klimowicz K, Stepien A, Mikula T, Saputa M, Wiercinska-Drapato Change

in y-glutamyl transpeptidase activity as a useful tool in identifying a group of patients with
elevated risk of hepatocellular carcinoma development after DAA treatment of chronic hepatitis
C. Clin Exp Hepatol. 2021 Mar;7(1):93-100. doi: 10.5114/ceh.2021.104466. Epub 2021 Mar 15.
[PubMed: 34027121]

Yang D, Wu H, Nong W, Zheng M, Li A, Wang Y, Li M, Chen Q, Yuan S, Yu J, Liao

W. A new model based on gamma-glutamyl transpeptidase to platelet ratio (GPR) predicts
prognostic outcome after curative resection of solitary hepatocellular carcinoma. Clin Res Hepatol
Gastroenterol. 2021 Sep;45(5):101509. doi: 10.1016/j.clinre.2020.07.014. Epub 2021 Mar 19.
[PubMed: 33744828]

Ince V, Carr Bl, Bag HG, Ersan V, Usta S, Koc C, Gonultas F, Sarici BK, Karakas S, Kutluturk
K, Baskiran A, Yilmaz S. Liver transplant for large hepatocellular carcinoma in Malatya: The
role of gamma glutamy!l transferase and alpha-fetoprotein, a retrospective cohort study. World

J Gastrointest Surg. 2020 Dec 27;12(12):520-533. doi: 10.4240/wjgs.v12.i12.520. [PubMed:
33437403]

Carr BI, Ince V, Bag HG, Ersan V, Usta S, Yilmaz S. Microscopic vascular invasion by
hepatocellular carcinoma in liver transplant patients. Clin Pract (Lond). 2020;17(3):1497-1505.
[PubMed: 33343877]

Guo J, Liu S, Gao S, Kou F, Zhang X, Liu P, Yang R, Zhu X. -y-Glutamyltranspeptidase

as a Prognostic Biomarker in Advanced Hepatocellular Carcinoma Treated with Transarterial
Chemoembolization. J Vasc Interv Radiol. 2021 Mar;32(3):419-428.e2. doi: 10.1016/
j.jvir.2020.07.020. Epub 2020 Oct 14. [PubMed: 33067120]

Ma H, Zhang L, Tang B, Wang Y, Chen R, Zhang B, Chen Y, Ge N, Wang Y, Gan Y, Ye S, Ren

Z -y-Glutamyltranspeptidase is a prognostic marker of survival and recurrence in radiofrequency-
ablation treatment of hepatocellular carcinoma. Ann Surg Oncol. 2014 Sep;21(9):3084-9.
[PubMed: 24748164]

Wang Y, Sun K, Shen J, Li B, Kuang M, Cao Q, Peng S. Novel Prognostic Nomograms

Based on Inflammation-Related Markers for Patients with Hepatocellular Carcinoma Underwent
Hepatectomy. Cancer Res Treat. 2019 Oct;51(4):1464-1478. doi: 10.4143/crt.2018.657. Epub
2019 Mar 11. [PubMed: 30913869]

Shi S, Chen Q, Ye L, Yin D, Li X, Dai Z, He J. Prognostic value of systemic inflammation score in
patients with hepatocellular carcinoma after hepatectomy. Oncotarget. 2017 May 24;8(45):79366—
79375. [PubMed: 29108315]

Carr BI, Guerra V, Giannini EG, Farinati F, Ciccarese F, et al. Low alpha-fetoprotein HCC and the
role of GGTP. Int J Biol Markers 2014; 29: e395-e402. [PubMed: 24832180]

Hanigan MH Gamma-Glutamyl Transpeptidase: Redox Regulation and Drug Resistance. Adv
Cancer Res 2014; 122: 103-141. [PubMed: 24974180]

Hanigan M Expression of gamma-glutamyl transpeptidase provides tumor cells with a selective
growth advantage at physiologic concentrations of cyst(e)ine. Carcinogenesis 1995; 16: 181-185.
[PubMed: 7859346]

Oncology. Author manuscript; available in PMC 2024 March 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Carr and Guerra

Page 10

49. Vanderlaan M, Phares W gamma-Glutamyltranspeptidase: a tumor cell marker with a biological
function. Histochem J. 1981; 13: 865-877. [PubMed: 6117541]

Oncology. Author manuscript; available in PMC 2024 March 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Carr and Guerra

Survival Probability

000 010 020 030 040 050 060 070 080 0% 100

Survival Probability

000 0.0 020 030 040 050 060 070 080 090 1.00

A)

I
II —— Albumin >3.5 & ESR< 15
H Median survival: 84°
1
1
1

----- Albumin < 3.5 & ESR >15
Median survival: 6

i

I
z

I
r

i
¢

Survival Probability

000 0.10 020 030 040 050 060 070 080 0.90 100

i

h

Page 11

B)

Albumin > 3.5 & GGT < 100
Median survival: 45

————— Albumin < 3.5 & GGT >100
Median survival: 5*

LI L B B L B B B B B S EL L L LU m a
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Months

i

o]

h

Albumin > 3.5 & GGT < 100 & CRP< 10
Median survival: 38"

Albumin < 3.5 & GGT >100 & CRP > 10
Median survival: 7*

1

Survival Probability

T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90

000 010 020 030 040 050 0.60 070 080 09 1.00

LI B S S B B B B B B |
100 110 120 130 140 150 160 170 180 190 200
Months

D)

Albumin > 3.5 & GGT < 100 & ESR < 15
Median survival: 125

----- Albumin < 3.5 & GGT >100 & ESR > 15
Median survival: 5*

T T T T T T T T T T T T T T T T
10 2 30 40 S0 60 70 8 90 100 110 120 130 140 150 160 170 180 190 200

Months

Fig 1.

T T T T T
0 10 20 30 40 50 60 70 80 90 I

Kaplan-Meier survival plots for 4 combinations of parameters.
Kaplan-Meier Survival plots, according to combined categories of:
A) Albumin (> 3.5/< 3.5,g/dL) and ESR (<15/>15,mm/hour), log-rank test p<0.0001
B) Albumin (> 3.5/< 3.5,g/dL) and GGT (<100/>100,IU/mL), log-rank test p<0.0001
C) Albumin (> 3.5/< 3.5,g/dL), GGT (<100/>100,1U/mL), and CRP (<10/>10,mg/L) log-

rank test p<0.0001
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D) Albumin (> 3.5/< 3.5,g/dL), GGT (<100/>100,IU/mL), and ESR (<15/>15,mm/hour)

log-rank test p<0.0001
* Median survival in months.

Abbreviations: ESR, erythrocyte sedimentation rate; GGTP, gamma glutamyl transpeptidase;

CRP, C-Reactive Protein.
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Table 1A.

Cox regression model on single parameters in the model.

Parameter HR se (HR) p 95% C.I.

NLR

< 3.0 (Ref. category) 1

>3.0 1.44 0.13 <0.001 1.21to1.72
PLR

< 0.15 (KRef. category) 1

>0.15 1.25 0.12 0.02 1.04 to 1.50
CRP (mg/dL)

<10 (Ref. category) 1

>10 1.46 0.12 <0.001 1.24t01.72

ESR (mm/hour)
< 15 (Ref. category) 1

>15 1.83 0.20 <0.001 1.48t02.26
GGT (IU/mL)

<100 (Ref. category) 1

> 100 2.02 0.16 <0.001 1.72t02.37

Albumin (g/dL)
> 3.5 (Ref. category) 1
<35 231 0.20 <0.001 1.95t02.74

Abbreviations: HR, Hazard-Ratio; se (HR), standard error of Hazard-Ratio; NLR, Neutrophils to Lymphocytes Ratio; PLR, Platelet count to
Lymphocytes Ratio; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; GGT, gamma-glutamyl transpeptidase.
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Table 1B.

Final multiple Cox regression model in HCC patients on all parameters together in the model by the stepwise
backward method.

Parameters * HR se (HR) p 95% C.I.
GGT (IU/mL)
< 100 (Ref. category) 1
> 100 1.56 0.21 0.001 1.20to 2.02
CRP (mg/dL)

< 10 (Ref. category) 1

>10 1.83 0.26 <0.001 1.38t02.43
Albumin (g/dL)

> 3.5 (Ref. category) 1

<35 2.28 0.40 <0.001 1.62to03.22

Abbreviations: HR, Hazard-Ratio; se (HR), standard error of HR; CRP, C-Reactive Protein; GGTP, gamma glutamy! transpeptidase.
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Table 2.

Cox regression model on parameter combinations in the model.

Parameter HR se (HR) p 95% C.I.
Combinations
ESR and CRP
ESR (< 15) & CRP (< 10) (Ref category) 1
ESR (> 15) & CRP (> 10) 269 046 <0001 1.93t03.75
ESR and GGT
ESR (< 15) & GGT (< 100) (Ref. category) 1
ESR (> 15) & GGT (> 100) 303 044 <0001 2.27to4.04
Albumin and CRP
Albumin (> 3.5) & CRP (< 10) (Ref. category) 1
Albumin (< 3.5) & CRP (> 10) 142 006  <0.001 131tol154
Albumin and GGT
Albumin (> 3.5) & GGT (< 100) (Ref. category) 1
Albumin (< 3.5) & GGT (> 100) 398 051 <0001 3.10t05.12
Albumin and ESR
Albumin (> 3.5) & ESR (< 15) (Ref. category) 1
Albumin (< 3.5) & ESR (> 15) 403 074 <0001 281t05.79
Albumin, GGT, and ESR
Albumin (> 3.5) & GGT (< 100) & ESR (< 15) (Ref. category) 1
Albumin (< 3.5) & GGT (> 100) & ESR (> 15) 633 143  <0.001 4.07109.85

Page 14

Abbreviations: HR, Hazard-Ratio; se (HR), standard error of Hazard-Ratio; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; GGT,

gamma-glutamyl transpeptidase. Units given in Table 1.
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Table 3.
Predictive single and combination scores for survival using Harrell’s concordance index (C-index).
Inflammation based prognostic scores C-index p-value  95% C.I. Comparisons (p-value)
(@ () © @ (& @
NLR @) 0.55 <0.001 0.51t00.58 -- 0.88 0.02 0.01 0.96 0.04
PLR ®) 0.55 <0.001 0.52to0 0.59 -- - 0.04 0.01 0.85 0.05
Albumin (g/dL) (© 0.60  <0.001 0.571t00.63 - - - 0.86 001 097
CRP (mg/dL) (@ 0.60 <0.001 0.571t00.64 - . - - 097 083
ESR (mm/hour) (e) 055  <0.001 0.51t00.58 - - - - - 001
GGT (IU/mL) @ 0.60 <0.001 0.561t00.63 0.04 0.05 0.97 0.83 0.01 --
Combined (az) (az) (as)
ESR (mm/hour) (a;) 054 <0.001  0.52t00.57 - 0.02  <0.001
CRP (mg/dL) (@z) 0.59 <0.001 0.56to0 0.61 -- -- 0.02
ESR, CRP @s) 0.61 <0.001 0.58t00.64 <0.001 0.02 -
(1) (b2) (bs)
ESR (mm/hour) (b;) 055 <0.001 0.52t0 0.57 - 0.001  <0.001
GGT (IU/mL) (bs) 0.60 <0.001 0.57to0 0.62 -- -- 0.003
ESR, GGT (b3) 0.62 <0.001 0.59t00.64 <0.001 0.003
(c1) (cz) (c3)
Albumin (g/dL) (c1) 0.60 <0.001 0.58to0 0.62 -- 0.99 <0.001
GGT (IU/mL) (cz) 0.60 <0.001 0.58to 0.62 -- -- <0.001
Albumin, GGT (cs3) 0.64 <0.001 0.62t00.66 <0.001 <0.001 -
(@) (@z) (ds)
Albumin (g/dL) ;) 0.59 <0.001 0.57t00.61 -- 0.01 0.002
CRP (mg/dL) (d5) 0.55 <0.001 0.53t00.58 -- -- <0.001
Albumin, CRP (d3) 0.61 <0.001 0.59t00.64 0.002 <0.001 -
(e1) (ez) (e3)
Albumin (g/dL) (e;) 059 <0.001  0.57 t0 0.61 - 0.004  0.42
ESR (mm/hour) ez) 0.55 <0.001 0.52to 0.57 -- -- <0.001
Albumin, ESR es) 0.60 <0.001 0.57to0 0.62 0.42 <0.001 -

Abbreviations: C-index, Harrell’s concordance index, 95% CI, 95% Confidence Interval.

NLR, Neutrophils and Lymphocytes Ratio; PLR, Platelet count and Lymphocytes Ratio; CRP, C-reactive protein; ESR, erythrocyte sedimentation
rate; GGT, gamma-glutamyl transpeptidase.
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Table 4.

Page 16

Clinical and tumor parameter values in (A), patients dichotomized according to serum Albumin plus GGT
values; (B), Albumin, GGT plus ESR values.

Parameter

Albumin > 3.5 (g/dL) & GGT <100 (1U/L)

Albumin < 3.5 (g/dL) & GGT >100 (1U/L)

(n=166) (n=321) p

A)
AFP (IU/mL) 3999.00+9039.66 20694.49+65090.39 0.002
MTD (cm) 5.63+3.55 7.55+4.25 <0.0001
PVT (%) 15.25 41.56 <0.001 "
Nodule numbers (%) <0.001 "

<2 69.44 50.00

>2 30.56 50.00
Cirrhosis (%) 63.79 84.58 <0.001 "
Hemoglobin (g/dL) 13.31+2.14 12.25+8.32 <0.0001
Platelet counts (10%/uL) 217.671.3 316.18+ 164.3 0.82
Albumin (g/dL) 4.82+5.50 2.61+0.56 <0.0001
NLR 3.21+2.75 5.60+9.62 <0.0001
PLR 23.61+118.45 35.71+113.39 0.02
CRP (mg/L) 7.41+26.08 22.97+37.38 <0.0001
ESR (mm/hr) 21.53+21.09 38.91+23.15 <0.0001
Total Bilirubin (mg/dL) 1.16+1.70 5.37+ 18.55 <0.0001
ALKP (1U/L) 149.71+£398.78 292.48+233.67 <0.0001
GGTP (IU/L) 50.03+25.32 269.38+208.28 <0.0001
AST (IU/L) 47.86+38.60 214.51+698.97 <0.0001
Parameter Albumin >35& GGT <100 & ESR<15 Albumin £ 3.5 & GGT >100 & ESR > 15 p*
B)
AFP (IU/mL) 2945.96+7005.86 19285.13+66369.27 0.01
MTD (cm) 5.84+4.02 7.57+4.18 0.001
PVT (%) 8.16 37.24 <0.001 "
Nodule numbers (%) 0.003 "

<2 71.19 49.46

>2 28.81 50.54

Abbreviations: MTD, Maximum Tumor Diameter; PVT, Portal Vein Thrombosis; AFP, Alpha-fetoprotein; CRP, C-Reactive Protein;
ESR, Erythrocyte Sedimentation Rate (mm/hour); ALKP, Alkaline phosphatase; GGTP, gamma glutamyltranspeptidase; AST, Aspartate

Aminotransaminase; NLR, Neutrophil to Lymphocyte Ratio; PLR, Platelet to Lymphocyte Ratio; AFP, Alpha-fetoprotein.

*
Wilcoxon rank-sum (Mann-Whitney) test;

N
Chi-square test.
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