L))

Check for
updat

Original Article

Novel prognostic scores based on serum ferritin/globulin ratio in
patients with hepatocellular carcinoma

Wen Liu", Qunxi Chen*, Minjie Mao', Runkun Han', Yijun Liu', Xueping Wang1

'Department of Laboratory Medicine, State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer Medicine,
Sun Yat-sen University Cancer Center, Guangzhou, China; Department of Pathology, State Key Laboratory of Oncology in South China,
Collaborative Innovation Center for Cancer Medicine, Sun Yat-sen University Cancer Center, Guangzhou, China

Contributions: (I) Conception and design: X Wang; (IT) Administrative support: W Liu, X Wang; (ITI) Provision of study materials or patients: M Mao,
Q Chen; (IV) Collection and assembly of data: Y Liu; (V) Data analysis and interpretation: R Han; (VI) Manuscript writing: Y Liu, X Wang; (VII)
Final approval of manuscript: All authors.

"These authors contributed equally to this work.

Correspondence to: Xueping Wang. Department of Clinical Laboratory, Sun Yat-sen University Cancer Center, State Key Laboratory of Oncology in
South China, Collaborative Innovation Center for Cancer Medicine, 651 Dong Feng Road East, Guangzhou 510060, China.

Email: wangxueping1226@163.com.

Background: The level of ferritin has been shown to be associated with the prognosis of various tumors.
In this study, we proposed prognostic indicator, named ferritin/globulin ratio (FGR), and to evaluate the
important value in hepatocellular carcinoma (HCC).

Methods: A total of 472 HCC patients and 219 healthy controls were concluded in our retrospective
study. The clinical characteristics were analyzed in these patients. The optimal cutoff value of the prognostic
factors (a-fetoprotein, alanine aminotransferase, aspartate aminotransferase, ferritin, globulin and FGR)
were determined by using receiver operating characteristic curve analysis, and then analyzed by univariate
and multivariate Cox hazard models to evaluate the prognostic significance.

Results: Serum ferritin, globulin and FGR levels were significantly higher in HCC patients than in
healthy controls. Multivariate analysis showed that FGR was a significant and independent risk factor OS
(HR =1.575;95% CI: 1.122-2.212; P=0.009) and DFS (HR =1.569; 95% CI: 1.117-2.204; P=0.009) in whole
patients. Furthermore, we also classified the data according to o-fetoprotein (AFP), alanine aminotransferase
(ALT) and aspartate aminotransferase (AST), highly significant differences of FGR were observed between
the two groups in OS and DFS. High FGR levels were associated with poor OS and DFS in HCC patients.
Conclusions: The serum FGR levels may serve as a significant predictor of prognosis in HCC patients.
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Introduction overall survival (OS) is less than 10% (2). Because the early-

stage disease is usually asymptomatic, and the symptoms

Hepatocellular carcinoma (HCC), which arises from the of early-stage disease are nonspecific, approximate half

liver cells (hepatocytes) and accounts for around 80-90%
of all liver cancers. The incidence of HCC is increasing
by 3-9% year by year in global (1). HCC is one of the
most malignant tumors and has the highest morbidity and

mortality rates of any cancer worldwide, with the 5-year
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of patients are diagnosed at an advanced stage. Take the
poor prognosis of HCC into account, effective biomarkers
needed to be identified to guide individualized treatment of
HCC patients and then improve their prognosis.

Many biomarkers, such as a-fetoprotein (AFP) and
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liver function, such as alanine aminotransferase (ALT)
and aspartate aminotransferase (AST), have already been
used to screen for HCC and choose the best treatment
on an individual status. However, these biomarkers are
not sufficient to predict prognosis accurately (3,4). Serum
ferritin (FERR) is the oldest known protein involved in iron
metabolism, and a multi-functional protein with possible
roles in proliferation, angiogenesis, immunosuppression,
and iron delivery. The abnormal FERR level has been
shown to be closely correlated with tumor progression and
prognosis in several cancers.

Kew MC declared that high level FERR is a potential
biomarker for primary liver cancer (5), Weinstein
RE reported that increased FERR contributed to the
progression of breast cancer (6). The relationship between
cancer and FERR is unclear. Furthermore, the iron
accumulation is considered to play an important role in
liver injury and hepatocarcinogenesis (7). Because the serum
FERR is widely recognized as an acute phase reactant and
marker of acute and chronic inflammation, and increased in
the environment of inflammation (8), the level of FERR in
HCC is influenced by tumor and inflammation. Owing to
increasing evidence regarding the role of FERR in HCC,
systemic biomarkers needed to be found to eliminate the
effect of non-specific inflammation. Globulin, a predictor
of inflammatory status, has been shown to be reflected poor
OS of many cancers (9). Therefore, we have combined the
FERR and globulin to provide a potent predictive system
for the HCC prognosis after treatment.

In this study, the level of ferritin/globulin ratio (FGR) in
HCC patients has been studied. To describe the association
between FGR and HCC, we measured the FGR level in
the pre-therapy serum of patients with HCC in comparison
with those of healthy participants and performed a large-
scale retrospective cohort analysis. The flowchart of our
study is showed in Figure S1. We present the following
article in accordance with the REMARK reporting checklist
(available at http://dx.doi.org/10.21037/tcr-20-966).

Methods
Patients

We retrospectively reviewed the clinical data of 472 HCC
patients (420 men and 52 women; ages 19-88 years), who
received histologically confirmed diagnosed at Sun Yat-Sen
University Cancer Center from January 2009 and December
2012. As the Supplementary material shown the patients’
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selection process and describe the figure. The main clinical
characteristics are described in 7able 1. All of the patients
met the diagnostic criteria for HCC. Exclusion criterion
were as follows: (I) patients treated with surgery or received
any treatment drugs or feeding before serum collection; (II)
patients with concomitant diseases associated with serum
ferritin and globulin levels (i.e., inflammation, gammopathy,
MGUS or metabolic syndrome); (IIT) other types of
malignancy. HCC staging was performed by the American
Joint Committee on Cancer Staging system (AJCC, 2002;
Greene, American Joint Committee on Cancer. American
Cancer Society, 2002). All patients received treatment,
including surgery, transarterial embolization (TAE), ablation
therapy. Patient characteristics, preoperative serum AFP
levels, ferritin levels, globulin levels, FGR, postoperative
OS and disease-free survival (DFS) survival were recorded.
Alcohol index was assessed as drinking or not drinking. Prior
to use of these serum, informed consent was obtained from
each of the patients. A total of 300 healthy participants (251
men and 49 women; ages 23-79 years, median 54 years)
free of tumor and nutritional diseases (i.e., inflammation,
metabolic syndrome or feeding) were recruited from the
physical examination department at Sun Yat-Sen University
Cancer Center. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). This study
was approved by the Institute Research Ethics Committee
of the Sun Yat-Sen University Cancer Center, Guangzhou,
China (approval No. 2017-FXY-129).

Follow-up

The primary outcome of our study was OS, defined as the
time between the first diagnosis of HCC and death, or date
of the last follow-up. Relatively, the secondary outcome was
DEFS, calculated from the date of first diagnosis to the date of
disease recurrence. After completion of primary treatment,
patients were generally followed up every 3 months in the
first 2 years, every 6 months for the following 3 to 5 years,
and annually thereafter for patients without evidence of
recurrence. The last follow-up was in December 2016.
The survival status was verified through checking clinical
attendance records or direct telecommunication with
the patient or their family (performed by The Medical
Information Unit in our Cancer Center).

Laboratory measurements

As part of the physical examination, peripheral blood was
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Table 1 Characteristics and parameters of the HCC patients

Characteristics No. (%) 5—ye:e2§ (imsogths)’ P value 5'year;eDaFnsfg%”ths)’ P value

Gender 0.613 0.644
Male 420 (88.98) 32.67+20.18 32.54+20.19
Female 52 (11.02) 31.90+19.58 31.90+19.57

Age (years) 0.297 0.356
>53 238 (50.42) 33.67+19.80 33.45+19.83
<53 234 (49.58) 31.48+20.38 31.48 +20.38

TNM stage <0.001 <0.001
land Il 280 (59.32) 38.99+17.04 38.83+17.10
llland IV 192 (40.68) 23.24+20.58 23.20+20.60

Tumor size (cm) <0.001 <0.001
=5 265 (56.14) 26.22+20.84 26.22+20.84
<5 207 (43.86) 40.72+15.74 40.47+15.91

Tumor number <0.001 <0.001
Single 297 (62.92) 35.82+18.90 35.64+18.95
Multiple 171 (36.23) 27.64+20.84 27.64+20.84

Node stage 0.292 0.301
NO 445 (94.28) 32.89+19.75 32.77+19.77
N1-2 27 (5.72) 27.52+24.98 27.52+24.98

Distant metastases 0.317
Yes 27 (5.72) 27.54+24.25 27.54+24.25 0.326
No 445 (94.28) 32.85+£19.85 32.73+19.86

Therapy <0.001 <0.001
Surgery 223 (47.24) 37.60+18.52 37.47+18.57
TAE 205 (43.43) 25.69+19.80 25.60+19.79
Ablation 39 (8.26) 43.15+17.02 43.05+17.05

BMI (kg/m?) 0.056 0.064
>24.0 147 (31.14) 35.68+19.46 35.56+19.40
18.5-23.9 283 (59.96) 31.39+20.31 31.27+20.36
<18.5 41 (8.69) 30.27+20.03 30.27+20.03

Alcohol behavior 0.452 0.370
Yes 176 (37.29) 31.40+20.84 31.14+20.82
No 296 (62.71) 33.28+19.64 33.26+19.66

Family history of cancer 0.287 0.251
Yes 115 (24.36) 34.50+£19.75 34.50+19.75
No 357 (75.64) 31.97+20.19 31.82+20.21

Table 1 (continued)
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Table 1 (continued)
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5-year OS (months),

5-year DFS (months),

Characteristics No. (%) mean + SD P value mean + SD P value

HBsAg 0.351 0.329
Negative 55 (11.65) 34.95+18.67 34.95+18.67
Positive 417 (88.35) 32.27+20.28 32.14+20.29

Cirrhosis 0.161
Yes 133 (28.18) 35.27+19.14 35.18+19.13 0.150
No 339 (71.82) 31.53+20.39 31.41+20.41

Dead <0.001 <0.001
Yes 179 (37.92) 14.64+11.93 14.53+11.95
No 293 (62.08) 43.55+15.70 43.43+15.72

AFP (ng/mL) <0.001 <0.001
>400 169 (35.81) 26.22+20.47 26.05+20.42
<400 287 (60.81) 37.65+18.03 37.57+18.07

ALT (U/L) 0.016 0.015
>27.45 367 (77.75) 31.43+20.16 31.32+20.21
<27.45 105 (22.25) 36.62+19.30 36.50+19.30

AST (U/L) <0.001 <0.001
>51.05 178 (37.71) 25.84+20.84 25.78+20.85
<51.05 294 (62.28) 36.66+18.51 36.52+18.52

FERR (umol/L) <0.001 0.001
>605.9 139 (29.45) 27.31+£20.93 27.28+20.91
<605.9 333 (70.55) 34.78+19.35 34.64+19.38

Globulin (g/L) 0.004 0.004
>33.90 143 (30.30) 28.54+20.54 28.38+20.64
<33.90 329 (69.70) 34.34+£19.67 34.25+19.64

FERR/globulin 0.002 0.002
>21.08 124 (26.27) 27.56+20.83 27.52+20.82
<21.08 348 (73.73) 34.37+19.55 34.23+19.58

mean + SD, mean + standard deviation. OS, overall survival; DFS, disease-free survival.

collected from the patients between 7 and 8 a.m., before
treatment, clotted at room temperature, and centrifuged at
3,500 r/min for 8 min. The levels of AFP and FERR were
tested using ROCHE Modular Analytics E170 automatic
electrochemistry analyzer (Basel, Switzerland). The level
of ALT, AST and globulin were measured using a Hitachi
7600 automatic biochemical analyzer (Tokyo, Japan).

© Translational Cancer Research. All rights reserved.

Statistical analysis

All statistical tests were performed with SPSS 16.0 for
Windows software (SPSS, Chicago, IL, USA). Data were
expressed as the mean and standard deviation (mean =
SD). The cut-off value of the lipid AFP, FERR, globulin,
ALT, AST, FGR were categorized by receiver operating
characteristic (ROC) curve statistical analyses. The
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Figure 1 Pre-treatment serum FGR level in HCC patients and healthy controls. The serum FERR, globulin and FGR levels in HCC

patients and healthy controls are plotted as a distribution (A,B,C). FGR, ferritin/globulin ratio; HCC, hepatocellular carcinoma; FERR,

ferritin.

correlation between OS, DFS and clinical characteristics
was assessed using the Mann-Whitney U test. The
differences between HCC patients and healthy donors were
compared by the nonparametric test using Mann-Whitney
U test. Univariate and multivariate analyses of clinical
variables were performed using Cox proportional hazards
regression models. The results of this survey were analyzed
using the Kaplan-Meier survival curves with the log-
rank test and proportional hazard model. The correlation
between FGR and clinical characteristics was analyzed using
the Mann-Whitney U test and i’ test. P values were derived
from two-sided tests and P values <0.05 were regarded as
statistically significant.

Results

The basic clinical characteristics in HCC patients and
subgroup

The relationships between OS, DFS and clinical
characteristics of the patients are summarized in Table 1.
From January 2009 and December 2012, a total 472
patients with HCC cancer were enrolled in the analysis.
The median age of the patients was 53 years (range, 19—
88 years), and 88.98 % of patients were males. The numbers
of patients at stage I-II and III-IV were 282 (59.32%) and
192 (40.68%), respectively. Moreover, the OS and DFS
were significantly correlated with TNM stage (P<0.001 vs.
P<0.001), tumor size (P<0.001 vs. P<0.001), tumor number
(P<0.001 vs. P<0.001), AFP (P<0.001 ws. P<0.001), ALT
(P=0.016 vs. P=0.015), AST (P<0.001 vs. P<0.001), FERR
(P<0.001 vs. P=0.001), globulin (P=0.004 vs. P=0.004) and
FGR (P=0.002 vs. P=0.002). There were 179 patients died

and 6 patients recurrence; 223 patients received surgery,

© Translational Cancer Research. All rights reserved.

205 patients received TAE, while 39 patients had ablation.

Comparison of pre-treatment FGR between HCC patients
and bealthy controls

The levels of pre-treatment FERR and globulin were
compared between HCC patients and healthy controls
using the nonparametric test, to investigate whether FGR
abnormalities occur in HCC. The serum levels of FERR
(491.80+365.40 pmol/L), globulin (32.00+5.23 g/L), FGR
(15.53+11.29) in HCC patients were significantly higher
than those in control group with age and sex matched
(FERR: 331.60+225.50 pmol/L, globulin: 26.50+3.60 g/L,
FGR: 12.63:8.65) (Figure I).

Associations between FGR and HCC patient survival analysis

The potentially important factors identified in univariate
analysis were included in the multivariate analysis (Cox
proportional hazards model). The multivariate analysis
showed that tumor size (HR =2.029; 95% CI: 1.522-3.205;
P<0.001), tumor number (HR =1.455; 95% CI: 1.045-2.026;
P=0.026), AFP (HR =1.764; 95% CI: 1.288-2.416; P<0.001),
therapy (HR =1.437; 95% CI: 1.202-1.717; P=0.026),
BMI (HR =0.746; 95% CI: 0.581-0.957; P=0.021), FGR
(HR =1.680; 95% CI: 1.214-2.325; P=0.002) was identified
as significantly independent predictors of OS of HCC
patients (Table 2) and also tumor size (HR =2.012; 95%
CI: 1.370-2.955; P<0.001), tumor number (HR =1.636;
95% CI: 1.177-2.276; P=0.003), AFP (HR =1.831; 95%
CI: 1.331-2.519; P<0.001), AST (HR =1.510; 95% CI:
1.048-2.177; P=0.027), FGR (HR =1.569; 95% CI:
1.117-2.204; P=0.009) were strongly associated with DFS
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Table 2 Univariate and multivariate cox hazards analysis for overall survival in 472 patients with HCC

Univariate analysis

Multivariate analysis

Variables
HR 95% ClI P value HR 95% ClI P value
Gender (male vs. female) 1.022 0.642-1.627 0.928
Age (<53 vs. =53 years) 0.919 0.686-1.232 0.573
TNM stage (II-1V vs. I-1) 4.550 3.325-6.227 <0.001
Tumor size (<5 vs. =5 cm) 3.553 2.519-5.013 <0.001 2.209 1.622-3.205 <0.001
Tumor number (single vs. multiple) 2112 1.569-2.843 <0.001 1.455 1.045-2.026 0.026
Node stage (NO vs. N1-2) 1.779 1.031-3.071 0.039
Distant metastases (yes vs. no) 1.813 1.031-3.189 0.039
Therapy (surgery vs. TAE vs. ablation) <0.001 1.437 1.202-1.717 <0.001
BMI (=24.0 vs. 18.5-23.9 vs. <18.5 kg/m’) 0.746 0.584-0.953 0.019 0.746 0.581-0.957 0.021
Alcohol behavior (yes vs. no) 1.142 0.846-1.542 0.385
Family history of cancer (yes vs. no) 0.662 0.454-0.966 0.032
HBsAg (negative vs. positive) 1.208 0.751-1.944 0.436
Cirrhosis (yes vs. no) 0.694 0.490-0.984 0.040
AFP (<400 vs. =400) 2.282 1.685-3.090 <0.001 1.764 1.288-2.416 <0.001
ALT (<27.45 vs. 227.45) 1.882 1.242-2.853 0.003
AST (<51.05 vs. =51.05) 2.774 2.064-3.729 <0.001
FERR (<605.9 vs. 2605.9 pmol/L) 1.866 1.382-2.521 <0.001
Globulin (<33.90 vs. =33.90 g/L) 1.469 1.082-1.995 0.014
FERR/globulin (<21.08 vs. >21.08) 1.811 1.332-2.462 <0.001 1.680 1.214-2.325 0.002

HCC, hepatocellular carcinoma.

(Table 3). Which were showed that FGR could be served as
an independent prognostic factor in HCC patients.

To further explore the prognostic significance of FGR
level in HCC, the Kaplan-Meier method was performed
to plot the survival curves, and the groups were compared
using the log rank test. In the whole cohort, the mean OS of
the low FRG group was 34.37 months while the high FGR
group was 27.56 months (P=0.002), and the mean DFS of
the low FGR was 34.23 months while the high FGR group
was 27.52 months (P=0.002). The results show that patients
with decreased FGR levels were significantly associated with
better OS (P<0.001) and DFS (P<0.001) than the increased
FGR group. Patients with tumor size <5 cm (OS: P<0.001
vs. DFS: P<0.001), single tumor (OS: P<0.001 vs. DFS:
P<0.001), lower AFP levels (OS: P<0.001 vs. DFS: P<0.001)
and lower AST (OS: P<0.001 vs. DFS: P<0.001) had better
prognosis, Figures 2,3.

© Translational Cancer Research. All rights reserved.

The relationship between the FGR and clinicopathologic
characteristics in HCC patients

The associations between plasma FGR and clinicopathological
variables in 472 HCC patients are further analyzed in Table 4.
The FGR levels were higher in males, advanced stage
(P<0.001), large tumor size (P<0.001), Node metastasis
(P=0.003), HBV Ag positive (P=0.037), high ALT (P=0.006),
high AST (P<0.001), and not associated with age, tumor
number, distant metastases, alcohol behavior, BMI, family
history of cancer, cirrhosis and AFP. Furthermore, all the
patients were divided into two groups by the FGR cut-off
(21.08). Gender, age, tumor number, distant metastases,
alcohol behavior, BMI, family history of cancer, cirrhosis
and AFP were similar between the two groups. However,
patients in advanced stage with an increased FGR than

early stage of HCC (P<0.001), and patients with HBV Ag
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Table 3 Univariate and multivariate cox hazards analysis for Disease-free survival in 472 patients with HCC
Univariate analysis Multivariate analysis
Variables
HR 95% CI P value HR 95% ClI P value
Gender (male vs. female) 1.019 0.640-1.623 0.936
Age (<53 vs.>53 years) 0.924 0.689-1.238 0.595
TNM stage (II-1V vs. I-1) 4.532 3.312-6.202 <0.001
Tumor size (<5 vs. =5 cm) 3.528 2.501-4.978 <0.001 2.261 1.573-3.248 <0.001
Tumor number (single vs. multiple) 2.103 1.562-2.830 <0.001 1.482 1.078-2.036 0.015
Node stage (NO vs. N1-2) 1.774 1.028-3.062 0.040
Therapy (surgery vs. TAE vs. ablation) 1.563 1.335-1.830 <0.001 1.405 1.185-1.665 <0.001
BMI (=24.0 vs. 18.5-23.9 vs. <18.5 kg/m’) 0.746 0.584-0.953 0.019
Alcohol behavior (yes vs. no) 1.147 0.849-1.549 0.371
Family history of cancer (yes vs. no) 0.660 0.452-0.963 0.031
HBsAg (negative vs. positive) 1.211 0.753-1.948 0.431
Cirrhosis (yes vs. no) 0.694 0.490-0.983 0.040
AFP (<400 vs. 2400) 2.284 1.686-3.093 <0.001
ALT (<27.45 vs. 227.45) 1.884 1.243-2.856 0.003 0.994 0.991-0.998 0.004
AST (<51.05 vs. =51.05) 2.769 2.060-3.723 <0.001 1.007 1.004-1.010 <0.001
FERR (<605.9 vs. 2605.9 pmol/L) 1.860 1.877-2.512 <0.001
Globulin (<33.90 vs. =33.90 g/L) 1.475 1.087-2.003 0.013
FERR/globulin (<21.08 vs. =21.08) 1.806 1.328-2.454 <0.001 1.514 1.092-2.100 0.013

HCC, hepatocellular carcinoma; HR, hazard ratio; 95% ClI, 95% confidence interval.

positive, higher ALT and higher AST also have a higher
FGR than HBV Ag negative, low ALT and low AST
(P=0.037, P=0.031, P<0.001, respectively).

Prognostic significance of FGR according to pathological
stage, ALT, and AST

To explore the subgroups of patients according to
pathological stage, AL'T, and AST, whether were influenced
by FGR levels. Patients with decreased FGR (<21.08)
showed a better OS (P=0.045) and DFS (P=0.046)
compared with patients with higher FGR level for advanced
pathological stage (stage III and IV) (Figure 4). Both OS
and DFS were poor when patients had high ALT level
(>27.45 U/L) and high FGR (P=0.001 and P=0.001)
(Figure 5). When AST >51.05 U/L and FGR >21.08, HCC
patients showed significantly poor OS and DFS (P=0.016
and P=0.016) (Figure 6).

© Translational Cancer Research. All rights reserved.

The prognostic value of the combining FGR and ALT/AST

We classified the patients into the three subgroups: score
1 (low risk: low FGR and low ALT), score 2 (medium risk:
low FGR or low ALT), score 3 (high risk: high FGR and
high AL'T). Patients with a lower FGR and ALT score had
a significantly shorter OS compared with those patients
with a high score. Moreover, we also classified the patients
into the three subgroups: score 1 (low risk: low FGR and
low AST), score 2 (medium risk: low FGR or low AST),
score 3 (high risk: high FGR and high AST). Patients with
a lower FGR and AST score had a significantly shorter OS
compared with those patients with a high score (Figure 7).

Discussion

HCC is a heterogeneous solid tumor which is the main
detoxifying organ in our body. Despite the improvement
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Figure 2 The OS and DFS of tumor size and tumor number in HCC patients by Kaplan-Meier method. (A) Analysis of OS in tumor size;

(B) analysis of OS in tumor number; (C) analysis of DFS in tumor size; (D) analysis of DFS in tumor number. OS, overall survival; DFS,

disease-free survival; HCC, hepatocellular carcinoma.

in diagnose and treatment strategy, the survival of patients
with HCC suffering from hepatic carcinectomy remains
poor (10). It is worth studying the risk of mortality and
recurrence in order to reduce the rate of relapse and
improve the quality of survival for patients with HCC
(11,12). FERR is played a key role in iron metabolism.
Several studies, including HCC, have confirmed that
abnormal ferritin levels associated with tumor occurrence,
development and prognosis.

In this study, the results showed that FERR, globulin and
FGR levels were significant higher in HCC patients than
normal controls. Furthermore, OS and DFS were significantly
poorer in patients with increased FGR levels than HCC
patients with low FGR levels, thus FGR was the independent
prognosis marker in HCC patients. In addition, we found
that patients with large tumor size, multiple tumor number,

© Translational Cancer Research. All rights reserved.

increased AFP and AST levels experienced significantly
shorter OS and DFS. Also, we analyzed the correlation
between FGR and clinical characteristics, the present data
showed that the FGR level is significantly associated with
sex, pathological stage, HBV Ag infection, ALT and AST
levels. Then, we analyzed the prognostic significance of FGR
according to pathological stage, ALT, and AST. We found that
Patients with decreased FGR showed a better OS and DFS
compared with patients with higher FGR level for advanced
pathological stage (stage III and IV). Both OS and DFS were
better when patients had low ALT" level and low FGR. When
AST <51.05 U/L and FGR <21.08, HCC patients showed
significantly high OS and DFS.

The present data show that FGR level are strongly
associated with OS and DFS in HCC patients, and both
FERR and globulin are convenient inexpensive indicators
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Figure 3 The OS and DFS of AFP, AST and FGR in HCC patients by Kaplan-Meier method. (A) Analysis of OS in AFP; (B) analysis of
OS in AST; (C) analysis of OS in FGR; (D) analysis of DFS in AFP; (E) analysis of DFS in AST; (F) analysis of DFS in FGR. OS, overall
survival; DFS, disease-free survival; AFP, o-fetoprotein; AST, aspartate aminotransferase; FGR, ferritin/globulin ratio; HCC, hepatocellular

carcinoma.

Table 4 Relationship between the FGR levels and the clinical characteristics in patients with HCC

FERR/Globulin

Characteristics

Cases (n) <21.08 >21.08 P value* Mean + SD P value*™*
Gender(n) 0.059 <0.001
Male 420 304 116 16.19+11.39
Female 52 44 8 9.80+8.81
Age (years) 0.912 0.170
>53 238 176 62 14.87+11.22
<53 234 172 62 16.22+11.40
Stage (n) <0.001 <0.001
land Il 280 226 54 13.85+10.67
llland IV 192 122 70 18.16+11.82
Tumor size (cm) 0.048 0.023
>5 265 186 79 16.59+11.65
<5 207 162 45 14.28+10.80

Table 4 (continued)
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Table 4 (continued)

FERR/Globulin

Characteristics

Cases (n) <21.08 >21.08 P value* Mean + SD P value*™*
Tumor number 0.406 0.165
Single 297 224 73 14.96+11.19
Multiple 171 123 48 16.52+11.49
Node stage <0.001 0.003
NO 445 336 109 15.09+11.01
N1-2 27 12 15 22.61+13.92
Distant metastases 0.534 0.525
Yes 24 19 5 17.19+11.92
No 448 329 119 15.44+11.29
BMI (kg/m?) 0.863 0.803
>24.0 147 110 37 15.51+11.62
18.5-23.9 283 206 77 15.57+11.18
<18.5 41 31 10 15.25+11.38
Alcohol behavior 0.869 0.105
Yes 176 129 47 16.48+11.27
No 296 219 77 14.95+11.32
Family history of cancer 0.158 0.462
Yes 115 79 36 16.44+11.70
No 357 269 88 15.23+11.18
HBsAg 0.036 0.037
Negative 55 47 8 12.60+9.26
Positive 417 301 116 15.92+11.52
Cirrhosis 0.167 0.231
Yes 133 104 29 14.37+11.05
No 339 244 95 15.98+11.40
AFP (ng/mL) 0.737 0.552
>400 169 123 46 16.08+11.77
<400 287 213 74 15.20+11.05
ALT (U/L) 0.031 0.006
>27.45 367 262 105 16.30+11.58
<27.45 105 86 19 12.83+9.82
AST (U/L) <0.001 <0.001
>51.05 178 108 70 18.78+13.26
<51.05 294 240 54 13.57+9.40

Mean + SD, mean =+ standard deviation. *, P values were calculated using the chi-squared test (i° test), P<0.05 indicated significant
differences. **, P values were calculated using unpaired Student’s t-tests or Mann-Whitney U test, P<0.05 indicated significant differences.
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Figure 4 Prognosis significance of FGR level in different pathological stage. (A) OS of FGR level in early stage (stage I and II); (B) DFS of
FGR level in early stage (stage I and II); (C) OS of FGR level in advanced stage (stage III and IV); (D) DEFS of FGR level in advanced stage
(stage IIT and IV). FGR, ferritin/globulin ratio; OS, overall survival; DFS, disease-free survival.

that are widely used in clinical laboratories. Previous studies
demonstrated that over-expressed FERR has effect on
multiple tumors, such as breast cancer, pancreatic cancer,
Hodgkin’s lymphoma and HCC. The serum FERR is a
protein that stores iron and usually employed to assess
iron homeostasis. The secretion source of serum FERR is
still unclear, many studies demonstrated that hepatocytes,
macrophages and microglia have the ability of FERR secretion
(13,14) and the most important is in macrophages (15).
The levels of serum ferritin are higher in patients with
iron-overload disease and hemochromatosis (16), and the
associations between coagulation system and cancer have
been frequently studied. Several potential mechanisms have
been postulated: (I) in tumor, the cancer cells with high
proliferative potential is required to have higher demand
for iron, which is essential for energy production and DNA
synthesis. FERR is a very efficient iron delivery molecule

© Translational Cancer Research. All rights reserved.

with high iron storage capacity. (II) Immunosuppression ,
ferritin may act immunosuppressive effects on lymphocytes
and myeloid cells through its modulation of iron availability
(17,18). One is that overexpression of iron decreases
the numbers and activities of CD#4 cells and increases
the numbers and activities of suppressor T (CD8) cells
resulting in increased CD8:CD4 ratios (19), suppresses the
tumoricidal action of macrophages and monocytes (20).
The other is high level FERR has been connected with
elevated levels of anti-inflammatory cytokines, for example
IL-10, whereas linked with the decreased of IL-2 (21).
These proinflammatory cytokines are thought to support
the cancer cells to evade the immune system in the tumor
microenvironment. (IIT) The influence between FERR
and high molecular weight kininogen (HK) could induced
normal vessel formation to ensure sufficient vascularization

of tumors (22,23). (IV) Oxidative stress. The FERR released
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Figure 5 Prognosis significance of FGR level in different ALT group. (A) OS of FGR level in lower ALT group (<27.45 U/L); (B) DFS of
FGR level in lower ALT group <27.45 U/L; (C) OS of FGR level in higher ALT group (227.45 U/L); (D) DES of FGR level in higher ALT
group (>27.45 U/L). FGR, ferritin/globulin ratio; ALT, alanine aminotransferase; OS, overall survival; DFS, disease-free survival.

of ferric iron (Fe’*), which reduced to ferrous iron (Fe™),
and catalyzed the formation of the hydroxyl radical (*OH)
in the presence of superoxide and hydrogen peroxide
(H,0,). As a significant oxidizing agent, the hydroxyl radical
can induce mutagenesis and DNA strand breaks, activate
oncogenes, inhibit tumor suppressor gene, and promote
lipid peroxidation (24). GLB was produced by immune
organs, which has been used to reflect the immune state (25).
It contained a lot of acute reactive proteins such as o,-
antitrypsin, o,-macroglobulin, haptoglobin and so on. In
the stimulation of inflammation, the level of serum GLB
increased rapidly by several inflammatory indicator, it was
also correlated with poor prognosis in several malignant
tumors (26,27).

Furthermore, the serum FERR level is influenced by
acute and chronic inflammation, and is nonspecifically

© Translational Cancer Research. All rights reserved.

increased in a wide range of inflammatory conditions (28).
Globulin is widely recognized as the biomarker of
inflammation, so the level of FGR is better response to
the impact of cancer on the body, which could weaken the
influence of inflammation. Our study shows that FGR are
more strongly associated with OS and DFS in HCC than
FERR only. However, there were no significant correlations
between FGR and AFP, the combination of AFP and FGR
provide a new and effective method in HCC diagnosis and
prognosis. Also, our results demonstrated that FGR related
to AST and AL, this may be because FERR, AST and ALT
escaped from the impaired liver cancer in HCC (5).

In this study, the FGR level is higher in HCC patients
than in normal controls. FGR could function as an
independent prognostic factor of HCC, also both FERR
and globulin are common and convenient monitoring tests
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Figure 6 Prognosis significance of FGR level in different AST group. (A) OS of FGR level in lower AST group (<51.05 U/L); (B) DFS of
FGR level in lower ALT group (<51.05 U/L); (C) OS of FGR level in higher ALT group (=51.05 U/L); (D) DFS of FGR level in higher
ALT group (251.05 U/L). FGR, ferritin/globulin ratio; AST, aspartate aminotransferase; OS, overall survival; DFS, disease-free survival;
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Figure 7 Prognosis value of combination of FGR and ALT/AST. (A) OS of FGR level combined with ALT; (B) OS of FGR level combined

with AST. FGR, ferritin/globulin ratio; AL, alanine aminotransferase; AST, aspartate aminotransferase; OS, overall survival.
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in routine preoperative examination. FGR can be employed
as a prognostic tool for patients with HCC in combination
with AFP.
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