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Objective: To determine the prognostic value of the preoperative Albumin-bilirubin (ALBI) score in high-grade 

glioma (HGG) patients. 

Methods: A retrospective study of 194 HGG patients was conducted. ROC analysis was used to determine the 

optimal cut-off value of ALBI score. Univariate and multivariate analysis was performed to identify prognostic 

factors associated with progression free survival (PFS) and overall survival (OS). The resulting prognostic models 

were externally validated by a demographic-matched cohort of 130 HGG patients. 

Results: Optimal cutoff value of ALBI score was -2.941. In training set, ALBI was correlated with age ( P = 0.001), 

tumor location ( P = 0.012) and adjuvant therapy ( P = 0.016). Both PFS (8.27 vs. 18.40 months, P < 0.001) and OS 

(13.93 vs. 27.57 months, P < 0.001) were significantly worse in the ALBI-high group. Strikingly, patients in ALBI- 

low group had 56% decrease in the risk of tumor progression and 57% decrease in the risk of death relative to 

high ALBI. Multivariate analysis further identified ALBI score as an independent predictor for both PFS (HR = 0.47, 

95% CI 0.34, 0.66) and OS (HR = 0.45, 95% CI 0.32, 0.63). The ALBI score remained independent prognostic value 

in the validation set for both PFS ( P = 0.01) and OS ( P = 0.007). Patients with low ALBI score had better PFS and 

OS in all subgroups by tumor grade and treatment modalities. 

Conclusions: The preoperative ALBI score is a noninvasive and valuable prognostic marker for HGG patients. 
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ntroduction 

High-grade gliomas (HGG), defined as WHO Grade III and IV

liomas, have an incidence of approximately 5 cases per 100,000 in-

ividuals, and account for more than 60% of all gliomas [ 1 , 2 ]. HGG

re characterized by high morbidity and mortality owing to their lo-

alization and locally invasive nature [3] . Despite aggressive treatment

odalities including surgical tumor resection accompanied with frac-

ionated radiotherapy and temozolomide-based chemotherapy were ap-

lied, the median survival for glioblastoma (GBM, WHO Grade IV) and

naplastic glioma (WHO Grade III) patients are only 12–14 months and

–5 years, respectively [ 4 , 5 ]. Therefore, there is an unmet need to fur-

her delineate markers that may provide additional prognostic informa-

ion and guidance in HGG management. 

Increasing evidence indicated a critical role of systemic inflam-

ation in carcinogenesis, cancer proliferation, metastasis and recur-
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ence [6-8] . Previous studies had shown that increased systemic in-

ammation of patients correlates with poorer survival in various can-

er types, including lung, breast and gastric cancers [9-11] . Inflam-

atory related factors including Glasgow Prognostic Score (GPS),

eutrophil-lymphocyte ratio (NLR), prognostic nutritional index (PNI)

nd fibrinogen-albumin (FA) score have been reported as predictors for

ystemic inflammatory status, as well as the outcomes of patients with

GG [12-15] . 

High-grade gliomas are aggressive tumors that display heteroge-

eous tumor microenvironments with infiltrating immune cells includ-

ng activated neutrophils, macrophages and lymphocytes [16] . Within

he inflammatory microenvironment, reactive oxygen, nitrogen and

alogen species released by the activated immune cells may contribute

o glioma cell proliferation and tumor invasion [17] . Thus, understand-

ng the systemic inflammatory status of HGG patients may be valuable
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The albumin-bilirubin (ALBI) score has recently been established as

 novel evidence-based and easily available tool for the assessment of

eserved liver function [18] . More recently, ALBI score was capable of

redicting the risk of HCC recurrence following surgical resection [ 19 ,

0 ]. Moreover, ALBI score was reported as a surrogate marker for can-

erogenic proinflammatory and immunosuppressive status in hepatocel-

ular carcinoma (HCC) patients [ 21 , 22 ].However, its prognostic value

n the setting of HGG has not yet been defined. Therefore, we conducted

 retrospective study to determine the value of preoperative ALBI score

or predicting tumor-specific outcomes of HGG patients. 

atients and methods 

tudy population 

A total of 331 patients with histologically confirmed as newly di-

gnosed WHO Grade III and IV gliomas were retrospectively reviewed.

ll patients were initially treated in Sun Yat-sen University Cancer Cen-

er (SYSUCC) from 2001 to 2015. The following inclusion criteria were

sed: (1) pathologically confirmed diagnosis of WHO Grade III and IV

liomas, (2) no previous malignancy or second primary tumor, (3) no

revious anti-tumor treatment before admission, (4) adequate clinical

nformation and followed up data. The exclusion criteria were as fol-

ows: (1) patients who had clinical evidence of liver disease, acute in-

ection or chronic active inflammatory diseases, (2) patients who had

utoimmune diseases, hematological disorders or anticoagulation treat-

ent, and (3) patients who had perioperative surgery-related mortality.

ccording to these criteria, 7 patients were excluded and 324 patients

emained and were analyzed in this study. 

Hierarchical group divisible design based on the WHO Grade was ap-

lied to dividing the database into training and validation sets. Firstly,

andom number generated by SPSS software was assigned to all enrolled

atients. Secondly, for both WHO Grade III group and WHO Grade IV

roup, patients were divided into training and validation sets in a ra-

io of 3:2. Therefore, 194 patients including 93 Grade III patients and

01 Grade IV patients were assigned to the training set. 130 patients in-

luding 63 Grade III patients and 67 Grade IV patients were assigned to

he validation set. The significance of the tested prognostic values and

odels identified by the training set were externally validated by the

alidation set. 

To further investigate evaluated the correlation between ALBI score

nd glioma grade, 72 WHO Grade II glioma patients (54 astrocytoma

nd 18 oligodendroglioma) and 25 WHO Grade I glioma patients (all

ilocytic astrocytoma) were also retrospectively enrolled in this study. 

All patients have provided written informed consent for their in-

ormation to be stored and used in the hospital database. Study ap-

roved was obtained from the Medical Ethics Committees of SYSUCC

SZR2020–136) and the study was conducted in accordance with

he ethical standard of the World Medical Association Declaration of

elsinki. 

ata collection 

The electronic medical record system build in SYSUCC were used

o collect baseline characteristics of all enrolled HGG patients. Clin-

cal information including demographics, Karnofsky performance sta-

us (KPS), pathological diagnoses, tumor grade, tumor size, tumor loca-

ion, extent of resection, molecular status, preoperative blood test results

nd adjuvant treatment regimen were collected. Pathologists in SYSUCC

athology department had reviewed and reclassified all the pathological

pecimens according to WHO classification (revised in 2016) of central

ervous system (CNS) tumors [23] . High-grade gliomas were defined

s WHO Grade III and IV gliomas. Tumor location was categorized as

erebral cortex area and non-cerebral cortex area. Tumor size was de-

ned as the maximum diameter measured on preoperative enhanced

1-weighted MRI. 
2 
herapeutic regimen 

All patients enrolled in this study were clinically diagnosed as high-

rade glioma after admission. Thus, all enrolled patients underwent

urgery in order to obtain pathological diagnosis and achieve maximum

afe resection of tumor. The extent of resection was classified as gross to-

al resection (GTR), subtotal resection (STR), partial resection (PR) and

iopsy according to postoperative MRI/CT scans and operation notes.

djuvant radiotherapy and chemotherapy were recommended after his-

ologically confirmed of WHO Grade III or WHO Grade IV gliomas. Ad-

uvant regimen were defined as fractionated radiotherapy plus first-line

hemotherapy or chemo-radiotherapy plus first-line chemotherapy fol-

owing tumor resection. However, due to poor general condition, refuse

f adjuvant therapies or financial problems, part of patients underwent

nly radiotherapy or only chemotherapy or no adjuvant treatment after

umor resection. 

DH1 mutation status and other molecular markers 

The status of IDH1 mutation was evaluated by polymerase chain

eaction (PCR) amplification or immunohistochemistry (IHC) staining

R132H), retrospectively. For PCR analysis, formalin-fixed paraffin-

mbedded tissue blocks were reviewed for quality control and regions

ontaining more than 50% malignant cells were selected for macrodis-

ection. Genomic DNA was extracted using the QIAamp DNA FFPE

issue kit (Qiagen, German). The exons 4 of IDH1 was directly se-

uenced using the Big Dye Terminator v3.1 Cycle Sequencing kit (Ap-

lied Biosystems, Foster City, CA) in accordance with the manufacturer’s

nstructions for the 3500XL Genetic Analyzer. All mutations were iden-

ified on both strands. The PCR mixture consisted 1200 nmol/primer,

00 nmol/probe, and Taqman Universal PCR Master Mix (PE Applied

iosystems, Foster City, CA) to a final volume of 25 𝜇l. Cycling condi-

ions were 50 °C for 2 min and 95 °C for 10 min and followed by 35 cycles

t 95 °C for 15 s and 62 °C for 1 min. The primers used for IDH1 exons 4

ere TGTGTTGAGATGGACGCCTATTTG (forward) and TGCCACCAAC-

ACCAAGTCA (recerse) 

For IHC staining, Paraffin-embedded samples were sectioned (4 𝜇m)

nd fixed on glass slides. Epitope retrieval was performed in Retrieval

olution (ZLI-9607, Golden Bridge, Beijing, China) at pH8.0 heated in

 microwave. Slides were subsequently incubated with the primary an-

ibody (mouse anti-IDH1 R132H, 1:100, MAB-0733, MXB Biotechnolo-

ies, China) at 4 °C overnight. Antibodies were detected using the sub-

trate diaminobenzidine (DAB, Golden Bridge, Beijing, China). 

Expression data of other important molecular markers including p53,

 

6 -methylguanine-DNA methyltransferase (MGMT), Epidermal Growth

actor Receptor (EGFR) and Ki-67 were retrieved from the pathological

eport. 

nflammatory related markers 

Preoperative serum albumin (g/L), total bilirubin ( 𝜇mol/L), abso-

ute neutrophil counts (10 9 /L), absolute lymphocyte count (10 9 /L), fib-

inogen (g/L), C-reactive protein (CRP, mg/L) levels of all enrolled pa-

ients were collected. According to the previous study [18] , the ALBI

core was calculated using serum albumin and bilirubin values accord-

ng to the introduced formula: 0.66 × log 10 (total bilirubin 𝜇mol/L)

 0.085 × (albumin g/L). NLR was calculated by dividing absolute neu-

rophil counts with absolute lymphocyte count [13] . FA score was de-

ermined by the fibrinogen level and albumin level based on previous

eport [15] . 

ollow up 

For all patients, follow-up started from the date of operation. Patients

ere generally followed up quarterly for the first year, semiannually for

he following 2 years and annually thereafter. On follow-up, patents will
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Table 1. 

The clinicopathological features stratified by preoperative ALBI level in the training set ( N = 194. 

Variables N (%) ALBI-low, N(%) ALBI-high, N(%) P 

Age, years 0.001 

< 60 156 (80.4) 90 (57.7) 66 (42.3) 

≥ 60 38 (19.6) 10 (26.3) 28 (73.7) 

Gender 0.889 

Male 127 (65.5) 65 (51.2) 62 (48.8) 

Female 67 (34.5) 35 (52.2) 32 (47.8) 

KPS 0.453 

≥ 70 184 (94.8) 96 (52.2) 88 (47.8) 

< 70 10 (5.2) 4 (40.0) 6 (60.0) 

BMI 0.815 

< 25 kg/m 

2 150 (77.3) 78 (52.0) 72 (48.0) 

≥ 25 kg/m 

2 44 (22.7) 22(50.0) 22(50.0) 

Tumor grade 0.145 

WHO Ⅲ 93 (47.9) 53 (57.0) 40 (43.0) 

WHO Ⅳ 101 (52.1) 47 (46.5) 54 (53.5) 

Tumor size 0.774 

≤ 5 cm 97 (50) 51 (52.6) 46 (47.4) 

> 5 cm 97 (50) 49 (50.5) 48 (49.5) 

Tumor location 0.012 

Cerebral cortex 174 (90.2) 85 (48.6) 90 (51.4) 

Non cerebral cortex 19 (9.8) 15 (78.9) 4 (21.1) 

Extent of resection 0.692 

GTR 124 (63.9) 63 (50.8) 61 (49.2) 

STR 52 (26.8) 26 (50.0) 26 (50.0) 

PR and biopsy 18 (9.3) 11 (61.1) 7 (38.9) 

IDH1 R132H mutation status ∗ 0.844 

Positive 21 (18.3) 11 (52.4) 10 (47.6) 

Negative 94 (81.7) 47 (50.0) 47 (50.0) 

Adjuvant radiotherapy and chemotherapy 0.016 

Yes 114 (58.8) 67 (58.8) 47 (41.2) 

No 80 (41.2) 33 (41.3) 47 (58.7) 

ALBI, albumin-bilirubin score; N, number; KPS, Karnofsky performance status; BMI, body mass index; 

WHO, World Health Organization; GTR, Gross total resection; STR, Subtotal resection; PR, Partial resec- 

tion; IDH1, Isocitrate dehydrogenase 1. 
∗ IDH1 mutation status were only available for 115 patients in the training set. 
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e suggested to have repeat scan of contrast MR-imaging. Recording

f medical history, physical examination, and contrast-enhanced MRI

cans were routinely performed. The last follow up included verification

f the clinical attendance records and direct telecommunication with the

atient or their families. Overall survival (OS) was measured from the

ate of operation to the date of death from any cause or the date of

ast follow-up visit. Progression-free survival (PFS) was calculated from

peration to the first progression, relapse, death from any cause, or the

ate of the last follow-up visit. Progression or relapse was identified

ccording to the latest radiographic evidence. 

tatistical analysis 

Differences of baseline and clinicopathological parameters between

roups were evaluated by chi-square test or Fisher’s exact test based

n the specific type of data. Student’s t-test was used to compare ALBI

core between different grades. Receiver operating characteristic (ROC)

urve was used to determine the optimal cut-off value for the ALBI score.

he survival curves were calculated by Kaplan-Meier method and differ-

nces between the survival curves were analyzed by log-rank test. All

ignificant parameters, identified by univariate analysis, were further

valuated by multivariate analysis using the Cox proportional hazards

odel. All reported P -values were two-sided. A P < 0.05 was considered

tatistically significant. All analyses were carried out using the SPSS 26.0

IBM Corp., Armonk, NY, United States). 
3 
esults 

linico-pathological characteristics of patients in the training set 

Table 1 showed the baseline characteristics of 194 patients in the

raining set. The median age for these patients was 44.0 years (range,

–78 years), and 65.5% of these patients were males. The training set

ncluded 93 (47.9%) WHO Grade III glioma patients and 101 (52.1%)

rade IV glioma patients. In the group of Grade III glioma patients,

5 (69.9%) of patients were pathologically diagnosed as anaplastic as-

rocytoma, 19 (20.4%) were anaplastic oligodendroglioma, 8 (8.6%)

ere anaplastic oligoastrocytoma and 1 (1.1%) were gliomatosiscere-

ri. While, in the group of patients with grade IV gliomas, nearly all of

hem (100, 99%) were glioblastoma, except 1 (1%) patient was gliosar-

oma. 

Gross total resection was achieved in nearly two thirds of all patients

124/194, 63.9%), with 26.8% (52/194) of patients underwent subto-

al resection, and 9.2% of patients received partial resection (16/194,

.2%) or biopsy (2/194, 1%) only. Details of adjuvant treatment modal-

ties were described in Table S1. 

ut-off determination of ALBI score and its associations with 

linicopathological features in the training set 

The mean ( ± SD) value of serum albumin (g/L) and total bilirubin

 𝜇mol/L) was 43.20 ± 0.28 g/L and 12.87 ± 0.42 𝜇mol/L, respectively.

he mean ( ± SD) value of ALBI score was − 2.967 ± 0.024 (range, − 4.881

o − 2.045). Using overall survival as endpoint, ROC analysis showed

hat the area under curve (AUC) for ALBI was 0.680 with a 95% CI of

.598–0.763 ( P < 0.01) (Fig. S1). Accuracy was maximized when ALBI



J. Zhang, Q. Xu, H. Zhang et al. Translational Oncology 14 (2021) 101038 
T

a
b

le
 
2

. 

T
h
e
 
u
n
iv

a
ri

a
te
 
a
n
d
 
m

u
lt

iv
a
ri

a
te
 
a
n
a
ly

si
s 

o
f 

th
e
 
p
ro

g
n
o
st

ic
 
fa

ct
o
rs
 
fo

r 
P
F
S
 
a
n
d
 
O

S
 
in
 
th

e
 
tr

a
in

in
g
 
se

t 
( N

 
=
 
1
9
4
).
 

P
F
S
 

O
S
 

V
a
ri

a
b
le

s 
N

u
m

b
e
r 

U
n
iv

a
ri

a
te
 
a
n
a
ly

si
s 

M
u
lt

iv
a
ri

a
te
 
a
n
a
ly

si
s 

U
n
iv

a
ri

a
te
 
a
n
a
ly

si
s 

M
u
lt

iv
a
ri

a
te
 
a
n
a
ly

si
s 

H
R
 
(9

5
%
 
C

I)
 

P
 
v

a
lu

e
 

H
R
 
(9

5
%
 
C

I)
 

P
 
v

a
lu

e
 

H
R
 
(9

5
%
 
C

I)
 

P
 
v

a
lu

e
 

H
R
 
(9

5
%
 
C

I)
 

P
 
v

a
lu

e
 

A
g

e
, 

y
e

a
rs
 

<
 0

.0
0

1
 

0
.0

0
9
 

<
 0

.0
0

1
 

0
.0

3
2
 

<
 6

0
/ ≥
 6

0
 

1
5

6
/3

8
 

2
.3

8
 
(1

.6
3

–
3

.4
9

) 
1

.7
4
 
(1

.1
5

–
2

.6
4

) 
2

.2
5
 
(1

.5
2

–
3

.3
2

) 
1

.6
0
 
(1

.0
4

–
2

.4
6

) 

G
e

n
d

e
r 

0
.0

6
3
 

0
.0

6
7
 

M
a

le
/ 

F
e

m
a

le
 

1
2

7
/6

7
 

0
.7

3
 
(0

.5
2

–
1

.0
2

) 
–

0
.7

2
 
(0

.5
1

–
1

.0
2

) 
–

–

K
P

S
 

0
.0

1
1
 

0
.2

9
6
 

0
.0

0
9
 

0
.3

1
7
 

≥
 7

0
/ <
 7

0
 

1
8

4
/1

0
 

2
.3

3
 
(1

.2
2

–
4

.4
7

) 
1

.4
7
 
(0

.7
2

–
3

.0
0

) 
2

.3
9
 
(1

.2
4

–
4

.5
7

) 
1

.4
4
 
(0

.7
1

–
2

.9
4

) 

B
M

I 
(K

g
/m

 2
 

) 
0

.5
0

8
 

0
.6

7
3
 

<
 2

5
.0

/ ≥
 2

5
.0
 

1
5

0
/4

4
 

0
.8

8
 
(0

.6
1

–
1

.2
8

) 
–

–
0

.9
2
 
(0

.6
2

–
1

.3
8

) 
–

–

T
u

m
o

r 
g

ra
d

e
 

0
.0

0
2
 

0
.0

0
6
 

0
.0

0
1
 

0
.0

0
3
 

Ⅲ
 / Ⅳ

 
9

3
/1

0
1
 

1
.6

6
 
(1

.2
1

–
2

.2
7

) 
1

.5
9
 
(1

.1
4

–
2

.2
2

) 
1

.7
4
 
(1

.2
5

–
2

.4
2

) 
1

.6
9
 
(1

.1
9

–
2

.3
9

) 

T
u

m
o

r 
si

z
e
 
(c

m
) 

0
.8

6
7
 

0
.6

0
8
 

≤
 5

/ >
 5
 

9
7

/9
7
 

0
.9

7
 
(0

.7
1

–
1

.3
3

) 
–

–
0

.9
2
 
(0

.6
6

–
1

.2
7

) 
–

–

E
x

te
n

t 
o

f 
re

se
ct

io
n
 

<
 0

.0
0

1
 

<
 0

.0
0

1
 

<
 0

.0
0

1
 

<
 0

.0
0

1
 

G
T

R
 

1
2

4
 

1
 
(R

e
fe

re
n

t)
 

1
 
(R

e
fe

re
n

t)
 

1
 
(R

e
fe

re
n

t)
 

1
 
(R

e
fe

re
n

t)
 

S
T

R
 

5
8
 

1
.5

3
 
(1

.0
8

–
2

.1
7

) 
0

.0
1

7
 

1
.7

5
 
(1

.2
2

–
2

.5
2

) 
0

.0
0

3
 

1
.5

3
 
(1

.0
6

–
2

.1
9

) 
0

.0
2

2
 

1
.8

0
 
(1

.2
2

–
2

.6
4

) 
0

.0
0

3
 

P
R
 
o

r 
b

io
p

sy
 

1
8
 

3
.2

9
 
(1

.9
5

–
5

.5
4

) 
<
 0

.0
0

1
 

4
.8

3
 
(2

.7
7

–
8

.4
3

) 
<
 0

.0
0

1
 

3
.0

4
 
(1

.7
8

–
5

.2
1

) 
<
 0

.0
0

1
 

4
.6

8
 
(2

.6
4

–
8

.2
9

) 
<
 0

.0
0

1
 

A
L

B
I 

sc
o

re
 

<
 0

.0
0

1
 

<
 0

.0
0

1
 

<
 0

.0
0

1
 

<
 0

.0
0

1
 

H
ig

h
/L

o
w
 

9
4

/1
0

0
 

0
.4

4
 
(0

.3
2

–
0

.6
1

) 
0

.4
7
 
(0

.3
4

–
0

.6
6

) 
0

.4
3
 
(0

.3
1

–
0

.6
0

) 
0

.4
5
 
(0

.3
2

–
0

.6
3

) 

A
d

ju
v

a
n

t 
ra

d
io

th
e

ra
p

y
 
a

n
d
 
ch

e
m

o
th

e
ra

p
y
 

0
.0

0
2
 

0
.0

0
4
 

<
 0

.0
0

1
 

<
 0

.0
0

1
 

Y
e

s/
N

o
 

1
1

4
/8

0
 

1
.6

5
 
(1

.2
0

–
2

.2
5

) 
1

.6
2
 
(1

.1
7

–
2

.2
4

) 
1

.9
5
 
(1

.4
1

–
2

.7
0

) 
1

.9
6
 
(1

.4
1

–
2

.7
4

) 

P
F
S
, 

p
ro

g
re

ss
io

n
-f

re
e
 
su

rv
iv

a
l;
 
O

S
, 

o
v
e
ra

ll
 
su

rv
iv

a
l;
 
H

R
, 

h
a
za

rd
 
ra

ti
o
; 

C
I,
 
co

n
fi

d
e
n
ce

 
in

te
rv

a
l;
 
K

P
S
, 

K
a
rn

o
fs

k
y
 
p
e
rf

o
rm

a
n
ce

 
st

a
tu

s;
 
G

T
R

, 
G

ro
ss
 
to

ta
l 

re
se

ct
io

n
; 

S
T

R
, 

S
u
b
to

ta
l 

re
se

ct
io

n
; 
P
R

, 
P
a
rt

ia
l 

re
se

ct
io

n
; 
A

L
B

I,
 
A

lb
u
m

in
- 

b
il

ir
u
b
in

. 

w  

T

 

w  

t  

l  

(  

P  

l  

r  

d  

m

P

 

s  

m  

1  

o  

p  

P  

n  

g  

y  

g

 

i  

t  

u  

h  

0

0  

g  

s  

t  

O

P

 

p  

fi  

t  

m  

t  

m  

v

 

s

0

M

O

 

p  

a  

t  

a  

e

 

p  

b  

i  

4 
as − 2.941, with a sensitivity of 55.8% and a specificity of 74.5%.

herefore, the optimal cutoff value of ABLI was determined as − 2.941. 

Based on the optimal cutoff value, 100 (100/194, 51.5%) patients

ere divided into ALBI-low group, and the remaining 94 (48.5%) pa-

ients were categorized into ALBI-high group. As shown in Table 1 , ALBI

evel was significantly correlated with age ( P = 0.001) tumor location

 P = 0.012) and adjuvant radiotherapy and chemotherapy ( P = 0.016).

atients with high ALBI level significantly older than patients in ALBI-

ow group. And patients in the ALBI-high group were more likely to

eceived adjuvant therapies. Other clinical features including age, gen-

er, KPS, BMI, tumor grade, tumor size, extent of resection and IDH1

utation status were similar between the two groups. 

rognostic factors influencing survival in the training set 

At the date of the last follow-up, 147 (75.8%) patients in the training

et had died, with median OS of 17.37 months (95% CI, 14.74–19.99

onths). Median OS of grade III patients was 25.53 months (95% CI

3.76–37.30 months) and 14.33 months (95% CI 12.25–16.42 months)

f the grade IV patients. Kaplan-Meier analysis showed that, com-

ared with ALBI-low group, both median PFS (8.27 vs. 18.40 months,

 < 0.001) and median OS (13.93 vs. 27.57 months, P < 0.001) were sig-

ificantly worse in the ALBI-high group ( Fig. 1 ). Patients in ALBI-low

roup had better 2-year PFS rates (41.2% vs. 9.3%, P < 0.001) and 2-

ear OS rate (54.6% vs. 21.3%, P < 0.001) than patients in the ALBI-high

roup. 

Univariate analysis showed that ALBI score, as well as traditionally

ndicators including age, KPS, tumor grade, extent of resection, adjuvant

herapy were significant predictors for PFS and OS ( Table 2 ). Strikingly,

nivariate analysis also demonstrated that patients in ALBI-low group

ad 56% decrease in the rate of tumor progression (HR 0.44; 95%CI

.32–0.61) and 57% decrease in the rate of death (HR 0.43; 95%CI 0.31–

.60), compare with those in the ALBI-high group. Multivariate Cox re-

ression analysis including all significant factor in univariate analysis

howed that ALBI score, age, tumor grade, extent of resection, adjuvant

herapy remained as significant independent predictors for both PFS and

S in the training set ( Table 2 ). 

rognostic factors influencing survival in the validation set 

An independent set of consecutive, demographic-matched 130 HGG

atients was used to statistically validate the prognostic model identi-

ed in the training set. There was no significant difference between the

raining and validation sets with regards to age, gender, KPS, BMI, tu-

or grade, tumor size, extent of resection, IDH1 mutation status and

reatment modalities (all P > 0.05). Both median PFS (10.60 vs. 10.50

onths, P = 0.797) and OS (16.90 vs. 17.37 months, P = 0.566) in the

alidation set were similar with those in the training set. 

Multivariate analysis in the validation set confirmed that ALBI score

till was an independent predictor for both PFS (HR 0.59, 95% CI 0.39–

.88) and OS (HR 0.56, 95% CI 0.36–0.85) ( Table 3 ). 

ultivariate Cox regression analysis of the role of ALBI score in predicting 

S and PFS in the combination of two sets 

The prognostic value of ALBI score was further evaluated in all HGG

atients combined both training and validation sets ( n = 324). Multivari-

te Cox regression analysis demonstrated that ALBI score is still one of

he most powerful indicator for both PFS (HR 0.52, 95% CI 0.40–0.67)

nd OS (HR 0.51, 95% CI 0.39–0.66), independent of age, tumor grade,

xtent of resection and adjuvant therapy ( Table 4 ; Fig. 2 ). 

Considering the impact of tumor grade and adjuvant therapy in the

rognosis of HGG patients, we performed subgroup analysis stratified

y these two factors. Again, both PFS and OS were significantly better

n ALBI-low group in all subgroup analysis ( Fig. 3 ). We also performed
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Fig. 1. . Kaplan-Meier survival curves of HGG patients in the training set ( N = 194). According to the optimal cutoff value of ALBI score, patients were divided into 

two groups: preoperative ALBI score ≤ − 2.941 as ALBI-low group and preoperative ALBI score > − 2.941 as ALBI-high group. Both PFS (A) and OS (B) of patients in 

ALBI-low group were better than those in ALBI-high group (both P < 0.001). 

Table 3. 

The multivariate analysis of the prognostic factors for PFS and OS in validation set ( N = 130). 

PFS OS 

Variables Number HR 95% CI P value HR 95% CI P value 

Age, years 0.033 0.046 

< 60/ ≥ 60 111/19 1.77 1.05–3.00 1.65 0.99–2.73 

KPS 0.800 0.852 

≥ 70/ < 70 117/13 1.08 0.58–2.02 1.06 0.57–1.96 

Tumor grade 0.001 < 0.001 

Ⅲ / Ⅳ 63/67 2.11 1.38–3.21 2.52 1.62–3.90 

Extent of resection < 0.001 < 0.001 

GTR 81 1 Referent 1 Referent 

STR 37 1.79 1.15–2.77 0.010 1.57 1.00–2.48 0.051 

PR or biopsy 12 6.80 3.28–14.1 < 0.001 4.96 2.43–10.1 < 0.001 

ALBI score 0.010 0.007 

High/Low 48/82 0.59 0.39–0.88 0.56 0.36–0.85 

Adjuvant radiotherapy and chemotherapy < 0.001 < 0.001 

Yes/No 69/61 2.36 1.60–3.50 2.85 1.90–4.28 

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; KPS, Karnofsky perfor- 

mance status; GTR, Gross total resection; STR, Subtotal resection; PR, Partial resection; ALBI, Albumin- bilirubin. 

Table 4. 

The multivariate analysis of the prognostic factors for PFS and OS in all patients ( N = 324). 

PFS OS 

Variables Number HR 95% CI P value HR 95% CI P value 

Age, years 0.001 0.003 

< 60/ ≥ 60 267/57 1.73 1.26–2.38 1.65 1.19–2.29 

KPS 0.207 0.236 

≥ 70/ < 70 301/23 1.34 0.85–2.12 1.32 0.83–2.08 

Tumor grade < 0.001 < 0.001 

Ⅲ / Ⅳ 156/168 1.72 1.34–2.22 1.85 1.42–2.41 

Extent of resection < 0.001 < 0.001 

GTR 205 1 Referent 1 Referent 

STR 89 1.79 1.35–2.36 < 0.001 1.71 1.28–2.29 < 0.001 

PR 30 5.23 3.40–8.04 < 0.001 5.24 3.37–8.14 < 0.001 

ALBI score < 0.001 < 0.001 

High/Low 142/182 0.52 0.40–0.67 0.51 0.39–0.66 

Adjuvant radiotherapy and chemotherapy < 0.001 < 0.001 

Yes/No 173/145 1.85 1.45–2.36 2.23 1.73–2.87 

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; KPS, Karnofsky perfor- 

mance status; GTR, Gross total resection; STR, Subtotal resection; PR, Partial resection; ALBI, Albumin-bilirubin. 

m  

t  

p  

0  

m

C

 

fl  

N  
ultivariate Cox regression analysis in patients with known IDH1 muta-

ion status ( n = 196). Results showed that ALBI score remain a significant

rognostic factor for both PFS (HR 0.55, 95% CI 0.40–0.74) and OS (HR

.53, 95% CI 0.39–0.73), independent of age, extent of resection, IDH1

utation and adjuvant therapy ( Table 5 ). 
w  

5 
orrelations between ALBI score and other factors 

To further investigate the correlations of ALBI score and other in-

ammatory markers, Chi-square tests were performed for ALBI score,

LR, FA score and CRP level in all enrolled patients. Resulte showed

hile ABLI score was not correlated with NLR ( P = 0.416), it was pos-
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Fig. 2. . Kaplan-Meier survival curves of all HGG patients ( N = 324). Patients in ALBI-low group had significantly longer PFS (A, P < 0.001) and OS (B, P < 0.001) than 

patients in ALBI-high group. 

Table 5. 

The multivariate analysis of prognostic factors for PFS and OS in patients with IDH1 status ( N = 196). 

PFS OS 

Variables Number HR 95% CI P value HR 95% CI P value 

Age, years 0.002 < 0.001 

< 60/ ≥ 60 157/39 1.81 1.24–2.66 2.01 1.34–2.97 

KPS 0.054 0.097 

≥ 70/ < 70 181/15 1.77 0.99–3.15 1.63 0.92–2.90 

Tumor grade 0.039 0.024 

Ⅲ / Ⅳ 75/121 1.43 1.02–2.00 1.50 1.06–2.14 

Extent of resection < 0.001 < 0.001 

GTR 121 1 Referent 1 Referent 

STR 57 1.88 1.31–2.70 0.001 1.74 1.20–2.52 0.003 

PR 18 6.64 3.81–11.6 < 0.001 5.34 3.03–9.39 < 0.001 

ALBI score < 0.001 < 0.001 

High/Low 110/86 0.55 0.40–0.75 0.53 0.39–0.73 

Adjuvant radiotherapy and chemotherapy < 0.001 < 0.001 

Yes/No 105/91 2.01 1.46–2.78 2.52 1.82–3.50 

IDH1 status 0.017 0.035 

Positive/Negative 32/164 1.76 1.11–2.82 1.68 1.04–2.71 

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; KPS, Karnofsky perfor- 

mance status; GTR, Gross total resection; STR, Subtotal resection; PR, Partial resection; ALBI, Albumin- bilirubin; IDH1, 

isocitrate dehydrogenase 1. 
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tively correlated with FA score ( P < 0.001) and CRP level ( P = 0.025)

Table S2). 

To further identified if ALBI score could serve as a predictive factor

or pathological grade of glioma patients, we retrospectively enrolled

2 WHO Grade II glioma patients (54 astrocytoma and 18 oligoden-

roglioma) and 25 WHO Grade I glioma patients (all pilocytic astrocy-

oma) into this study. Student’s t tests were used to compare ALBI score

etween different grades. Results showed that Grade IV glioma patients

ad significantly higher ALBI score than WHO Grade III ( P = 0.020) and

HO Grade I ( P = 0.017) patients, except for WHO Grade II patients

 P = 0.218) (Fig. S2). 

Expression of other molecular markers including p53, MGMT, EGFR

nd Ki-67 are also important for HGG patient. Therefore, Chi-square test

r Fisher’s exact test was used to further evaluate the potential corre-

ations between ALBI score and the molecular markers. Results showed

hat ALBI score is only significantly correlated with Ki-67 expression

evel ( P = 0.009). Patients with low Ki-67 expression level tend to have

ow ALBI score too. No Significant correlation was identified between

LBI score and other markers including p53, EGFR, MGMT and IDH1

utation (Table S3). 
p  

 

a  

6 
iscussion 

The ALBI score was originally developed to assess the liver function

n patients with hepatocellular carcinoma (HCC) before tumor resection

 18 ]. Compared with other liver functional reserve model, ALBI grade

howed superior prognostic power in predicting postoperative liver fail-

re and survival in HCC patients receiving surgical resection [24] . Sev-

ral studies held by clinical investigators also reported that, other than

redicting reserved liver function, ALBI score can significantly predict

he risk of HCC recurrence in different groups of patients receiving ther-

peutic approaches including surgery, radiotherapy, target therapy or

iver transplantation [ 19 , 22 , 25 , 26 ]. 

Though ALBI was initially purposed for HCC patients, recent studies

lso suggested that preoperative ALBI grade hold its prognostic power

n gastric cancer or pancreatic cancer patients [ 27 , 28 ]. Apart from that,

ll of these studied finally emphasized that ALBI score reflects not only

he liver function, but also the pro-tumor inflammatory and immuno-

uppressive status [ 10 , 22 , 25 , 28 ]. Moreover, several systemic inflam-

atory markers such as GPS, NLR, PNI, were reported as prognostic in-

exes in HGG patients [12-14] . Therefore, we planned to investigate the

otential prognostic value of ALBI score in our cohorts of HGG patients.

Here in this study we demonstrated that preoperative ALBI score was

 valuable biomarker for predicting survival in patients with HGG after
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Fig. 3. . Kaplan-Meier survival curves of different HGG subgroups. Kaplan-Meier method and log-rank test were used to investigate differences in PFS and OS by 

preoperative ALBI group. Low ABLI level was significantly associated with better PFS and OS in subgroups of WHO Grade III gliomas (A-B), WHO Grade IV gliomas 

(C-D), patients received adjuvant radiotherapy and chemotherapy (E-F) and patients did not receive adjuvant radiotherapy and chemotherapy (G-H). 

7 
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esection. Using − 2.941 as the optimal cutoff value, patient with high

LBI score had significantly worse PFS and OS than those in low ALBI

roup. Multivariate analysis showed low ALBI score was an indepen-

ent indicator for better PFS and OS in the training set. The prognostic

alue of ALBI score was externally validated by another cohort of HGG

atients. Thus, the preoperative ALBI is noninvasive and promising pre-

ictor, which could be potentially applied to identify HGG patients at

n increased risk of progression or death. 

Further investigation about the correlations between ALBI score

nd other factors revealed that ALBI score correlated with FA score

 P < 0.001) and CRP level ( P = 0.025). The reason of significant corre-

ation between ABLI score and FA score is mainly the same albumin

arameter was used for calculating both score. And patients with high

LBI score tend to have high CRP level as well. Since only a portion

f patients had CRP data, we may need larger sample size to confirm

he actual correlation status between ALBI and CRP. We also found out

LBI is significantly correlated with Ki-67 expression level ( P = 0.009).

e speculated that HGG patients with low systemic inflammatory level,

hich was reflected by low ABLI score, had less reactive oxygen, nitro-

en and halogen species within the microenvironment. Therefore, these

atients might also have a less proliferative tumor with lower Ki-67 ex-

ression and longer survival. 

Further analysis between ABLI score and glioma grade demonstrated

reoperative ALBI score may be a potentially valuable factor for differ-

ntiating Grade IV glioma from other lower grade gliomas. Yet data from

ealthy controls and other CNS tumor like meningioma and acoustic

euroma are needed for further investigation. 

Although the prognostic value of ABLI score has been reported in

atients with various cancers [ 10 , 19 , 28 ], the mechanism remains elu-

ive. Regarding to the predictive value of ALBI in HGG patients, we

peculated that it mainly relies on the reflection of systemic inflamma-

ory and immunosuppressive status. Serum albumin is a valuable indi-

ator of host nutritional status and systemic inflammatory response [ 29 ,

0 ]. Several studies already demonstrated that albumin level alone can

redict outcomes across various types of cancer [ 30 , 31 , –32 ]. Hypoal-

uminemia, which reflects malnutrition, also correlates with elevated

ystemic inflammatory markers [33] . Pro-inflammatory cytokines such

s interleukin-1, interleukin-6, tumor necrosis factor 𝛼, are not only im-

ortant impact factors for albumin production [34] , but also critical in

ncogenesis, angiogenesis and tumor progression [35-37] . 

Bilirubin was originally considered as a biomarker for liver disease.

owever, recent data suggested endogenous bilirubin is also a power-

ul signaling molecule [ 38 , 39 ]. Unconjugated bilirubin has been rec-

gnized as a potent activator of the aryl hydrocarbon receptor (AhR)

 40 , 41 ]. AhR has an important role in modulating differentiation pro-

esses of regulatory T cells (Treg), T-helper 17 cells (Th17) and B cells

42-44] . AhR regulates the transcription and epigenetic status of the

reg master transcription factor FoxP3 in FoxP3 + Tregs [45] . Other than

he critical roles in immune cells, AhR also has a role in astrocyte re-

ated inflammatory response. Rothhammer et al. found that type-I in-

erferons (IFN-Is) induce AhR expression in astrocytes, triggering AhR-

ependent anti-inflammatory transcriptional responses [46] . Moreover,

hR agonists like bilirubin can reached the central nerve system (CNS)

nd activated this anti-inflammatory response in astrocytes [42] . This

henomenon might explain the general immunosuppressive effects of

ilirubin. Therefore, these studies can help explain the prognostic role

f ALBI for the patients with HGG. 

As with most retrospective studies, our study had several limitations.

irst, ROC analysis revealed that when accuracy was maximized, ALBI

core only had a sensitivity of 55.8% and a specificity of 74.5%. Though

pecificity is relatively high, sensitivity is not good enough. Further

tudy is needed to search other valuable inflammatory factors that could

e integrated with ALBI to raise the sensitivity and specificity. Secondly,

his is a single-center designed retrospective analysis with a moderate

ample size, which may suffer from selection bias. Thirdly, important

olecular characteristic data including TERT, 1p/19q LOH and ATRX
8 
ere unobtainable because of tumor tissue status. Fourthly, because of

ts retrospective nature, information of PFS might not be exactly ac-

urate in the present study. Despite its preliminary feature, this study

howed convincing prognostic value of ALBI score for HGG patients.

owever, more prospective trials are needed to validate our findings

nd determine the optimal ALBI score calculation for HGG patients. 

onclusions 

In conclusion, our present study demonstrated that the preoperative

LBI score is an independent prognostic factor for predicting the PFS

nd OS for patients with HGG. Patients with low ALBI score had better

FS and OS than those patients with higher ALBI score. ALRI score is an

asily accessible, noninvasive marker that may provide immense help in

redicting prognosis and guiding the individualized treatment for HGG

atients. 
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