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GAEARI M BB B - A O (AAR) A 2R IR - /A f (GPR) 5 HCC YIBR R J5 HilJs 1
KFRo.

Foik s [P A3 BT e N R A A S AR 2 B R A VG R B SR ARRE 2014 4F 1 H —2017 4F 12 H [ 347 43
FFAFRE R AT HCC DI BR A SR 25 ekl ol HI B LB BLRS . 6 347 ) £ 35 i IR0 72 3 BE ML 43 S DI 5 4R
(243 1)) 5k (104 60) . FEVNGRE T, L X-tile M, AKHE A 17 VORI AAR F1 GPR A9 e A1 8%
WifE , A3 e IR AE A TESR th 2B AAR . GPR B H KA 848 (AAR-GPR) 34 [] LAt I R 95 2 PH) 32
HEBEEANCER . 730 B 25 4 A8 iR 5 th A [A] AAR 5 GPR 7K F- DL KON [A] AAR-GPR 143 (AAR
5 GPR¥JE THEHE 25, KR4 BEAEFRWESR . @l R32HM5Hr, WE AAR, GPR
FTAAR-GPR X i A T30 16

R 347 BB DR L BEVTIHEL N 45 4 H L, EA 147 IBETS, 1, 3 SAER BB R 51N 84.6% |
594% . 52.2%. WZAEMBIFEZE, B TIEAJCC/H ] EA 25 (=621, P=0.045), HAbAE 2%
IG5 L (B1P>0.05) . AAR (B AEBIMIE 7 2.61, GPR (9 EcAE#IKE 7 039 I 2R 5 g Uk 5
a8 BoR, AAR (U144 . HR=1.904, P=0.003; ¥;iF4E. HR=2.245, P=0.008). GPR (JlZ:4E .
HR=2.159, P=0.002; ¥iF%: HR=2.646, P=0.006). AAR-GPR (IllZ:4E . HR=2.872, P<0.001; YiF4E .
HR=4.643, P<0.001) ¥ 50 AR J5 A A7 W1 09 40 7 G B IR 2R o AAR-GPR X 385 (% B0 A0 fH (C 48 %=
0.831, BIEkI=24.36) 1 TEM M H AAR (CH5%0=0.765, ISRIL=12.11) 8 GPR (C#5%=0.772, ISk
£=13.43) .
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Prognostic prediction values of a novel inflammatory index
AAR-GPR for hepatocellular carcinoma patients after
hepatectomy

WU Wenlong', JIA Yusong’, ZHANG Wenjie’, NIE Ye', LI Jianhui', YANG Long'

(1. Department of Hepatobiliary Surgery, Xijing Hospital, the Air Force Military Medical University, Xi'an 710032, China; 2. Department
of General Surgery, the People's Hospital of Hebi, Hebi, Henan 458031, China; 3. College of Life Sciences, Northwest University,
Xi'an, 710069 China)

Abstract Background and Aims: Hepatocellular carcinoma (HCC) has an insidious onset and high mortality.
Tumor makers have great importance in early detection, prognostic estimation and efficacy monitoring.
Studies have demonstrated that inflammatory indices are closely associated with the prognosis of HCC.
Therefore, this study was conducted to investigate the relations of preoperative integrated inflammatory
marker alkaline phosphatase to albumin ratio (AAR) and gamma-glutamyl transpeptidase to platelet ratio
(GPR) with the postoperative prognosis of HCC.

Methods: The clinical data of 347 eligible HCC patients undergoing hepatectomy in the Department of
Hepatobiliary Surgery of Xijing Hospital from January 2014 to December 2017 were retrospectively
analyzed. The patients were randomly divided into training set (243 cases) and validation set (104 cases)
in a ratio of 7: 3 by a random number generator. The optimal cutoff values of AAR and GPR were
obtained by the X-tile software according to the survival data in training set. The associations of AAR,
GPR and their combination index (AAR-GPR) as well as other clinicopathologic variables with the
survival of patients were analyzed in training set and validation set, respectively. The differences in
survival rates among patients with different AAR or GPR values or different AAR-GPR scores (those
with both AAR and GPR above the cutoff values were defined as 2, and the remaining conditions were
classified as 1) were compared in training set and validation set, respectively. The prognostic prediction
values among AAR, GPR and AAR-GPR were compared by analysis of R3.2 software.

Results: The median follow-up time of the 347 patients was 45 months. A total of 147 patients died, and
the cumulative 1-, 3- and 5-year survival rates were 84.6%, 59.4% and 52.2%, respectively. There were
no statistically significant differences (P>0.05) between training set and validation set except for AJCC
stage (x’=6.21, P=0.045). The optimal cutoff value for AAR was 2.61 and for GPR was 0.39. Results of
analyses in both training and validation sets showed that AAR (training set: HR=1.904, P=0.003;
validation set: HR=2.245, P=0.008), GPR (training set: HR=2.159, P=0.002; validation set: HR=2.646, P=
0.006) and AAR-GPR (training set: HR=2.872, P<0.001; validation set: HR=4.643, P<0.001) were
independent risk factors for postoperative survival. The prognostic prediction value of AAR-GPR (C-
index: 0.831, likelihood ratio: 24.36) was superior to that of either AAR (C-index: 0.765, likelihood
ratio: 12.11) or GPR (C-index: 0.772, likelihood ratio: 13.43) alone.

Conclusion: Both AAR and GPR are independent risk factors for survival after HCC resection.
Compared with AAR or GPR alone, their combination index can significantly improve the predictive
efficiency and predict postoperative survival more accurately. Since this is a single-center study, further
validation is still needed by large-sample size and multi-center high-quality studies.

Key words Carcinoma, Hepatocellular; Hepatectomy; Biomarkers, Tumor; Prognosis
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Ji S5 P I 9 o 4 B AR N R R DL AR,
JE O CRE BB TT RS A = ORI, P I A
(hepatocellular carcinoma, HCC) 1Y [t ) £ 75%~
859" JEUR A AT P A 3 ] UL e e v HE 44 26 DU
o2 A A A HE 42 5 L R R N R A i
fit e 38 i 7™ R, HEC iR T i XA TR
DIBR . PR AR | R i Al T . & sh Bkl or i
%€ (TACE) . RGIGITSF. HET, TARUIBRMKA
SR HCC /Y E 2R A R IR RE L
W AP R B R T RS T B, HCC R I R TR
PEERAR 22T, 4R -39 B9 B8 TS H8 4, Ok B 32 3
PHOT TARE AL . WF TS HRGE H 8 H - B 0k 1 il
Ft {E  (albumin to alkaline phosphatase ratio, AAPR)
XF g AR MO . SRR L IRR S 22 M AR
1 195 A 52w, A0 4G 28 TACE 3R 97 19 T i A8 &
VAT 98 PP A R AR 100 A T e O 88 — 1l /D Al
It (gamma-glutamyl transpeptidase to platelet ratio,
GPR) AT DL M £ 0T 8 & i TP dede . TR Ak
PL K HCC 1 HERE O Hoo2 & T AH SCHE JTF e 19 A7 &%
A 8 AR AR H B B R - H & H L E
(alkaline phosphatase to albumin ratio, AAR) Fl GPR
X HCC U) Bk AR 15 19 52w wF 52 800, Bk fdi
AAR Al GPR Xt HCC D BR A HUJs 19 F 58 1 K i 38
A SCE BT AR TS AAR H1 GPR X HCC U1 A 8 %
PEAEI R, R T AAR . GPR B K 45 I il
U5 B 18 -

1 ABMERFE

1.1 MRS

WFFER %M 2014451 H 1 H—201745 12 A 31 H
7E N B R 7 A8 A R K 2 U et R B IR 41
BHTHCC VI BR R 35 394 0 . W A bRy . (1) &
Js BEAF 2 W () HCC ;. (2) SNERIBR AR 0 15 IR YT 5
() VIBRL G ABAYE; W) >18 % 5 (5) 52 % MY A i
Ry, HEBRARME: (1) ARRIFUIBR AR C A IR .
JRR AL . LS BkIbIT R %€ (TACE) . fRI7IRYT
(2) A HAGPERE ; (3 HCCREZE; () I R ¥ERHER
SEAE L, AR A FHEBR bR e, K 347 B E A
TR, MAERECEENBRZR, AUFRH
)T BN R A S A R Y B B B
SR ZE B S bl (HEfF5 KY20202115-C-1) .
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1.2 WEIER

WO B E M L ARIE L S s AE A TR
ARHEGAIF S, HIEE, WIRAEH (alpha fetoprotein,
AFP) . Ifi# FL, ot AAR. GPR T ik .
AAR=TR B R B (IU/L) /&M (g/L), GPR=%
SE I (TU/L) /i /b Al (107/L) 5 iR /9 L
B BH . AR BB T kR A0 A A
AL 55 BRAG B 5 RS R AR fill B TACE ¥R 7 52,
IS 2 T R A R
8 (Barcelona Clinic Liver Cancer, BCLC) 43 . 3£
[ J@ 5F Bk & & 51 2 (American Joint Committee on
Cancer, AJCC) 4+ . " B AF J% (China Liver
Cancer, CNLC) 433,
1.3 BEiA

FiF A A a1 12 D0 & S8R0 L IE AT Bl
Vi, MFARBIFG, B3INHBEV 1R, FETTA S
NBFER TR BAEFNE X TARAHZR
H AT BUR T R I (E]
1.4 SEitF4cE

{1 SPSS 22 B 2 47 3l 73 M o il I SPSS 22
AR B BEHL AR B A, X 347 91 B AR e HIL B
(BEHLECRD T 20220102) , 4 347 {51 (5 45 BR 7 : 3 B
PLAY R WAL, 70.0% (243 1)) s B VE g Il 25 5
30.0% (104 451) B GI1E R B ik 5 o I X K
Vo 480 45 78 0 1 g Al AR DI R AR A G Tk 4R 2 18] A 0 22
S, P<O0SHERA G E . TEI%GET,
8 of X-tile 4 (Version 3.6.1) , K 4% A& 77 % Bl HL
AAR Il GPR B9 A£ FBOBT EL, AR5 AAR A1 GPR 114 £z
A3 AT (E K N B 53 A W4 . 1 HH GraphPad Prism
(Version 8.0.2) 21l AAR F1 GPR %) A [5] 43 21 78 Il %k
A FN56 UE 4 7 AY Kaplan-Meier 4= 77 11 28, Log-rank #;
B g A 22 5%, P<0.05 A ZEFASIE L, #id
Cox L (P<O.I P AZHZER) Fl Cox ZHEK 5
Br . 7E I 4R R 560 4R v BIF 5 52 e R S A A B Y
ML G E, AR EREK L (hazard
ratio, HR) } 95% W {5 X [8] (confidence interval ,
CI), P<0.05 ]2 54 geit 2% 5 S0, g & e AR
B RS AAR-GPR, I 73 i1 75 Il 25 4 1 56 3iE 46 vh Af oA
HCJR A5 R 5 TS 0 ST S B R . ak R3.2 5K
PEHST R MRS PRBIAL AAR . GPR. AAR-GPR 19 C 45
AR . ARG CIE BRI L, B
TS B A — Eopk . Kaplan-Meier e fE R 2R
TE VI 54 FNEGGIE 4L h DT 58 AAR-GPR A 4[] 22 5+
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2.1 AARIIGPRHIREEME

FRAE X-tile FRPFAOZE L, AAR A9 S A #R BT (A
261 (K 1A), AAR=26140 (K@ iHh4) 5 AAR<
2614 () WERASIHE XL (P<0.001)
(E1B); GPR Y M Wi H R 039 (E 1C),

-
-

1 X-tile R 48 E RAEHME

Figure 1 Determination of the optimal cutoff values using X-tile software

GPR>0.39 41 5 GPR<0.39 ) £ F A G il % B X
(P<0.001) (|51 1D) . ¥ AAR>2.61 & LK 1 4,
AAR<2.61 5 LN 0435 GPR=0.39 % X M 143, GPR<
039 5 L} 04y ; 76 AAR 5 GPR It & #5 5 rh
(AAR-GPR) , AAR>2.61 H GPR=0.39 & X N 2 4,
HARENE L A<l 4r

=
L

A-B: AARBWHEHGE S A AATIIZE; C-D: GPREUMTEHNE S AR A A7 i 2k

A-B: Determination of the optimal cutoff value of

AAR and the corresponding survival curve; C-D: Determination of the optimal cutoff value of GPR and the corresponding

survival curve

22 BEELKEM

AW 5T 3L 90 A 347 ] HCC VI B R B &,
290 5] (83.6%) H¥E; 3004 (86.5%) £ 2 K
s 222 (64%) HHFEEfL; 216 (6.1%) Al
KA 114 (32%) A HEK; 172 4] (49.6%)
PR AL, S T35, 961 BCLC-0
) U A BCLC-A 8, 5 6] AJCC-TV ] | & 13 A
AJCC-IIT A . 4% 78 12t 78 DI 25 4 0 56 91 4 1 43 A 155 O
WNER. Gitk e RegR, BT AJCC 20 Wi 4

© MR # EHBIFFEIH

M GEMBIUEEZ A 25 (=621, P=
0.045), HihZwmX2R M LHEITEE L (HPr>
0.05) , 47~ VIl 25 45 T 5 IE 4 7E B AR e A 1 TE %
7 (£,
23 MEIHLER

B ZE B 72 1E I 1) 2020 4F 6 1 30 H, 347 5]
AL BE DT ) 45 S A, A 147 BIsE TS,
L. 3. SAEM RBAAF 25 5y 84.6% . 59.4% .
52.2%.

http://www.zpwz.net



551 B Xk, % A% FE AR AAR-GPR BT 40 s B % R B T o9 U1 35

F1 BMARKEZRFFERR (%) )

Table 1 Clinical baseline characteristics of the two groups of patients [ (%)]

Il Z54E UL pllEzRS Livane S
AR P AR e P
L (n=243)  (n=104) X e (n=243)  (n=104) X
P51 Child /3%
I 44(18.1) 13(12.5) A 236(97.1) 99(95.2) 5 .
1.668 0.197 0.336 0.562
5 199(81.9) 91(87.5) B 7(2.9) 5(4.8)
() ENERGr i
<60 171(70.4) 81(77.9) G 110(45.3) 49(47.1)
2.068 0.150 0.100 0.752
>60 72(29.6) 23(22.1) f 133(54.7) 55(52.9)
AFP(ng/mL) e 24
<400 152(62.6) 63(60.6) i 1 25(10.3) 8(7.7)
0.120 0.729 0.570 0.450
>400 91(37.4) 41(39.4) KM 218(89.7) 96(92.3)
I RUE4 TSR0
T 85(35.0) 40(38.5) G 121(49.8) 54(51.9)
0.381 0.536 0.132 0.716
f 158(65.0) 64(61.5) H 122(50.2) 50(48.1)
MK BCLC /1
I 235(96.7)  101(97.1) 0/A 128(52.7) 47(45.2)
<0.001"  1.000"
e 8(3.3) 3(2.9) B 11(4.5) 6(5.8) 1.673 0.433
T C 104(42.8) 51(49)
7 36(14.8) 11(10.6) AJCC438)
1.117 0.291
i 207(85.2) 93(89.4) I 113(46.5) 53(51.0)
B 5 (A4 II 104(42.8) 32(30.8) 6.210 0.045
1 214(88.1) 91(87.5) /v 26(10.7) 19(18.3)
0.022 0.882
>2 29(11.9) 13(12.5) CNLC 434
JifE A% (em) I 112(46.1) 50(48.1)
<5 131(53.9) 48(46.2) il 8(3.3) 4(3.8) 0.220 0.896
1.754 0.185
>5 112(46.1) 56(53.8) I 123(50.6) 50(48.1)
g2 AAR
1% 23(9.5) 12(11.5) <261 160(65.8) 61(58.7)
1.628 0.202
h 198(81.5) 85(81.7) 0.781 0.677 >2.61 83(34.2) 43(41.3)
= 22(9.1) 7(6.7) GPR
e £ <0.39 110(45.3) 44(42.3)
0.258 0.611
I 26(10.7) 17(16.3) >0.39 133(54.7) 60(57.7)
2.139 0.144
f 217(89.3) 87(83.7) AAR-GPR
KRR <14 176(72.4) 71(68.3)
0.614 0.433
P 231(95.1) 95(91.3) 24y 67(27.6) 33(31.7)
1.768 0.184
e 12(4.9) 9(8.7)
T D) S AL I 125 I 5 2) RS 1R YT A8 TACE 8055 i ARy T
Note: 1) Result from continuity correction; 2) Postoperative therapy including TACE or local ablation
24 CoxBEZERZEEZESH L% AFP (HR=1.689, P=0.012), W& H 4% (HR=

I GED, PRRERRESHFEW, AFP (P< 1.904, P=0.003) , & G B (HR=2.933, P<
0.001), MK (P<0.001), % H (P=0.036), 0.001) , []Hk#E I8 (HR=2.033, P=0.047), AAR
iR B AR (P<0.001), ZiH5r4k (P=0.099), M (HR=1.904, P=0.003), GPR (HR=2.159, P=0.002)
B (P<0.001), I'THkZAE (P<0.001), Child 434% R A G AEAF WS R R E (k2), T
(P=0.040) , f I & /2 4L (P=0.001) , AAR (P< P FE bR AAR-GPR J& 1 AAR FI GPR M LAY, M T
0.001), GPR (P<0.001) £F& 90 AZ K ZE 538 s it G 5 AAR S GPR A B 44 A Cox 2 K 2 43 #7 i AR
#E (P<0.1), KLL LAY A Cox ZINE TG, () AH B 52 MR, K 4% 1 48 AR AAR-GPR [A] B AAR Fil
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GPR Z A1) HoAlh P<0.1 B BRI R — B WA 2 K R 57
Br (R ARRER) . Z5RE/R, BRERSTTSZH
RoaMai RA g & L (HR=3.278, 95% CI=
2.200~4.886, P<0.001; HR=2.872, 95% CI=1.901~
4340, P<0.001),

ERUESE Y, RHERR RV, Fiifk (P=
0.091) , ¥ % H (P=0.045), s g (P=
0.065) , ITIk{RIE (P=0.088), fif % RIL (P=
0.010), AAR (P=0.001), GPR (P=0.001) £F%& 4

ANZHZSFRIE (P<0.1), KLl B EH AL
o WrJa, #/8 AAR (HR=2.245, P=0.008) ,
GPR (HR=2.646, P=0.006) J& 50 A J& 4 17 1] i gt
SRR (R3) . #E— 0 Bl X AAR-GPR #E 1T
HRFEKZHENN, S5RER, RRESE
ZHZ N RIGA G2 EE L (HR=4.420, 95% CI=
2.473~7.899, P<0.001; HR=4.643, 95% CI=2.584~
8.346, P<0.001).

®2 IGEH Cox BERRR ZEREFS

Table 2 Cox univariate and multivariate analysis of survival in training set

- R R ST EZ=Evin
HR(95% CI) P HR(95% CI) P

PE5

Bus.2r 1.586(0.901~2.791) 0.110 — —
()

>60 vs. <60 0.693(0.438~1.097) 0.118 — —
AFP(ng/mL)

>400 vs. <400 2.168(1.463-3.212) <0.001 1.689(1.123~2.542) 0.012
JFREAL

H vs. To 0.833(0.558~1.243) 0.371 — —
JE K

i vs. TG 4.764(2.165~10.481) <0.001 — —
s

Hos. o 1.451(0.793~2.655) 0.227 — —
g EE (4)

>20s. 1 1.773(1.038~3.029) 0.036 — —
fiiieE B4R (em)

>5 5. <5 2.605(1.730~3.924) <0.001 1.904(1.239~2.926) 0.003
4l o1k — 0.099 — —

s, 5 3.464(1.095~10.957) 0.034 — —

Kovs. & 3.783(1.041~13.748) 0.043 — —
i 28

Tovs. F 3.305(1.999~5.465) <0.001 2.933(1.677~5.129) <0.001
Ik EAE

H vs. To 5.993(3.143~11.426) <0.001 2.033(1.008~4.100) 0.047
Child 43%%

Bus. A 2.565(1.042~6.316) 0.040 — —
VNERIELAS

H vs. To 0.905(0.611~1.341) 0.619 — —
A 2l

FJHvs. Al 1.065(0.569~1.993) 0.844 — —
A A0

Hos. T 2.044(1.364~3.061) 0.001 — —
AAR

>2.61 vs. <2.61 2.581(1.740~3.829) <0.001 1.904(1.241~2.920) 0.003
GPR

20.39 vs. <0.39 2.987(1.927~4.631 ) <0.001 2.159(1.338~3.485) 0.002
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R3 WIEEMCox RRARRZHEREHFSH

Table 3 Cox univariate and multivariate analysis of survival in validation set

HR T EEin
Ak
HR(95% CI) P HR(95% CI) P

P51

Hos. 2 1.094(0.433~2.768) 0.849 — —
4RI (%)

>60 vs. <60 0.651(0.291~1.453) 0.295 — —
AFP(ng/mL)

>400 vs. <400 1.290(0.723~2.300) 0.388 — —
RGTa

i vs. o 1.697(0.918~3.136) 0.091 — —
JE K

Hus. T 1.869(0.453~7.712) 0.387 — —
I

Hvs. TC 2.081(0.646~6.704) 0.220 — —
JiEa g 5 ()

>20s. 1 2.113(1.017~4.392) 0.045 — —
JidEE 4% (cm)

>5 5. <5 1.411(0.788~2.528) 0.247 — —
ik 0.171

Hos. 5 1.492(0.359~6.196) 0.582 — —
s, 55 2.944(0.623~13.898) 0.173 — —
i a5

Tovs. £1 1.896(0.962~3.737) 0.065 — —
kAR

Hvs. To 2.113(0.896~4.987) 0.088 — —
Child 432%

Bus. A 0.387(0.053~2.810) 0.348 — —
RIFIHIT

Hos. TG 1.462(0.819~2.607) 0.199 — —
L 2]

K vs. 1 1.534(0.476~4.949) 0.474 — —
i A =A0

Hos. T 2.166(1.207~3.886) 0.010 — —
AAR

>2.61 vs. <2.61 2.788(1.562~4.979) 0.001 2.245(1.239~4.067) 0.008
GPR

20.39 vs. <0.39 3.213(1.631~6.326) 0.001 2.646(1.320~5.305) 0.006

ZEoR 7 St S

2.5 AAR.GPRIK AAR-GPRXEBE41FRIE
AAR>2.61 41 5 AAR<2.61 4 .
GPR>0.39 41 5 GPR<0.39 41 . AAR-GPR=2 435 AAR-

2.6 AAR.GPR#1AAR-GPR #IfMME L3R
RIS H, AAR. GPR FIAAR-GPR ) C$§
By Bk 0765, 0772, 0.831;

ol 9% L o3 3 A

GPR<1 73 #H B B AF R 2 e A Gt L (B p<
0.001) (Kl 2A) . fESIE4E T, AAR=2.61 4 5
AAR<2.61 41 . GPR>0.39 41 5 GPR<0.39 41 . AAR-
GPR=2 /3 5 AAR-GPR<1 43 41 (B I AL 7 % 22 R A
GoitegE L (¥ P<0.001) (K2B),

© WA )3 of [ FF I F A EPTA

12.11, 1343, 2436 (% 4). AAR-GPR A KKy
CHE%L (0.831) FIUSRLL (24.36), $idim 5 ol fi
J AAR 5% GPR A b, AAR-GPR A T - (i 75100 4% FiE
A—2it .
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—L AAR<2.61
—L _AAR>2.61
P<0.001 P<0.001

—L_AAR<2.61
—L _AAR=2.61
P<0.001 P<0.001

B2 7FEAARE GPRKFEUR FE AAR-GPRIES BHEMEFM L
Figure 2 Survival curves of patients with different AAR or GPR value or different AAR-GPR scores
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Table 4 The C-index and likelihood ratio of AAR, GPR and AAR-GPR in validation set
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<261 0 — —
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