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Abstract; Objective To investigate the diagnostic value of blood cell count-related biomarkers in predicting 28-day
morality in patients with acute-on-chronic hepatitis B liver failure (ACHBLF). Methods A total of 261 patients with
ACHBLF were retrospectively included from January 2010 to July 2024. Univariate and multivariate Logistic regression
analyses were performed to identify the risk factors, which were further evaluated by machine learning using XGBoost
algorithm. The receiver operating characteristic (ROC) curve was analyzed to evaluate the prognostic accuracy and the
calibration curve was used to evaluate the calibration. Furthermore, Kaplan-Meier survival analysis was performed to
There were 99 (37.93% ) patients

who died within 28 days. Univariate Logistic regression analysis identified age, albumin, serum sodium, eosinophil

evaluate the performance of the model in diagnosing the 28-day mortality. Results

ratio, eosinophil count, prothrombin activity (PTA), international normalized ratio (INR), total bilirubin ( TBIL),
model for end-stage liver disease (MELD) score, ( neutrophil+monocyte)/lymphocyte ratio (NmLR) , systemic in-
flammatory response index ( SIRI) , and neutrophil/platelet ratio (NPR) as risk factors. Multivariate Logistic regression
analysis showed that SIRI(OR=1.15,95%CI:1.03-1.29,P=0.011)and MELD score( OR=1.23,95%CI.1.14-1.31,P<
0.001) were independent risk factors for 28-day mortality. XGBoost algorithm showed that the SHAP values of SIRI and
MELD score were 0.278 and 0.839, respectively. The area under the ROC curve (AUC) of SIRI was 0.693 (95%CI.
0.628-0.758) with a specificity of 0.469 and a sensitivity of 0.828. In addition, the combination of SIRI and MELD
score showed an AUC of 0.807 (95%CI; 0.753-0.861) with a specificity of 0.722 and a sensitivity of 0.727. The cali-
bration curve showed that the predicted probability was consistent with the actual probability. Kaplan-Meier analysis
showed that patients with a combined diagnostic score above the cut-off value of 1.9 had a worse survival than those
with a combined diagnostic score below 1.9 (P=0.012). In ACHBLF patients diagnosed by Chinese criteria, the com-
bination of SIRT and MELD score showed an AUC of 0.749 (95%CI. 0.677-0.820) with a specificity of 0.677 and a
sensitivity of 0. 733, validating the performance of the combined model in predicting 28-day prognosis.
Conclusion SIRI combined with MELD score has good diagnostic value for predicting 28-days mortality in ACHBLF.
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Blood cell counts related biomarkers
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Table 1 Baseline characteristics of patients with ACHBLF

Wi ACHBLF(n=261) HAF(n=162) BT (n=99) P
G 48.03x11.55 46.76+10.99 50.10+12.19 0.023
H5/n( %) 0.336

5 211(80.84) 128(79.01) 83(83.84)

& 50(19.16) 34(20.99) 16(16.16)
G IR /n( %) 0.188

w 95(36.40) 54(33.33) 41(41.41)

£ 166(63.60) 108(66.67) 58(58.59)
HBsAg/ (IU/mL) 2572.10(592.50~5935.34)  2292.42(558.38~5673.50) 3 222.00(622.88~6026.50) 0.321
HBeAg 13.81(0.42-189.77) 7.95(0.42-152.45) 27.09(0.50-221.06) 0.561
HBeAg/n( %) 0.710
P 173(66.28) 106(65.43) 67(67.68)
FF 1 88(33.72) 56(34.57) 32(32.32)
logHBV DNA 5.05+1.60 4.98+1.62 5.16+1.57 0.419
NRIRERAHR/E/ (U/L) 137.00( 68.00~337.00) 138.50( 63.25~376.00) 132.00(76.00~272.00)  0.744
REAFRASL R (U/L) 121.00(74.00~236.00) 120.00( 78.25~237.00) 125.00(72.00~219.00)  0.376
W TR M 20 At LR/ % 0.80(0.20~1.60) 1.05(0.20~2.00) 0.50(0.10~1.20) 0.004
FERRM RIS (x10°/1) 0.05(0.01~0.10) 0.05(0.02~0.11) 0.03(0.01~0.08) 0.018
TBIL/ ( wmol/L) 270.30( 191.80~391.60) 231.85(165.93~332.38) 335.00(240.80~442.55) <0.001
HEH/(g/L) 32.95+4.42 33.62+4.35 31.86+4.33 0.002
WLEF/ ( wmol/L) 57.00(47.00~70.00) 55.50(47.00~68.75) 59.00(51.50~79.00) 0.095
1fL4%/ ( mmol/L) 136.00(132.00~ 138.00) 136.00( 133.00~ 139.00) 135.00(131.50~137.00)  0.012
PTA/% 33.00(26.00~43.00) 38.00(30.00~46.75) 27.00(21.00~33.50)  <0.001
INR 2.09(1.70~2.62) 1.87(1.65~2.29) 2.56(2.09~3.15) <0.001
MELD 21.75+5.49 19.75+4.68 25.02£5.15 <0.001
dNLR 0.87(0.82~0.91) 0.87(0.82~0.91) 0.88(0.85~0.91) 0.090
NmLR 4.18(2.63~6.58) 3.53(2.35~5.58) 5.38(3.36~9.10) <0.001
SIRI 1.88(1.04~4.01) 1.49(0.83~2.99) 2.99(1.53~5.45) <0.001
PLR 80.65(52.29~116.11) 82.88(53.37~114.45) 72.34(48.33~117.05) 0.684
NPR 0.22(0.12~0.52) 0.18(0.09~0.43) 0.34(0.17~0.91) <0.001

2.2 ACHBLF £#& APk 28 d s X EZE 5347
AR R Logistic [0 43 Hr4h R W R FE1H  HE
F1 AN ES T e TR ks 40 I HE 2R g R ks 41 it T

72 ACHBLF {3 28 d s (S E R 4 i
Table 2 Risk factor analysis of 28-day prognosis in patients with ACHBLF

%0 PTA INR . TBIL .MELD ¥4 NmLR . SIRI ,NPR
ERAE 28 d NAET-RIZ A &R, L& 2,

A% OR 95%CI P
531

5 1.00

& 0.50 0.25~1.03 0.060
iy % 1.03 1.00~1.05 0.024
B IF IS AL

& 1.00

2 0.68 0.40~1.14 0.145
HBsAg 1.00 1.00~1.00 0.273
HBeAg 1.00 1.00~1.00 0.703
logHBV DNA 1.07 1.90~1.27 0.440
WR R AL 1.00 1.00~1.00 0.756




GG, A5 AN MBI AR R s 2 St £ U S V3ol £ 28 KT 12 W 0 i 93
e

S OR 95%CI P

REHRAFL N 1.00 1.00~1.00 0.419
W8 PR P A 2 i R 0.74 0.59~0.93 0.008
W PR P A 2T i T 0.02 0.00~0.71 0.033
TBIL 1.00 1.00~1.01 <0.001
HE M 0.92 0.86~0.97 0.005
JLIEF 1.01 1.00~1.02 0.092
Il 4 0.94 0.89~0.99 0.016
PTA 0.90 0.88~0.93 <0.001
INR 5.05 3.03~8.44 <0.001
MELD 1.25 1.17~1.34 <0.001
dNLR 5.65 0.66~48.74 0.115
NmLR 1.13 1.06~1.21 <0.001
SIRI 1.24 1.12~1.37 <0.001
PLR 1.00 0.99~1.00 0.418
NPR 2.57 1.52~4.35 <0.001

fifi Fi 4 A2 0847 2 I 2 Logistic [A1IH 407, K¢
NmLR SIRI NPR 73 5|44 AR %FAEWS HEH .
AR B g TR 20 Jf LE 6| 8 T P s 240 4
MELD -3 #4178 1E , 45 8 7~ SIRI(OR =1.15,
95%CI:1.03~1.29, P=0.011) fl MELD i¥-43( OR =

1.23,95%CI:1.14~1.31,P<0.001) /& ACHBLF
HABLIE 28 d NAET: Bl S KU R &, Hlde2e
XGBoost 5 #1277 MELD ¥ %3 ( SHAP 0.839) FiI
SIRI( SHAP 0.278) R A e HEE, WK 1,

MELD 0.839F €0 ;-..-—A—-no-—.. c®  oeeten Oed
SIRI 0.278 | -
PLR 0.207F o o e R
dNLR 0.117} . .‘,
NmIR 0.100 } i’g-
T .
NPR 0.078 | ~ fix i
-2 -1 0 1 2
SHAP{H
1 Hlass>] XGBoost S¥E%T ACHBLF 35 1l XU P 3R 8 SR 4 A7
Figure 1 Importance analysis of prognostic risk factors in ACHBLF patients using machine learning XGBoost algorithm

2.3 SIRI X} ACHBLF £ 28 d Hi/EHiZ i (&
% H SIRI 2t ACHBLF 3% 28 d iilfs R 5
) AUC } 0.693 (95%CI;0.628 ~0.758) , ¥ 5+ Ky
0.469 , RAFHE N 0.828 , BH M T K ( positive predic-
tive value, PPV ) & 0.488, 4 7 I {A ( negative
predictive value, NPV) 4 0.817, LA MELD 43 #il
SIRI A7 R A2 Wik A 38 40 XK logit (28 d
)5 )= —5.51043 +0.16116xSIRI +0.20348xMELD

AUC 4 0.807 (95% CI.0.753 ~0.861) , ¥ & Ny
0.772, REE N 0.727 , FHMEBN{E A 66.06% , B 1
TRI{E Sy 82.24% (K 2A) , BHEMZA2RIK G2 BT
FAASEARY 9 T ARE 25 5 S PRl R 25 | RS T
FHERE R4 (B 2B) . BKG2WiBi Al 5 5 MELD
P4 ( AUC = 0.783,95% CI: 0.727 ~ 0.840) | HL. 50
SIRI AH L, iZ W i B 5
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Figure 2 Diagnostic value of SIRI combined with MELD score in 28-day outcome of ACHBLF patients
A ROC curve of MELD score combined with SIRT, MELD score alone, and SIRI alone; B Calibration curve of MELD
score combined with SIRI.
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Figure 3  Survival curve of SIRI combined with MELD score in identifying 28-day outcome of ACHBLF patients
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WER B E AT WAL/ Hr Y, JE 99 A ACHBLF i &Y dNLR & PLR 2273 L4148 L (P>0.05)
182 4, Hirp 58 153 141 (15 84.10% ) , ABi 28 d £ WL 3,

# 3 W ERE ACHBLF 835 4 174 M AU T- 4l F 4 FHAE
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Table 3 Baseline characteristics of patients with ACHBLF diagnosed by Chinese criteria

WiH ACHBLF(n=182) HAF(n=96) T (n=86) P
G 48.13%12.10 46.58+11.73 49.86+12.33 0.068
PR/ B/ % 0.273

3B 153(84.07) 78(81.25) 75(87.21)

I 29(15.93) 18(18.75) 11(12.79)
B/ n (%) 0.432

7 77(42.31) 38(39.58) 39(45.35)

£ 105(57.69) 58(60.42) 47(54.65)
HBsAg(1U/mL) 3 160.06(605.45~6034.75) 3 160.06(619.72~5969.51) 3 136.50(614.79~6 034.75) 0.756
HBeAg 27.33(0.45~235.65) 24.41(0.42~292.37) 32.85(0.53~202.37) 0.155
HBeAg/n( %) 0.566

PR 61(33.52) 34(35.42) 27(31.40)

954 121(66.48) 62(64.58) 59(68.60)
logHBVDNA 4.85(3.96~6.16) 4.85(4.05~6.04) 4.85(3.88~6.27) 0.879
ﬁf‘fﬁg%ﬁﬁ@/ 171.50( 88.25~400.75) 205.00(91.25~428.00) 145.00(87.25~300.25)  0.326
(%ﬁfﬁﬁﬁ%%%ﬁ@/ 138.00( 84.50~269.25) 160.00( 101.25~280.50) 128.00(74.50~232.75)  0.880
TBIL/ ( wmol/L) 330.00(257.22~441.50) 304.35(249.30~423.18) 360.85(283.88~447.07)  0.048
M&EMH/(g/L) 32.85+4.30 33.65+4.10 31.97+4.37 0.008
EH/ (/L) 27.62+7.61 27.52+8.01 27.73£7.19 0.853
JULET/ ( wmol/L) 59.00(48.00~73.00) 58.50(47.00~70.00) 59.00(52.00~77.75) 0.397
144/ ( mmol/L) 135.00( 132.00~ 138.00) 135.00( 132.00~ 138.00) 135.00( 132.00~137.00)  0.156
PTA/ % 32.00(25.00~40.00) 36.00(29.75~45.00) 27.00(21.00~33.75)  <0.001
INR 2.23(1.76~2.73) 1.90(1.68~2.39) 2.58(2.09~3.18) <0.001
MELD 22.67(19.76~26.00) 21.33(19.12~23.87) 24.73(21.76~28.50)  <0.001
dNLR 0.88(0.84~0.91) 0.87(0.83~0.91) 0.88(0.86~0.91) 0.410
NmLR 4.67(2.96~7.67) 4.18(2.85~6.50) 5.45(3.43~9.24) 0.007
SIRI 2.44(1.30~4.81) 1.88(1.03~3.81) 3.26(1.57~5.51) 0.006
PLR 88.32(58.77~121.92) 94.03(67.38~125.44) 80.23(52.36~118.68) 0.303
NPR 0.29(0.15~0.64) 0.22(0.13~0.49) 0.38(0.18~0.98) 0.009

K SIRI 2 Wi 28 d i J& 19 AUC & 0.651  FESRE 4 0.677, R 5 Ky 0. 733, BH M 15000 A 4
(95%CI1:0.572~0.731) , K¢ %N 0.604, RESE  67.02% , AYEFIMIE N 73.86% (& 4A) , KRR
9 0.628, FHPE T (B 2 58.70% , BIPETMIME S $E/RERGISWrBE A i Tt U AE 4 15 S PR R4 T0 b 35 2
64.44% , K RESIHY SIRT Al MELD ¥F43Bc & 5 AHERE REF (K 4B) .
2R ) AUC A 0.749 (95%CI. 0.677 ~ 0.820) ,
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Figure 4 Diagnostic value of SIRI combined with MELD score in 28-day outcome of ACHBLF patients diagnosed by Chinese criteria
A . ROC curve of MELD score combined with SIRI, MELD score alone, and SIRI alone; B Calibration curve of MELD

score combined with SIRI.
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