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ABSTRACT

Objective The definition of acute-on-chronic liver
failure (ACLF) based on cirrhosis, irrespective of
aetiology, remains controversial. This study aimed to
clarify the clinicopathological characteristics of patients
with hepatitis B virus-related ACLF (HBV-ACLF) in a
prospective study and develop new diagnostic criteria
and a prognostic score for such patients.

Design The clinical data from 1322 hospitalised
patients with acute decompensation of cirrhosis or
severe liver injury due to chronic hepatitis B (CHB) at
13 liver centres in China were used to develop new
diagnostic and prognostic criteria.

Results Of the patients assessed using the Chronic
Liver Failure Consortium criteria with the exception

of cirrhosis, 391 patients with ACLF were identified:

92 with non-cirrhotic HBV-ACLF, 271 with cirrhotic
HBV-ACLF and 28 with ACLF with cirrhosis caused by
non-HBV aetiologies (non-HBV-ACLF). The short-term
(28/90 days) mortality of the patients with HBV-ACLF
were significantly higher than those of the patients
with non-HBV-ACLF. Total bilirubin (TB) =12 mg/

dL and an international normalised ratio (INR) =1.5
was proposed as an additional diagnostic indicator

of HBV-ACLF, and 19.3% of patients with an HBV
aetiology were additionally diagnosed with ACLF.

The new prognostic score (0.741xINR+0.523xHBV-
SOFA+0.026xage+0.003xTB) for short-term mortality
was superior to five other scores based on both discovery
and external validation studies.

Conclusions Regardless of the presence of cirrhosis,
patients with CHB, TB =12 mg/dL and INR =1.5should
be diagnosed with ACLF. The new criteria diagnosed
nearly 20% more patients with an HBV aetiology with
ACLF, thus increasing their opportunity to receive timely
intensive management.

INTRODUCTION

Acute-on-chronic liver failure (ACLF) is a
complex syndrome that results in a high short-
term mortality rate of 50%-90%." Recently, two

Significance of this study

What is already known about this subject?

» Acute-on-chronic liver failure (ACLF) is a
complex syndrome with a high short-term
mortality rate.

» Early diagnosis and prognosis for intensive
treatment of ACLF is very important to decrease
the unacceptably high mortality rate.

» The definition of ACLF based on cirrhosis,
irrespective of aetiology, remains controversial.

What are the new findings?

» Hepatitis B virus-related ACLF exhibits
clinical characteristics different from those of
alcoholic liver disease-related ACLF in Western
populations.

» Regardless of the presence of cirrhosis, patients
with chronic hepatitis B, total bilirubin =12 mg/
dL and an international normalised ratio
(INR) =1.5should be included in the ACLF
definition.

» The new prognostic score for short-term
mortality was superior to five other scores
based on both discovery and external validation
studies.

» Nearly 20% of patients who may receive
clinically intensive management were
additionally diagnosed with ACLF.

How might it impact clinical practice in the

foreseeable future?

» The new ACLF definition bridges the gap in the
European Association for the Study of the Liver-
ACLF criteria for an HBV-ACLF diagnosis, and
more patients may receive early and clinically
intensive management, which may be useful to
reduce the unacceptably high mortality.

large, prospective, multicentre study-based defi-
nitions, the Chronic Liver Failure (CLIF) Consor-
tium Acute-On-Chronic Liver Failure in Cirrhosis
(CANONIC)* and the North American Consortium
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for the Study of End Stage Liver Diseases,” were proposed by the
European Association for the Study of the Liver (EASL) and the
American Association for the Study of Liver Diseases (AASLD).
These definitions describe ACLF as an acute deterioration of
pre-existing chronic liver disease and define groups of patients
with cirrhosis at high risk of short-term mortality. An alternative
definition proposed by the Asian Pacific Association for the Study
of the Liver (APASL)® defines ACLF as jaundice (total bilirubin
(TB) =5mg/dL) and coagulopathy (international normalised
ratio (INR) =1.5) complicated within 4 weeks by ascites and/
or hepatic encephalopathy (HE) in a patient with or without
previously diagnosed chronic liver disease. The EASL/AASLD
definitions were proposed and validated only in patients with
cirrhosis from Europe and North America, where alcoholic liver
disease is the major aetiology; these studies included very few
patients with hepatitis B virus infection, the major aetiology in
the Asia-Pacific and African regions. The APASL study® primarily
enrolled patients with chronic hepatitis B (CHB) infections and
lacked a specific prognostic system to assess severity. The main
conflict between the EASL/AASLD and APASL definitions is
what qualifies as ‘chronic’.” HBV-related acute-on-chronic liver
failure (HBV-ACLF) is a common syndrome with high mortality
in the Asia-Pacific and African regions, and its clinical charac-
teristics and progression remain unclear.® A limited number
of single-centre studies have reported a few specific epidemi-
ological characteristics and an unacceptably high short-term
mortality for HBV-ACLFE,” '° and the EASL/AASLD definitions
cannot provide an accurate prognosis for these patients. This
large, prospective, multicentre study clarified the distinct clin-
icopathological characteristics of patients with HBV-ACLF and
developed evidence-based diagnostic criteria and a prognostic
scoring system for patients with HBV-ACLF.

PATIENTS AND METHODS

Study design

Patients were prospectively screened at 13 liver centres in
Chinese university hospitals and enrolled from June 2013 to
October 2016. Each centre had a regular ward, an intensive
treatment unit and a liver transplantation programme. The
same liver transplantation allocation policy was used at all
study centres.”"™™ Clinical characteristics and prognostic indi-
cators were collected to develop and validate new diagnostic
criteria and a prognostic score for HBV-ACLE. Detailed clinical
data and outcomes for all enrolled patients were collected and
recorded in case report forms (see online supplementary mate-
rials) at admission, during hospitalisation (on days 3, 7, 14 and
21) and during the 28/90 days follow-up under the monitoring
of an independent third-party company, Tigermed Consulting.
The study protocol was approved by the Clinical Research Ethics
Committee of the First Affiliated Hospital, Zhejiang University
School of Medicine. Appropriate approvals were obtained from
patients or their legal surrogates before enrolment.

PATIENTS

Patients who were hospitalised for at least 1day with severe
liver injury (TB =5 mg/dL and INR >1.5) from CHB'’ or acute
decompensation of cirrhosis (ascites/HE/upper gastrointestinal
haemorrhage/bacterial infection) of all aetiologies were initially
screened and enrolled in this study. The enrolment criteria
for the patients with CHB corresponded to the 2009 AASLD
guidelines: positive for the HBV surface antigen =6 months;
serum HBV-DNA >20000TU/mL (10° copies/mL); persistently
or intermittently elevated alanine aminotransferase/aspartate

aminotransferase levels and a liver biopsy showing chronic
hepatitis."* Cirrhosis was diagnosed based on previous liver
biopsy results, clinical evidence of previous decompensation and
laboratory tests, endoscopy (oesophageal and gastric varices)
and radiological imaging of portal hypertension and/or liver
nodularity. The exclusion criteria are summarised in figure 1.
During hospitalisation, all patients received integrative treat-
ment,” ™ including a high-calorie diet; nucleoside analogues
for HBV DNA-positive patients; sodium restriction, diuretics
and paracentesis combined with albumin infusion for ascites;
lactulose and L-ornithine aspartate for HE; prophylactic antibi-
otics for bacterial infections and renal replacement for hepato-
renal syndrome and uremic symptoms. The detailed treatment
protocol for ACLF is described in the online supplementary
materials.

Data collection

We collected the following clinical data: demographic data,
admission causes, cirrhosis complications, history of episodes
and precipitating events associated with acute decompensation
or severe liver injury, laboratory measurements (e.g., serum
albumin, sodium, alanine aminotransferase, aspartate amino-
transferase, TB, INR and creatinine levels), mean arterial pres-
sure, pulse oximetry, HBV infection biomarkers, HBV-DNA
levels, antiviral treatment for HBV (nucleoside analogues,
including lamivudine, adefovir, entecavir, telbivudine and teno-
fovir, within 6 months prior to and during hospitalisation),
events of organ failure and prognosis. Survival time and infor-
mation regarding liver transplantation after enrolment were also
collected.

Profiling the clinical characteristics of enrolled patients

The EASL-ACLF criteria,” with the exception of the diagnostic
indicator of cirrhosis, were used to assess and identify three
groups: patients with HBV-ACLF with or without cirrhosis
and patients with ACLF and cirrhosis of non-HBV aetiologies
(non-HBV-ACLF). The clinical and laboratory characteristics,
prevalence and mortality of patients with ACLF and patients with
‘mere’ severe liver injury or decompensation were compared
among the above three groups. Patients with non-cirrhotic
HBV-ACLF, cirrhotic HBV-ACLF and non-HBV-ACLF were
stratified into grades I, II and III using the same criteria. Short-
term mortality (28/90days) and organ failure prevalence were
profiled in each group and compared with that of the patients
with ACLF in the CANONIC study to determine HBV-ACLF
characteristics.

Development of the HBV-ACLF diagnostic criteria

The contributions of the number and type of organ failure to
28-day mortality were analysed to develop new HBV-ACLF
diagnostic criteria. Additional risk factors, such as demographic
data and laboratory measurements associated with 28-day
mortality, were analysed using a multivariate Cox proportional
hazard (PH) model. A 28-day mortality of 15% was used as a
cut-off value to define HBV-ACLEF, as previously described.* The
prevalence and mortality of ACLF and the ACLF grades defined
using the new diagnostic criteria were then assessed.

Development and validation of an HBV-ACLF prognostic score
Using the new HBV-ACLF diagnostic criteria, we aimed to
develop a new prognostic score for patients with HBV-ACLF.
Four main steps were performed. First, the Chronic Liver Fail-
ure-Sequential Organ Failure Assessment (CLIF-SOFA) score was

2

WuT, et al. Gut 2017;0:1-12. doi:10.1136/gutjnl-2017-314641


https://dx.doi.org/10.1136/gutjnl-2017-314641
https://dx.doi.org/10.1136/gutjnl-2017-314641
https://dx.doi.org/10.1136/gutjnl-2017-314641
https://dx.doi.org/10.1136/gutjnl-2017-314641
http://gut.bmj.com/
http://group.bmj.com

Downloaded from http://gut.bmj.com/ on September 19, 2017 - Published by group.bmj.com

Hepatology

|2638 Patients hospitalized for acute decompensation of cirrhosis or CHB with severe liver injuryl

3 were pregnant

\ 4

diseases

1316 Patients were excluded for one more of the following reasons:
o 56 were younger than 18 yr or older than 80 yr

517 had hepatocellular carcinoma or other liver malignancies

285 had other tumors

273 had severe extra-hepatic diseases

182 were receiving immunosuppressive drugs for reasons other than chronic liver

v

I 1322 were enrolled and included in analysis population

v

| 1202 patients with HBV etiology

J, |

\ 4

| 171 non-cirrhosis I

I | 1031 Acute decompensation of cirrhosis |

| 120 non-HBV decompensation of cirrhosis

v v ! v

v v

79 “mere” | 760 “‘mere” o 92 “mere” o
severe liver 92 non-cirrhotic| | acute decom- 271 cirrhotic acute decom- 28 cirrhotic
injury without || HBV-ACLF I pensation of HBV-ACLF pensation of ACLF
cirrhosis I cirrhosis cirrhosis
l 41T I 42 LT 37LT b} 41T 3LT
Transplant Transplant | Transplant Transplant Transplant Transplant
-free mortality | | -free mortality | -free mortality -free mortality -free mortality -free mortality
28-day 0 28-day 60.2% 28-day 4.5% 28-day 52.1% 28-day 10.2% 28-day 28.0%
90-day 1.3% 90-day 73.9% | 90-day 7.1% 90-day 69.7% 90-day 13.6% 90-day 64.0%
|

COSSH diagnostic criteria

v

699 Non ACLF

| 477 ACLF at admission |

26 developed ACLF within 28 days |

i

Transplant
-free mortality
28-day 3.6%
90-day 6.6%

Transplant

-free mortality
28-day 39.3%
90-day 51.1%

Transplant

-free mortality
28-day 48.0%
90-day 72.0%

Figure 1

Screening, enrolment and classification of patients according to the presence or absence of EASL-ACLF or HBV-ACLF. CHB, chronic hepatitis

B; COSSH, Chinese Group on the Study of Severe Hepatitis B; EASL-ACLF, European Association for the Study of the Liver-acute-on-chronic liver failure;

HBV-ACLF, HBV-related ACLF; LT, liver transplantation.

used as a risk factor. Second, a multivariate Cox PH regression
analysis including CLIF-SOFA and other clinical measurements
as candidate risk factors was conducted to select the factors most
associated with 28-day mortality. The prognostic model was
then fitted with a multivariate linear regression analysis using
the factors retained in the PH model. The coefficients estimated
for each factor in the PH model that provided the best predictive
ability were used as relative weights to compute the prognostic
score. Third, the performance of the HBV-ACLF prognostic
score was compared with the five prognostic score systems
described above. Fourth, a prospective cohort of patients with
HBV-ACLF admitted to the liver centre at the First Affiliated
Hospital, Zhejiang University School of Medicine from January
2016 to October 2016 was created to externally validate the new
model.

Statistical analysis
In univariate statistical analyses, the y* test was used for categor-
ical variables and Student’s t-test and the Mann-Whitney U test

were used for continuous variables. The results are presented
as frequencies and percentages or means and SD. Multivariate
Cox’s PH models were fitted with a forward stepwise selection
method (p-in: 0.05 and p-out: 0.01) using significant baseline
factors (candidate variables included TB, INR and creatinine
levels and other laboratory measurements, p<0.05) that had
been prefiltered in univariate PH models to identify risk factors
associated with the 28-day mortality of patients with HBV aeti-
ology or HBV-ACLF. Transplant patients were excluded from the
mortality analysis.'® The prognostic model was computed using
the factors retained in the PH model, with the corresponding
coefficients as relative weights. The goodness-of-fit of the new
prognostic score was assessed using the Hosmer-Lemeshow test.
The area under the receiver operating curve (auROC) was calcu-
lated, and the Z test (Delong’s method'”) was used to compare
the predictive value of different prognostic scoring systems,
including the Child-Turcotte-Pugh,® Model for End-Stage
Liver Disease (MELD),”! MELD-sodium (MELD-Na),?* the
CLIF-Consortium Organ Failure Score (CLIF-C OFs)* and the
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CLIF-Consortium-ACLF score (CLIF-C ACLFs).” An external
population of patients was enrolled to validate the performance
of the prognostic score system. The scores were assessed and
compared using the same methods applied to the derivation
data. SPSS software V.23 (SPSS, Chicago, Illinois, USA) was used
for the univariate and multivariate PH models; other analyses
were conducted with R V.3.3.2 (https://www.r-project.org).

RESULTS

Patients

A total of 1322 patients with CHB and severe liver injury
(TB =5mg/dL and INR =1.5) or with acute decompensation
of cirrhosis were enrolled in this study from 2638 initially
screened patients (figure 1); 1202 had an HBV aetiology with
a diagnostic history of CHB (171 with non-cirrhosis, 1031 with
acute decompensation of cirrhosis), and 120 had acute decom-
pensation of cirrhosis caused by non-HBV aetiologies. Of the
patients assessed using EASL-ACLF criteria® without the diag-
nostic indicator of cirrhosis, 391 were diagnosed with ACLF (92
with non-cirrhotic HBV-ACLF, 271 with cirrhotic HBV-ACLF
and 28 with non-HBV-ACLF), and 931 patients were diag-
nosed with non-ACLF (79 with ‘mere’ HBV-severe liver injury
without cirrhosis, 760 with ‘mere’ HBV-acute decompensation
of cirrhosis and 92 with ‘mere’ non-HBV-acute decompensation
of cirrhosis). All the HBV-DNA-positive patients received anti-
viral therapy after hospital admission (see online supplementary
table 1). Ninety patients in these groups received a liver trans-
plant. Typical pathomorphological changes of liver cirrhosis
were confirmed in 86 patients clinically diagnosed with cirrhosis
in the HBV decompensation and non-HBV decompensation
groups; these patients received a liver transplant. Consistent
with the clinical diagnosis of non-cirrhotic HBV-ACLF, typical
pathomorphological changes of liver cirrhosis were not observed
in four patients who received a liver transplant (see online
supplementary figure 1).

Clinical characteristics of patients with HBV-ACLF

The clinical characteristics of all enrolled patients are summarised
in table 1. Approximately 91.0% (1202/1322) of patients were
diagnosed with liver diseases caused by HBV. Most patients were
men. TB, INR, creatinine, serum sodium levels and white blood
cell counts were significantly worse in the ACLF groups than
in the non-ACLF groups. The patients with HBV-ACLF were
significantly younger than those with non-HBV-ACLF. Hepatitis
B relapse was the most frequent potential precipitating event
in the HBV-ACLF groups (see online supplementary table 2).
HBV-DNA levels in the patients with non-cirrhotic HBV-ACLF
(78.3%) and cirrhotic HBV-ACLF (77.1%) were not significantly
different. Liver failure was the most frequent type of organ failure
observed (non-cirrhotic HBV-ACLEF, 100%; cirrhotic HBV-ACLEF,
93.7% and non-HBV-ACLF, 78.6%) and was significantly more
frequent in the two HBV-ACLF groups (p<0.05, table 1 and
online supplementary table 3). Coagulation failure was much
more frequently observed in the HBV-ACLF groups than in
the non-HBV group (75.0%/68.3% vs 17.9%), whereas kidney
failure was more common in the non-HBV group (8.7%/14.0%
vs 32.1%). Cerebral failure was more common in the non-cir-
rhotic HBV-ACLF group than in the cirrhotic HBV-ACLF and
non-HBV-ACLF groups (17.4% vs 4.1%/7.1%). The 28-day
mortality of the patients with non-cirrhotic HBV-ACLF (60.2%)
and cirrhotic HBV-ACLF (52.1%) was significantly higher than
that of the patients with non-HBV-ACLF (28.0%, p<0.05 for
both groups).

The mortality and organ failure distribution of patients with
HBV-ACLF were further analysed and compared with that
of the CANONIC study® (table 2). The short-term mortality
(28/90days) rates were significantly higher in the non-cir-
rhotic HBV-ACLF and cirrhotic HBV-ACLF groups than in the
CANONIC group (60.2% vs 32.8%, 52.1% vs 32.8%, p<0.001;
73.9% vs 51.2%, 69.7% vs 51.2%, p<0.001, respectively). A
total of 63.0% (58/92) and 66.4% (180/271) of patients in the
non-cirrhotic HBV-ACLF and cirrhotic HBV-ACLF groups were
classified as ACLF grade 2 according to the EASL-ACLF criteria,
whereas only 16.3% (15/92) and 24.4% (66/271) were classi-
fied as ACLF grade 1. The 28-day mortality rates of patients
classified as ACLF grade 2 in the non-cirrhotic HBV-ACLF
(58.99%) and cirrhotic HBV-ACLF (53.9%) groups were signifi-
cantly higher than the rates in the CANONIC study (32.0%,
p<0.001). Compared with the CANONIC study results, the
prevalence of liver and coagulation failure was significantly
higher and the prevalence of kidney and circulation failure was
significantly lower in the HBV-ACLF groups. The prevalence
of cerebral failure in patients with non-cirrhotic HBV-ACLF
was lower than that reported in the CANONIC study (17.4%
vs 24.1%). The prevalence of cerebral failure in patients with
non-cirrhotic HBV-ACLF was significantly higher than the prev-
alence in patients with cirrhotic HBV-ACLF (17.4% vs 4.1%,
p<0.001). The distributions of ACLF grades and organ failure
in the non-HBV-ACLF group in this study were similar to those
in the CANONIC study (see online supplementary table 4). The
abnormal distribution among the three grades highlights the
limits of the EASL-ACLF criteria for diagnosing patients with
HBV-ACLEF.

HBV-ACLF diagnostic criteria

Among 1202 patients with an HBV actiology at enrolment,
83 received liver transplants, and the remaining 1119 were
examined to develop new HBV-ACLF criteria (table 3). The
28-day mortality was 21.4% for patients with failure of one
organ, 61.2% in patients with failure of two organs and 96.0%
in patients with failure of three or more organs. The 28-day
mortality rates for patients with failure of a single organ (liver,
coagulation or kidney) were higher than the predefined threshold
of 15% (22.5%, 15.2% and 25.0%, respectively).

As described in the CANONIC study,” patients with single
kidney failure were classified as having ACLF, whereas patients
with single liver or coagulation failure were only included when
criteria for kidney dysfunction (creatinine levels: 1.5-1.9 mg/dL)
or HE grade I or II were met. In this study, 33 patients with
single coagulation failure were separated into two subgroups
(with and without ACLF; 28 day mortality: 25.0% and 13.8%,
respectively). However, 84.4% (233/276) of patients with single
liver failure did not have kidney dysfunction and/or HE grade 1
or II; this group exhibited a high 28-day mortality of 20.2% and
did not meet the EASL-ACLF criteria.

Among these 233 patients, some progressed and died quickly,
whereas others were more stable and survived. Furthermore,
the multivariate Cox PH analysis indicated that the INR was
the most important risk factor associated with 28-day mortality
(HR 5.440; 95% CI 1.525 to 19.403; see online supplementary
table 5-6). The re-estimation analysis revealed 28-day mortality
rates for patients with a TB =12mg/dL and an INR <1.5,
1.5<INR<2.0and 2.0<INR<2.5 of 6.7%, 15.3% and 29.9%,
respectively (table 3), indicating that the INR is an important
indicator that may identify patients with an HBV aetiology who
have a higher mortality risk.
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Table 1  Clinical characteristics of patients with ACLF at admission or who developed ACLF during hospitalisation

HBV-severe liver injury HBV-acute decompensation Non-HBV-acute decompensation
(non-cirrhosis) (cirrhosis) (cirrhosis)
Non-ACLF ACLF Non-ACLF ACLF Non-ACLF ACLF
Characteristic (n=79) (n=92) (n=760) (n=271) (n=92) (n=28)
Age (years) 4011 43+£11* 50+10 4811 %, 1 58+10 57 £12%
Male (no.) 88.6% (70) 85.9% (79) 81.7% (621) 85.6% (232) 81.5% (75) 85.7% (24)
Aetiology (no.)
HBV 96.2% (76) 97.8% (90) 93.7% (712) 94.1% (255) 0 0
HBV plus other 3.8% (3) 2.2% (2) 6.3% (48) 5.9% (16) 0 0
Alcohol 0 0 0 0 75.0% (69) 67.9% (19)
Other 0 0 0 0 25.0% (23) 32.1% (9)
HBV-DNA level (IU/mL)
<200 17.7% (14) 21.7% (20) 54.7% (416) 22.9% (62)*
200-2x10* 27.8% (22) 17.4% (16) 15.4% (117) 29.9% (81)*
2x10%-2x10° 25.3% (20) 34.8% (32) 18.4% (140) 28.4% (77)*
>2x10° 29.1% (23) 26.1% (24) 11.4% (87) 18.8% (51)*
Complications (no.)
Ascites 36.7% (29) 34.8% (32) 67.8% (515) 69.4% (188)1 59.8% (55) 64.3% (18)t
Gl haemorrhage 1.3% (1) 8.7% (8)* 21.6% (164) 7.4% (20)* 58.7% (54) 14.3% (4)*
Bacterial infection 8.9% (7) 17.4% (16)* 9.6% (73) 25.8% (70)* 9.8% (9) 25.0% (7)*
Previous decompensation or severe liver injury (no.)
>1 10.1% (8) 4.3% (4) 44.7% (340) 15.9% (43)*, t 68.5% (63) 53.6% (15)%,8
Laboratory data
Alanine aminotransferase (U/L) 616+600 584+520 91+195 349+649*, t 37+52 65+70%,§
Aspartate aminotransferase (U/L) 360+387 374+339 88+160 285+393**, t 60+73 102+£102%,§
Alkaline phosphatase (U/L) 135+42 146+40 105+133 136+59* 117+82 150+93
Albumin (g/dL) 32.0+4.6 32.0£3.9 29.7+5.4 30.5£4.6*, 1 29.6+5.4 27.4£4.2* 1,8
Total bilirubin (umol/L) 307+132 406+148* 78111 395+170* 7197 347+161*
v-Glutamyl transferase (U/L) 105+70 82+47* 62+74 70+58 136+344 112£115§
Creatinine (ymol/L) 63+16 85+58* 67+19 99+74* 70+22 186+189*% 1,8
Sodium (mmol/L) 138+3 136+5* 139+4 1354+5* 13845 133+5* 4,8
White blood cell count (10°/L) 7.1+3.3 9.8+6.1* 5.0+4.7 9.1£5.1* 5.4+4.0 10.2+5.4*
Haemoglobin (g/L) 13.6+1.9 13.2+2.0 10.1£2.6 11.7+£2.6%, t 8.9+2.4 9.3+2.4%,§
Haematocrit (%) 3815 36+7* 29+7 33+9* 2646 25+8%,§
Platelet count (10°%/L) 13454 122+61 82467 98+80*, 1 94+71 80 + 54t
INR 1.8+0.3 2.8+0.9% 1.5+0.3 2.6£0.7*%, 1 1.3+0.3 2.1£0.7% 1,8
C reactive protein (mg/L) 13+£10 14+13 15+19 18+19* 14+16 32+29* 1,8
Ferritin (ug/L) 2899+2690 4883+4398* 591+1107 3527+3513 %, t 360+580 1938+2998%,8
Alpha fetoprotein (pg/L) 285+376 193+502 173+2334 147£615 718 6+8
Organ failure (no.)
Liver 75.9% (60) 100.0% (92)* 11.8% (90) 93.7% (254)* 14.1% (13) 78.6% (22)*,4,§
Coagulation 0 75.0% (69) 3.6% (27) 68.3% (185)* 1.1% (1) 17.9% (5)* 1,8
Kidney 0 8.7% (8) 0 14.0% (38) 0 32.1% (9)+.8
Cerebral 0 17.4% (16) 0.9% (7) 4.1% (11)*, t 0 7.1% (2)
Lung 0 6.5% (6) 0.1% (1) 3.7% (10)* 0 7.1% (2)
Circulation 0 1.1% (1) 0 1.5% (4) 0 14.3% (4)t,§
Hepatic encephalopathy grade | or Il 0 27.2% (25) 4.5% (34) 29.5% (80)* 3.3% (3) 35.7% (10)*
Renal dysfunction 0 6.5% (6) 0.7% (5) 8.1% (22)* 2.2% (2) 14.3% (4)*
Severity score
CLIF-CACLFs 34.0+5.2 45.3+6.9* 30.2+6.6 45.6+6.8* 34.0+6.6 49.6£9.7* 1,8
CLIF-C OFs 8+1 1M+£1* 6+1 10+1%, 1 7+1 10+2*
MELD 19.9+3.9 27.7+6.7* 10.5+6.5 27.5+6.8* 4.4+6.0 22.9+93* 1,8
MELD-Na 20.4+43 29.8+8.5* 11.4+7.6 30.7+10.0* 5.8+8.4 28.2+9.5*
CTP 101 1M1 9+2 111" 9+2 12£1% %
Transplant-free mortality (no.)
28days 0 60.2% (53) 4.5% (32) 52.1% (122)* 10.2% (9) 28.0% (7)*,+,8
90days 1.3% (1) 73.9% (65)* 7.1% (51) 69.7% (163)* 13.6% (1) 64.0% (16)*

Data are expressed as mediansSD or percentages (number of patients).

*p Value (<0.05) for comparisons between patients with non-ACLF and patients with ACLF in the CHB with severe liver injury, CHB with decompensation and non-HBV with decompensation groups.

tp Value (<0.05) for comparisons between patients with HBV-ACLF with and without cirrhosis.

tp Value (<0.05) for comparisons between patients with HBV-ACLF without cirrhosis and patients with non-HBV-ACLF.

§p Value (<0.05) for comparisons between patients with cirrhotic HBV-ACLF and patients with noncirrhotic HBV-ACLF.

ACLF, acute-on-chronic liver failure; CHB, chronic hepatitis B; CLIF-C OFs, CLIF-Consortium Organ Failure Score; CTP, Child-Turcotte-Pugh; HBV-C, HBV-ACLF with cirrhosis; MELD, Model for End-Stage Liver
Disease; MELD-Na, MELD-sodium; INR, international normalised ratio.

WuT, et al. Gut 2017;0:1-12. doi:10.1136/gutjnl-2017-314641


http://gut.bmj.com/
http://group.bmj.com

/I[gut.bmj.com/ on September 19, 2017 - Published by group.bmj.com

Downloaded from http

SISOYLID INOYHM 41DV-AFGH DIN-AGH ‘SISOULID YUM J1DV-AGH D-AGH ‘SISOYUID Ul 3injied JBAIT JIUOIYD-UQ-31NdY WNILIOSUO) (4]7D) a4njied JaAIT J1uoIy) “DINONYD

14

'SISOULIID INOYHM pue Yim 41DV-AgH Ym siuaned usamyaq suosiiedwod 1oy (G0°0>) anjea d
“Apms JINONY) 3y ul spuaied pue (SISoYId INOYLM pue Yiim) 41Dv-AgH Yum siusned usamiag suostiedwod 1oy (50°0>) anjea d,,
*Apns JINONYD 2y} Ul papiodal 10U sem Juawjoiud a)e skep 0 UIYHM Syieap Jo Jaquinu 3y g\ “(stuaned 4o Jaquinu) Ajenow juadiad ay) se passaidxa ale eleq

(9) %8TL 0 (2) %S0L (8) %¥'L (9) %€ (1) %L1 (92) %9LL (91) %y (€) %007 (0%) %TEL (20 %18 (9) %59 uondunyshp jeusy
|| 1o | dpeib
Ayyedojeydsdus
(6) %L 6L (%) %0°0C (2) %S 0L (S0 %l€T «(€0) %8'TL (L1) %061 (vL) %005 (25) %8'8L (1) %008 (801) %9°S€ (08) %567 (S0 %T'LT dnedsy
(0€) %8'€9 (1) %0Y (1) %€E'S (81) %L 9L +(€) %L1 0 (€) %0C 0 0 (1S) %891 «() %G1 #(1) %L1 uonendID
(91) %0°v€ (€) %0°T1 () wl1T (£) %S9 (£) %6°€ «(0) %v'€ (S) %ire 0 0 (87) %T6 (01) %L€ (9) %S9 bum
(€€) %z 0L (£) %087 HEL) %b'89 (S€) %t ze «(1) %TT «(€) %TS (S) %€ 0 0 (€1) %LvT #(L1) %Ly +91) %yLL [[ICEICD)
(€€) %T 0L (81) %0°ZL  H#«(9) %9’ LE (6) %S «(EL) %T'L «(0) Wr'E (£8) %885 «(4) %901 0 (691) %8°SS +(8€) %0¥1 +(8) %L'8 foupry
(L€) %099 (€2) %026 (81) %Lv6 (20) %6'8€  «(LS1) %C'L8 «(1S) %6°L8 (L) %L (%) %9'L 0 (V8) %L'LT  «(S81) %E89 (69) %0°SL uone|nbeo)
(0€) %8'€9 «(70) %096  «(61) %0°001 (S9) %709  «(9L1) %816  «(8S) %0001 (L) %0°ST #(75) %818 (1) %0°00L (¢€1) %9€r (VST %L'€E6  «(26) %0001 JEN|
A.o:v ainjie} :mm\_o
UN %L"S6 %0001 4N %Y"0L % EL UN %9°LS %G'8€ %S «%L'69 «%6'EL skep o6
%9'8L %978 %0001 %0°Z€ +%6'€S +%6°85 %1°TT %9°GE %ESL %8°Z€E +%1°TS +%C°09 shepgz
Rjenow
wwhu—.u:m_am:m_._.
(Lv=u) (sz=u) (61=u) (801=u) (081=u) (85=u) (8v1=u) (99=u) (51=u) (€og=u) (LLz=u) (z6=u) swiay
JINONYD J-AgH ON-AGH JINONYD J-AGH JN-AgH JINONYD J-A9H JN-AgH JINONYD J-AGH JN-AgH
€41V z4v 1410V sapeub |je 31DV

Apn1s DINONVD a2 Ul saibojoiiae AgH-uou o3 anp sisoyud Aq paredljdwod {10 YHM Jo 41DV-AGH Yiim siuaned ui ainjie} uebio jo aduajenald pue Aijenow (shep 0/87) Wisl-1oys z ajqel

Hepatology

10.1136/gutjnl-2017-314641

1-12. doi:

0

WuT, et al. Gut 2017


http://gut.bmj.com/
http://group.bmj.com

Downloaded from http://gut.bomj.com/ on September 19, 2017 - Published by group.bmj.com

Hepatology

Table 3 Twenty-eight-day mortality according to the number and type of organ failure and the INR or the presence of kidney dysfunction or HE

grade | or Il in patients with HBV aetiology at enrolment

Kidney dysfunction and/or

No. of kidney dysfunction or HE grade | or Il

Number and type of organ failure  All patients HE grade I or Il Total INR<1.5 1.5=INR < 2 2=<INR < 2.5 INR>2.5
No organ failure 4.7% 9.4% 4.5% 4.1% 4.0% 11.8% /
(30/638) (3/32) (27/606) (16/395) (71177) (4/34)
Failure of one organ 21.4% 34.0% 19.3% 9.5% 14.7% 29.2% 13.8%
(69/322) (16/47) (53/275) (2121) (20/136) (26/89) (4129)
Liver failure 22.5% 34.9% 20.2% 6.7% 15.3% 29.9% /
(62/276) (15/43) (471233) (1/15) (20/131) (26/87)
Cerebral failure 12.5% / 12.5% 25.0% 0.0% / /
(1/8) (1/8) (1/4) (0/4)
Coagulation failure 15.2% 25.0% 13.8% / / / 13.8%
(5/33) (1/4) (4129) (4129)
Circulation or lung failure 0.0% / 0.0% / / 0.0% /
(0/1) (0/1) (0/1)
Kidney failure 25.0% / 25.0% 0.0% 0.0% 100.0% /
(1/4) (1/4) (0/2) (0/1) (1/1)
Failure of two organs 61.2% 88.5% 54.6% / 75.0% 70.0% 52.1%
(82/134) (23/26) (59/108) (3/4) (7/10) (49/94)
Failure of three or more organs 96.0% 100.0% 94.7% / 100.0% 100.0% 94.1%
(24/25) (6/6) (18/19) (1/1) (1/1) (16/17)

Data are expressed as mortality (number of deaths/total number of patients). Among the 1202 enrolled patients with HBV, 1119 (93.1%) did not receive a liver transplant. Kidney
dysfunction was defined as serum creatinine levels ranging from 1.5 to 1.9mg/dL. CLIF-SOFA cerebral score of 1 or 2. Liver failure: TB =12 mg/dL. Cerebral failure: HE grade Il or
IV. Coagulation failure: INR >2.5. Circulatory failure: using vasoactive agents. Respiratory failure: a ratio of PaO, of arterial oxygen to FiO, of <200 0r an SpO, to FiO, ratio of <200.
Kidney failure: serum creatinine =2 mg/dL. The bold text indicates the patients diagnosed with ACLF according to the EASL-ACLF criteria, whereas the bold, italicised text indicates

another group of patients who should have been diagnosed with HBV-ACLF at enrolment.

ACLF, acute-on-chronic liver failure; EASL-ACLF, European Association for the Study of the Liver-acute-on-chronic liver failure; HBV-ACLF, HBV-related ACLF; HE, hepatic

encephalopathy; INR, international normalised ratio; TB, total bilirubin.

Based on these results, patients with an HBV aetiology, single
liver failure (TB =12mg/dL) and an INR =1.5should be diag-
nosed with ACLF, regardless of the presence of cirrhosis. Our new
definition identified HBV-ACLF (Chinese Group on the Study
of Severe Hepatitis B-ACLF, COSSH-ACLF) as a complicated
syndrome with a high short-term mortality rate that develops in
patients with HBV-related chronic liver disease regardless of the
presence of cirrhosis and is characterised by acute deterioration
of liver function and hepatic and/or extrahepatic organ failure.
The new diagnostic criteria were used to classify the following
three groups:

1. ACLF grade 1. This group includes four subgroups: (1)
patients with kidney failure alone; (2) patients with single
liver failure with an INR =1.5and/or kidney dysfunction
and/or HE grade I or II; (3) patients with single type of organ
failure of the coagulation, circulatory or respiratory systems
and/or kidney dysfunction and/or HE grade I or II and (4)
patients with cerebral failure alone plus kidney dysfunction.
Three hundred and five patients were classified as ACLF
grade 1. The 28-day and 90-day mortality rates were 23.2%
and 35.9%, respectively.

2. ACLF grade 2. This group includes patients with failures
of two organ systems; 166 patients were classified as ACLF
grade 2. The 28-day and 90-day mortality rates were 60.5%
and 73.5%, respectively.

3. ACLF grade 3. This group includes patients with failures of 3
or more organ systems; 32 patients were classified as ACLF
grade 3. The 28-day and 90-day mortality rates were 93.1%
and 100%, respectively.

Based on the COSSH-ACLF criteria, 41.8% (503/1202) of
the enrolled patients with an HBV aetiology were diagnosed

with ACLF (477 were diagnosed with ACLF at admission; 26
patients were diagnosed with ACLF within 28 days after admis-
sion), whereas only 22.5% (271/1202) were diagnosed with
ACLF using the EASL-ACLF criteria (figure 1, bottom and
table 4). A total of 19.3% ((503—271)/1202) more patients
were diagnosed with ACLF using the new diagnostic system.
Approximately 94.8% (477/503) of patients were diagnosed
with ACLF at admission, whereas only 58.3% (158/271) were
simultaneously diagnosed using the EASL-ACLF criteria (table 4,
see online supplementary table 5-6), indicating that the COSSH-
ACLF criteria were significantly more sensitive than the EASL-
ACLF criteria for diagnosing patients with HBV-ACLF (94.8%
vs 58.3%, p<0.001). Approximately 60.6%, 33.0% and 6.4% of
patients were classified as ACLF grades 1, 2 and 3, respectively,
whereas 24.7%, 65.7% and 9.6% of 271 patients were classified
as ACLF grades 1, 2 and 3, respectively, using the EASL-ACLF
criteria, indicating that the COSSH-ACLF criteria generated
a much more reasonable distribution of disease severity. The
short-term mortality rates (28/90days) of patients with newly
diagnosed ACLF grade 1 disease were lower than those of
patients with cirrhotic HBV-ACLF grade 1, indicating that the
COSSH-ACLF criteria were better able to provide a timely diag-
nosis (table 4 and figure 2).

Development and validation of a prognostic score for HBV-
ACLF

The systemic analysis indicated that organ failure, an important
risk factor assessed in CLIF-SOFA, was significantly associated
with the 28-day mortality of patients with HBV-ACLF. A multi-
variate Cox PH analysis including CLIF-SOFA and other clinical

WuT, et al. Gut 2017;0:1-12. doi:10.1136/gutjnl-2017-314641

7


https://dx.doi.org/10.1136/gutjnl-2017-314641
http://gut.bmj.com/
http://group.bmj.com

Downloaded from http://gut.bomj.com/ on September 19, 2017 - Published by group.bmj.com

Hepatology

Table 4 Number of patients with different ACLF grades and short-term (28/90 days) mortality of patients with HBV-ACLF under COSSH and EASL

criteria
Transplant-free mortality
Type of ACLF Prevalence 28days 90days
HBV-ACLF (COSSH criteria)
ACLF at admission 94.8% (477/503) 39.3% (168/427) 51.1% (218/427)
Postenrolment ACLF 5.2% (26/503) 48.0% (12/25) 72.0% (18/25)
ACLF grade 1 60.6% (305/503) 23.2% (64/276) 35.9% (99/276)
ACLF grade 2 33.0% (166/503) 60.5% (89/147) 73.5% (108/147)
ACLF grade 3 6.4% (32/503) 93.1% (27/29) 100.0% (29/29)
HBV-ACLF (EASL criteria)
ACLF at admission 58.3% (158/271) 58.1% (79/136) 69.1% (94/136)
Postenrolment ACLF 41.7% (113/271) 43.9% (43/98) 70.4% (69/98)
ACLF grade 1 24.7% (67/271) 35.6% (21/59) 57.6% (34/59)
ACLF grade 2 65.7% (178/271) 53.9% (82/152) 70.4% (107/152)
ACLF grade 3 9.6% (26/271) 82.6% (19/23) 95.7% (22/23)

Data are expressed as percent mortality (number of deaths/total number of patients).
Postenrolment ACLF: patients developed ACLF within 28 days after admission.

ACLF, acute-on-chronic liver failure; COSSH, Chinese Group on the Study of Severe Hepatitis B; EASL, European Association for the Study of the Liver.

and laboratory indicators was used to select the most significant
combination of factors and to design an accurate prognostic score
for patients with HBV-ACLF (see online supplementary table 8-9).
The combination of INR, CLIF-SOFA, age and TB levels yielded
the best performance, implying that TB levels and INR have
clinical prognostic value in patients with HBV-ACLF. Therefore,
we proposed a new HBV-SOFA (see online supplementary table
10), which represented a simplified CLIF-SOFA excluding the
TB levels and INR and fit the multivariate Cox PH model again
(see online supplementary table 11). Using the factors included
in the PH model and corresponding coefficients, the prognostic
score for patients with HBV-ACLF (COSSH-ACLFs) was calcu-
lated using the following formula: COSSH-ACLFs=0.741xIN-
R+0.523 xHBV-SOFA+0.026 xage+0.003 xTB level.
Compared with five generic prognostic scoring systems, the
COSSH-ACLFs yielded a significantly more accurate prognosis,
with the highest auROC for predicting the 28/90 days mortality
of patients with HBV-ACLF (28/90 days mortality: 0.829 and
0.828, table 5 and figure 3) and non-HBV-ACLF (28/90days
mortality: 0.953 and 0.793, see online supplementary table
12). An analysis of an external validation group of 154 patients
(table 5) confirmed a similar predictive value of COSSH-ACLFs
(28/90 days mortality: 0.813 and 0.808, table 6). The subsequent
follow-up showed that the 71 patients additionally diagnosed
with HBV-ACLF in the external validation group had a signifi-
cantly lower 28-day morality compared with the 232 patients
additionally diagnosed with HBV-ACLF in the derivation group
(12.7% vs 25.0%, p<0.03, see online supplementary table 13).

DISCUSSION

Researchers have recognised that definitions of chronic liver
diseases should include cirrhosis and non-cirrhosis.” In this
prospective study based on the enrolment standards of the
APASL consortium and the EASL definition of ACLF, most
patients had HBV-related chronic liver disease (91%), and 171
did not have cirrhosis. When the EASL-ACLF criteria without
cirrhosis were used, 92 additional patients with an HBV aeti-
ology without cirrhosis were diagnosed with ACLF. Based on
the pathology analysis, clinically diagnosed HBV-ACLF was
observed in populations without cirrhosis. Liver and coagulation

failures were the most common types of organ failure in patients
with  HBV-ACLE,” ' whereas kidney and cerebral failure
were more frequently observed in patients with non-HBV-
ACLFE.*® The short-term (28/90 days) mortality of patients with
HBV-ACLF was significantly higher than that of patients with
non-HBV-ACLF. As we and others have reported, hepatitis B
relapse, superimposed infections with other hepatitis viruses (A
or E) and mutations resistant to antiviral treatment are frequent
precipitating events that may be related to the high mortality
in patients with HBV-ACLFE.** Other potential factors, such
as biochemistry, physiology and systemic inflammatory response
syndrome, also need further clarification.”” These results demon-
strate that patients with HBV-ACLF have specific clinical char-
acteristics (higher severity and mortality, higher prevalence of
liver failure, lower prevalence of renal failure and precipitating
events) that differ markedly from those of the patients with alco-
hol-related ACLF in the EASL and AASLD studies, indicating
that the different phenotypes are due to different aetiologies.
Patients with high short-term mortality in non-cirrhotic HBV
populations should be diagnosed with ACLF.

The above clinical characteristics indicate the need for an
appropriate alternative definition of HBV-ACLF that is clinically
helpful for early diagnosis, management and prognosis. The
EASL/AASLD-ACLF criteria were appropriate for diagnosing
patients with cirrhosis with both alcoholic and HBV aetiolo-
gies.” '° 2 However, they are less sensitive for the early diag-
nosis of patients with ACLF and an HBV aetiology. As Shi et
al showed, populations with an HBV aetiology in which ACLF
was precipitated by both hepatic and extrahepatic insults had
significantly higher short-term mortality (28-day mortality:
48.3% and 50.7%, respectively).'” In our study, ACLF grades
2 and 3 (particularly grade 2) were more frequently observed
in patients with HBV-ACLF, indicating that early identification
of ACLF may not be possible with the EASL-ACLF criteria. Our
results also revealed a similarly high short-term mortality in
patients with both cirrhotic HBV-ACLF (28/90 days mortality:
52.1%/69.7%) and non-cirrhotic HBV-ACLF (28/90days
mortality: 60.2%/73.9%). Nearly 85% (233/276) of patients
with single liver failure without kidney dysfunction and/or HE
exhibited a 20.2% 28-day mortality and were not diagnosed
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Table 5 Characteristics of patients with HBV-ACLF included in the

derivation and validation groups

HBV-ACLF
Derivation Validation
Characteristic (n=503) (n=154) p Value
Age (years) 46+12 47+12 0.36
Male (no.) 89.1% (448)  89.6% (138)  NA
Cirrhosis (no.) 70.0% (352) 74.0% (114)  0.36
HBV-DNA level (IU/mL)
<200 21.9% (110)  22.1% (34) NA
200-2x10* 17.1% (86) 16.2% (25)
2x10%-2x10° 33.2% (167)  33.8% (52)
>2x10° 27.8% (140)  27.9% (43)
Complications (no.)
Ascites 55.1% (277)  57.8% (89) 0.58
Gl haemorrhage 6.0% (30) 0.6% (1) 0.004
Bacterial infection 18.5% (93) 18.8% (29) 0.91
Previous decompensation (no.)
=1 12.7% (64) 10.4% (16) 0.48
Laboratory data
Alanine aminotransferase (U/L) 463+522 534+531 0.14
Aspartate aminotransferase (U/L) 328+381 410+496 0.03
Alkaline phosphatase (U/L) 143+53 142+37 0.73
Albumin (g/dL) 31.0+4.5 31.8+3.7 0.05
Total bilirubin (umol/L) 375+142 355+129 0.1
v-Glutamyl transferase (U/L) 87+63 89+47 0.77
Creatinine (umol/L) 80+52 79453 0.88
Sodium (mmol/L) 1365 13745 0.05
White blood cell count (10°1L) 8.3+4.7 7.8+3.5 0.19
Haemoglobin (g/L) 127£23 131£21 0.05
Haematocrit (%) 35+7 4141 0.009
Platelet count (10%/L) 111+66 115+74 0.54
INR 2.3+0.8 2.4+0.8 0.77
C reactive protein (mg/L) 15+14 15+15 0.97
Ferritin (ug/L) 3563+3478  3972+3811 0.23
Alpha fetoprotein (ug/L) 1924529 252+680 0.27
ACLF grade
1 60.6% (305)  59.1% (91) 0.80
2 33.0% (166)  35.7% (55)
3 6.4% (32) 5.2% (8)
Organ failure (no.)
Liver 96.6% (486)  95.5% (147)  0.47
Coagulation 35.8% (180)  38.3% (59) 0.58
Kidney 6.6% (33) 4.5% (7) 0.44
Cerebral 4.0%(20) 4.5% (7) 0.82
Lung 2.8% (14) 3.9% (6) 0.43
Circulation 1.0% (5) 0 NA
Hepatic encephalopathy grade | or Il 18.3% (92) 24.7% (38) 0.08
Renal dysfunction 3.8% (19) 2.6% (4) 0.62
1.5<INR<2.5 62.8% (316)  59.7% (92) 0.51
Severity score
COSSH-ACLFs 6.4+1.0 6.4+1.0 0.91
CLIF-C ACLFs 41.8+7.3 42.4+7.0 0.36
CLIF-C OFs 9+1 9+1 0.33
MELD 24.7+6.2 24.8+4.8 0.97
MELD-Na 26.7+8.5 25.9+6.2 0.26
TP 1M1+1 111 0.83
Transplant-free mortality (no.)
Continued

Table 5 Continued

HBV-ACLF
Derivation Validation
Characteristic (n=503) (n=154) p Value
28days 32.8% (180)  40.2% (53) NA
90days 52.2% (236)  58.3% (77) 0.23

Data are expressed as medians+SD or percentages (number of patients).

ACLF, acute-on-chronic liver failure; CHB, chronic hepatitis B; CLIF-C OFs, CLIF-
Consortium Organ Failure Score; CTP, Child-Turcotte-Pugh; HBV-C, HBV-ACLF with
cirrhosis; MELD, Model for End-Stage Liver Disease; MELD-Na, MELD-sodium; INR,
international normalised ratio.

with ACLF using the EASL-ACLF criteria. This high short-term
mortality rate exceeds the predefined mortality rate of 15%
and would not provide sufficient time for intensive treatments.
Therefore, more sensitive diagnostic criteria for HBV-ACLF
are urgently needed. Limited retrospective studies and APASL
consortia indicate that liver and coagulation failures are the most
frequent types of organ failure that initially result in ACLF in
patients with an HBV aetiology.®’ ' Moreover, the presence of
liver and coagulation failures was significantly higher in popula-
tions with HBV-ACLF than in the populations in the CANONIC
study. The 28-day mortality of patients with a TB =12 mg/dL and
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Figure 2 The survival curve of patients with HBV-related acute-on-
chronic liver failure (HBV-ACLF) diagnosed using Chinese Group on the
Study of Severe Hepatitis B-ACLF criteria. (A) 28-day survival curve of
patients with HBV-ACLF. (B) 90-day survival curve of patients with HBV-
ACLF.
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Figure 3  Receiver operating curves (ROC) for the abilities of prognostic models to predict the 28-day and 90-day mortality of patients with HBV-
ACLF. (A-B) ROC curves for the abilities of the prognostic models to predict the 28-day (A) and 90-day (B) mortality of the HBV-ACLF derivation
group. (C-D) ROC curves for the abilities of the prognostic models to predict the 28-day (C) and 90-day (D) mortality of the HBV-ACLF validation
group. ACLF, acute-on-chronic liver failure; CLIF-C OFs, CLIF-Consortium Organ Failure Score; COSSH-ACLF, Chinese Group on the Study of Severe
Hepatitis B-ACLF; CTP, Child-Turcotte-Pugh; HBV-ACLF, HBV-related ACLF; MELD, Model for End-Stage Liver Disease; MELD-Na, MELD-sodium.

an INR =1.5 was 15.3%, suggesting that the INR is an important
indicator for identifying the patients with HBV-related chronic
liver disease that have a higher risk of mortality. Based on the
EASL-ACLEF criteria, our new definition of HBV-ACLF (COSSH-
ACLF) ignored cirrhosis as a diagnostic indicator and yielded a
more reasonable distribution (ACLF grades 1-3: 60.6%, 33.0%
and 6.4%, respectively) and a higher predictive value for disease
severity (28/90 days mortality of patients with ACLF grades 1-3:
239%/36%, 61%/74% and 96%/100%, respectively). Compared
with the EASL-ACLF criteria, our criteria diagnosed an addi-
tional 19% of patients with ACLF and identified an additional
36% on admission; this earlier diagnosis of ACLF may allow
these additional patients to receive timely clinically intensive
management.

A recently developed simplified organ function scoring
system (CLIF-C OFs) and a specific prognostic score for ACLF
(CLIF-C ACLFs) is superior to the MELD and MELD-Na scores
for predicting mortality® in patients with ACLF with an alco-
holic and cirrhotic aetiology. This study also aimed to develop
an appropriate prognostic score for HBV-ACLF (COSSH-
ACLFs) based on the new criteria. Our comparative analysis

showed that the new COSSH-ACLFs, which includes the INR
and TB levels, had the highest prognostic value for predicting
the 28/90 days mortalities of patients with HBV-ACLF among
the five generic scoring systems. An external prospective
cohort further validated the prognostic accuracy of this system
for patients with HBV-ACLF. The follow-up analysis indicated
that the additional patients diagnosed with HBV-ACLF using
the new criteria had a significantly lower 28-day mortality. This
decrease may be associated with more patients receiving early
and intensive management.”’ Thus, our new COSSH-ACLFs,
which was derived from an HBV-ACLF clinical database that
includes the most common clinical management indicators,
shows great prognostic accuracy and may be used to predict
severity in patients with HBV-ACLF.

In summary, HBV-ACLF exhibits clinical characteristics that
differ from those of alcoholic liver disease-related ACLF in
Western populations. Regardless of the presence of cirrhosis,
HBV-infected patients with chronicliver disease anda TB =12 mg/
dL and an INR =1.5 have a higher short-term mortality, which
should be included in the ACLF definition. Our newly proposed
COSSH-ACLF bridges a gap in the EASL-ACLF criteria for
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Table 6 Comparison of the predictive value of prognostic scoring systems for patients with HBV-ACLF

28days 90 days
auROC auROC
Models (95%Cl) Z value p Value (95%Cl) Z value p Value
Derivation (n=503)
COSSH-ACLFs 0.829 0.828
(0.789 to 0.868) (0.789 to 0.866)
CLIF-C ACLFs 0.796 1.93 0.054 0.77 3.67 <0.001
(0.753 to 0.839) (0.725 t0 0.816)
CLIF-C OFs 0.769 334 <0.001 0.747 452 <0.001
(0.723 10 0.816) (0.700 to 0.794)
MELD 0.736 450 <0.001 0.713 5.71 <0.001
(0.686 to 0.787) (0.664 to 0.652)
MELD-Na 0.736 4.56 <0.001 0.712 5.72 <0.001
(0.686 to 0.785) (0.663 to 0.762)
CcTP 0.627 6.22 <0.001 0.624 6.63 <0.001
(0.573 to 0.682) (0.571 to 0.678)
Validation (n=154)
COSSH-ACLFs 0.813 0.808
(0.735 to 0.891) (0.735 to 0.881)
CLIF-C ACLFs 0.776 1.26 0.208 0.776 1.07 0.283
(0.693 to 0.860) (0.695 to 0.857)
CLIF-C OFs 0.802 0.30 0.763 0.742 1.85 0.064
(0.733 to 0.884) (0.662 to 0.823)
MELD 0.724 2.23 0.025 0.723 2.38 0.017
(0.633 t0 0.815) (0.636 t0 0.810)
MELD-Na 0.734 2.00 0.045 0.734 2.1 0.035
(0.645 to 0.822) (0.650 to 0.819)
cTpP 0.620 3.64 <0.001 0.598 419 <0.001
(0.527 10 0.712) (0.502 to 0.694)

auROCs for different models were calculated and compared using the Z test (Delong's method).'
ACLF, acute-on-chronic liver failure; auROC, area under the receiver operating curve; CHB, chronic hepatitis B; CLIF-C OFs, CLIF-Consortium Organ Failure Score; CTP, Child-
Turcotte-Pugh; HBV-C, HBV-ACLF with cirrhosis; MELD, Model for End-Stage Liver Disease; MELD-Na, MELD-sodium.

an HBV-ACLF diagnosis; compared with the EASL-ACLF, the
COSSH-ACLF identified approximately 20% more patients with
ACLF who can receive earlier clinically intensive management.
The COSSH-ACLFs provides an accurate prognosis and may
help predict the severity of patients with HBV-ACLF; however,
it requires further validation with dynamic observables.
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