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ABSTRACT
Introduction: The degree of improvement in serum creatinine (SCr) has previously been suggested as a sensitive indicator of 
treatment response in patients with hepatorenal syndrome-acute kidney injury (HRS-AKI), while HRS reversal remains the 
primary endpoint in clinical trials.
Methods: A total of ≥ 30% SCr improvement was analyzed as an exploratory prespecified endpoint in the CONFIRM trial. In 
this post hoc analysis, intent-to-treat population data from three Phase 3 studies (OT-0401, REVERSE, and CONFIRM) con-
ducted in North America in patients with HRS-AKI were pooled to assess the incidence of > 30% improvement in SCr and its 
association with clinical outcomes.
Results: Significantly more patients treated with terlipressin achieved > 30% improvement in SCr compared with those who 
received a placebo (42.9% vs. 23.4%; p < 0.001). Compared with patients who did not achieve > 30% improvement in SCr, those 
who achieved this threshold had a lower incidence of renal replacement therapy (RRT) (55.2% vs. 14%, respectively; p < 0.001) 
and greater overall survival at Day 90 (41.6% vs. 71.1%, respectively; p < 0.001); a greater proportion achieved durability of HRS 
reversal (1% [95% confidence interval, 95% CI: 0] vs. 68.9% [95% CI: 0.6, 0.8]) and more patients were alive without RRT (22.7% 
vs. 61.6%, respectively; p < 0.001) or transplant (11.6% vs. 43.0%, respectively; p < 0.0001). Additionally, the overall survival and 
RRT-free survival in the group that achieved > 30% improvement in SCr without HRS reversal were comparable to the overall 
group that achieved HRS reversal.
Conclusion: A total of > 30% improvement in SCr levels even without HRS reversal may serve as a clinically meaningful end-
point to define renal recovery in patients with HRS-AKI.
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1   |   Introduction

1.1   |   Overview of Hepatorenal Syndrome 
(HRS) and Diagnostic Criteria for Hepatorenal 
Syndrome-Acute Kidney Injury (HRS-AKI)

HRS-AKI is a rapidly progressive and potentially reversible kid-
ney injury in patients with decompensated cirrhosis associated 
with high mortality if not diagnosed and treated promptly [1, 2]. 
The definitions of AKI and HRS in patients with cirrhosis have 
evolved over the past decades [3–6]. HRS was previously classi-
fied as either type 1 (HRS-1) or type 2 (HRS-2), with HRS-1 char-
acterized by a rapid deterioration of renal function by doubling 
of serum creatinine (SCr) level to > 2.5 mg/dL in < 2 weeks, and 
HRS-2, defined as a more chronic deterioration in kidney func-
tion [3]. In 2015, the International Club of Ascites (ICA) revised 
the diagnostic criteria of HRS-1 to include AKI as a diagnostic 
parameter, defined as an increase in SCr of ≥ 0.3 mg/dL within 
48 h and/or a ≥ 50% increase from baseline, and renamed the 
condition HRS-AKI [5, 6]. The original definition of HRS-1 re-
quired that the diagnosis be established at an advanced stage of 
AKI, whereas the updated definition of HRS-AKI facilitates the 
early treatment of patients even with modest increases in SCr 
levels [5–7].

1.2   |   Defining Renal Recovery in HRS-AKI

Restoring liver function by liver transplantation (LT) remains 
the only curative treatment for HRS-AKI [1, 8]. Pharmacological 
treatment with vasoconstrictors can potentially reverse the he-
modynamic abnormalities associated with advanced cirrho-
sis, improve renal function, and extend short-term survival 
and can be a possible bridge to LT for patients with HRS-AKI 
[1, 2, 6, 9, 10]. Reversal of HRS or complete or full response has 
been the primary endpoint in clinical trials and pharmacolog-
ical treatment goal of choice as outlined in ICA recommenda-
tions [5, 10]. A complete or full response to the pharmacologic 
treatment requires reduction of SCr to within 0.3 mg/dL of the 
baseline value measured within the previous 3 months of hos-
pital admission or, if unavailable, the SCr value obtained upon 
hospital admission [5]. Since historical baseline SCr values are 
not always available, a full response may not be an achievable 
treatment goal for many patients. Previous studies have indi-
cated that changes in SCr of > 10%–20% are clinically mean-
ingful and within the range of serum changes regarded as 
significant in patients with AKI in general [11, 12]. Thus, the 
degree of improvement in SCr may be a more sensitive indicator 
of response to treatment than a defined target value of SCr [5].

1.3   |   Terlipressin Treatment Response in HRS-AKI

Terlipressin, a vasopressin analogue, is the only pharmaco-
logical agent approved by the United States Food and Drug 
Administration for the treatment of adult patients with HRS-
AKI [13]. Terlipressin plus albumin is recommended as 
the first-line treatment for patients with HRS-AKI, per the 
European Association for the Study of the Liver guidelines, 
and is the preferred vasoconstrictor therapy recommended 
by the American Association for the Study of Liver Diseases 

guidance [1, 8]. The safety and efficacy of terlipressin in patients 
with HRS-AKI have been demonstrated in three randomized, 
placebo-controlled Phase 3 studies (OT-0401, CONFIRM, and 
REVERSE) [14–16]. In all three studies, terlipressin demon-
strated higher rates of HRS reversal compared to placebo; these 
results were statistically significant in two studies (OT-0401, 
33.9% vs. 12.5%, respectively, p = 0.008; REVERSE, 23.7% vs. 
15.2%, respectively; p = 0.13; CONFIRM, 39% vs. 18%, respec-
tively; p < 0.001) [14–16]. In all studies, HRS reversal was de-
fined as at least 1 SCr value of ≤ 1.5 mg/dL while on treatment, 
defined as up to 24 h after the final dose of terlipressin by Day 
14 or discharge [14–16]. All three studies assessed improvement 
in renal function by additional prespecified endpoints such as 
change in SCr from start of treatment (SOT) to the end of treat-
ment (EOT), and in CONFIRM, ≥ 30% SCr improvement was 
also analyzed as an exploratory prespecified endpoint. In the 
REVERSE study, a post hoc analysis demonstrated that even 
relatively small changes in SCr from baseline were associated 
with improved short-term survival, regardless of whether the 
patient achieved HRS reversal (defined as SCr ≤ 1.5 mg/dL) 
[5, 14]. The objective of this analysis is to evaluate the clinical 
outcomes of achieving > 30% improvement in SCr from SOT to 
EOT in a pooled population of patients with HRS-AKI treated 
with terlipressin.

2   |   Methods

Data from OT-0401, REVERSE, and CONFIRM, three multi-
center, randomized, double-blind, placebo-controlled Phase 3 
studies, were pooled for this post hoc analysis [17]. The study 
designs, including eligibility criteria, and methods for each trial 
have been reported previously [14–16].

2.1   |   Study Design

The CONFIRM, OT-0401, and REVERSE study populations 
consisted of adult patients with HRS-1 who were diagnosed using 
standard criteria before the adoption of the 2015 ICA HRS-AKI 
criteria [5]. Diagnosis of HRS-1 was per the clinical investiga-
tor and was defined as a rapidly progressive worsening in renal 
function with a doubling of SCr to ≥ 2.25 mg/dL in CONFIRM 
or ≥ 2.5 mg/dL in OT-0401 and REVERSE within 14 days before 
randomization [14–16]. Patients were excluded if they had sus-
tained improvement in renal function (> 20% decrease in SCr in 
all three trials or SCr ≤ 2.25 mg/dL in CONFIRM) at least 48 h 
after diuretic withdrawal and plasma volume expansion with 
albumin [14–16]. Patients were treated with either terlipressin 
1 mg or placebo via slow-push intravenous bolus over 2 min 
[14–16]. Concomitant administration of albumin (CONFIRM: 
1 g/kg bodyweight to ≤ 100 g on Day 1 followed by 20–40 g/day; 
REVERSE: 20–40 g/day; OT-0401:100 g on Day 1 followed by 
25 g/day) was recommended [14–16].

2.2   |   Post Hoc Outcomes

Incidence of > 30% improvement in SCr from SOT to EOT was 
analyzed by treatment group across individual studies and 
pooled intent-to-treat (ITT) population. In most cases, the SOT 
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was defined as Day 0 of the study period, but a pre-study period 
value was used instead if the Day 0 value was missing. Change 
from SOT to EOT or Day 14 was defined as the EOT value minus 
the SOT value.

The pooled ITT population dataset was also evaluated by > 30% 
improvement in SCr from SOT to EOT for efficacy outcomes, 
including durability of HRS reversal (defined as the percentage 
of patients who had HRS reversal and no renal replacement 
therapy [RRT] to Day 30), incidence of RRT through Day 90, pa-
tients alive without RRT at Day 90, patients alive without trans-
plant at Day 90, and overall survival through Day 90. Overall 
survival and RRT-free survival up to 90 days with and without 
HRS reversal and/or > 30% improvement in SCr SOT to EOT in 
the pooled ITT population was assessed using Kaplan–Meier 
estimates.

2.3   |   Statistical Analyses

The ITT population, defined as all randomized patients, was 
used in the pooled analysis. Change from SOT through EOT in 
SCr was analyzed using repeated measure analysis of covari-
ance (ANCOVA) based on a mixed-effect model. Baseline prog-
nostic factors for > 30% improvement in SCr were evaluated by 
univariate and multivariate logistic regression analysis. In both 
the univariate and multivariate analyses, SCr concentrations 
were analyzed as a continuous variable.

The p values for continuous variables were calculated using 
the analysis of variance (ANOVA) and Kruskal–Wallis tests, 
whereas a Fisher exact test or χ2 test was used for categorical 
variables.

2.4   |   Safety

Safety assessments for incidence of serious adverse events 
(SAEs) reported in ≥ 5% of patients in the terlipressin treatment 
group were evaluated in the pooled safety population (i.e., all 

randomly assigned patients who received at least one dose of ter-
lipressin; collated from the Phase 3 studies OT-0401, REVERSE, 
and CONFIRM) who achieved > 30% improvement in SCr from 
SOT to EOT [17].

3   |   Results

3.1   |   Incidence of > 30% Improvement in SCr From 
SOT to EOT

In the pooled ITT population (N = 608), 352 patients 
(CONFIRM, n = 199; REVERSE, n = 97; and OT-0401, n = 56) 
received terlipressin with a significantly higher proportion 
of patients compared with placebo achieving > 30% improve-
ment in SCr from SOT to EOT (42.9% vs. 23.4%, respectively, 
p < 0.001) (Figure 1). Similarly, across all three studies, a sig-
nificantly higher percentage of patients in the terlipressin 
group compared with placebo achieved > 30% improvement in 
SCr from SOT to EOT (37%–46% vs. 23%–24%, respectively; 
p < 0.001- p = 0.03) (Figure 1).

3.2   |   Baseline Demographics and Clinical 
Characteristics

Baseline demographics were generally comparable between 
patients in the terlipressin group who achieved > 30% im-
provement in SCr from SOT to EOT and those who did not 
(Table 1). Statistically significant differences between the two 
subgroups were observed for the baseline model for end-stage 
liver disease (MELD) score (mean ± SD 31.3 ± 6.3 vs. 34.3 ± 6.2; 
p < 0.001), international normalized ratio (mean ± SD 2.1 ± 0.8 
vs. 2.4 ± 0.8; p < 0.001), and baseline bilirubin (mean ± SD 
10.4 ± 11.5 vs. 14.7 ± 13.3; p < 0.001) among others with slightly 
higher values noted for the ≤ 30% SCr improvement subgroup. 
Acute-on-chronic liver failure (ACLF) Grade 3 occurred in 
27.9% of those who did not achieve > 30% improvement in SCr 
compared with 10.6% in those who achieved > 30% SCr im-
provement (Table  1). The most common etiology of cirrhosis 

FIGURE 1    |    Incidence of > 30% SCr improvement from SOT to EOT (individual studies and pooled ITT population). EOT, end of treatment; ITT, 
intent-to-treat; N, number of patients in the study and treatment group; SCr, serum creatinine; SOT, start of treatment. ap values from a χ2 test. bData 
pooled from the following Phase 3 studies: OT-0401, REVERSE, and CONFIRM.
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TABLE 1    |    Baseline demographics and clinical characteristics by at least 30% SCr improvement from SOT to EOT (terlipressin group, pooled ITT 
population).a

Parameters

Improvement in SCr from SOT to EOT

pb
> 30% improvement 

in SCr (N = 151)
≤ 30% improvement 

in SCr (N = 201)

Age, years 0.92

Mean (SD) 54.2 (9.8) 53.9 (11.1)

Minimum, maximum 23.3, 78.0 23.2, 77.0

Sex, n (%) 0.10

Male 99 (65.6) 114 (56.7)

Female 52 (34.4) 87 (43.3)

Race, n (%) 0.75

White 137 (90.7) 176 (87.6)

Asian 4 (2.6) 4 (2.0)

Black or African American 8 (5.3) 16 (8.0)

American Indian or Alaska Native 1 (0.7) 2 (1.0)

Native Hawaiian or Pacific Islander 0 (0) 0 (0)

Alcoholic hepatitis, n (%) 56 (37.1) 65 (32.3) 0.37

Alcoholic hepatitis, baseline MAP 
< 70 mmHg, or SIRS, n (%)

103 (68.2) 130 (64.7) 0.50

Baseline SCr, mg/dL < 0.001

Mean (SD) 3.3 (0.8) 3.8 (1.5)

Minimum, maximum 2.1, 6.4 1.7, 11.9

Baseline MELD score < 0.001

n 131 181

Mean (SD) 31.3 (6.3) 34.3 (6.2)

Minimum, maximum 17.0, 40.0 16.0, 40.0

Baseline Child-Pugh score 0.03

n 147 190

Mean (SD) 10.1 (2.0) 10.6 (1.9)

Minimum, maximum 6.0, 14.0 7.0, 15.0

Baseline INR < 0.001

n 136 189

Mean (SD) 2.1 (0.8) 2.4 (0.8)

Minimum, maximum 1.0, 5.8 1.1, 5.2

Baseline bilirubin, mg/dL 0.001

n 145 193

Mean (SD) 10.4 (11.5) 14.7 (13.3)

Minimum, maximum 0.4, 50.3 0.3, 51.6

(Continues)
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was alcohol-use in both subgroups (> 30% SCr improvement, 
43.0%; ≤ 30% SCr improvement, 34.3%), and alcoholic hepatitis 
was present at enrollment in 37.1% in the > 30% SCr improve-
ment subgroup versus 32.3% in the ≤ 30% SCr improvement 
subgroup. Prior albumin exposure and the mean amount of al-
bumin exposure were not statistically significant between the 
two subgroups (Table 1).

3.3   |   Predictors of > 30% Improvement in SCr

Univariate logistic regression analysis identified several base-
line characteristics that were associated with achieving > 30% 
improvement in SCr from SOT to EOT in the pooled ITT pop-
ulation, including SCr (odds ratio, OR [95% confidence inter-
val, CI: 0.66 (0.53–0.82)], p < 0.001), MELD score (OR [95% CI: 
0.93 (0.89–0.96)], p < 0.001), Child-Pugh score (OR [95% CI: 0.87 
(0.78–0.98)], p = 0.02), and ACLF Grade 3 (OR [95% CI: 0.50 
(0.37–0.67)], p < 0.001) (Table  2). In the multivariate analysis, 
ACLF grade (OR [95% CI: 0.51 (0.38–0.69)], p < 0.001), MELD 
score (OR [95% CI: 0.94 (0.90–0.97)], p < 0.001), and baseline SCr 

(OR [95% CI: 0.66 (0.52–0.82)], p < 0.001) remained predictors of 
achieving > 30% improvement in SCr (Table 2).

3.4   |   Durability of HRS Reversal

Durability of HRS reversal (defined as the percentage of pa-
tients with HRS reversal without RRT to Day 30) was achieved 
in significantly more patients in the terlipressin subgroup with 
> 30% SCr improvement compared with the ≤ 30% SCr improve-
ment subgroup (68.9% [95% CI: 0.6, 0.8] vs. 1.0% [95% CI: 0]) 
(Figure S1).

3.5   |   Incidence of RRT Through Day 90

Among all patients who achieved > 30% improvement in SCr 
compared with those who did not, the need for RRT was sig-
nificantly lower through Day 30 (8.5% vs. 53.4%, respectively; 
p < 0.001), Day 60 (11.9% vs. 54.8%, respectively; p < 0.001), and 
Day 90 (14% vs. 55.2%, respectively; p < 0.001) (Figure 2A).

Parameters

Improvement in SCr from SOT to EOT

pb
> 30% improvement 

in SCr (N = 151)
≤ 30% improvement 

in SCr (N = 201)

Baseline MAP, mm Hg 0.55

Mean (SD) 77.2 (11.3) 77.4 (12.5)

Minimum, maximum 47.0, 112.7 48.0, 117.7

Baseline ACLF grade, n (%) < 0.001

1 91 (60.3) 71 (35.3)

2 44 (29.1) 72 (35.8)

3 16 (10.6) 56 (27.9)

Prior infection, n (%) 10 (6.6) 11 (5.5) 0.66

Etiology of cirrhosis, n (%)

Alcohol 65 (43.0) 69 (34.3) 0.10

Nonalcoholic steatohepatitis 19 (12.6) 23 (11.4) 0.74

Hepatitis C 14 (9.3) 17 (8.5) 0.85

Autoimmune hepatitis 5 (3.3) 5 (2.5) 0.75

Primary biliary cirrhosis 2 (1.3) 3 (1.5) > 0.99

Hepatitis B 1 (0.7) 3 (1.5) 0.64

Prior albumin exposure, n (%) 143 (94.7) 187 (93.0) 0.66

Amount of prior albumin, g 0.08

n 134 178

Mean (SD) 314.1 (196.4) 339.1 (180.7)

Minimum, maximum 25.0, 1000.0 25.0, 925.0

Abbreviations: ACLF, acute-on-chronic liver failure; EOT, end of treatment; INR, international normalized ratio; ITT, intent-to-treat; MAP, mean arterial pressure; 
MELD, model for end-stage liver disease; n, number of patients for each baseline parameter; N, number of patients in the treatment group; SCr, serum creatinine; SD, 
standard deviation; SIRS, systemic inflammatory response syndrome; SOT, start of treatment.
aData pooled from the following phase 3 studies: OT-0401, REVERSE, and CONFIRM.
bFor numeric data, ANOVA and Kruskal-Wallis tests were used to generate p values following testing for normality. For categorical data, Fisher exact test was used.

TABLE 1    |    (Continued)



6 of 10 JGH Open, 2024

3.6   |   Patients Alive Without RRT at Day 90

Significantly more patients who achieved > 30% improvement 
in SCr were alive on Day 90 without the need for RRT compared 
with those who did not achieve 30% improvement in SCr, re-
gardless of treatment (64.5% vs. 24.0%, respectively; p < 0.001) 
(Figure  2B). Similarly, when looking at only the terlipressin 
group, significantly more patients who achieved > 30% improve-
ment in SCr were alive on Day 90 without the need for RRT com-
pared with those who did not achieve 30% improvement in SCr 
(61.6% vs. 22.7%, respectively; p < 0.001).

3.7   |   Patients Alive Without Transplant at Day 90

Significantly more patients who achieved > 30% improvement 
in SCr were alive on Day 90 without transplant compared 
with those who did not achieve 30% improvement in SCr, re-
gardless of treatment (44.1% vs. 14.2%, respectively; p < 0.001) 
(Figure  2C). In the terlipressin group, significantly more pa-
tients who achieved > 30% improvement in SCr were alive on 
Day 90 without transplant compared with those who did not 
achieve 30% improvement in SCr (43.0% vs. 11.6%, respectively; 
p < 0.001).

3.8   |   Overall Survival by Day 90

Significantly more patients who achieved > 30% improvement in 
SCr from SOT to EOT were alive by Day 90 than the ≤ 30% SCr 
improvement subgroup (71.1% vs. 41.6%, respectively; p < 0.001), 
regardless of treatment (Figure 3).

3.9   |   Overall Survival by Day 90 for Patients With 
HRS Reversal and no HRS Reversal With or Without 
> 30% SCr Improvement

Patients without HRS reversal but who achieved > 30% improve-
ment in SCr from SOT to EOT had higher overall survival by 
Day 90 compared with the subgroup who did not achieve > 30% 
improvement in SCr (Figure S2). Importantly, overall survival 
in the group achieving > 30% improvement in SCr from SOT to 
EOT without HRS reversal was comparable to the overall group 
who achieved HRS reversal (Figure S2).

3.10   |   RRT-Free Survival by Day 90 for Patients 
With HRS Reversal and no HRS Reversal With 
or Without > 30% SCr Improvement

Patients without HRS reversal but who achieved > 30% improve-
ment in SCr from SOT to EOT had higher RRT-free survival by 
Day 90 compared with the subgroup who did not achieve > 30% 
improvement in SCr (Figure 3). RRT-free survival in the group 
achieving > 30% improvement in SCr from SOT to EOT without 
HRS reversal was comparable to the overall group who achieved 
HRS reversal (Figure S3).

3.11   |   Safety

The mean total exposure for terlipressin was statistically higher 
in those who achieved > 30% SCr improvement than those 
who did not (42.1 ± 30.8 mg vs. 14.7 ± 16.8 mg, respectively; 
p < 0.001). The mean ± SD duration of terlipressin exposure was 

TABLE 2    |    Univariate and multivariate logistic regression of baseline characteristics by at least 30% SCr improvement from SOT to EOT 
(terlipressin group, pooled ITT population).a

Baseline parameters n Odds ratio 95% CI p

Univariate logistic regression analysis

Alcoholic hepatitis 352 1.23 0.79–1.92 0.35

Baseline SCr 352 0.66 0.53–0.82 < 0.001

Age < 65 years 352 1.11 0.62–2.00 0.73

Male sex 352 1.45 0.94–2.25 0.09

Baseline MELD score 312 0.93 0.89–0.96 < 0.001

Baseline Child-Pugh score 337 0.87 0.78–0.98 0.02

Baseline MAP 352 1.00 0.98–1.02 0.85

Baseline MAP < 65 352 0.54 0.28–1.04 0.06

Baseline ACLF grade 352 0.50 0.37–0.67 < 0.001

Multivariate logistic regression analysis

Baseline SCr 352 0.66 0.52–0.82 < 0.001

Baseline MELD score 312 0.94 0.90–0.97 < 0.001

Baseline ACLF grade 352 0.51 0.38–0.69 < 0.001

Abbreviations: ACLF, acute-on-chronic liver failure; CI, confidence interval; EOT, end of treatment; ITT, intent-to-treat; MAP, mean arterial pressure; MELD, model 
for end-stage liver disease; n, number of patients for each baseline parameter; SCr, serum creatinine; SOT, start of treatment.
aData pooled from the following phase 3 studies: OT-0401, REVERSE, and CONFIRM.
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FIGURE 2    |    Incidence of RRT through Day 90a (A), patients alive without RRTb (B), and patients alive without transplantb (C) by > 30% SCr 
Improvement From SOT to EOT (pooled ITT population). EOT, end of treatment; ITT, intent-to-treat; N, number of patients in the treatment group 
who are alive at the time point; n, number of patients in the category of patients alive at the time point in the treatment group; RRT, renal replacement 
therapy; SCr, serum creatinine; SOT, start of treatment. aData pooled from the following phase 3 studies: OT-0401, REVERSE, and CONFIRM and 
includes both terlipressin and placebo groups. bData pooled from the following phase 3 studies: OT-0401, REVERSE, and CONFIRM. cp values from 
a χ2 test.
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9.2 ± 4.5 days in the > 30% SCr improvement subgroup versus 
4.0 ± 2.6 days in the ≤ 30% SCr improvement subgroup. While 
the majority of patients in both subgroups received the standard 
dose of terlipressin, a significantly higher proportion of patients 
who achieved > 30% SCr improvement received a high dose of 
terlipressin, defined as ≥ 1 dose of 2 mg, compared to those who 

did not achieve > 30% SCr improvement (37.7% vs. 19.2%, respec-
tively; p < 0.001) (Table 3).

The overall percentage of patients with adverse events (AEs) 
was similar between the two subgroups. However, the over-
all incidence of SAEs was higher in those who did not achieve 
> 30% improvement in SCr (76.3%) compared with those who 
did (60.3%). Among the SAEs reported by ≥ 5% of patients 
within a treatment group, hepatobiliary, respiratory, thoracic, 
and mediastinal disorders, multiple organ dysfunction syn-
drome, and general disorders and administration-site conditions 
were reported significantly more frequently in those who did not 
achieve > 30% SCr improvement compared with those who did. 
No statistically significant changes were noted in the incidence 
of gastrointestinal disorders, infections, infestations, respira-
tory, and chronic hepatic failure between the two subgroups 
(Table 4).

4   |   Discussion

Restoring renal function is one of the most important goals of treat-
ment in patients with HRS-AKI [18]. The results presented in this 
large, pooled analysis of patients with HRS-AKI are consistent with 
previously published data on the efficacy of terlipressin in improv-
ing renal function [14–16]. In this post hoc analysis, terlipressin 
treatment led to approximately twice as many patients achieving 
> 30% improvement in SCr compared to placebo. Patients who 
achieved this > 30% SCr improvement had more favorable clinical 

FIGURE 3    |    Overall survival up to 90 days by > 30% SCr improvement 
from SOT to EOT (pooled ITT population).a EOT, end of treatment; ITT, 
intent-to-treat; N, number of patients in the treatment group who are 
alive at the time point; n, number of patients in the category of patients 
alive at the time point in the treatment group; SCr, serum creatinine; 
SOT, start of treatment. aData pooled from the following Phase 3 studies: 
OT-0401, REVERSE, and CONFIRM and includes both terlipressin and 
placebo groups. bp value from a χ2 test.
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TABLE 3    |    Summary of exposure to treatment and HRS reversal rate for patients with or without > 30% SCr improvement from SOT to EOT 
(terlipressin group, pooled safety population).a

Parameters

Improvement in SCr from SOT to EOT

pb
> 30% improvement 

in SCr (N = 151)
≤ 30% improvement 

in SCr (N = 198)

Treatment duration, days

Mean (SD) 9.2 (4.5) 4.0 (2.6) < 0.001

Total exposure,c mg < 0.001

Mean (SD) 42.1 (30.8) 14.7 (16.8)

Minimum, maximum 3.0, 153.0 1.0, 100.0

Daily exposure, mg/day < 0.001

Mean (SD) 4.20 (1.4) 3.07 (1.2)

Minimum, maximum 1.17, 7.21 0.75, 6.67

Dose level,d n (%)

High 57 (37.7) 38 (19.2) < 0.001

Standard 94 (62.3) 160 (80.8) < 0.001

Patients achieving HRS reversal,e n (%) 113 (74.8) 4 (2.0) < 0.0001

Abbreviations: ANOVA, Analysis of Variance; EOT, end of treatment; HRS, hepatorenal syndrome; n, number of patients in the category in the treatment group; N, 
number of patients in the treatment group; SCr, serum creatinine; SD, standard deviation; SOT, start of treatment.
aData pooled from the following phase 3 studies: OT-0401, REVERSE, and CONFIRM.
bFor numeric data, ANOVA and Kruskal-Wallis tests were used to generate p values following testing for normality. For categorical data, Fisher exact test was used.
cExposure data are combined from both periods for patients receiving initial and re-treatment periods.
dPatients in the standard-dose level received only 0.5- and 1-mg doses. Patients in the high-dose level received at least 1 dose of 2 mg.
eHRS reversal was defined as at least 1 SCr value of ≤ 1.5 mg/dL while on treatment, which is defined as up to 24 h after the final dose of terlipressin by Day 14 or 
discharge.
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outcomes than those who did not reach the threshold. In the > 30% 
SCr improvement subgroup, 70% of patients demonstrated dura-
bility of HRS reversal, shown by the absence of RRT for at least 
30 days, compared to 1% of those who did not achieve the 30% 
SCr improvement. Patients with > 30% improvement in SCr levels 
also had a significantly lower likelihood of requiring RRT by Day 
90 and higher overall survival at Day 90 than those who did not 
achieve this response. Furthermore, the improvement in survival 
for patients achieving > 30% improvement in SCr was comparable 
to those achieving HRS reversal. Thus, > 30% improvement in SCr 
may indicate improved renal function and is a clinically mean-
ingful endpoint. As expected, lower baseline SCr levels and ACLF 
grade were significantly associated by both univariate and multi-
variate analyses with achieving 30% improvement in SCr, thereby 
highlighting the need for early detection of HRS-AKI for better 
clinical outcomes.

4.1   |   Implications for Clinical Practice

HRS reversal can lead to improved prognosis, including reduced 
intensive care unit length of stay and a reduced need for RRT be-
fore or after LT [18]. Using reduction in SCr levels at the time of 
presentation of HRS-AKI to EOT as a significant outcome may be 
more universally applicable than using a fixed 1.5 mg/dL cutoff. 
Understanding the definitions of these responses to treatment 

is crucial in managing patients, particularly those with cirrho-
sis, diabetes, and hypertension who develop HRS-AKI and may 
have chronic kidney disease (CKD) with SCr values > 1.5 mg/
dL (before developing HRS-AKI), thus making HRS reversal 
an unlikely outcome. In addition, with increasing incidence of 
nonalcoholic steatohepatitis and the presence of CKD, the prog-
nostic and therapeutic implications of HRS-AKI have yet to be 
determined, and these implications will probably differ from 
those in patients with HRS-AKI that progresses to HRS-CKD 
[10, 19]. With increased understanding of the HRS-AKI patho-
physiology, the traditional thinking of it as a functional failure 
needs to be reevaluated [8]. HRS-AKI may manifest as a spec-
trum that, if not diagnosed and treated early, can progress to 
significant injury [18]. Outcome measures that are sensitive to 
gauge treatment response to HRS-AKI are needed. As achieving 
> 30% improvement in SCr levels from SOT to EOT was associ-
ated with clinically meaningful outcomes in this study, using 
such a threshold may be more universally applicable instead of 
an arbitrary reduction to 1.5 mg/dL to evaluate treatment re-
sponse [6].

4.2   |   Limitations of the Study

Study findings should be interpreted in the post hoc analysis 
study context. Prospective studies are needed to evaluate and 

TABLE 4    |    Summary of adverse events in patients with HRS-AKI by at least 30% SCr improvement from SOT to EOT (terlipressin group, pooled 
safety population).a

AEs

Improvement in SCr from SOT to EOT

pb
> 30% improvement in 

SCr (N = 151), n (%)
≤ 30% improvement 

in SCr (N = 198), n (%)

Any AE 142 (94.0) 189 (95.5) 0.55

Permanent withdrawals due to AEs 11 (7.3) 35 (17.7) 0.004

SAEs reported by ≥ 5% of patients within a treatment group by system organ class/preferred term

Any SAE 91 (60.3) 151 (76.3) 0.001

Gastrointestinal disorders 22 (14.6) 26 (13.1) 0.70

Abdominal pain 9 (6.0) 6 (3.0) 0.18

General disorders and administration-site 
conditions

8 (5.3) 25 (12.6) 0.02

Multiple organ dysfunction syndrome 5 (3.3) 23 (11.6) 0.005

Hepatobiliary disorders 27 (17.9) 60 (30.3) 0.008

Chronic hepatic failure 7 (4.6) 19 (9.6) 0.08

Hepatic failure 8 (5.3) 18 (9.1) 0.18

Infections and infestations 19 (12.6) 30 (15.2) 0.49

Sepsis 6 (4.0) 13 (6.6) 0.29

Respiratory, thoracic, and mediastinal disorders 18 (11.9) 41 (20.7) 0.03

Respiratory failure 9 (6.0) 21 (10.6) 0.13

Abbreviations: AE, adverse event; EOT, end of treatment; HRS-AKI, hepatorenal syndrome-acute kidney injury; n, number of patients for each baseline parameter; N, 
number of patients in the treatment group; SAE, serious adverse event; SCr, serum creatinine; SOT, start of treatment.
aData pooled from the following phase 3 studies: OT-0401, REVERSE, and CONFIRM.
bIf the number of events per cell < 5, then a Fisher exact test was used. Otherwise, a chi-square test was used.
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validate the clinical benefits of > 30% improvement in SCr levels 
in improving renal function in HRS-AKI.

5   |   Conclusions

In patients with HRS-AKI receiving terlipressin, > 30% im-
provement in SCr may be a clinically meaningful endpoint 
even if they do not have a complete response or HRS reversal 
during treatment (as this accounts for patients with varying de-
grees of CKD at baseline). This new outcome measure is more 
aligned with the updated HRS-AKI definition of evaluating the 
improvement of renal function based on each patient's baseline 
SCr value rather than a reduction in SCr to a predefined level of 
< 1.5 mg/dL.
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