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Abstract

Background & Aims—Administration of terlipressin plus albumin is effective in reversing type
1 HRS as compared to albumin alone. However, only about 1/3 of patients respond to treatment,
therefore, predictors of response and survival would help identify the patients most likely to
benefit from treatment.

Methods—We analyzed our controlled trial of terlipressin vs. placebo (Gastroenterology
2008;134:1360) to define factors predictive of a response and to correlate hemodynamic changes
to changes in renal function.

Results—Single variant analysis showed treatment with terlipressin, MELD score, and baseline
serum creatinine to be predictive of HRS reversal. Alcoholic hepatitis, baseline serum creatinine,
and MELD score were predictive of survival. When treatment was not considered as a variable,
only baseline serum creatinine predicted HRS reversal. Baseline serum creatinine, presence of
alcoholic hepatitis, and Child-Pugh score were also predictive of survival on multivariate analysis.
The rise in mean arterial pressure (MAP) following terlipressin administration was not predictive
of HRS reversal. However, in those who achieved HRS reversal from terlipressin, there was a
significant rise in MAP from beginning to end of treatment.
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Conclusions—The most consistent predictor of response to terlipressin and of survival is the
baseline serum creatinine. Patients most likely to benefit from terlipressin have earlier onset renal
failure (i.e. serum creatinine <5.0 mg/dl). A sustained rise in MAP is required for HRS reversal.
As MAP is a surrogate marker for the hyperdynamic circulation, it is only with improvement in
the hyperdynamic circulation that HRS reversal is observed.

Introduction

Hepatorenal syndrome (HRS) type 1 is a rapidly progressive but potentially reversible form
of renal failure that occurs in patients with cirrhosis and ascites and is associated with high
mortality [1-3]. The main pathophysiological basis for the development of HRS type 1 is the
progressive systemic arterial vasodilation. Arterial vasodilation, especially in the splanchnic
bed, leads to a decrease in effective arterial blood volume with subsequent activation of
renal sodium-retentive mechanisms and intrarenal arterial vasoconstriction. As the
hyperdynamic circulation worsens, there is a progressive intrarenal arterial vasoconstriction
leading to renal failure in the absence of intrinsic kidney disease [4-7].

Appreciation of the central role of arterial vasodilation in the pathogenesis of HRS has led to
the use of arterial vasoconstrictors for its treatment. A number of vasoconstrictors including
terlipressin, ornipressin, midodrine plus octreotide, and norepinephrine have been used in
HRS type 1 [2,3,7-10]. Terlipressin, a 12 amino acid synthetic analog of lysine-vasopressin,
is the most widely used drug for the treatment of HRS and three randomized controlled trials
have compared terlipressin plus albumin to albumin alone [8-10]. In the largest and only
placebo-controlled multicenter trial, HRS reversal was observed in 34% of the terlipressin
treated patients and 13% of those receiving placebo (o= 0.008) [8]. In a recent systematic
analysis of vasoconstrictors for HRS, terlipressin plus albumin was significantly more likely
to reverse HRS and also to improve short term survival as compared to albumin alone [11].

Given the fact that terlipressin has the side-effects expected of a V4-mediated
vasoconstrictor, it would be preferable to restrict exposure to the patient group most likely to
respond to treatment. We examined the variables predictive of a response to terlipressin plus
albumin and albumin alone in the treatment of HRS type 1 in our previously published
randomized controlled trial [8]. We wanted to better define the population of patients most
likely to benefit from treatment with terlipressin. We also hypothesized that mean arterial
pressure (MAP)was a surrogate marker of the hyperdynamic circulation, and if terlipressin
caused a consistent rise in MAP and that rise was associated with an improvement in renal
function, then terlipressin would be working by improving the hyperdynamic circulation.
Therefore, by examining the hemodynamic response to terlipressin plus albumin vs. albumin
alone in the same patients, we hoped to gain a better understanding of how terlipressin
reverses renal failure in patients with type 1 HRS. The results of these analyses are the
subject of this report.

Materials and methods

Patients and study design

Adult subjects (=18 years of age) with acute or chronic liver disease and HRS type 1, as
defined by the International Ascites Club criteria (rapidly progressive reduction in renal
function, e.g., doubling of serum creatinine (SCr) to =2.5 mg/dl in less than two weeks, and
failure of renal function to improve following diuretic withdrawal and plasma volume
expansion) [12] were included in this trial which has been described in detail [8]. The study
was a prospective, randomized, double-blind, placebo-controlled, multicenter clinical trial
conducted at 35 medical centers across the United States (n = 30), Germany (n = 2), and
Russia (n = 3) from 2004 through 2006. The study was registered in the national clinical
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trials database (ClinicalTrials.gov identifier NCT00089570) and approved by the
institutional review boards at each center. All data were recorded on standardized case
report forms that were entered into a database at a data coordinating center.

Subjects with acute or chronic liver disease and acute worsening of renal function were
initially screened for the study. The diagnosis of alcoholic hepatitis was made by the
investigator at the site at the time of enrollment and was based on clinical criteria as a liver
biopsy was not required. Following randomization, patients received blinded study
medication either terlipressin at a dose of 1 mg administered by slow intravenous (V) push
every 6 h or matching placebo. Most of the patients (88%) also received intravenous
albumin [8]. Serum electrolytes, BUN, and creatinine were evaluated daily during treatment.
Concomitant medications were recorded. MAP was measured immediately before and 2 h
after each dose of the study drug, to correspond with peak effect of terlipressin, and the
mean value for each day was calculated.

Statistical analysis

Results

All analyses conducted for this report used all patients in the ITT population who received at
least one dose of the study drug (56 patients on terlipressin and 55 on placebo) unless
otherwise stated. When analyses were conducted by treatment arm, this was explicitly
mentioned. Key analyses presented were prospectively planned, with additional exploratory
analyses performed retrospectively.

Univariate and multivariate logistic regression analyses were conducted to determine
baseline patient characteristics that were predictive of HRS reversal (defined as serum
creatinine on treatment <1.5 mg/dl) and overall survival up to day 180. For HRS reversal
Wald Chi-Square Tests and relative risks from a single logistic regression were used, both
with and without treatment as a factor. For survival, log-rank tests for association were used.
The following factors were used for univariate analysis and a subgroup of these for
multivariate analysis: age group (<65, =65), gender (M vs. F), race group (non-white,
white), alcoholic hepatitis (present vs. not), baseline MELD score, Child-Pugh score, MAP,
serum sodium, bilirubin, and creatinine (SCr). Median values and confidence intervals (CI)
were determined as appropriate. SAS® software version 8.2 was used to perform all
statistical analyses and to prepare summary tables and data listings. The protocol provided
for descriptive subgroup and correlative analyses, included the univariate analysis and in-
depth examination of the MAP data. There was also a provision for unspecified exploratory
analyses. The multivariate analysis was thus performed retrospectively, as was the plotting
of MAP vs. serum creatinine by response group, as well as the beta-blocker and the renal
function subgroup analyses.

Predictors of HRS reversal and survival

HRS reversal was seen in 19/56 terlipressin treated patients and 7/56 placebo patients. The
only variables that were significantly different by single variant analysis between those with
and without HRS reversal were MELD score, treatment group, and baseline SCr. For overall
survival, univariate predictors of outcome were alcoholic hepatitis, SCr and MELD, with
Child-Pugh and baseline bilirubin showing non-significant trends (Table 1). We conducted
multivariate analyses to verify the independent influence of these factors on HRS reversal.
When treatment was considered in the analysis, due to the strength of this effect on HRS
reversal, treatment with terlipressin was the only significant factor (o= 0.002), with
terlipressin patients more than six times as likely to respond than placebo patients (RR
6.053). When treatment was not considered, SCr became the only significant predictor of
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HRS reversal (p=0.029) (Table 2). The likelihood of HRS reversal in either treatment arm
was greatest in those with serum creatinines of <3.0 mg/dl, 50% (CI 26-74) terlipressin vs.
33% (CI 10-65) placebo, less so in those with serum creatinines of 3.0-5.0 mg/dl, 31%
terlipressin (Cl 15-51) vs. 9% (CI 2—-24) placebo and least in those with serum creatinines
>5.0 mg/dl, 11% (CI 0-48) terlipressin vs. 0% (Cl 0-31) placebo. However, the treatment
effect of terlipressin vs. placebo appeared to be greatest in the 3-5 mg/dl baseline SCr
group, with a 22% absolute difference in HRS reversal compared to a difference of 17%
with baseline SCr <3 mg/dl and 11% for patients with SCr >5 mg/dI.

Baseline serum creatinine was also predictive of survival in the multivariate analysis (p
<0.001), with a 50% increase in risk of dying for every mg/dl increase in creatinine.
Alcoholic hepatitis more than doubled the risk of death, and baseline Child-Pugh score also
had a significant influence on survival (Table 3). The concomitant use of beta-blockers did
not appear to negatively impact either HRS reversal or survival, as detailed in Table 4.

Response of MAP to terlipressin and correlation with renal function

Following the administration of terlipressin there was a similar immediate increase in MAP
in both those who achieved HRS reversal and those who did not. The daily MAP increased
over time in those receiving terlipressin who achieved HRS reversal whereas in those who
failed to respond the MAP did not change (Fig. 1A). In the placebo-treated patients the MAP
rose in those who had HRS reversal and fell in those who did not respond (Fig. 1B). Shown
in Table 5 is the MAP at initiation of treatment and at end of treatment (EOT). There was a
significant decrease in MAP at EQT in the placebo group and a small rise in MAP in the
terlipressin group. We further examined the change in MAP from the beginning to end of
treatment in both groups comparing those who achieved HRS reversal and those who did not
(Table 6). The difference in MAP at the beginning and end of treatment was significantly
greater in the terlipressin responders vs. non-responders. In the placebo group, the fall in
MAP was significant in the non-responders but the difference between the responders and
non-responders was not significant.

In order to better understand the relationship between the change in MAP and creatinine, we
plotted the change in the two variables each day for the four groups of patients (Fig. 2). In
the placebo non-responders the progressive fall in MAP was associated with a decline in
renal function. In the terlipressin non-responders, MAP did not change and renal function
either did not improve or declined slightly. The placebo responders showed an improvement
in renal function followed by a rise in MAP. The terlipressin responders showed a rise in
MAP followed by an improvement in renal function.

Discussion

The only variable predictive of HRS reversal was the baseline serum creatinine. The patient
who is most likely to benefit from treatment with terlipressin and/or albumin is the one with
early onset moderate renal failure (SCr <3.0 mg/dl). As their renal function worsens their
likelihood of benefiting from terlipressin or albumin declines, although the treatment effect
of terlipressin vs. placebo appears most dominant in patients with baseline SCr 3-5 mg/dl.
The highest baseline serum creatinine in a terlipressin responder was 5.6 mg/dl. Once the
creatinine exceeded 7 mg/dl the likelihood of response was negligible and one can question
the utility of using this drug in patients with this advanced form of disease. However, in the
literature the highest reported baseline SCr in a patient responding to terlipressin was 8.3
mg/dl [13].

Other studies have examined predictors of response to terlipressin. The other, smaller,
controlled trial comparing terlipressin plus albumin to albumin alone found that baseline
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urine volume, SCr, and use of terlipressin were predictive of HRS reversal [9]. Another
study of 39 patients with HRS type 1 treated with terlipressin plus albumin found that
baseline bilirubin was predictive of a response to terlipressin [14]. However, we found no
relationship between bilirubin levels and HRS reversal (Table 1). In another report,
norepinephrine was compared to terlipressin in the treatment of HRS type 1, and predictors
of a response to vasoconstrictor therapy were baseline serum creatinine, MAP, and plasma
renin activity [15]. Univariate analysis of a retrospective series of 18 consecutive patients
with HRS type 1 suggested that only Child-Pugh score was predictive of HRS reversal,
whereas treatment with >3 mg terlipressin per day, absence of precipitating factors, and
response to terlipressin were predictive of survival [16]. In the current study, Child-Pugh
score and treatment with terlipressin also appear to have predictive value. Based on this and
previous reports, it would appear that baseline SCr is consistently the best predictor of HRS
reversal. Terlipressin or other vasoconstrictors are likely to be most effective in those with
early onset and moderate to severe renal failure. More advanced renal failure (SCr >7.0 mg/
dl) is less likely to benefit from vasoconstrictor therapy.

Baseline SCr, Child-Pugh Score, and presence of alcoholic hepatitis were predictive of
survival at 180 days (Table 2). The negative effect of alcoholic hepatitis could reflect the
lack of transplantation as an option and the rapidly progressive nature of this type of liver
disease. Increases in baseline Child-Pugh score or SCr were associated with an increasing
risk of death. In another controlled trial, patients with MELD scores of >28 had a
significantly worse prognosis as compared to those with lower scores [9]. However, the
median MELD score of responding patients on both arms of our trial was 32, with 10/19
terlipressin responders and 5/7 albumin responders having MELD scores >30 at baseline. As
we did not find serum bilirubin or MELD to be independent predictors of survival, the most
important factor driving the association with MELD is likely to be the SCr. Based on our
own results, we do not believe that a high MELD score should preclude the use of
terlipressin, as if the patient achieves HRS reversal then their prognosis improves [8,9].

A recent, large, single-center, non-randomized investigation concluded that the use of beta-
blockers was detrimental to survival in patients with late-stage liver disease and refractory
ascites [17]. Our study did not randomize for beta-blocker use, but a substantial proportion
of patients were receiving concomitant beta-blockers before and during the study. We,
therefore, performed a subgroup analysis of patients by their beta-blocker status (either
receiving or not). We did not find a detrimental effect of beta-blocker use on HRS reversal
nor on survival (Table 4).

This study also demonstrates that a progressive rise in MAP is essential for patients to have
HRS reversal irrespective of whether they receive albumin or terlipressin. However, the
initial rise seen immediately after the administration of terlipressin is not predictive of HRS
reversal. It is only the sustained increased in MAP seen after terlipressin administration that
is associated with HRS reversal (Table 5 and Fig. 1). This finding may suggest that the
baseline MAP in the terlipressin responders is reset at a higher level as they continue to
receive the drug, reflecting an improvement in the hyperdynamic circulation. In support of
this suggestion are the results presented in Fig. 2 showing that as the MAP improved so did
the patients’ renal function. In contrast, in the non-responders, the MAP fell back to baseline
preceding the next dose of the drug and thus MAP did not rise over time. The rise in MAP in
those who responded to terlipressin was significantly greater than in the non-responders (7.3
+ 3 mmHg vs. -1 £ 2.2 mmHg respectively, p<0.025). A previous report suggested that a
rise in MAP at day 3 of =5 mmHg was necessary for HRS reversal [14]. Our data, although
supportive of the idea that a sustained rise in MAP is required for HRS reversal, does not
support the use of an absolute change in MAP to decide whether or not treatment with
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terlipressin is effective. We believe there is too much variation in the values we obtained, to
make this measurement useful for predicting a response (Tables 5 and 6).

In those responding to terlipressin, the rise in MAP preceded the fall in serum creatinine
(Fig. 2). The relationship between the changes in MAP and renal function is supportive of
the idea that terlipressin works by reducing splanchnic vasodilation leading to an
improvement in renal perfusion. Further support of this hypothesis is the finding that plasma
renin activity and plasma aldosterone levels fall in patients who achieve HRS reversal [13].
In contrast, in the placebo responders serum creatinine improved before a rise in MAP,
suggesting they were still somehow volume depleted, despite administration of fluids
preceding randomization, and the additional albumin they received corrected this deficiency.
However, for the placebo patients to achieve HRS reversal there had to be a sustained
improvement in the hyperdynamic circulation as manifested by a later rise in MAP. These
observations suggest that irrespective of how the hyperdynamic circulation is improved, the
improvement leads to increased renal perfusion and a sustained fall in SCr. Once this
improvement has occurred, the effect is durable as demonstrated by the low rates of relapse
in the responders in our and other studies [8-10].

Those who received placebo and did not have HRS reversal demonstrate how this disease
progresses. The hyperdynamic circulation worsens (progressive fall in MAP) and renal
function continues to decline. Those who received terlipressin and did not respond show
that, although MAP stabilized, the hyperdynamic circulation had not improved and,
therefore, neither did renal function. Unfortunately, there is no measure available to
determine how much improvement in the hyperdynamic circulation is required to reverse
renal failure.

In conclusion, use of terlipressin plus albumin in the treatment of type 1 HRS is most likely
to be of benefit if the renal failure is moderate (creatinine <3.0 mg/dl) or severe (creatinine
3.0-5.0 mg/dl). The use of terlipressin in patients with more advanced renal failure (SCr
>7.0 mg/dl) is less likely to be of benefit or to improve patient survival. The risk of
unnecessary exposure to terlipressin in patients unlikely to respond may also be mitigated by
stopping treatment at day 4 in those whose SCr has not begun to decrease. In our trial,
patients, whose SCr had not decreased by day 4, did not subsequently respond to treatment
[8,18]. Patients responding to terlipressin will show a sustained improvement in MAP
during therapy. However, the change in MAP immediately following the administration of
terlipressin is not predictive of a response. The finding that terlipressin and perhaps other
vasoconstrictors improve renal function by improving the hyperdynamic circulation should
lead to a search for new agents that might be effective in the patient groups that are resistant
to treatment with terlipressin or other vasoconstrictors. Ultimately, our efforts should be
directed at preventing the development of the hyperdynamic circulation in order to reduce
the risk of developing HRS-type 1 [19].
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Fig. 1. Mean arterial pressurein patientstreated with (A) terlipressin or (B) placebo

Each data point represents the MAP averaged for 4 injections/day measured just before and
2 h after terlipressin/placebo, presented using last observation carried forward. (A) Mean
MAP over time on terlipressin. (B) Mean MAP over time on placebo.
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Fig. 2. Relationship between daily changein MAP and serum creatinine over time
Each data point represents the daily change in MAP averaged for 4 injections/day measured
just before and 2 h after terlipressin, presented using last observation carried forward.
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Summary of the effects of baseline characteristics on HRS reversal (multivariate analysis, ITT population).

Baseline parameter RR  95% CI pvalue
Alcoholic Hepatitis 098 0.32-2.94 0.965
Gender 0.68 0.23-1.96 0.472
MELD Score 092 0.80-1.05 0.223
Child-Pugh Score 0.89 0.62-1.27 0.513
Serum Creatinine 051 0.28-0.93 0.029
Bilirubin 1.02 0.97-1.08 0.374
Mean Arterial Pressure  0.98  0.94-1.02  0.348

RR: relative risk; 95% Cl: 95% confidence intervals.
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Summary of the effects of baseline characteristics on overall survival at day 180 (multivariate analysis, ITT

population).
Baseline parameter RR  95% CI pvalue
Alcoholic Hepatitis 2.28 1.31-3.97 0.003
MELD Score 0.99 0.92-1.06 0.769
Child-Pugh Score 125 1.05-1.50 0.014
Serum Creatinine 150 1.27-1.76 <0.001
Bilirubin 101 0.98-1.03 0.632
Mean Arterial Pressure  1.02  0.99-1.04  0.215

RR: relative risk; 95% CI: 95% confidence intervals.
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