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Acute kidney injury (AKI) in the setting of cirrhosis (hepatorenal syndrome [HRS]-AKI) is a severe and often fatal compli-
cation of end-stage liver disease. The goals of treatment are to reverse renal failure and prolong survival in patients who are
critically ill. However, interventions have limited efficacy, and mortality rates remain high. In the United States, the mainstay
of pharmacologic therapy consists of the off-label use of vasoconstrictive agents in combination with plasma expanders, a strat-
egy that produces modest effects. Liver transplantation is the ultimate solution but is only an option in a minority of patients
because contraindications to transplantation are common and organ availability is limited. Renal replacement therapy is a
temporary option but is known to confer an extremely poor short-term prognosis in patients with HRS-AKI and at best serves
as a bridge to liver transplantation for the minority of patients who are transplantation candidates. The high mortality rate as-
sociated with HRS-AKI in the United States is a reflection of the suboptimal standard of care. Improved therapeutic options to
treat HRS-AKI are sought. Terlipressin is a drug approved in Europe for treatment of HRS-AKI and supported by recommen-
dations for first-line therapy by some liver societies and experts around the world. This review article will discuss the substantial
unmet medical need associated with HRS-AKI and the potential benefits if terlipressin was approved in the United States.
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. is a functional, progressive kidney failure that is poten-
Deﬁnlng Hepatorenal tially reversible but most often rapidly fatal. HRS-
S d AKI is observed in hepatic failure of any cause, but

Yn rome most often occurs in the setting of advanced cirrho-
sis.1? In advanced cirrhosis, portal hypertension
reduces portal blood flow, which results in the release
of vasodilators and blood pooling in the splanchnic
circulation. This causes activation of both the renin-

Hepatorenal syndrome (HRS)-acute kidney injury

(AKI), a dire consequence of end-stage liver disease,

Abbreviations: AASLD, American Association for the Study of Liver anglotensm—aldo(itg)rone S}fStCm and the Sympathe.tlc
Diseases; AE, adverse event; AKI, acute kidney injury; CHRSR, nervous SyStCITl. =) The intense renal vasoconstric-
confirmed hepatorenal syndrome reversal; CKD, chronic kidney disease; tion with predominant peripheral arterial vasodilation
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TABLE 1. Morbidity and Mortality Associated With HRS-AKI

Consequences of HRS-AKI

Supporting Data

Increased mortality

The mortality rate was 36.9% in a prospective cohort study of 120 patients with HRS-AKI(19)

Mortality rate of 50% 2 weeks after diagnosis, approaching 100% “within 3 months”(16)
Without treatment, median survival was calculated to be approximately 11 days, with a survival probability of 25% after

30 days(”)

Without treatment, >80% mortality at 3 months and a median survival of <4 weeks(18)

ICU admission
Hospital readmission

(mainly in the splanchnic circulation) that follows
is considered the hallmark feature of HRS.(®) In the
United States, at least 633,000 adults are afflicted
with cirrhosis, which represents 0.3% of the popula-
tion.”) The estimated annual incidence for HRS type
1 (HRS-1; the previously used term for HRS-AKI) in
the United States ranges from 9000 patients to more

Cr, creatinine; FDA, Food and Drug Administration; FENa, fractional
excretion of sodium; HRS, hepatorenal syndrome; HRS-1, hepatorenal
syndrome type 1; HRS-2, hepatorenal syndrome type 2; HRSR,
hepatorenal syndrome reversal; ICA, International Club of Ascites; ICU;
intensive care unit; IV, intravenous; LT, liver transplantation; MELD,
Model for End-Stage Liver Disease; REVERSE, Randomized, placEbo-
controlled, double-blind study to confirm the reVERSal of hepatorenal
syndromE type 1 with terlipressin; RR1T, renal replacement therapy; sCr,
serum creatinine; SD, standard deviation; SIRS, systemic inflammatory

response syndrome; VHRSR, verified hepatorenal syndrome reversal.
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In patients with cirrhosis, 50% of ICU admissions were attributed to HRS-AKI(8)
Up to a third of patients with HRS-AKI who are discharged from the hospital are readmitted within 30 days(9)

than 35,000 patients.®12) Although these rates tech-
nically classify HRS-AKI as rare, the literature regards
it as a “relatively frequent problem.” Approximately
20% of hospitalized patients with cirrhosis experience
HRS-AKI.1® Previous studies have found that 18%
of patients with advanced cirrhosis develop HRS-AKI
after 1 year of follow-up, and this proportion more
than doubles to 39% after 5 years.(¥

The continuum of kidney damage that occurs in
HRS-AKI, initially reversible, can lead to permanent
damage, ultimately in the form of irreversible renal
failure if left untreated. Although recommendations
for early and rapid interventions are widely accepted,
favorable outcomes are seldom achieved. Current
treatment options, particularly in the United States,
are generally ineffective, and better options to manage
HRS-AKI are sought. The purpose of this article is to
discuss the substantial unmet medical need associated
with HRS-AKI and delineate ways to improve therapy

for this disease.

The Impact of Renal Failure
on Morbidity and Mortality

in Cirrhosis
A diagnosis of HRS-AKI confers a relatively short

survival period. The literature indicates mortal-
ity rates ranging from 36% to 100%, with patients
more likely to die if there are delays in therapy.(1°-1%)
Aside from the risk of death, HRS-AKI is associated
with additional deleterious consequences (Table 1).
Patients with HRS-AKI who are hospitalized are
likely to require intensive care and, if discharged,
have high readmission rates.(!*2% These facts under-
score the importance of timely diagnosis and effec-
tive intervention.
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Diagnosis

Previously, HRS was classified by the International
Club of Ascites (ICA) as either type 1 (HRS-1) or
type 2 (HRS-2),V but the nomenclature has recently
evolved. The original definition of HRS-1 required
that the diagnosis be established at an advanced stage
of AKI, with a final serum creatinine (sCr) cutoff value
of >2.5 mg/dL. However, treatment efficacy proved
to be limited if initiated in such advanced stages.??%
The new terminology, per the consensus of the ICA,
delineates HRS-1 and HRS-2 by the presence or ab-
sence of AKI, respectively. HRS-1 is now referred to
as HRS-AKI and defined by changes in sCr and/or
urinary output, among other diagnostic criteria that
are detailed in Table 2. To encourage early and rapid
interventions, this new definition of HRS-AKI elim-
inates the final sCr cutoft value of >1.5 mg/dL and
instead recommends treatment even when increases in
sCr are small. Urinary output has also been added to
the definition but because of challenges in sample col-
lection is only recommended if a catheter is present.¥
This discussion will focus on HRS as it relates to AKI
(HRS-AK]I) in the setting of cirrhosis. HRS without
AKI, formerly HRS-2, is a diagnosis in the setting of
chronic kidney disease and is beyond the scope of this
article.

As reflected in the diagnostic criteria, once HRS-
AKI is suspected, it is important to differentiate
HRS-AKI from structural kidney injury—acute tubu-
lar necrosis—AKI. This is considered a “real clinical
challenge” because the most commonly used assess-
ment for renal function—sCr—is a marker of kidney
filtration and therefore cannot differentiate functional

TABLE 2. ICA Diagnostic Criteria for HRS-AKI*24

« Cirrhosis, acute liver failure, acute-on-chronic liver failure

* Increase in sCr, >0.3 mg/dL within 48 hours or >50% from baseline
value and/or urinary output <0.5 mL/kg of body weight for =6 hours
(requires use of a urinary catheter)

+ No full or partial response for =2 days of diuretic withdrawal and volume
expansion with albumin (dosed at 1 g/kg of body weight/day™)

+ Absence of shock

= No current or recent freatment with nephrotoxic drugs

« In the absence of CKD, assess for parenchymal disease, as indicated by
profeinuria >500 mg/day, microhematuria (>50 red blood cells per high
power field), urinary injury biomarkers (if available) and/or abnormal
renal ultrasonography

« Suggestion of renal vasoconstriction, with FENa <0.2% (levels <0.1% are
considered highly predictive)

*All criteria must be met for the diagnosis of HRS-AKI.
fMaximum 100 g/day.
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disease (ie, HRS-AKI) from structural disease (ie,
acute tubular necrosis—AKI). The utility of novel uri-
nary biomarkers, which reflect structural injury, in
combination with changes in filtration is under inves-
tigation for this purpose. Based on available data,
the ICA has identified interleukin-18, kidney injury
molecule-1, liver type fatty acid-binding protein, and
neutrophil gelatinase-associated lipocalin as promising
biomarkers, but their availability is not widespread, nor
is usage standardized. Another alternative is to evalu-
ate the fractional excretion of sodium, but questions
remain regarding appropriate cutoffs to distinguish
between the 2 processes.>42%)

Additional factors decrease the utility of sCr mea-
surements in HRS-AKI. Creatine is synthesized in
the liver before storage in muscles, where it is phos-
phorylated to creatinine (Cr). Cr is filtered in the
glomeruli and, to a lesser extent, excreted through the
proximal tubule. In patients with cirrhosis, Cr lev-
els are lower because of decreased production from
hepatic impairment, protein calorie malnutrition, and
muscle wasting. Elevated bilirubin levels may inter-
tere with Cr assays, and true values may not be elu-
cidated in the laboratory. Finally, wide variations in
sCr may be observed in patients experiencing ascites
attributed to large-volume paracentesis and volume
expansion.?®) In summary, it is important to take
these factors into consideration and recognize that
normal sCr levels do not always reflect normal renal
function in patients with cirrhosis. Fortunately, there
is ongoing research for better biomarkers to accurately
define renal function and aid in the diagnosis of HRS-
AKI. Studies have demonstrated that cystatin C may
be a better marker of renal function in patients with
cirrhosis because it is produced by all nucleated cells.
Serum cystatin C levels are not significantly affected
by race, age, muscle mass, or liver function.?” Data
indicate that estimated glomerular filtration rate based
on serum cystatin C, in comparison to sCr, provides
a more accurate estimation and earlier detection of
chronic kidney disease.?®

Liver Transplantation

Liver transplantation (LT) is considered the opti-
mal treatment for patients with HRS-AKI because
it corrects the underlying liver failure that underlies
reversible HRS-AKI, thereby curing both.?%30) In
reality, this is rarely realized because most patients
have contraindications to transplantation, organ
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availability is limited, and factors adversely impact
prioritization of patients with HRS-AKI who are
listed for LT.

The Organ Procurement and Transplantation
Network is the unified transplantation network in
the United States under the auspices of the United
Network for Organ Sharing. According to the Organ
Procurement and Transplantation Network policy
for LI, each adult LT candidate (>18 years old) is
assigned a score based on the Model for End-Stage
Liver Disease (MELD) scoring system, which priori-
tizes patients for liver allocation. The factors involved
in this calculation are sCr, bilirubin, and international
normalized ratio values, and, in patients with MELD
scores >10, sodium levels.®Y) MELD score is a pre-
diction of 90-day mortality; the higher the score, the
higher the mortality rate.

Unfortunately, the MELD scoring system often
provides a disservice to patients with HRS-AKI on
transplantation waiting lists. Patients with HRS-
AKI have demonstrated worse survival expectancy
than other populations with cirrhosis with equivalent
MELD scores.1332) This is because patients with ele-
vated sCr from HRS-AKI have worse prognoses than
patients with AKI because of parenchymal nephrop-
athy.®23%) In Ttaly, the Italian Liver Allocation Policy
was recently revised to reflect relevant critical issues
and conceptual advances, one being “the inequity of
a purely MELD-based system governing organ allo-
cation.” The revised policy now considers HRS an
exception,®4 but to date, no such policy revision has
been implemented in the United States. Finally, data
demonstrate that effective pharmacological treatment
of HRS-AKI improves specific components of the
MELD system (ie, sCr, sodium), reducing the score
and adversely affecting the priority of patients on the
waiting list for liver allocation who remain quite ill and
still require life-saving LI. Nevertheless, this should
not be a reason to withhold treatment in patients with
HRS-AKI who are LT candidates, as the benefits of
effective management far exceed the risk of decreased
priority for L. An update to amend the allocation
policy to allow patients with HRS-AKI to maintain
priority for liver allocation in the setting of effective
therapy would be ideal, but more advances in this field
are needed. For example, the availability of validated
biomarkers to differentiate HRS-AKI from the pool
of other kidney disorders (eg, parenchymal AKIs)
is essential to avoid the mislabeling of patients and
downstream implications on kidney allocation.
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LIVER TRANSPLANTATION, August 2021

Renal Replacement Therapy

Renal replacement therapy (RRT) is a temporary op-
tion to potentially bridge the limited number of eligi-
ble LT’ candidates with HRS-AKI to transplantation.
Associated risks and poor outcomes, however, make
RRT a suboptimal solution for such patients. RRT in
patients who are critically ill is complicated by high
morbidity and mortality rates. Survival with RRT in
patients with end-stage liver disease presenting with
HRS-AKIT is short, and the overall benefit is not well
documented. In LT candidates, a 59% mortality rate
in patients requiring >7 days of in-hospital continuous
RRT has been observed.(?)

Patients with RRT are also at risk for general acute
complications, such as intradialytic hypotension,
increased risk of cardiac events, and complications
related to venous access (including bleeding and infec-
tions).>) Patients with decompensated cirrhosis present
additional physiologic challenges that impair adequate
volume management during RRT.(® Portal hyper-
tension and splanchnic vasodilation result in decreased
effective circulating volume and low mean arterial pres-
sure; both impact volume management.®® Continuous
RRT involves intensive care unit (ICU) care, immobili-
zation, anticoagulation, and subsequent bleeding risks.
Intermittent RRT is complicated by hemodynamic
instability attributed to rapid fluid and solute shifts,%”
resulting in intradialytic hypotension and cerebral edema.

Although HRS-AKT is thought to be reversible with
LT, post-LT renal function may be adversely affected.
Data indicate that the longer patients are maintained
on RRT while awaiting transplantation, the higher the
risk of nonrecovery of renal function after LT. In 1041
LT recipients on RRT at the time of transplantation,
707 recipients (67.9%) had spontaneous recovery of
renal function after LT. Patients who recovered spon-
taneously had a significantly shorter course of RRT in
the pretransplant time period (15.6 versus 36.6 days;
P < 0.001). Recovery of renal function was observed in
70.8% and 11.5% of recipients on RRT for <30 days
and >90 days, respectively.®®) In another study, 2112
adult transplantation recipients who received acute
RRT for <90 days before LT were assessed. The
adjusted renal nonrecovery risk increased by 3.6%
per day of pretransplantation RRT (P < 0.001).0%
According to the United Network for Organ Sharing
criteria, if patients require dialysis for >6 weeks before
LT, they are candidates for simultaneous kidney/LT’
because of this risk of renal nonrecovery.*0)
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Pharmacologic Therapy

Currently, there are no approved medications for treat-
ing HRS-AKI in the United States. Therapeutic al-
ternatives are needed for the minority of patients who
are critically ill and awaiting LT and the majority of
patients who are ineligible for LI. At present, the
mainstay of pharmacologic therapy consists of plasma
expanders to increase intravascular volume and, in
combination with vasoconstrictors, reverse splanchnic
vasodilatation. This is thought to improve the systemic
circulation and increase arterial pressure,?® leading to
increased renal perfusion pressure, glomerular filtra-
tion rate, and overall renal function.#142)

VOLUME EXPANSION

Albumin is considered a crucial plasma expander for
the treatment of HRS-AKI. Albumin maintains or
increases cardiac output even in the most advanced
phases of liver disease.™ Preclinical studies indi-
cate that albumin may also have anti-inflammatory
properties. However, in a recent study in the United
Kingdom, during which 777 patients with cirrhosis
were given the standard of care dose of albumin (me-
dian of 20 g/patient) or increased albumin (to a target
of >30 g/L), albumin did not reduce the incidences of
infection, kidney dysfunction, or death.“?

VASOCONSTRICTORS

The vasoconstrictive component of treatment can
occur via several mechanisms. Alpha-adrenergic recep-
tor agonists, including norepinephrine and midodrine,
act by binding to alpha-1-adrenergic receptors on vas-
cular smooth muscle cells, leading to vasoconstriction.
The somatostatin analog octreotide inhibits the release
of glucagon and other vasodilator peptides, leading to
vasoconstriction in splanchnic, portal, and systemic
circulations.*¥ Vasopressin and vasopressin analogs
(ornipressin, terlipressin) bind to V1 receptors of vas-
cular smooth muscle cells, leading to vasoconstriction,
mainly of the splanchnic circulation.*14*) Despite the
lack of approved indications in HRS-AKI by the US
Food and Drug Administration (FDA), vasoconstric-
tors that are commonly administered with albumin in
the United States include midodrine and octreotide.
The adrenergic agonist norepinephrine is also used to
treat HRS-AKI, but its administration requires ICU

care. Thus, it is often used in patients with severe

FLAMM ET AL.

HRS-AKI. Terlipressin, a vasopressin analog, is com-
monly used in combination with albumin for HRS-
AKI management around the world but is currently
unavailable in the United States.

Potential Adverse Events of
Pharmacologic Therapy
VOLUME EXPANDERS

Excessive resuscitation with albumin can contribute to
intravascular volume overload and cardiopulmonary
compromise, necessitating careful administration and
monitoring in patients with decompensated cirrhosis
and portal hypertension.

VASOCONSTRICTORS

The most frequent adverse reactions seen in controlled
trials of midodrine were supine and sitting hyperten-
sion, paresthesia, and pruritus (mainly of the scalp),
chills, urinary urge, urinary retention, and urinary
frequency. 42) Tn patients treated with octreotide, com-
mon adverse reactions include nausea, diarrhea, head-
ache, arthralgia, asthenia, hyperhidrosis, peripheral
swelling, increased serum glucose, emesis, abdominal
discomfort, dyspepsia, sinusitis, and osteoarthritis.(40)
The combination of midodrine and octreotide is ad-
vantageous in that it can be administered outside of
the ICU.

Norepinephrine is often associated with reversible
cardiac and digital ischemia.*”) Intensive hemody-
namic monitoring is required with norepinephrine
infusion, and as mentioned previously, it should only
be administered in the ICU setting.*®)

Efficacy of Pharmacologic
Therapy

Although the off-label use of midodrine and octreotide,
as well as norepinephrine, in HRS-AKI is widespread,
much of the data are based on small, nonrandomized
studies. Few data exist on the comparative efficacy of
these drugs. In recent years, the first meta-analysis of
HRS-1 (the accepted nomenclature at the time for
HRS-AKI) was published and provided some insight

into the comparative efficacy of available agents. The

REVIEW ARTICLE | 1195

85L80| SUOWILIOD BARRID) 3[qedfdde au) Aq pauieob 212 SILE WO 128N J0 S3|NI 10} ARRIGITBUIIUO AB]IA UO (SUOIPUOD-PUE-SULBYLIOD' A3 Aeic][ou1|U0y/:SY) SUORIPUOD) PU. SULB | 8U) 385 *[5202/20/20] U0 AIqIT2UIIUO A3{1M ‘10 JB1UeD eAoped JO AISRAIUN AQ 22092 /20T OT/I0p/W0Y" 8| 1M Aseiqjput|uo'sqndp see/ sy WoJy pepeojumod ‘g ‘TZ0Z ‘§2+942ST



FLAMM ET AL.

authors identified 13 randomized controlled trials that
enrolled 739 adults with HRS-1. All of the studies
compared the efficacy of vasoactive drugs, in combina-
tion with albumin, to placebos. The primary outcome
was reduction in short-term mortality. Secondary out-
comes included reversal of HRS, relapse of HRS after
initial reversal, and adverse events (AEs). Terlipressin
studies were included in this meta-analysis.”)

Table 3 compares the findings of the meta-analysis to
the recommendations from the American Association
for the Study of Liver Diseases (AASLD) practice guide-
lines for HRS-AKI.G%5D Ag demonstrated in the table,
the authors of the meta-analysis dispute the practice
guidelines and suggest terlipressin should be adopted as
a first-line therapy in the management of HRS-AKI.“%)
In the absence of better alternatives, however, clinicians
in the United States generally follow these guidelines for
HRS-AKI management. Midodrine and octreotide, in
combination with albumin, has become the regimen of
choice based on availability and ease of administration
despite the lack of data. Although norepinephrine has
proven benefits, ICU administration is impractical, and
therefore its use is uncommon.

Use of Terlipressin in
Patients With HRS-AKI

Terlipressin is approved in Europe for the treatment of
HRS-1, and efficacy is supported by controlled stud-
ies,>°% including the recently published CONFIRM
trial in the United States,*¥ and is endorsed by 2 liver

LIVER TRANSPLANTATION, August 2021

society guidelines.®%*> In contrast to the AASLD
guidelines (Table 3), the European Association for the
Study of the Liver Practice Guidelines recommends
terlipressin and albumin as a first-line therapy for
HRS-1 (now HRS-AKI).

Terlipressin is a prohormone of lysine-vasopressin
and, via a tissue peptidase mechanism, causes pro-
longed release of lysine-vasopressin, thereby prolong-
ing the half-life.®® This allows for administration in
divided doses of 1 mg intravenously every 6 hours for
up to 14 days,5% with alternative modes of delivery
currently being studied. Terlipressin is selective for
both V1 and V2 receptors. Stimulation of the V1 recep-
tors causes splanchnic and extrarenal vasoconstriction,
reducing splanchnic blood flow and portal pressure,
ameliorating hyperdynamic circulation, and improv-
ing the effective circulatory volume and renal perfu-
sion pressure. Stimulation of the V2 receptors increases
water reabsorption in the renal collecting ducts, which
may result in hyponatremia.(?) The AE profile is safe
enough that ICU administration is unnecessary.

Terlipressin is under investigation in the United
States for FDA approval for HRS-AKI. It has
been evaluated in 3 phase 3 studies. OT-0401 and
REVERSE  (Randomized,  placEbo-controlled,
double-blind study to confirm the reVERSal of hepa-
torenal syndromE type 1 with terlipressin) are 2 multi-
center, randomized phase 3 clinical studies comparing
treatment with terlipressin plus albumin to placebo
plus albumin in patients with HRS-1 (currently HRS-
AKI).59 A summary of both studies is included in
Table 4.07°%) The larger CONFIRM study was sub-
sequently performed to confirm the efficacy and safety

TABLE 3. Meta-Analysis Data on HRS-1* Compared With the AASLD Practice Guidelines, Treatment, and
Recommendations

Therapeutic Strategy

AASLD Recommendation®®

Corresponding Meta-Analysis Finding®“?)

Midodrine/octreotide plus albumin
HRS-1*

Norepinephrine plus albumin

Terlipressin plus albumin

Should be considered in the treatment of

Can be considered in the ICU

Currently under review by the FDA

Low-quality evidence supports this recommendation

Data demonstrate no significant benefit for short-term
survival

Data demonstrate no significant benefit in reversing HRS-1

There is low confidence in estimates suggesting any
survival benefit

Superior fo midodrine plus octreotide with albumin for
reversal of HRS, and as such this strategy might be
beneficial in reversing HRS-1

Might reduce short-term mortality compared with placebo

Superior o midodrine plus octreotide with albumin for
reversal of HRS-1

*At the time of the meta-analysis and creation of the practice guidelines, the accepted nomenclature was HRS-1 (currently HRS-AKI).
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FIG. 1. Primary and secondary outcomes of participants treated with terlipressin versus placebo in the phase 3 CONFIRM trial.*%

HRSR was defined as a decrease in sCr to <1.5 mg/dL.

of terlipressin plus albumin versus albumin alone in
patients with well-defined HRS-1.0% Terlipressin
demonstrated efficacy and a favorable safety profile in
all 3 studies (Table 4).5459:60)

In CONFIRWM, patients were to have “well-defined”
HRS-1 based on the modified criteria outlined by the
ICA in adult patients with cirrhosis and ascitesV
(Table 4). The demographic and baseline clinical char-
acteristics of patients in CONFIRM were similar among
treatment groups and indicate a population of patients
with advanced HRS-AKI, including the mean baseline
sCr, which was 3.5 mg/dL for both the terlipressin and
placebo groups.®* In addition, 42.2% of participants in
the terlipressin group and 47.5% in the placebo group
met the criteria for systemic inflammatory response syn-
drome (SIRS),®* a group typically associated with poor
outcomes.®? As depicted in Fig. 1, CONFIRM demon-
strated that patients with HRS-AKT treated with terli-
pressin plus albumin experienced a significantly greater
reversal of worsening renal function compared with
patients treated with albumin alone (placebo group),
including patients with SIRS. Furthermore, although
similar percentages of participants in each treatment
group were admitted to the ICU, patients in the terli-
pressin group required 6.4 days of ICU care compared
with 13.2 days in the placebo group (Table 5).(0)

Post hoc analyses of CONFIRM examined how ter-
lipressin use affects RRT after LT in this population.

1198 | REVIEW ARTICLE

Through 90 days of follow-up, 23.1% (46/199) of
patients treated with terlipressin and 28.7% (29/101)
of patients treated with placebo underwent LT. After
transplantation, the rate of RRT in patients who
received terlipressin was significantly lower than those
who received placebo (19.6% [9/46] versus 44.8%
[13/29], respectively; P = 0.03). The overall 90-day
survival rate for transplantation in the terlipressin
group was 100% (46/46) compared with 93.1% (27/29)
in the placebo group, but the differences were not sta-
tistically significant.) A separate post hoc intention-
to-treat analysis was conducted to assess the incidence
of RRT among CONFIRM survivors. The cumula-
tive incidences of the need for RRT for the terlipres-
sin group at days 14, 30, and 90 were 23%, 26%, and
29%, respectively, compared with 35%, 36%, and 39%,
respectively, for patients assigned to the placebo group
(P = 0.03, 0.07, and 0.10, respectively). Among the
survivors, significantly fewer patients treated with ter-
lipressin remained dependent on RRT at days 14, 30,
and 90 (22%, 26%, and 30%, respectively) compared
with those treated with placebo (39%, 43%, and 46%;
P < 0.01, P =0.03, and P = 0.05, respectively). The
90-day RRT-free survival rate was 35% in the terlipres-
sin group versus 30% in the placebo group (P = 0.08),
with a numerically longer median number of RRT-free
days in the terlipressin group (20 versus 11 days).(¢?
These analyses indicate that treatment with terlipressin
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TABLE 5. Terlipressin-Treated Participants in CONFIRM
Had a Shorter Length of ICU Stay(6?

Terlipressin Placebo
(n=199) (n=101)
Incidence of ICU admission, n (%) 31 (15.6) 14 (13.9)
Length of study site hospital stay, 24.5(19) 24.8(18.2)
days, mean (SD)
Length of ICU stay, days, mean (SD) 6.4 (5.5) 13.2(15.9)
Survival in ICU-admitted participants 9/31 (29) 114 (7.1)

(alive and without RRT or trans-
plantation by day 14), n (%)

and albumin for patients with HRS-1 significantly
decreases the need for RRT after LT, decreases the rate
of RRT among survivors, and improves RRT-free sur-
vival.(6162) Of note, a previous study in patients with
HRS-AKI demonstrated that terlipressin and albumin
reduced the need for RRT after LT and reduced the
risk of chronic kidney disease at 1 year after I'T.(6%)
With regard to AEs in the CONFIRM trial, more
patients in the terlipressin group experienced abdominal
pain, nausea, and diarrhea as well as respiratory failure
(14%) than in the placebo group (5%). The higher inci-
dence of respiratory failure and acute respiratory failure
in the terlipressin group is possibly related to the known
cardiovascular and pulmonary effects of terlipressin and
increased preload from aggressive hydration with albu-
min.(#564%0) A total of 9 patients (4.5%) in the terlipres-
sin group died during the treatment period versus 1 (1%)
in the placebo group; the most common cause of death
during the treatment period was respiratory failure (3%
for terlipressin and none for placebo). Furthermore,
patients in the terlipressin group were more likely to
develop respiratory failure and die from respiratory dis-
orders within 90 days (11% versus 2%), which likely
contributed to the observed mortality difference.®?

Interpretations of
Terlipressin Data and
Recommendations From the
Expert Panel

A new drug application for terlipressin use in HRS-1
(the nomenclature at the time of filing) has been re-
viewed by the FDA. The agency issued a complete re-

sponse letter requesting more information to support

FLAMM ET AL.

the benefit-risk ratio. The committee noted that an
exploratory analysis of treatment effects on clinical
outcomes showed terlipressin was not associated with
improved survival compared with placebo and raised
safety concerns regarding respiratory failure events.(®”

However, there are no approved therapies for HRS-
AKI in the United States, and the current off-label
options are generally ineffective. Thus, in the United
States, there is a significant unmet medical need, and
terlipressin addresses that need for a subpopulation of
those with HRS-AKI. This recommendation is based
on the careful interpretation of terlipressin data in
the 3 registration trials. Per the old ICA criteria that
dictated CONFIRM study eligibility, many patients
were enrolled at advanced stages of HRS, resulting
in late treatment interventions and poor outcomes.
Nevertheless, primary and secondary endpoints were
consistently met in patients treated with terlipres-
sin and albumin compared with placebo and albumin
in phase 3 studies. However, it is clear that further
defining the population that has greatest benefit will
improve the benefit-risk parameters.

The CONFIRM study demonstrated that signifi-
cantly more patients treated with terlipressin achieved
verified HRS reversal than in those receiving pla-
cebo, an extremely important outcome. Considering
a cohort of patients (n = 99) with access to L'T" from
a previously published study of terlipressin plus albu-
min versus albumin alone, 35 of whom received LT,
the 180-day survival rates for patients who received
transplants were 100% in those who received terlip-
ressin plus albumin versus 94% in those who received
albumin alone. This study also reported that the 180-
day survival rate in the nontransplant group was 34%
in those who received terlipressin plus albumin versus
17% in those who received albumin alone. The survival
rate was significantly better for those achieving a rever-
sal of HRS versus those who did not (47% versus 4%;
P < 0.001) and for those who received LT compared
with those who achieved HRS reversal (97% versus
47%; P < 0.001). These data reinforce that LT is opti-
mal for HRS-AKI. However, the majority of patients
with HRS-AKI are ineligible for LT or a donor organ
is unavailable if they are eligible. HRS-AKI reversal
with an effective therapy such as terlipressin is a mean-
ingful strategy to improve survival.(6%)

The effects of terlipressin on RRT-related outcomes
are also important to consider. RRT is a provisional
management strategy for HRS-AKI known to confer an
extremely poor prognosis and at best serves as a bridge to
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LT for the small number of patients who are transplanta-
tion candidates. Data on the use of RRT in patients with
HRS-AKI indicate that it is associated with increased
mortality, a risk of serious complications, a threat of renal
nonrecovery after LI, poor quality of life, and high costs.
The benefits of terlipressin and albumin use on RRT
alone should be considered a significant and clinically
meaningful outcome when managing this serious disease
for which there are no approved therapies.

The safety issues that are of concern have been
infrequently encountered or successfully managed in
patients treated with terlipressin for many years in
Europe. Efforts to mitigate AEs and optimize favor-
able outcomes involve a better understanding of patient
selection, including timing of therapy (ie, administer-
ing to the appropriate patients at the appropriate time),
careful candidate selection, dosing method and titra-
tion, as well as the correct use of albumin and fluid
monitoring. In the CONFIRM study, the majority
(83%) of patients treated with terlipressin received
albumin because of the advanced degree of HRS.
There was likely an increase in afterload (from terli-
pressin use) and an increase in preload (from albumin
use) that resulted in pulmonary edema and, ultimately,
respiratory failure. It is plausible that if terlipressin
were given earlier in the disease process (ie, at lower
Cr levels), using the current consensus definition of
HRS, it would potentially lead to higher rates of HRS
reversal and lower incidences of respiratory failure.
Appropriate patient selection would include patients
early in the disease process with the avoidance of
patients with cardiopulmonary issues. Careful admin-
istration of albumin is also necessary, with vigilance for
fluid overload or impending respiratory failure. Future
investigations with terlipressin should be designed to
assess populations that optimize benefit from terlipres-
sin and minimize toxicity.(®®

Conclusions

HRS-AKIT is no longer a rare condition given the tre-
mendous increase in the number of patients with ad-
vanced liver disease in the United States, and clinicians
should be attentive to the development of HRS-AKI
in patients with cirrhosis. Early diagnosis and inter-
ventions involving specialists (in particular, nephrolo-
gists) are essential to improve outcomes, but HRS-AKI
is often rapidly fatal under any circumstances without
effective interventions. LT remains the most effective
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intervention, but few patients with HRS-AKI un-
dergo transplantation. RRT is a temporary life-saving
intervention but may ultimately worsen outcomes, es-
pecially if implemented for long periods, and increase
the risk of renal insufficiency after LT. In terms of
pharmacologic therapy, vasoconstriction and plasma
expansion are necessary therapeutic interventions. The
agent of choice for volume resuscitation is albumin,
and judicious use is encouraged. No vasoconstrictors
are approved for HRS-AKI, yet midodrine/octreotide
has become the mainstay of therapy despite the lack
of evidence of therapeutic efficacy. Terlipressin, ap-
proved in Europe for the treatment of HRS-AKI and
supported by recommendations for first-line therapy
by some liver societies and experts around the world,
would constitute a beneficial option for many patients
with HRS-AKI were it available in the United States.

Acknowledgments: Rachel E. Bejarano, Pharm.D., and
Lisa D. Pedicone, Ph.D., provided medical writing
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