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Highlights

Baseline serum albumin per se should not guide the decision to

start albumin therapy.

1-month on-treatment serum albumin levels predict survival

and can be used to guide therapy.

The serum albumin target threshold to be pursued is 4.0 g/dl.
Baseline serum albumin and MELD score predict the achieve-

ment of this target.

A survival benefit is seen even when on-treatment serum al-
bumin does not normalize.
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Lay summary

The ANSWER study has shown that
long-term albumin administration im-
proves survival and prevents the
occurrence of major complications in
patients with cirrhosis and ascites. This
study shows that the achievement of
these beneficial effects is related to a
significant increase in serum albumin
concentration. Even though the best
results follow the achievement of a
serum albumin concentration of 4 g/dI,
a survival benefit is also achieved in
patients who fail to normalise serum
albumin.
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Background & Aims: The ANSWER study reported that long-
term albumin administration in patients with cirrhosis and un-
complicated ascites improves survival. During treatment, serum
albumin increased within a month and remained stable there-
after. In this post hoc analysis, we aimed to determine whether
on-treatment serum albumin levels could guide therapy.
Methods: Logistic regression was used to assess the association
between baseline serum albumin and mortality, as well as to
determine on-treatment factors associated with mortality and to
predict the achievement of a given on-treatment serum albumin
level. Survival was assessed by Kaplan-Meier estimates and
second-order polynomial regression. Patients whose on-
treatment serum albumin remained below normal were
compared with a subset of patients from the control arm
matched by principal score.

Results: Baseline serum albumin was closely associated with
18-month mortality in untreated patients; albumin treatment
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almost effaced this relationship. On-treatment serum albumin
and MELD-Na at month 1 were the sole independent vari-
ables associated with mortality. Second-order polynomial
regression revealed that survival improved in parallel with
increased 1-month on-treatment serum albumin. Kaplan-
Meier estimations showed that any value of 1-month on-
treatment serum albumin (0.1 g/dl intervals) in the range
2.5-4.5 g/dl discriminated patient survival. In the normal
range of serum albumin, the best discriminant value was 4.0
g/dl. Compared to untreated patients, survival even improved
in patients whose on-treatment serum albumin remained
below normal.

Conclusion: Baseline serum albumin per se should not guide the
decision to start albumin therapy. Conversely, 1-month on-
treatment serum albumin levels are strongly associated with
outcomes and could guide the use of albumin - 4.0 g/dl being the
target threshold. However, even patients whose serum albumin
remains below normal benefit from long-term albumin
administration.

Lay summary: The ANSWER study has shown that long-term
albumin administration improves survival and prevents the
occurrence of major complications in patients with cirrhosis and
ascites. This study shows that the achievement of these benefi-
cial effects is related to a significant increase in serum albumin
concentration. Even though the best results follow the achieve-
ment of a serum albumin concentration of 4 g/dl, a survival
benefit is also achieved in patients who fail to normalise serum
albumin.
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Introduction

Whether long-term human albumin (HA) administration to pa-
tients with cirrhosis and ascites exerts beneficial effects is a long-
debated issue. Two recent prospective randomised controlled
trials addressed this matter.* In the open-label ANSWER study,
which included patients with cirrhosis and uncomplicated
persistent ascites, the addition of HA to standard medical treat-
ment (SMT) improved patient survival, eased the management of
ascites, and lowered the incidence of major complications of
cirrhosis compared to SMT alone.! Conflicting findings emerged
from the MACHT study, a placebo-controlled trial comparing the
effects of SMT plus HA combined with the o;-adrenergic agonist
midodrine with SMT alone in patients with cirrhosis and ascites
on a waiting list for liver transplantation. In fact, no differences in
the incidence of complications and mortality were seen between
the 2 arms of the study.”

There are several possible reasons for the variation in results,
including study design, severity of cirrhosis at enrolment and
duration of HA treatment. However, a major difference between
the 2 studies is related to the amount of HA administered.
Indeed, after a loading dose of 40 g twice weekly for 2 weeks, 40
g of HA once a week were given in the ANSWER study, while only
40 g every 15 days were given in the MACHT trial. Consistent
with this reasoning, a prospective non-randomised study
showed that the long-term administration of 20 g of HA twice
weekly in patients with cirrhosis and refractory ascites reduced
mortality and incidence of complications with respect to SMT.?

The different HA doses administered in the ANSWER and
MACHT studies probably explain why a significant increase in
serum albumin levels (serum albumin) was obtained in the
former, while no changes occurred in the latter. That different
doses of HA lead to different effects on serum albumin is not only
intuitive, but it has also been demonstrated recently. In fact, the
weekly administration of 1.5 g/kg of body weight of HA induced a
greater increase and a greater normalisation rate of serum al-
bumin compared to the infusion of a lower HA dose (1 g/kg every
2 weeks).* Interestingly, cardiocirculatory dysfunction and sys-
temic inflammation only improved in patients who normalised
serum albumin, up to a median close to 4 g/dl.*

Overall, these findings suggest that the amount of circulating
albumin achieved by HA administration is relevant in inducing
treatment effects. Thus, in the present post hoc analysis of the
ANSWER study, we aimed to assess whether on-treatment
serum albumin level is associated with survival and incidence
of complications. If so, the identification of an on-treatment
serum albumin level associated with optimal clinical outcomes
could guide long-term HA administration. Moreover, we
assessed whether or not albumin administration provides a
survival benefit compared to SMT in patients whose on-
treatment serum album fails to reach normal levels (23.5 g/dl).

Materials and methods

Study design

This study was a post hoc analysis of the human Albumin for the
treatmeNt of aScites in patients With hEpatic ciRrhosis (ANSWER)
study. Details of the rationale, study design, characteristics of the
participants, and principal results of the ANSWER study have
been published elsewhere.! Briefly, the ANSWER study was an
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investigator-initiated multicentre randomised, parallel, open-
label, pragmatic trial carried out in 33 academic and non-
academic Italian hospitals. Study protocol, amendments, and
the informed consent process were first approved by the ethics
committee at the coordinating centre (University of Bologna, S.
Orsola-Malpighi Hospital, Bologna, Italy) and then at each
participating centre. The study was registered with EudraCT,
number 2008-000625-19, and ClinicalTrials.gov, number
NCT01288794.

In this post hoc analysis, the preliminary and exploratory
analyses and the assessment of the association between baseline
serum albumin and 18-month mortality risk were based on the
entire modified intention-to-treat population from the ANSWER
study, that is the population resulting from the exclusion of the
patients withdrawn because of wrong inclusion or consent
withdrawal.'

To assess the association between on-treatment serum albu-
min level and clinical outcomes, we considered serum albumin
determined at month 1 of treatment for 2 reasons: first, in the
ANSWER trial, a significant serum albumin increase was reached
at that time, remaining substantially steady thereafter (Fig. S1);
second, the availability of a good prognostic marker after only 1
month of therapy would have obvious practical implications,
including the theoretical possibility of adjusting therapy ac-
cording to the on-treatment serum albumin level achieved. Due
to this choice, the analysis was carried out in patients from the
albumin arm of the ANSWER study who were alive with an
available serum albumin determination at month 1, and con-
sisted in counting survival and complications from 1 month up to
18 months after randomisation.

Participants

Patients aged 218 years with cirrhosis and persistent uncompli-
cated ascites despite ongoing diuretic treatment (at least anti-
aldosteronic drug at a dose 2200 mg/day and furosemide 225
mg/day) were included. The main exclusion criteria included
refractory ascites, recent complications of cirrhosis, transjugular
intrahepatic portosystemic shunt (TIPS), active hepatocellular
carcinoma, liver transplantation, ongoing alcohol abuse, extra-
hepatic organ failure, and albumin use for the treatment of as-
cites in the month preceding enrolment. Written informed
consent was obtained from all patients.

Procedures

After enrolment, patients were randomised to receive either SMT
or SMT plus HA (20% HA in 50 ml vials) at a dose of 40 g twice a
week for the initial 2 weeks, and 40 g weekly thereafter. Patients
were assessed monthly for up to 18 months or study interruption
or death. At each visit, clinical, laboratory, and instrumental data
(if needed) were collected by the attending physicians. The study
was interrupted when patients underwent liver transplantation
or TIPS insertion, needed >3 therapeutic paracenteses per month,
refused to continue their participation in the study, or because of
medical judgment. Data were recorded on a web-based case
report form. More details of the study procedures have been
published elsewhere.!

Outcomes

The primary endpoint of the ANSWER trial was 18-month
overall mortality.! Among the secondary end-points of the
original study, the following were included in this post hoc
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analysis: i) cumulative incidence of paracenteses, and ii) inci-
dence of cirrhosis-related complications (refractory ascites,
spontaneous bacterial peritonitis [SBP], other bacterial in-
fections, renal impairment [episodes with serum creatinine
concentration >1.5 mg/dl], hepatorenal syndrome type 1 [HRS],
hepatic encephalopathy grade 3 or 4, hyponatraemia [serum
sodium concentration <130 mmol/L] or hyperkalaemia [serum
potassium concentration 5.5 mmol/L] and gastrointestinal
bleeding related to portal hypertension).

Statistical analysis

For quantitative variables mean and SD were reported when the
normality of distribution hypothesis was not rejected, otherwise,
median and IQR were presented.

In the various steps of our data analysis, the following sta-
tistical methods were employed: i) relationship between
baseline serum albumin and 18-month risk of death: Cox pro-
portional hazard regression model; ii) identification of on-
treatment factors associated with clinical outcomes: univariate
and multivariable Cox proportional hazard regression models; in
the multivariable model, a backward selection of variables based
on the Akaike information criterion was applied for regressor
selection. As on-treatment serum albumin was pre-defined at
month 1, all other variables entered into the models had been
assessed at month 1; iii) search for on-treatment (1-month)
serum albumin levels able to discriminate patient populations
with different probabilities of 18-month survival: Kaplan-Meier
estimates. Drawing of the relationship between on-treatment
serum albumin and survival: 2" order polynomial regression;
iv) identification of the optimal on-treatment serum albumin
level that best discriminates patient populations with different
probabilities of 18-month survival: lower p value of Kaplan-
Meier estimates in the serum albumin range above the lower
normal limit (>3.5 g/dl); v) once the optimal on-treatment serum
albumin level was identified, estimate of the risk of bias deriving
from a partially data-driven variable: internal 10-fold cross
validation analysis. Further details are reported in Table S3; vi)
selection of patients undergoing SMT matched with patients
who received albumin administration without normalising on-
treatment serum albumin: the probability of failing to reach
the threshold of 3.5 g/dl at 1 month (principal strata) was
considered as a function of basal characteristics and determined
through a multivariable logistic regression model. Therefore, the
principal score for each individual was determined.”® We then
proceeded to a nearest neighbour principal score matching (1:1
ratio) between the SMT+HA patients (who actually belong to the
low on-treatment serum albumin strata) with the SMT group
patients showing the closest principal score; vii) probability of
18-month survival in the 2 patient populations selected as
above: Kaplan-Meier estimates; viii) cost-effectiveness of long-
term albumin administration in the 2 patient populations
selected as above: cost-effectiveness analysis as reported in
detail elsewhere, using the same cost-drivers.' In summary, cost-
effectiveness was evaluated by calculating quality-adjusted life-
years (QALY) from the EQ-5 D utility index and the incremental
cost-effectiveness ratio (ICER). ICER values below €35,000/QALY
were considered to indicate cost-effectiveness.” ix) assessment
of secondary outcomes: incidence rates (95% CI) and incidence
rate ratios using the exact method on the basis of the Poisson
distribution.
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All reported p values are 2-sided and values <0.05 were
considered statistically significant. All confidence intervals are
at the 95% level. Data were managed with PL/SQL Developer,
version 9.0.6.1665 (Allround automation, Enschede, Netherlands)
and analyses were carried out by the non-profit Interuniversity
Consortium for data collection, data processing, and statistical
analysis (CINECA, Bologna, Italy) using R open-source statistical
software, version 3.3.1.

Results

Baseline serum albumin

The modified intention-to-treat patient population included in
the ANSWER study consisted of 213 individuals assigned to the
SMT arm and 218 to the SMT+HA arm.! Baseline serum albumin
was determined in all cases and did not differ between the 2
arms: SMT 3.10 + 0.49 g/dl; SMT+HA 3.09 + 0.55 g/dl (p = 0.86)."
The prevalence of patients with hypoalbuminaemia (serum al-
bumin <3.5 g/dl) was also similar in the 2 arms (SMT 161 [75.6%];
SMT+HA 160 [73.4%]; p = 0.60).

As expected, baseline serum albumin in patients receiving
SMT was closely associated with 18-month mortality, with a
progressive increase in the risk of death for any 0.1 g/dl decrease
(hazard ratio [HR] 4.42; 95% CI 2.34-8.33; p <0.001). Such a
highly significant relationship was effaced in the SMT+HA arm,
with a more than halved risk of death for any 0.1 g/dl decrease
(HR 1.85; 95% ClI 0.99-3.49; p = 0.055).

Effects of long-term albumin administration on serum
albumin

As reported in the ANSWER study publication,' serum albumin
level increased significantly within a month in the SMT+HA arm,
remaining steady thereafter, while no changes were seen in the
SMT arm (Fig. S1). In the SMT+HA arm, 205 patients out of 218
were still followed-up at 1-month. The reasons for study inter-
ruption by 13 patients in the first month of follow-up are
reported in Table S1. In this population, serum albumin level at
1-month was available in 193 cases: baseline serum albumin was
3.08 + 0.54 g/dl and rose to 3.83 + 0.60 g/dl after a month
(p <0.001). Such an increase, with a median delta value of
0.75 g/dI (IQR 0.4-1.07 g/dl), occurred in 94.3% of patients, which
fits with the 1-month compliance to treatment (97.3%). Normal
serum albumin (>3.5 g/dl) at 1-month of treatment was docu-
mented in 153 patients (79.3%).

Relationship between 1-month on-treatment serum albumin
and clinical outcomes

The factors associated with 18-month mortality were first
assessed. Cox regression analysis identified the following vari-
ables: age, serum albumin, serum sodium, serum bilirubin, in-
ternational normalised ratio (INR), Child-Pugh score, model for
end-stage liver disease (MELD) score and MELD-Na score
(Table 1). Age, serum albumin, Child-Pugh score and MELD-Na
score were then entered into the Cox multivariable model:
serum albumin and MELD-Na emerged as the only independent
predictors (Table 1).

It was then assessed whether there are cut-off concentrations
of 1-month on-treatment serum albumin that could discriminate
patient populations with different probabilities of 18-month
survival. Kaplan-Meier estimation showed that this was the
case for any 0.1 g/dl interval of serum albumin, with a statistical

Journal of Hepatology 2020 vol. m | 1-10 3
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Table 1. Cox regression analysis of 1-month factors associated with 18-month mortality.

Univariable model HR 95% CI p value
Female sex (yes vs. no) 0.748 (0.372-1.503) 0414
Age (5 years increase) 1.230 (1.041-1.453) 0.015
Viral aetiology (yes vs. no) 1.799 (0.884-3.658) 0.105
On-treatment serum albumin (1 g/dl decrease) 1129 (1.070-1.192) <0.001
Serum creatinine (1 mg/dl increase) 1427 (0.472-4.315) 0.528
Serum potassium (1 mmol/L increase) 1.115 (0.587-2.117) 0.740
Serum sodium (1 mmol/L increase) 0.868 (0.801-0.941) <0.001
Serum bilirubin (1 mg/dl increase) 1.469 (1.296-1.666) <0.001
International normalised ratio (1-point increase) 6.242 (2.513-15.500) <0.001
Haemoglobin (1 g/dl increase) 0.921 (0.759-1.117) 0.401
Child-Pugh score (1-point increase) 1.823 (1.510-2.201) <0.001
MELD score (1-point increase) 1.263 (1161-1.374) <0.001
MELD-Na score (1-point increase) 1.260 (1164-1.364) <0.001
Multivariable model

On-treatment serum albumin (1 g/dl decrease) 1.083 (1.021-1.149) 0.008
MELD-Na score (1-point increase) 1.217 (1120-1.322) <0.001

HR, hazard ratio; MELD, model for end-stage liver disease; MELD-Na, MELD score incorporating serum sodium concentration.

Figures in bold refer to statistically significant value.

significance reached for values included in the range 2.5-4.5 g/dl
(Table S2).

The relationship between 1-month on-treatment serum al-
bumin level and 18-month survival was also analysed with
second-order polynomial regression (Fig. 1). The monotonically
increasing feature of the curve indicates that survival improves
in parallel with serum albumin, even in those patients whose
serum albumin increased beyond the lower normal limit. In this
patient subgroup, the cut-off value that best discriminated pa-
tient survival was 4.0 g/dl, a value observed in 75 (38.9%) pa-
tients (Table S2; Fig. 2). Patients reaching the 1-month on-
treatment serum albumin >4.0 g/dl showed a reduction in
mortality of 80% compared to patients who did not achieve this
threshold (HR 0.20; 95% CI 0.08-0.52; p <0.001). As a different
validation sample was not available, an internal cross validation
analysis was conducted showing that the risk of optimism
deriving from the use of a partially data-driven threshold could
be excluded (Table S3).
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Fig. 1. Relationship of 1-month on-treatment serum albumin and survival.
Second-order polynomial regression, including 95% of observations (185 pa-
tients), shows a close relationship between patient 18-month overall survival
and on-treatment serum albumin concentration at month 1 (intercept = -23.87,
p =0.005). The area of each bubble reflects the number of patients for each on-
treatment serum albumin level. The position of the bubbles is determined by
the survival estimation with Kaplan-Meier method for each given on-
treatment serum albumin level. The monotonically increasing feature of the
curve indicates that 18-month survival improves in parallel with on-treatment
serum albumin concentration, even in those patients who reached serum al-
bumin levels within the normal range (> 3.5 g/dl).

The same serum albumin cut-off was also excellent in
discriminating populations with a different risk of refractory
ascites (HR 0.37; 95% CI 0.18-0.75; p = 0.006) and different
cumulative incidences of therapeutic paracentesis and compli-
cations of cirrhosis such as bacterial infections (SBP and
non-SBP), renal impairment, hepatic encephalopathy grade III
and 1V, hyponatraemia and hyperkalaemia (Fig. 3). As in the
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Fig. 2. On-treatment (1-month) serum albumin 4.0 g/dl and survival.
Kaplan-Meier estimates for the probability of overall 18-month survival in
patients receiving long-term albumin administration who reached (blue) or
not (light blue) the on-treatment serum albumin concentration of 4.0 g/dl. The
p value was calculated with the log-rank test. The reasons for censoring in
patients whose on-treatment serum albumin was <4 g/dl were: liver trans-
plantation (13 cases), refractory ascites requiring >3 paracenteses in a month
(12 cases), patient decision (14 cases), lost to follow-up (6 cases), TIPS insertion
for refractory ascites (3 cases), TIPS insertion for oesophageal bleeding,
physician decision and protocol violation (1 case for each reason). The reasons
for censoring in patients whose on-treatment serum albumin was 24 g/dl
were: liver transplantation (3 cases), refractory ascites requiring >3 para-
centeses in a month (5 cases), patient decision (4 cases), lost to follow-up (4
cases) and protocol violation (2 cases).
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original study, most adverse events were related to cirrhosis. The
frequency of unanticipated adverse events and adverse reactions
potentially related to HA administration did not differ between
patients with on-treatment serum albumin < or >4.0 g/dl
(Table S4A,B).

Univariate logistic regression identified baseline serum albu-
min, serum bilirubin, INR, and Child-Pugh, MELD and MELD-Na
scores as predictors of the probability of reaching the 1-month
on-treatment serum albumin value of 4.0 g/dl (Table 2). The
following multivariable model showed that the sole independent
predictors were baseline serum albumin and MELD score.
Indeed, the probability of reaching this threshold lowered for any
0.1 g/dl of serum albumin decrease and for any 1-point MELD
score increase (Table 2).

Finally, in order to assess whether long-term albumin
administration was in any way beneficial in the 40 patients
whose on-treatment serum albumin level did not reach the
lower normal limit, their survival was compared with that of 40
matched patients enrolled in the SMT who were alive at month 1.
To do so, a principal score was built from variables identified by a
multivariable analysis (Table S5; Fig. S2).

In this patient population (Table S6), 10 died in the SMT+HA
arm and 17 in the SMT arm. As a result, the 40 patients who
received HA had a significantly higher 18-month probability of
overall survival (Kaplan-Meier estimates: 61.3% SMT+HA vs.
36.7% SMT; p = 0.032; Fig. 4), corresponding to a 57% reduction in
mortality HR (0.43; 95% CI 0.19-0.95; p = 0.036). The 40 patients
in the SMT+HA arm also showed a significant reduction in the

Incidence rate (95% Cl)
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cumulative incidence of some complications of cirrhosis, namely
hepatic encephalopathy grade Il or IV and hyponatraemia
(Fig. 5). At last, cost-effective analysis showed that the ICER
calculated in patients who received long-term albumin admin-
istration was €108.58/patient/year. As the incremental QALY gain
was 0.101/year, the ICER/QALY ratio was €1,074.95 (Table S7).

Discussion

This post hoc analysis of the ANSWER study, a multicentre,
randomised, non-profit, open-label clinical trial assessing the
effects of long-term albumin administration to patients with
decompensated cirrhosis,' provided 6 interesting findings most
of which could be relevant for clinical practice. First, long-term
albumin administration almost completely effaced the well-
known relationship between hypoalbuminaemia and patient
mortality. Second, after 1 month of treatment, serum albumin
was the sole independent predictor of survival along with
MELD-Na score. Third, a parallel increase between 1-month on-
treatment serum albumin and survival was found, even in those
patients presenting with serum albumin within the normal
range. Fourth, the on-treatment serum albumin cut-off value
that best discriminated patient survival was 4.0 g/dl, a level that
also well differentiated patients in terms of occurrence of major
complications of cirrhosis. Fifth, the baseline independent pre-
dictors of reaching this threshold were serum albumin and MELD
score. Sixth, even those patients who failed to increase 1-month
on-treatment serum albumin levels up to the normal range
received a benefit from long-term albumin administration in
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Fig. 3. On-treatment (1-month) serum albumin of 4.0 g/dl and complications of cirrhosis. The figure shows the incidence of complications of cirrhosis in
patients receiving long-term albumin administration who reached or not the on-treatment serum albumin of 4.0 g/dl. Left panel: incidence rate, expressed as
number of events per person per year (bars report 95% CI), of therapeutic paracentesis and complications of cirrhosis in patients who reached (black dots) or not
(white dots) the on-treatment serum albumin concentration of 4.0 g/dl (black dots). Right panel: Forrest plot of the incidence rate ratios of therapeutic para-
centesis and complications in patients who reached or not the on-treatment serum albumin concentration of 4.0 g/dl. Incidence rate ratios (with 95% CI) <1
indicates a statistically significant reduction. SBP = episodes of spontaneous bacterial peritonitis. Non-SBP bacterial infections = episodes of bacterial infections
other than SBP. Hepatic encephalopathy = episodes of hepatic encephalopathy grade IIl and IV. Renal dysfunction = episodes with serum creatinine concentration
above 1.5 mg/dl. Hepatorenal syndrome type 1 = episodes of hepatorenal syndrome type 1. Hyponatraemia = episodes of serum sodium concentration <130
mmol/L. Hyperkalaemia = episodes of serum potassium concentration >5.5 mmol/L. Gastro-oesophageal variceal bleeding = episodes of bleeding due to rupture of

oesophageal or gastric varices.
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Table 2. Baseline predictors of the probability of reaching the on-treatment serum albumin value of 4.0 g/dl in the SMT plus HA arm.

Univariable model OR 95% CI p value
Female sex (yes vs. no) 1.173 (0.621-2.217) 0.623
Age (5 years increase) 1.012 (0.890-1.150) 0.856
Viral aetiology (yes vs. no) 0.892 (0.494-1.626) 0.710
Comorbidity (yes vs. no) 1.284 (0.701-2.351) 0.418
Mean arterial pressure (1 mmHg increase) 0.994 (0.962-1.027) 0.726
Heart rate (1-beat per minute increase) 0.991 (0.964-1.018) 0.510
Baseline serum albumin (0.1 g/dl increase) 1171 (1.094-1.253) <0.001
Serum creatinine (1 mg/dl increase) 1.765 (0.509-6.116) 0.370
Serum potassium (1 mmol/L increase) 0.917 (0.529-1.589) 0.757
Serum sodium (1 mmol/L increase) 1.034 (0.959-1.115) 0.383
Hyponatraemia” (yes vs. no) 0.735 (0.384-1.404) 0.351
Serum bilirubin (1 mg/dl increase) 0.725 (0.585-0.898) 0.003
International normalised ratio (1-unit increase) 0.170 (0.049-0.797) 0.023
Haemoglobin (1 g/dl increase) 1.145 (0.970-1.350) 0.109
Platelets (50x10%/mmc increase) 1.043 (0.846-1.287) 0.693
White blood cell count (10®/mmc increase) 1.040 (0.902-1.199) 0.590
Baseline Child-Pugh score (1-point increase) 0.600 (0.471-0.763) <0.001
Baseline MELD score (1-point increase) 0.854 (0.777-0.937) <0.001
Baseline MELD-Na score (1-point increase) 0.906 (0.844-0.971) 0.006
Paracentesis™ (yes vs. no) 1373 (0.666-2.829) 0.391
Inpatient at randomisation (yes vs. no) 1107 (0.540-2.271) 0.782
Multivariable model

Baseline serum albumin (0.1 g/dl increase) 1.147 (1.069-1.229) <0.001
Baseline MELD score (1-point increase) 0.903 (0.820-0.995) 0.040

MELD, model for end-stage liver disease; MELD-Na, MELD score incorporating serum sodium concentration; OR, odds ratio.

Figures in bold refer to statistically significant value.
*Paracentesis within a month before randomisation.
#Hyponatraemia was defined as serum sodium level <135 mmol/L.
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Fig. 4. Survival of patients failing to normalise serum albumin at 1 month.
Fig. shows Kaplan-Meier estimates for the probability of overall 18-month
survival in patients divided according to treatment groups. The blue line
represents the 40 patients whose on-treatment serum albumin concentration
did not reach the lower normal limit (3.5 g/dl). The grey line represents the 40
untreated patients matched with principal score technique. The p value was
calculated with the log-rank test. The reasons for censoring in patients who
received standard medical treatment were: liver transplantation (6 cases),
refractory ascites requiring >3 paracenteses in a month (6 cases), patient de-
cision (4 cases), lost to follow-up, TIPS insertion for oesophageal bleeding and
protocol violation (1 case for each reason). The reasons for censoring in pa-
tients who received standard medical treatment plus albumin were: liver
transplantation (8 cases), refractory ascites requiring >3 paracenteses in a
month (4 cases), patient decision (4 cases), TIPS for refractory ascites (2 cases)
and lost to follow-up (1 case).

terms of survival and occurrence of complications. In this subset
of patients, albumin treatment was also cost-effective.

The adverse prognostic meaning of hypoalbuminaemia in
patients with cirrhosis has long been recognised,® so that serum
albumin is included in widely used prognostic scores, such as
the Child-Pugh score.® Thus, the close inverse association be-
tween baseline serum albumin and mortality found in patients
randomised to the SMT was largely expected. Instead, what
appears a new finding is that this relationship was almost
effaced in patients treated with albumin. This result implies that
baseline serum albumin per se should not guide the decision to
start albumin administration. Rather, the indication for this type
of treatment should stem from a comprehensive clinical
appraisal, as was the case in the ANSWER study that enrolled
patients with persistent ascites despite a moderate diuretic
therapy.!

An even more clinically relevant observation would be that, to
obtain favourable results, long-term albumin administration
should induce an increase in serum albumin. In order to rein-
force this assumption, it should be assessed whether a rela-
tionship between on-treatment serum albumin and outcomes
exists. To do so, a given on-treatment serum albumin value
should be identified as a reference. As reported in the study
design, 1-month on-treatment serum albumin level was used for
this purpose.

Several findings in this study support the choice of
employing 1-month serum albumin as an on-treatment refer-
ence value. Besides MELD-Na score, serum albumin was the
sole independent on-treatment predictor of survival. Such a
close association was further confirmed by polynomial regres-
sion. The latter analysis also showed that serum albumin and
survival increased in parallel, even once serum albumin had
reached the normal range, a result achieved by the majority
(79%) of patients.
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Fig. 5. Complications of cirrhosis in patients failing to normalise serum albumin at 1 month. Incidence rates of complications of cirrhosis in the 40 patients
whose on-treatment serum albumin concentration did not reach the lower normal limit (3.5 g/dl) and in the 40 untreated patients matched with principal score
technique. Left panel: incidence rate, expressed as number of events per person per year (bars report 95% CI), of therapeutic paracentesis and complications of
cirrhosis in the 40 patients who did not reach the on-treatment serum albumin concentration of 3.5 g/dl (lower normal limit) (black dots) and in the 40 intreated
patients matched with principal score technique (white dots). Right panel: Forrest plot of the incidence rate ratio of therapeutic paracentesis and complications in
the 40 patients who did not reach on-treatment serum albumin of 3.5 g/dl and in the 40 untreated patients matched with principal score technique. Incidence
rate ratios (with 95% CI) <1 indicates a statistically significant reduction. SBP = episodes of spontaneous bacterial peritonitis. Non-SBP bacterial infections =
episodes of bacterial infections other than SBP. Hepatic encephalopathy = episodes of hepatic encephalopathy grade IIl and IV. Renal dysfunction = episodes with
serum creatinine concentration above 1.5 mg/dl. Hepatorenal syndrome type 1 = episodes of hepatorenal syndrome type 1. Hyponatraemia = episodes of serum
sodium concentration <130 mmol/L. Hyperkalaemia = episodes of serum potassium concentration >5.5 mmol/L. Gastro-oesophageal variceal bleeding = episodes

of bleeding due to rupture of oesophageal or gastric varices.

These findings suggest that albumin administration should
aim at ensuring the highest possible serum albumin level, as a
further survival advantage is associated with pushing serum
albumin levels above the lower normal limit. This concept gives
rise to the idea of modulating the albumin dose during long-
term albumin administration according to patient characteris-
tics. This reasoning led us to look for a potential on-treatment
serum albumin threshold able to discriminate patient pop-
ulations with different survival rates. By performing Kaplan-
Meier estimates at any 0.1 g/dl intervals of serum albumin
within the range from 3.5-4.5 g/d|, it emerged that 4.0 g/dl was
the best discriminant value (Table S1; Fig. 2). Interestingly, in
the pilot-PRECIOSA study, an improvement of cardiocirculatory
dysfunction and systemic inflammation in patients with
decompensated cirrhosis was only achieved when the on-
treatment median serum albumin concentration reached
3.92 g/dl, a level very close to the threshold identified in the
current study.* Furthermore, such a result was achieved with
the infusion of high (1.5 g/kg body weight weekly), but not low
(1 g/kg body weight every 2 weeks) doses of albumin. More-
over, the 4.0-4.4 g/dl range of serum albumin is the most
frequently seen in healthy individuals belonging to the same
age range as our patients.'”

Based on these observations, we propose considering this cut-
off as the ideal on-treatment serum albumin target to be reached
to ensure optimal outcomes. Such a target was not only the best
discriminant for survival, but also provided a good patient

distinction concerning the incidence rate of all complications of
cirrhosis analysed in the ANSWER study with the sole exception
of HRS (Fig. 3). The latter result is likely influenced by the
reduced patient sample size with respect to the original study
since a trend in favour of the patient group with serum albumin
equal to or above 4.0 g/dl was clearly evident. Notably, as in the
original study, no difference in the incidence rate of portal hy-
pertensive bleeding was found.

Once an optimal on-treatment serum albumin concentra-
tion has been identified, it would be of interest to ascertain
whether the probability of reaching this target can be pre-
dicted before starting treatment. The multivariable Cox
regression model showed that the lower baseline serum al-
bumin and the higher baseline MELD score, the lower the
probability of reaching this on-treatment threshold (Table 2).
Thus, this goal can be ascertained by using very simple and
easily obtainable variables.

The observation that incremental levels of on-treatment
serum albumin were associated with incremental probabilities
of survival raises the question of whether the minority of pa-
tients with persistent hypoalbuminaemia despite treatment
actually received a benefit from albumin administration. To
answer this question, the 40 patients who still showed reduced
serum albumin after 1 month of albumin administration were
matched with 40 patients identified from the SMT arm with a
principal score technique. Survival analysis showed that even in
this population the addition of HA to SMT significantly improved
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Fig. 6. Graphical representation of the “filling the albumin gap” hypothe-
sis. Long-term albumin treatment of patients with decompensated cirrhosis
should be directed at filling the gap existing between baseline serum albumin
and a given on-treatment serum albumin target known to be associated with
very good outcomes. The results of this study indicated that this target could
be fixed at around 4.0 g/dl. Baseline serum albumin concentration and MELD
score were the independent predictors of the probability of reaching such a
threshold, thus influencing the amount of albumin to be administered (vertical
arrows).

18-month survival, although the survival probability was much
lower than that observed in the whole treated cohort in the
ANSWER trial (Fig. 4). Furthermore, despite the small sample
size, HA administration was associated with a reduction in the
incidence of some major complications of cirrhosis such as he-
patic encephalopathy grade III or IV and hyponatraemia (Fig. 5).
At last, cost-effectiveness analysis showed that long-term albu-
min administration in this patient subset was associated with a
ICER/QALY ratio far below the threshold adopted by National
Institute for Health and Care Excellence to consider a treatment
cost-effective.” These results imply that this form of treatment
cannot be seen as futile in this patient subset. On the contrary,
this observation suggests that an increase in the HA dosage,
possibly limited to the loading dose period, can be considered to
reach serum albumin thresholds associated with better out-
comes. In this respect, the predictors of the probability of
reaching the optimal on-treatment serum albumin could help in
identifying the patients at risk of failing this goal and, therefore,
may benefit from a weekly HA dose higher than the fixed
amount given in the ANSWER study. The results of the pilot-
PRECIOSA study suggest that this may be the case. Increasing
the weekly rate of HA infusion may also be useful but would
increase the organizational burden.

An issue of great importance is that in patients with cirrhosis
the extent of albumin molecule deterioration increases in par-
allel with the severity of the disease.'" This would certainly in-
fluence the modalities of HA administration, especially in
patients with advanced cirrhosis, but would require the assess-
ment of “effective” albumin levels.'”> Unfortunately, this is not
currently available in clinical practice.

This study presents the limitations of post hoc analyses."® It
has to be considered that the heterogeneity of treatment effect,
that is how the albumin infusion effects can vary across patients,
can only be explored by a post hoc approach. Of course, the
inherent risk of low statistical power, multiplicity and false
positive and negative results, which we tried to minimise, has to
be recognised. However, secondary subgroup analyses to explore

Cirrhosis and Liver Failure

more uncertain or unexpected relationships between individual
patient attributes and treatment effects are considered appro-
priate to generate hypotheses, which can then be tested in future
studies.'* This analysis was conducted on the results of a single
randomised clinical trial, the ANSWER study, with the inherent
difficulties in generalization and transferability, even though the
investigation was a large multicentre study including more than
400 patients. Thus, external validation and calibration of risk
prediction are required to translate the results of our analysis
into clinical practice.'”

Globally, the results that emerged from this analysis of
the ANSWER trial, as well as the observation derived from
the MACHT and pilot-PRECIOSA studies,>* prompt us to
hypothesise that maintaining a serum albumin level of about
4 g/dl could optimise clinical outcomes in patients with
cirrhosis and persistent ascites. As a result, the goal of long-
term albumin administration should be to fill the gap exist-
ing between the actual patient serum albumin and the
theoretical optimal on-treatment target of serum albumin that
we identified. As the probability of filling the gap is variable
depending mostly on the starting level of serum albumin and
on the severity of cirrhosis, the need emerges to go beyond a
fixed dosage and schedule of HA administration - as used in
the ANSWER study - to a more individualised treatment
adapted to the extent of the gap (Fig. 6). In this context, the
time-course changes of serum albumin could be used as a
guide to maximise the beneficial effects of the treatment and
optimise albumin utilisation. Future studies are certainly
needed to validate this hypothesis.
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