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Amendments to the study protocol 

 

Four amendments to the Study Protocol were approved by the Ethics Committee at each 

participating Centre. 

• I amendment (June 30, 2009): refinement of inclusion criteria, insertion of details on visit 

schedule, definition of domiciliary management of human albumin treatment. 

• II amendment (June 6, 2010): proposal of a non-mandatory ancillary study on proteomic 

analysis related to the non-oncotic properties of albumin. 

• III amendment (March 15, 2011): refinement of inclusion/exclusion criteria, insertion of a 

genetic analysis for patients included in the ancillary study. 

• IV amendment (July 7, 2011): both the incidence of refractory and overall mortality were 

primary end-points in the original protocol. With this amendment, the reduction in overall 

mortality remained the only primary end-point of the study. Moreover, reductions in the 

patient sample size (from 600 to 420 patients), and the follow-up period (from 24 to 18 

months) were planned. These changes were made possible by the publication of data not 

available at the time of drafting the original protocol. Namely, patient sample size and follow-

up duration were set based on the mortality rate of patients with cirrhosis and recurrent ascites 

enrolled in the control arm of a randomised trial on the effects of adding the arginine-

vasopressin V2 receptor antagonist Satavaptan to standard medical treatment1. Lastly, a further 

refinement of exclusion criteria was made. The IV amendment was approved after the 

beginning of the trial (April 2, 2011), when 24 patients had already been enrolled. None of 

these patients presented the exclusion criteria set by this amendment. 



4 
 

Cochrane risk of bias tool2  

 

Bias  Authors’ judgment Support for judgment 

Random sequence generation 

(selection bias) Low risk 

Eligible patients were randomised using a 
computer-generated and blinded 
assignment sequence at the statistical 
data centre. 

Allocation concealment 

(selection bias) 

Low risk 

The randomisation list was created at the 
statistical data centre, an independent 
non-profit Interuniversity Consortium for 
data collection, data processing and 
statistical analysis (CINECA, Bologna, 
Italy). 

Blinding of participants and researchers 

(performance bias) 
High risk 

Open label design 

Blinding of outcome assessment 

(detection bias) 

High risk  

The study outcome assessors and 
analysts were not blinded. However, the 
outcome analysts, who belong to an 
independent institution (CINECA, 
Bologna, Italy) performed the entire 
statistical evaluation once the database 
had been definitively frozen, thereby 
tempering the risk of bias related to the 
lack of blinding. 

Incomplete outcome data 

(attrition bias) 

Low risk 

Losses to follow-up were disclosed and 
the analyses were conducted using 
intention-to-treat and per-protocol 
(primary outcome) analyses.  

The 440 participants initially randomised 
were not all included in the intention-to-
treat analysis. Nine were excluded (three 
withdrew consent and six did not fulfil 
pre-specified exclusion criteria). This is a 
reasonable attrition and not expected to 
affect results. 

The pre-specified adequate sample size 
of 210 patients per arm was achieved. 

Selective reporting 

(reporting bias) 
Low risk 

All pre-specified outcomes were 
reported. 
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Exclusion criteria 

 

1. Age lower than 18 years 

2. No written informed consent 

3. Inability to follow written consent 

4. Established diagnosis of refractory ascites 

5. Need for two or more paracenteses during the last month prior to enrolment 

6. Serum creatinine >1·5 mg/dl 

7. Organic nephropathy 

8. Hepatorenal syndrome (HRS) type 1 in the last 15 days prior to enrolment 

9. Gastrointestinal bleeding in the last 15 days prior to enrolment 

10. Ongoing endoscopic eradication of gastro-oesophageal varices after recent gastro-

oesophageal variceal bleeding 

11. Bacterial or fungal infection, including spontaneous bacterial peritonitis (SBP), in the last 

seven days. 

12. Hepatic encephalopathy grade III/IV 

13. Budd-Chiari Syndrome 

14. Patients with transjugular portosystemic shunt or surgical porto-caval shunts (TIPS) 

15. Known or suspected active hepatocellular carcinoma or other malignancies 

16. Previous liver transplantation 

17. Ongoing alcohol abuse (patients had to be abstinent for at least three months) 

18. Antiviral therapy for hepatitis B or C started in the last six months 

19. Heart failure 

20. Respiratory failure defined as PaO2 < 60 mmHg 

21. Known or suspected hypersensitivity to albumin 

22. Previous albumin administration for the treatment of ascites in the last 30 days prior to 

enrolment 

23. Patients enrolled in other clinical studies for the treatment of ascites 

24. Use of experimental drugs for the last two months prior to inclusion in the present study 

25. Pregnancy and breast-feeding 

26. Females of child-bearing potential, unless they met one of the following criteria: 
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- post-menopausal for six months or more, and if post-menopausal for less than two years, 

a negative pregnancy test; 

- surgical sterilization for more than one-month’s duration and a negative pregnancy test; 

- intrauterine device in combination with a secondary barrier (e.g. diaphragm, condom or 

spermicide) and a negative pregnancy test. 
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Diagnostic criteria 

 

1. The diagnosis of cirrhosis was based on clinical, laboratory, endoscopic and ultrasonographic 

features.  

2. Ascites was defined as uncomplicated according to the criteria set by the International Club of 

Ascites3, i.e., refractory ascites, ongoing SBP and association with HRS had to be excluded. 

3. Response to diuretics was defined according to the criteria set by the International Club of 

Ascites2 as a body weight reduction ≥800 grams in the four days prior to enrolment. 

4. Refractory ascites, SBP, parenchymal kidney disease, and HRS type 1 were defined according to 

the criteria set by the International Club of Ascites.3,4 

5. Hepatic encephalopathy was diagnosed and graded according to the West-Haven criteria.5  

6. Bacterial infections other than SBP were diagnosed on the basis of exploratory findings and at 

least one of the following: blood polymorphonuclear cell count >10,000/mm3 or 50% increase 

with respect to baseline with a final value >8,000/µL; more than 5% of band forms; body 

temperature >37·5 °C. 
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Standard medical treatments during the study 

 

Management of ascites, SBP and HRS type 1. 

Dose changes (increase/decrease) in diuretic therapy were permitted on the basis of ascites 

evolution. Patients were instructed to follow a diet providing from 80 to 120 mmol of sodium/day, 

according to medical judgement. Therapeutic paracentesis was performed in the presence of 

tense ascites or symptoms due to the accumulation of abdominal fluid, and was followed by 

administration of 6-8 g of HA per litre of tapped ascites to prevent paracentesis-induced 

circulatory dysfunction. Patients developing refractory ascites during the study were treated with 

repeated therapeutic paracentesis. TIPS insertion was considered in patients with gastrointestinal 

bleeding not controlled by medical and/or endoscopic treatment, and in refractory ascites 

according to medical judgment. According to guidelines, treatment of spontaneous bacterial 

peritonitis (SBP) and hepatorenal syndrome (HRS) type 1 included HA infusion: 1) patients 

developing SBP received 1·5 g/Kg of body weight of HA at diagnosis and 1 g/Kg of body weight on 

day 3; 2) patients developing HRS type 1, received 1 g/Kg of body weight at diagnosis up to a 

maximum of 100 g, followed by 20-40 g/day, in addition to terlipressin.3,6,7 

 

Etiologic treatments. 

- Antiviral treatment for HBV infection. Patients with HBV-related cirrhosis were well-

balanced between the two arms. All were treated with nucleoside or nucleotide analogues 

for at least three months before enrolment and were HBV-DNA negative at the time of 

inclusion in the study. None of these patients underwent HBV reactivation during the 

follow-up. 

- Antiviral treatment for HCV infection. Patients with HCV-related cirrhosis were well-

balanced between the two arms. Direct-acting antiviral agents (DAA) were not available at 

the time of planning the study and up to the beginning of 2015. None of the patients was 

under antiviral treatment with PEG-Interferon and Ribavirin at the time of enrolment. 

During the course of 2015, first Sofosbuvir, then Simeprevir, Daclatasvir, Ledipasvir and the 

“3D combination” became sequentially available in Italy. In all, only seven patients per arm 

received DAA during the follow-up of the study. 

- Abstinence from alcohol. Patients with alcoholic cirrhosis were well-balanced between the 

two arms. Active alcohol consumption was an exclusion criterion. Thus, all the patients 
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were abstinent for the three months preceding the enrolment. The occurrence of acute 

alcoholic hepatitis before enrollment was not reported in any patient. To the best of our 

knowledge, based on the assessments made at the scheduled visits during the follow-up, 

none of the patients resumed harmful drinking apart from one enrolled in the SMT+HA 

arm. This patient was withdrawn from the study (table 2, appendix p 19). 

 

Other treatments 

- No significant differences between the two arms were found at baselines regarding the 

number of patients receiving proton pump inhibitors, beta-blockers, and antibiotic 

prophylaxis (divided according the type of antibiotic into: quinolones, rifaximin, and 

paromomycin prophylaxis) (main text: table 1). There were not significant differences in 

the number of patients receiving these classes of drugs at three, six, 12 and 18 months of 

follow-up. 
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Events anticipating study termination 

 

The study was terminated with the occurrence of one of the following events: liver 

transplantation, TIPS insertion, need for three or more paracenteses per month, refusal to 

continue participation in the study, and medical judgement. The reasons determining the need for 

three or more therapeutic paracenteses per month as a criterion for study interruption deserves 

an explanation. The Italian Medicine Agency allows HA administration to patients with liver 

cirrhosis in the following condition: “severe retention of sodium and water not responding to an 

appropriate diuretic treatment, particularly when associated with hypoalbuminaemia and clinical 

features of hypovolaemia”. This prescription allows HA administration to patients with refractory 

ascites. When this study was planned, it was deemed ethically acceptable not to stop the study on 

occurrence of refractory ascites, since evidence for a beneficial effect of HA administration in this 

condition was not available. However, were refractory ascites to reach a degree of severity such 

that patients required three or more therapeutic paracenteses per month, representing a 

potential indication for TIPS insertion, it was felt appropriate to terminate the study to allow the 

attending physicians to continue patient care according to their judgement, including HA 

administration if deemed potentially useful.  
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Methods for assessing quality of life and cost-effectiveness 

 

Quality of life 

Quality of life was assessed by visual-analogue scale (VAS) and utility index of the EuroQol Group 

5-Dimension Self-Report Questionnaire (EQ-5D).8 Utility index were obtained from EQ-5D 

questionnaires collected in the two arms using the Italian-specific algorithm.9 Operationally, VAS is 

a line that includes values from 0, worst state of health imaginable, to 100, perfect state of health. 

Utility index values range from 1 (full health) to -1 (states worse than death) where 0 represents a 

state equivalent to death. EQ-5D was collected at the enrolment visit and at three, six, 12 and 18 

months. Patients lacking EQ-5D assessment at baseline (9·8% in SMT arm and 6·4% in SMT+HA 

arm for the VAS score and 7·5% in SMT arm and 4·1% in SMT+HA arm for utility index) were 

excluded from analysis. The last observation carried forward (LOCF) method was used for the 

imputation of missing data.10 In case of study termination due to death, a value equal to zero was 

assigned as last utility index or VAS determination. 

 

Estimation of direct healthcare costs 

Costs were identified according to the following items: liver-related hospitalization, paracentesis 

and albumin administration. 

Direct resources employed were computed based on the Italian National Health Service (NHS). 

Costs for hospital admissions were calculated according to the currently used NHS diagnosis- 

related group (DRG) system (Health Ministry Decree October 18, 2012). The “cirrhosis” DRG was 

considered a proxy of the costs for decompensated cirrhosis and related complications (€ 4,013 

per hospitalization plus an addition of € 185 per day when hospitalization exceeded 27 days). 

Costs of paracentesis (€ 34·86) and infusion of HA (€ 10·66) were derived from the Italian NHS 

tariffs for medical and outpatient services (Health Ministry Decree October 18, 2012). These 

“costs” represent the reimbursements by the NHS to the Regional Health Authorities. This choice 

was made to level the substantial variations of the actual costs existing among the different Italian 

Regions. For the same reason, the cost of HA (20%; 50 mL vials) was valorised employing ex-

factory price reported by the Italian Official Journal (€ 2·63 per gram). 

The cost drivers considered (liver-related hospitalization, paracentesis, HA administration per 

protocol, and HA administered for evidence-based indications, i.e. prevention of paracentesis-
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induced circulatory dysfunction, prevention of SBP-induced renal dysfunction and treatment of 

HRS1), were derived from the intention to-treat analysis and expressed as incidence rate. 

 

Estimation of the health benefit  

For the cost-effectiveness analysis, the incremental health benefit was estimated using the 

quality-adjusted life-years (QALY). QALY gain was calculated from the utility index obtained by EQ-

5D questionnaires collected in the two arms using an Italian-specific algorithm.9 

 

Incremental cost-effectiveness analysis 

The incremental cost-effectiveness ratio (ICER) was calculated according the following formula: 

𝐼𝐶𝐸𝑅 =
𝐶𝑆𝑀𝑇+𝐻𝐴 −  𝐶𝑆𝑀𝑇

𝑄𝑆𝑀𝑇+𝐻𝐴 −  𝑄𝑆𝑀𝑇
 

where C represents the average total cost and Q represents the QALY value.  

 

Bootstrap analysis and cost-effectiveness acceptability curve 

Bootstrapping is a statistical resampling technique with re-entry to approximate the distribution of 

a statistic. It approximates the mean and variance of an estimator, builds its confidence intervals, 

or tests for its accuracy when the distribution of the statistic of interest is unknown. This study 

applied bootstrap resampling to the incremental cost-effectiveness ratio.  10,000 simulations were 

performed to increase the accuracy and robustness of such an estimator. The cumulated 

distribution was presented by means of a cost-effectiveness acceptability curve, which reports the 

probability of ICER being under a predetermined threshold.11,12 
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Serious adverse events (SAE) and adverse events (AE) 

 

The following SAE and AE were considered related to liver cirrhosis and not considered 

unexpected unless their course, intensity or other specific features were such that the 

Investigator, according to his/her best medical judgement, considered these events exceptional in 

the context of this medical condition:  

 

- hepatic encephalopathy 

- hepatocellular carcinoma 

- gastrointestinal bleeding other than variceal bleeding  

- SBP 

- bacterial infections other than SBP 

- HRS and renal failure with a non-fatal or fatal outcome 

- non-fatal cholestasis 

- deterioration of liver function (hyperbilirubinaemia, increased transaminases, 

coagulopathy) 

- serum electrolyte imbalance 

- muscle cramps 
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Results of the interim analysis 

 

According to the study protocol an interim analysis was performed on 20th October 2014, when 

50% of the planned population had reached the end of the study. The primary end-point (overall 

mortality) and the secondary end-points related to the management of ascites and the incidence 

of complications of cirrhosis were assessed in this analysis. The interim analysis was performed on 

an intention-to-treat basis and included 386 patients (188 in SMT arm and 198 in SMT+HA arm) 

with at least one follow-up visit after baseline. Baseline demographics and clinical and laboratory 

parameters were well-balanced between the two arms. The primary end-point (18-month 

mortality) was evaluated by Kaplan-Meier analysis of survival time, which was significantly 

improved in patients receiving HA, being 78% in SMT+HA arm and 66% in SMT arm (p=0∙045). 

Statistically significant benefits were found in SMT+HA arm regarding the management of ascites 

including the need for paracentesis (Incidence rate ratio: 0∙45 [95% CI: 0∙38-0∙53]; p<0∙0001) and 

the occurrence of refractory ascites (HR: 0∙44 [95% CI: 0∙29-0∙70; p<0∙001). Long-term HA 

administration was also associated with reduced incidence rates of SBP (IRR: 0∙43 [95% CI: 0∙22-

0∙79]; p=0∙004), hepatic encephalopathy grade III or IV (IRR: 0∙63 [95% CI: 0∙45-0∙87]; p=0∙005) and 

renal impairment defined as serum creatinine > 1∙5 mg/dl (IRR: 0∙72 [95% CI: 0∙55-0∙93]; p=0∙011). 

HA administration did not increase the risk of variceal bleeding, and the incidence of severe 

adverse effects was similar in the two arms. 

These data were presented at the annual meeting of the Italian Association for the Study of the 

Liver in February 2015.13  
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Additional methods for statistical analysis 

 

Derived variables and missing data handling 

Overall survival was defined as the time from randomization to death from any cause. Patients 

with unknown survival status at 18 months and patients who withdrew from the study early were 

censored on the last day they were known to be alive or at withdrawal. Other time-to-event 

variables were calculated as the time from randomisation to the first occurrence of the event. 

Due to different follow-up lengths in the two arms, therapy data were reported as yearly 

administered or prescribed dose by standardising total cumulative doses on a one-year basis.  

No imputation was performed for missing data except for those regarding the assessment of the 

quality of life (see below).  

Statistical methods 

Descriptive statistics were calculated for all baseline variables and statistical hypothesis tests were 

conducted to evaluate possible imbalances between randomisation arms. 

For quantitative variables, mean and standard deviation were reported when the normality of 

distribution hypothesis was not rejected, median and interquartile range were presented 

otherwise. Numeric variables between the standard medical treatment (SMT) and SMT+HA groups 

were compared using the two-sample t test when both normal distribution and equality of 

variances assumptions were respected, Welch’s test was applied in case of unequal variances, 

while U Mann-Whitney test was performed if the normality hypothesis was rejected. The 

normality of all distributions was assessed with the Kolmogorov-Smirnov test. F-test was used to 

compare variances. Qualitative variables were described as absolute frequencies and percentages. 

Percentages were compared with chi-squared test. 

Survival estimates were calculated by the Kaplan-Meier method, and randomization arms were 

compared by log-rank test.  

Cox proportional-hazards models were used to estimate hazard ratios: univariate Cox 

proportional-hazards model was fit for all demographic and baseline variables considered relevant 

or clinically meaningful; factors showing statistical significance (at alpha level 0·10) as a predictor 

in univariate Cox proportional-hazard regression were further analysed using a multivariable 

model with backward selection of variables based on the Akaike information criterion (AIC). 

Thirteen variables resulted statistically significant in univariate models. To avoid overfitting due to 

a low number of events per variable, MELD-Na score, but not MELD score and serum sodium, 
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concentration was entered in the multivariable model. Proportional-hazards assumption was 

tested for each of the covariates included in the univariate models. In the multivariable Cox 

regression model, in addition to a test performed for each of the factors, a global test was 

conducted resulting not statistically significant. We also performed a graphical diagnostic by 

plotting the scaled Schoenfeld residuals against the transformed time curve, which showed no 

pattern with time. Finally, the log-log survival curves related to SMT+HA arm were plotted and a 

good parallelism was observed.  

In order to test the possible effects of both liver transplantation and TIPS on survival, a 

competitive risk analysis was conducted considering death from any cause, TIPS and liver 

transplant as competing events. Both univariate (with treatment alone) and multivariable Cox 

cause-specific hazard model and Fine-Gray model were used. The multivariable models included 

the same set of factors selected in the multivariable Cox proportional hazard model - i.e. 

treatment, age, viral aetiology, Child-Pugh score and MELD-Na. 

The number needed to treat to avoid a death was calculated at each time point between three 

and 18 months (at three-month intervals) as the reciprocal of the difference in survival between 

the two arms, survival in SMT+HA arm being estimated by the hazard ratio (HR) for the factor 

treatment group from both univariate and multivariable Cox proportional-hazard models.14 

A mixed-effect Cox model was also fitted to assess centre effect on primary outcome. We 

modelled centre as a random effect in the multivariable analyses (mixed-effect Cox model). The 

random effect for a given centre represents the deviation of this centre from the overall 

underlying baseline risk. The overall significance of the random effect (centre) was determined 

using a likelihood ratio test constructed as twice the difference between the log partial likelihood 

of the model with the random effect and the model without the random effect.  

A competing-risk analysis (Cox cause-specific hazard model and Fine-Gray model) was also 

performed to further investigate the effect of HA on liver-related mortality. The competing-risk 

events were liver-related, non-liver-related deaths and liver transplantation/TIPS. Regression on 

the cause-specific hazard function was performed with a Cox proportional cause-specific hazards 

regression model including the same set of factors selected in the multivariable Cox proportional 

hazard model based on AIC (age, viral aetiology, Child-Pugh score and MELD-Na). The effect 

measure for each covariate is a cause-specific HR, which measures how strongly the rate is 

affected by that factor. We also used Fine and Gray competing risks regressions, which models the 
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dependence of the cumulative incidence function (CIF) on covariates, to predict 18-months 

probabilities of liver-related and non-liver-related causes of mortality. 

Reduction in the incidence of liver-related complications, adverse events and hospitalizations 

when HA is added to standard therapy was assessed calculating the person-time incidence rate in 

SMT+HA group divided by the person-time incidence rate in SMT group. The incidence rates were 

calculated as the number of events occurring during the study divided by all available follow-up 

time with corresponding 95% confidence intervals derived with the use of Poisson distribution. To 

estimate the reduction in the number of paracentesis (considering only patients with at least one 

paracentesis during the study) a zero-truncated Poisson regression, which models count data 

when the value zero cannot occur, was used. 

Competing risk analyses were also performed to assess the treatment effect on the first 

occurrence of refractory ascites, paracentesis, gastro-oesophageal variceal bleeding, SBP, non-SBP 

infections, HRS type 1 and hepatic encephalopathy considering death from any cause, TIPS and 

liver transplantation as competing events. 
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The ANSWER study committees 

 

Steering Committee 

Mauro Bernardi, Oliviero Riggio, Paolo Angeli, Giacomo Laffi, Francesco Salerno, Paolo Caraceni 

 

Data Safety and Monitoring Board 

Roberto De Franchis (Milano), Calogero Cammà (Palermo), Gioacchino Leandro (Castellana Grotte) 
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Table 1. Causes of exclusion of screened patients in four highly recruiting centres 

Cause of exclusion N 

Denial of consent 6 

Resolution of ascites 12 

Serum creatinine >1·5 mg/dL 10 

Refractory ascites 38 

Transjugular intrahepatic portosystemic shunt 29 

Active hepatocellular carcinoma 62 

Other malignancies 3 

Previous liver transplantation 11 

Therapy for HBV started in the last 6 months 2 

Ongoing alcohol abuse 13 

Heart failure 2 

Ongoing albumin administration 60 

Persistent hepatic encephalopathy 9 

Psycho-social or organizational hindrances 14 

Ongoing endoscopic eradication of gastro-oesophageal varices 1 

  

Patients screened 399 

Patients excluded from enrolment 272 

Patients enrolled in the study 127 
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Table 2. Reasons for premature study termination 

Reasons for termination SMT SMT+HA 

   

Patient decision   

- Moved to another hospital 8 6 

- Logistic hindrance 3 7 

- Unwillingness to continue 5 9 

   

Protocol violation   

- Repeated albumin administration for ascites 8 - 

- Lack of adherence to protocol visits - 3 

- Relapse in alcohol abuse - 1 

   

Medical judgement   

- Adverse reaction to albumin - 2 

- Large gastric varices - 1 

   

Total 24 29 

SMT = standard medical treatment. SMT+HA = standard medical treatment plus human albumin. 
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Table 3. Detailed causes of liver and non-liver-related deaths 

Cause of death 
SMT 
N=46 

SMT+HA 
N=38 

p value 

    

Liver-related causes   0·115 

 Hepatorenal syndrome  7 (15·2%) 1 (2·6%) 

 

 Sepsis  12 (26·1%) 13 (34·2%) 

 Liver failure  15 (32·6%) 8 (21·1%) 

 Gastro-oesophageal variceal bleeding  2 (4·3%) 5 (13·2%) 

 Other gastro-intestinal bleeding  1 (2·2%) 2 (5·3%) 

    

Non-liver-related causes    0·627 

 Acute coronary syndrome  3 (6·5%) 4 (10·5%) 

 

 ERCP-induced acute pancreatitis  1 (2·2%) - 

 Non-liver malignant tumours  2 (4·3%) 1 (2·6%) 

 Respiratory failure  1 (2·2%) 3 (7·9%) 

 Haemorrhagic stroke  1 (2·2%) 1 (2·6%) 

 Acute abdomen  1 (2·2%) - 

The table shows the specific causes for liver- and non-liver-related deaths occurring throughout 
the study period. Data are expressed as absolute frequencies and percentages. Comparisons were 
performed with Pearson's chi-squared test. ERCP = endoscopic retrograde 
cholangiopancreatography. SMT = standard medical treatment. SMT+HA = standard medical 
treatment plus human albumin. 
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Adherence to study protocol 

 

Analysis of adherence to the study protocol revealed that the median HA amount infused for the 

treatment of ascites in SMT+HA arm was 1,946 g/patient/year (interquartile range [IQR]: 1,675-

2,106 g/patient/year), corresponding to 90% of the scheduled amount according to the study 

protocol. 

In SMT arm, 29 patients (13·6%) received HA for treatment of ascites. Eight of them were 

withdrawn from the study as they received repeated infusions providing HA in excess of 200 grams 

(approximately 10% of the amount scheduled per protocol in SMT+HA arm). The remaining 21 

only received occasional HA infusions and were maintained in the study. 

An adherence at least of 90% to the study visit schedule was observed in 92·5% of patients in SMT 

arm and 95% of patients in SMT+HA arm.  
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Table 4. Univariate analysis of factors associated with 18-month mortality 

Variable Hazard ratio 95% CI p value 

SMT+HA (yes vs. no) 0·601 0·403 – 0·955 0·030 

Female sex (yes vs· no) 1·278 0·820 – 1·990 0·279 

Age (5 years increase)  1·192 1·074 – 1·323 0·001 

Viral aetiology (yes vs· no) 1·530 0·993 – 2·357 0·054 

Mean arterial pressure (1 mm Hg increase) 0·984 0·961 – 1·008 0·194 

Heart rate (1 beats per minute increase)  0·998 0·978 – 1·018 0·847 

Child-Pugh score (1-point increase) 1·645 1·430 – 1·891 <0·0001 

MELD score (1-point increase) 1·182 1·123 – 1·244 <0·0001 

MELD-Na score (1-point increase) 1·162 1·109 – 1·217 <0·0001 

White blood cell count (103/mmc increase) 1·002 0·998 – 1·100 0·967 

Haemoglobin (1 g/dL increase)  0·855 0·759 – 0·963 0·010 

Platelets (50×103/mmc increase) 0·939 0·790 – 1·118 0·482 

Serum albumin (1 g/dL increase) 0·379 0·244 – 0·589 <0·0001 

Serum creatinine (1 mg/dL increase) 2·800 1·166 – 6·724 0·021 

Serum sodium (1 mmol/L increase) 0·921 0·875 – 0·970 0·002 

Serum potassium (1 mmol/L increase) 0·974 0·653 – 1·454 0·898 

Serum bilirubin (1 mg/dL increase) 1·284 1·183 – 1·393 <0·0001 

International normalized ratio (1 unit increase) 3·630 1·946 – 6·770 <0·0001 

Paracentesis* (yes vs. no) 1·166 0·711 – 1·913 0·544 

Hyponatraemia# (yes vs. no) 1·602 1·033 – 2·484 0·035 

Comorbidity (yes vs. no) 1·416 0·899 – 2·229 0·133 

Insulin-treated diabetes (yes vs. no) 0·932 0·541 – 1·607 0·801 

 

*Paracentesis within a month before randomization; #Hyponatraemia was defined as serum 
sodium level ≤135 mmol/L. 
The table shows the results of the univariate Cox proportional hazards model analysis of factors 
associated with 18-month all-cause mortality in the intention-to-treat population. All demographic 
and baseline variables considered relevant or clinically meaningful were included in the analysis. 
MELD = model for end stage liver disease; MELD-Na = model for end stage liver disease 

incorporating serum sodium in the MELD equation; SMT+HA = standard medical treatment plus 

human albumin. CI = confidence interval. 



24 
 

Figure 1. Factors associated with 18-month all-cause mortality 

 

 

 

Age (5-year increase), viral aetiology of cirrhosis (yes/no), Child-Pugh score (1-point increase) and 

MELD-Na score (1-point increase) were independent predictors of mortality, while SMT+HA 

(yes/no) was the only protective factor. Data are expressed as hazard ratio (bars indicate 95% CI). 

MELD-Na = model for end stage liver disease incorporating serum sodium in the MELD equation; 

SMT+HA = standard medical treatment plus human albumin. 
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Table 5. Individual doses of diuretics administered during the study 

 SMT 

N=213 

SMT+HA 

N=218 

P 
value 

Antialdosteronic drug     0·659 

Daily dose (mg) 165 (105 – 218) 157 (97 – 212) 
 

Cumulative annual dose (mg) 60,420 (38,336 – 79,559) 57,433 (35,345 – 77,515) 

Furosemide     0·303 

Daily dose (mg) 37 (18 – 55) 32 (18 – 52) 
 

Cumulative annual dose (mg) 13,440 (6,605 – 20,091) 11,778 (6,565 – 18,888) 

Data are median (Interquartile range). SMT = standard medical treatment. SMT+HA = standard 
medical treatment plus human albumin. Comparisons were performed using the Mann-Whitney U 
test.  
  



26 
 

Table 6. Competing risks analysis of complications of cirrhosis included in the secondary end-points 

Complication CHR (95% CI) P value SHR (95% CI) P value 

Refractory ascites 0∙42 (0∙29-0∙62) <0∙0001 0∙45 (0∙31-0∙66) <0∙0001 

HRS type 1 0∙39 (0∙18-0∙82) 0∙013 0∙40 (0∙19-0∙86) 0∙018 

SBP 0∙61 (0∙40-0∙93) 0∙023 0∙64 (0∙43-0∙98) 0∙039 

Non-SBP bacterial infections 0∙86 (0∙60-1∙23) 0∙417 0∙92 (0∙64-1∙31) 0∙640 

Hepatic encephalopathy grade III or IV 0∙59 (0∙38-0∙92) 0∙019 0∙63 (0∙41-0∙97) 0∙037 

Gastro-oesophageal varices bleeding 1∙52 (0∙57-4∙06) 0∙404 1∙69 (0∙64-4∙48) 0∙290 

 

Competing risks analysis performed according the Cox cause-specific hazard model and Fine-Gray 

model taking into account all-cause deaths, TIPS placement and liver transplantation as competing 

events. This type of analysis shows the treatment effects on the first occurrence (cumulative 

incidence) of the complications included in the secondary outcomes. 

CHR = cause-specific hazard ratio. SHR = sub-distribution hazard ratio. CI = confidence interval. SBP 

= spontaneous bacterial peritonitis. HRS = hepatorenal syndrome. 
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Table 7. Quality of life 

  SMT SMT+HA  

   from baseline  from baseline p value 

Month 3 
EQ-5D utility index -0·07 (0·21) -0·02 (0·20) 0·012 

EQ-VAS -5·0 (17·2) -2·2 (18·7) 0·075 

Month 6 
EQ-5D utility index -0·10 (0·25) -0·04 (0·22) 0·004 

EQ-VAS -6·8 (20·0) -1·7 (21·8) 0·021 

Month 12 
EQ-5D utility index -0·14 (0·32) -0·05 (0·24) 0·024 

EQ-VAS -10·7 (26·8) -1·8 (24·1) 0·016 

Month 18 
EQ-5D utility index -0·12 (0·33) -0·06 (0·25) 0·499 

EQ-VAS -6·0 (23·4) -2·4 (26·3) 0·283 

The reported values () represent the mean (SD) change from baseline of the utility index and 
visual-analogue scale (VAS) score of the EuroQol Group 5-Dimension Self-Report Questionnaire 
(EQ-5D) in patients receiving standard medical treatment (SMT) or standard medical treatment 
plus human albumin (SMT+HA). 
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Table 8. Leading liver-related causes of hospital admission throughout the study period 

 SMT SMT+HA    

Cause IR 95% CI IR 95% CI IRR 95% CI p value 

Worsening liver function 0·29 0·21–0·38 0·06 0·03–0·10 0·21 0·10–0·40 <0·0001 

Ascites 0·13 0·08–0·20 0·06 0·03–0·10 0·45 0·20–0·96 0·031 

Hydrothorax 0·03 0·01–0·07 0·01 0·00–0·03 0·15 0·01–1·33 0·090 

Abdominal hernias 0·07 0·04–0·13 0·04 0·02–0·07 0·54 0·19–1·47 0·245 

Post–paracentesis 
bleeding 

0·01 0·00–0·05 0·00 0·00–0·02 0·00 0·00–3·95 0·182 

Spontaneous bacterial 
peritonitis 

0·10 0·06–0·16 0·04 0·02–0·08 0·42 0·16–1·01 0·041 

Bacterial infection other 
than spontaneous 
bacterial peritonitis 

0·29 0·21–0·39 0·13 0·09–0·19 0·56 0·33–0·94 0·024 

Hepatic encephalopathy 0·36 0·27–0·47 0·26 0·20–0·34 0·72 0·49–1·06 0·085 

Gastrointestinal bleeding 0·05 0·02–0·10 0·11 0·07–0·17 2·23 0·97–5·73 0·049 

Anaemia 0·04 0·01–0·08 0·04 0·02–0·08 1·11 0·35–3·80 1·000 

Renal failure 0·01 0·00–0·05 0·02 0·01–0·06 0·00 0·30–19·50 0·706 

Hyponatraemia 0·01 0·00–0·04 0·00 0·00–0·02 0·00 0·00–28·95 0·426 

Portal thrombosis 0·01 0·00–0·04 0·00 0·00–0·02 0·00 0·00–28·95 0·426 

Admission for scheduled 
procedures 

0·30 0·22–0·40 0·21 0·15–0·28 0·71 0·46–1·09 0·114 

The table shows the leading liver-related cause of hospitalization as indicated by the investigators.  
Worsening liver function, ascites spontaneous bacterial infection and bacterial infection other 
than spontaneous bacterial peritonitis were more frequent in the standard medical treatment 
(SMT) arm, while gastrointestinal bleeding was more common in the standard medical treatment 
plus human albumin (SMT+HA) arm. CI = confidence interval. IR = incidence rate. IRR = incidence 
rate ratio.  
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Table 9. Leading non–liver–related causes of hospital admission throughout the study period 

 SMT SMT+HA    

Cause IR 95%CI IR 95%CI IRR 95%CI p value 

Myocardial infarction 0·00 0·00–0·02 0·01 0·00–0·03 ∞  0·14–∞ 0·511 

Atrial fibrillation 0·01 0·00–0·04 0·00 0·00–0·02 0·00 0·00–28·95 0·426 

Heart failure 0·01 0·00–0·05 0·01 0·00–0·03 0·74 0·05–10·24 1·000 

Respiratory failure 0·01 0·00–0·04 0·01 0·00–0·03 1·49 0·08–87·59 1·000 

Abdominal pain/dyspepsia 0·04 0·01–0·08 0·01 0·00–0·04 0·37 0·06–1·74 0·426 

Colitis 0·01 0·00–0·04 0·00 0·00–0·02 0·00 0·00–28·95 0·426 

Gallbladder stones 0·00 0·00–0·02 0·01 0·00–0·03 ∞ 0·14–∞ 0·511 

Intestinal obstruction 0·00 0·00–0·02 0·02 0·01–0·05 0·00 0·00–28·95 0·426 

Acute pancreatitis 0·01 0·00–0·04 0·00 0·00–0·02 0·00 0·00–28·95 0·426 

Syncope 0·01 0·00–0·05 0·01 0·00–0·03 0·74 0·05–10·24 1·000 

Subdural haemorrhage 0·00 0·00–0·02 0·01 0·00–0·04 ∞ 0·31–∞ 0·266 

Epilepsy 0·01 0·00–0·04 0·01 0·00–0·03 0·74 0·01–58·27 1·000 

Retinal ischaemia 0·01 0·00–0·04 0·00 0·00–0·02 0·00 0·00–28·95 0·426 

Alcohol abuse 0·01 0·00–0·04 0·00 0·00–0·02 0·00 0·00–28·95 0·426 

Opioid abuse 0·01 0·00–0·04 0·00 0·00–0·02 0·00 0·00–28·95 0·426 

Ataxia 0·00 0·00–0·02 0·01 0·00–0·03 ∞ 0·02–∞ 1·000 

Major depression 0·00 0·00–0·02 0·01 0·00–0·03 ∞ 0·14–∞ 0·511 

Bone fracture 0·01 0·00–0·05 0·02 0·01–0·05 1·49 0·21–16·41 1·000 

Trauma 0·02 0·00–0·06 0·04 0·02–0·08 2·23 0·56–12·79 0·348 

Diabetes mellitus 0·01 0·00–0·05 0·01 0·00–0·03 0·74 0·05–10·24 1·000 

Pneumothorax 0·00 0·00–0·02 0·01 0·00–0·03 ∞ 0·02–∞ 1·000 

Hypoglycaemia 0·00 0·00–0·02 0·01 0·00–0·03 ∞ 0·02–∞ 1·000 

Cataract 0·00 0·00–0·02 0·01 0·00–0·03 ∞ 0·02–∞ 1·000 

Myelodysplastic syndrome 0·00 0·00–0·02 0·01 0·00–0·03 ∞ 0·02–∞ 1·000 

Non-liver tumour 0·02 0·00–0·06 0·01 0·00–0·03 0·25 0·01–3·08 0·319 

Urinary retention 0·01 0·00–0·05 0·01 0·00–0·03 0·37 0·01–7·13 0·579 

CI = confidence interval. IR = incidence rate. IRR = incidence rate ratio.  SMT = standard medical 
treatment. SMT+HA = standard medical treatment plus human albumin. 
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Table 10. Cost–effectiveness analysis 

 SMT SMT + HA 

Liver–related hospitalizations   

IR (number/patient/year)  1·64 0·98 

     Cost (€/patient/year) 6,765 3,981 

Paracentesis   

IR (number/patient/year)  3·50 1·55 

Cost (€/patient/year) 122 54 

Albumin infused for evidence–based indications   

IR (grams/patient/year) 147·40 57·57 

Cost (€/patient/year) 388 151 

Albumin infused per protocol   

IR (grams/patient/year) – 1,925 

Cost (€/patient/year) – 5,065 

Accesses for albumin infusion per protocol   

IR (number/patient/year) – 48·0 

Cost (€/patient/year) – 512 

Total cost/patient/year (€) 7,275 9,763 

Incremental cost/patient/year (€) 2,488 

QALY gain/year (QALY) 0·392 0·509 

Incremental QALY/year (QALY) 0·117 

ICER (€/QALY) 21,265 

The reported costs were valorised according to Italian tariffs and expressed in Euros (€). The 
incidence rates of each cost driver are also included to allow for transferability of results to 
countries other than Italy. Total costs for each arm are the sum of the costs of liver-related 
hospitalizations, paracentesis, albumin for evidence–based indications, albumin infused per 
protocol and accesses for albumin infusion per protocol. IR = incidence rate. QALY = quality 
adjusted life-years. ICER = incremental cost–effectiveness ratio. 
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Figure 2. Bootstrap simulation and cost effectiveness acceptability curve 
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Upper panel: cost-effectiveness plane showing the 10,000 bootstrap samples drawn from the 

original data set. Long-term HA administration resulted dominant, being associated with a mean 

QALY gain of 0·117 (95% CI: 0·062-0·150) and an average saving of € 495 (95% CI: -1,026-531) per 

patient per year. QALY gain distribution tended to be stable, so that the result of the bootstrap 

analysis closely matched the value obtained in the initial cost-effectiveness evaluation. In contrast, 

the skewed distribution of hospitalizations accounts for the difference with respect to the initial 

cost-effectiveness evaluation, which resulted in an extra cost of € 2,488 per patient per year in 

SMT+HA arm. 

Lower panel: cost-effectiveness acceptability curve showing a 92·5% probability of the simulated 

ICER of being under the threshold of € 35,000/QALYs (dotted line). The curve does not cut the y-

axis at zero since 56% of simulations were cost-saving. Therefore, they are not shown since the 

ICER function is only defined for positive values.  
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Table 11. Adverse reactions potentially related to human albumin infusion. 

Patient Event Severity Treatment Outcome 
Alternative 
cause 

Study 
interruption 

1 
Allergic reaction 
(erythema and itching) 

Mild Symptomatic Recovery – No 

2 
Allergic reaction 
(erythema) 

Mild Symptomatic Recovery – Yes 

3 
Dizziness and transient 
arterial hypotension 

Severe Symptomatic Recovery – Yes 

4 Severe sepsis 
Life–

threatening 
Intensive 

care 
Recovery Pneumonia No 

5 Septic shock and DIC 
Life–

threatening 
Intensive 

care 
Recovery – Yes  

 
Patients 4 and 5 developed symptoms during per protocol albumin infusion. Bacteriological 
analysis of human albumin batches did not reveal contamination by infectious agents in either 
case. Concomitant pneumonia was diagnosed in patients 4. The adverse reaction in Patient 5 may 
have been due to venipuncture. This patient decided to interrupt the study when the attending 
physician offered him the possibility to restart human albumin infusion after resolution of the 
event. DIC denotes disseminated intravascular coagulation. 
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