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Summary
Albumin is a key regulator of fluid distribution within the extracellular space and has several properties beyond its oncotic activity. The randomized controlled multicentre study of albumin replacement therapy in septic shock (ARISS) investigated whether the replacement with albumin and the maintenance of its serum levels of at least 30 g/l for 28 days improves survival in patients with septic shock compared to resuscitation and volume maintenance without albumin. Adult patients (≥18 yr) with septic shock were randomly assigned within a maximum of 24 hours after the onset of septic shock to treatment or control groups. The treatment group received a 60 g loading dose of human albumin 20% over 2-3 hours. Serum albumin levels were maintained at least at 30 g/l in the ICU for a maximum of 28 days following randomization using 40-80 g human albumin 20% infusion. The control group was treated according to the usual practice. The primary end point was 90 days mortality and secondary end points include 28-day, 60-day, ICU, and in-hospital mortality, organ dysfunction/failure, total amount of fluid administration and total fluid balance in the ICU, and lengths of ICU and hospital stay. The study started inclusion of patients from 21st Oct 2019 (first patient in). After repeated reassessment, the study was prematurely terminated on the 2nd of May 2022 due to sustained low inclusion rates. Of 440 patients with septic shock included in the study from 23 German centers; 222 were randomized in the albumin group and 218 in the control group. The median age of patients was 69 years (range 23 to 89) and 290 (66%) of patients were male. The demographic and baseline characteristics were similar between the study groups.
The primary efficacy variable 90-day survival showed no significant difference between treatment groups. Until day 90, 119 (57%) of the albumin treated patients survived as well as 113 (54.1%) of patients of the control group. The 28-day (69 vs. 62%, p=0.114) and 60-day (61 vs. 55%, p=0.187) survival showed a tendency towards a benefit of albumin administration compared to standard treatment without albumin. Difference between treatment groups in 28-day survival was more prominent in patients with higher baseline lactate (≤ vs. > 8mmol/l), however, 90-day survival shows no difference between treatment groups according to the baseline lactate level. Likewise, difference between treatment groups in 28-day survival was more prominent in patients with very low (< 20 g/l) and high (≥ 25 g/l) baseline albumin. The difference for the subgroup with high albumin levels holds also for 90-day survival. There was no significant difference between patients of albumin group and control group in the number of days on ICU without vasopressors or mechanical ventilation. In the per-protocol analysis, 428 patients, 220 of the albumin group and 208 of the control group, were included. Results of per-protocol analysis were completely in line with the main analysis. Overall, the frequencies of adverse events, whether sepsis related or not, were similar between the albumin and the control group.
	Progress Report
3.1. Background and objectives of the project
3.1.1	Background
Albumin is a natural protein with a molecular weight of about 65,000 Da, whose production requires 50% of the total energy expenditure of the liver (1). It is responsible for about 80% of the oncotic pressure in the plasma. In addition to its oncotic functions, albumin has a variety of other properties, including binding and transport of various endogenous molecules (1), anti-inflammatory (2) and antioxidative effects (3), and modulation of nitric oxide metabolism (4). These properties are particularly relevant in patients with sepsis. In 1998, a Cochrane meta-analysis reported increased mortality associated with albumin administration in critically ill patients (5). However, when further clinical studies were included in another meta-analysis by Wilkes et al., the safety of albumin therapy was confirmed, but with no corresponding survival benefit (6). Interestingly, a later meta-analysis by Vincent et al. showed that the use of human albumin in critically ill patients could reduce morbidity (7). Significant improvement in organ function of critically ill patients was confirmed in a subsequent pilot study (8). In a large randomised, prospective, double-blind study (SAFE study) (9), a post-hoc analysis of 1218 patients with severe sepsis showed decreased mortality in the albumin group compared to patients treated with 0.9% saline solution alone (10). Consequently, the randomised controlled ALBIOS study (ALBumin Italian Outcome Sepsis Study) investigated the possible impact on outcome of albumin administration and maintenance of serum albumin concentrations to at least 30 g/l in 1810 patients with severe sepsis and septic shock (11). The study gave two interesting signals: firstly, there was a tendency for a potential survival benefit of albumin therapy in patients who started therapy 6-24 h after onset of sepsis compared to those who started it earlier. Secondly, in the 1121 patients with septic shock, 90-day mortality was lower in the albumin group than in the non-albumin group. Taken together, the current evidence suggests that albumin administration in patients with severe and advanced sepsis who have potential impairment of the protective effects of serum albumin may provide a survival benefit. 
3.1.2 Study objectives
Primary objective: The primary objective of the clinical trial was to investigate whether albumin administration and maintenance of serum albumin concentrations of at least 30 g/l in the ICU for up to 28 days after the onset of septic shock will reduce 90-day all-cause mortality, compared to volume replacement therapy without albumin. The primary endpoint was 90-day all-cause mortality.
Secondary objective: The secondary purpose of the clinical trial was to investigate whether albumin administration and the maintenance of serum albumin concentrations of at least 30 g/l for 28 days after the onset of septic shock will influence 28- and 60-day mortality, ICU and hospital mortality rates, organ dysfunction/failure as assessed by the SOFA score, ICU and hospital lengths of stay, as well as ventilator- and vasopressor-free days. 
3.2 Description of the project-specific results and findings 
3.2.1	 Study population 
Disposition of patients Randomized: n=440
Albumin group: n=222
Control group without albumin n=218
Day28: 
n=147
Day 60:
n=115
Day 28:
n=130
(incl. n=1 with day 28 missing, but continued)

Day 60:
n=129
Day 90:
n=119
Day 90:
n=113
Death		66
No IC*		 8	
Investigators decision 1
Death	16
Lost to follow-up	 2
Death		9
Lost to follow-up	  1
Death	               80
No IC*		 6
Other**		 2
Death	15
Death		 1
Lost to follow-up	  1


Figure 1 Patient flow
* Informed consent (IC) of legal representative or guardian not reached within legal time frame
** withdrawal of consent
Protocol deviations 
Of the albumin group, 179 patients had any protocol deviations (PD), 2 thereof had major PD. Of the Control group, 181 patients had any PD, 10 thereof had major PD. 
3.2.2	Efficacy (Effectiveness) evaluation 
Data sets analyzed: FAS comprises 440 patients included in the study and randomized, 222 in the albumin group and 218 in the control group. 428 patients without major protocol deviations are included in the PPS (albumin/ control 220/208). 
Demographic and other baseline characteristics: The study included patients from 21st Oct 2019 (first patient in) until 27th Jul 2022 (last patient, last visit). 440 patients out of 23 study centers in Germany were included. Median age of patients was 69 years (range 23 to 89, no difference between treatment groups). 290 (66%) of patients were male (no difference between groups). Admission to ICU was for medical reasons in 62 (14%) of patients, 212 (48%) had an elective surgery, 166 (38%) an emergency surgery (no difference between groups). Baseline APACHE-II score was (mean ± standard deviation) 23 ± 7.2, mean baseline SAPS-II score 52 ± 15 (no difference between groups). 
Measurements of treatment compliance: Treatment compliance was not a relevant issue in this study, since the study medication was administered by study personal. In the albumin group, 220 patients were treated with study medication, 2 died before start of study medication. Median duration of albumin administration was 5 days, 15 patients were treated for the maximum of 28 days. Mean (± standard deviation) amount of study medication was 229 ± 50 ml/day. One patient of the control group erroneously received a single dose of study albumin instead of albumin as volume therapy. 
Efficacy (Effectiveness) analysis: The primary efficacy variable 90-day survival showed no significant difference between treatment groups. Until day 90,119 (57%) of the albumin treated patients survived as well as 113 (54.1%) of patients of the control group. Generalized linear model analysis with covariates SAPS-II baseline value, baseline albumin value, baseline lactate value and type of admission (medical/elective surgical/emergency surgical) revealed a significant influence of baseline SAPS II score (p<0.0001) and baseline serum albumin level (p=0.0002), but no difference due to albumin treatment (p=0.675). Planned random variable site was excluded from the model due to zero effect. 
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Figure 2: Survival, Kaplan-Meier Curve

The 28-day and 60-day survival showed a tendency towards a benefit of albumin administration compared to standard treatment without albumin. In the albumin group, 147 (69%) of patients survived until day 28, and 129 (61%) until day 60. In the control group, 130 (62%) of patients survived until day 28 (explorative model analysis analogous to primary efficacy p=0.114) and 115 (55%) until day 60 (explorative model analysis analogous to primary efficacy p=0.187). Survival rates in the ICU were 142 (68%) in the albumin group and 133 (65%) in the control group, whereas in-hospital survival was 121 (57%) in the albumin group and 111 (55%) in the control group, respectively.  
[bookmark: 34][bookmark: 35]Mean length of stay in the ICU of the 121/111 (albumin / control) patients surviving hospital was 17/20 days (confidence limits 14-20/17-24 days). Mean duration of hospital stay of these patients was 36 / 41 days (confidence limits 32-40 / 35-46 days). There was no significant difference between patients of albumin group and control group in the number of days on ICU without vasopressors or mechanical ventilation (mean four to five days as well for days without ventilation as for days without vasopressors). Fluid balance was similar between groups over the 28 days following randomization. 

Statistical/analytical issues 
Adjustment for covariates: Adjustment was done for SAPS II score, baseline lactate, baseline-albumin-serum value, type of admission (surgical/non-surgical) and treatment group. 
Handling of dropouts or missing data: Missing data have been handled as such. 
Interim analyses and data monitoring: No interim analyses were performed except safety analyses for Data Monitoring Committee (DMC) meetings. No safety concerns have been found by DMC. 
Multicenter effect: Mixed analysis including study center as random effect revealed no center effect at all. Therefore, center was excluded from the model.
Multiple comparisons: No adjustment for multiple comparisons was necessary, since the primary efficacy variable was tested by a single model. Additional testing in the PPS was regarded as sensitivity analysis, not answering a separate research question. Additional tests for secondary efficacy parameters were considered exploratory and supportive for the primary endpoint only, therefore no alpha correction was performed, but detailed p-values are given as well as 95% confidence limits. 
Per-Protocol analysis: In the per-protocol analysis, 428 patients, 220 of the albumin group and 208 of the control group, were included. Results of per-protocol analysis were in line with the main analysis. 90-day survival reached 118 (56%) patients of the albumin and 107 (54%) of the control group. 
Examination of subgroups 
Subgroups by baseline lactate levels: Difference between treatment groups in 28-day survival was more prominent in patients with higher baseline lactate (≤ vs. > 8mmol/l), however, 90-day survival shows no difference between treatment groups according to the baseline lactate level.
Subgroups by baseline albumin levels: Difference between treatment groups in 28-day survival was more prominent in patients with very low (< 20 g/l) and high (≥ 25 g/l) baseline albumin. The difference for in the subgroup with high albumin levels holds also for 90-day survival. 
Subgroups by baseline SOFA, APACHE-II and SAPS-II score: No influence of SOFA score, the APACHE-II or the SAPS-II score on the treatment effect on survival was observed. 
3.2.3	Safety (Tolerability) evaluation 
Extent of exposure: Study medication was administered up to 28 days starting 6-24 hours after start of septic shock starting with 60 g human albumin 20% (200 g/l, infusion solution) over 2-3 h. Subsequent administration of the trial drug was based on the serum albumin concentration measured each day. Control group was assigned to standard of care including volume therapy without human albumin. 
Adverse events (AE) 
Display of adverse events: Excluding sepsis related events, fever was reported in 95 (43%) of the patients of the albumin group and 77 (35%) of the control group. Hypervolemia was reported for 3 (1%) albumin and 2 (1%) control patients, nausea for 2 (1%) and urticaria for 1 (0.5%) of the albumin patients and none of the control patients. None of these AEs was serious. Other AEs were reported in 55 (25%) patients of the albumin group (96 events, 44 thereof serious). In the control group, 51 (23%) of patients had 82 other AEs reported, 42 thereof were serious. 
Sepsis related adverse events were assessed. In the albumin group, 277 episodes of cardiovascular events were reported in 183 (82%) patients, 239 respiratory events in 160 (72%) patients, 124 hepatic events in 95 (43%) patients, 159 renal events in 123 (55%) patients, 159 hematologic events in 117 (53%) patients, 94 neurological events in 69 (31%) patients and 36 cases of low leucocytes/fever in 31 (14%) patients. In the control group, 252 episodes of cardiovascular events were reported in 176 (81%) patients, 227 respiratory events in 159 (73%) patients, 105 hepatic events in 82 (38%) patients, 186 renal events in 138 (63%) patients, 149 hematologic events in 118 (54%) patients, 87 neurologic events in 62 (28%) patients and 37 cases of low leucocytes/fever in 34 (16%) patients occurred.
Analysis of adverse events: Overall, the frequencies of adverse events whether sepsis related or not, were similar between the albumin and the control group. 
Deaths, other serious adverse events, and other significant adverse events: A total of 91 (41%) of patients in the albumin group died during the study; 66 (73%) due to sepsis or septic shock and 25 (27%) due to another reason/adverse event. In the control group, 96 (44%) of patients died, 72 (75%) due to septic shock and 24 (25%) for another reason/ adverse event. 
3.2.4 Clinical laboratory evaluation 
Evaluation of each laboratory parameter: Laboratory values were recorded at baseline as well as over the 28 days following randomization in the ICU, including parameters of organ function as assessed by the SOFA score, serum electrolytes, hemoglobin concentration, creatinine, bilirubin, C-reactive protein, procalcitonin, leucocytes, platelets, lactate, and arterial blood gas analysis. 
Individual patient changes: Albumin levels were similar at baseline between the study groups but increased in the albumin group after initiation of the study treatment. During the 28 days following randomization in the ICU, parameters of organ dysfunction as well as other laboratory parameters were similar between groups.
Vital signs, physical findings and other observations related to safety (tolerability): 
No difference was noted between the study groups at baseline and during the 28 days following randomization in the ICU. 
3.3 Deviations from the original concept
3.3.1	Deviations in study conduct 
Restrictions related to the COVID-19 pandemic had a great impact on the health care sector. Contact restrictions have limited the ability of the study team to further promote to the study. The inclusion rate was maintained at a low level despite of efforts to increase the number of patients to be included in the study and the number of contributing centers. The sustained low inclusion rate over a long period of time may have influenced the quality of the study procedures. Considering the inclusion rates in the last 48 months of the study, the study may have needed up to 3-4 years of additional recruitment to reach the target sample size. This means that up to 5 years may have been needed to conclude the study. This may have not been only associated with additionally high cost but may also have impacted the interpretation of the results due to the possible changes in practice over time. 
After repeated reassessment of the course of the study, we have decided to prematurely terminate the study as for the 2nd of May 2022 due to the sustained low inclusion rates. 
3.3.2	Deviations in statistical analysis
Random variable “site” has zero effect and was therefore removed from the model.

3.4 Data quality assurance 
3.4.1 Prerequisites for participation in the trial 
The ability to determine serum albumin concentrations and provide the results on the same day was a prerequisite for participation of a trial center in the clinical trial. The investigator and his/her deputy had to be qualified in accordance with the requirements for clinical trials according to the AMG and local ethics committees. The investigator had to be an intensive care physician, expert in the treatment of septic shock. He/she had to appoint at least one deputy with comparable qualifications. The investigator had to know and follow the legal and judiciary obligations as well as the principles of the ICH-GCP (12). According to § 40 AMG (13). He/she guided and supervised them and provided them with the information necessary for their work in the conduct of the clinical trial, in particular the protocol and investigator information. The pharmacy of the respective trial center or ICU had to be able to store the trial product correctly in accordance with the trial center qualification and the storage precautions. All eligible centers were screened for their suitability as a trial center by means of a selection visit. The suitability of trial centers was assessed on the basis of the written information in the document "Verification of qualification of the trial site". In addition, individual aspects were checked on site by the monitor. This took place at trial centers selected by the PI in a selection visit. For the remaining trial centers, known from former studies, the review took place during the initiation visit. 
3.4.2	Standardization and validation 
The responsible local laboratories of the trial centers had to have a QM system and appropriate internal and external quality assurance measures. Successful participation in external quality assurance measures had to be demonstrated by the submission of appropriate proficiency test certificates, accreditation certificates or similar documents. The laboratory tests required for the clinical trial had to be GCLP-compliant and follow procedures established in the study manual. For the required determination of the serum albumin concentrations at the respective trial centers, comparable CE-IVD certified methods should be used. The method equivalency of the device had to be substantiated prior to the start of the clinical trial by providing appropriate information on the performance of the methods used locally, reference ranges, intra- and inter-assay variation, and accuracy.
3.4.3	Data handling and data management 
Data collection served a scientific purpose. The data were generated in the participating trial centers and recorded via a web application on the servers of the ZKS of the Jena University Hospital using the study management software "OpenClinica®". The software complies with regulatory requirements (ICH-GCP, 21CFRPart11) (12, 14). The data were recorded using an encrypted data connection (HTTPS) in input masks via a web browser. To ensure pseudonymized data analysis, each patient was assigned a unique Subject ID (Patient Identification Number). For data management, the study management software "OpenClinica®" was used. Verification of the accuracy of the data was performed by range, validity and consistency checks. Implausible or missing data were requested from the trial center. Any change to the data, e.g., due to the incorporation of answered questions, was documented via an automatic change tracking (audit trail) in the database. By using a hierarchical, role-based access concept, unauthorized access to the data was impossible. 
3.4.4	Monitoring 
The PI entrusted ZKS Jena with the monitoring of the trial. The monitoring included selection visits, initiation visits, regular on-site visits as well as concluding visits for the correct closure of the trial centers. Detailed information on the scope, procedure and content of the monitoring, as well as procedures for securing data quality and necessary measures in the event of deviations from the trial protocol were described in detail in the study-specific monitoring plan that was specified in accordance with the sponsor requirements. 
The purpose of the regular monitoring visits was primarily to ensure the protection of the rights and safety of the participating subjects. At the end of the trial, a close-out visit was conducted. Investigator responsibilities are set out in the ICH guideline for GCP (12) and in the EU Clinical Trial Directive 2001/20/EC (15) and 2005/28/EC (16). Representatives of the sponsor for the trial (monitors) were allowed to visit all study site locations periodically to assess the data quality and study integrity. Each monitoring site visit was documented by a written monitoring report to the PI/sponsor’s representative. 
3.4.5	Investigators’ meetings 
The first investigators’ meeting took place in the University of Jena on March 1st 2018. The draft of the study protocol was presented by the PI and all the logistics and procedures of the study were discussed with the investigators. The second investigators’ meeting took place in Leipzig on Mai 11st 2019. The investigators were updated on the advances in the study procedures and the updated study protocol was discussed. The third investigators’ meeting was performed online on Mai 27th 2021 to motivate the investigators and discuss the difficulties related to recruitment. 
3.4.6	Audits and inspections 
The sponsor of the study was able to have an independent audit conducted at any time in the participating institutions. On March 12th 2020 an audit was held by the sponsor of the study in the Universitätsklinikum Jena, Klinik für Anästhesiologie und Intensivmedizin (study center of the PI). No minor, critical or major critical deficiencies were found. Inspections as part of the monitoring of ongoing or already completed clinical trials were not carried out by the competent authority for this trial.
3.5 Description of the handling of research data generated in the project and the data infrastructures used  
Description of data: The data generated from the ARISS study may be included in future meta-analysis on the subject. Post hoc analyses may also be done, exploring the possible impact of albumin administration in specific subgroups. This will be decided within the research group SepNet according to the suggestions of the investigators. This may include all the anonymous variables measured and recorded in study. 
Documentation/quality of data: Detailed decription of quality control measures is provided under 3.4
Data storage during the project: Data will be handeled as explained under 3.4.3
Legal obligation: Future analysis plans will be clearly formulated and subjected to the necessary IRB approvals prior to statistical analysis.
Data exchange: Exchange of data may be needed to perform future reasearch projects (e.g. Meta-analyses). Legal and ethical obligations will apply as mentioned above.    
Responsibility and resources: The reaserch committee of SepNet and the study investigators are responsible for planning for proposed future analysis. ZKS Jena are responsible for handling data and executing statistical analysis. Funding will be arranged as needed.    
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