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            Abstract
Therapies to reduce liver fibrosis and stimulate organ regeneration are urgently needed. We conducted a first-in-human, phase 1 dose-escalation trial of autologous macrophage therapy in nine adults with cirrhosis and a Model for End-Stage Liver Disease (MELD) score of 10â€“16 (ISRCTN 10368050). Groups of three participants received a single peripheral infusion of 107, 108 or up to 109 cells. Leukapheresis and macrophage infusion were well tolerated with no transfusion reactions, dose-limiting toxicities or macrophage activation syndrome. All participants were alive and transplant-free at one year, with only one clinical event recorded, the occurrence of minimal ascites. The primary outcomes of safety and feasibility were met. This study informs and provides a rationale for efficacy studies in cirrhosis and other fibrotic diseases.
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Fig. 2: MELD score over time per cell dose group.[image: ]


Fig. 3: Secondary outcomes.[image: ]
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Extended data

Extended Data Fig. 1 Representative flow cytometry analysis from macrophage manufacturing process.
Samples analysed using a BD FACS Canto II flow cytometer. a) Leukapheresis start material from a patient enrolled in the trial before and after CliniMACS prodigy selection of CD14+ cells. Samples gated on live, singlet, CD45+ cells as described in Fraser et al. Cytotherapy 2017;19:1113-24. Pre-selection, leukapheresis material contains a population of CD14-high mononuclear cells, which is enriched to >95% after CliniMACS Prodigy Selection. b) Enriched macrophages at day 0 and after 7 days of culture in Macrophage-Colony Stimulating Factor (M-CSF). Fewer than 3% of CD14+ cells express the macrophage marker 25F9, which has risen to more than 86% after 7 days culture. Samples gated on live, singlet, CD45+ cells as described in Fraser et al. Cytotherapy 2017;19:1113-24. The product meets the specification of >80% live CD45+ / 25F9+ cells with a delta mean fluorescence change in 25F9 expression of >5x versus the start material as discussed in Fraser et al. Cytotherapy 2017;19:1113-24. (Actual delta 25F9 mean fluorescence is 6.85 in this case).


Extended Data Fig. 2 Dose-limiting toxicity, by dose of cells infused, expressed as change from baseline over time.
DLTâ€‰=â€‰dose-limiting toxicity. a) Fold-change in serum alanine aminotransferase (ALT); DLT defined as >3-fold. b) Fold-change in serum total bilirubin; DLT defined as >3-fold. c) Fold-change in serum creatinine; DLT defined as â‰¥1.5-fold. d) Fold-change in haemoglobin; DLT defined as >âˆ’1.5-fold. One subject in 10^7 cell dose group developed anaemia at 360-day follow-up visit. This was confirmed, after the trial was completed, to be related to florid portal hypertensive gastropathy. e) Fold-change in platelets; DLT defined as >âˆ’2 fold. f) Total white cells count absolute numbers; DLT defined as <2.0â€‰Ã—â€‰109/ÂµL.

                          Source data
                        


Extended Data Fig. 3 Selected safety-related serum cytokine levels, by dose of cell infused, expressed as change from baseline over time.
All cytokine measurements are in pg/mL. a) Changes in IL8 levels from baseline. b) Changes in IL1Î± from baselineâ€”two subjects in dose group 108 cells had undetectable IL1Î± levels. c) Changes in IL6 from baseline. d) Changes in TNFÎ± from baseline. e) Changes in IFNÎ³ from baseline. f) Changes in IL10 changes baseline.

                          Source data
                        


Extended Data Fig. 4 Change in MELD score from baseline over time and in the first month after cell infusion.
a) Individual participant data, classified by cell dose group (nâ€‰=â€‰3 per group), expressed as the delta-MELD from baseline (dotted black line) over time. Time-points indicate the time of macrophage infusion (black line; approximately 14 days from baseline) and study-specific follow-up visits in the trial. Primary and secondary outcomes were measured at day-90 post-infusion. b) Individual participant data by cell dose expressed over initial safety and follow-up visits up to 30 days after infusion of macrophages (indicating MELD changes closer to infusion time-point).

                          Source data
                        


Extended Data Fig. 5 Assessments of liver function, by dose of infused cells, expressed as changes from baseline over time.
a) Changes in United Kingdom End-Stage Liver Disease (UKELD) score from baseline (arbitrary units). b) Changes in serum albumin (g/dL) from baseline.

                          Source data
                        


Extended Data Fig. 6 Transient elastography (FibroscanÂ®) results (kPa), by dose of infused cells, expressed as changes from baseline over time.
One-dimensional transient elastography was performed in fasted subjects using FibroScanÂ® (Echosens, Paris, France) by fully trained and certified operators, using either an M or XL probe to obtain ten valid readings, with a success rate of at least 60% and IQRâ€‰<â€‰30% of the median result. Three results did not meet the manufacturerâ€™s recommended validity criteria and were therefore removed (baseline measure for participant 004 and participant 005 and 90 days measure for participant 008).

                          Source data
                        


Extended Data Fig. 7 Assessment of non-invasive serum liver fibrosis markers (individual Enhanced Liver Fibrosis (ELF) test components), by dose of infused cells, expressed as changes from baseline over time.
a) Changes in serum hyaluronic acid (ng/mL) from baseline. b) Changes in serum procollagen III amino terminal peptide (PIIINP; ng/mL) from baseline. c) Changes in serum tissue inhibitor of metalloproteinase 1 (TIMP-1; ng/mL) from baseline.

                          Source data
                        


Extended Data Fig. 8 Measurement of health-related quality of life scores using the Chronic Liver Disease Questionnaire (CLDQ) instrument, by dose of cells infused, expressed as change from baseline over time.
Measurement of health-related quality of life scores using the Chronic Liver Disease Questionnaire (CLDQ) instrument, by dose of cells infused, expressed as change from baseline over time. CLDQ domains are assessed using seven-point scales, ranging from the worst (1) to the best (7) possible function. a) Changes in â€˜Emotionalâ€™ domain score from baseline. b) Changes in â€˜Worryâ€™ domain score from baseline. Each line in each of the graphs represents data from an individual participant.

                          Source data
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