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Intestinal microbiomes and their mammalian hosts have co-evolved, resulting in mutualistic 

interactions that affect health and disease. A role for the gut microbiota in the development of graft-

versus-host disease (GVHD) after Allogeneic Hematopoietic Cell Transplantation (allo-HCT) was first 

described in the 1970s by van Bekkum, who demonstrated that mice kept under germ-free (GF) 

conditions exhibited less mortality from acute GVHD than conventionally housed animals. In recent 

years several studies have demonstrated that the intestinal microbiome can modulate cancer 

immunotherapy, especially check point inhibition. We began our investigation into the role of the 

intestinal microbiome in alloin 2009 using next-generation sequencing. We have demonstrated a 

relationship between microbiota composition and clinical outcomes, including acute GVHD, chronic 

GVHD, infection, engraftment, relapse, and immune reconstitution. We will briefly highlight some of 

the main findings of a few of these studies. 

In a study of 8,767 fecal samples obtained from 1,362 patients from four centers we found that 

patterns of microbiota disruption, characterized by loss of α-diversity during allo-HCT were similar 

across transplantation centers and geographic locations. Higher diversity of intestinal microbiota both 

before transplantation and at the time of neutrophil engraftment was associated with a lower risk of 

death in independent cohorts. After allo-HCT, almost all patients incur a period of microbial 

domination by certain bacteria, most frequently Enterococcus, which is associated with higher risk of 

acute GVHD-related mortality and shortened overall survival (OS). We found similar expansion of 

Enterococcus in GVHD mouse models and demonstrated in gnotobiotic models that Enterococcus 

administration aggravates acute GVHD. We observed a) enterocyte damage resulting in less 

expression of lactase and the anti-microbial protein Reg3/ (which controls Enterococcus) and b) 

dysbiosis characterized by contraction of salutary commensal flora, all contributing to alloreactivity. 

Enterococcus growth is dependent on the disaccharide lactose, and we demonstrated that withholding 

dietary lactose attenuates Enterococcus outgrowth and reduces the severity of GVHD in mice. Finally, 

allo-HCT patients with a lactase-deficiency genotype showed compromised clearance of post-

antibiotic Enterococcus domination.   

We also analyzed 1,161 fecal samples collected from 534 autologous HCT recipients at two 

transplantation centers and found that, similar to allo-HCT, high fecal intestinal diversity in the peri-

engraftment period was associated with longer progression-free and overall survival. 

We expanded our analyses of microbiome to outcomes after therapy with chimeric antigen 

receptor (CAR) T cells. We found in a retrospective cohort of 228 patients from two centers that 

exposure to broad-spectrum antibiotics within the 4 weeks prior to anti-CD19 CAR T cell infusion was 

associated with shorter overall survival and increased risk of neurotoxicity. Importantly, we also 

identified species within the class Clostridia that were associated with day-100 complete response. 

In our recent unpublished studies in mouse and man we have found relationships between diet, 

drugs (also non-antibiotic drugs) and bile acids and the composition of the intestinal microbiome and 

clinically relevant outcomes after allo-HCT. 

In conclusion, the concordance of microbiota disruption patterns and their associations with 

clinical outcomes suggests that approaches to manipulate the intestinal microbiota could improve 

cancer immunotherapy, such as allo-HCT and CART cell therapy.interactions that affect health and 
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from acute GVHD than conventionally housed animals. In recent years several studies have 

demonstrated that the intestinal microbiome can modulate cancer immunotherapy, especially check 



2 

 

point inhibition. We began our investigation into the role of the intestinal microbiome in alloin 2009 

using next-generation sequencing. We have demonstrated a relationship between microbiota 

composition and clinical outcomes, including acute GVHD, chronic GVHD, infection, engraftment, 

relapse, and immune reconstitution. We will briefly highlight some of the main findings of a few of 

these studies. 

In a study of 8,767 fecal samples obtained from 1,362 patients from four centers we found that 

patterns of microbiota disruption, characterized by loss of α-diversity during allo-HCT were similar 

across transplantation centers and geographic locations. Higher diversity of intestinal microbiota both 

before transplantation and at the time of neutrophil engraftment was associated with a lower risk of 

death in independent cohorts. After allo-HCT, almost all patients incur a period of microbial 

domination by certain bacteria, most frequently Enterococcus, which is associated with higher risk of 

acute GVHD-related mortality and shortened overall survival (OS). We found similar expansion of 

Enterococcus in GVHD mouse models and demonstrated in gnotobiotic models that Enterococcus 

administration aggravates acute GVHD. We observed a) enterocyte damage resulting in less 

expression of lactase and the anti-microbial protein Reg3/ (which controls Enterococcus) and b) 

dysbiosis characterized by contraction of salutary commensal flora, all contributing to alloreactivity. 

Enterococcus growth is dependent on the disaccharide lactose, and we demonstrated that withholding 

dietary lactose attenuates Enterococcus outgrowth and reduces the severity of GVHD in mice. Finally, 

allo-HCT patients with a lactase-deficiency genotype showed compromised clearance of post-

antibiotic Enterococcus domination.   

We also analyzed 1,161 fecal samples collected from 534 autologous HCT recipients at two 

transplantation centers and found that, similar to allo-HCT, high fecal intestinal diversity in the peri-

engraftment period was associated with longer progression-free and overall survival. 

We expanded our analyses of microbiome to outcomes after therapy with chimeric antigen 

receptor (CAR) T cells. We found in a retrospective cohort of 228 patients from two centers that 

exposure to broad-spectrum antibiotics within the 4 weeks prior to anti-CD19 CAR T cell infusion was 

associated with shorter overall survival and increased risk of neurotoxicity. Importantly, we also 

identified species within the class Clostridia that were associated with day-100 complete response. 

In our recent unpublished studies in mouse and man we have found relationships between diet, 

drugs (also non-antibiotic drugs) and bile acids and the composition of the intestinal microbiome and 

clinically relevant outcomes after allo-HCT. 

In conclusion, the concordance of microbiota disruption patterns and their associations with clinical 

outcomes suggests that approaches to manipulate the intestinal microbiota could improve cancer 

immunotherapy, such as allo-HCT and CART cell therapy. 


