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                                                            Acute graft-versus-host disease (aGvHD) is a serious complication of allogeneic hematopoietic stem cell transplantation (allo-HSCT).1 Although aGvHD of any target organ represents morbidity, lower gastrointestinal (GI) tract involvement is complicated by high mortality.2 Here, refractoriness to anti-GvHD therapies (e.g., nonresponse to corticosteroids after 5–7 days) is associated with one-year survival rates of less than 30%.43 So far, there has been no satisfactory improvement in patient survival with refractory GvHD.53
Loss of intestinal bacterial diversity in GvHD, both in murine models as well as in patients after allo-HSCT, was reported by Jenq and colleagues.6 Additionally, a relative shift toward Enterococci was recently observed in GI-aGvHD after allo-HSCT, with the degree of this Enterococci-dominant dysbiosis correlating to the severity of GI-aGvHD.7 Recent data suggest that alterations of microbial metabolites have direct salutary effects on GvHD target tissues.87 However, a causal relationship between microbial alterations and GvHD development or progression is still unproven.
Fecal microbiota transplantation (FMT) aims at restoration of a physiological microbiota by transferring normal fecal microorganisms to a patient’s GI tract.9 FMT is highly effective in Clostridium difficile infection (CDI), which is mainly mediated by the loss of the microbial colonization resistance to toxin-producing Clostridium difficile strains.10 The few reports on its successful use in immunocompromised patients with CDI after allo-HSCT or solid organ transplantation as well as inflammatory bowel disease have described no relevant infectious complications.1211
In view of the poor prognosis of patients with refractory GI-aGvHD and the limited therapeutic options, FMT might be a beneficial treatment modality in this challenging clinical situation.
We report three consecutive patients with severe cases of refractory GI-aGvHD following allo-HSCT that were associated with a highly dysbiotic stool microbiota. Repeated FMTs were associated with sustained improvement of GI-aGvHD.
The FMT procedures were performed on a compassionate use basis after individual (a priori) permission of the hospital board of the LKH Universitätsklinikum Graz and after obtaining informed consent. Publication was approved by the local institutional review board.
Donors (different persons for each patient) were healthy adult subjects. For details of donor screening and stool preparation please refer to the Online Supplementary Methods section. Homogenized stool solution (~250 ml) was instilled into the terminal ileum and caecum via the colonoscope. In patients 1+2 donors were maintained for repeated FMTs.
For details on the bacterial sequencing procedures, as well as for statistical analyses, please refer to the Online Supplementary Appendix.
The detailed patient data are compiled in Table 1. All patients received an allo-HSCT at our center for myelodysplastic syndrome or acute myeloid leukemia following a reduced intensity conditioning with fludarabin and melphalan. Onset of lower GI-aGvHD occurred on days +11 to +22 after allo-HSCT, and was confirmed histologically. Macroscopically in all patients, the right-sided colon and the terminal ileum turned out to be the main site of inflammation (Table 1, pictures of patient 1 in Figure 1D). Due to lack of therapeutic response, not only to corticosteroids (methylprednisolone, 2 mg/kg body weight) but also to other immunosuppressive strategies (Table 1, Figures 1A, S1A, S2A), with worsening of diarrhea, persistence or increase of inflammation and ulcerations in re-endoscopies and histological exams, FMT was performed as an experimental therapy.


Table 1.Clinical characteristics of three patients treated by FMT for refractory acute intestinal GvHD.


Figure 1.Characteristics of patient 1. A. Antibiotics (red) and immunosuppressants (green) given to patient 1 before, during and after the introduction of FMTs. ECP, extracorporeal photopheresis. In total, 15 ECP sessions (*) were applied and 13 doses (**) of etanercept 25 mg were given. Methylprednisolone was gradually reduced after FMT 3 (d+58) from 2 mg/kg/d to 1 mg/kg/d at d+111 and maintained beyond discharge. B. Longitudinal illustration of stool volumes [ml/day, black lines, left Y-axis] and richness [observed species, blue lines, right Y-axis] of patient 1 before, during and after six FMTs (grey dashed vertical lines). The horizontal black line represents 500ml of stool volume. Blue crosses represent the bacterial richness (number of observed species) in donor stools at FMT 2 and 4. Stool volumes peaked with 6200 ml at d+47 and substantially decreased to normal values after commencement of FMTs. After FMT 6, diarrhea subsided. C. Fecal microbiota analysis (16S rRNA gene analysis) of patient 1 before, during and after six FMTs (grey dashed vertical lines). Colors represent different taxa on the genus level according to their relative abundance (Taxonomic groups with an abundance less than 2% of the overall abundance are summarized as “Other”). Stool specimens were obtained either before/between FMTs or by aspiration during the colonoscopy before the FMT. Following the first three FMTs, there was no persistent colonization of the introduced stool microbiota (transient colonization after FMT 3). After FMT 4, colonization by donor stool is evident. D. Left panel: Patient 1 before and during FMTs. Endoscopy reveals severe ulcerative ileitis without evidence of any normal ileal mucosa. Histologically severe graft-versus-host disease was confirmed with partial loss of crypts with multiple apoptoses. At the top a completely destroyed crypt (20× magnification). Insert: higher magnification of apoptosis (40×). Right panel: Patient 1 at 37 days after FMT 6. Macroscopically regenerated ileal mucosa with a healed ulcer (center). Histologically mild graft-versus-host disease with a crypt with a single apoptosis on the left (9 o’clock) (20× magnification). Insert: higher magnification of apoptosis (40×).
Microbiota analysis by 16S rRNA gene sequencing before FMTs revealed a severely depleted microbiota in all patients, characterized by reduced microbial richness (i.e., number of observed species; patient 1: Figure 1B, C and patients 2 and 3: Online Supplementary Figures S1B, C and S2B, C). FMTs were performed one to six times between 37 to 110 days after allo-HSCT and after 4 to 6 lines of immunosuppressive treatments.
In patient 1, there was no significant or persistent improvement in bacterial richness by 16S rRNA gene analysis or diarrheal volumes after a single FMT (Figure 1B). Consequently, FMT was repeated at intervals of two to three weeks (cumulatively six FMTs). Antibiotics and budesonide were temporarily stopped prior to the fourth FMT (Figure 1A). Finally, clinical and endoscopic improvement was observed with stool volumes decreasing from initially > 6000 ml to 200–300 ml/day. In parallel, the donor microbiota engrafted in the patient’s colon was associated with a substantial increase in microbial richness (Figure 1B and 1C). Total parenteral nutrition (TPN) was stopped at d+104, and anti-motility agents could be stopped at d+108. Complete remission from GI-aGvHD was reached on d+110. The patient could be discharged on d+119 without clinical signs of acute or chronic GI-GvHD. Immunosuppression with sirolimus was continued, and methylprednisolone was reduced to 0.7 mg/kg at d+168. The patient was re-hospitalized on d+176 due to community-acquired sepsis and died on d+177 despite intensive care measures. The observed duration of GI-GvHD remission in patient 1, therefore, was 9.6 weeks.
In patient 2, broad spectrum antibiotics and all immunosuppressants except methylprednisolone, cyclosporin A and mycophenolate mofetil, were discontinued before the first FMT performed on d+61. Four days after FMT 1, diarrhea disappeared completely but recommenced shortly thereafter, so a second FMT was conducted on d+76. After the first FMT, richness significantly improved to normal values (richness before FMT1: 82.1 ± 3.3; d+76, ahead of FMT2: 487.9 ± 9.8; adjusted P<0.0001; paired t-test) accompanied by complete resolution of symptoms after FMT 2 (Online Supplementary Figure S1). Total parenteral nutrition (TPN) was stopped at d+82, and anti-motility agents could be stopped at d+80. Methylprednisolone was reduced to 0.1mg/kg at d+130. The patient reached a complete remission from GI-aGvHD on d+90 and was free of complaints until her death from cerebral infarction on d+148. Thus, the observed duration of GI-GvHD remission was 8.3 weeks in patient 2.
In patient 3, diarrhea diminished transiently after FMT, and 16S rRNA gene sequencing on the day after FMT revealed a reconstituted microbiome (Online Supplementary Figure S2). However, diarrhea recommenced, accompanied by a decrease in bacterial richness. Patient 3 did not receive anti-motility agents, and TPN was maintained after FMT. Thus, GI-aGvHD remission was not reached.
This, together with a recent series from Kakihana et al.,13 is a proof of concept for the treatment of multi-line refractory GI-aGvHD by FMT. Based on the finding of severe dysbiosis in aGvHD - signified by a loss of bacterial richness - and the potential of FMT to ameliorate dysbiosis, we performed FMT in three patients with grade IV aGvHD involving the lower GI tract after failure of established immunosuppressive therapies.
The likelihood of a steroid response to aGvHD depends on the primary organ involvement and the severity of GvHD manifestations. Severe involvement of the gastrointestinal tract has proven to be particularly difficult to treat, with a fatality rate of 70–100% in steroid-refractory cases.43
All three patients responded clinically to FMT with reduced stool volumes that normalized with repeated interventions. Endoscopic improvement could also be assessed in one patient. This coincided with the restoration of a significantly more diverse microbiome after one to six FMTs. A possible causative relationship of FMT in the reversal of severe intestinal dysbiosis and subsequent resolution of GI-aGvHD can therefore be hypothesized. It is notable that bacterial response to FMTs was transient and microbiome engraftment was only observed after repeated interventions. Sustained clinical improvement was seen despite reduction of concomitant immunosuppressive medications. However, due to the small patient number and the natural course of this high risk population with a tremendously high mortality, it is impossible to judge the medium and long-term effectiveness of this intervention as well as a possible effect on mortality reduction.
In these severely immunocompromised patients following allo-HSCT, concerns about infectious organisms transmitted through this procedure need to be addressed. Importantly, we did not observe any immediate procedure-related infections despite the temporary withdrawal of prophylactic antibiotics to protect the transplanted microbiome. Temporal withdrawal of broad spectrum antibiotics might be a prerequisite of successful FMT since some antibiotics are associated with perturbation of gut microbial composition and increased GvHD-related mortality.14 Several infectious events occurred during the follow-up of the patients (Table 1). On the basis of our data, we cannot firmly exclude that infections with intestinal pathogens were induced by FMT. Due to the long-term immunosuppressive therapy, such infections are common in the natural course of patients with HSCT and (refractory) aGvHD, and we did not note an excess of infections after FMTs. Infections are a major complication in patients undergoing HSCT with a cumulative incidence rate of ~80% at day 180, as recently described in a randomized phase III trial.15 The occurrence of GvHD was significantly associated with even higher rates of bacterial and fungal infections during GvHD therapy.16154 No bacteriemias or systemic infections occurred immediately after FMTs. However, we observed one bacteraemia ten days after FMT, and the death of one patient nine days after FMT with respiratory failure without bacteraemia. Since we would expect infections causally linked to FMT earlier, we do not attribute these events to FMT. Patient 2 died of septicemia, but since this infectious complication occurred 77 days after the last FMT, we do not assume it to be FMT-related. Rather, we believe that early initiation of FMT therapy could possibly spare unnecessary immunosuppression and related subsequent infectious complications.
In conclusion, we show that altering the intestinal microbiota by FMT is an attractive novel treatment approach for patients with refractory GI-aGvHD. Well-designed prospective studies are warranted to confirm these promising results in order to overcome the unmet clinical need of effective therapies for refractory GI-aGvHD and, thus, substantially improve the prognosis of these patients.
References
	Ferrara JL, Levine JE, Reddy P, Holler E. Graft-versus-host disease. Lancet. 2009; 373(9674):1550-1561. PubMedhttps://doi.org/10.1016/S0140-6736(09)60237-3Google Scholar

	MacMillan ML, DeFor TE, Weisdorf DJ. What predicts high risk acute graft-versus-host disease (GVHD) at onset?: identification of those at highest risk by a novel acute GVHD risk score. Br J Haematol. 2012; 157(6):732-741. PubMedhttps://doi.org/10.1111/j.1365-2141.2012.09114.xGoogle Scholar

	Martin PJ, Rizzo JD, Wingard JR. First- and second-line systemic treatment of acute graft-versus-host disease: recommendations of the American Society of Blood and Marrow Transplantation. Biol Blood Marrow Transplant. 2012; 18(8):1150-1163. PubMedhttps://doi.org/10.1016/j.bbmt.2012.04.005Google Scholar

	Castilla-Llorente C, Martin PJ, McDonald GB. Prognostic factors and outcomes of severe gastrointestinal GVHD after allogeneic hematopoietic cell transplantation. Bone Marrow Transplant. 2014; 49(7):966-971. PubMedhttps://doi.org/10.1038/bmt.2014.69Google Scholar

	Wolff D, Ayuk F, Elmaagacli A. Current practice in diagnosis and treatment of acute graft-versus-host disease: results from a survey among German-Austrian-Swiss hematopoietic stem cell transplant centers. Biol Blood Marrow Transplant. 2013; 19(5):767-776. PubMedhttps://doi.org/10.1016/j.bbmt.2013.01.018Google Scholar

	Jenq RR, Ubeda C, Taur Y. Regulation of intestinal inflammation by microbiota following allogeneic bone marrow transplantation. J Exp Med. 2012; 209(5):903-911. PubMedhttps://doi.org/10.1084/jem.20112408Google Scholar

	Holler E, Butzhammer P, Schmid K. Metagenomic analysis of the stool microbiome in patients receiving allogeneic stem cell transplantation: loss of diversity is associated with use of systemic antibiotics and more pronounced in gastrointestinal graft-versus-host disease. Biol Blood Marrow Transplant. 2014; 20(5):640-645. PubMedhttps://doi.org/10.1016/j.bbmt.2014.01.030Google Scholar

	Mathewson ND, Jenq R, Mathew AV. Gut microbiome-derived metabolites modulate intestinal epithelial cell damage and mitigate graft-versus-host disease. Nat Immunol. 2016; 17(5):505-513. PubMedhttps://doi.org/10.1038/ni.3400Google Scholar

	van Nood E, Vrieze A, Nieuwdorp M. Duodenal infusion of donor feces for recurrent Clostridium difficile. N Engl J Med. 2013; 368(5):407-415. PubMedhttps://doi.org/10.1056/NEJMoa1205037Google Scholar

	Song Y, Garg S, Girotra M. Microbiota dynamics in patients treated with fecal microbiota transplantation for recurrent Clostridium difficile infection. PLoS One. 2013; 8(11):e81330. PubMedhttps://doi.org/10.1371/journal.pone.0081330Google Scholar

	Webb BJ, Brunner A, Ford CD. Fecal microbiota transplantation for recurrent Clostridium difficile infection in hematopoietic stem cell transplant recipients. Transpl Infect Dis. 2016; 18(4):628-633. Google Scholar

	Kelly CR, Ihunnah C, Fischer M. Fecal microbiota transplant for treatment of Clostridium difficile infection in immunocompromised patients. Am J Gastroenterol. 2014; 109(7):1065-1071. PubMedhttps://doi.org/10.1038/ajg.2014.133Google Scholar

	Kakihana K, Fujioka Y, Suda W. Fecal microbiota transplantation for patients with steroid-resistant/dependent acute graft-versus-host disease of the gut. Blood. 2016. Google Scholar

	Shono Y, Docampo MD, Peled JU. Increased GVHD-related mortality with broad-spectrum antibiotic use after allogeneic hematopoietic stem cell transplantation in human patients and mice. Sci Transl Med. 2016; 8(339):339ra371. Google Scholar

	Young JA, Logan BR, Wu J. Infections after Transplantation of Bone Marrow or Peripheral Blood Stem Cells from Unrelated Donors. Biol Blood Marrow Transplant. 2016; 22(2):359-370. PubMedhttps://doi.org/10.1016/j.bbmt.2015.09.013Google Scholar

	Ramaprasad C, Pursell KJ. Infectious complications of stem cell transplantation. Cancer Treat Res. 2014; 161:351-370. Google Scholar




                                                        

                                                    

                                                    
                                                        


                                                                                                                                                                        


                                                                                                                                                                                    
                                                                Data Supplements
                                                                    
	    


            

    
        2016.154351.SPINDELBOEK_SUPPL.pdf


	    


            

    
        2016_154351-Disclosures_and_Contributions.pdf




                                                            

                                                                                                                    

                                                                                                                
                                                            Figures & Tables
                                                        



                                                    

                                                    
                                                        
                                                            Article Information

                                                              



                                                                                                                        
                                                                
                                                                                                                                        
                                                                                                                                                    Vol. 102 No. 5 (2017): May, 2017 : Online Only Articles
                                                                                                                                                

                                                                





                                                                
                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                                                                                                                                                                
                                                                                                                                         
                                                                        DOI
                                                                    

                                                                    
                                                                    
                                                                        
                                                                                                                                                                                                                                    https://doi.org/10.3324/haematol.2016.154351
                                                                        


                                                                                                                                            

                                                                                                                                    

                                                            

                                                            
                                                                                                                        
                                                            

                                                                                                                        
                                                                
                                                                    Pubmed
                                                                

                                                                
                                                                    
                                                                        28154090
                                                                    
                                                                

                                                            

                                                                                                                                                                                    
                                                                
                                                                    Pubmed Central
                                                                

                                                                
                                                                    
                                                                        PMC5477627
                                                                    
                                                                

                                                            

                                                                                                                        
                                                                
                                                                     
                                                                

                                                            

                                                                                                                        
                                                                
                                                                    Published
                                                                

                                                                
                                                                    2017-05-01
                                                                

                                                            

                                                                                                                        
                                                            
                                                                
                                                                    
                                                                        Published By
                                                                    


                                                                    
                                                                        Ferrata Storti Foundation, Pavia, Italy
                                                                    

                                                                


                                                                
                                                                    
                                                                        Print ISSN
                                                                    

                                                                    
                                                                        0390-6078
                                                                    

                                                                

                                                                
                                                                    
                                                                        Online ISSN
                                                                    

                                                                    
                                                                        1592-8721
                                                                    

                                                                

                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                            

                                                        




                                                                                                                
                                                                                                                                                                                    



                                                                                                                        
                                                                Article Usage

                                                            

                                                            


    
        Online Views

        1339

    

    
        PDF Downloads

        334

    





    
    



            

        Statistics from Altmetric.com



        
            
                No Data
            

        





    

    





                                                            

                                                        

                                                    


                                                

                                                                                                
                                                    
                                                        
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                                    

                                                

                                            

                                        

                                                                                



                                            
                                                
                                                                                    
                    
                    
                        
                    

                
                                                


                                                
                                                                                    
                    
                        
                        
                            
                        

                    

                
                                                


                                                
                                                    
                                                                                                            
                                                
                                                
                                                                                                        
                                                




                                            


                                        

                                                                        

                            

                            
    
        
            
                How to Cite

                
                    ×
                
            

            
    
        
                        
            
                
                    
  1. 
Walter Spindelboeck, Eduard Schulz, Barbara Uhl, Karl Kashofer, Ariane Aigelsreiter, Wilma Zinke-Cerwenka, Adnan Mulabecirovic, Patrizia K. Kump, Bettina Halwachs, Gregor Gorkiewicz, Heinz Sill, Hildegard Greinix, Christoph Högenauer, Peter Neumeister. Repeated fecal microbiota transplantations attenuate diarrhea and lead to sustained changes in the fecal microbiota in acute, refractory gastrointestinal graft-versus-host-disease. Haematologica 2017;102(5):e210-e213; https://doi.org/10.3324/haematol.2016.154351.





                

                

                
                
  Copy Citation
  
  

                
                

                
                Choose Citation Format
                


                                        
                        	
                                
                                    Chicago
                                
                            
	
                                
                                    Harvard
                                
                            
	
                                
                                    Vancouver
                                
                            
	
                                
                                    Haematologica
                                
                            


                                                
                            Download Citation

                        

                        	
                                
                                    
                                    Endnote/Zotero/Mendeley (RIS)
                                
                            
	
                                
                                    
                                    BibTeX
                                
                            


                                            

                

            

        

    

    
            

        

    


                            
    
        
            
                Share Article

                
                    ×
                
            

            
                
                

                    
                        
                        
                            
                                Copy URL
                            
                        
                    

                

                
                
         

           
                

            

        

    



                                                                    
    
        
            
                Request Permissions

                
                    ×
                
            

            
                
                
                    To create an adaptation, translation, or derivative of the original work, for commercial e-prints
                        further permission is required. For information contact: Copyright Clearance Center

                            
                    To create an adaptation, translation, or derivative of the
                            original work, for commercial printed articles further permission is required. For
                            information contact: marketing@haematologica.org

                            
                                                                        
                    Other types of copyright management, can be agreed with the Editorial office.



                

            

        

    


            
                        
    


 







  










    
        
            

            				
                                                                    
                                
					
Navigate

	Home
	Current issue
	Early view
	Archive
	About Haematologica
	Editorial Team
	Our policies





For Authors

	Author Guidelines
	Submit Manuscript
	Track Manuscript


For Reviewers

	Reviewer Guidelines
	Access Your Profile
	Access Your Tasks





For Advertisers

	Informations For Advertising


Education

	Review Articles
	Guidelines Articles


Privacy

	Cookie Policy
	Newsletter Privacy Policy
	Privacy Policy





More

	Rights & Permissions


	Web design
	Development



                                
                                    
                                
                                
                                
                                
                                
                                    
                                
                                


Copyright © 2023 by the Ferrata Storti Foundation | Web design ￫ | Development ￫


ISSN 0390-6078 print | ISSN 1592-8721 online
 





				

			                        

        

    

   
















 

