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10 Years Graft Survival after Kidney Transplant 
Living Vs. Deceased donor  



Tolerance 
A state of fully functional graft in the absence 

of immunosuppressive treatment. 
 

Allograft Survival without the need for drug-
based immunosuppression in the absence 

of  a deleterious allogeneic immune 
response  

Auchincloss H Jr. Am J Transplant 2001;1:6–12. 



Why is the pursuit of tolerance so compelling? 

• Better control of the immune system:  potential for 
“one organ transplant for life”… 

 
• Financial Costs 

 
• Compliance … pediatric patients 

 
• Better long term patient survival if IS can be 

discontinued 
 

 



Basic mechanisms of tolerance 

Adapted from Levitsky J. Liver Transpl. 2011;17(3):222-32. 
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In 1953 published on actively acquired tolerance to 
foreign cells in Nature:   
 
Used neonatal injections of donor hematopoietic and 
lymphoid cells.  
 
The injected mice developed sustained chimerism, 
defined as persistence of donor hematopoietic cells in 
the recipient  
 
Adult mice failed to reject skin grafts from the donor 
strain while rejecting third-party skin grafts . Loss of 
chimerism resulted in the loss of immune tolerance.  
 

Billingham, Brent and Medawar 



Relevant questions regarding chimerism 
and tolerance 
Is establishment of durable chimerism sufficient to achieve 

clinical transplantation tolerance?  
 
Is establishment of durable chimerism necessary to achieve 

clinical transplantation tolerance? 
 
Does the end justify the means? 
 
Can we identify biomarkers in chimeric, tolerant subjects that 

would predict operational tolerance in others? 
 
 



Early Strategies To Achieve Clinical 
Transplantation Tolerance Based Upon The Use Of 

Donor-Derived Cells 

Donor specific blood transfusions: Developed in the 1970s; 
often led to better renal allograft acceptance in well matched 
D/R pairs but sensitization in often in others…. Recent data 
suggesting dynamic immune regulation (Tregs) plays a role 
(Claas et al) 

 

Donor derived bone marrow/HSC:  Monaco et al (1976), Barber 
(1991) show reduced rates of acute rejection and improved 
early allograft survival; Ciancio et al (2001) – reduced chronic 
rejection with bone marrow infusion in cadaver kidney recipients 
– direct immunoregulatory effects of bone marrow ( Miller J & 
Mathew J et al, multiple refs) 

 



Operational Tolerance in Solid Organ 
Transplant Recipients 

Deliberate IS withdrawal versus “Russian Roulette” (patient 
noncompliance) 
 
 
Trials of IS withdrawal somewhat successful in liver 
transplant recipients – tolerogenic effect of the liver 
allograft?  Has not  
been translatable to other solid organs 
 
Operational tolerance as a dynamic process based upon 
immune regulation versus elimination of alloreactivity  
(clonal deletion).  
 
 
 



Identifying Transplant Recipients with Operational Tolerance  

Functional assays: donor specific hyporesponsiveness – MLR, Elispot 
Signatures of tolerance: proteomics, genomics, immunophenotypic 
analyses 
Retrospective data in very few subjects – no prospective validation 
Little confirmation with histology in the allograft 
Stability of signature over time? 
Prospective trials currently being planned (Immune Tolerance Network, 
CTOT) 



Third International Workshop For Clinical 
Tolerance 

 
September 8th-9th , 2017 

Stanford University 



Current Interventional trials for tolerance induction 
Center HLA Protocols n 

MGH Match Full or mixed chimerism(for 
myeloma kidney) 

10 

Mismatch Mixed (transient) chimerism  12 

Stanford Match Mixed chimerism  29 

Mismatch Mixed chimerism  
 

23 

Northwestern Match 
 

Alemtuzumab and donor HSC infusion
  

20 

Mismatch 
 
 
Mismatch 

Durable chimerism  
 
 
Regulatory T cells (TRACT) 

42 enrolled  
37 transplanted 

 
9 

Johns Hopkins  
 

Mismatch 
 

Full chimerism  
 

1 

Sam Sang University 
(South Korea) 
 

Mismatch 
 

Mixed chimerism  
 

9 

Hokkaido University 
(Liver)  

Mismatch Regulatory T cells 10 



Major Hurdles in Applying 
mismatched HSC to Solid Organ 
Transplant  

   Conditioning 
   GVHD 
   Engraftment 
   Donor/Recipient HLA Disparity 

 
 
 



MGH 

Cyclophosphamide 

*rituximab added in subjects 4-10 Day 
-7, -2 

Kawai et al. N Engl J Med. 2008;358(4):353-61. 
Kawai et al. N Engl J Med. 2013; 368(19):1850-2. 
Kawai et al. Am J Transplant. 2014 ;14:1599-611. 
 

Cyp 50mg/kg 



MGH  

 10 haplotype matched kidney/HSCT subjects 
 

 9 of 10 exhibited “ENGRAFTMENT 
SYNDROME” at week 2 
• Capillary leak syndrome 
• Elevated creatinine (mean 7.6 ± 4.4 mg/dl) 
• Fluid retention 
• Acute tubular injury 
 Interstitial edema 
 Hemorrhage 

Farris et al, Am J Transplant 2011; 11(7): 1464-
1477 

 



MGH 
(HLA mismatched) 

Results 
10/10 Transient mixed chimerism (< 21 days) 

 
7/10 Taken off IS  

 
4/7 
 

Remain off IS for 5-12 years 

5/10 C4d+ staining on biopsies  
3/7 
 

Back on IS at 5, 7 and 8 years due to chronic 
rejection or recurrent disease 

 



Stanford 

HLA matched 

Haplo-ID 



Stanford HLA-Matched Protocol  
Current Status 

29 transplanted 
24 mixed chimeras withdrawn from immunosuppression 

› 23 without subsequent rejection (up to 9 years) 
› 1 developed acute rejection at 4 years off drug 
› 8 of the 23 have not lost mixed chimerism 
› 15 of the 23 lost mixed chimerism after year 1 

5 did not achieve mixed chimerism 
 Maintained on immunosuppression 
 
1 recent graft loss to recurrent disease (SLE) 
1 failing graft due to what is probably recurrent membranous 
 
Medeor Therapeutics advancing approach into Phase 3 trial …. 



Stanford HLA Mismatched Tolerance 
Induction: Summary 

  
HLA Haplotype-Matched Protocol (N=23) 
 
 No immune graft loss 
 Increase proportion of pts with sustained mixed chimerism 

at 1 year with T cell dose escalation 
 Minimization of immunosuppression to low dose 

tacrolimus monotherapy is possible  
 Immunosuppression-independent chimerism with 

complete withdrawal of immunosuppression not yet 
achieved  



 
• Simultaneous kidney/HSC in HLA mismatched related and 

unrelated recipients (FCRx) 
 

• Sequential kidney/HSC in HLA-matched related recipients 
 
 

• Adoptive therapy with Treg adoptive cell transfer (TRACT)  
in living donor kidney transplant recipients (Phase 1)  

Clinical tolerance trials 
 Northwestern Transplant Center 



Hypothesis: 

Use of a bioengineered donor derived HSCT (FCRx) with 
low intensity conditioning will allow for the establishment 

of durable donor macrochimerism and donor specific 
tolerance, with a minimal risk of GVHD 



www.ScienceTranslationalMedicine.org 7 March 2012 Vol 4 Issue 124 124ra28 



The Facilitating Cell 
• CD8+ 

• αβ/γδ TCR- 

• Distinct from Stem Cell (HSC) 

• Promotes engraftment 

• Prevent GVHD 

• Human FC Characterization: AJT 2016 

• Immunomagnetic selection/enrichment 
for FC/HSC:FCRx 

•  FDA approval: IDE#13947 

 

 

 



Simultaneous FCRx + Kidney Transplant 
 NCT00497926 

 
 Donor stem cell graft manipulated to enrich for facilitating cells 

(FC), which promote engraftment and reduce risk of GVHD 
 

 Collaboration with Regenerex LLC/University of Louisville 
launched in 2006, Phase 2 trial ongoing since 2009 
 

 
 37 subjects transplanted (36 NMH, 1 Duke) 

 



 
FCRx/FCR001 

Donor apheresis: 
Kidney donor 

mobilized, cells 
collected* 

Patient undergoes 
conditioning 

regimen 

Kidney 
transplant 

FCR001 
infusion 

Chimerism; 
Immunosuppression 

weaning and 
discontinuation 

Immunosuppression 
free 

Proprietary cell processing 

           -8 wks                     -4 days                         Day 0                          Day +1                       +6 to 9 mo                        +12 mo   

shipped  
fresh 

shipped  
cryopreserved  

 

• FCR001 is an allogeneic somatic cell therapy product derived from mobilized peripheral 
blood cells collected from the donor by apheresis.  The product contains a minimum of 
hematopoietic progenitor cells (CD34+), Facilitating Cells (CD8+/αβTCR-), and a specified 
number of αβ T cells.   

* Recipients undergo autologous mobilized apheresis and cryopreservation for potential 
autologous rescue 
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6  
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Living Donor Renal 
Transplant                                                                       

   Trough Levels Trough Levels 
Tacrolimus                              8-12 ng/ml   0-3 ng/ml 
 
  

Kidney + FCRx Trial Algorithm 

MMF 

Cy (50 
mg/kg)                                                                      

FCRx 
Infusion 

                                                                       

200 cGy 
TBI                                                                       

Fludarabine 
(30 mg/m2)                                                                       

Fludarabine  
(30 mg/m2) 

Cy (50 mg/kg)                                                                       

Fludarabine  
(30 mg/m2) 

                                                                       

• Durable whole-blood  
   macrochimerism 
• T cell chimerism 
• Stable renal function 
• No anti-donor Ab  
• Normal protocol Bx 

Leventhal et al. Clin Pharmacol Ther. 2013;93(1):36-45 . 

Bx Bx 



Patient characteristics (n=37) 

• Male/Female  30/7 
 

• Age (Mean yrs)  39.2 (range 18-64) 
 

• LURD   17 
• LRD   20 

 
• Re –Tx   2 

 
• ESRD cause 

PKD – 9; IgAN – 7; Reflux – 4; DM – 3; HTN -3;  
Membranous – 2; Chronic GN-3; Alports-2; FSGS – 2; 
Unknown - 2 



 
• Durable chimerism established in 27 of 37 subjects; the majority (24/27) developed “full” 

(>98%) whole blood / T cell chimerism. 
 

• 26/37 subjects fully weaned off of immunosuppression (5 - 93 months drug-free) 
 

• Subjects with transient chimerism can be successfully weaned to monotherapy 
 

• First successful demonstration of durable chimerism and tolerance in mismatched 
kidney transplant recipients 
 

• Chimeric subjects regain immune competence and undergo robust immune reconstitution 
(Transplantation 2015); no evidence of immune defect … 
 

• Biomarkers in urine and biopsy identified in tolerant subjects ( ATC 2017, JASN 2018) 
 

• Significantly better renal function and reduced rates of HTN/HLD at 3 and 5 yrs post-Tx in 
tol subjects as compared to SOC matched subjects (ATC 2018, submitted) 
 

• 2 graft losses related to post-transplant infections 
 

• 2 cases of GVHD 
 

• 2 deaths (steroid resistant GVHD/CMV (mo 11), lung cancer (yr 4.5) 
 
 

 

FCRx trial to induce donor chimerism and tolerance:  



Leventhal et al. Transplantation 2015 



Features of Immune Reconstitution/Immune Competence in 

Chimeric Subjects 
• Lineage reconstitution of memory T cell subpopulations, B cells, NK cells, 

and monocytes occurs within a year; naïve T cells up to 24 months, 
consistent with other published reports on allo-HSCT 
 

• TCR repertoire diversity is comparable to pre transplant donors/recipients, 
not different than transiently chimeric subjects undergoing autologous 
reconstitution (97% is new and unique from pre-transplant donor/recipient) 
 

• Persistence of pre-transplant immunity to childhood vaccines despite full 
donor chimerism; chimeric subjects can be safely and successfully 
vaccinated without loss of engraftment/tolerance  
 

• No late serious opportunistic infections  in chimeric subjects off of IS 
 

• Majority of AE/SAE occurred while subjects still on IS  



OK…But what about Graft Versus Host 
Disease? …. 



GvHD Experience in FCRx Trial 
  
• 2 cases of biopsy proven GVHD (Day 95 and Day 134 post-Tx) 
• Both occurred in highly HLA mm LURDTx from multiparous female donors (4/6, 

5/6) 
 

• First case associated with CNI conversion for nephrotoxicity – steroid 
responsive Grade 2 skin/GI GVHD. Associated GI CMV infection. Full 
resolution of acute skin/GI GVHD but development of grade 1-2 
ocular/musculoskeletal GVHD… Pt remains off CNI and MMF. 
 

• Second case of Grade 3 GI CMV/GVHD colitis, diagnosed late related to 
delayed reporting of symptoms with presentation to local non-transplant center 
hospital 

• Treatment resistant, failed steroids and multiple 2nd/3rd line agents; associated 
GI CMV. 

• At  ~11 mo post-transplant, condition deteriorated with pulmonary process of 
undetermined etiology, ultimately developing septic shock which progressed to 
multi-organ failure and death 
 

 



Patient Safety 
• Low intensity conditioning well tolerated: integration of HD eliminates 

potential ESRD-related drug toxicities 

• Post-transplant nadir period is brief ( < 2 weeks) and easily managed on 
an outpatient basis ; limited need for blood product support 

•  Clinical interface with subjects is more robust than for SOC KTx 

• Chimerism has been stable following IS withdrawal; no DSA, no allograft 
rejection.  Peripheral blood chimerism represents a good 
noninvasive biomarker of tolerance 

 



Optimization of FCRx Protocol:  2009-2017 
• FCRx graft engineering  

 
• Strict Adherence to Conditioning Regimen 

 
• Exclusion of Highly Sensitized Subjects 

 
• Enhanced Subject Follow-up 

 
• Exclusion of Female > Male Gender MM in unrelated D/R pairs 

 
• Weekly contact with subjects to ensure prompt reporting of any/all 

symptoms 
 

• Overall Patient Survival: 94.6% 
 

• Overall Death Censored Graft Survival : 94.3% 
 
 
 
 
 
 
 



Tolerance is associated with improved renal function 









Barriers to Entry: 

Paradigm shift in patient management: “its simply too 
complicated to be practical in thousands of SOT 
recipients…” 





Transplant Surgery 
Transplant 
Nephrology/Hepatology/Cardiolog
y 
Infectious Disease 
Hematology/Stem Cell Transplant 
Radiation Oncology 
Nurse Coordinators/Mid Level 
Practitioners 
 
 
 
 
 
 
 
 
 
 

Transplant Surgery 
Hematology/Stem Cell Transplant 

Transplant Nephrology/Hepatology/Cardiology 
Infectious Disease 

Radiation Oncology 
Blood Center/Leukopheresis 

Nurse Coordinators/Mid Level Practitioners 
Immune Monitoring Laboratory 

Multi-Disciplinary Approach to Combined 
SOT/HSCT 



Regulatory T cells 



• Derived from the thymus and/or peripheral tissues have 
been demonstrated to broadly control T cell reactivity. 
 

• Control immune responsiveness to allo and auto antigens 
 

• Contribute to operational tolerance in transplantation models 
 

• Role in controlling inflammatory conditions  

Regulatory CD4+CD25+FoxP3+ T cells  

Wood KJ and Sakaguchi S. Nat Rev Immunol. 2003 Mar;3(3):199-210. 



• Development of new therapies to minimize or eliminate the need for anti-
rejection drugs and their associated morbidity is of great interest to the 
transplant community 
 

• Research over the past two decades has highlighted the ability of 
specialized cells called regulatory T cells (Tregs) to control immune 
responses.  
 

• Human Tregs can be isolated and expanded to large numbers while 
maintaining purity and potency 
 

• Thus, the potential of therapeutic cell transfer using Tregs as an 
alternative, non-pharmacological mechanism to reduce or eliminate graft 
rejection is ready to be translated from the bench to the bedside 
 
 
 
 
 

Tregs for Adoptive Cell Transfer 
(TRACT) 

 



Potential ways of manipulating 
regulatory T cells in transplantation 

Wood KJ and Sakaguchi S. Nat Rev Immunol. 2003 Mar;3(3):199-210. 
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The ONE Study Consortium 
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• CHU, Nantes, FRA 
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• UCSF, San Francisco, CA, USA 
• MGH, Boston, MA, USA 







Expansion and Profile of expanded Treg products 
(A) GMP 

expansion 
protocol.  GM = 
growth medium 

(B) Cell Numbers 
in Treg 
products; bar = 
median (n=9).  

(C) Phenotyping 
Scheme for 
CD4+CD25+FOX
P3+ cells.  

(D) Mean (±SD) 
expression of 
Treg (CD4, 
CD25 & FOXP3) 
and non-Treg 
(CD8, CD20 & 
CD127) 
markers (n=9).  





Treg Percentage Change in Peripheral Blood of Phase 1 
Expanded Treg Trial Patients 



Summary 
• All expanded cell products met release criteria 

• There were no infusion related serious adverse events 
with up to 5 billion cells per patient 

• Analysis of subjects shows a sustained increase in 
circulating Tregs following Treg infusion 

• First in Human use of Tregs in de novo living donor 
kidney transplant recipients 

• Have received FDA approval to conduct a Phase 2 trial 

• Pursuing grant funding and commercialization path 
(TRACT Therapeutics Inc) to advance technology 





Conclusions 
• Long-term renal allograft survival is still an ongoing problem. 
 

• Induction of immunological tolerance is a promising approach  
  to avoid long-term immunosuppressive medication use. 
 

• Where pharmacologic approaches to tolerance induction have  
  been unsuccessful, cell based therapies show promise     
  
• Long term follow-up is required to better assess the risk/benefit   
  ratio of  different cell therapy strategies. 



Barriers to Entry 2 

“I need to have a 5 star transplant program… its too 
risky to enroll my patients …” 

 
Continued advancement in our field demands “safe 

zones” for clinical innovation involving high 
risk/high reward interventional approaches 



Conclusions 
•  Single center success needs multicenter validation:   
   Phase 3 trial 
 

•  Need to develop approaches applicable to deceased  
   donor transplantation 

 
• Biomarkers for tolerance can provide opportunities  
    in selecting and monitoring tolerance recipients. 



DELAYED TOLERANCE FOR DECEASED DONOR 
TRANSPLANTATION 

Deceased Donor Organ and Vertebral Body (VB) 
Procurement 

VBM processing and 
cryopreservation for FCRx 
? Expansion of HSC & FC… 

SOT and Recovery 

Elective Conditioning + FCRx Infusion 
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