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What is a stem cell transplant? 



D'Souza A, Zhu X. Current Uses and Outcomes of Hematopoietic Cell Transplantation 
(HCT): CIBMTR Summary Slides, 2016. Available at: http://www.cibmtr.org 

Presenter
Presentation Notes
The estimated annual numbers of transplant recipients in the U.S. were compiled according to the number first transplants were registered with the CIBMTR. Estimates of how closely the numbers reported are representative of actual transplant activity vary according to the type of transplant and number of centers reporting data per year. Prior to 2007, all transplants, except unrelated donor allogeneic transplants facilitated by the NMDP, were reported voluntarily. It was estimated that the CIBMTR captured 90% of all unrelated donor transplants performed in the US, 60-90% of related donor allogeneic transplants and 65 to 75% of autologous transplants. These estimates were extrapolated from other databases that capture transplant center activity, accreditation or hospital discharges. After 2007, the Stem Cell Transplant Outcomes Database (SCTOD) was initiated which changed reporting requirements and data capture to an electronic format. The SCTOD requires that all allogeneic transplants performed in the US be registered with CIBMTR. The numbers of allogeneic transplants from the US in the CIBMTR are representative of the total US transplant activity. Data reporting of autologous transplants remains voluntary and the numbers in the CIBMTR database are estimated to be 80% in 2015. 
The annual number of allogeneic transplants recipients surpasses 8,000 a year in the US since 2013 with 8351 transplants reported in 2015, up from 8230 in 2014.The number of autologous transplants recipients in the US continues to increase at a much faster rate, most prominently since 2010 , mainly from transplants performed for plasma cell and lymphoproliferative disorders extending to older patients.  



https://www.cibmtr.org/


Presenter
Presentation Notes
Slide 8: The most common indications for HCT in the United States in 2011 were multiple myeloma and lymphoma, accounting for 58% of all HCTs. Multiple myeloma continue to be the most common indication for autotransplantation and acute myeloid leukemia for allogeneic transplantation.
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Diversity of Adult Donors on the  
Be The Match Registry® 2014 



Transplants by Unrelated Cell Source 

Presenter
Presentation Notes
Unrelated donor graft source transplants by bone marrow, peripheral blood stem cells (PBSC) and umbilical cord blood.  
NMDP/Be The Match has facilitated more marrow and umbilical cord blood transplants every year, including 6,166 transplants in 2016, and a total of 85,000 transplants since 1987. 



A bit of history …….. 

Courtesy of Hal Broxmeyer, Indiana University 



RITN Radiation Grand Rounds                        Rev. Mar 2016 

Radiation Injury Treatment Network (RITN) 

For the current list of 
RITN centers, please 
see the RITN website at  
www. ritn.net/about 

Presenter
Presentation Notes
Locations of RITN centers across the US.

Over 80% of RITN hospitals are part of the National Disaster Medical System (NDMS)
Over 85% of RITN hospitals are also part of the Hospital Preparedness Program (HPP)
This is important for preparedness efforts:
Hospitals in NDMS and HPP are likely more prepared and integrated into the National response already.
Also, NDMS participation is key for reimbursement of care.  Victims distributed through NDMS to NDMS hospitals are guaranteed reimbursement for care at 110% CMS.
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Expected Magnitude of Terrorist Device 

Little Boy (Hiroshima) ~10-15 KT 
Fat Man (Nagasaki) 22.5 KT 

Castle Bravo 
(1st US test on Bikini Atoll) 

From:  Wikipedia 

Terrorist Device 

Military Weapon 

Presenter
Presentation Notes
Source: http://en.wikipedia.org/wiki/Image:Nukecloud.png 

Pictures shows cloud height after a surface detonation of various sized nuclear devices.

Current planning expects that a detonation will 10 Kilotons or less, which is far less than the Megatons of expected yield from military grade devices during the cold war.

The planning for an IND expects a 1-10KT device, far less than a modern military grade device.

0 = Approximate altitude band for commercial aircraft use�1 = Fat Man 22.5 kilotons  (Nagasaki). Little Boy (Hiroshima) ~10-15 kilotons.
2 = Castle Bravo 15 Hiro (1st US nuclear bomb test on Bikini Atoll)

Source: http://en.wikipedia.org/wiki/Image:Nukecloud.png
-referenced as obtained from federal document and therefore open source
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Illustration from:  Knebel AR, Coleman CN, Cliffer KD; et al. Allocation of scarce resources after  
a nuclear detonation: setting the context. Disaster Med Public Health Prep. 2011;5 (Suppl 1):S20-S31 

Fallout May Cause the Most Radiation Injuries 

Dangerous Fallout Zone 

•The dose in the Dangerous Fallout zone could cause marrow injury 
•Sheltering-in-place is key to reducing dose, as the hazard dissipates 
relatively quickly 

Presenter
Presentation Notes
Illustration of the Dangerous Fallout zone from the ground burst detonation of an IND. The dose in the Dangerous Fallout zone could cause marrow injury. Sheltering-in-place is key to reducing dose, as the hazard dissipates relatively quickly.
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Interpreted from the U.S. National Planning Scenarios found on www.washingtonpost.com 

10 kiloton Improvised Nuclear Device detonation - 
Scenario planning 

Presenter
Presentation Notes
10 Kiloton improvised nuclear device is what the US Government uses for response planning per the National Planning Scenarios: 

http://media.washingtonpost.com/wp-srv/nation/nationalsecurity/earlywarning/NationalPlanningScenariosApril2005.pdf
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Interpreted from the U.S. National Planning Scenarios found on www.washingtonpost.com 

Limited survival due to: 
1) Overpressure (blast) 
2) Thermal damage 
3) Prompt radiation 

0.5 mi 

10 kiloton Improvised Nuclear Device detonation - 
Scenario planning 
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Interpreted from the U.S. National Planning Scenarios found on www.washingtonpost.com 

Limited survival due to: 
1) Overpressure (blast) 
2) Thermal damage 
3) Prompt radiation 

0.5 mi 20+ miles 

Fallout over 24 hours   
1) > 400 REM exposure 
2) 202,000 non-fatal casualties 

(40,000 hospital beds in US) 
3) 180,000 fatalities 

10 kiloton Improvised Nuclear Device detonation - 
Scenario planning 
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Affected population 

Marrow injury 

• Potentially irreversible marrow injury 
• Salvageable 
• Minimal combined injury 

Expedited HLA typing 
and donor search 

• Sustained aplasia 
• Available donor 
• Acceptable pre-transplant condition 

Stem cell transplant 

Supportive care 
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HSCT After a Radiological Incident 

Presenter
Presentation Notes
This slide graphically depicts the anticipated quantity of victims associated with each level of care.

Although there may be thousands of people affected, very few will benefit from transplant.

The large number of victims requiring intensive supportive care may require Altered Standards of Care to meet the demands placed on facilities.  This could include outpatient treatment for victims that otherwise would have received inpatient care, a gymnasium converted to treat victims, non-Hem/Onc staff managed by Hem/Onc specialists or other scenarios.




National Marrow Donor Program, ATTN: Radiation Injury Treatment Network, 500 N. 5th Street, Minneapolis, MN 55401    |    www.RITN.net    |    RITN@nmdp.org    |    (612) 884-8276 
This project is supported by funding from the National Marrow Donor Program and the Department of the Navy, Office of Naval Research Grant #N00014-16-01-2020 to the National Marrow Donor Program. May2016 

Preparing for Irradiated Casualties 
from a Distant Radiological Incident 

The Radiation Injury Treatment Network (RITN) is a 
group of voluntary hospitals focused on preparing 
to respond to a large scale radiological incident that 
results in casualties with acute radiation syndrome, 
that occurs distant to their location. 
 

Casualties will be moved by the National 
Disaster Medical System to definitive 
care facilities including RITN hospitals. 

 
RITN is preparing to… 
• Accept casualties from a distant incident 
• Provide supportive care for casualties with marrow toxic 

injuries  
• Provide treatment expertise to practitioners caring for 

casualties at other locations  
• Collect data on casualties treated at their treatment facility  
• Facilitate marrow transplantation for the small percentage  of 

casualties who require hematopoietic stem cell transplantation 

12,600+ medical 
staff trained 
***Free web-based courses 
available on RITN.net 

16,900+ doses of  
G-CSF in operational 
inventory  
***Fluctuates throughout year, is 
sum of inventory at each RITN 
hospital 

Learn more at RITN.net 
Partners 

Since 2006 

505 exercises 
***All exercise materials 
available on RITN.net 



What are the unmet needs in HCT in 2017? 

Donor/Access 

GVHD 

Relapse 

COD after  
UD HCT 

Infection 



Immune monitoring assays 

CBC Flow cytometry 
Phenotype/Tetramer 

TRECs NGS 

Polyfunctional T cells 

Vaccines 



B cells, DCs, monocytes, NK cells 

Maecker et al, Nature Reviews Immunology 12, 191-200 (March 2012)  



T cell subsets 

Maecker et al, Nature Reviews Immunology 12, 191-200 (March 2012)  



ATG delays immune recovery after stem cell  
transplant 
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Landmark analysis of immune reconstitution at 6 
months on overall and event-free survival 
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Goldberg et al, Leuk Lymph 2017 



Recovery of CD4+ T cells predicts risk of 
opportunistic infections after stem cell transplant 

TN Small et al, Blood, 1999; 93:467-80. 



CMV reactivation leads to enhanced recovery of 
CD8+ and CD8 effector memory T cells after TCD 

CD8 CD8 Effector Memory 

P < .001 P < .001 

Cho et al., BMT Tandem Meetings 2017 



Response to Vaccines in Transplant Recipients 
Decreases with Age  

Pao et al, BBMT, 2008; 14:1022-30. 



Next Generation Sequencing allows detailed 
analysis of CD8+ T cell TCR diversity in HCT patients 

Krell P F I et al. Haematologica 2013;98:1388-1396 

Presenter
Presentation Notes
(A) Upper panels: Representative spectratypes of a rearranged TRBV gene using cDNA from CD8+ lymphocytes. The individual score for these single spectratypes is indicated. The spectratype complexity score CSSPECTRATYPE is generated by summing up all scores for each TRBV gene. Lower panels: patient samples were amplified using two degenerated wobble TRBV primer mixtures and a TRBC primer. After next-generation-sequencing the TCR profiler identifies the CDR3 length, the rearranged TRBJ genes, the nucleotide sequence and analyzes the functionality of the amplified CDR3. The total number of CDR3 sequences analyzed, the length in nucleotides, and the TRBJ gene rearranged with TRBV11–2 are presented. In the vSAA sample a CDR3 comprising TRBV11–2, TRBD2 and TRBJ2–6 was highly amplified indicating clonal expansion. The deduced amino acid sequence is shown. (B) Frequencies of specific TRBV and TRBJ gene pairing in healthy controls, vSAA and hBMT patients are depicted. TRBJ genes are indicated on the left, TRBV genes at the bottom of the panels. Total reads of a given pairing are indicated by color code. BMT, Hepatitis-induced vSAA (HAAA) and idiopathic vSAA (IAA) patients show restricted usage of TRBV and TRBJ genes.



Analysis of TCR repertoire using deep sequencing 
reveals delayed recovery after stem cell transplant 

van Heijst, Nat Med 2103; 19:372-7 



Analysis of TCR repertoire using deep sequencing 
reveals delayed recovery after T Cell Depleted HCT 

van Heijst, Nat Med 2013; 19:372-7 



Analysis of TCR repertoire using deep sequencing 
reveals delayed recovery after T Cell Depleted HCT 

van Heijst, Nat Med 2013; 19:372-7 

CD4 T  cells CD8 T  cells 



There are multiple strategies under investigation 
to enhance immune recovery 



THE HUMAN MICROBIOME 

100 trillion microbes 

100X microbial : 
human genes 

3% human body 
mass 

10X microbes : 
human cells 

largest # microbes – 
GI tract 

Courtesy A. Bhatt, Stanford 



Human 
Microbiota 

Courtesy A. Bhatt, Stanford 
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Microbiome sciences – an emerging field 

Courtesy A. Bhatt, Stanford 



NYT Magazine, June 23 2015 

“The rich array of microbiota in our intestines can tell us more than you might think.” 



• Obesity 
• Atherosclerosis 
• Diabetes 
• Malnutrition 
• Carcinogenesis 
• Arthritis 
• Eczema 
• Allergies 
• Asthma 
• Autism 

Bhatt et al, Blood, 2015 



1971 

1974 

1983 

Bacteria contribute to the pathophysiology of GVHD 



Intestinal bacteria 

Phylum Class Order Genus Gram 
stain 

Type of 
anaerobe 

Firmicutes 

Bacilli 

Bacillales Gemella 
Staphylococcus 

+ Facultative 
Lactobacillales 

Enterococcus 
Lactobacillus 

Streptococcus 

Clostridia Clostridiales 

Blautia 
Clostridium 

Eubacterium 
Faecalibacterium 
Ruminococcus 

+ Obligate 

Erysipelotrichia Erysipelotrichiales Erysipelatoclostridium 
Holdemania + Obligate 

Negativicutes Selenomonadales 

Acidaminococcus 
Megasphaera 

Phascolarctobacterium 
Veillonella 

− Obligate 

Bacteroidetes Bacteroidia Bacteroidales Bacteroides 
Prevotella − Obligate 

Proteobacteria Gamma-
proteobacteria Enterobacteriales Escherichia 

Klebsiella − Facultative 

Actinobacteria Actinobacteria Actinomycetales Actinomyces + Facultative Bifidobacteriales Bifidobacterium 
Verrucomicrobia Verrucomicrobiae Verrucomicrobiales Akkermansia − Obligate 
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A relationship between the microbiota and GVHD has long been suspected but is still not well understood. Mice transplanted in germ-free conditions or receiving gut-decontaminating antibiotics develop less severe GVHD. Clinical studies initially suggested a benefit from near-total bacterial decontamination, but later showed no clear benefit and this approach was discontinued in the early 1990s. Partial gut decontamination continues to be practiced but little is known regarding optimal antibiotics. One study found the addition of metronidazole to ciprofloxacin led to a significant reduction in acute GVHD, suggesting that anaerobic bacteria may contribute to GVHD pathogenesis. More recent studies, however, indicate that this approach may not be ideal. The administration of metronidazole during allogeneic BMT was associated with expansion of vancomycin-resistant Enterococcus within the intestinal tract, which in some patients preceded enterococcal bacteremia. Other studies have found that obligate anaerobes in the intestine, in particular Clostridial species, are important mediators of intestinal homeostasis and prevent inflammation by upregulating intestinal regulatory T cells. In this study we sought to further characterize the relationship between the microbiota and GVHD. 




Microbiota assays 
Assay Utility 

16S quantitative PCR Total bacterial density for all bacteria or of bacterial 
subtypes 

16S deep sequencing Allows reliable taxonomic classification & relative 
quantification to the genus level and sometimes 
species level 

Whole-genome shotgun 
sequencing 

Allows detailed taxonomic classification of known and 
novel organisms to the species and sometimes strain 
level for bacteria, viruses and fungi; allows 
quantification of genes & pathways 

Viral particle isolation and 
sequencing 

An approach to enrich for viral particles to allow 
improved sensitivity of genomic sequencing of virions 

RNA sequencing Allows quantification of gene expression 

Metabolite analysis Allows quantification of microbiota-derived products 



Study design 

Correlate with clinical outcomes: 
• Bacterial bloodstream 

infections 
• Overall survival 
• Graft-versus-host disease 
• Relapse 
• Immune reconstitution 

 

Purify DNA from patient fecal sample 



Correlate with clinical outcomes: 
• Bacterial bloodstream 

infections 
• Overall survival 
• Graft-versus-host disease 
• Relapse 
• Immune reconstitution 

 

Purify DNA from patient fecal sample 

• 3188 stool specimens 
• Collected from 804 patients 
undergoing allogeneic HCT 

• 16S rRNA sequenced (V4-
V5, Illumina Miseq) 

Study design 



Patients treated with antibiotics active against 
anaerobes show reduction of Clostridiales 

AZT; aztreonam 
MET; metronidazole 
VCM; vancomycin 
IMI; imipenem 
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Patients start transplant with a Clostridiales-rich  
flora which then becomes dramatically perturbed 

Taur et al, Clin Infect Dis, 2012 



Adjusted HR: 2.56 
P = 0.042 

Microbiota Diversity is associated with HCT 
Mortality 

Covariates:  age, sex, underlying disease, comorbidity (HCT-CI)*, disease status*, 
conditioning intensity, stem cell source, T-cell depletion, time to engraftment, 
ursodeoxycholic acid, liver/kidney* dysfunction, TPN administration, antibiotic use 
(vancomycin*, fluoroquinolones*, metronidazole, beta-lactams*) 

* included in final model 

Taur Y, Jenq RR, Pamer EG. Blood 2014 
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LEfSe  
Linear discriminant analysis effect size  
Tool developed by the Huttenhower 
group to find biomarker bacteria 
between 2 or more groups based on 
relative abundances. 
 

https://huttenhower.sph.harvard.edu/galaxy/ 



LEfSe (Linear discriminant analysis effect size) 

Presenter
Presentation Notes
A) Format Data for LEfSe: selects the structure of the problem (classes, subclasses, subjects) and formats the tabular abundance data for the B module
B) LDA Effect Size (LEfSe): performs the analysis using the data formatted with module A and provides input for the visualization modules (C, D, E, F)
C) Plot LEfSe Results: graphically reports the discovered biomarkes (output of B) with their effect sizes
D) Plot Cladogram: graphically represents the discovered biomarkers (output of B) in a taxonomic tree specified by the hierarchical feature names (not available for non-hierarchical features)
E) Plot One Feature: plots the row values of a feature (biomarker or not) as an abundance histogram with classes and subclasses structure (only one feature at the time)
F) Plot Differential Features: plots the row values of all features (biomarkers or not) as abundance histograms with classes and subclasses structure and provides a zip archive of the figures



LEfSe analysis of bacterial genera  associated with 
lethal GVHD 

• 64 patients from MSKCC 
• Allo-HCT 9/09 to 10/12 
• Ex vivo or in vivo TCD excluded 
• Analyzed day 12 (+/- 4 days) stool by V1-

V3 (454) 

Jenq et al, BBMT 2015 
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Blautia is associated with improved outcomes 

• Two cohorts combined 
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• What are the effects of antibiotics on 
the intestinal microbiota? 

• What are the effects of antibiotics on 
GVHD? 



  
  
  

Retrospective analysis of 857 allogeneic HCT 
recipients at MSKCC 

Inclusion criteria  
 

Adults, no ex-vivo T cell 
depletion 

Dates of transplant May 1992 to July 2015 
Age (years) 18 to 78, median 50 
Graft source identical BM (17%) 

mismatched BM (2%) 
identical PBSC (53%) 
mismatched PBSC (5%) 
cord blood (23%) 
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Antibiotic Percent of patients GVHD-related mortality 
incidence logrank p value 

vancomycin IV 52.4 0.579 
ciprofloxacin IV 37.6 0.862 

piperacillin-tazobactam IV 35.0 0.007 
cefepime IV 17.7 0.980 

imipenem-cilastatin IV 17.3 0.025 
TMP/SMX oral 15.2 0.522 
TMP/SMX IV 10.3 0.625 

atovaquone oral 9.9 0.496 
metronidazole IV 9.1 0.197 

linezolid IV 8.8 0.790 
aztreonam IV 7.5 0.777 

vancomycin oral 7.1 0.942 
metronidazole oral 6.5 0.206 

Most frequently administered antibiotics 
(days -7 to +28 after HCT) 
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Imipenem-treated mice have a distinct microbiota 
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369:517, 2013 

persistent diarrheal illness (>7d) after cord-blood 
HSCT not caused by GVHD, bacterial or viral infection, 
PTLD, or other identifiable cause on microbiologic 
and histolopathologic examination. 
 

365:815, 2011 

Bhatt AS, NEJM 2013 



Potential approaches to target the microbiota 

Prebiotics 
•Encouraging eating 
•Gastric nutritional supplementation 
•Flora-targeted nutritional 

supplements 

Probiotics 
•Re-introducing endogenous flora 

(autologous fecal microbiota 
transplant) 

•Re-introducing selected bacteria 
with beneficial potential 

Antibiotics 
•Selecting antibiotics that spare 

bacteria with beneficial potential 
•Alternatively, target potentially 

harmful bacteria 

Postbiotics 
• Identifying and introducing 

bacterial metabolites that mediate 
the anti-inflammatory effects 

Developing strategies to address microbiota injury 



ACKNOWLEDGEMENTS 
Adult BMT Service 
Juliet Barker, MBBS 
Hugo Castro-Malaspina MD 
Christina Cho, MD 
David Chung MD 
Parastoo Dahi MD 
Sergio Giralt MD 
Jenna D. Goldberg MD 
Boglarka Gyurkocza MD  
Katharine Hsu MD PhD 
Ann A. Jakubowski MD PhD 
Robert J. Jenq MD 
Guenther Koehne MD 
Molly Maloy 
Jimmy Nieves RN 
Esperanza Papadopoulos MD 
Tsoni Peled MD 
Brian Shaffer MD 
Gunjan Shah, MD 
Roni Tamari, MD 
Marcel van den Brink MD PhD 
James W. Young MD 
 
Pediatric BMT Service 
Farid Boulad MD 
Nancy A Kernan MD 
Richard J. O’Reilly MD 
Susan Prockop MD 
Trudy N. Small MD 
 
Biostatistics 
Junting Zheng PhD 
Glenn Heller PhD 
Sean Devlin PhD 
 
 
 

Marcel van den Brink MD PhD 
Onder Alpdogan MD 
Arnab Ghosh, MD PhD 
Lauren Young 
Johannes Zakrzewski MD 
 
Eric Pamer MD 
Jeroen Van Heijst PhD 
Ying Taur MD 
 
Immune Monitoring 
Jianda Yuan, MD 
Jedd D. Wolchok MD PhD 
Hulimidad Gallardo 
Ryan Kendle 
Cailian Liu MD 
Theresa Rasalan 
Yingyan Xu 
Bushra Zaid 
 
Cytheris 
Therese Croughs MD 
Michel Morre MD 
 
Support 
Cytheris, Inc 
NIH, NY Community Trust, 
Experimental Therapeutics Center 
(MSKCC), Cycle for Survival (MSKCC), 
Translational and  
Integrative Medicine 
Research Fund (MSKCC) 
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