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Learning ObjectivesLearning Objectives

To recognize the current role of HCT in the treatment 
of cancer patients
To understand the ongoing research to expand the 
availability of HCT by improving the effectiveness of 
newer graft sources and reduced intensity 
conditioning
To understand the recent advances in diagnosis and 
treatment of graft-versus-host disease (GVHD)
To appreciate the role of personalized dosing of the 
HCT conditioning regimen and postgrafting
immunosuppression

To recognize the current role of HCT in the treatment To recognize the current role of HCT in the treatment 
of cancer patientsof cancer patients
To understand the ongoing research to expand the To understand the ongoing research to expand the 
availability of HCT by improving the effectiveness of availability of HCT by improving the effectiveness of 
newer graft sources and reduced intensity newer graft sources and reduced intensity 
conditioningconditioning
To understand the recent advances in diagnosis and To understand the recent advances in diagnosis and 
treatment of grafttreatment of graft--versusversus--host disease (GVHD)host disease (GVHD)
To appreciate the role of personalized dosing of the To appreciate the role of personalized dosing of the 
HCT conditioning regimen and HCT conditioning regimen and postgraftingpostgrafting
immunosuppressionimmunosuppression
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Goal of HCTGoal of HCT

Cure patient with no regimen-related toxicity and 
GVHD
•

 
Patients with nonmalignant condition cured 
through replacement of their hematopoiesis

 •
 

Patients with cancer cured through conditioning 
regimen and/or graft versus tumor (GVT) effect

 

Cure patient with no regimenCure patient with no regimen--related toxicity and related toxicity and 
GVHDGVHD
••

 
Patients with nonmalignant condition cured Patients with nonmalignant condition cured 
through replacement of their through replacement of their hematopoiesishematopoiesis

••
 

Patients with cancer cured through conditioning Patients with cancer cured through conditioning 
regimen and/or graft versus tumor (GVT) effectregimen and/or graft versus tumor (GVT) effect
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HCT: Notable HistoryHCT: Notable History

1957: first bone marrow transplant (BMT) 
reported
1960s: development of preclinical models to 
improve clinical feasibility of BMT
1970s
•

 
Evaluation of autologous

 
and allogeneic

 
BMT in 

specific diseases
 •

 
Calcineurin

 
inhibitors to prevent GVHD

•
 

Recognition of GVT effect

1957: first bone marrow transplant (BMT) 1957: first bone marrow transplant (BMT) 
reportedreported
1960s: development of preclinical models to 1960s: development of preclinical models to 
improve clinical feasibility of BMTimprove clinical feasibility of BMT
1970s1970s
••

 
Evaluation of Evaluation of autologousautologous

 
and and allogeneicallogeneic

 
BMT in BMT in 

specific diseasesspecific diseases
••

 
CalcineurinCalcineurin

 
inhibitors to prevent GVHDinhibitors to prevent GVHD

••
 

Recognition of GVT effectRecognition of GVT effect

Appelbaum

 

FR. N Engl J Med. 2007;357:1472-75.
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HCT: Notable HistoryHCT: Notable History

1980s
•

 
Expansion of BMT to other diseases

•
 

Successful transplant with grafts other than matched related 
donor (unrelated, haploidentical, umbilical cord blood)

 1990s
•

 
Increasing use of peripheral blood progenitor cells (PBPC) 
as graft → term hematopoietic cell transplant (HCT) starts 
being used

 •
 

Reduced intensity conditioning regimens introduced
•

 
Recognition that autologous

 

HCT does not improve survival 
in breast cancer patients

 2000s
•

 
Refinement of role of HCT in setting of newer agents

•
 

Worldwide annually ~ 20,000 allogeneic

 

and 30,000 
autologous

 

HCT 

1980s1980s
••

 
Expansion of BMT to other diseasesExpansion of BMT to other diseases

••
 

Successful transplant with grafts other than matched related Successful transplant with grafts other than matched related 
donor (unrelated, donor (unrelated, haploidenticalhaploidentical, umbilical cord blood), umbilical cord blood)

1990s1990s
••

 
Increasing use of peripheral blood progenitor cells (PBPC) Increasing use of peripheral blood progenitor cells (PBPC) 
as graft as graft →→

 

term term hematopoietic cell transplanthematopoietic cell transplant (HCT) starts (HCT) starts 
being usedbeing used

••
 

Reduced intensity conditioning regimens introducedReduced intensity conditioning regimens introduced
••

 
Recognition that Recognition that autologousautologous

 

HCT does not improve survival HCT does not improve survival 
in breast cancer patientsin breast cancer patients

2000s2000s
••

 
Refinement of role of HCT in setting of newer agentsRefinement of role of HCT in setting of newer agents

••
 

Worldwide annually ~ 20,000 Worldwide annually ~ 20,000 allogeneicallogeneic

 

and 30,000 and 30,000 
autologousautologous

 

HCT HCT 
Appelbaum

 

FR. N Engl J Med. 2007;357:1472-75.
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Factors Influencing Use of HCTFactors Influencing Use of HCT

Type of HCT performed depends on
•

 
Recipient-specific factors

Type and status of disease
Age (<50 years for most patients)
Comorbidities (eg, liver or lung disease)

•
 

Donor-specific factors
Availability of a compatible donor

Type of HCT performed depends onType of HCT performed depends on
••

 
RecipientRecipient--specific factorsspecific factors

Type and status of diseaseType and status of disease
Age (<50 years for most patients)Age (<50 years for most patients)
ComorbiditiesComorbidities (eg, liver or lung disease)(eg, liver or lung disease)

••
 

DonorDonor--specific factorsspecific factors
Availability of a compatible donorAvailability of a compatible donor
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Recipient-Specific Factors: 
Who Is Treated With an HCT? 
Recipient-Specific Factors: 
Who Is Treated With an HCT? 

Hematologic malignancies
•

 
Most common indications

Autologous HCT
– Non-Hodgkin’s 

lymphoma

 – Multiple myeloma
Allogeneic HCT

– Acute leukemias
•

 
Additional indications

Chronic myeloid 
leukemia
Myelodysplastic 
syndrome
Hodgkin’s lymphoma

Hematologic malignanciesHematologic malignancies
••

 
Most common indicationsMost common indications

AutologousAutologous HCTHCT
–– NonNon--HodgkinHodgkin’’s s 

lymphomalymphoma
–– Multiple myelomaMultiple myeloma

Allogeneic HCTAllogeneic HCT
–– Acute Acute leukemiasleukemias

••
 

Additional indicationsAdditional indications
Chronic myeloid Chronic myeloid 
leukemialeukemia
Myelodysplastic Myelodysplastic 
syndromesyndrome
HodgkinHodgkin’’s lymphomas lymphoma

Solid tumors
•

 
Neuroblastoma

•
 

Renal cell carcinoma
Nonmalignant diseases
•

 
Aplastic

 

anemia
•

 
Paroxysmal nocturnal 
hemoglobinura

 •
 

Hemoglobinopathies
•

 
Congenital hematopoietic 
disorders

 

Solid tumorsSolid tumors
••

 
NeuroblastomaNeuroblastoma

••
 

Renal cell carcinomaRenal cell carcinoma
Nonmalignant diseasesNonmalignant diseases
••

 
AplasticAplastic

 

anemiaanemia
••

 
Paroxysmal nocturnal Paroxysmal nocturnal 
hemoglobinurahemoglobinura

••
 

HemoglobinopathiesHemoglobinopathies
••

 
Congenital hematopoietic Congenital hematopoietic 
disordersdisorders

Copelan

 

EA. N Engl J Med. 2006; 354:1813-26.
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Non-Hodgkin’s LymphomaNon-Hodgkin’s Lymphoma

Heterogeneous cancers of the lymphoid 
system, with histology affecting outcomes
Below are examples of where HCT can be 
considered an option

Heterogeneous cancers of the lymphoid Heterogeneous cancers of the lymphoid 
system, with histology affecting outcomessystem, with histology affecting outcomes
Below are examples of where HCT can be Below are examples of where HCT can be 
considered an optionconsidered an option

Autologous Allogeneic
Follicular, ≥2nd

 

line therapy X X
Mantle cell, consolidation X

Diffuse large B-cell
Intermed

 

high-high, 1st

 

or 2nd

 

line X
Chemosensitive, 1st

 

relapse X
Lymphoblastic, ≥1st

 

relapse X
Adapted from Hahn T, et al. Biol Blood Marrow Transplant. 2001;7:308-31; NCCN Guidelines. 
Available at: http://www.nccn.org/professionals/physician_gls/PDF/nhl.pdf. Accessed 5/20/2008.
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Multiple MyelomaMultiple Myeloma

HCT considered after induction therapy in 
patients with symptomatic (active) myeloma
Disease response to autologous PBPCT 
influences if patient undergoes future allogeneic
HCT (eg, tandem)
•

 
Recent data suggest that autograft

 
followed by 

nonmyeloablative
 

allograft improves survival 
compared to tandem myeloablative

 
autograft

 

HCT considered after HCT considered after induction therapyinduction therapy in in 
patients with symptomatic (active) myelomapatients with symptomatic (active) myeloma
Disease response to Disease response to autologousautologous PBPCT PBPCT 
influences if patient undergoes future influences if patient undergoes future allogeneicallogeneic
HCT (eg, tandem)HCT (eg, tandem)
••

 
Recent data suggest that Recent data suggest that autograftautograft

 
followed by followed by 

nonmyeloablativenonmyeloablative
 

allograft improves survival allograft improves survival 
compared to tandem compared to tandem myeloablativemyeloablative

 
autograftautograft

Adapted from Hahn T, et al. Biol Blood Marrow Transplant. 2003;9:4-37; NCCN Guidelines. Available 
at: http://www.nccn.org/professionals/physician_gls/PDF/myeloma.pdf. Accessed 5/20/2008;

 
Bruno B, et al. N Engl J Med. 2007;356:1110-20.
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Acute Myeloid Leukemia in AdultsAcute Myeloid Leukemia in Adults

Induction: Allograft option for those who fail 
induction or had antecedent hematologic 
disease 
Post-remission therapy 
•

 
For <60 yr old, cytogenetics affects role of 
allograft relative to chemotherapy 

High risk: Allograft > chemotherapy
•

 
For ≥60 yr old: consider clinical trial with 
reduced intensity conditioning

 Second complete remission (CR): 
allograft > autograft

Induction: Allograft option for those who fail Induction: Allograft option for those who fail 
induction or had antecedent hematologic induction or had antecedent hematologic 
disease disease 
PostPost--remission therapy remission therapy 
••

 
For <60 yr old, cytogenetics affects role of For <60 yr old, cytogenetics affects role of 
allograft relative to chemotherapy allograft relative to chemotherapy 

High risk: Allograft > chemotherapyHigh risk: Allograft > chemotherapy
••

 
For For ≥≥60 yr old: consider clinical trial with 60 yr old: consider clinical trial with 
reduced intensity conditioningreduced intensity conditioning

Second complete remission (CR): Second complete remission (CR): 
allograft > allograft > autograftautograft

Adapted from ASBMT Review (Oliansky

 

DM, et al. Biol Blood Marrow Transplant. 2008;14:137-80;
NCCN Guidelines. Available at: http://www.nccn.org/professionals/physician_gls/PDF/aml.pdf. Accessed 
5/20/2008.
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Acute Myeloid Leukemia in ChildrenAcute Myeloid Leukemia in Children

In first CR (except acute promyelocytic)
•

 
Allograft > chemotherapy in terms of disease-

 free and overall survival 
Matched related bone marrow 

•
 

Autograft
 

and chemotherapy similar outcomes
In second CR (all types of AML)
•

 
Little data comparing MRD allograft to 
chemotherapy  

•
 

ASBMT panel consensus recommended use 
of MRD; alternative allografts

 
on clinical trials  

In first CR (except acute In first CR (except acute promyelocyticpromyelocytic))
••

 
Allograft > chemotherapy in terms of diseaseAllograft > chemotherapy in terms of disease--

 free and overall survival free and overall survival 
Matched related bone marrow Matched related bone marrow 

••
 

AutograftAutograft
 

and chemotherapy similar outcomesand chemotherapy similar outcomes
In second CR (all types of AML)In second CR (all types of AML)
••

 
Little data comparing MRD allograft to Little data comparing MRD allograft to 
chemotherapy  chemotherapy  

••
 

ASBMT panel consensus recommended use ASBMT panel consensus recommended use 
of MRD; alternative of MRD; alternative allograftsallografts

 
on clinical trials  on clinical trials  

MRD = matched related donor.
Adapted from Oliansky

 

DM, et al. Biol Blood Marrow Transplant. 2007;13:1-25.
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Acute Lymphoblastic Leukemia 
(ALL) in Children 
Acute Lymphoblastic Leukemia 
(ALL) in Children

In first CR in very high-risk Philadelphia 
chromosome positive: allograft > 
chemotherapy
In second or greater CR: allograft appears 
equal to chemotherapy (but further study 
needed)
Total body irradiation (TBI)-containing 
conditioning are recommended

In first CR in very highIn first CR in very high--risk Philadelphia risk Philadelphia 
chromosome positive: allograft > chromosome positive: allograft > 
chemotherapychemotherapy
In second or greater CR: allograft appears In second or greater CR: allograft appears 
equal to chemotherapy (but further study equal to chemotherapy (but further study 
needed)needed)
Total body irradiation (TBI)Total body irradiation (TBI)--containing containing 
conditioning are recommendedconditioning are recommended

Adapted from ASBMT Review (Hahn T, et al. Biol Blood Marrow Transplant. 2005;11:823-61.)



17

Role of Allogeneic HCT in 
Radiological and Nuclear Events 
Role of Allogeneic HCT in 
Radiological and Nuclear Events

Response to a radiation disaster (ie, accidental or intentional)
would need a “surge capacity” in hematologists/oncologists
•

 
Myelosuppression is frequent complication of radiation 
exposure

 National Marrow Donor Program (NMDP) and American 
Society for Blood and Marrow Transplantation established 
Radiation Injury Treatment Network (RITN, www.ritn.net)
•

 
Voluntary consortium of HCT centers, donor centers, and 
umbilical cord blood banks

 •
 

Develop treatment guidelines, educate health care 
professionals, coordinate situation response, and provide 
comprehensive evaluation and care for radiation injury 
victims

 

Response to a radiation disaster (ie, accidental or intentional)Response to a radiation disaster (ie, accidental or intentional)
would need a would need a ““surge capacitysurge capacity”” in hematologists/oncologistsin hematologists/oncologists
••

 
Myelosuppression is frequent complication of radiation Myelosuppression is frequent complication of radiation 
exposureexposure

National Marrow Donor Program (NMDP) and American National Marrow Donor Program (NMDP) and American 
Society for Blood and Marrow Transplantation established Society for Blood and Marrow Transplantation established 
Radiation Injury Treatment Network (RITN, Radiation Injury Treatment Network (RITN, www.ritn.netwww.ritn.net))
••

 
Voluntary consortium of HCT centers, donor centers, and Voluntary consortium of HCT centers, donor centers, and 
umbilical cord blood banksumbilical cord blood banks

••
 

Develop treatment guidelines, educate health care Develop treatment guidelines, educate health care 
professionals, coordinate situation response, and provide professionals, coordinate situation response, and provide 
comprehensive evaluation and care for radiation injury comprehensive evaluation and care for radiation injury 
victimsvictims

Weinstock

 

DM, et al. Blood prepublished

 

online 2/20/2008.
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Role of Allogeneic HCT in 
Radiological and Nuclear Events 
Role of Allogeneic HCT in 
Radiological and Nuclear Events

Victims would need to be classified based on 
estimate of radiation dose
•

 
Not requiring medical intervention

•
 

Could benefit from supportive care (eg, filgrastim) to 
assist autologous

 

marrow recovery

 •
 

Require evaluation for HCT to treat marrow aplasia
•

 
Cannot be saved

Role of allogeneic HCT as a life-sustaining measure is 
unclear
•

 
Patients will commonly have multiorgan

 

damage
•

 
Experience in 31 patients after accidental radiation had 
disappointing median survival (1 month), high GVHD 
mortality rate (20%), and all 1-year survivors (4) had 
autologous

 

recovery

 

Victims would need to be classified based on Victims would need to be classified based on 
estimate of radiation doseestimate of radiation dose
••

 
Not requiring medical interventionNot requiring medical intervention

••
 

Could benefit from supportive care (Could benefit from supportive care (egeg, , filgrastimfilgrastim) to ) to 
assist assist autologousautologous

 

marrow recoverymarrow recovery
••

 
Require evaluation for HCT to treat marrow Require evaluation for HCT to treat marrow aplasiaaplasia

••
 

Cannot be savedCannot be saved
Role of Role of allogeneicallogeneic HCT as a lifeHCT as a life--sustaining measure is sustaining measure is 
unclearunclear
••

 
Patients will commonly have Patients will commonly have multiorganmultiorgan

 

damagedamage
••

 
Experience in 31 patients after accidental radiation had Experience in 31 patients after accidental radiation had 
disappointing median survival (1 month), high GVHD disappointing median survival (1 month), high GVHD 
mortality rate (20%), and all 1mortality rate (20%), and all 1--year survivors (4) had year survivors (4) had 
autologousautologous

 

recoveryrecovery

Weinstock

 

DM, et al. Blood prepublished

 

online 2/20/2008.
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Recipient-Specific Factors: 
Age and Comorbidities 
Recipient-Specific Factors: 
Age and Comorbidities

Ability to survive myeloablative conditioning 
traditionally restricted the number of cancer 
patients who could receive HCT
•

 
Most cancer patients are elderly, limiting use of 
potentially curative treatment

 •
 

Impetus for developing reduced intensity 
conditioning (RIC) regimens

 Now that RIC regimens are developed, need a 
method for appropriately stratifying HCT 
recipients to determine best conditioning 
regimen

Ability to survive Ability to survive myeloablativemyeloablative conditioning conditioning 
traditionally restricted the number of cancer traditionally restricted the number of cancer 
patients who could receive HCTpatients who could receive HCT
••

 
Most cancer patients are elderly, limiting use of Most cancer patients are elderly, limiting use of 
potentially curative treatmentpotentially curative treatment

••
 

Impetus for developing reduced intensity Impetus for developing reduced intensity 
conditioning (RIC) regimensconditioning (RIC) regimens

Now that RIC regimens are developed, need a Now that RIC regimens are developed, need a 
method for appropriately stratifying HCT method for appropriately stratifying HCT 
recipients to determine best conditioning recipients to determine best conditioning 
regimenregimen
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ComorbidityComorbidity

Definition: any distinct additional clinical entity 
that has existed or may occur during the clinical 
course of a patient with a primary (index) disease
Charlson comorbidity index (CCI)
•

 
Some comorbidities

 
(eg, hepatic and pulmonary)  

rarely encountered in HCT recipients due to 
existing exclusion criteria

 •
 

Did not capture some frequent comorbidities, such 
as recent infections and psychiatric disturbances

 •
 

Led to development of HCT-specific comorbidity 
index (HCT-CI)

 

Definition: any distinct additional clinical entity Definition: any distinct additional clinical entity 
that has existed or may occur during the clinical that has existed or may occur during the clinical 
course of a patient with a primary (index) diseasecourse of a patient with a primary (index) disease

CharlsonCharlson comorbidity index (CCI)comorbidity index (CCI)
••

 
Some Some comorbiditiescomorbidities

 
(eg, hepatic and pulmonary)  (eg, hepatic and pulmonary)  

rarely encountered in HCT recipients due to rarely encountered in HCT recipients due to 
existing exclusion criteriaexisting exclusion criteria

••
 

Did not capture some frequent Did not capture some frequent comorbiditiescomorbidities, such , such 
as recent infections and psychiatric disturbancesas recent infections and psychiatric disturbances

••
 

Led to development of HCTLed to development of HCT--specific comorbidity specific comorbidity 
index (HCTindex (HCT--CI)CI)

Sorror

 

ML et al. Blood. 2004;104:961-8; Diaconescu

 

R, et al. Blood. 2004;104:1550-8.
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HCT-Specific Comorbidity Index 
(HCT-CI) 
HCT-Specific Comorbidity Index 
(HCT-CI)

Developed and validated in myeloablative and 
nonmyeloablative HCT population (total N = 1055)
Cumulative score
•

 
HCT-CI = 1: Arrhythmia, cardiac disease, inflammatory 
bowel disease, diabetes, cerebrovascular

 

disease, 
psychiatric disturbance, mild hepatic, obesity, infection 

•
 

HCT-CI = 2: Rheumatologic, peptic ulcer, moderate/severe 
renal, moderate pulmonary

 •
 

HCT-CI = 3: Prior solid tumor, heart valve disease, severe 
pulmonary, moderate/severe hepatic

 Predicted nonrelapse mortality and survival

Developed and validated in Developed and validated in myeloablativemyeloablative and and 
nonmyeloablativenonmyeloablative HCT population (total N = 1055)HCT population (total N = 1055)
Cumulative scoreCumulative score
••

 
HCTHCT--CI = 1: Arrhythmia, cardiac disease, inflammatory CI = 1: Arrhythmia, cardiac disease, inflammatory 
bowel disease, diabetes, bowel disease, diabetes, cerebrovascularcerebrovascular

 

disease, disease, 
psychiatric disturbance, mild hepatic, obesity, infection psychiatric disturbance, mild hepatic, obesity, infection 

••
 

HCTHCT--CI = 2: Rheumatologic, peptic ulcer, moderate/severe CI = 2: Rheumatologic, peptic ulcer, moderate/severe 
renal, moderate pulmonaryrenal, moderate pulmonary

••
 

HCTHCT--CI = 3: Prior solid tumor, heart valve disease, severe CI = 3: Prior solid tumor, heart valve disease, severe 
pulmonary, moderate/severe hepaticpulmonary, moderate/severe hepatic

Predicted Predicted nonrelapsenonrelapse mortality and survivalmortality and survival

Sorror

 

ML, et al. Blood. 2005;106:2912-9.
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HCT-Specific Comorbidity Index 
(HCT-CI) 
HCT-Specific Comorbidity Index 
(HCT-CI)

Being used in retrospective evaluations to 
compare outcomes 
•

 
Between myeloablative

 
vs RIC conditioning (to 

allow for optimal design of future phase 3 trials)
 •

 
Between institutions

HCT-CI predicts toxicity, nonrelapse mortality, 
and overall survival better than Karnofsky
performance status (KPS)
•

 
Weakly correlates (R2

 

<0.2) with KPS
•

 
Both should be assessed before HCT to stratify 
patients

 

Being used in retrospective evaluations to Being used in retrospective evaluations to 
compare outcomes compare outcomes 
••

 
Between Between myeloablativemyeloablative

 
vs RIC conditioning (to vs RIC conditioning (to 

allow for optimal design of future phase 3 trials)allow for optimal design of future phase 3 trials)

••
 

Between institutionsBetween institutions

HCTHCT--CI predicts toxicity, CI predicts toxicity, nonrelapsenonrelapse mortality, mortality, 
and overall survival better than and overall survival better than KarnofskyKarnofsky
performance status (KPS)performance status (KPS)
••

 
Weakly correlates (RWeakly correlates (R22

 

<0.2) with KPS<0.2) with KPS

••
 

Both should be assessed before HCT to stratify Both should be assessed before HCT to stratify 
patientspatients

Sorror

 

M, et al. Blood. 2007;110:4606-13; Sorror

 

M, et al.

 

Cancer. 2008;112:1992-2001.
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Donor-Specific FactorsDonor-Specific Factors

Gender
Underlying comorbidities of donor
Degree of match between donor and recipient for human 
leukocyte antigen (HLA) 
•

 
A, B, C, DR, DQ

•
 

Definition of matched donor evolves as the technology 
evolves to more precisely conduct HLA typing

 Resolution: Low (antigen) to intermediate (identify a couple 
potential alleles) to high (identify specific allele)
If matched at low resolution, may be mismatched at high 
resolution
Increasing number of HLA mismatches associated with 
increased risk of graft failure, GVHD, and mortality

GenderGender
Underlying Underlying comorbiditiescomorbidities of donorof donor
Degree of match between donor and recipient for human Degree of match between donor and recipient for human 
leukocyte antigen (HLA) leukocyte antigen (HLA) 
••

 
A, B, C, DR, DQA, B, C, DR, DQ

••
 

Definition of matched donor evolves as the technology Definition of matched donor evolves as the technology 
evolves to more precisely conduct HLA typingevolves to more precisely conduct HLA typing

Resolution: Low (antigen) to intermediate (identify a couple Resolution: Low (antigen) to intermediate (identify a couple 
potential alleles) to high (identify specific allele)potential alleles) to high (identify specific allele)
If matched at low resolution, may be mismatched at high If matched at low resolution, may be mismatched at high 
resolutionresolution
Increasing number of HLA mismatches associated with Increasing number of HLA mismatches associated with 
increased risk of graft failure, GVHD, and mortalityincreased risk of graft failure, GVHD, and mortality

Petersdorf

 

E, et al. CIBMTR Newsletter. 2006;12:1-2.
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Summary: 
Factors Influencing Use of HCT 
Summary: 
Factors Influencing Use of HCT

Hematologic diseases are most common 
indications for HCT
The development of RIC regimens and improved 
HLA typing (with the subsequent ability to 
increase the number of unrelated, haploidentical
and umbilical cord grafts) has expanded the 
availability of allogeneic HCT
Stratification of comorbidities by HCT-CI and 
KPS valuable for future studies to determine 
which patient populations would benefit from only 
RIC regimens or who should be studied in phase 
3 trials of myeloablative vs RIC conditioning

Hematologic diseases are most common Hematologic diseases are most common 
indications for HCTindications for HCT

The development of RIC regimens and improved The development of RIC regimens and improved 
HLA typing (with the subsequent ability to HLA typing (with the subsequent ability to 
increase the number of unrelated, increase the number of unrelated, haploidenticalhaploidentical
and umbilical cord grafts) has expanded the and umbilical cord grafts) has expanded the 
availability of availability of allogeneicallogeneic HCTHCT

Stratification of Stratification of comorbiditiescomorbidities by HCTby HCT--CI and CI and 
KPS valuable for future studies to determine KPS valuable for future studies to determine 
which patient populations would benefit from only which patient populations would benefit from only 
RIC regimens or who should be studied in phase RIC regimens or who should be studied in phase 
3 trials of 3 trials of myeloablativemyeloablative vs RIC conditioningvs RIC conditioning
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Expanding the Availability of 
HCT: Donor Grafts 
Expanding the Availability of 
HCT: Donor Grafts

Matched sibling donor possible for a few (~25%)
Unrelated donor
•

 
Match found for 10% (poorly represented 
ethnicities) to 60% Caucasians

 •
 

Considerable time needed for suitably HLA-
 matched unrelated donor (MUD)

 •
 

Cannot identify suitable MUD for ~15,000 patients 
annually need grafts with immediate availability 
(ie, haploidentical and umbilical cord blood)

Matched sibling donor possible for a few (~25%)Matched sibling donor possible for a few (~25%)

Unrelated donorUnrelated donor
••

 
Match found for 10% (poorly represented Match found for 10% (poorly represented 
ethnicities) to 60% Caucasiansethnicities) to 60% Caucasians

••
 

Considerable time needed for suitably HLAConsiderable time needed for suitably HLA--
 matched unrelated donor (MUD)matched unrelated donor (MUD)

•• Cannot identify suitable MUD for ~15,000 patients Cannot identify suitable MUD for ~15,000 patients 
annually annually need grafts with immediate availability need grafts with immediate availability 
(ie, (ie, haploidenticalhaploidentical and umbilical cord blood)and umbilical cord blood)

Aversa F. Bone Marrow Transplant. 2008;41:473-81.

 
Wagner J, et al. Biol Blood Marrow Transplant. 2006;12:1206-17.
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Haploidentical DonorsHaploidentical Donors

Virtually all have one haplotype-mismatched 
donor
•

 
Can select from best of any relatives based on 
age, infectious disease status, and natural killer 
(NK) reactivity

 •
 

Immediate access to donor-derived cellular 
therapies

 In 1980s, mortality risk was too high
Recent interest due to improved patient selection 
(by disease and genetics), supportive care, and 
GVHD prophylaxis

Virtually all have one Virtually all have one haplotypehaplotype--mismatched mismatched 
donordonor
••

 
Can select from best of any relatives based on Can select from best of any relatives based on 
age, infectious disease status, and natural killer age, infectious disease status, and natural killer 
(NK) reactivity(NK) reactivity

••
 

Immediate access to donorImmediate access to donor--derived cellular derived cellular 
therapiestherapies

In 1980s, mortality risk was too highIn 1980s, mortality risk was too high

Recent interest due to improved patient selection Recent interest due to improved patient selection 
(by disease and genetics), supportive care, and (by disease and genetics), supportive care, and 
GVHD prophylaxisGVHD prophylaxis

Dey BR. Br J Haematol. 2006;135:423-37; Aversa F. Bone Marrow Transplant. 2008;41:473-81. 
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Umbilical Cord BloodUmbilical Cord Blood

Use in adults limited by small cell dose, resulting 
in delayed engraftment
Double cord blood leads to rapid neutrophil
recovery with one single cord ultimately “winning”
•

 
Have increased incidence of acute GVHD, long-

 term thrombocytopenia in subset of patients
 Many unanswered questions about HLA 

matching, RIC, minimum cell dose, immune 
reconstitution, ex vivo expansion

Use in adults limited by small cell dose, resulting Use in adults limited by small cell dose, resulting 
in delayed engraftmentin delayed engraftment

Double cord blood leads to rapid Double cord blood leads to rapid neutrophilneutrophil
recovery with one single cord ultimately recovery with one single cord ultimately ““winningwinning””
••

 
Have increased incidence of acute GVHD, longHave increased incidence of acute GVHD, long--

 term thrombocytopenia in subset of patientsterm thrombocytopenia in subset of patients

Many unanswered questions about HLA Many unanswered questions about HLA 
matching, RIC, minimum cell dose, immune matching, RIC, minimum cell dose, immune 
reconstitution, ex vivo expansionreconstitution, ex vivo expansion

Wagner J, et al. Biol Blood Marrow Transplant. 2006;12:1206-17.
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Expanding the Availability of HCT:  
Conditioning Regimens 
Expanding the Availability of HCT:  
Conditioning Regimens

Purpose: immunosuppress recipient, 
eradicate malignancy, create marrow 
“space”
Types
•

 
Myeloablative

•
 

RIC, which includes nonmyeloablative
Rely more on the graft versus tumor effect 

Purpose: Purpose: immunosuppressimmunosuppress recipient, recipient, 
eradicate malignancy, create marrow eradicate malignancy, create marrow 
““spacespace””
TypesTypes
••

 
MyeloablativeMyeloablative

••
 

RIC, which includes RIC, which includes nonmyeloablativenonmyeloablative
Rely more on the graft versus tumor effect Rely more on the graft versus tumor effect 



29

Increasing Variability in Conditioning 
Regimens 
Increasing Variability in Conditioning 
Regimens

Toxicity
In

cr
ea

si
ng

 N
ee

d 
fo

r 
G

V
T 

E
ffe

ct
 

Intensity

TBI (200cGy)

TBI + Fludarabine

 

(90-250 mg/m2)

Fludarabine

 

+ Busulfan

 

(3.2-16 mg/kg)

Busulfan

 

+ Melphalan

Busulfan

 

+ Cyclophosphamide
(BuCY)

BuCY

 

+ TBI

Deeg

 

HJ, et al. Leukemia. 2006;20:1701-5.
TBI = total body irradiation.
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Myeloablative ConditioningMyeloablative Conditioning

Examples 
•

 
Cyclophosphamide/total body irradiation (CY/TBI)

•
 

Busulfan/cyclophosphamide
 

(Bu/CY)
•

 
Busulfan/fludarabine

•
 

Busulfan, melphalan, thiotepa

Nonhematologic toxicity dose limiting, with 
considerable interpatient variability in response 
and toxicity 
•

 
Efforts focused upon lowering toxicity by more 
targeted delivery of radiation (monoclonal 
antibodies) or personalized drug dosing

 

Examples Examples 
••

 
CyclophosphamideCyclophosphamide/total body irradiation (CY/TBI)/total body irradiation (CY/TBI)

••
 

Busulfan/cyclophosphamideBusulfan/cyclophosphamide
 

(Bu/CY)(Bu/CY)

••
 

Busulfan/fludarabineBusulfan/fludarabine

••
 

BusulfanBusulfan, , melphalanmelphalan, , thiotepathiotepa

NonhematologicNonhematologic toxicity dose limiting, with toxicity dose limiting, with 
considerable considerable interpatientinterpatient variability in response variability in response 
and toxicity and toxicity 
••

 
Efforts focused upon lowering toxicity by more Efforts focused upon lowering toxicity by more 
targeted delivery of radiation (monoclonal targeted delivery of radiation (monoclonal 
antibodies) or personalized drug dosingantibodies) or personalized drug dosing



31

CyclophosphamideCyclophosphamide

Cyclophosphamide

4-gluthionylCY

DichloroethylCY
 

+ CAA

AldoCYHCY

AcroleinPhosphoramide
Mustard

CEPM

Urine

IminoCY

McDonald

 

GB, et al. Blood. 2003;101:2043-8.
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CY Pharmacokinetics Depend on 
Conditioning-Regimen 
CY Pharmacokinetics Depend on 
Conditioning-Regimen

TBu/CY 
N=75

CY/TBI
N=147

McCune JS, et al. Biol Blood Marrow Transplant. 2007;13:853-62.

Metabolites 
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Can Personalized Dosing 
Improve CY/TBI? 
Can Personalized Dosing 
Improve CY/TBI?

High AUC of carboxyethylphosphoramide mustard (CEPM) was 
associated with higher risk of liver toxicity
•

 

But it was expected that hydroxycyclophosphamide

 

(HCY) AUC would be 
related to liver toxicity because HCY toxic to murine

 

sinus endothelial cells 
(SEC)

 It is feasible to target CY doses based on the AUC of CEPM and AUC 
of HCY
•

 

Lower CEPM AUC to lower risk of hepatotoxicity
•

 

Maintain AUC of HCY to lowest AUC in prior study to maintain engraftment
•

 

Rapid population pharmacokinetic modeling needed in future studies to 
more accurately personalize CY dose to achieve metabolite AUCs

 Evaluating if personalization of CY doses based on metabolite AUCs
decreases nonrelapse mortality

High AUC of High AUC of carboxyethylphosphoramidecarboxyethylphosphoramide mustard (CEPM) was mustard (CEPM) was 
associated with higher risk of liver toxicityassociated with higher risk of liver toxicity
••

 

But it was expected that But it was expected that hydroxycyclophosphamidehydroxycyclophosphamide

 

(HCY) AUC would be (HCY) AUC would be 
related to liver toxicity because HCY toxic to related to liver toxicity because HCY toxic to murinemurine

 

sinus endothelial cells sinus endothelial cells 
(SEC)(SEC)

It is feasible to target CY doses based on the AUC of CEPM and AIt is feasible to target CY doses based on the AUC of CEPM and AUC UC 
of HCYof HCY
••

 

Lower CEPM AUC to lower risk of Lower CEPM AUC to lower risk of hepatotoxicityhepatotoxicity

••

 

Maintain AUC of HCY to lowest AUC in prior study to maintain engMaintain AUC of HCY to lowest AUC in prior study to maintain engraftmentraftment

••

 

Rapid population pharmacokinetic modeling needed in future studiRapid population pharmacokinetic modeling needed in future studies to es to 
more accurately personalize CY dose to achieve metabolite more accurately personalize CY dose to achieve metabolite AUCsAUCs

Evaluating if personalization of CY doses based on metabolite Evaluating if personalization of CY doses based on metabolite AUCsAUCs
decreases decreases nonrelapsenonrelapse mortalitymortality

McDonald GB, et al. Blood. 2003;101:2043-8; McDonald GB, et al. Clin Pharmacol Ther. 2005;78:298-308; 
Salinger DH, et al. Clin Cancer Res. 2006;12:4888-98.
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CY Pharmacodynamics Differ 
With Conditioning Regimens 
CY Pharmacodynamics Differ 
With Conditioning Regimens 

With TBU/CY, there were no statistically significant 
associations between the AUC of CY or its metabolites 
and liver toxicity, non-relapse mortality, relapse, or 
survival (all P > .15)
•

 
Oral busulfan

 

doses targeted to Css

 

800-900 ng/mL
•

 
Personalization of CY doses based on its  pharmacokinetics 
in TBu/CY unlikely to be beneficial

 CY, like busulfan, pharmacodynamics differ between 
conditioning regimens
Lower toxicity by using bu/fludarabine regimen?

With TBU/CY, there were no statistically significant With TBU/CY, there were no statistically significant 
associations between the AUC of CY or its metabolites associations between the AUC of CY or its metabolites 
and liver toxicity, nonand liver toxicity, non--relapse mortality, relapse, or relapse mortality, relapse, or 
survival (all P > .15)survival (all P > .15)
••

 
Oral Oral busulfanbusulfan

 

doses targeted to doses targeted to CssCss

 

800800--900 900 ng/mLng/mL

••
 

Personalization of CY doses based on its  pharmacokinetics Personalization of CY doses based on its  pharmacokinetics 
in in TBuTBu/CY unlikely to be beneficial/CY unlikely to be beneficial

CY, like CY, like busulfanbusulfan, , pharmacodynamicspharmacodynamics differ between differ between 
conditioning regimensconditioning regimens
Lower toxicity by using Lower toxicity by using bu/fludarabinebu/fludarabine regimen?regimen?

McCune JS, et al. Biol Blood Marrow Transplant. 2007;13:853-62.
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BusulfanBusulfan

Available IV and PO formulations
Busulfan pharmacodynamics differ based 
on underlying disease, age of recipient, 
conditioning regimen
Many centers use IV busulfan with the 
“perception” of less liver toxicity, less 
pharmacokinetic variability, and less need 
for personalization of busulfan doses 
based on pharmacokinetic variability

Available IV and PO formulationsAvailable IV and PO formulations
BusulfanBusulfan pharmacodynamicspharmacodynamics differ based differ based 
on underlying disease, age of recipient, on underlying disease, age of recipient, 
conditioning regimenconditioning regimen
Many centers use IV Many centers use IV busulfanbusulfan with the with the 
““perceptionperception”” of less liver toxicity, less of less liver toxicity, less 
pharmacokinetic variability, and less need pharmacokinetic variability, and less need 
for personalization of for personalization of busulfanbusulfan doses doses 
based on pharmacokinetic variabilitybased on pharmacokinetic variability

McCune JS, et al. Clin Pharmacokinet. 2000;39:155-65.
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Busulfan Pharmacokinetics:  
Comparison of IV to PO 
Busulfan Pharmacokinetics:  
Comparison of IV to PO

Busulfan Clearance 
(mL/min/m2)

Day IV PO

N 57 1040

1
107 ±

 

27
25% 

108 ±

 

23
21% 

2
102 ±

 

22
22% 

107 ±

 

24
22% 

3
99 ±

 

23
23% 

110 ±

 

25
23% 

Day 1 
Dose 

(mg/kg)
1 PO 
Q6hr

3.2 IV 
Q24hr

4 IV 
Q24hr

N 21 21 15
% in target Css

 

range of 800-1000 
ng/mL:

Day 1 62% 19% 60%
Day 1-4 81% 86% 93%
Average 
(range) 

Css

906
(730-

 
1074) 

842
(714-

 
966) 

939
(819-

 
1038) 

Knutson J, et al. Pharmacotherapy. 2007; ACCP Annual

 

Meeting Abstracts.

Are the lower rates of liver toxicity with IV busulfan due to 
lower busulfan AUC with 0.8 mg/kg IV busulfan vs 
1 mg/kg PO busulfan?  

Are the lower rates of liver toxicity with IV Are the lower rates of liver toxicity with IV busulfanbusulfan due to due to 
lower lower busulfanbusulfan AUC with 0.8 mg/kg IV AUC with 0.8 mg/kg IV busulfanbusulfan vs vs 
1 mg/kg PO 1 mg/kg PO busulfanbusulfan?  ?  
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Personalization of Busulfan Doses Is  
Needed with IV Busulfan 
Personalization of Busulfan Doses Is  
Needed with IV Busulfan

Pharmacodynamic relationships 
with Bu/CY exist, regardless of 
administration route
Increasing use of personalization 
of busulfan doses by 
pharmacokinetics since IV 
busulfan was FDA approved 
(2/99)
High busulfan exposure related 
to lower overall and progression-
free survival in bu/fludarabine
conditioned patients
•

 

Fludarabine

 

AUC not predictive

PharmacodynamicPharmacodynamic relationships relationships 
with Bu/CY exist, regardless of with Bu/CY exist, regardless of 
administration routeadministration route

Increasing use of personalization Increasing use of personalization 
of of busulfanbusulfan doses by doses by 
pharmacokinetics since IV pharmacokinetics since IV 
busulfanbusulfan was FDA approved was FDA approved 
(2/99)(2/99)

High High busulfanbusulfan exposure related exposure related 
to lower overall and progressionto lower overall and progression--
free survival in free survival in bu/fludarabinebu/fludarabine
conditioned patientsconditioned patients
••

 

FludarabineFludarabine

 

AUC not predictiveAUC not predictive

Geddes M, et al. Biol Blood Marrow Transplant. 2008;14:220-8.

 
Bornhauser

 

M, et al. Blood. 2003;102:820-6.

0%
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Careful Attention Needed for 
Busulfan Pharmacokinetic Sampling 
Careful Attention Needed for 
Busulfan Pharmacokinetic Sampling

Ensure the exact 
time of blood draw, 
using the same 
clock, is written 
Ensure troughs are 
drawn prior to starting 
infusion of next dose

Ensure the exact Ensure the exact 
time of blood draw, time of blood draw, 
using the same using the same 
clock, is written clock, is written 
Ensure troughs are 
drawn prior to starting 
infusion of next dose

0

200

400

600

800

1000

1200

1400

1600

0 200 400 600

Time (minutes)

[B
u

su
lf

an

trough?

McCune JS, hypothetical data for teaching purposes.
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Careful Attention Needed for 
Busulfan Pharmacokinetic Sampling 
Careful Attention Needed for 
Busulfan Pharmacokinetic Sampling

At end of infusion, make sure 
administration and flush is 
completed. If not, concentrations 
may be high
Example:
Time

 

Conc
(min)

 

(ng/mL)
125

 

1372
150

 

750
245

 

391
365

 

198

At end of infusion, make sure At end of infusion, make sure 
administration and flush is administration and flush is 
completed. If not, concentrations completed. If not, concentrations 
may be highmay be high
Example:Example:
TimeTime

 

ConcConc
(min)(min)

 

((ng/mLng/mL))
125125

 

13721372
150150

 

750750
245245

 

391391
365365

 

198198
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2 half-lives = 215 
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1 half-life = 25 
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Measured 
Cmax

More likely Cmax

 

based on t½

McCune JS, hypothetical data for teaching purposes.
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Reduced Intensity ConditioningReduced Intensity Conditioning

Increase the availability of allogeneic HCT to 
older patients or those with comorbidities
Use lower doses of conditioning regimen, and 
rely on allografts to provide GVT effect
•

 
Multitude of RIC regimens with no clear advantage 
of one. Many utilize fludarabine

 
and calcineurin

 inhibitor and mycophenolate
 

mofetil
 •

 
Nonmyeloablative

 
fludarabine/TBI most commonly 

used in those receiving unrelated donor grafts
 

Increase the availability of Increase the availability of allogeneicallogeneic HCT to HCT to 
older patients or those with older patients or those with comorbiditiescomorbidities

Use lower doses of conditioning regimen, and Use lower doses of conditioning regimen, and 
rely on rely on allograftsallografts to provide GVT effectto provide GVT effect
••

 
Multitude of RIC regimens with no clear advantage Multitude of RIC regimens with no clear advantage 
of one. Many utilize of one. Many utilize fludarabinefludarabine

 
and and calcineurincalcineurin

 inhibitor and inhibitor and mycophenolatemycophenolate
 

mofetilmofetil

••
 

NonmyeloablativeNonmyeloablative
 

fludarabinefludarabine/TBI most commonly /TBI most commonly 
used in those receiving unrelated donor graftsused in those receiving unrelated donor grafts

Baron F, et al. Leukemia. 2006;20:1690-700.

 
Giralt

 

S, et al. Biol Blood Marrow Transplant. 2007;13:844-52.
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Criteria for RICCriteria for RIC

No eradication of recipient hematopoiesis
Prompt hematologic recovery (<4 weeks) if 
graft rejection (but also no GVT)
Presence of mixed chimerism upon 
engraftment
•

 
Established even across HLA antigen 
barriers

 •
 

Period of time in which the recipient and 
donor cells are circulating concurrently in 
the recipient’s blood

 

No eradication of recipient No eradication of recipient hematopoiesishematopoiesis
Prompt hematologic recovery (<4 weeks) if Prompt hematologic recovery (<4 weeks) if 
graft rejection (but also no GVT)graft rejection (but also no GVT)
Presence of mixed Presence of mixed chimerismchimerism upon upon 
engraftmentengraftment
••

 
Established even across HLA antigen Established even across HLA antigen 
barriersbarriers

••
 

Period of time in which the recipient and Period of time in which the recipient and 
donor cells are circulating concurrently in donor cells are circulating concurrently in 
the recipientthe recipient’’s bloods blood

Baron F, et al. Leukemia. 2006;20:1690-700.
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Longitudinal Chimerism AnalysisLongitudinal Chimerism Analysis

Evaluate chimerism in different cell types
Temporal pattern of chimerism depends on 
conditioning regimen 
Recent data suggest % donor chimerism
predictive of relapse, acute GVHD, survival in 
fludarabine/TBI conditioned patients
•

 
Too low (ie, <40%-50%) donor chimerism

 
early, 

increase risk of rejection and relapse
 •

 
Too high % (ie, >90%) donor chimerism

 
early, 

increased risk of acute GVHD (which has no GVT)
 

Evaluate Evaluate chimerismchimerism in different cell typesin different cell types
Temporal pattern of Temporal pattern of chimerismchimerism depends on depends on 
conditioning regimen conditioning regimen 
Recent data suggest % donor Recent data suggest % donor chimerismchimerism
predictive of relapse, acute GVHD, survival in predictive of relapse, acute GVHD, survival in 
fludarabinefludarabine/TBI conditioned patients/TBI conditioned patients
••

 
Too low (ie, <40%Too low (ie, <40%--50%) donor 50%) donor chimerismchimerism

 
early, early, 

increase risk of rejection and relapseincrease risk of rejection and relapse
••

 
Too high % (ie, >90%) donor Too high % (ie, >90%) donor chimerismchimerism

 
early, early, 

increased risk of acute GVHD (which has no GVT)increased risk of acute GVHD (which has no GVT)

Kristt

 

D, et al. Bone Marrow Transplant. 2007;39:255-68.

 
Baron F, et al. Leukemia. 2006;20:1690-700.
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Delicate Balance of Recipient 
and Donor With RIC 
Delicate Balance of Recipient 
and Donor With RIC

GVHD and GVT continue to be tightly linked
Need some GVT (which usually comes with some GVHD) 
but not so much GVHD, which is most common cause of 
nonrelapse mortality in RIC-conditioned patients
Present understanding is that the donor T cells react with 
host cells of the HLA-matched but genetically nonidentical
recipient, specifically targeting the nonhematopoietic
tissue (ie, GVHD) along with their hematologic malignancy 
(ie, GVT)
Work ongoing to segregate these polymorphic differences 
such that donor T cells react with host leukemic cells 
without damaging the nonhematopoietic tissues or the 
engrafting donor hematopoietic progenitor cells

GVHD and GVT continue to be tightly linkedGVHD and GVT continue to be tightly linked
Need some GVT (which usually comes with some GVHD) Need some GVT (which usually comes with some GVHD) 
but not so much GVHD, which is most common cause of but not so much GVHD, which is most common cause of 
nonrelapsenonrelapse mortality in RICmortality in RIC--conditioned patientsconditioned patients
Present understanding is that the donor T cells react with Present understanding is that the donor T cells react with 
host cells of the HLAhost cells of the HLA--matched but genetically matched but genetically nonidenticalnonidentical
recipient, specifically targeting the recipient, specifically targeting the nonhematopoieticnonhematopoietic
tissue (ie, GVHD) along with their hematologic malignancy tissue (ie, GVHD) along with their hematologic malignancy 
(ie, GVT)(ie, GVT)
Work ongoing to segregate these polymorphic differences Work ongoing to segregate these polymorphic differences 
such that donor T cells react with host leukemic cells such that donor T cells react with host leukemic cells 
without damaging the without damaging the nonhematopoieticnonhematopoietic tissues or the tissues or the 
engrafting donor hematopoietic progenitor cellsengrafting donor hematopoietic progenitor cells

Shlomchik

 

WD. Nature Rev. 2007;7:340-52; Bleakley

 

M, et al. Nat Rev Cancer. 2004;4:371-80; 
Riddell SR, et al. PLoS Med. 2007;4:e198.
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Fludarabine and Fludarabine 
Monophosphate 
Fludarabine and Fludarabine 
Monophosphate
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Mycophenolate Mofetil (MMF)Mycophenolate Mofetil (MMF)

Prodrug which forms mycophenolic acid (MPA), which inhibits 
inosine monophosphate dehydrogenase (IMPDH), which is 
required for de novo purine synthesis in activated lymphocytes
Nausea often problematic, data in solid organ transplant 
recipients suggest less nausea with enteric-coated MPA
Pharmacodynamic correlations recognized for 10+ years in solid 
organ transplant patients  
Three trials comparing fixed dose (1 g BID) vs “concentration 
controlled (CC)” in renal transplant patients
•

 
No difference in graft loss in all 3 trials, one trial showed 
improved renal function in those receiving CC MMF with 
reduced calcineurin

 

inhibitor doses

 •
 

MMF toxicity data mixed, one trial shows more 
leukopenia/thrombocytopenia with CC MMF while no 
difference in another

 

ProdrugProdrug which forms which forms mycophenolicmycophenolic acid (MPA), which inhibits acid (MPA), which inhibits 
inosineinosine monophosphatemonophosphate dehydrogenasedehydrogenase (IMPDH), which is (IMPDH), which is 
required for de novo required for de novo purinepurine synthesis in activated lymphocytessynthesis in activated lymphocytes
Nausea often problematic, data in solid organ transplant Nausea often problematic, data in solid organ transplant 
recipients suggest less nausea with entericrecipients suggest less nausea with enteric--coated MPAcoated MPA
PharmacodynamicPharmacodynamic correlations recognized for 10+ years in solid correlations recognized for 10+ years in solid 
organ transplant patients  organ transplant patients  
Three trials comparing fixed dose (1 g BID) vs Three trials comparing fixed dose (1 g BID) vs ““concentration concentration 
controlled (CC)controlled (CC)”” in renal transplant patientsin renal transplant patients
••

 
No difference in graft loss in all 3 trials, one trial showed No difference in graft loss in all 3 trials, one trial showed 
improved renal function in those receiving CC MMF with improved renal function in those receiving CC MMF with 
reduced reduced calcineurincalcineurin

 

inhibitor dosesinhibitor doses
••

 
MMF toxicity data mixed, one trial shows more MMF toxicity data mixed, one trial shows more 
leukopenialeukopenia/thrombocytopenia with CC MMF while no /thrombocytopenia with CC MMF while no 
difference in anotherdifference in another

World Transplant Meeting. July 22-27, 2006. Boston, MA. Abstracts 822, 1090, 819, 821, 823, 820.
Bolin P, et al. Transplantation. 2007;84:1443-51.
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Mycophenolate Mofetil (MMF)Mycophenolate Mofetil (MMF)

MMF
 

Mycophenolic
 

acid
 

MPA glucuronideesterases UGTs

Biliary

 

excretion 
to intestine
(18% of dose)

MPA glucuronide

Deglucuronidation

by gut flora

Renal 
excretion

Acyl

 

glucuronide

Shipkova

 

M, et al. Br J Pharmacol. 2001;132:1027-34.

Renal 
excretion
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Pharmacodynamics After MMF 
Use for GVHD Prophylaxis 
Pharmacodynamics After MMF 
Use for GVHD Prophylaxis

Maris et al. Blood. 2003
•

 
Shorter dosing intervals may be needed in HCT recipients 
because of shorter half-life

 •
 

Led to use of TID MMF in nonmyeloablative

 

conditioned 
patients with unrelated donor graft (where rejections were 
more common)

 Osunkwo et al. BBMT. 2004
•

 
34 children with various malignancies, preparative regimens 
(21 myeloablative), grafts (22 cords) and HLA disparity, 
tacrolimus/MMF

 •
 

Grade II-IV acute GVHD occurred in all 6 children with total 
MPA trough <1 µg/mL

 

and 1/6 with trough of 1-3.5 µg/mL

 

Maris et al. Blood. 2003Maris et al. Blood. 2003
••

 
Shorter dosing intervals may be needed in HCT recipients Shorter dosing intervals may be needed in HCT recipients 
because of shorter halfbecause of shorter half--lifelife

••
 

Led to use of TID MMF in Led to use of TID MMF in nonmyeloablativenonmyeloablative

 

conditioned conditioned 
patients with unrelated donor graft (where rejections were patients with unrelated donor graft (where rejections were 
more common)more common)

OsunkwoOsunkwo et al. BBMT. 2004et al. BBMT. 2004
••

 
34 children with various malignancies, preparative regimens 34 children with various malignancies, preparative regimens 
(21 (21 myeloablativemyeloablative), grafts (22 cords) and HLA disparity, ), grafts (22 cords) and HLA disparity, 
tacrolimustacrolimus/MMF/MMF

••
 

Grade IIGrade II--IV acute GVHD occurred in all 6 children with total IV acute GVHD occurred in all 6 children with total 
MPA trough <1 MPA trough <1 µµg/mLg/mL

 

and 1/6 with trough of 1and 1/6 with trough of 1--3.5 3.5 µµg/mLg/mL

Maris MB, et al. Blood. 2003;102:2021-30.

 
Osunkwo

 

I, et al. Biol Blood Marrow Transplant. 2004;10:246-58.
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Pharmacodynamics After MMF 
Use for GVHD Prophylaxis 
Pharmacodynamics After MMF 
Use for GVHD Prophylaxis

Jacobson et al. Jacobson et al. Clin Pharmacol TherClin Pharmacol Ther. 2005. 2005
••

 

87 adults, RIC, various grafts, Cyclosporine (CSP)/MMF 87 adults, RIC, various grafts, Cyclosporine (CSP)/MMF 

••

 

Acute GVHD associated with free MPA AUC < 300 Acute GVHD associated with free MPA AUC < 300 ng/mLng/mL*hr (58% *hr (58% 
vs 35%, P = .05). No association with trough concentrations. vs 35%, P = .05). No association with trough concentrations. 

••

 

Higher cumulative incidence of engraftment associated with totalHigher cumulative incidence of engraftment associated with total

 
MPA trough > 1 MPA trough > 1 µµg/mLg/mL

 

(P < .01). All engraftment failures in cords.(P < .01). All engraftment failures in cords.

GiacconeGiaccone et al. et al. BloodBlood 20052005
••

 

85 patients, hematologic malignancies, FLU/TBI, HLA85 patients, hematologic malignancies, FLU/TBI, HLA--matched matched 
unrelatedunrelated--donor, CSP/MMF postdonor, CSP/MMF post--grafting grafting 

••

 

16 patients with a total MPA 16 patients with a total MPA CssCss

 

<3 <3 µµg/mLg/mL

 

had low (<50%) donor had low (<50%) donor 
TT--cell cell chimerismchimerism

 

(P = .03); 6 patients with MPA (P = .03); 6 patients with MPA CssCss

 

<2.5 <2.5 µµg/mLg/mL

 
had graft rejection had graft rejection 

••

 

Elevated unbound Elevated unbound CssCss

 

was associated with CMV reactivation was associated with CMV reactivation 
(20 vs 31 (20 vs 31 ng/mLng/mL, P = .03), P = .03)

••

 

No significant associations with acute GVHD or relapseNo significant associations with acute GVHD or relapse
Jacobson P, et al. Clin Pharmacol Ther. 2005;78:486-500; Giaccone

 

L, et al. Blood. 2005;106:4381-8.
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Summary: Expanding Availability of 
HCT and Personalized Dosing 
Summary: Expanding Availability of 
HCT and Personalized Dosing

The development of RIC regimens and improved 
HLA typing (with the subsequent ability to 
increase the number of unrelated, haploidentical
and umbilical cord grafts) has expanded the 
availability of allogeneic HCT
Personalized drug dosing is widely accepted for 
both IV and oral busulfan, but more data is 
needed regarding its potential benefit for patients 
receiving MMF or cyclophosphamide

The development of RIC regimens and improved The development of RIC regimens and improved 
HLA typing (with the subsequent ability to HLA typing (with the subsequent ability to 
increase the number of unrelated, increase the number of unrelated, haploidenticalhaploidentical
and umbilical cord grafts) has expanded the and umbilical cord grafts) has expanded the 
availability of availability of allogeneicallogeneic HCTHCT

Personalized drug dosing is widely accepted for Personalized drug dosing is widely accepted for 
both IV and oral both IV and oral busulfanbusulfan, but more data is , but more data is 
needed regarding its potential benefit for patients needed regarding its potential benefit for patients 
receiving MMF or receiving MMF or cyclophosphamidecyclophosphamide
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Graft-Versus-Host DiseaseGraft-Versus-Host Disease

Boundary between acute and chronic 
GVHD was traditionally based on time, 
now based on clinical symptoms
In 2006, for the first time, comprehensive 
diagnostic, staging, and response criteria 
for chronic GVHD (cGVHD) were 
established
•

 
Still “work in progress”

 
and currently being 

validated retrospectively
 

Boundary between acute and chronic Boundary between acute and chronic 
GVHD was traditionally based on time, GVHD was traditionally based on time, 
now based on clinical symptomsnow based on clinical symptoms
In 2006, for the first time, comprehensive In 2006, for the first time, comprehensive 
diagnostic, staging, and response criteria diagnostic, staging, and response criteria 
for chronic GVHD (for chronic GVHD (cGVHDcGVHD) were ) were 
establishedestablished
••

 
Still Still ““work in progresswork in progress””

 
and currently being and currently being 

validated retrospectivelyvalidated retrospectively

Lee SJ. Blood. 2005;105:4200-6; Griffith LM, et al. Biol Blood Marrow Transplant. 2008;14:379-84.
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Acute GVHD ProphylaxisAcute GVHD Prophylaxis

Grade II–IV acute GVHD occurs in 20% to 50% of HLA-
matched sibling grafts and 50% to 80% of HLA-
mismatched sibling or HLA-identical unrelated donors
Unfortunately, little change in GVHD prophylactic 
regimens for myeloablative regimens over past 20 years
Nonmyeloablative HCT 
•

 
Similar incidence and severity of acute GVHD as 
myeloablative

 

HCT

 •
 

GVHD rates not influenced by more frequent dosing or 
extending duration of MMF

 •
 

Extended duration of cyclosporine (CSP) dosing does lower 
acute GVHD rates

 

Grade IIGrade II––IV acute GVHD occurs in 20% to 50% of HLAIV acute GVHD occurs in 20% to 50% of HLA--
matched sibling grafts and 50% to 80% of HLAmatched sibling grafts and 50% to 80% of HLA--
mismatched sibling or HLAmismatched sibling or HLA--identical unrelated donorsidentical unrelated donors
Unfortunately, little change in GVHD prophylactic Unfortunately, little change in GVHD prophylactic 
regimens for regimens for myeloablativemyeloablative regimens over past 20 yearsregimens over past 20 years
NonmyeloablativeNonmyeloablative HCT HCT 
••

 
Similar incidence and severity of acute GVHD as Similar incidence and severity of acute GVHD as 
myeloablativemyeloablative

 

HCTHCT
••

 
GVHD rates not influenced by more frequent dosing or GVHD rates not influenced by more frequent dosing or 
extending duration of MMFextending duration of MMF

••
 

Extended duration of cyclosporine (CSP) dosing does lower Extended duration of cyclosporine (CSP) dosing does lower 
acute GVHD ratesacute GVHD rates

Tabbara

 

IA, et al. Arch Intern Med. 2002;162:1558-66; Baron F, et al. Biol Blood Marrow Transplant. 
2007;13:1041-8; Burroughs L, et al. Transplantation. 2006;81:818-25.
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Acute GVHD TreatmentAcute GVHD Treatment

Despite many promising therapies, none have been positive in 
prospective randomized comparison 
•

 

Monoclonal and polyclonal antilymphocyte

 

antibodies, anti–TNF alpha 
antibodies, proinflammatory

 

cytokine-modifying agents, extracorporeal 
photopheresis

 

or infusion of mesenchymal

 

stromal

 

cells

 EXCEPT oral beclomethasone diproprionate (BDP) in patients with 
steroid refractory gastrointestinal GVHD had positive data in a 
prospective, randomized, placebo-controlled group
•

 

No data on absorption or "nonabsorption" of BDP
•

 

BDP decreased risk of GVHD treatment failure and improved survival 
Effects were even more pronounced in recipients of mismatched or unrelated 
transplants

•

 

Reduction in mortality was primarily due to a reduction in deaths from 
infections and deaths from relapse, not in deaths from GVHD

 •

 

Confirmatory trial needed

Systemic corticosteroids still remain first-line treatment, with ~50% 
response rate

Despite many promising therapies, none have been positive in Despite many promising therapies, none have been positive in 
prospective randomized comparison prospective randomized comparison 
••

 

Monoclonal and polyclonal Monoclonal and polyclonal antilymphocyteantilymphocyte

 

antibodies, antiantibodies, anti––TNF alpha TNF alpha 
antibodies, antibodies, proinflammatoryproinflammatory

 

cytokinecytokine--modifying agents, extracorporeal modifying agents, extracorporeal 
photopheresisphotopheresis

 

or infusion of or infusion of mesenchymalmesenchymal

 

stromalstromal

 

cellscells

EXCEPT oral EXCEPT oral beclomethasonebeclomethasone diproprionatediproprionate (BDP) in patients with (BDP) in patients with 
steroid refractory gastrointestinal GVHD had positive data in a steroid refractory gastrointestinal GVHD had positive data in a 
prospective, randomized, placeboprospective, randomized, placebo--controlled groupcontrolled group
••

 

No data on absorption or "No data on absorption or "nonabsorptionnonabsorption" of BDP" of BDP

••

 

BDP decreased risk of GVHD treatment failure and improved survivBDP decreased risk of GVHD treatment failure and improved survival al 
Effects were even more pronounced in recipients of mismatched orEffects were even more pronounced in recipients of mismatched or unrelated unrelated 
transplantstransplants

••

 

Reduction in mortality was primarily due to a reduction in deathReduction in mortality was primarily due to a reduction in deaths from s from 
infections and deaths from relapse, not in deaths from GVHDinfections and deaths from relapse, not in deaths from GVHD

••

 

Confirmatory trial neededConfirmatory trial needed

Systemic corticosteroids still remain firstSystemic corticosteroids still remain first--line treatment, with ~50% line treatment, with ~50% 
response rateresponse rate

Deeg

 

HJ. Blood. 2007;109:4119-26.
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Chronic GVHDChronic GVHD

Minimal insight into its basic biology, no validated biomarkers
Risk factors 
•

 

Nonintensity

 

of conditioning regimen
•

 

Nonmodifiable: older age of recipient, certain diagnoses (eg, CML), and lack 
of an HLA-matched donor 

•

 

Modifiable: younger donor, avoiding a multiparous

 

female donor, umbilical 
cord blood or bone marrow graft rather than PBPC, and limiting the CD34+ 
and T-cell dose infused 

Development of acute GVHD is a major predictor for chronic GVHD 
and 70% – 80% of those with grade II to IV acute GVHD develop 
chronic GVHD
Ongoing research:  
•

 

Phase 2 studies suggest benefit from extracorporeal photopheresis

 

(ECP) 
and rituximab

 •

 

MMF and enteric-coated MPA as an adjunct to standard front-line cGVHD

 
therapy

 

Minimal insight into its basic biology, no validated biomarkersMinimal insight into its basic biology, no validated biomarkers
Risk factors Risk factors 
••

 

NonintensityNonintensity

 

of conditioning regimenof conditioning regimen

••

 

NonmodifiableNonmodifiable: older age of recipient, certain diagnoses (eg, CML), and lack : older age of recipient, certain diagnoses (eg, CML), and lack 
of an HLAof an HLA--matched donor matched donor 

••

 

Modifiable: younger donor, avoiding a Modifiable: younger donor, avoiding a multiparousmultiparous

 

female donor, umbilical female donor, umbilical 
cord blood or bone marrow graft rather than PBPC, and limiting tcord blood or bone marrow graft rather than PBPC, and limiting the CD34+ he CD34+ 
and Tand T--cell dose infused cell dose infused 

Development of acute GVHD is a major predictor for chronic GVHD Development of acute GVHD is a major predictor for chronic GVHD 
and 70% and 70% –– 80% of those with grade II to IV acute GVHD develop 80% of those with grade II to IV acute GVHD develop 
chronic GVHDchronic GVHD

Ongoing research:  Ongoing research:  
••

 

Phase 2 studies suggest benefit from extracorporeal Phase 2 studies suggest benefit from extracorporeal photopheresisphotopheresis

 

(ECP) (ECP) 
and and rituximabrituximab

••

 

MMF and entericMMF and enteric--coated MPA as an adjunct to standard frontcoated MPA as an adjunct to standard front--line line cGVHDcGVHD

 
therapytherapy

Lee SJ. Blood. 2005;105:4200-6; Griffith LM, et al. Biol Blood Marrow Transplant. 2008;14:379-84.
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Examples of NIH Consensus 
Guidelines: Diagnosis 
Examples of NIH Consensus 
Guidelines: Diagnosis

Filipovich AH, et al. Biol Blood Marrow Transplant. 2005;11:945-95.

Affected 
Organ Diagnosis Distinctive

Other 
Features

Seen with Acute 
& Chronic GVHD

Eyes New onset 
dry, gritty, 
or painful 
eyes

Photophobia; 
Periorbital

 
hyperpig-

 
mentation; 
Erythema

 

of 
the eyelids 
with edema

GI tract Esophageal 
web
Stricture or 
stenosis

 

in 
upper to 
mid third of 
esophagus

Pancreatic 
insufficiency

Anorexia; 
nausea; vomiting; 
diarrhea; weight 
loss; failure to 
thrive (peds)
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Summary: GVHDSummary: GVHD

Acute GHVD 
•

 
Prophylaxis has minimally changed for 
myeloablative

 
conditioning, while incremental 

improvements are occurring with RIC 
•

 
Treatment largely unchanged

The NIH consensus guidelines will impact the 
diagnosis of chronic GVHD with the end goal of 
identifying methods for its prevention and 
treatment

Acute GHVD Acute GHVD 
••

 
Prophylaxis has minimally changed for Prophylaxis has minimally changed for 
myeloablativemyeloablative

 
conditioning, while incremental conditioning, while incremental 

improvements are occurring with RIC improvements are occurring with RIC 

••
 

Treatment largely unchangedTreatment largely unchanged

The NIH consensus guidelines will impact the The NIH consensus guidelines will impact the 
diagnosis of chronic GVHD with the end goal of diagnosis of chronic GVHD with the end goal of 
identifying methods for its prevention and identifying methods for its prevention and 
treatmenttreatment
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Overall SummaryOverall Summary

HCT mainly used for treatment of hematologic 
malignancies
Use of HCT is expanding due to increasing availability of 
novel graft sources and the refinement of RIC 
Personalization of chemotherapy and immunosuppressant 
dosing continues to be a unique opportunity for 
pharmacists to improve the outcomes for HCT recipients
Continued research is needed to improve outcomes for 
HCT recipients who experience acute and/or chronic 
GVHD

HCT mainly used for treatment of hematologic HCT mainly used for treatment of hematologic 
malignanciesmalignancies
Use of HCT is expanding due to increasing availability of Use of HCT is expanding due to increasing availability of 
novel graft sources and the refinement of RIC novel graft sources and the refinement of RIC 
Personalization of chemotherapy and immunosuppressant Personalization of chemotherapy and immunosuppressant 
dosing continues to be a unique opportunity for dosing continues to be a unique opportunity for 
pharmacists to improve the outcomes for HCT recipientspharmacists to improve the outcomes for HCT recipients
Continued research is needed to improve outcomes for Continued research is needed to improve outcomes for 
HCT recipients who experience acute and/or chronic HCT recipients who experience acute and/or chronic 
GVHDGVHD
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