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ABsTRAcT
Outcomes for elderly patients with acute myeloid leukemia (AML) remain poor with standard 
therapies.  Historically this age group has been excluded from treatment with allogeneic 
stem cell transplantation (allo-SCT) due to worries of excessive treatment related morbidity 
and mortality. However, transplantation outcomes have dramatically improved in the last 
decade due to the widespread use of less ablative conditioning regimens, improved sup-
portive care, and improved patient selection based on prognostic tools such as the he-
matopoietic cell transplant specific comorbidity index.  These have all led to an increasing 
acceptance of allo-SCT as a potential treatment modality in elderly patients with AML. This 
review addresses current strategies for patient selection and efficacy data for allo-SCT in 
elderly patients with AML.

InTRoducTIon
According to SEER data approximately 12,000 cases of acute 
myeloid leukemia (AML) were diagnosed in the United States in 
2010.1 AML is a disease with a peak incidence that occurs at 67 
years of age. As healthy individuals at 70 years of age have a life 
expectancy of at least another 10 years,2 consideration should be 
given to curative therapies whenever possible. Prognosis of elderly 
patients is poor and clearly inferior to that of young patients with 
AML.3-6 This is not only due to host factors such as performance 
status but also due to a higher rate of disease related adverse 
prognostic signs such as poor risk karyotype and antecedent 
hematologic disorder. 

Allogeneic stem cell transplantation (Allo-SCT) is one of the most 
effective strategies in the management of AML. The potent 
anti-leukemic effect of allo-SCT must be weighed against the 
possible risk of post transplant complications such as infection, graft 
versus host disease and organ dysfunction as a result of the 
conditioning regimen which all contribute to non relapse mortality 
(NRM). It is for this reason that allo-SCT has traditionally been 
reserved for patients under the age of 50 years. NRM has been 
reduced markedly over the last 15 years with the advent of reduced 
intensity preparative regimens and improved supportive care.7

With these facts in mind, the question of whether a curative option 
with Allo-SCT may be offered to elderly patients needs to be ad-
dressed. Here we outline recent advances in transplantation 
regimens, discuss the selection criteria and make the argument that 
elderly patients should be considered for allo-SCT whenever 
possible.

Importance of assessment of comorbidities
in stem cell transplant

The term comorbidity, defined as a distinct additional clinical entity 
that coexists with an index disease was introduced by Feinstein in 
1970.8 Used to define the weight of additional diseases on a patient, 
comorbidities became of interest in stem cell transplant when non 
myeloablative conditioning widened the pool of patients eligible for 
Allo-SCT. Elderly patients often present with comorbidities causing 
increased post HSCT morbidity and mortality. It is accepted that the 
presence of comorbidities and not chronologic age alone should be 
one of the major considerations when deciding whether a particular 
patient is eligible for transplant. 
Therefore, the development of a method to reliably assess 
pre-transplant comorbidities is important for clinicians to estimate 
the risks of undergoing HSCT. 

Single organ comorbidities including cardiac, pulmonary and hepat-
ic were initially studied and failed to predict transplant outcome.9-18 
Furthermore as many patients have at least one comorbidity, a more 
comprehensive tool was required. Several scoring system had been 
developed for the use in other patient populations. The Charlson co-
morbidity index (CCI)19 is a weighted scoring system which was first 
reported in 1980 based on the one year mortality of general medi-
cine patients admitted to a single hospital.20 The CCI evaluates for 
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Comorbidity Definition Score Prevalence 
(%)

Arrhythmia Atrial fibrillation or flutter, sick sinus syndrome or ventricular arrhythmias 1 0
Cardiac Coronary artery disease*, congestive heart failure, myocardial infarction or EF < 50% 1  5 (10%)

Inflammatory bowel 
disease

Crohn’s disease or ulcerative colitis 1 1 (2%)

Diabetes Requiring treatment with insulin or oral hypoglycemics but not diet alone 1 6 (12%)

Cerebrovascular disease Transient ischemic attack or cerebrovascular accident 1 1 (2%)

Psychiatric Depression or anxiety requiring psychiatric consult or treatment 1 5 (10%)

Hepatic (mild) Chronic hepatitis, bilirubin > ULN to 1.5 x ULN or AST/ALT > ULN to 2.5 x ULN 1 16 (32%)
Obesity Patients with a body mass index > 35 kg/m2 1 6 (12%)

Infection Requiring continuation of antimicrobial treatment after day 0 1 14 (28%)
Rheumatologic SLE, RA, polymyositis, mixed CTD or polymyalgia rheumatic 2 2 (4%)

Peptic ulcer Requiring treatment 2 0

Renal Serum creatinine > 2 mg/dL, on dialysis or prior renal transplantation 2 0

Pulmonary (moderate) DLco and/or FEV1 66%-80% or dyspnea on slight activity 2 16 (32%)
Prior solid tumor Treated at any time point in the patient’s past history, excluding nonmelanoma skin cancer 3 2 (4%)

Heart valve disease Except mitral valve prolapsed 3 1 (2%)

Pulmonary (severe) DLco and/or FEV1 < 65% or dyspnea at rest or requiring oxygen 3 11 (22%)
Hepatic (mod/ severe) Liver cirrhosis, bilirubin > 1.5 x ULN or AST/ALT > 2.5 x ULN 3 0

Table 1. Comorbidity	definition,	assigned	score	and	incidence	of	comorbidities	in	university	of	Illinois	cohort

*One or more vessel-coronary artery stenosis requiring medical treatment, stent, or bypass graft

the presence of 19 diseases and assigns a score to each. Charlson 
et al noted that scores of 1 to 2 and 3 or higher were associated with 
increasing risks of mortality. This score was subsequently validated 
in a number of malignancies including breast, head and neck and 
lung cancer.21-23 When applied to patients undergoing 
Allo-SCT, investigators found that the risk of overall grade 4 toxic-
ity and NRM increased with increasing CCI. Notably patients who 
underwent NMA transplant had significantly less grade 4 toxicities 
despite being an older cohort. In an effort establish a comorbidity 
scoring system more appropriate to stem cell transplant the same 
investigators reported the hematopoietic cell transplantation 
specific comorbidity index (HCT-CI).24 This tool was derived from 
over 1000 patients utilizing many of the same comorbidities in the 
CCI. Hazard ratios for NRM were obtained in order to develop a 
weighted score. The result was a new 17 point score which pre-
dicted NRM and OS (Table 1 along with prevelance of comorbidities 
as reported by the authors25). Patients were stratified into 3 groups 
based on HCT-CI score (0, 1-2, >3).

The HCT-CI has now been studied in several different diseases, 
conditioning regimens and donor types with varying results. The 
Seattle group reported that high HCT-CI predicted outcomes (NRM 

and OS) in patients with AML, MDS, CLL and lymphoma 
conditioned with both MAC and NMA regimens.26, 27 Similar results 
were obtained when the Seattle data on AML patients in first 
complete remission was combined with data from the MD Anderson 
cancer center.28

Although by far the most comprehensive review of comorbidities in 
patients undergoing stem cell transplant, data regarding the utility of 
the HCT-CI has been mixed. A Canadian group reported that they 
found no association between HCT-CI and TRM or OS in a variety 
of conditioning regimens and disease.29 In umbilical cord transplant 
registry data, HCT-CI did not consistently predict NRM or OS.30 
Similarly in patients with NHL conditioned with fludarabine and 
cyclophosphamide there was no association between 
HCT-CI and TRM or OS.31

Several investigators have reported that although HCT-CI may be 
useful, it lacks the sensitivity to predict outcome as stratified by the 
3 original groups described. Farina et al32 reported that in patients 
with myeloma or lymphoma who underwent RIC or NMA condition-
ing, HCT-CI of 0 was associated with a significantly improved OS 
and NRM when compared with both of the other groups. NRM was 
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not different between patients with HCT-CI of 1–2 and HCT-CI of 
>3 (P=0.48). Therefore in this population the HCT-CI lacked sen-
sitivity to predict outcomes in patients with HCT-CI score >1. Con-
versely in patients conditioned with fludarabine/ oral busulfan and 
i.v. alemtuzumab although TRM seems to show linear increase with 
increasing HCT-CI score (16% vs. 24% vs. 42%), the difference was 
not statistically different between patients with 0 score and 1-2 but 
was significantly increased in patients with HCT-CI >333. Similarly 
a single center Japanese experience showed that patients with high 
HCT-CI score had statistically worse OS and NRM than low score 
patients. The same was not true for patients with intermediate score 
HCT-CI.34

Attempts have been made to increase the sensitivity of the HCT-CI. 
The original investigators have reported that the addition of Karnof-
sky performance score or disease risk at time of transplant enhanc-
es the stratification and gives incremental increases in non relapse 
mortality.35 Barba et al reported that in patients conditioned with 
fludarabine/ melphalan or fludarabine/ busulfan (8-10mg/kg) there 
was no association between HCT-CI and NRM or OS36. However 
when the same investigators analyzed patients compartmentalized 
in a different manner they found this new flexible HCT-CI was a 
strong predictor of NRM and OS.
 
In addition to HCT-CI the PAM score has been described.37 The 
PAM scores predicts mortality after transplant. Although it captures 
some comorbid conditions it is not specifically designed to evalu-
ate comorbidities alone but rather all aspects associated with trans-
plantation outcome that may contribute to increased morbidity and 
mortality. For example the PAM score includes disease related risk 
and type of donor.

Reduced InTensITy And 
non MyeloABlATIVe condITIonIng

Myeloablative (MAC) transplantation refers to conditioning which 
leads to severe and long lasting cytopenias which would not re-
cover without stem cell infusion.38 These regimens lead to rapid full 
donor chimerism but are generally thought to lead to greater NRM. 
The realization that “immune-ablation” and not myeloablation was 
required for successful transplantation has lead to reduced intensity 
(RIC) and non myeloblative (NMA) transplant. 

Although it is likely that RIC reduces antileukemic effect,39 it is widely 
accepted that these regimens produce much less transplant related 
morbidity and mortality and therefore are often attractive in elderly 
and comorbid patients. In contrast to MAC, NMA conditioning cause 
minimal cytopenias which do not require stem cell support38. These 
regimens lessen NRM but still carry significant risk of acute graft 
versus host disease (aGVHD) which may be delayed in onset. If 
these 2 classes are considered at opposite ends of a spectrum then 
reduced intensity conditioning falls in the middle ground. For RIC, 
autologous reconstitution remains a possibility. There are now mul-
tiple phase II and retrospective studies with a multitude of NMA and 
RIC regimens. Although large prospective multicenter trials are on-
going, data on the full impact of these regimens or indeed whether 
any one is superior to another is currently lacking. 
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figure 1.  engraftment of donor stem cells  after conditioning  
   regimen with  myeloablative, reduced intensity or 
    non  myeloablative therapy

Conditioning regimens with myeloablative effect (MAC), or reduced 

intensity (RIC) or non-myeloablative doses of chemotherapy and/or 

radiation (MINI) produce a different rate of early engraftment of do-

nor stem cells and thus allow the persistence of host cells for variable 

time. Over the time, donor stem cells are thought to progressively oc-

cupy the whole marrow of the host due to a graft-versus host reaction.

Table 2.  comparison of eBMT and cIBMTR data in elderly patients

n Median 
Age

RIC
conditioning

OS Relapse 
Rate

NRM

CIBMTR*
    40-54
    55-60
    60-65
    >65

208
146
126
55

50 (40-54)
57 (55-59)
62 (60-64)
67 (65-78)

78% (p=.07)
68%
69%
65%

44% (p=0.06)
50%
34%
36%

33% (p=0.87)
34%
37%
33%

25% (p=0.26)
22%
32%
34%

EBMT**
    50-60
    >60

884
449

54 (50-60)
63 (60-75)

55% (p<0.01)
78%

34% (p=0.23)
24%

32% (p=0.02)
41%

36% (p=0.39)
39%

*2 year estimates **4 year estimates
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Truly NMA conditioning with 2Gy TBI and fludarabine has been 
previously described.  In patients with MDS or MPD conditioned 
with this regimen graft rejection was seen in 15% of patients.40 The 
3-year OS was 27%, with a relapse incidence of 41%. The 3-year 
NRM was 32%. In patients with AML 96% of patients had durable 
engraftment.41 NRM was 25% for patients in CR1, 27% for those 
in CR2, 35% for those not in CR1 or CR2 and 28% for those with 
secondary AML. Relapse mortalities for these four patient groups 
were 36%, 36%, 42% and 46% respectively. Therefore even though 
the use of low dose TBI with fludarabine is well tolerated it often 
leads to failure to engraft as well as a high relapse rate in myeloid 
malignancies. The addition of a further 2 Gy to above described 
2Gy/ fludarabine regimen has been attempted in an effort to de-
crease graft rejection and disease relapse.  These data were com-
pared with the authors data from previous experience with 2Gy TBI.  
Although fewer 4Gy TBI patients experienced graft rejection than 
that observed for the 2Gy TBI group, this did not reach statistical 
significance. No difference in relapse rate or survival were noted 
between the 2 groups, however many patients had indolent lym-
phoid malignancies rather than more aggressive myeloid malignan-
cies. In subgroup analyses it appeared that patients with myeloid 
malignancies benefited most in terms of improved survival although 
patient numbers were small. Importantly the additional 2Gy was well 
tolerated.42 An alternative NMA regimen has been proposed by the 
Stanford group involving total lymph node irradiation and antithy-
mocyte globulin.43 The analysis included 47 patients with myeloid 
malignancies. In total 34 patients were over the age of 60 years of 
age. 1 year NRM was less than 4%. 3 year OS was 60%. Therefore 
relapse remained a significant cause of death.

RIC has been described utilizing a fludarabine immunosuppressive 
backbone in addition to alkylator therapy with melphalan (<140mg/
m2). The fludarabine/ melphalan regimen has now been described 
by several groups to have acceptable non relapse mortality44-48 One 
of the initial descriptions of this regimen was by the MD Anderson 
group utilizing fludarabine (125mg/m2) and melphalan (140mg/
m2 or 180mg/m2).44 In patients with a median age of 52 years the 
NRM was 37.4% at 100 days. Overall survival was not adversely 
affected by increasing age.  Other fludarabine-based RIC regimens 
combined this purine analogue with cyclophosphamide49,50 and 
thiotepa51 also in allo-SCT studies for patients with myeloid malig-
nancies. Nevertheless, the 40 year-experience in stem cell trans-
plantation of a conditioning regimen utilizing oral busulfan, and the 
development over the last 10 years of a more stable and practical 
intravenous formulation of this drug, have led the majority of trans-
plant centers utilizing a combination of fludarabine and IV busulfan 
at very different doses.52-55

Fludarabine/IV Busulfan -
A reduced toxicity regimen with myeloablative effect

Initial use of busulfan was entirely oral. A stable IV formulation now 
exists with an oral to IV conversion of 1: 0.8. Busulfan containing 
regimens gained popularity when shown to have equivalent survival 
to TBI based regimens with decreased toxicity56 In addition target-
ing of busulfan dose has gained acceptance as low busulfan levels 
have been shown to correlate with relapse.57 The fludarabine/ bu-
sulfan regimen was described by Russel et al in 2002. The authors 

described a tolerable regimen with reliable engraftment58. We have 
described that a standard RIC regimen (Fludarabine/ Melphalan) 
and MAC (Fludarabine/ Busulfan) induced similar hematologic and 
minimal extrahematologic toxicity.59 Furthermore, the outcome of 
patients at standard risk and high risk was comparable to other 
standard regimens, but with a reduced toxicity60 An improving knowl-
edge of busulfan pharmacokinetics has allowed many centers to de-
sign strategies using low, intermediate or full dose busulfan.52-55,61-63 
The optimal dose for reduced intensity regimens including busulfan 
has been addressed by in a study comparing 3.2mg/kg with 6.4mg/
kg64. Median age of patients was 58 in the lower dose group and 
62 in the higher dose group (p=0.0006). 2 year NRM was 3.7% in 
the low dose group and 11.1% in the high dose group (p<0.05). 
However relapse was significantly increased in the low dose group. 
New strategies targeting the dose of Bu according to PK studies at 
the time of transplant are currently addressing whether efficacy and 
toxicity may be optimized in each patient avoiding sub- or supra-
therapeutic levels of busulfan.

Clinical experience with transplantation 
in elderly patients with AML

A number of small single center studies have shown safety of allo-
SCT in elderly patients. However, evidence presented in large co-
horts of patients (Table 2) now supports the safety and efficacy of 
allo-SCT in elderly patients with AML.65,66 The European Group for 
Blood and Marrow Transplantation (EBMT) reported on 1333 MDS 
and secondary AML patients over the age of 50, including 34% over 
60 years of age, who received a transplant after 1998. 62% were 
conditioned with RIC and 38% with MAC. In multivariate analysis 
age >60 did not impact overall survival or non relapse mortality. 
Advanced disease, RIC and unrelated donor were risks for non re-
lapse mortality. The major independent variable for overall survival 
was disease stage at time of transplantation. A CIBMTR analysis in-
cluded a total of 1080 patients. Of these 545 patients had AML (the 
remainder had MDS). Among patients with AML, 36% were older 
than 60 years of age, and 12% were ≥ 65 years old. In multivariate 
analysis recipient age was not an independent variable for non re-
lapse mortality. 1 year non relapse mortality was adversely affected 
by lower KPS, worsening HLA disparity, MDS (whether cytogeneti-
cally good, intermediate, or poor risk), unfavorable-risk AML, and 
increasing donor age. Similarly overall survival was not significantly 
impacted by age but low KPS, mismatched donor and unfavorable 
cytogenetic all had a negative effect on survival.

In addition two recent studies have addressed this issue. Alatrash 
et al reported the outcome of patients > 55 years of age with AML 
or MDS conditioned with the myeloablative regimen of busulfan 
(130mg/m2) and fludarabine.67 Median age was 58 years. Using the 
median age as a cutoff the auhors showed that there was no signifi-
cant difference between the 2 groups in terms of OS. Koreth et al 
analyzed the outcome of 158 patients aged between 60 and 71 who 
underwent RIC68. 44% of patients had AML. Two year NRM and 
relapse were 10% and 54.6%. 2 year OS was 46%. In multivariate 
analysis age >65 was not associated with increased NRM.

| Review Article
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conclusIon
AML in the elderly has a poor prognosis with little change in the 
outcome over the last 30 years. A substantial amount of evidence 
now supports the potential curative effect of allo-SCT in the elderly 
patient. Patient selection using objective criteria analyzing comor-
bidities is important. Future avenues of investigation will include 
targeted therapies to intensify the anti-leukemic activity of the con-

RefeRences

1. National Cancer Institute. SEER database: surveillance epide-
miology and end results http://seer.cancer.gov/statfacts/html/
amyl.html accessed Oct 17th 2011.
2. Social security online actuarial publications, period life table. 
http://www.ssa.gov/oact/STATS/table4c6.html accessed Oct 
17th 2011.
3. Luger SM. Treating the elderly patient with acute myelog-
enous leukemia. Hematology Am Soc Hematol Educ Program. 
2010;2010:62-9. 
4. Appelbaum FR, Gundacker H, Head DR et al. Age and acute 
myeloid leukemia. Blood. 2006;107:3481-5.
5. Craig CM, Schiller GJ . Acute myeloid leukemia in the elderly: 
conventional and novel treatment approaches. Blood Rev. 
2008;22:221-34. 
6. Pollyea DA, Kohrt HE, Medeiros BC. Acute myeloid leukaemia 
in the elderly: a review. Br J Haematol. 2011;152:524-42.
7. Gooley TA, Chien JW, Pergam SA et al. Reduced mortality 
after allogeneic hematopoietic transplantation. N Engl J Med. 
2010;363:2091-101.
8. Feinstein AR. Pre-therapeutic classification of co-morbidity 
in chronic disease. J Chronic Dis. 1970;23:455–68
9. Zangari M, Henzlova MJ, Ahmad S et al. Predictive value of 
left ventricular ejection fraction in stem cell transplantation. 
Bone Marrow Transplant. 1999; 23: 917−20
10. Fujimaki K, Maruta A, Yoshida M et al. Severe cardiac 
toxicity in hematological stem cell transplantation: predictive 
value of reduced left ventricular ejection fraction. Bone Marrow 
Transplant. 2001; 27: 307−10. 
11. Hertenstein B, Stefanic M, Schmeiser T et al. Cardiac toxicity 
of bone marrow transplantation: predictive value of cardiologic 
evaluation before transplant. J Clin Oncol. 1994;12:998−1004.
12. Jain B, Floreani AA, Anderson JR et al. Cardiopulmonary 
function and autologous bone marrow transplantation: results 
and predictive value for respiratory failure and mortality. The 
University of Nebraska Medical Center Bone Marrow Trans-
plantation Pulmonary Study Group. Bone Marrow Transplant. 
1996; 17: 561−8.
13. Lehmann S, Isberg B, Ljungman P et al. Cardiac systolic 
function before and after hematopoietic stem cell transplanta-
tion. Bone Marrow Transplant. 2000; 26: 187−92.

14. Goldberg SL, Klumpp TR, Magdalinski AJ et al. Value of the 
pretransplant evaluation in predicting toxic 100-day mortal-
ity among blood stem cell and bone marrow recipients. J Clin 
Oncol. 1998;16:3796−802.
15. Carlson K, Backlund L, Smedmyr B et al. Pulmonary func-
tion and complications subsequent to autologous bone marrow 
transplantation. Bone Marrow Transplant. 1994;14:805−11. 
16. McDonald GB, Hinds MS, Fisher LD et al.. Veno-occlusive 
disease of the liver and multiorgan failure after bone marrow 
transplantation: a cohort study of 355 patients. Ann Intern Med. 
1993;118:255−67.
17. Chen PM, Liu JH, Fan FS et al. Liver disease after bone mar-
row transplantation − the Taiwan experience. Transplantation. 
1995;59:1139−43.
18. Rozman C, Carreras E, Qian C et al.. Risk factors for hepatic 
veno-occlusive disease following HLA-identical sibling bone 
marrow transplants for leukemia. Bone Marrow Transplant. 
1996;17:75−80.
19. Sorror ML, Maris MB, Storer B et al. Comparing morbidity 
and mortality of HLA-matched unrelated donor hematopoietic 
cell transplantation after nonmyeloablative and myeloablative 
conditioning: influence of pretransplantation comorbidities. 
Blood. 2004;104:961-8. 
20. Charlson ME, Pompei P, Ales KL et al. A new method of 
classifying prognostic comorbidity in longitudinal studies: 
development and validation. J Chron Dis. 1987;40:373-83.
21. Singh B, Bhaya M, Stern J et al. Validation of the Charlson 
comorbidity index in patients with head and neck cancer: a 
multi-institutional study. Laryngoscope. 1997;107:1469-75.
22. Newschaffer CJ, Bush TL, Penberthy LE, et al. Does comor-
bid disease interact with cancer? An epidemiologic analysis 
of mortality in a cohort of elderly breast cancer patients. J 
Gerontol A Biol Sci Med Sci. 1998;53:M372-8.
23. Firat S, Bousamra M, Gore E et al. Comorbidity and KPS are 
independent prognostic factors in stage I non-small-cell lung 
cancer. Int J Radiat Oncol Biol Phys. 2002;52:1047-57.
24. Sorror ML, Maris MB, Storb R et al. Hematopoietic cell 
transplantation (HCT)-specific comorbidity index: a new 
tool for risk assessment before allogeneic HCT. Blood. 
2005;106:2912-9. 

jaim

ditioning regimen while simultaneously limiting extrahematologic 
toxicity. This is already under investigation in phase I and II clini-
cal trials including radiolabeled monoclonal antibodies and intensity 
modulated total marrow irradiation. 



JAIM | volume 01 issue 01 | Jan-June 2012page 48

Journal of Advances in Internal Medicine

25. Patel P, Sweiss K, Nimmagadda S et al. Comorbidity index 
does not predict outcome in allogeneic myeloablative trans-
plants conditioned with fludarabine/i.v. busulfan (FluBu4). 
Bone Marrow Transplant. 2011;46:1326-30. 
26. Sorror ML, Sandmaier BM, Storer BE et al. Comorbidity and 
disease status-based risk stratification of outcomes among 
patients with acute myeloid leukemia or myelodysplasia 
receiving allogeneic hematopoietic cell transplantation. J Clin 
Oncol. 2007;25:4246–54.
27. Sorror ML, Storer BE, Maloney DG et al. Outcomes after 
allogeneic hematopoietic cell transplantation with nonmyeloa-
blative or myeloablative regimens for treatment of lymphoma 
and chronic lymphocytic leukemia. Blood. 2008;111:446–52. 
28. Sorror ML, Giralt S, Sandmaier BM et al. Hematopoietic 
cell transplantation-specific comorbidity index as an outcome 
predictor for patients with acute myeloid leukemia in first 
remission: combined FHCRC and MDACC experiences. Blood. 
2007;110:4608–13.
29. Guilfoyle R, Demers A, Bredeson C et al. Performance status, 
but not the hematopoietic cell transplantation comorbidity 
index (HCT-CI), predicts mortality at a Canadian transplant 
center. Bone Marrow Transplant. 2009;43:133–9.
30. Majhail NS, Brunstein CG, McAvoy S et al. Does the hemat-
opoietic cell transplantation specific comorbidity index predict 
transplant outcomes? A validation study in a large cohort of 
umbilical cord blood and matched related donor transplants. 
Biol Blood Marrow Transplant. 2008;14:985–92.
31. Pollack SM, Steinberg SM, Odom J et al. Assessment of 
the hematopoietic cell transplantation comorbidity index in 
non-Hodgkin lymphoma patients receiving reduced-intensity 
allogeneic hematopoietic stem cell transplantation. Biol Blood 
Marrow Transplant. 2009;15:223–30.
32. Farina L, Bruno B, Patriarca F et al. The hematopoietic cell 
transplantation comorbidity index (HCT-CI) predicts clinical 
outcomes in lymphoma and myeloma patients after reduced-
intensity or non-myeloablative allogeneic stem cell transplan-
tation. Leukemia. 2009;23:1131–8.
33. Lim ZY, Ingram W, Brand R  et al. Impact of pretransplant 
comorbidities on alemtuzumabbased reduced intensity 
conditioning allogeneic hematopoietic SCT for patients with 
high-risk myelodysplastic syndrome and AML. Bone Marrow 
Transplant. 2010;45:633–9. 
34. Kataoka K, Nannya Y, Ueda K et al. Differential prognostic 
impact of pretransplant comorbidity on transplant outcomes 
by disease status and time from transplant: a single Japanese 
transplant centre study. Bone Marrow Transplant. 2010;45: 
513–20.
35. Sorror M, Storer B, Sandmaier BM et al. Hematopoietic cell 
transplantation comorbidity index and Karnofsky performance 
status are independent predictors of morbidity and mortality 
after allogeneic nonmyeloablative hematopoietic cell trans-
plantation. Cancer. 2008;112:1992–2001.
36. Barba P, Pinana JL, Martino R et al. Comparison of two 
pretransplant predictive models and a flexible HCT-CI using 
different cut points to determine low, intermediate and high 
risk groups: the flexible HCT-CI is the best predictor of NRM 

and OS in a population of patients undergoing allo-RIC. Biol 
Blood Marrow Transplant. 2010;16:413–20.
37. Parimon T, Au DH, Martin PJ et al. A risk score for mortality 
after allogeneic hematopoietic cell transplantation. Ann Int Med 
. 2006;144:407-14. 
38. Bacigalupo A, Ballen K, Rizzo D et al. Defining the intensity 
of conditioning regimens: working definitions. Biol Blood Mar-
row Transplant. 2009;15:1628-33. 
39. Shimoni A, Hardan I, Shem-Tov N et al. Allogeneic hemat-
opoietic stem-cell transplantation in AML and MDS using 
myeloablative versus reduced-intensity conditioning: the role 
of dose intensity. Leukemia. 2006;20:322-8. 
40. Laport GG, Sandmaier BM, Storer BE et al. Reduced-
intensity conditioning followed by allogeneic hematopoietic 
cell transplantation for adult patients with myelodysplastic 
syndrome andmyeloproliferative disorders. Biol Blood Marrow 
Transplant. 2008;14:246-55. 
41. Hegenbart U, Niederwieser D, Sandmaier BM et al. Treat-
ment for acute myelogenous leukemia by low-dose, total-
body, irradiation-based conditioning and hematopoietic cell 
transplantation from related and unrelated donors. J Clin Oncol. 
2006;24:444-53. 
42. Sobecks RM, Dean R, Rybicki LA et al. 400 cGy TBI with 
fludarabine for reduced-intensity conditioning allogeneic 
hematopoietic stem cell transplantation. Bone Marrow Trans-
plant. 2008;42:715-22. 
43. Kohrt HE, Turnbull BB, Heydari K et al. TLI and ATG 
conditioning with low risk of graft-versus-host disease 
retains antitumor reactions after allogeneic hematopoietic 
cell transplantation from related and unrelated donors. Blood. 
2009;114:1099-109. 
44. Giralt S, Thall PF, Khouri I et al. Melphalan and purine 
analog-containing preparative regimens: reduced-intensity 
conditioning for patients with hematologic malignancies 
undergoing allogeneic progenitor cell transplantation. Blood. 
2001;97:631-7. 
45. Fung HC, Cohen S, Rodriguez R et al Reduced-intensity al-
logeneic stem cell transplantation for patients whose prior au-
tologous stem cell transplantation for hematologic malignancy 
failed. Biol Blood Marrow Transplant. 2003;9:649-56.
46. van Besien K, Artz A, Smith S et al. Fludarabine, melphalan, 
and alemtuzumab conditioning in adults with standard-risk ad-
vanced acute myeloid leukemia and myelodysplastic syndrome. 
J Clin Oncol. 2005;23:5728-38.
47. Nakamura R, Rodriguez R, Palmer J et al. Reduced-intensity 
conditioning for allogeneic hematopoietic stem cell trans-
plantation with fludarabine and melphalan is associated with 
durable disease control in myelodysplastic syndrome. Bone 
Marrow Transplant. 2007;40:843-50. 
48. Anderlini P, Saliba R, Acholonu S et al. Fludarabine-melpha-
lan as a preparative regimen for reduced-intensity conditioning 
allogeneic stem cell transplantation in relapsed and refrac-
tory Hodgkin’s lymphoma: the updated M.D. Anderson Cancer 
Center experience. Haematologica. 2008;93:257-64. 
49. Khouri IF, Keating M, Körbling M et al. Transplant-lite: 
induction of graft-versus-malignancy using fludarabine-based 

| Review Article



JAIM | volume 01 issue 01 | Jan-June 2012 page 49

Patel P, et al. Elderly AML and stem cell transplant | Review Article

nonablative chemotherapy and allogeneic blood progenitor-
cell transplantation as treatment for lymphoid malignancies. J 
Clin Oncol. 1998;16:2817-24. 
50. Carella AM, Lerma E, Dejana A et al. Engraftment of HLA-
matched sibling hematopoietic stem cells after immunosup-
pressive conditioning regimen in patients with hematologic 
neoplasias. Haematologica. 1998;83:904-9.
51. Alessandrino EP, Bernasconi P, Colombo AA et al. Reduced-
intensity conditioning regimen with thiotepa and fludara-
bine followed by allogeneic blood stem cell transplantation 
in haematological malignancies. Bone Marrow Transplant. 
2004;34:1039-45. 
52. Malard F, Cahu X, Clavert A et al. Fludarabine, Antithymo-
cyte Globulin, and Very Low-Dose Busulfan for Reduced-Inten-
sity Conditioning before Allogeneic Stem Cell Transplantation 
in Patients with Lymphoid Malignancies. Biol Blood Marrow 
Transplant.  2011 Nov;17:1698-703
53. Ho AY, Pagliuca A, Kenyon M et al. Reduced-intensity al-
logeneic hematopoietic stem cell transplantation for myelodys-
plastic syndrome and acute myeloid leukemia with multiline-
age dysplasia using fludarabine, busulphan, and alemtuzumab 
(FBC) conditioning.  Blood. 2004;104:1616-23. 
54. Martino R, Pérez-Simón JA, Moreno E et al. Reduced-inten-
sity conditioning allogeneic blood stem cell transplantation 
with fludarabine and oral busulfan with or without pharma-
cokinetically targeted busulfan dosing in patients with myeloid 
leukemia ineligible for conventional conditioning. Biol Blood 
Marrow Transplant. 2005;11:437-47. 
55. Alyea EP, Li S, Kim HT et al. Sirolimus, tacrolimus, and low-
dose methotrexate as graft-versus-host disease prophylaxis in 
related and unrelated donor reduced-intensityconditioning al-
logeneic peripheral blood stem cell transplantation. Biol Blood 
Marrow Transplant. 2008;14:920-6. 
56. Clift RA, Buckner CD, Thomas ED et al. Marrow trans-
plantation for chronic myeloid leukemia: a randomized study 
comparing cyclophosphamide and total body irradiation with 
busulfan and cyclophosphamide. Blood. 1994;84:2036-43. 
57. Slattery JT, Clift RA, Buckner CD et al. Marrow transplanta-
tion for chronic myeloid leukemia: the influence of plasma 
busulfan levels on the outcome of transplantation. Blood. 
1997;89:3055-60. 
58. Russell JA, Tran HT, Quinlan D et al. Once-daily intravenous 
busulfan given with fludarabine as conditioning for allogeneic 
stem cell transplantation: study of pharmacokinetics and early 
clinical outcomes. Biol Blood Marrow Transplant. 2002;8:468-
76. 
59. Chunduri S, Dobogai LC, Peace D et al. Comparable kinetics 
of myeloablation between fludarabine/full-dose busulfan and 
fludarabine/melphalan conditioning regimens in allogeneic 
peripheral blood stem cell transplantation. Bone Marrow 
Transplant. 2006;38:477-82. 

60. Chunduri S, Dobogai LC, Peace D et al. Fludarabine/i.v. BU 
conditioning regimen: myeloablative, reduced intensity or 
both? Bone Marrow Transplant. 2008;41:935-40. 
61. O’Donnell PH, Artz AS, Undevia SD et al. Phase I study of 
dose-escalated busulfan with fludarabine and alemtuzumab as 
conditioning for allogeneic hematopoietic stem cell trans-
plant: reduced clearance at high doses and occurrence of late 
sinusoidal obstruction syndrome/veno-occlusive disease. Leuk 
Lymphoma. 2010;51:2240-9. 
62. Pidala J, Kim J, Anasetti C et al. Pharmacokinetic targeting 
of intravenous busulfan reduces conditioning regimen related 
toxicity following allogeneic hematopoietic cell transplantation 
for acute myelogenous leukemia. J Hematol Oncol. 2010;3:36. 
63. Perkins J, Fields T, Kim J, et al. Maximally tolerated busulfan 
area under the concentration-time curve (AUC) in combination 
with fludarabine as conditioning prior to allogeneic hemat-
opoietic cell transplantation. Biol Blood Marrow Transplant. 
2011;17:S302. 
64. Chen Y-B, Sun L, Kim H, et al. Increasing the dose of bu-
sulfan results in lower relapse rates and higher non-relapse 
mortality in patients with MDS/AML undergoing reduced in-
tensity allogeneic stem cell transplantation. Biol Blood Marrow 
Transplant. 2011;17:S153. 
65. Lim Z, Brand R, Martino R, et al. Allogeneic hematopoietic 
stem-cell transplantation for patients 50 years or older with 
myelodysplastic syndromes or secondary acute myeloid leuke-
mia. J Clin Oncol. 2010;28:405–411.
66. McClune BL, Weisdorf DJ, Pedersen TL, et al. Effect of age 
on outcome of reduced-intensity hematopoietic cell transplan-
tation for older patients with acute myeloid leukemia in first 
complete remission or with myelodysplastic syndrome. J Clin 
Oncol. 2010;28:1878–1887
67. Alatrash G, de Lima M, Hamerschlak N et al. Myeloabla-
tive Reduced-Toxicity i.v. Busulfan-Fludarabine and Allogeneic 
Hematopoietic Stem Cell Transplant for Patients with Acute 
Myeloid Leukemia or Myelodysplastic Syndrome in the Sixth 
through Eighth Decades of Life. Biol Blood Marrow Transplant. 
2011;17:1490-6 
68. Koreth J, Aldridge J, Kim HT et al.Reduced-intensity con-
ditioning hematopoietic stem cell transplantation in patients 
over 60 years: hematologic malignancy outcomes are not 
impaired in advanced age. Biol Blood Marrow Transplant. 
2010;16:792-800. 


