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Abstract

Background—A large number of elderly patients with acute myeloid leukemia (AML) are not 

offered curative intent treatments such as allogeneic stem cell transplantation (SCT) due to fears 

of toxicity and perceived futility of intensive treatment. Therefore, the outcomes of SCT in elderly 

AML patients remain poorly defined.

Methods—We performed a meta-analysis of all previous articles up until September 22, 2015 of 

SCT in AML patients >60 years. The primary endpoints were relapse-free survival (RFS) and 

overall survival (OS) at 6 months and 1, 2, and 3 years.

Results—A total of 13 studies (749 patients) were included. The pooled estimates (95%CI) for 

RFS at 6 months, 1 year, 2 years, and 3 years were 62 (54–69)%, 47 (42–53)%, 44 (33–55)%, and 

35 (26–45)%, respectively. The corresponding numbers for OS were 73 (66–79)%, 58 (50–65)%, 

45 (35–54)%, and 38 (29–48)%, respectively. We found no evidence for publication bias in our 

primary endpoints with the exception of relapse where there appeared to be a relative lack of small 

studies with high relapse rates. Sensitivity analysis did not identify an overtly influential study for 

our primary endpoints with one exception in 2-year RFS analysis.

Conclusions—The present analysis argues against significant publication bias and demonstrates 

consistency among reports despite differences in patient-, disease-, center-, and transplant-related 

characteristics. Our results suggest that reduced-intensity SCT is a viable treatment option for 
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elderly AML patients with a 3-year RFS of 35% for those over the age of 60. These results argue 

against using age per se as the sole criterion against SCT and would help remove some of the 

barriers that often preclude curative intent treatment. Correct identification of patients who would 

benefit from SCT can improve outcomes in this frequently undertreated population.
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Introduction

Acute myeloid leukemia (AML) is primarily a disease of the elderly, with a rapidly 

increasing incidence by age from approximately 50 years, median age at diagnosis of 72 

years, and the peak incidence at approximately 80 years of age.1, 2 Outcomes of treatment in 

AML decline with age with 2-year overall survival (OS) rates less than 20% in those over 

the age of 60.3–5 Comorbidities and intrinsic biologic factors underlying disease resistance 

are among causes of poor outcomes in the elderly with AML.4, 6 Nonetheless, 40–60% of 

these patients achieve a complete remission (CR) with standard intensive chemotherapy.7 

Even some of the less intensive therapies such as hypomethylating agents can result in CR 

rates up to 20%.8–10 Although most elderly AML patients still succumb to their disease, a 

recent analysis of the Surveillance, Epidemiology and End Results (SEER) database 

demonstrated improved outcomes of older adults (65–74 years) with AML over the past 

three decades, with 1-year OS rates of 20% between 1977–1986 and 30% between 1997–

2006.11 Reasons for this improvement include better supportive care, infection control, and 

patient selection.

Allogeneic stem cell transplantation (SCT) is a potentially curative consolidative treatment 

for patients with AML. While myeloablative (MA) conditioning regimens are associated 

with unacceptably high toxicity and non-relapse mortality (NRM) in the elderly,12 reduced-

intensity (RI) regimens are both effective and better tolerated, and are increasingly used in 

this population. In patients older than 50 years of age, RI conditioning is associated with less 

NRM and similar relapse-free survival (RFS) compared to MA conditioning.13

A major challenge in the treatment of older adults with AML is our limited ability to 

identify those who would likely tolerate induction (intensive or less intensive) chemotherapy 

and/or consolidative SCT. A prevailing perception is that intensive therapy results in 

unacceptable rates of toxicity in the elderly. As a result, a large number of elderly patients 

with AML are not offered curative intent treatment due to fears of toxicity, high rates of 

relapse, and high treatment-related mortality. Between 2000 and 2007, fewer than 40% of 

AML patients >65 years in the US received anti-leukemia treatment within three months of 

diagnosis.14 Similarly, according to recent estimates, only about 6% of AML patients older 

than 60 in the US undergo SCT.15 Publication bias and inconsistency between the results of 

the available studies are two of the usually stated limitations that, although based on little 

systematically derived evidence, tend to prevent clinicians from applying the available 

results to more widespread clinical practice.
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Since older patients are often excluded from clinical trials, transplant outcome data in this 

population are limited, making retrospective reviews and meta-analyses potentially valuable. 

The purpose of the present study was to determine the outcomes of SCT in elderly AML 

patients using a systematic review and meta-analysis.

Materials and Methods

Data sources and searches

We performed this study in accordance with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) statement.16 PRISMA is an evidence-based 

minimum set of items for reporting in meta-analyses including a 27-item checklist 

(pertaining to the title, abstract, methods, results, discussion and funding) and a flow 

diagram (the flow of information through the different phases of a systematic review). We 

searched Medline (PubMed) and Embase since their inception for articles written in English 

published up until September 22, 2015. The Appendix lists the keywords used to find 

studies that included AML patients older than 60 years who underwent SCT. Considering 

that studies with a focus on patients with myelodysplastic syndrome (MDS) may have 

included AML patients and reported their outcomes separately, we used MDS-related 

keywords in our search as well.

Selection criteria and data extraction

Duplicates were first removed from the search results. The remaining reports were then 

screened by scanning titles and abstracts for the following exclusion criteria: reviews or 

meta-analyses, commentaries, editorials, conference abstracts, reports in languages other 

than English, no primary endpoints reported, and studies of patients <60 years only. The 

remaining studies were reviewed in detail. Studies that used both RI and MA conditioning 

but did not report the outcomes separately were excluded. The corresponding authors of 

eligible studies with partially missing information were contacted for additional data. 

Studies were included in data extraction if they reported at least one of the two primary 

endpoints. AR and ME independently reviewed the studies, extracted the data, and resolved 

discrepancies by consensus.

Quality assessment

All studies were evaluated for quality using a 2-item scoring system. The categories were (i) 

specific conditioning regimen(s) and (ii) median age. For each item, studies received a score 

of 1 if the information was provided in the report and zero otherwise. The total quality score 

(range 0–2) was calculated by adding the scores for individual items. A higher total score 

indicated a higher-quality study. These scores were not a basis for inclusion or exclusion of 

studies.

Statistical analysis

The primary endpoints were OS and RFS at 6 months, 1 year, 2 years, and 3 years, measured 

from the time of SCT. OS was defined as time to death or last follow up if alive. Secondary 

endpoints were the cumulative incidence of relapse (CIR) and NRM (death unrelated to 

relapse). Study heterogeneity was assessed using the Cochran Q test and quantified using the 
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I2 statistic. A random effects model was first used to calculate pooled proportions with 95% 

confidence intervals (95%CI) in proportion meta-analysis.17 In analyses with no significant 

heterogeneity, the model was then changed to fixed effects. Publication bias was assessed 

using funnel plots and Egger test. Meta-regression (one covariate at a time) was used to 

determine the effect of potential variables (median age, maximum age, accrual initiation 

year, gender, cytogenetic risk, and donor type) on outcomes. Regression was performed only 

when the number of eligible studies was larger than 5. Two-sample independent Student’s t-

test was used to evaluate the effect of study scale (single-center vs. multicenter). Finally, 

sensitivity analysis was performed by removing individual studies and repeating the analysis 

to determine the influence of each study on the pooled estimate. A study was considered 

overtly influential if the change in the pooled estimate for proportion after removing the 

study was >10%. STATA 13 (College Station, TX) was used for analysis. P values <0.05 

were considered statistically significant.

Results

A total of 14 reports were studied in detail (Figure 1, Table 1).12, 18–29. All but two studies 

were retrospective and six were multicenter. All studies were single-arm, 13 using RI and 

one using MA conditioning. Since only one study used MA conditioning,12 this study was 

not analyzed. The included studies had a total of 749 eligible patients. The sample size 

ranged between 6 and 195. The proportion of patients with poor-risk cytogenetics ranged 

between 6% and 29%. 11 studies scored 2, and three scored 1.

The pooled estimates (95%CI) for RFS at 6 months, 1 year, 2 years, and 3 years were 62 

(54–69)%, 47 (42–53)%, 44 (33–55)%, and 35 (26–45)%, respectively (Figure 2). The 

corresponding numbers for OS were 73 (66–79)%, 58 (50–65)%, 45 (35–54)%, and 38 (29–

48)%, respectively (Figure 3). The pooled estimates (95%CI) for CIR at 6 months, 1 year, 2 

years, and 3 years were 33 (25–42)%, 39 (31–48)%, 39 (34–44)%, and 39 (30–48)%, 

respectively (Figure S1). The corresponding numbers for NRM were 13 (4–25)%, 26 (15–

39)%, 29 (20–40)%, and 40 (25–57)%, respectively (Figure S2). Figure 4 shows 

reconstructed curves for outcomes at different time points.

There was no evidence of statistical heterogeneity among studies in 2-year CIR (χ2 = 2.6, I2 

= 0), 6-month RFS (χ2 = 0.1, I2 = 0), 1-year RFS (χ2 = 2.1, I2 = 0), 6-month OS (χ2 = 1.6, I2 

= 0), and 1y OS (χ2 = 5.4, I2 = 6.9%). In contrast, a significant proportion of inter-study 

variation in 3-year CIR (χ2 = 8.9, I2 = 54.9%), 6-month NRM (χ2 = 6.5, I2 = 53.5%), 1-year 

NRM (χ2 = 15.5, I2 = 74.1%), 2-year NRM (χ2 = 32.1, I2 = 78.2%), 3-year NRM (χ2 = 24.3, 

I2 = 83.5%), 2-year RFS (χ2 = 14.7, I2 = 79.6%), 3-year RFS (χ2 = 11.5, I2 = 56.4%), 2-year 

OS (χ2 = 25.1, I2 = 72.1%), and 3-year OS (χ2 = 20.4, I2 = 65.6%) was attributable to study 

heterogeneity. There were too few studies for heterogeneity analysis of other outcomes. The 

plots and Egger’s bias coefficients argued against significant publication bias in our primary 

or secondary endpoints with the exception of relapse rates where there appeared to be a 

relative lack of small studies with high 2- and 3-year CIR rates (Figures S3-S6).

In sensitivity analysis of 6-month NRM, the studies by Gupta et al.20 and Sorror et al.24 

were influential (change in pooled estimate after study removal: −40% and +54%, 
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respectively). With regards to 1-year NRM, the same two studies were again influential 

(change in pooled estimate: −12% and +23%, respectively). For 2-year and 3-year NRM, the 

studies by Devine et al.29 and Sorror et al.24 were influential (change in pooled estimate: 

+14% and +18%, respectively). The study by Yoon et al. was influential (change in pooled 

estimate: −14%) in 2-year RFS analysis.27 Meta-regression of outcomes on our pre-planned 

set of predictors was non-significant in all analyses. There was no significant difference in 

outcomes between single-center and multicenter studies.

Four studies (116 patients) had outcome information regarding patients older than 65 years. 

The pooled estimates for 6-month, 1-year, and 2-year OS were 0.89 (0.63–1.00), 0.77 (0.48–

0.97), and 0.52 (0.24–0.79), respectively. The corresponding estimates for NRM were 0.05 

(0–0.28), 0.26 (0.16–0.38), and 0.32 (0.21–0.44), respectively. The sample was too small for 

a meaningful analysis of other outcomes.

Discussion

Outcomes of SCT using RI conditioning in elderly patients with AML have been only 

sporadically reported and not systematically analyzed. We conducted this meta-analysis to 

fill the evidence gap by analyzing the existing literature on transplant outcomes in elderly 

AML patients. We analyzed 13 eligible studies with a total sample size of 749 patients. On 

our pre-planned scoring system, 11 studies scored 2, and three scored 1, suggesting a 

satisfactory quality for the available studies. Sample sizes varied substantially, ranging from 

6 to 195 patients, with 10 studies having fewer than 50 patients. Our results demonstrate 3-

year RFS and CIR rates of 35% and 39%, respectively. There is a plateau in relapse after 1 

year. We did not observe significant study heterogeneity for early survival outcomes at 6 

months and 1 year.

A number of registry-based and single-center studies have demonstrated that anti-leukemia 

treatment improves survival in the elderly.3, 30, 31 However, only a small proportion of 

elderly patients receive induction therapy, and even a smaller minority are considered for 

SCT. There is no consensus on the ideal method to select patients who would benefit from 

SCT. Our results from this meta-analysis suggest that a sizable proportion of older adults 

with AML may achieve durable remissions with SCT. This observation argues against the 

utility of age as the only factor in patient selection. Consistent with these results, in a large 

retrospective analysis by McClune et al. age was not associated with NRM or RFS.22 The 

optimal approach to patient selection would take into account both patient characteristics 

(e.g. age and comorbidities) and disease characteristics (e.g. cytogenetic and molecular 

features). Less intensive induction therapies such as hypomethylating agents have been used 

with success as a “bridge” to transplant in frail or older patients with AML.32, 33 It should be 

noted that although the present meta-analysis was largely negative for significant publication 

bias and overtly influential studies, it only pertains to patients who underwent SCT and does 

not address the potential variability of the criteria used in different studies to select 

transplant-eligible patients.

In conclusion, the results of our meta-analysis demonstrate that reduced-intensity SCT is a 

viable treatment option for elderly AML patients. Age should not be the sole factor in 
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selecting patients for intensive therapy and/or SCT. Interestingly, although the number of 

patients >65 years in the available studies is small, and therefore, any comparison would be 

limited, our results do not suggest worse NRM or OS for this population when compared to 

patients >60 years. Lack of significant publication bias and the consistency of results among 

different studies question the prevailing perception that most elderly AML patients cannot 

be treated with curative intent. An unresolved challenge, unaddressed by the present 

analysis, is how to select the subgroup of patients who benefit from SCT. More accurate 

prognostication using disease- and patient-related characteristics is critical in this regard. 

One limitation of the present study is related to the lack of data on patients with active 

disease at the time of SCT. Therefore, our results may not be generalizable to active disease 

patients. Also, the limited numbers of patients over the age of 70 years precluded a 

meaningful analysis of outcomes in this cohort. Finally, although we tried to eliminate 

studies which overlapped in their patient population with others, some degree of patient 

overlap might have inevitably occurred among publications. This may have falsely narrowed 

the confidence interval for some of the pooled estimates.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix

The following were used for PubMed search:

(“transplantation”[Title] OR “SCT”[Title] OR “HSCT”[Title]) AND (“stem cell”[Title] OR 

“stem-cell”[Title] OR “marrow”[Title] OR “marrow”[Title] OR “hematopoietic”[Title] OR 

“haematopoietic”[Title] OR “cord”[Title]) AND (“elderly” OR “older” OR “age over” OR 

“aged” OR “old”) AND (“leukemia” OR “leukaemia” OR “AML” OR “myeloid” OR 

“MDS” OR “myelodysplastic” OR “myelodysplasia”) AND (“conditioning” OR 

“preparation” OR “preparatory” OR “busulfan” OR “fludarabine” OR “cyclophosphamide” 

OR “total body” OR “treosulfan” OR “melphalan” OR “reduced-intensity” OR “reduced 

intensity” OR “ablative” OR “myeloablative” OR “clofarabine”) AND (“outcome” or 

“survival”)

The following were used for Embase search:

‘transplantation’:ti OR ‘sct’:ti OR ‘hsct’:ti AND (‘stem cell’:ti OR ‘stem-cell’:ti OR 

‘marrow’:ti OR ‘hematopoietic’:ti OR ‘haematopoietic’:ti OR ‘cord’:ti) AND (‘elderly’ OR 

‘older’ OR ‘age over’ OR ‘aged’ OR ‘old’) AND (‘leukemia’ OR ‘leukaemia’ OR ‘aml’ OR 

‘myeloid’ OR ‘mds’ OR ‘myelodysplastic’ OR ‘myelodysplasia’) AND (‘conditioning’ OR 
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‘preparation’ OR ‘preparatory’ OR ‘busulfan’ OR ‘fludarabine’ OR ‘cyclophosphamide’ OR 

‘total body’ OR ‘treosulfan’ OR ‘melphalan’ OR ‘reduced-intensity’ OR ‘reduced intensity’ 

OR ‘ablative’ OR ‘myeloablative’ OR ‘clofarabine’) AND (‘outcome’ OR ‘survival’)
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Highlights

• Elderly AML patients are often undertreated.

• Transplantation outcomes in elderly AML patients are poorly defined.

• A meta-analysis shows efficacy of allografting in elderly AML and little 

publication bias.

• 35% of elderly AML patients are alive and in remission 3 years post-transplant.

• Age should not be the sole factor in making treatment decisions in elderly AML.
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Figure 1. Flow diagram of the studies in meta-analysis
A total of 14 reports were studied in detail. One study was counted twice because it reported 

patients in first and second complete remission separately.23 Only one study used 

myeloablative conditioning and was not analyzed.12
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Figure 2. Relapse-free survival (RFS) at 6 months, 1 year, 2 years, and 3 years
Effect size (ES) is odds ratio or relative risk depending on the study.
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Figure 3. Overall survival (OS) at 6 months, 1 year, 2 years, and 3 years
Effect size (ES) is odds ratio or relative risk depending on the study.
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Figure 4. Reconstructed Kaplan-Meyer curves for relapse-free survival (RFS), overall survival 
(OS), cumulative incidence of relapse (CIR), and non-relapse mortality (NRM)
Pooled estimates demonstrate that allogeneic stem cell transplantation is a viable treatment 

option for elderly patients with acute myeloid leukemia.
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