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Abstract:

Background: Allogeneic stem cell transplant is the most effective treatment for the
majority of patients with acute myeloid leukemia. Unfortunately, this treatment is
associated with significant toxicity, with a very real risk of death during the
procedure. The risks of transplant are higher in older patients, and historically were
considered especially prohibitive in patients older than age 60. Newer transplant
protocols (reduced intensity protocols) using lower doses of chemotherapy can
safely offer this curative treatment to older adults. However, reduced intensity
protocols are associated with a higher risk of relapse. A strategy that combines the
reduced toxicity of reduced intensity preparative regimens with the low relapse rate
of standard transplant protocols would dramatically improve care for older patients
with acute myeloid leukemia. We sought to understand whether giving patients
additional chemotherapy prior to transplant might be an effective tool to reduce the
risk of relapse after transplant through the use of a large retrospective database.

Methods: A theoretical framework was developed based on previous publications
to help guide the project. Potential confounding variables from the database were
identified using this theoretical framework. Patients who received consolidation
chemotherapy prior to transplant were compared to patients who did not receive
consolidation chemotherapy. A multivariable model was used to adjust for
confounding variables, to understand if the use of consolidation chemotherapy
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influenced overall survival, disease free survival, non-relapse mortality, and relapse
rates.

Results: Patients who received consolidation chemotherapy (particularly high dose
cytarabine) were more likely to be younger (p < 0.01), be transplanted in more
recent years (p < 0.01), and to have received standard “7+3” as induction
chemotherapy, but in other aspects were generally similar to those that did not. In
univariate and multivariate analysis, there was no difference between groups in
relapse rate. While there was a lower rate of treatment related mortality at one year
in the consolidation group in univariate analysis, that difference was no longer
significant at three years and in multivariate analysis. Finally, there was also no
difference in overall survival between groups. Thus, this study did not find that the
administration consolidation chemotherapy was associated with a lower relapse
rate or improved overall survival, and consolidation chemotherapy.

Discussion: This study suggests that clinicians should not routinely administer
consolidation chemotherapy with the aim of reducing relapse rates and improving
outcomes after transplant. As a retrospective observational study, this study is
subject to many potential forms of bias, most notably selection bias. We are lacking
information on patients in whom consolidation chemotherapy was planned but not
given due to relapse or toxicity. However, with no randomized trial planned or
likely to be done, this study provides the best available clinical evidence. There are
other potential reasons for administering consolidation chemotherapy, most
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commonly to ensure disease control while planning for allogeneic transplant.
Unfortunately, relapse after transplant is still common; therefore, other methods of
reducing the risk of relapse should be a direction for future study.

Reduced Intensity Transplant for Acute Myeloid Leukemia, K Paulson

iii

Acknowledgements:
There are more people who deserve acknowledgement than there is space available.
That said, some individuals and groups deserve special mention:
-

Dr. Donna Turner, for agreeing to my persistent requests to serve as my
supervisor and helping me throughout the extended duration of the
project;

-

Dr. Mary Eapen, and the team at the Medical College of Wisconsin and the
Centre for International Blood and Marrow Transplantation, for their
support in making this study possible and building the foundations of my
research career;

-

Dr. Donna Wall, my supervisor in my Leukemia/BMT fellowship, during
which I completed this M.Sc. and for her mentorship over the past 5 years
as I’ve transitioned to practice;

-

The team of dedicated clinical research professionals at CancerCare
Manitoba and across the world who make this work possible;

-

The R. Samuel McLaughlan Foundation, the CancerCare Manitoba
Foundation, and Research Manitoba for fellowship funding which allowed
me to complete this project; and

-

The team of nurses, pharmacists, and physicians I work with in the
Leukemia/Bone Marrow Transplant Clinic CancerCare Manitoba and the
Health Sciences Centre, for their dedicated care of a critically ill group of
patients.

Reduced Intensity Transplant for Acute Myeloid Leukemia, K Paulson

iv

Dedications:

This thesis is dedicated to:
-

My parents, for fostering an environment growing up where education
was the most important goal;

-

My wife, for supporting me every step of the way through my many
degrees, fellowships, and exams; and

-

My son, who appears to have inherited the same curiosity and love of
learning as his parents.

Reduced Intensity Transplant for Acute Myeloid Leukemia, K Paulson

v

Table of Contents:

Abstract:
Acknowledgements:
Dedications:
Table of Contents:
List of Tables:

i
iv
v
vi
viii

List of Figures:

ix

Introduction:

1

1.1: Descriptive Epidemiology

1

1.2: Risk Factors for AML

9

1.3: Current Treatment Options for Acute Myeloid Leukemia

19

1.4: Role of Disease Specific Registries in Clinical Research

25

1.5: Theoretical Framework

27

1.6: Research Questions

33

Methods:

35

2.1: Data Source

35

2.2: Data Analysis:

40

2.3: Potential Sources of Bias

47

Results:

51

3.1 – Cohort Development

51

3.2 – Baseline Variables and Data Cleaning

58

Reduced Intensity Transplant for Acute Myeloid Leukemia, K Paulson

vi

3.2.1 – Provider Characteristics

59

3.2.2 – Patient/Demographic Characteristics

60

3.2.3 – Disease Characteristics

61

3.2.4 – Transplant Characteristics

65

3.3 – Outcome Variables

69

3.3 – Univariate Analysis

72

Discussion:
Bibliography:

Reduced Intensity Transplant for Acute Myeloid Leukemia, K Paulson

88
102

vii

List of Tables:

Table 1: Incidence of AML in Manitoba in 2008 ........................................................................... 6
Table 2: Risk Factors for AML ........................................................................................................... 18
Table 3: Variables Included ................................................................................................................ 39
Table 4: Exclusion Criteria .................................................................................................................. 51
Table 5: Provider Characteristics .................................................................................................... 59
Table 6: Patient Characteristics........................................................................................................ 60
Table 7: Disease Characteristics....................................................................................................... 64
Table 8: Transplant Characteristics................................................................................................ 68
Table 9: Outcome Variables ............................................................................................................... 70
Table 10: Univariate Analysis............................................................................................................ 73
Table 11: Multivariable Model for Overall Survival................................................................. 80
Table 12: Multivariable Model for Disease Free Survival ..................................................... 83
Table 13: Multivariable Model for Relapse ................................................................................. 84
Table 14: Multivariable Model for Treatment Related Mortality ...................................... 86

Reduced Intensity Transplant for Acute Myeloid Leukemia, K Paulson

viii

List of Figures:

Figure 1: Incidence of Leukemia in GLOBOCAN Reporting Nations .................................... 3
Figure 2: Age Standardized Incidence of AML .............................................................................. 4
Figure 3: Age Standardized Incidence of ALL ................................................................................ 5
Figure 4: Incidence of AML over time ............................................................................................... 8
Figure 5: Theoretical Framework for Outcomes Research in BMT .................................. 33
Figure 6: Cohort Development .......................................................................................................... 53
Figure 7: Cumulative Incidence of Relapse ................................................................................. 74
Figure 8: Cumulative Incidence of Non-Relapse Mortality ................................................... 76
Figure 9: Disease Free Survival ........................................................................................................ 77
Figure 10: Overall Survival ................................................................................................................. 78
Figure 11: Final Theoretical Framework ..................................................................................... 89

Reduced Intensity Transplant for Acute Myeloid Leukemia, K Paulson

ix

Introduction:

1.1: Descriptive Epidemiology

Leukemias are blood cancers that are associated with increased numbers of
abnormal immature cells in the peripheral blood or bone marrow, and are
categorized based on their presentation. Acute leukemias usually develop over
weeks to months, while chronic leukemias may take years to develop and typically
progress slowly. Acute myeloid leukemia (AML) is the most common form of acute
leukemia in adults. In leukemia, the abnormal immature blood cells divide and
reproduce rapidly within the bone marrow. These leukemia cells can escape the
bone marrow and enter the peripheral blood. In addition, the abnormal leukemia
cells crowd out normal hematopoietic cells within the bone marrow, causing anemia
(low hemoglobin) and thrombocytopenia (low platelet count). Patients may present
initially for medical attention due to either symptoms from the progressively
increasing number of abnormal immature white blood cells, or due to the decreased
number of normal blood cells.

Acute myeloid leukemia is treated with aggressive, multi-agent
chemotherapy. While most patients respond to chemotherapy and achieve an initial
remission, relapses after an initial remission are common. Often, patients require a
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stem cell transplant as curative therapy, which replaces their blood production
system with that of a family member or unrelated donor in an effort to remove the
abnormal leukemia cells. In younger patients, the combination of multi-agent
chemotherapy with stem cell transplant can be curative in many cases. However, as
the stem cell transplant itself is associated with significant toxicity, it is associated
with unacceptable treatment related mortality in older patients.

Acute myeloid leukemia is a relatively uncommon type of cancer. According
to data from the Canadian Cancer Registry, there were 1195 new cases of AML in
Canada in 2009, and 1180 new cases in 2010. 1 The age standardized incidence rate
of AML was 3.0 new cases per 100,000 population in 2008, and 2.9 new cases per
100,000 population in 2009 (standardized to the 1991 Canadian Census
population).1 AML has a much lower incidence than other common cancers. For
comparison, the age standardized incidence of lung cancer was 69.4 cases per
100,000 population, and the age standardized incidence of colorectal cancer was
62.2 cases per 100,000 population. 1 The incidence of AML is also lower than
chronic lymphocytic leukemia, the most common leukemia (age standardized
incidence of 6.3 cases per 100,000 population), but higher than other leukemias like
chronic myeloid leukemia (1.6 cases per 100,000 population) and acute
lymphoblastic leukemia (1.2 cases per 100,000 population). 1

The incidence of all forms of acute leukemia are higher in countries that are
more developed, possibly due to improved methods of diagnosis and detection.2,3
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GLOBOCAN is a product produced by the International Agency for Research on
Cancer, and attempts to estimate the risk of cancer subtypes worldwide. The data
used to generate these estimates vary from data directly provided by cancer
registries (high quality), to estimates based on neighboring countries in nations
without cancer registries (low quality). GLOBOCAN groups all forms of acute and
chronic leukemia together into one category, making detailed country-by-country
comparisons of AML difficult. According to GLOBOCAN, the highest incidence of
leukemia was in developed nations such as New Zealand, Israel, the United States,
Australia, and Canada.4 The lowest incidence was primarily in developing nations in
sub-Saharan Africa. Figure 1 illustrates the differences in the incidence of leukemia
in all nations reporting data to GLOBOCAN.
Figure 1: Incidence of Leukemia in GLOBOCAN Reporting Nations
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While acute myeloid leukemia can occur at any age, it is more common in the
elderly. In Canada, the age-specific incidence of AML is 0.8 cases per 100,000
population in those younger than 15 years, while it is as high as 19.3 cases per
100,000 population in those 80-84 years of age (see Figure 2).1 The incidence of
AML remains relatively unchanged until age 50, at which point it begins to increase.
In terms of absolute numbers, 869 (77.9%) new cases of AML were diagnosed in
patients over the age of 50 in 2007, as compared to 246 (22.1%) in patients under
the age of 50. The age distribution of the incidence of AML is in stark contrast to the
other type of acute leukemia, acute lymphoblastic leukemia (ALL), which is much
more common in younger age groups, and is less common in adults (Figure 3). Of
the new cases of ALL in 2007, 55.6% occurred in patients younger than age 15, with
only 44.4% of new cases occurring in patients aged 15 years or older.

Figure 2: Age Standardized Incidence of AML
Age Standardized Incidence of AML
(New cases per 100,000 population in 2007,
standardized to 1991 census population)
25
20
15
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5
0
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Source: CANSIM1

Figure 3: Age Standardized Incidence of ALL
Age Standardized Incidence of ALL in Canada
(new cases per 100,000 population in 2007, standardized to
1991 census population)
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Source: CANSIM1

The incidence of AML in Canada in 2006 and 2007 was similar between
males and females. In 2007, the incidence was 3.5 cases per 100,000 population for
men, and 3.2 cases per 100,000 population for women, both adjusted to the 1991
census population.

In 2012, there were 72 new cases of AML in Manitoba.4 The age standardized
incidence was 5.36 cases per 100,000 population, standardized to the 2001
Manitoba population.4 Due to small numbers, data on the incidence of AML in
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Manitoba stratified by age group are censored by CANSIM. The Cancer in Manitoba;
2008 Annual Statistics Report produced by the Epidemiology and Cancer Registry of
CancerCare Manitoba does provide some information on the incidence of AML by
age group (Table 1).4 The most recent year for which data on AML was reported
separately from other types of leukemia was 2008. At that time, the incidence of
AML in those younger than 29 was 1.46 cases per 100,000 population, as compared
to 0.56 in those aged 40 – 59, 5.59 in those aged 50 – 59, 12.20 in those aged 60 –
69, 10.22 in those aged 70 – 79, and 17.56 in those over 80. Due to small numbers,
no breakdown in the incidence by region is available. The mortality rate generally
paralleled the incidence rate, with a lower mortality rate in younger patients, and a
higher mortality rate in older patients (see Table 1). In older patients, the mortality
rate was similar to the incidence rate, reflecting the very poor prognosis of this
disease in older individuals.
Table 1: Incidence of AML in Manitoba in 2008 4
Age
Group
0 – 29
30 – 39
40 – 49
50 – 59
60 – 69
70 – 79
80+
Total

New
Cases
7
0
1
9
13
7
9
46

Crude Rate (per 100,000
population)
1.46
0
0.56
5.59
12.20
10.22
17.56
3.82

Deaths Crude Rate (per 100,000
population)
0
0
1
0.64
2
1.12
5
3.10
7
6.57
5
7.30
9
17.56
29
2.41

There are no Canadian data describing the difference in incidence of AML
among different racial or ethnic groups. The Surveillance, Epidemiology, and End
Result registry (SEER), an American population based cancer registry, has data on
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the incidence of AML among different ethnic groups. The most recent data available
are from 2004 – 2008. The incidence and mortality rates are similar to Canadian
data. The incidence of AML in the United States was 3.5 cases per 100,000
population, adjusted to the US 2000 standard population.5 While different standard
populations were used, making direct comparisons impossible, this number is
roughly comparable to the Canadian incidence of 2.9 cases per 100,000 population
in 2009, standardized to the 1991 Canadian census population.1 In the SEER data,
the incidence was higher in men than women, and of a greater magnitude than seen
in Canadian data. The incidence was 4.3 cases per 100,000 population in men, and
only 3.0 cases per 100,000 population in women (both age-adjusted to the US 2000
standard population).5 There were some differences seen between races. White
Americans had the highest incidence of AML, with an age standardized incidence of
4.5 cases per 100,000 population for men, as compared to 3.4 cases per 100,000
population for black Americans, and only 2.3 cases per 100,000 American Indian
men.5 A similar pattern was seen in women.

There are limited data on the potential years of life lost due to AML, likely
due to the low incidence of the disease. When all leukemias are grouped together,
leukemia accounts for a higher number of potential years of life lost than would be
expected based on incidence alone, due to the high mortality rate and young age of
onset. In Canada, all leukemias represent 3.4% of all potential years of life lost due
to cancer, while leukemias account for 2.6% of all cancers.6 Similarly, according to
data from CancerResearch UK, leukemias represent 2.5% of all cancers diagnosed in
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the United Kingdom, but account for 3.0% of all cancer deaths, and 3.6% of all
potential years of life lost.7,8 There are no data on the prevalence of AML in the
literature, as patients with AML are typically cured rapidly with systemic
chemotherapy, or die from their disease within months of diagnosis, leading to a
short duration of illness. There are no Canadian data on the change in incidence of
AML over time, but no significant change has been seen in other comparable
nations. According to SEER data, the incidence of AML decreased by 5.4% between
2001 and 2004, but increased by 1.8% between 2004 and 2008. In the United
Kingdom, the incidence of AML increased by 24% for men, and 22% for women
between 1975 and 1999, but have largely remained stable since.5,6

Figure 4: Incidence of AML over time
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Acute myeloid leukemia is the most common form of acute leukemia, and
while it is more common in older adults, it remains one of the most common cancers
in younger patients due to the relative infrequency of other malignancies in young
patients. Due to the relatively high incidence in this age group, and the high
mortality rate, leukemia was the second leading cause of cancer deaths in men aged
20-44 in Canada between 1990 and 1999.9

1.2: Risk Factors for AML

Risk factors for AML can generally be divided into exposures that are rare,
but are strongly associated with AML (such as ionizing radiation, benzene, and
chemotherapy), and exposures that are common but are weakly associated with
AML (such as alcohol use, smoking, occupational chemical exposures, and dietary
risk factors). In addition, although hereditary causes of AML are relatively rare,
there are several genetic disorders associated with AML.

Most cases of AML are sporadic, and are not associated with any specific
environmental, genetic, or infectious risk factor.2,10 There are several notable
exceptions to this. Firstly, AML is associated with a well-known pre-leukemic state
known as myelodysplastic syndrome (MDS). Most patients with AML do not present
with antecedent MDS, but a majority of cases of MDS, if followed for a sufficient
length of time, will eventually progress to AML.11,12 In addition, AML (and MDS) are
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the most common secondary malignancies in patients who have previously received
chemotherapy or radiation therapy. In particular, exposure to alkylating agents or
anthracyclines is strongly associated with the development of AML or MDS, with up
to 5% of patients on some intense chemotherapy protocols developing secondary
AML or MDS.13 Finally, radiation is a significant risk factor for AML, and among
patients exposed to high doses of radiation (Hiroshima or Chornobyl survivors), a
significant burden of leukemia disease exists due to radiation exposure.14-16

Radiation was the first exposure to be linked to the development of AML.
Both Marie Curie and her daughter Irene died of leukemia, most likely AML, due to
exposure to ionizing radiation during initial experiments with radiation. Ionizing
radiation directly damages DNA, leading to increased mutagenesis.16 Pioneering
work done shortly after the atomic bomb was dropped on Hiroshima demonstrated
a dramatic rise in all forms of leukemia, including AML, to those exposed to
radiation. The highest risk was in those closest to the epicentre, with a relative risk
of 15 for the development of AML among those less than 1 km, compared to those
more than 10 km away.17 Similar work was conducted amongst survivors of the
Chernobyl nuclear accident, demonstrating similar findings.14,15,18 Exposure to large
doses of radiation fulfills many of Bradford-Hill’s criteria for determining if an
association between an exposure and outcome is causally related.19 Exposure to
radiation precedes the development of AML (temporality), the association is
relatively strong (strength of association), a biologic gradient exists, and there is
biologic probability present (damage to DNA by ionizing radiation).
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Fortunately, exposure to large doses of ionizing radiation are quite rare.
However, other groups of individuals are chronically exposed to lower doses of
radiation over a longer period of time. There is mixed evidence suggesting that
chronic exposure to low dose ionizing radiation is associated with an increased risk
of leukemia. A Canadian cohort study examined the risk of leukemia among 45,468
nuclear power workers in Canada. 20 A non-statistically significant increased risk of
the development of non-chronic lymphocytic leukemia (most likely AML) was seen
among workers exposed to higher lifetime doses of radiation, with a relative risk of
3.54 for workers exposed to 50-99 mSv of radiation (95% CI 0.34 – 37.2), and a
relative risk of 6.6 for those exposed to > 100 mSv of radiation (95% 0.54 – 79.3).
Thus, while a higher rate of AML was seen in exposed workers, and it did increase
with increasing exposure, even with the large numbers of patients included, no
significant difference was seen.20 This finding contradicts an American study, which
followed 18,883 workers at the Savannah River nuclear research site, and did find
an increased risk of death from non-CLL leukemia.21 Thus, chronic exposure to
lower doses of radiation may be associated with an increased risk of AML, but the
full effect remains yet to be determined.

The second significant risk factor for AML is exposure to prior chemotherapy.
Between 10 and 15% of all cases of AML are associated with prior chemotherapy,
commonly alkylating agents and anthracyclines.22 In addition, secondary AML is
typically associated with abnormalities of chromosomes 5 and 7, both of which are
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adverse prognostic factors.23 The rate of secondary AML varies depending on the
chemotherapeutic agent, dose, and duration of exposure. Hershman et al. reviewed
the rate of secondary AML amongst breast cancer patients using SEER data, and
found that 1.2% of patients went on to develop AML.24 In clinical trials comparing
therapies for Hodgkin Lymphoma, the rate of secondary AML/MDS was 3.2%, and in
studies of patients with lymphoma undergoing autologous transplantation,13 the
rate of secondary AML was 4.5%.25 In several cohort studies, the relative risk for the
development of AML has ranged from 20 – 80 among patients with Hodgkin
Lymphoma treated with chemotherapy.26-29 In patients with active malignancy, the
small increased risk of secondary AML is usually outweighed by the benefits of the
treatment, but in some cancers such as Hodgkins Lymphoma, with high cure rates,
recent focus has been on titrating therapy to maintain efficacy but minimize longterm toxicity.

In high doses, benzene has been associated with an increased risk of AML.
This has best been seen in several occupational cohorts, including a cohort of
Turkish shoe workers, and Chinese factory workers.30 These groups were exposed
to doses of benzene much higher than many occupational groups would be today.
Benzene may cause direct damage to DNA, and it has several metabolites that have
anti-topoisomerase II activity, similar to anthracycline chemotherapeutic agents,
and it is through these mechanisms that it may cause AML.31 Workers in several
industries, including the petrochemical industry and the manufacturing industry,
have occupational exposures to benzene, albeit at lower doses than previous
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cohorts where a definite association was seen. Several studies have focused on the
leukemogenic potential of chronic exposure to lower doses of benzene. In a cohort
of 1845 workers involved in the manufacture of rubber hydrochloride, a small
increase in the mortality due to AML was found, with a relative risk of 1.19 for AML
deaths less than 10 years after the exposure (95% C.I. 1.10 – 1.28), but no significant
association was found for AML deaths more than 10 years after the exposure.32
Similarly, in a population exposed to benzene following a large gasoline leak, a small
but statistically significant increase in the risk of developing AML was found
(standardized incidence ratio 4.40, 95% C.I. 1.09 – 10.24).33 Thus, some evidence
suggests that chronic exposure to lower doses of benzene may also be harmful,
although this is an area of ongoing research.

Genetic causes of AML are relatively rare, but several genetic syndromes are
associated with the development of AML. Li-Fraumeni syndrome, an autosomal
dominant disorder of the p53 tumor suppressor gene, is commonly associated with
acute lymphoblastic leukemia (ALL), but has also been rarely associated with AML.34
Fanconi Anemia is an autosomal recessive disorder of DNA repair, and can present
with aplastic anemia, myelodysplastic syndrome, or AML. Up to one third of
patients with Fanconi Anemia will eventually develop AML by age 40.35 AML is
particularly challenging to manage in patients with Fanconi Anemia, as the DNA
repair defect leads to significant toxicity with standard chemotherapy approaches.36
Finally, Down syndrome is associated with an increased rate of an unusual subtype
of acute myeloid leukemia, acute megakaryoblastic leukemia. Patients with Down
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syndrome have a relative risk of 10 – 20 for the incidence of AML, although only
about 1% of children with Down syndrome will develop AML.37,38

A variety of other potential associations have been explored in the literature,
including cigarette smoking, alcohol use, chemical exposures, hormonal differences,
and diet. All of these exposures are much more common than chemotherapy or
ionizing radiation, but are associated with a much smaller relative risk for the
development of AML.

Of these less significant risk factors, the one with the strongest evidence to
support a link with the development of AML is cigarette smoking. The exact
mechanism is unclear, but cigarettes contain many toxic compounds that are known
to be leukemogenic, including benzene.39 One case control study conducted in Los
Angeles county found that cigarette smoking was associated with an increased
incidence of several subtypes of AML.40 In another case control study, increased
rates of paternal, but not maternal, smoking was found to be associated with an
increased incidence of childhood leukemia.41 In a cohort study, cigarette smoking
was found to be an adverse prognostic factor, with a shorter event free survival and
overall survival amongst cigarette smokers.42 A meta-analysis was conducted,
combining seven prospective cohort studies, and eight case-control studies. In the
prospective studies, a small increase in the incidence of AML was found, with a
relative risk of 1.3 (95% C.I. 1.3 – 1.4). A smaller increase was found in the casecontrol studies, with a relative risk of 1.1 (95% C.I. 1.0 – 1.2). Thus, the risk of AML
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associated with cigarette smoking is of relatively small magnitude, but given the
common nature of the exposure, the population-attributable risk was calculated to
be 17% (or, 17% of cases of AML would be prevented if all cigarette smoking could
be stopped).42

Many other chemicals have been hypothesized to be associated with the
development of AML. There has been intense focus on the possible association
between pesticide use and the development of cancer, and numerous cohort and
case-control studies have been conducted. A systematic review and meta-analysis
was conducted by Maele-Fabry et al. to determine if occupational exposure to
pesticides was associated with the development of AML or chronic myeloid
leukemia (CML).43 Most studies reviewing the incidence of AML amongst
manufacturing workers and pesticide applicators were cohort or case-control
studies. A non-significant increase in the incidence of AML was found amongst
those exposed to high doses of pesticides through occupational exposures (meta-RR
1.55, 95% C.I. 1.02 – 2.34). Lower doses of pesticides have not been studied, so the
potential impact of casual exposure to pesticides is unclear. It is uncertain whether
casual, low dose exposure to pesticides used in lawn and garden applications is
associated with an increased risk of AML.

The immunomodulatory effect of alcohol may increase the incidence of AML,
while the antioxidants contained in some types of alcohol (red wine) may reduce the
risk of AML.44 An American study, conducted in Iowa and Minnesota, found a no
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significant increase in the incidence of AML (OR 1.3, p = NS), and no dose-response
curve.45 A similar case-control study, conducted in Los Angeles, found a no
significant effect (OR 0.7, 95% C.I. 0.3 – 1.5). Again, there was no dose-response
curve, with a similar odds ratios for those with the highest and lowest alcohol
consumption.46 An Italian study found a no significant change in the incidence of all
types of leukemia amongst the heaviest drinkers (OR 1.15, 95% C.I. 0.82 – 1.63).
There have been no prospective studies conducted in this area, and no retrospective
cohort studies have been performed. Thus, on the basis of three contradictory casecontrol studies, one must conclude there is insufficient evidence to support or refute
a potential association between alcohol use and the development of AML.

As the incidence of AML appears to be slightly lower in women than in men,
the role of gonadal hormones in AML has also been explored. For example, in
Canada, using data from the Canadian Cancer Registry, the incidence of AML in 2007
was 3.5 cases per 100,000 population for men, and 3.2 cases per 100,000 population
for women.1 The reason for this difference is unclear, and some authors have
postulated that it may be due to the immunomodulatory effects of pregnancy. A
cohort study was conducted in Sweden combining the population-based Fertility
Register, which includes on the number of children each women has had (or none,
as the case may be), and the Swedish Cancer Registry. Among women who had ever
been pregnant, there was a slightly reduced risk of the development of AML, with an
odds ratio of 0.85 (95% C.I. 0.69 – 1.0). Having been pregnant more than once did
not appear to be associated with a lower risk of developing AML than being
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pregnant only once. The authors concluded that pregnancy might be associated
with a lower risk of developing AML, potentially due to hormones, although this
remains uncertain.47

The relationship between diet, lifestyle, and the incidence of AML has also
been studied. In the NIH-AARP Diet and Health Study, a detailed dietary
questionnaire was sent to more than 3.5 million members of the American
Association of Retired Persons in six states in the United States in 1995 and 1996.
491,163 responses were obtained. Incident cancer cases were determined through
linkage with various state cancer registry databases, and a total of 338 cases of AML
were identified. Cancer status was determined in 2003. Higher meat intake was
found to be associated with an increased risk of AML (hazard ratio, comparing
highest and lowest quintile = 1.45, 95% C.I. 1.02 – 2.07). As some concern had
existed that overcooked meat might be associated with cancer, subjects were asked
about how they usually prepared their meat. There was no association between
overcooked meat and the development of AML. Those that did not drink coffee had
a higher rate of AML, indicating a potentially protective effect of coffee intake.
Compared to those that did not drink coffee, subjects who consumed moderate
amounts of coffee had a hazard ratio for the development of AML of 0.72 (95% C.I.
0.50 – 1.02). There was no association between fruit and vegetable intake and the
development of AML.48
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Due to the antioxidant effect, green tea has been hypothesized as having a
potentially protective effect on the development of AML. A case-control study was
conducted in China to determine if decreased consumption of green tea was a risk
factor for the development of AML. 49 107 adults hospitalized with leukemia (67%
AML) were compared with 110 controls hospitalized for orthopedic problems.
Detailed in-person interviews were conducted with each case and control. Fewer
cases than controls reported regular consumption of green tea, with an odds ratio of
0.51 for the development of AML (95% C.I. 0.27 – 0.96). There also appeared to be a
biologic gradient, with a lower incidence of AML among those that had been
drinking green tea for longer periods, and those that consumed higher amounts per
day. No other studies have reviewed this question, but the presence of a significant
association, biologic gradient, and biologic plausibility suggest that green tea may
have a protective effect.

In summary, while there are many potential risk factors for AML, most are
either uncommon (ionizing radiation, chemotherapy, benzene), or are associated
with a small relative risk (smoking, diet, alcohol use). Most cases of AML occur
without a defined risk factor.

Table 2: Risk Factors for AML
Risk Factor
Reported Relative Risk
Uncommon Exposure, High Risk
Chemotherapy 20 – 80
Ionizing Radiation (Hiroshima 70
survivor)
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Ionizing Radiation (chronic exposure to
low dose)
Benzene (chronic exposure)
Down Syndrome
Common Exposure, Low Risk
Smoking
Alcohol Use
Male Gender
High Meat Diet
Tea Consumption

3-6
1.1 – 4
10 – 20
1.1 – 1.3
0.7 – 1.2
1.2
1.4
0.5

1.3: Current Treatment Options for Acute Myeloid Leukemia

AML is a treatable and potentially curable cancer. Surgery is not a treatment
option for leukemia. Radiation is occasionally used. The primary treatment used is
chemotherapy. High dose combination chemotherapy can often lead to a complete
remission. Around 70%-80% of patients with AML will achieve a remission with
initial chemotherapy.50 However, without additional treatment, relapse is common.
Thus, after the achievement of an initial remission, additional treatment must be
given to reduce the risk of relapse. Two major treatment options are considered –
additional chemotherapy (consolidation chemotherapy), or an allogeneic blood and
marrow transplant.

Allogeneic blood and marrow transplantation (AlloBMT) replaces the blood
production system and immune system of the patient with that of a suitable donor.
Initially, stem cells are collected from a donor, which depending on availability can
either be a family member or an unrelated donor. The human leukocyte antigen
(HLA) system is the major way for the immune system to recognize “self” from “non-
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self”, and the donor and recipient must be matched at major HLA antigens. Stem
cells are collected from the donor through either through a bone marrow harvest
(performed in the operating room), or an apheresis procedure (performed in a
medical day unit).

Once a donor is identified, the patient is given chemotherapy or radiation
therapy aimed at conditioning the host to prevent initial graft rejection and destroy
remaining malignant cells (conditioning regimen). The stem cells are then infused
into the patient through intravenous access. The stem cells migrate from the
peripheral blood into the bone marrow, and begin to produce new blood cells. The
time from infusion of donor stem cells until new blood cell production and immune
recovery can take several weeks. During this time, the patient is at high risk for
infection, and requires extensive supportive care.

In the treatment of AML, AlloBMT has several advantages over chemotherapy
alone. The high doses of chemotherapy (conditioning regimen) used to prevent
rejection are an effective treatment for the underlying leukemia. Donor stem cells
provide additional benefit. The donor immune system replaces the host immune
system, and should recognize and control infections. The donor immune system can
also recognize residual leukemia cells as foreign, and mount an attack on these cells.
This is called a “graft versus leukemia” effect. These two advantages result in much
lower relapse rates and improved overall survival in patients who undergo a
AlloBMT, compared to those that do not. 51
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There are also several disadvantages of AlloBMT. The conditioning
chemotherapy is associated with significant toxicity, which can lead to cardiac, lung,
liver, and kidney damage. In addition, the patient will have low blood counts for
weeks after AlloBMT, which places them at increased risk for infection. Finally,
despite optimal HLA matching, the new donor immune system can recognize major
organs as foreign, leading to graft versus host disease (GVHD). GVHD is similar in
nature to many other autoimmune diseases, and results from the donor immune
system attacking host tissues. Thus, while AlloBMT is associated with much lower
relapse rates, it is also associated with much higher toxicity.52 In patients with a
higher risk of relapse, the reduced risk of relapse associated with AlloBMT is greater
than the increased risk of toxicity, resulting in a net overall benefit, while no benefit
has been seen in patients at lower risk for relapse. 53

Traditional stem cell transplantation required very high doses of
chemotherapy or total body radiation as a part of the conditioning regimen. The
doses of chemotherapy and radiation given were enough to destroy most blood
making cells in the body (myeloablative). This high dose chemotherapy results in a
significant risk of mortality during the transplantation process, making the
treatment prohibitive in older adults. 54 Given that AML is much more common in
older adults, this toxicity created a problematic paradox: the most effective
treatment option is not a viable choice for the majority of patients with AML.
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New ways of performing blood and marrow transplant have been developed to
address the toxicity associated with more traditional AlloBMT. 55,56 Rather than
delivering sufficient chemotherapy to destroy all of the patient’s blood making
system (myeloablative AlloBMT), newer protocols target specific parts of the
immune system thought to be responsible for graft rejection. Protocols known as
“reduced intensity regimens” or “non-myeloablative” (NMA-AlloBMT) require much
lower doses of chemotherapy. Traditional myeloablative and novel nonmyeloablative transplants differ in the dose of chemotherapy used in the transplant
process. In myeloablative transplantation, the dose of chemotherapy is sufficiently
large that normal blood cell production would not recover for months, if at all. In
non-myeloablative transplantation, normal blood cell production would recover
within a few weeks of transplant. Reduced intensity AlloBMT is associated with
much less toxicity than traditional myeloablative AlloBMT, and is feasible in older
adults or in patients with more comorbidities.57

However, the relapse rate after reduced intensity AlloBMT is higher than with
full intensity transplants. This is potentially due to the lower doses of
chemotherapy used, which results in less effective leukemia treatment prior to
transplant. The increased relapse rate has prevented the broader utilization of
reduced intensity AlloBMT, and relapse remains the most common cause of
treatment failure.57,58 A strategy that is able to reduce the relapse rate following
reduced intensity AlloBMT would allow AlloBMT (the most effective treatment
option for AML) to be performed with greater efficacy in more patients.
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One potential option to reduce the relapse rate may be to administer several
cycles of chemotherapy prior to transplant (consolidation chemotherapy). Even if
patients are in remission following initial chemotherapy, with newer analysis
techniques, some residual leukemia cells can usually be detected (minimal residual
disease). It is also known that the amount of minimal residual disease correlates
strongly with the risk of relapse. 59

Consolidation chemotherapy, given after the achievement of remission, but
before transplant, may lower the burden of remaining leukemia cells going into
transplant, and lead to lower relapse rates after transplant. The consolidation
approach has been studied in patients receiving myeloablative conditioning
regimens, and was not shown to be beneficial. One possible explanation for this
finding with myeloablative regimens is that the very high doses of chemotherapy
may mask any potential benefit given by consolidation chemotherapy. Thus,
consolidation chemotherapy might be of greater benefit in patients receiving nonmyeloablative AlloBMT. The role of consolidation chemotherapy had not been
revisited with reduced intensity conditioning regimens.

Clinicians might elect to give consolidation chemotherapy for several reasons,
including reduction of leukemia burden before transplant, and thus reduce the
relapse rate after transplant. However, it is important to note that this has not
previously been studied in the non-myeloablative setting, and when previously
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studied in myeloablative transplantation, consolidation chemotherapy was not
effective at reducing relapse rate. Thus, we anticipate this would not be the most
common reason for administering cytarabine consolidation chemotherapy. A more
likely reason for administration of consolidation chemotherapy would be to ensure
disease control while a transplant is planned. The preparation for AlloBMT can take
up to several months. Important steps include identification of a potential donor,
the pre-transplant workup for both the donor and the patient, and the collection of
stem cells from the donor. During the time while the transplant is being planned,
the patient is at risk for relapse. Consolidation chemotherapy is often given to
preserve disease control while planning a transplant. It is standard practice at
CancerCare Manitoba to give consolidation chemotherapy if there expected to be a
delay of more than 2-3 weeks between the time of remission and transplant.

While a randomized control trial would be able to answer the question of
whether consolidation chemotherapy before transplant results in lower relapse
rates and improved overall survival after transplant, no such trial has been
conducted or is being planned. By using retrospective data, comparing relapse rates
and survival between patients who received consolidation chemotherapy prior to
transplant to those that did not, some answers to this important question might be
obtained.
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1.4: Role of Disease Specific Registries in Clinical Research

Disease or procedure specific registries are useful tools in the evaluation of
health care interventions. These registries capture clinical information on a defined
cohort with a specific disease, or who are undergoing a specific procedure.60
Registries aim to capture a comprehensive view of the management and outcomes
of patients in a real-world clinical setting. Registry data differ from clinical trial data
in several important ways. Clinical trials often have rigorous selection criteria,
which means that patients enrolled on clinical trials may be different than the
typical patient. For example, patients in clinical trials may be less likely to have
significant comorbidities than typical patients, an effect that been termed the
‘healthy user bias’. One study found that nearly 80% of patients taking
bisphosphonates for osteoporosis would not have been eligible for randomized
controlled trials.61 Clinical trials can be time consuming, expensive, and the results
of a treatment in a homogenous clinical trial population may not be applicable to the
more heterogeneous general population.62 Thus, observational data from disease
specific registries can address issues of relevance to a population’s health that may
not be fully captured in a clinical trial. 63,64

Compared to administrative databases, disease or procedure specific registries
have several advantages. While research using administrative databases must rely
on data collected for another purpose, disease specific registries are often designed
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with research as the primary goal. This allows for data elements to be designed
specifically for the needs of researchers. In addition, the availability and quality of
administrative databases typically vary from jurisdiction, which makes national and
international collaboration challenging. This might be of particular benefit in rare
diseases, where one jurisdiction might be unable to have sufficient numbers of
patients to conduct a study independently.

In contrast, administrative databases have several strengths as well. Firstly,
administrative databases typically do not require any additional data entry, as data
are collected as part of the administrative aspects of health care delivery. Disease
specific registries usually do require additional data capture and entry.
Administrative databases are also population based, and typically include all
patients in that jurisdiction. In contrast, disease specific registries might not include
all available patients. Not all health care centres might elect to collect and submit
data on patients to a disease specific registry, due to limited resources or lack of
interest in research. This might lead to selection bias, if patients included in the
disease specific registry are different than patients in the general population.

The Centre for International Blood and Marrow Transplant Research
(CIBMTR) database has elements of both an administrative database and a
disease/procedure specific clinical registry. In the United States, submission of data
on all transplant patients to the CIBMTR is mandatory, and data are used to track
centre outcomes. Transplant outcomes are analyzed, and are made available to the
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general public on the Health Resources and Services Administration (HRSA)
website. Participation in Canada is not legally mandated, but the majority of centres
participate as part of quality control programs, to benchmark outcomes, to meet
accreditation requirements, and to further transplant research. A basic set of data
elements is captured on all patients (the Transplant Essential Data, or TED, form).
More detailed data are captured on a randomly selected subset of patients (the
Comprehensive Report Form, or CRF). This study primarily uses the data included
in the Comprehensive Report Forms. Previous CIBMTR studies have shown that
outcomes are similar to patients on the TED track compared to the CRF track. Data
elements are designed specifically with the intent for future use in research. Thus,
complete information is available on most important variables. Detailed
information on the patient, including underlying comorbidities and overall health,
underlying disease (including important prognostic factors), and transplant (such as
donor source and conditioning regimen) is collected prospectively on consecutive
patients. This database has proved invaluable to the BMT community, and many
important clinical decisions are made based on the results of retrospective studies
conducted through this resource.

1.5: Theoretical Framework

This study is an example of comparative effectiveness research, using an
established disease-specific registry. Comparative effectiveness research aims to
guide future patient care by understanding how different clinical interventions
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perform in the real-world clinical setting. Comparative effectiveness research can
take many forms. In some cases, the data are collected for the primary purpose of
secondary analysis for research projects, as is the case with CIBMTR data. In other
cases, the data might be collected as part of the administration process, with
research being a secondary endpoint. Typically, the information is captured
prospectively, but analyzed retrospectively; however, other models can be used.
Some prospective randomized clinical trials can also be considered comparative
effectiveness research, although many trials are designed to answer questions about
the efficacy of a treatment rather than the effectiveness.65

The Institute of Medicine produced a consensus report on comparative
effectiveness research in 2009.65 They defined comparative effectiveness research
as “the generation and synthesis of evidence that compares the benefits and harms
of alternate methods to prevent, treat, and monitor a clinical condition”. In another
section of the report, the authors attempted to describe the type of clinical question
best answered through comparative effectiveness research. Comparative
effectiveness research is subject to bias not found in clinical trials. For example,
patients are often analyzed according to the treatment they received (per-protocol
analysis), rather than the treatment the treating clinician intended for them to
receive (intention-to-treat analysis). In some settings, “bias or confounders might
limit the reliability of data collected through retrospective means”. 65 In this case,
retrospective studies might not produce useful results. However, in settings where
important confounding variables are captured and can be adjusted for, and where
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prospective randomized clinical trials would be prohibitively expensive or time
consuming, comparative effectiveness research fills an important need.

There are a number of critical principles that underline comparative
effectiveness research. First, comparative effectiveness research aims to look at the
real-world utility of a treatment, and as such, the population studied must be
representative of clinical practice. Prospective randomized clinical trials often focus
on well-chosen segments of the general patient population, which may or may not
be translatable to everyday clinical practice. In addition to the patient population in
the study being representative of the typical patient, the clinical setting must also be
generalizable to routine clinical practice. Clinical trials often include more rigorous
monitoring than might be feasible in the typical clinical environment. Finally,
comparative effectiveness research aims to study both the benefits and potential
harms of treatment that are important to patients.

The current study meets these criteria. The aim of this study is to
understand if the addition of consolidation chemotherapy prior to transplant
reduces the risk of relapse without adding significant toxicity. Both the patient
population and treatment intent do reflect the real world clinical setting, as all
patients in the United States and a majority of patients in Canada are included in the
CIBMTR database, and administration of consolidation chemotherapy is relatively
commonly done. The study (to understand relapse rates and overall survival after
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transplant) focuses on very important outcomes to patients. Thus, this clinical
question seems ideal to be addressed using comparative effectiveness research.

We attempted to construct a theoretical framework for comparative
effectiveness research in BMT, incorporating patient related factors, including
comorbidities, disease related factors, and treatment related factors into a model to
predict patient outcome. No such model has previously been published in the
context of blood and marrow transplant. However, Carpenter et al aimed to
establish a theoretical framework for understanding comparative effectiveness
research for all types of cancer research.66 They initially conducted a literature
review to understand existing theoretical frameworks for cancer research and
found one conceptual framework that seemed to apply well to comparative
effectiveness research. This model, developed by Zapka et al, titled the Quality in the
Continuum of Cancer Care, presented an approach to understand how various
factors influence the types of cancer care and the transitions between them.67 A
unique feature of this model is that the authors argued that the treatment of cancer
should be viewed as a continuum rather than as an acute event.

Using this conceptual framework as a foundation, Carpenter et al conducted
semi-structured interviews with 76 researchers in the field to determine the needs
of researchers, and the broader goals of comparative effectiveness research in
cancer. 66 Initially, a convenience sample of local researchers was used, but
snowball sampling was also applied to provide broader input. These researchers
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were asked to discuss critical measures and outcomes in cancer research databases,
as well as gaps in available resources.

As a result, this team developed a proposed new model to guide data needs
for comparative effectiveness research in cancer. This model incorporates
environmental factors, patient characteristics, provider characteristics, disease
prognostic indicators and diagnostic results, treatment factors, as well as
intermediate and long-term outcomes. Critically, this model viewed cancer
treatment from a “patient-centred, longitudinal chronic care perspective, rather
than a single-episode, acute care perspective”.

The theoretical framework formed by Carpenter et al was modified for this
study, incorporating data available as well as treatment and outcomes unique to
AlloBMT (Figure 5: Theoretical Framework for Outcomes Research in BMT).
Provider and patient characteristics, present at the time of diagnosis, influence
transplant and treatment related factors. For example, some patient characteristics
such as age are correlated with disease or treatment factors. Older patients are
more likely to have pre-existing myelodysplastic syndrome, or abnormal
cytogenetic (disease). In addition, some transplant centres (provider
characteristics) might be more likely to use a particular graft source or GVHD
prophylaxis regimen (transplant factors). All of these factors (patient, provider,
disease, and transplant characteristics) influence intermediate outcomes such as
relapse or toxicity. Lastly, these intermediate outcomes predict final outcomes such
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as overall survival. This longitudinal model serves as the theoretical framework for
this study.

For most patients, three states are possible following transplant – alive and
free of leukemia, relapse and death from leukemia, or death from complications
related to transplant. Some characteristics are more likely to be predictive of
relapse, and other characteristics are more likely to be predictive of toxicity.
Together, the intermediate outcomes of relapse and toxicity influence overall
survival. Based on previous research, we would expect that disease factors (Figure
5, blue boxes) would more strongly relate to relapse, while patient and provider
characteristics and treatment factors (Figure 5, red boxes) would more strongly
relate to toxicity from treatment. There is likely to be some degree of overlap, as
some patient demographic features like age are known to be associated with
relapse, and some disease features, like induction regimen might be associated with
toxicity. However, this framework provides a useful construct which can be used to
help understand the complicated patient, disease, and transplant features which all
interact to predict outcomes.
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Figure 5: Theoretical Framework for Outcomes Research in BMT

1.6: Research Questions

Reduced intensity transplant is the most effective treatment for older
patients with acute myeloid leukemia. However, relapse after transplant is the most
common cause of treatment failure. Consolidation chemotherapy prior to
transplant might lower the disease burden prior to transplant, leading to reduced
relapse rates and eventually improved overall survival after transplant.

Other specific sub-questions include investigating:
(i)

The impact of consolidation chemotherapy on relapse after AlloBMT

(ii)

The impact of other potential patient, disease, and transplant related
variables on outcomes following AlloBMT
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(iii)

The feasibility of reduced intensity transplant in older patients

We hypothesize that consolidation chemotherapy will result in lower relapse
rates following AlloSCT, due to a lower disease burden going into transplant. This
decrease in relapse rates will result in improved overall survival.
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Methods:

2.1: Data Source

The Centre for International Blood and Marrow Transplant Research
(CIBMTR) is a network of 450 transplant centres in 50 countries that collaborate
and share clinical data on patients undergoing blood and marrow transplantation.68
A major component of this collaboration is the development and maintenance of a
clinical data registry. The CIBMTR maintains a statistical centre, in Milwaukee,
Wisconsin, that coordinates and manages the scientific activities of the registry. The
CIBMTR collects data on approximately 18,000 patients undergoing transplant
annually. Each one of the 450 transplant centres obtains informed consent from
patients, and collects and submits data electronically to the CIBMTR. Data are
contained in the Stem Cell Transplantation Outcomes Database (SCTOD). Data
submission is mandatory for centres based in the United States, and is optional for
centres worldwide. Currently, 90% of Canadian transplant centres submit data to
the CIBMTR, capturing data on approximately 80% of all Canadian patients who
received a transplant over the period of the study. The only major AlloBMT
programs in Canada that do not submit to CIBMTR are the British Columbia and
Saskatchewan programs.

There are two levels of data submission to the CIBMTR. Basic registration
information on diagnosis and relapse is available on all patients in the database
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(Transplant Essential Data). More detailed forms are completed on a subset of
patients (Comprehensive Report Forms, or CRF). Transplant programs can elect to
send only registration level data or complete the optional research level data
(Comprehensive Report Forms, or CRF) as well. Centres are reimbursed for the
completion of CRF data through funding provided by the National Institutes of
Health (NIH) and the Health Resources and Services Administration (HRSA). The
CRF forms contain much more detailed information than the basic registration
forms. Resource issues make completion of CRF forms on all patients unfeasible.
Hence, CRF forms are only available on a subset of all transplant recipients. At
centres that have chosen to complete CRF forms, an algorithm assigns patients to
the TED (basic) track or to the CRF (comprehensive) track. This process is not
entirely random, as patients with rare diseases are more likely to be chosen for a
CRF, for example. However, for a given patient group at a centre that sends CRF
forms, the probability of being assigned to the CRF track is random.

At the end of 2011, for patients with AML, Transplant Essential Data (TED)
were available on 49,328 patients, and Comprehensive Report Form data were
available on 22,655 patients.68 The Manitoba Blood and Marrow Transplant
program (MBMT), based at CancerCare Manitoba and the Health Sciences Centre, is
an active participant in the CIBMTR, and submits the more detailed Comprehensive
Report Forms.

In the United States, data submission to the CIBMTR is mandatory as part of
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the transplant centre accreditation process to monitor quality of care. Patients who
have their data included in the database have the option of providing consent to
participate in research studies. In other countries, with no mandatory reporting
requirement, only patients who have consented for research have their data
submitted to the CIBMTR. Only data on patients who provided informed consent for
research were used in this protocol.

Data are collected on patients at the time of transplant, at day 100 posttransplant, every six months for the first two years, and yearly after two years. TED
baseline data forms include questions regarding demographics, underlying disease,
transplant characteristics (donor source, HLA matching), and conditioning regimen.
The more detailed CRF forms cover similar topics, but with substantially more
detailed information in all areas. Both the TED and CRF follow-up forms include
questions regarding current vital status, disease status (relapsed, or in remission),
and overall health status.

Cytarabine is the only medication is commonly used for consolidation
chemotherapy. Indeed, most debate within the hematology community and clinical
trials has focused on the dose of cytarabine used, rather than comparing cytarabine
to other medications. Cytarabine is a nucleoside analogue that interferes with DNA
synthesis. Cytarabine is a critical medication in both induction and consolidation
chemotherapy for AML. Other medications have been studied and compared to
cytarabine in numerous trials, and no other chemotherapy medications have been
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shown to have superior efficacy.69 Thus, this study was restricted to considering
only patients who received cytarabine as consolidation chemotherapy, compared to
those that did not.

Questions on consolidation chemotherapy prior to transplant are included on
the more detailed CRF forms, but not on the TED forms. Thus, only patients on
whom CRF level data are available were eligible for this study. In addition, this
study was limited to patients who received a reduced intensity transplant for AML
between 2000 and 2010, as reduced intensity transplant was relatively rare prior to
2000. Patients who received a transplant after 2010 were excluded to allow for
sufficient follow-up. The study was restricted to adults, as reduced intensity
transplantation is not common in pediatric patients, and the management of AML is
somewhat different in children.

The CRF form for AML was reviewed in the context of the theoretical
framework to identify patient, provider, disease, and treatment related
characteristics of interest. Table 3 lists all variables retrieved from the database
(Table 3: Variables Included). The variables chosen are described in more detail in
later sections, but generally can be grouped into three categories based on our
theoretical framework. Some variables relate specifically to the patient before the
time of transplant, including patient age, gender, and the year of transplant. Other
variables relate more specifically to the underlying leukemia. These variables
include the more specific pathologic subtype, cytogenetic or mutational
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abnormalities present in the leukemia cells, the previous treatment of the disease
prior to transplant, white blood cell count at the time of diagnosis, the presence of
extramedullary disease (disease outside the bone marrow or peripheral blood), and
the presence of pre-existing myelodysplastic or myeloproliferative diseases. Finally,
other variables attempt to describe the transplant process itself. These variables
include information on the stem cell donor (matched sibling donor, unrelated donor,
or cord blood donor), the degree of matching between the host and recipient, the
drugs used as a part of the conditioning process, and recipient antibodies to
cytomegalovirus. The relevant questions describing all of these variables were
abstracted from the database.

Table 3: Variables Included
Variable
Description
Main effect variable
Consolidation therapy Binary (yes, no)
Consolidation therapy Categorical (standard dose, high dose,
none)
Patient Characteristics
Age Continuous
Age Categorical (18-29; 30-39; 40-49; 50-59;
60;69; 70-79)
Gender Binary (Male, Female)
Karnofsky Performance Status Binary (< 80%, ≥80%)
Provider Characteristics
Year of Transplant Continuous
Year of Transplant Categorical (2000-2005; 2006-2008;
2009 – 2011)
Transplant Centre Categorical
Disease Characteristics
AML Subtype Categorical (FAB M0-3; FAB M4-7;
AML NOS; WHO Categories of: AML with
Abnormal Eosinophils, AML with 11q23
Abnormalities, AML with Multilineage
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Dysplasia; Other/Missing
White blood cell count at diagnosis
White blood cell count at diagnosis
Extramedullary Disease
Induction Chemotherapy
Number of lines of induction therapy
Drugs used in consolidation therapy

Continuous
Binary (< 5, ≥5)
Binary (Present, absent)
Binary (7+3 or similar, other)
Binary (1, 2)
Binary (cytarabine only, cytarabine and
other drugs)
Categorical (1, 2 or missing)
Categorical (Intermediate Risk,
Unfavorable Risk, other)
Binary (yes, no)

Cycles of consolidation therapy
Cytogenetics (by Southwest Oncology
Group criteria)
Pre-existing
Myelodysplastic/Myeloproliferative
disease
Transplant Characteristics
Graft Type Categorical (Matched Sibling Donor,
Matched Unrelated Donor, Mismatched
Unrelated Donor, Cord Blood)
Donor Sex Binary (yes, no)
Recipient CMV Status Binary (positive, negative)
Conditioning Regimen

2.2: Data Analysis:

All adults who underwent a reduced intensity allogeneic stem cell transplant
for acute myeloid leukemia in first complete remission between 2000 and 2010
were identified. Patients were categorized based on the use of cytarabine as
consolidation chemotherapy prior to stem cell transplant. A secondary sub-analysis
was conducted to understand the relationship of cytarabine dose and transplant
outcomes (either standard dose cytarabine (less than 3 grams/m ), or high dose
2

cytarabine (greater than or equal to 3 grams/m ). Relevant patient, disease, and
2

transplant characteristics were compared between patients who received
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consolidation chemotherapy, and those that did not.

Categorical variables were compared using chi-square testing, and continuous
variables will be compared using either the Wilcoxan signed rank test, or the
Student’s t-test, depending on the distribution of the variable. Data transformation
was considered for non-normally distributed variables. A list of all potentially
relevant covariates was listed in Table 3 above (Table 3: Variables Included).

The completeness index was calculated for all patients meeting eligibility
criteria, by comparing the ratio of the observed person-time of follow-up to the
potential person-time of follow-up.70 It is a requirement that follow-up forms are
completed at regular intervals post-transplant, but as is the case in other voluntary
registries, compliance with this requirement varies. The completeness index
attempts to understand how complete follow-up data are for patients included in
this cohort. For example, if a patient received a transplant five years ago, but only
had the one-year follow up form completed, and no subsequent data submitted, the
completeness index for this patient would be 0.2. If all five years of data submission
were completed, the completeness index for this patient would be 1. Based on
previous studies, it is anticipated that most outcomes will occur within two years of
transplant, so the completeness index was calculated at 1 year and 2 years posttransplant.
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Overall survival was chosen as the primary endpoint for several reasons.
While disease-free survival is used as the primary endpoint in some other oncology
studies, overall survival more accurately reflects the goal of therapy – to prolong the
life of patients with a life threatening malignancy. In addition, disease-free survival
differs from overall survival only in that patients who relapse without eventually
dying from their disease are not recorded as events, and the date of the event is
defined as the date of relapse and not the date of death. Disease free and overall
survival can be quite different if relapse after treatment is associated with a
reasonable prognosis. Unfortunately, outcomes for patients who relapse after
allogeneic stem cell transplant for AML are very poor, with median survival typically
less than 6 months, and with long-term survivors rare.71 Thus, one could expect
that overall survival and disease free survival would be quite similar. In that case, it
might be preferred to use overall survival as the primary endpoint, as it has a more
clear and distinct meaning to the general medical community and to patients
themselves. Thus, overall survival was the primary endpoint, and disease free
survival was a secondary endpoint.

Several other secondary endpoints were evaluated, including relapse rate,
non-relapse mortality, and the development of acute or chronic graft versus host
disease. Relapse was said to have occurred if the patient developed any evidence of
leukemia after transplant. Specific questions on the data collection forms asked
about clinical, morphologic, cytogenetic, or molecular evidence of relapse, as well as
the date of that assessment. A patient who had evidence of relapse using any one of
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these methods was considered to have relapsed disease. The date of the first
abnormal lab test was defined as the date of relapse. Patients who died without
evidence of relapsed disease or patients who were alive without disease at the time
of last contact were censored for this endpoint.

Non-relapse mortality, defined as deaths in patients who had not relapsed, was
considered a secondary endpoint as a measure of toxicity of therapy. Events were
defined as patients who died without evidence of relapsed disease. Patients were
censored at the time of relapse, or at the time of last contact if they were alive and
disease free at that time. Complete details on cause of death were not available on
all patients. It is possible that in some cases, the cause of death may have been
unrelated to the stem cell transplant. However, it is likely that a significant majority
of these deaths were due to a short or long term complication of the stem cell
transplant process. Causes of death were reviewed, where available, to ensure that
the cause of death was not relapsed disease (in which case they were categorized as
having relapse prior to death). For disease free survival, events will be either deaths
from any cause, or relapses, with patients censored if they were alive and had not
relapsed at the most recent evaluation.

Several additional complications of transplant were also captured to provide
more background information. Acute and chronic graft versus host disease are
relatively common after transplant, although the addition of pre-transplant therapy
was not hypothesized to influence the development of either of these complications.
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Both of these complications are similar manifestations of the new donor immune
system reacting against vital organs in the recipient. Acute and chronic graft versus
host disease differ somewhat in pathogenesis, pattern of organ involvement, and
time course, but are both associated with significant morbidity and mortality.

Acute and chronic graft versus host disease are also graded somewhat
differently. Acute graft versus host disease (aGVHD) is categorized as Grade 1-4,
based on the severity of illness in the most affected organ (cutaneous, hepatic,
gastrointestinal).72 Patients with Grade 3 or 4 aGVHD have been shown to have
inferior overall survival, and these patients were identified. All patients who were
diagnosed with chronic GVHD were identified.

For all endpoints, the time interval chosen was date of transplant until date of
event (or date of last contact, if the patient was censored). While interval from date
of diagnosis or date of achievement of first complete remission would be acceptable
alternatives, this was chosen as this study primarily focused on a population
undergoing transplant. Interval from date of diagnosis until transplant and interval
from date of date of achievement of first complete remission until transplant were
both considered as covariates, but were expected to correlate strongly with
consolidation chemotherapy status (our main effect variable).

As patients who received consolidation chemotherapy might be different than
patients who did not, a model adjusting for all significant covariates was required.
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Multivariable models were created for overall survival, disease free survival, relapse
rate, and non-relapse mortality. Cox multivariable proportional hazard models
were created using the reverse stepwise technique. As consolidation chemotherapy
is our primary variable of interest, it was included in the model at all times. All
covariates with a p value less than 0.20 in univariate testing were included in the
initial multivariable model. Variables with a p value greater than 0.05 were
removed one by one until a final multivariable model was constructed containing
the clinically significant covariate age, the main effect variable consolidation
chemotherapy, and all other statistically significant covariates.

Interaction terms were tested between the main effect variable consolidation
chemotherapy and all other significant covariates. Statistically significant
interaction terms (p < 0.05) were included in our model. For all variables, the
Suprenum test was conducted to ensure that the proportional hazards assumption
holds. If the proportional hazards assumption is violated, time dependent analyses
were conducted. The linearity of all continuous covariates was tested using the
method of fractional polynomials. The final model was evaluated by reviewing the
Martingale residuals and the deviance residuals, to look for any potential outliers.
Finally, the goodness of fit of the model was reviewed by calculating the measure of
explained variation and the measure of explained randomness.

Competing risks were considered for both relapse rate and non-relapse
mortality, with cumulative incidence used as the primary univariate analysis
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method. Patients who relapse are not at risk for non-relapse mortality, and vice
versa. Several methods exist to account for competing risks in multivariate models.
The most widely used method is the analysis technique proposed by Fine and
Gray.73 This model accounts for identified competing risks in a similar fashion to
the cumulative incidence model, but allows for accounting for important covariates.
Using the covariates identified in the Cox proportional hazard models for relapse
and non-relapse mortality, Fine and Gray models were created to account for
competing risks. These models were compared to the Cox models to determine if
the adjustment for competing risks resulted in significant changes.

While there is no standard accepted way of determining power in a Cox model,
a generally accepted rule is 10 events per variable included in the final multivariable
model. Unfortunately, based on previous studies of allogeneic transplant for AML,
we expected approximately 50% of the subjects enrolled to suffer either from
relapse or treatment related mortality. Given the numbers of patients included, the
power of this study was felt to be adequate.

With our final model, adjusted probability of disease free and overall survival
was determined, adjusting for age and all other statistically significant covariates. A
plot of the estimated adjusted survival function was created for our main effects
variable, consolidation chemotherapy, in an attempt to graphically represent the
influence of consolidation chemotherapy on overall survival and disease free
survival. Based on the final model, an attempt was made to determine whether

Reduced Intensity Transplant for Acute Myeloid Leukemia, K Paulson

46

patients who received either standard or high dose consolidation chemotherapy,
after adjusting for age and other statistically significant covariates, had different
overall survival or disease free survival than patients who did not receive
consolidation chemotherapy prior to reduced intensity transplantation.

SAS software version 9.2 was used for all analyses.

2.3: Potential Sources of Bias

Several potential sources of bias were considered. Firstly, selection bias could
be present. Patients who received consolidation chemotherapy might be different
than others. This effect could work in several different directions. Centre
physicians might choose to give consolidation chemotherapy to patients who they
felt were at high risk for relapse, and not give it to patients they felt were at lower
risk for relapse. Thus, patients who received consolidation chemotherapy might
have a higher risk of relapse, and have inferior outcomes regardless of any
treatment effect. Physicians might not choose to give consolidation chemotherapy
to patients they felt were at higher risk for complications from chemotherapy, to
avoid excess toxicity. This might lead to patients who received consolidation
chemotherapy having better outcomes due to better overall health and fewer
comorbidities. Informed consent is required to have patient data used for research
purposes. It is possible that this might also lead to selection bias. For example,
patients that were more unwell or had more comorbidities might be less likely to
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provide consent. However, the consent rate typically approaches 99%, making any
potential bias from this source likely small.

In addition, patients who receive several cycles of consolidation chemotherapy
are likely to have a longer interval between the time they achieve complete
remission and the time of transplant. This could result in attrition bias. These
patients would have a longer period where they would be at risk for relapse. If
patients relapsed before they received a transplant, they would not have been
included in this cohort. Similarly, patients who received several cycles of
chemotherapy prior to transplant would be at increased risk for complications such
as organ toxicity or significant infections that might result in them no longer being a
candidate for transplant. Data are only captured on patients who received a
transplant (per protocol basis), and not on patients in whom a transplant was
planned but not completed (as might be captured on an intention to treat basis in a
prospective study).

Other potential sources of bias in retrospective cohort studies include
information bias and misclassification bias, although these might be of less concern
in this study. There should not be any significant differences in data capture or
follow-up for patients based on whether they received consolidation chemotherapy,
minimizing the risk of information bias. Administration of consolidation
chemotherapy is well captured within the data collection form, diminishing the
threat of misclassification bias. As is always the case, there is the potential the
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forms might be completed incorrectly by centre staff. However, the CIBMTR has an
ongoing audit program, and visits sites on a regular basis to review source
documentation. Centres that have issues identified (such incomplete or incorrect
data) are flagged, and remediation programs are developed. A flagged centre is then
revisited by CIBMTR staff to ensure that the issues identified have been resolved. In
rare cases where the issue persists, the data from the involved centre are not used
as a part of research studies.

Another potential source of bias would be a centre effect (participation
bias). While patients from over 100 transplant centres are included in this cohort,
some larger centres contributed more patients. If routine practice at some centres
was to include or omit pre-transplant consolidation chemotherapy, then any effect
found for the main effect variable consolidation chemotherapy status might partially
reflect other practices as this centre. To exclude the possibility of a centre effect, a
frailty model was fitted using the covariates identified in the main model, as well as
transplant centre.

As compared to the gold standard of medical evidence, the randomized control
trial, retrospective cohort studies are subject to numerous potential sources of bias.
The underlying patient populations might be different, and while multivariable
analysis can adjust for measured covariates, unmeasured covariates cannot be
adjusted for. Attrition bias might result in patients who were intended to proceed to
transplant but did not due to toxicity or relapse not being included in this cohort.
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While information bias and misclassification bias should not be significant issues in
this study, they are important to consider. While a randomized control trial studied
on an intent to treat basis might minimize selection bias and attrition bias, no such
study has been conducted nor is it likely to be conducted. Thus, this study is likely
best positioned to answer this clinical question, despite the multiple potential
sources of bias that need to be considered.
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Results:
3.1 – Cohort Development

The CIBMTR database contains data on over 300,000 patients. The first step
in this study was the establishment of a retrospective cohort of patients who met
the defined inclusion and exclusion criteria, and in which complete information was
obtained on important covariates and outcome variables.

A total of 11,399 patients were reported to the CIBMTR for an allogeneic
transplant for AML between 2000 and 2010, with CRF level data available. Of these
patients, only 604 (5.3%) were included in the final study population (Table 4:
Exclusion Criteria) (Figure 6: Cohort Development). This cohort was refined and
developed by applying uniform inclusion and exclusion criteria, and by reviewing
the data set to ensure that complete information was available for critical variables.
Table 4: Exclusion Criteria

Selection criteria
Patients who underwent first allogeneic HCT
for AML and reported to CIBMTR between
2000 and 2010
Adult patients with age ≥ 18
Transplant done in first complete remission
(CR1)

HLA-identical sibling or unrelated donor

exclusion

Age<18 (N=1797)
PIF (N=1324)
≥CR2 (N=2076)
Relapse (N=1575)
No treatment (N=56)
(Predominantly MDS)
Missing (N=127)
Identical twin (N=16)
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Related donor (N=62)
Multiple donor (n=2)
Missing (N=3)
Exclude Myeloablative Transplants

Myeloablative (2897)
Missing (131)

Common used RIC conditioning regimens

ATG+ARAC +/- others (7)
Bu +/- Others (7)
Cy+/- Others (5)
Mel+/- Others (4)

Non-cytarabine based consolidation

Other consolidation (N=51)1
Legacy NMDP Forms (431)

1272
(11.2%)
1244
(10.9%)

1193
(10.5%)
762
(6.7%)

Induction and consolidation data available
1 or 2 lines of induction therapy

FK506/CSA contained GVHD prophylaxis
Subtype of AML other than Acute
Promyelocytic Leukemia (APL)
Received cytotoxic therapy for induction

5 lines of induction therapy
(N=2)
4 lines of induction therapy
(N=8)
3 lines of induction therapy
(N=25)
Missing (33)
Others (28)2
Missing (19)
Subtype is APL (N=9)
Received
azacytidine/decitabine (14)

At least 100 days follow-up

Not 100 days follow up (1)
No day 100 form (N=1)

Complete details on graft type

Missing (2)

Removed Favorable Risk Cytogenetics

7 patients

Incomplete Outcome Data

4 patients

694
(6.1%)

647
(5.7%)
638
(5.6%)
624
(5.4%)
617
(5.4%)
615
(5.4%)
608
(5.4%
604
(5.3%)

1

Idarubicin (14), mitoxantrone (3), 6-thioguanine (2), daunorubicin (2), others (not specified)
T cell depletion alone (4), T-cell depletion with immunosuppression (2), CD34 selection alone (6),
CD34 selection with immunosuppression (2), MMF+sirolimus (6), others (cyclophosphamide alone,
MMF + cyclophosphamide, MMF + corticosteroid, MTX + corticosteroid)
2
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Figure 6: Cohort Development
Received an allogeneic transplant for AML, reported CRF data to the CIBMTR
between 2000 - 2010
(N = 11,399)

Age > 18
(N = 9542)

In CR1 at time of transplant
(N = 4384)

HLA identical sibling, or unrelated donor
(N = 4300)

Age < 18
Excluded 1797 patients

Not in CR1
Excluded 5158 patients

Other Donor Type
Excluded 84 patients

Non-myeloablative transplant
(N = 1272)

Myeloablative transplant (or dose missing)
Excluded 3028 patients

Common Conditioning Regimen (N = 1244)

Rare conditioning regimen
Excluded 23 patients

Cytarabine based consolidation therapy
(N = 1193)

Non-cytarabine consolidation
Excluded 51 patients

Complete Data on Induction/Consolidation Available
(N = 762)

Legacy NMDP Form Data
Excluded 431 patients

1 or 2 lines of induction therapy
(N = 694)

Greater than 2 lines of induction therapy
Excluded 68 patients

Tacrolimus/Cyclosporin based GVHD prophylaxis
(N = 647)

No tacrolimus/cyclosporin used
Excluded 9 patients

AML Subtype other than APL (FAB M3)
(N = 638)

APL (FAB M3)
Excluded 9 Patients

Received chemotherapy for induction
(N = 624)

Received decitabine/azacytidine only
Excluded 14 patients

At least 100 days follow-up
(N = 617)

Less than 100 days follow-up
Excluded 2 patients

Complete Graft Data Available
(N = 615)

Graft type missing
Excluded 7 patients

Cytogenetics other than favourable risk
(N = 608)

Favorable risk cytogenetics
Excluded 4 patients

Complete Outcome Data Available
(N = 604)

Missing survival data
Excluded 2 patients
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Initially, 1797 pediatric patients (15.8%) were excluded as this study focused
on adult patients. The management of AML is substantially different in younger
patients. In addition, this study focused on patients in first complete remission
(CR1) at the time of transplant, so an additional 5158 patients (45.2%) were
excluded as they were not in remission, were in second or third remission, or details
on disease status at the time of transplant were missing. Finally, the study
population was restricted to patients receiving matched sibling donors and matched
or mismatched unrelated donors. Other donor types (such as identical twin donors
(also known as syngeneic donors)) were excluded.

Previous studies have reviewed the impact of consolidation chemotherapy in
patients receiving myeloablative conditioning regimens. A variety of drug
combinations, and drug doses, have been used in conditioning regimens. These
combinations range in spectrum to very intense (traditional myeloablative
regimens), to minimally intense protocols (still leading to significant
immunosuppression, but with minimal myeloablation). A consensus meeting in
2009 attempted to develop common definitions to ensure agreement between
clinical research projects. They defined myeloablative regimens as those containing
more than 5 Gray of total body irradiation (TBI) in one dose, or more than 8 Gray in
multiple doses, or those regimens containing more than 8 mg/m2 of busulfan. All
other regimens were defined as non-myeloablative or reduced intensity. We
applied the consensus definitions to our study population, calculating the dose of
busulfan based on body weight as recorded pre-transplant. There was incomplete
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dosing information (either dose or weight missing) on 131 patients (1.1%) and
these patients were excluded. 2897 patients (25.4%) were excluded as they
received myeloablative conditioning regimens. An additional 23 patients received
unusual or rare conditioning regimens, and these patients were excluded as well.

As the study question related to the effect of cytarabine consolidation on
outcomes following transplant, complete information on consolidation
chemotherapy was required. 431 patients (3.8%) had data submitted to the
CIBMTR on older forms that did not capture information on consolidation
chemotherapy, and these patients were excluded. Prior to 2007, separate forms
were used for patients who received an unrelated donor transplant. This form did
not include questions on consolidation chemotherapy. After 2007, one single form
was used for all transplant recipients. Thus, patients with information on
consolidation chemotherapy were primarily related donor transplant recipients
prior to 2007, and a mixture of related and unrelated donor transplant recipients
after 2007. Due to the exclusion of unrelated donor transplant recipients prior to
2007, this cohort had relatively more matched sibling donor patients compared to
the general transplant population. In order to exclude the possibility this would
lead to bias, all prognostic variables were compared between the excluded patients
(unrelated donor recipients prior to 2007), and the remaining patients. There were
no significant differences in the distribution of prognostic variables between these
groups.
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An additional 51 patients (0.4%) received some form of consolidation
chemotherapy, but did not receive cytarabine. Common other agents used were
idarubicin, mitoxantrone, 6-thioguanine, and daunorubicin. These patients were
excluded as, compared to cytarabine, these agents use different mechanisms of
action and might have different effects.

Finally, patients were excluded if they received more than two lines of
induction therapy prior to being in complete remission. Most patients enter
remission after one cycle of induction therapy.74 Requiring three or more lines of
induction therapy to enter CR is a poor prognostic sign, and these patients are likely
to have significantly worse outcomes than other patients in CR1.75 35 patients
(0.3%) required three or more cycles of induction therapy, and the number of cycles
of induction therapy was missing for an additional 33 patients (0.3%). All of these
patients were excluded.

In addition, several patients were excluded to produce more homogeneous
cohort for analysis. Most patients received either tacrolimus-based or cyclosporine
based graft versus host disease (GVHD) prophylaxis, so the small number of patients
that received neither of these drugs were excluded (47 patients, 0.4%). Acute
promyelocytic leukemia (APL, also known as FAB M3 AML) is a distinct subtype of
AML with different management, for which AlloSCT is not typically required in CR1.
There were 9 patients included in our cohort with APL, and they were excluded
(0.1%). In addition, small numbers of patients did not receive traditional cytotoxic
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chemotherapy agents for induction, but received novel hypomethylating agents.76,77
These patients (14, 0.2%) were also excluded for this reason. Seven patients had
favorable risk cytogenetics. Several studies have shown that AlloSCT is not of
benefit in patients with favorable risk cytogenetics, and these patients were
excluded from the cohort.51

Lastly, patients were excluded if they had missing or incomplete data on
several important variables. Two patients had only the pre-transplant form
submitted, with no post-transplant follow-up forms available. These patients were
excluded, as they did not contribute any outcome information. In addition, graft
type was missing for two patients, and four other patients had some follow-up data
available, but with missing vital status (alive/dead). These six patients were also
excluded. In total, 8 patients were excluded due to incomplete outcome data (0.1%
of final cohort).

The final cohort thus consisted of 604 patients (5.3% of initial cohort), all of
whom had provided consent to participate in research studies.
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3.2 – Baseline Variables and Data Cleaning

As mentioned previously, patients were categorized based on whether they
had received cytarabine as consolidation chemotherapy prior to transplant (main
effect variable). In total, 402 patients received cytarabine consolidation
chemotherapy, and 202 did not. Among recipients of consolidation chemotherapy,
64% received cytarabine alone, and 35% received cytarabine in combination with
other agents. 42% received only one cycle of cytarabine, 33% received two or more
cycles, and 25% did receive consolidation but the precise number of cycles was
unavailable. Of the 402 patients who received cytarabine consolidation, 226
received high dose cytarabine (greater than or equal to 3 grams/m ), and 176
2

received standard dose cytarabine (less than 3 grams/m ).
2

Again, potential covariates were identified using the established theoretical
framework. These variables were compared between those who received
consolidation therapy, and those that did not to see if there were any significant
differences between patients that received consolidation and patients that did not.
Our theoretical framework identified four categories of covariates to be included in
the model. The following section outlines each reviewed prognostic variable in each
of these four categories (provider characteristics, patient/demographic
characteristics, disease factors, and transplant factors).
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3.2.1 – Provider Characteristics

Two provider characteristics were reviewed – treatment centre and year of
transplant (Table 5: Provider Characteristics). The patients who did not receive
cytarabine consolidation were from 90 different transplant centres, and the patients
that did receive cytarabine consolidation were from 75 different transplant centres
worldwide. A frailty model was used to identify the presence of a potential centre
effect, and none was detected. 78 When year of transplant was reviewed as a
continuous variable, there was no difference between groups. When year of
transplant was compared as a categorical variable, there some slight differences
between groups (p < 0.01, chi-square test). More patients who received
consolidation therapy had a transplant done between 2008 and 2010 (37%, vs.
32%).

Table 5: Provider Characteristics
No Cytarabine
Consolidation

Cytarabine
Consolidation

Number of Patients

202

402

Number of Centres

90

75

2008
(2000-2010)

2008
(2000 - 2010)

Characteristics of Patients

Year of Transplant (Median, range)

P-value

0.34

Year of Transplant (by Group)
2000-2005

< 0.01
53 (26%)

106 (26%)

2006-2007

84 (42%)

148 (37%)

2008-2010

65 (32%)

148 (37%)
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3.2.2 – Patient/Demographic Characteristics

We then moved on to review patient related characteristics. Findings are
summarized in Table 6: Patient Characteristics. There was no difference in age
between patient groups, nor was there a difference in gender balance (p = NS, chisquare test for both). Performance status, as a marker of overall health and
comorbidities, was included. There are several validated measures of performance
status, but the most commonly used measure in transplant is the Karnofsky
Performance Status (KPS).79 Patients are scored from 10 – 100, with 100
representing normal health, without any significant functional limitation, and 10
representing a moribund patient near death. There was no difference in KPS
between groups, with most patients having excellent performance status.

Table 6: Patient Characteristics
Characteristics of Patients

No Cytarabine
Consolidation

Patient Related:
Age at Transplant (Median, range)
60 (18-75)
Age Group
Less than 45
21 (10%)
45 - 60
76 (38%)
Greater than 60
105 (52%)
Gender
Male
125 (62%)

Cytarabine
Consolidation

P-value
0.18

59 (19-76)
0.29
41 (10%)
177 (44%)
184 (46%)
0.16
225 (55%)
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Characteristics of Patients
Female
Karnofsky Performance
Status
>=90%
<90%
Missing

No Cytarabine
Consolidation
77 (38%)

Cytarabine
Consolidation
177 (45%)

P-value

0.84
133 (66%)

268 (67%)

60 (30%)
9 (4%)

120 (30%)
14 (3%)

3.2.3 – Disease Characteristics

Having detected no significant differences in provider or patient
characteristics between the two groups, we moved on to review disease factors
(Table 7: Disease Characteristics). AML is sub-categorized into many different
subtypes. Aside from Acute Promyelocytic Leukemia (APL), the management of
these subtypes is similar, but some subtypes have been associated with more
favorable prognosis.75 Thus, AML subtype was considered as a covariate. The
standard classification system for AML changed during the study period. The
French-American-British (FAB) classification system, based primarily on histologic
appearance of the leukemia cells, was introduced in 1976.80 The World Health
Organization (WHO) classification system, with more significant focus on molecular
features, was introduced in 2002.81 The pre-transplant form allowed centres to
classify patients based on either system. There were some differences in AML
subtype between patients who received consolidation chemotherapy and those that
did not (p < 0.01, Chi-Square test). Acute Myeloid Leukemia, Not Otherwise Specified
was a more common diagnosis among patients who did not receive consolidation
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chemotherapy (25% vs. 18%), and the FAB categories of M4 – M7 were more
common among patients who did receive consolidation chemotherapy (32% vs.
20%).

White blood cell count at the time of diagnosis has been shown to have
prognostic significance in some studies.82 White blood cell count was evaluated
both as a continuous, and as a categorical variable. For the categorical variable, a
cutoff of 5 x 109/L was chosen, as it was quite close to the median value. As a
continuous variable, there were some differences between groups, with a higher
WBC found in patients who received consolidation chemotherapy (p = 0.02,
Kruskal-Wallis). However, when WBC was evaluated as a categorical variable, there
was no difference between groups.

Extramedullary disease (disease in organs other than the peripheral blood
and bone marrow; most commonly in the central nervous system or skin) is
associated with a poor prognosis.83 There was no difference in the proportion of
patients with extramedullary disease between groups, and the rate of
extramedullary disease in both groups was comparable to previously published
numbers.

Other important prognostic variables related to the underlying disease
include response to initial therapy, cytogenetic risk status, and pre-existing
myelodysplastic syndrome. Patients who required more than two cycles of
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induction therapy to achieve remission were excluded. These patients are usually
defined as having refractory leukemia, and the ideal management of these patients
is uncertain.58 However, patients who enter complete remission after one line of
induction therapy are likely to have a more favorable prognosis than those that
require two lines of induction therapy. There were more patients who entered CR
after one line of induction therapy in the group of patients who did not receive
consolidation chemotherapy (81%, as compared to 67%, p < 0.01, Chi-Square test).
The most common induction chemotherapy regimen is seven days of low-dose
cytarabine (200 mg/m2), in combination with three days of daunorubicin or
idarubicin (known colloquially as “7+3” chemotherapy). This chemotherapy
regimen was the most common in both groups, but other options were slightly more
common in the no-consolidation group (22%, versus 11%, p < 0.01).

While AML usually arises de novo, it can develop from a previous
hematologic disorder (most commonly myeloproliferative neoplasms (MPN) or
myelodysplastic syndromes (MDS)). Again, these patients have a worse prognosis
than other patients with de novo AML.75 Patients with pre-existing MPN or MDS
were more common in the no-consolidation group (34% versus 19%, p < 0.01).

AML, like most other malignancies, is caused by mutations in DNA. The
mutation present can be identified through a variety of techniques, including
conventional cytogenetics, florescence in-situ hybridization, and molecular
techniques such as reverse transcription polymerase chain reaction.84 The specific
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mutation present often has strong prognostic significance, and is one of the most
important prognostic markers. A variety of classification strategies have been used
to classify mutations into several risk categories. We used one of the most common
risk groupings, originally proposed by the Southwest Oncology Group.85 Patients
were grouped into favorable risk, intermediate risk, unfavorable risk, and
other/missing according to this classification strategy. As mentioned previously,
AlloBMT is not recommended for patients with favorable risk mutations.51 These
patients have a good prognosis, and the toxicity associated with AlloBMT outweighs
any potential benefit. Thus, patients with favorable risk mutations were excluded.
Intermediate risk mutations were more common in patients who did not receive
consolidation therapy (48% vs. 38%, p = 0.03), but there was no difference in the
presence of unfavorable risk mutations (31% vs. 30%).

Table 7: Disease Characteristics
Characteristics of Patients
Disease Related:
AML Subtype
FAB M0/M1/M2
FAB M4/M5/M6/M7
AML NOS
WHO Categories of: AML
with Abnormal Eosinophils,
AML with 11q23
Abnormalities, AML with
Multilineage Dysplasia
Other /Missing
WBC at Diagnosis
Median (Range)
WBC at Diagnosis

No Cytarabine
Consolidation

Cytarabine
Consolidation

P-value
< 0.01

64 (32%)
40 (20%)
51 (25%)

139 (35%)
127 (32%)
74 (18%)

21 (10%)

31 (7%)

26 (13%)

31 (8%)
0.02

4.7 (0 – 600)

5.0 (0 – 831)
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Characteristics of Patients
Greater than 5
Less than 5
Extramedullary Disease
Absent
Present
Induction Regimen
7+3 or Similar

No Cytarabine
Consolidation
110 (54%)
92 (46%)

Cytarabine
Consolidation
195 (49%)
207 (51%)

0.67
193 (96%)
8 (4%)

382 (95%)
44 (5%)
< 0.01

157 (78%)

358 (89%)

45 (22%)
Drugs used in Consolidation Therapy
Cytarabine Only
N/A
Cytarabine with other Drugs
N/A
Cycles of Consolidation Chemotherapy
1 cycle
N/A
2 or more cycles
N/A
Missing
N/A
Cycles of Induction Chemotherapy
1 cycle
136 (67%)

44 (11%)

Other

2 cycles
Pre-existing MDS/MPN
No

P-value

66 (33%)

259 (64%)
143 (35%)
168 (42%)
134 (33%)
100 (25%)
< 0.01
326 (81%)
76 (19%)
<0.01

134 (66%)

327 (81%)

Yes
68 (34%)
Cytogenetics (SWOG classification)

75 (19%)

Intermediate
Unfavorable
Other/Missing

193 (48%)
119 (30%)
90 (22%)

77 (38%)
63 (31%)
62 (31%)

0.03

3.2.4 – Transplant Characteristics

Finally, again reviewing covariates according to the theoretical framework,
we reviewed transplant related variables (Table 8: Transplant Characteristics).
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These included information on the donor, drugs used as a part of the conditioning
regimen, and graft-versus-host disease prophylaxis.

Approximately half of all transplants recorded were done using matched
sibling donors. Approximately one quarter of patients received a transplant from a
fully matched unrelated donor. This contrasts with the general transplant
population, as throughout the time period studied, unrelated donor transplants
were more common. The higher prevalence of matched sibling donors likely relates
to differences in data capture before 2007. Prior to 2007, different forms were used
for matched sibling donors and matched unrelated donors. The matched sibling
donor form was more likely to be complete and these patients were more likely to
be included in the cohort. Importantly, there was no significant difference in donor
type between the consolidation and no-consolidation groups, meaning both
consolidation chemotherapy groups were equally affected by incomplete data. After
2007, the same form was used for all donor sources. Smaller numbers received a
transplant from partially matched (usually one HLA mismatch) unrelated donor or
received umbilical cord blood stem cells. Again, there was no difference between
the patients that received consolidation chemotherapy and those that did not in
terms of stem cell source.

While this study focused on conditioning regimens that are less intense than
traditional myeloablative transplant, even the lesser intense protocols have been
stratified further into either reduced intensity (RI) or non-myeloablative. The
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distinction between these two groups was defined by a consensus meeting in
2009.86 There were slightly more patients receiving NMA regimens in the
consolidation chemotherapy group, as compared to the non-consolidation
chemotherapy group (37% vs. 26%, p < 0.01). In addition, patients were grouped
according to the drugs used as a part of the conditioning protocol. There were some
differences again, with patients in the no consolidation chemotherapy group more
likely to have received fludarabine and melphalan, and less likely to have received a
TBI-based conditioning protocol (p = 0.01).

Graft-versus-host disease (GVHD) is a common complication of AlloSCT, and
is caused by an attack by the donor immune system on major body organs. In the
immediate post transplant period, all patients receive some form of immune
suppression in an attempt to reduce the incidence and severity of GVHD. Again,
there is no convincing evidence that any one agent is preferred, but the two most
common drugs used are cyclosporine and tacrolimus. There was no significant
difference in the utilization of cyclosporine or tacrolimus between the groups.

In addition, anti-thymocyte globulin (ATG) and alemtuzumab (Campath) are
sometimes used as a part of the conditioning regimen. Both medications impair
lymphocyte response/recovery following transplant. This has a few important
effects. In general, the use of ATG or Campath is associated with lower rates of
GVHD, but higher rates of relapse and infection. Thus, the administration of ATG or
alemtuzumab might have uncertain short and long term effects, and the impact on
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outcomes might be time dependent. There was no significant difference in ATG or
alemtuzumab use between patients who received cytarabine consolidation and
those that did not, although there was a non-significant trend (p = 0.06) towards
less use in patients who did not receive cytarabine consolidation. 34% of patients in
the no-consolidation group received either ATG or alemtuzumab, as compared to
42% in the cytarabine consolidation group.

Finally, for patients who did receive cytarabine consolidation, information
was gathered about the total dose and dose intensity. Most patients received
cytarabine as monotherapy, although 35% received additional chemotherapy drugs.
The most common additional drugs received were idarubicin (18%), daunorubicin
(10%), and etoposide (7%). 42% of patients received only one cycle of
consolidation chemotherapy, with 33% receiving two or more cycles. The number
of cycles of consolidation chemotherapy was missing in 25% of patients. Finally,
176 patients received standard dose cytarabine (≤2 grams/m2/day), while 226
patients received high dose cytarabine (> 2 grams/m2/day).

Table 8: Transplant Characteristics
Characteristics of Patients
Graft Source
Matched Sibling Donor
Matched Unrelated Donor
Other Unrelated Donor
Cord Blood
Recipient CMV Status

No Cytarabine
Consolidation

Cytarabine
Consolidation

106 (52%)
52 (26%)

185 (46%)
117 (29%)

16 (8%)
28 (14%)

38 (9%)
62 (15%)
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0.51

0.29
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Characteristics of Patients
Negative
Positive
Missing
Conditioning Regimen
FLU/BU
FLU/Mel
FLU/Other
TBI-based
Conditioning Regimen (2)
Reduced Intensity
FLU/BU
FLU/Mel
Flu/TBI (300-500 cGy)
Other
Non-Myeloablative
Flu/Cy
Flu/ATG

No Cytarabine
Consolidation
61 (30%)
141 (70%)
0 (0%)

Cytarabine
Consolidation
128 (32%)
269 (67%)
5 (1%)

P-value

< 0.01
89 (44%)
51 (25%)
39 (19%)
23 (12%)

173 (43%)
54 (13%)
104 (29%)
71 (18%)
0.01

89 (44%)

173 (43%)

51 (25%)
3 (1%)
3 (1%)

54 (13%)
9 (2%)
22 (5%)

33 (16%)

75 (19%)

3 (1%)

7 (2%)

Flu/TBI (200 cGy)
20 (10%)
GVHD Prophylaxis
Tacrolimus-based
115 (57%)
Cyclosporin-based
87 (43%)
ATG/CAMPATH
None
133 (66%)
ATG or CAMPATH
69 (34%)
Cytogenetics (SWOG classification)
Intermediate
77 (38%)
Unfavorable
63 (31%)
Other/Missing
62 (31%)

62 (15%)
0.32
212 (53%)
190 (47%)
0.06
235 (58%)
167 (42%)
0.03
193 (48%)
119 (30%)
90 (22%)

3.3 – Outcome Variables

In the theoretical framework, we postulated that provider, patient,
transplant, and disease factors would influence intermediate outcomes (relapse,
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treatment related mortality, neutrophil and platelet engraftment, and graft versus
host disease). These intermediate outcomes would in turn predict overall survival
and disease free survival. Overall survival, and all secondary endpoints (relapse
rate, non-relapse mortality, disease free survival, development of acute and chronic
graft versus host disease, and neutrophil engraftment) were determined using the
techniques described in the data analysis section. Table 9: Outcome Variables
summarizes all outcome variables measured.
Table 9: Outcome Variables
Outcome
Relapse
Grade III / IV Acute GVHD
Chronic GVHD
Neutrophil Engraftment
Disease Free Survival
Overall Survival

N (%)
236 (39.1%)
102 (16.9%)
242 (40.1%)
575 (95.2%)
220 (36.4%)
239 (40.0%)

Among all patients, 236 patients had relapsed (39.1%), with most relapses
occurring early (median time of 3.9 months from transplant to date of diagnosis of
relapse). Next, non-relapse mortality was reviewed, as a marker for the toxicity of
treatment. There were a total of 150 deaths among patients who were in persistent
remission (24.8%). Again, most events of non-relapse mortality occurred early,
with a median time of 6.1 months from transplant until date of non-relapse death.

In total, 102 patients (16.9%) developed Grade 3 or 4 aGVHD. In contrast,
there is no well-established grading system for cGVHD, aside from categorizing it as
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either limited or extensive based on the number of organs involved and the
potential need for treatment. As there is no clearly established grading system for
cGVHD, all patients with cGVHD were identified. 242 patients developed cGVHD
(40%). The rates of severe aGVHD and total cGVHD were similar to previously
published results.87

In addition, the rate of neutrophil engraftment was also recorded.
Neutrophils are white blood cells designed primarily to defend against bacterial
infection. In contrast to the red blood cells and platelets, neutrophil transfusions
are not commonly available. Thus, the date when the new donor marrow begins to
produce adequate quantities of neutrophils (engrafts) is used as a marker of
marrow recovery, and the patient’s progress through the initial phase of transplant.
Neutrophil engraftment was achieved in 95% of patients (575/604), at a median of
day 16. In patients who achieved neutrophil engraftment, all but two had done so
by day 100 post-transplant.

Disease free survival was also reviewed. For this endpoint, events were
defined as either relapses or deaths, and patients were censored if they were alive
without evidence of leukemia at the time of last contact with the registry. A total of
384 patients (63.5%) had either relapsed or died over the course of available
follow-up. This number is roughly comparable to the total number of deaths (365).
Thus, for the 236 patients who relapsed after transplant, only 19 were still alive at
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the completion of available follow-up (8.1% of all relapses), reflecting the poor
prognosis of patients with relapsed disease after transplant.

Finally, the primary endpoint of this study was overall survival. In total, 365
patients were deceased, with the remaining 239 alive and well at the time of last
contact. For survivors, the median duration of follow-up was 35.9 months.

3.3 – Univariate Analysis

The primary outcome variable (consolidation status) was analyzed to
determine if it predicted differences in intermediate outcomes (relapse rate, non
relapse mortality, neutrophil and platelet engraftment, graft versus host disease)
and final outcomes (disease free survival and overall survival). For overall survival
and disease free survival, Kaplan Meier graphs were produced, and log-rank
statistics were used to compare differences in survival. Relapse rate and nonrelapse mortality were considered competing risks, so cumulative incidence was
used instead of Kaplan Meier analysis.88 For relapse rate, the competing risk was
non-relapse mortality, and vice versa. Similarly, the development of Grade III-IV
aGVHD and cGVHD were analyzed using cumulative incidence as well. Death
without aGVHD and death without cGVHD were considered the competing risks.
For cumulative incidence analysis, pointwise comparisons were made at 1 and 3
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years post transplant to determine if there were differences between groups.89 The
results of the univariate analysis are described below, and can be found in Table 10.

Table 10: Univariate Analysis
No Cytarabine
Consolidation (N=202)
Outcome

N

Neutrophil engraftment

Prob (95% CI)

201

Cytarabine
Consolidation
(N=402)
N

pvalue

Prob (95% CI)

pvalue

400

28-day

86 (77-92)

82 (76-87)

0.3846

100-day

95 (86-99)

95 (89-99)

0.9581

13 (10-16)

0.2647

Grade 3-4 Acute Graft
Versus Host Disease

202

100-day
Chronic Graft versus
Host Disease

402
16 (12-22)

195

395

1-year

38 (31-45)

35(30-41)

0.5447

3-year

41 (34 -49)

41(36-47)

0.9569

Non Relapse Mortality

197

393

1-year

22 (17-29)

15 (12-19)

0.0407

3-year

28 (22-35)

21 (17-25)

0.0630

Relapse

197

393

1-year

30 (24 -37)

33 (29-38)

0.4631

3-year

38 (31-46)

39 (34-45)

0.8387

Disease Free Survival

197

393

1-year

48 (41-55)

52 (47-57)

0.3660

3-year

34 (27-41)

41 (35-46)

0.1489

Overall Survival

202

402

1-year

55 (49-62)%

60 (55-65)%

0.3110

3-year

36 (29-43)%

42 (37-47)%

0.1525
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There was no significant difference in relapse rate between patients who
received cytarabine consolidation therapy and those that did not, either at one year
or at three years (p=0.86). Cumulative incidence estimation was used, with
treatment related mortality considered the competing risk. At one year, the relapse
rate was 30% (95% CI 24-37%) in patients who did not receive cytarabine
consolidation, and it was 33% (95% CI 29-38%) in those that did not receive
consolidation. Results were similar at three years (38% vs. 39%). This is illustrated
graphically in Figure 7: Cumulative Incidence of Relapse.
Figure 7: Cumulative Incidence of Relapse
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In contrast, there was a significant increase in non-relapse mortality among
patients who did not receive cytarabine consolidation therapy. The 1-year nonrelapse mortality was 30% in patients who did not receive cytarabine consolidation
(95% CI 17-29%), as compared to 15% in those that did receive consolidation
chemotherapy (95% CI 12-19%). This difference was statistically significant (p =
0.04). This difference was somewhat less pronounced at 3 years, and no longer met
statistical significance, but there still was a trend towards lower non-relapse
mortality in patients who did not receive consolidation chemotherapy (28%, versus
21%, p = 0.06). The cumulative incidence graph comparing the rates of nonrelapse mortality can be found in Figure 8.
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Figure 8: Cumulative Incidence of Non-Relapse Mortality
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There was no difference in the rates of acute or chronic graft versus host
disease between the group that received cytarabine and the group that did not.
16% of patients who did not receive consolidation developed Grade 3-4 aGVHD,
which was not significantly different than the 13% of patients who did receive
consolidation chemotherapy (p = 0.26). At one year, 38% of patients that did not
receive consolidation had developed chronic graft versus host disease, as compared
to 35% of patients who did not receive consolidation (p = 0.55). Reflecting the fact
that most cases of chronic GVHD present within the first year after transplant, the
cumulative incidence of cGVHD was similar at two years (41% in both groups).
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Finally, there was also no difference in neutrophil engraftment between groups.
86% of patients in the no consolidation group achieved neutrophil engraftment by
day 28 post transplant, as compared to 82% in the consolidation group (p = 0.39).

There was no statistically significant difference in disease free survival
between groups at one year or at three years (p = 0.15, log rank) (Figure 9: Disease
Free Survival). The one-year disease free survival for patients who did not receive
cytarabine consolidation chemotherapy was 48% (95% CI 41 – 55), and was 52% in
those that did receive cytarabine consolidation (95% CI 47-57). There was a slight
decline in disease free survival by three years, but again, there was no significant
difference between groups (34%, versus 41%, p = 0.15).

Figure 9: Disease Free Survival

p = 0.15
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Finally, there was also no statistically significant difference in univariate
analysis of overall survival between groups (p = 0.28, log-rank) (Figure 10: Overall
Survival). Overall survival was 55% at one year for patients who did not receive
consolidation chemotherapy (95% CI 49 – 62%), and 60% in patients who did
receive consolidation chemotherapy (95% CI 55 – 65%). Similarly, there was also
no difference in three year overall survival (36% in patients who did not receive
consolidation chemotherapy, and 42% in those that did (p = 0.15).

Figure 10: Overall Survival

p = 0.28

3.5 – Multivariable Analysis
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Multivariable models were built for overall survival, disease free survival,
relapse rate, and non-relapse mortality. Model building techniques were similar for
each outcome, using the reverse stepwise technique. All prognostic variables were
tested univariately to see if they predicted outcome, and all significant variables
were entered into a model. For variables available both as a continuous and
categorical value (age, year of transplant, WBC), both the continuous and categorical
were tested, and if results were similar, the categorical was included for ease of
interpretation. Variables that were not significant in multivariable analysis were
removed one by one until a final model was created. Consolidation status was
included in all models as it was the primary variable of interest.

For overall survival, only graft source, patient age, cytogenetic status, and
patient gender had prognostic significance in the multivariable model (Table 11:
Multivariable Model for Overall Survival). There was no significant difference in
overall survival between patients who received cytarabine consolidation and those
that did not, after adjusting for graft source, patient age, gender, and cytogenetic
status (HR = 0.89, p = 0.28). Graft source was significantly associated with mortality
(p = 0.004). When comparing different graft types, the difference was primarily
observed between cord blood grafts and unrelated donor grafts. There was inferior
overall survival for patients who received a cord blood transplant, compared to
those that received a graft from a matched sibling donor (HR = 1.60, p = 0.002).
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There was no difference between matched sibling donors, matched unrelated
donors, and mismatched unrelated donors. Patient age was also associated with
changes in overall survival (p = 0.04 for the categorical variable). In pairwise
testing, there was no significant difference in mortality between patients aged less
than 45 and patients aged 45-60 (HR 0.88, p = 0.30). However, there was a
significant increase in mortality for patients over the age of 60 compared to patients
under the age of 45 (HR = 1.51, p = 0.03). Cytogenetic abnormalities also predicted
difference in overall survival (p < 0.0001). Perhaps not surprisingly, patients with
unfavorable risk cytogenetic abnormalities had inferior overall survival to those
with intermediate risk cytogenetic abnormalities (HR = 1.74, p < 0.0001). There
was no difference between patients with intermediate risk cytogenetic
abnormalities and those with unclassifiable abnormalities, missing data on
cytogenetic abnormalities, and those patients who did not have cytogenetic
abnormalities tested. Finally, female gender was associated with slightly better
overall survival, with a hazard ratio of 0.78 (p = 0.023). Interaction terms were
tested between all variables that were included in the final model, and there were
no significant interactions found. Similarly, none of the covariates were found to be
time-dependent.

Table 11: Multivariable Model for Overall Survival
Variable

Category

N

Hazard
Ratio

95%
C.I.

Consolidation

No

202

1.000

.

Yes

402

0.886

0.71 –
1.10

Variable Pvalue
0.28
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Graft Source

Cytogenetics

Patient Age

Patient
Gender

Matched sibling

291

1.000

.

0.01

Matched unrelated

169

0.882

0.68 –
1.14

0.34

Mismatched unrelated

54

1.033

0.71 –
1.51

0.87

Cord blood

90

1.598

1.18 –
2.16

0.01

Intermediate

270

1.000

.

Unfavorable

182

1.740

1.36 –
2.22

<.0001

Other / Missing / Not
done

152

1.200

0.9 –
1.56

0.18

<45

62

1.000

.

45-60

253

1.222

0.83 –
1.79

0.31

>60

289

1.507

1.03 –
2.20

0.03

Male

350

1.000

.

Female

254

0.780

0.63 –
0.97

< 0.0001

-

<.0001

0.04

-

0.02

0.02

A similar process was repeated for disease free survival. In general, the
model built for disease free survival was similar to that of overall survival, with two
exceptions. Patient age was not significantly associated with disease free survival
after adjusting for other covariates, and was not included in the final model. The use
of ATG or Alemtuzumab (Campath) was associated with differences in disease free
in a time dependent manner. There was no difference in short term disease free
survival, but there was inferior long term disease free survival for patients that did
not receive ATG or Alemtuzumab. Cut-off times were explored, and it appeared that
a cut-off of approximately 15 months appeared to best differentiate outcomes. Lack
of use of ATG or Alemtuzumab use was not associated with inferior survival before
15 months, but was significantly associated with inferior survival after 15 months.
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A variety of options were considered, including a partitioned model. However, as
we were not interested in the magnitude of the effect of use of either of these
medications, a stratified Cox model was created for ease of interpretation. This
stratified model did not include any time dependent covariates, and the
proportional hazards assumption was verified.

The stratified model was similar to the model for overall survival, although,
as mentioned, age did not influence disease free survival (Table 12: Multivariable
Model for Disease Free Survival). Again, there was no difference in disease free
survival for patients who received cytarabine as consolidation chemotherapy, as
compared to patients that did not (HR 0.87, p = 0.19). As in the overall survival
multivariate model, patients who received a cord blood transplant had inferior
disease free survival compared to those with a matched sibling donor (HR 1.38, p =
0.04). There was no difference in disease free survival between patients who
received a matched sibling donor transplant, a matched unrelated donor transplant,
and a mismatched unrelated donor transplant. As was the case with overall
survival, patients with unfavorable risk cytogenetics also had inferior disease free
survival (HR 1.65, p < 0.001) compared to patients with intermediate risk
cytogenetics. There was no difference in disease free survival between intermediate
risk cytogenetics and patients with other unclassifiable cytogenetic abnormalities,
patients with missing data on cytogenetics, or patients in whom cytogenetics was
not performed. Finally, there was better disease free survival for female patients,
compared to male patients (HR 0.75, p = 0.007).
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Table 12: Multivariable Model for Disease Free Survival
Variable

Category

N

Consolidation

No

Graft Source

Cytogenetics

Patient
Gender

Hazard
Ratio

95%
C.I.

197

1.000

.

Yes

393

0.865

0.70 –
1.07

Matched sibling

286

1.000

.

Matched unrelated

163

0.842

0.65 –
1.10

0.20

Mismatched unrelated

54

0.935

0.64 –
1.36

0.72

Cord blood

87

1.369

1.01 –
1.85

0.04

Intermediate

264

1.000

.

Unfavorable

179

1.645

1.29 –
2.10

<.0001

Other / Missing / Not
done

147

1.194

0.92 –
1.55

0.19

Male

342

1.000

.

Female

248

0.747

0.60 –
0.92

Variable P
Value

Pairwise
P Value

0.19

0.19

0.04

-

0.0003

-

0.02

0.02

Next, a multivariable model was created for relapse. Again, the use of ATG or
alemtuzumab was associated with differences in relapse rate in a time-dependent
manner. Lack of use of ATG or alemtuzumab was associated with late relapses, but
not early relapses. A variety of cutpoints were explored, as with disease free
survival, 15 months again best able to differentiate between outcomes. Lack of use
of ATG or alemtuzumab was not associated with higher relapse rates prior to 15
months, but was strongly associated with higher relapse rates after 15 months. A
stratified Cox model was again used (stratified based on use of ATG or
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alemtuzumab). This model did not include any other time dependent covariates,
and was used as the final multivariable model for relapse.

The multivariable model for relapse included only three variables –
consolidation chemotherapy status, cytogenetic risk group, and white blood cell
count (Table 13: Multivariable Model for Relapse). As was the case in all other
models, the administration of consolidation chemotherapy prior to transplant had
no impact on the relapse rate, after adjusting for cytogenetic risk group and white
blood cell count (HR = 1.027, p = 0.86). Unfavorable risk cytogenetics was again
associated with a higher relapse rate (HR 1.865, p < 0.0001), compared to patients
with intermediate risk cytogenetics. Patients with intermediate risk cytogenetics
had similar relapse rates to patients with other abnormalities, patients with missing
data, or patients in whom testing was not performed. Finally, white blood cell count
also predicted relapse rates, with patients presenting with white blood cell counts
higher than 5 having lower relapse rates (HR 0.765 for relapse, p = 0.049). Of note,
this is the only model that did not find inferior outcomes for patients receiving cord
blood transplantation, as cell source was not significantly associated with
differences in the relapse rate, and was not included in the final model.

Table 13: Multivariable Model for Relapse
Variable

Category

N

Hazard
Ratio

95%
C.I.

Consolidation

No

197

1.000

.

Yes

393

1.027

0.77 –
1.36

Variable P
Value
0.19
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P Value
0.19
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Cytogenetics

White blood cell
count

Intermediate

264

1.000

.

0.0002

-

Unfavorable

179

1.865

1.37 –
2.53

<.0001

Other / Missing / Not
done

147

1.170

0.83 –
1.67

0.37

> 5 x 106/L

342

1.000

.

< 5 x 106/L

248

0.765

0.59 –
0.99

0.049

0.049

* Model stratified for use of either ATG or alemtuzumab

The last multivariable model created was for non-relapse mortality
(presumed treatment-related mortality) (Table 14: Multivariable Model for
Treatment Related Mortality). There were no time dependent covariates found, and
the proportional hazards assumption was verified. Thus, contrary to the models for
relapse and disease free survival, no stratification was necessary. This model was
similar to other models, with several exceptions. One additional variable,
conditioning regimen, had prognostic significance for non-relapse mortality.
Patients who received a combination of fludarabine and melphalan as the
conditioning regimen had higher treatment related mortality than other groups (HR
1.59, p = 0.03, compared to the baseline fludarabine/busulfan group). There was no
difference in treatment related mortality between the baseline fludarabine/busulfan
group, the fludarabine with other drugs group, or the total-body irradiation based
regimen group. There may have been a slight trend towards lower treatment
related mortality in patients who received consolidation chemotherapy, but it was
not statistically significant (HR = 0.74, p = 0.08). Patient age and gender did
influence treatment related mortality. Higher treatment related mortality was seen
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in older patients (HR 1.96, p = 0.04), comparing patients over the age of 60 to
patients under the age of 45. There was no difference in treatment related mortality
comparing patients under the age of 45 to patients aged 45 – 60. Finally, there was
lower treatment related mortality in women compared to men (HR 0.65, p = 0.01).

Table 14: Multivariable Model for Treatment Related Mortality
Variable

Category

N

Consolidation

No

Graft Source

Conditioning
Regimen

Patient Age

Patient Gender

Hazard
Ratio

95% C.I.

Variable Pairwise
P Value P Value

197

1.000

.

Yes

393

0.742

0.53 – 1.04

Matched sibling

286

1.000

.

Matched unrelated

163

0.998

0.65 – 1.52

0.99

Mismatched unrelated

54

1.371

0.79 – 2.38

0.26

Cord blood

87

3.834

2.24 – 6.54

<.0001

Fludarabine/Busulfan

87

3.834

Fludarabine/Melphalan

257

1.000

1.05 – 2.43

0.01

Fludarabine/Other

101

1.594

0.38 – 1.14

0.03

TBI-based

141

0.653

0.57 – 1.56

0.13

<45

61

1.000

.

45-60

246

1.196

0.63 – 2.28

0.59

>60

283

1.958

1.04 – 3.68

0.04

Male

342

1.000

.

Female

248

0.646

0.46 – 0.91

0.08

0.08

< 0.001

-

< 0.001

-

0.008

-

0.01

0.01

Thus, after adjusting for other significant covariates, there did not appear to
be an impact of administration of consolidation chemotherapy on overall survival,
disease free survival, non-relapse mortality, or relapse rate. To exclude the
possibility that the beneficial effect of consolidation chemotherapy might be seen
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only in patients receiving higher doses of cytarabine, the analysis was repeated with
a dose-dependent categorization of cytarabine dose. Patients were grouped into
one of three categories – no cytarabine consolidation, standard dose cytarabine
(less than 3 grams/m ), or high dose cytarabine (greater than or equal to 3
2

grams/m ). All four multivariable models were created again using this new
2

categorical variable.

In univariate analysis, there was a slight decrease in non-relapse mortality
for patients who received high dose. However, this difference was not significant in
multivariable analysis after adjusting for other significant covariates. Again, there
was no difference in overall survival, disease free survival, or relapse rate between
patients who received no consolidation chemotherapy, standard dose cytarabine
consolidation chemotherapy, or high dose cytarabine consolidation chemotherapy
in either univariate or multivariate analysis. Thus, there did not appear to be a
dose-dependent benefit to cytarabine consolidation chemotherapy prior to reduced
intensity stem cell transplant.
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Discussion:

The primary aim of this study was to understand the impact on
administration of pre-transplant chemotherapy on overall survival after reduced
intensity transplant. It was hypothesized that consolidation chemotherapy after
remission, but prior to transplant, would result in a decreased burden of disease
going into transplant, and would lead to a lower relapse rate and improved overall
survival. However, the results of this study showed no difference in outcome in
patients who received pre-transplant chemotherapy compared to those that did not.
Thus, based on the results of this study, this therapy should not be expected to
improve outcomes after transplant. There remain many reasons to consider
administration of chemotherapy prior to transplant, most commonly to provide
disease control while a transplant is being planned. Planning for allogeneic
transplant can take several months. This study did not show any increased toxicity
in patients who received several cycles of chemotherapy prior to transplant,
reassuring clinicians that at a minimum this strategy appears to be safe.

A theoretical framework was constructed to understand the numerous
factors that influence outcomes. The results of this study show again that numerous
variables influence outcomes after transplant, and while consolidation
chemotherapy alone cannot improve outcomes, we again identified numerous
factors that are strongly associated with outcomes following transplant. These
included disease factors (cytogenetic status), patient factors (age, gender), and
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transplant factors (graft source). As predicted by our theoretical framework,
disease factors were more predictive of relapse, and patient and transplant factors
were predictive of toxicity (treatment related mortality). Thus, our theoretical
framework appeared to perform well. A simplified version of our theoretical
framework, with only variables significant in our multivariate models, is included
below (Figure 11: Final Theoretical Framework).

Figure 11: Final Theoretical Framework

These results generally agree with the published literature. While the role of
consolidation chemotherapy has never been studied in patients undergoing reduced
intensity transplant, previous studies have shown no impact of consolidation in
other transplant settings.92 All of the patients included in this study were in
remission at the time of transplant, and all received some chemotherapy as a part of
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their transplant conditioning regimen. Thus, perhaps it is not surprising that giving
more chemotherapy to patients in remission was not of significant benefit.

This study has several weaknesses. First, it is not a randomized controlled
trial, and understanding the precise impact of cytarabine consolidation
chemotherapy is not possible. Compared to a prospective randomized trial, this
study design (a retrospective cohort) has several potential sources of bias. There
were several differences in important baseline variables between groups, and likely
differences in unmeasured covariates as well. A randomized control trial would
help ensure that the groups are balanced in both measured and unmeasured
covariates. The reason for administration of cytarabine consolidation was not
available. There could be some sampling bias, where physicians were more likely to
administer consolidation chemotherapy to patients in which they were more
concerned about relapse, or avoid chemotherapy in patients they considered at high
risk of toxicity. A randomized trial would avoid some of these potential sources of
bias.

Unfortunately, no such randomized trial is likely to be performed for several
reasons. Allogeneic transplant is a rare intervention, and AML is not a common
disease. A potential randomized trial would be very expensive, and as cytarabine is
a relatively inexpensive generic medication, industry support would likely not be
forthcoming. Moreover, this study did not suggest a benefit to consolidation
chemotherapy, and limited resources for clinical trials are likely to be directed to
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more promising areas of study. This study remains the largest to address this very
important and relevant clinical question, and was conducted with the largest
available data source for this patient population. As such, is likely to be the primary
study upon which clinical decisions are made.

This study was analyzed on a per-protocol basis, not an intention-to-treat
basis. This has several implications. Data were only captured on patients who
actually received a transplant, not on patients who were intended to receive a
transplant. If large numbers of patients were intended to receive a transplant but
did not, attrition bias results. This bias could skew in both directions. It is possible
that both the relapse rate and the treatment related mortality rates reported here
on a per-protocol basis are smaller than would be the case if data were available on
patients who were intended to receive a transplant and did not due to reasons of
relapse or toxicity. For example, if a large cohort of patients did not receive
consolidation chemotherapy and subsequently relapsed prior to receiving a
transplant, the beneficial impact of consolidation chemotherapy could be missed.
Similarly, if consolidation chemotherapy was very toxic, and patients who were
intended to receive a transplant did not because they were not well enough to
proceed with transplant, a potential harmful impact of consolidation chemotherapy
could not be missed. Unfortunately, this bias is not easily addressed with this study
methodology.
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Although it was not statistically significant, there was a trend towards lower
treatment related mortality in patients who received cytarabine consolidation (HR
0.74, p = 0.08). As there is no biologic rationale why more chemotherapy should
lead to less toxicity, this might suggest some component of attrition bias. One
possible explanation might be that only patients who were healthier and fitter were
still well enough to proceed with transplant after the administration of several
cycles of consolidation chemotherapy. Additional patients who were planned to
receive a transplant but became too unwell after consolidation chemotherapy to
proceed with transplant would not have been included in this cohort, as data are
only available on patients who actually underwent the transplant. Patients who
went directly to transplant would not have been subject to this selection bias, and
the less fit patients would not have been “selected out” by the administration of
consolidation chemotherapy. Another possibility might be that clinicians only chose
to proceed with consolidation chemotherapy in fitter patients, concerned that less
fit patients might not be able to tolerate additional chemotherapy prior to
transplant.

However, as mentioned, clinicians can be reassured that there was no signal
that consolidation chemotherapy is harmful, even if there are reasons to be skeptical
of a potential benefit. One concern could be that patients might develop new
comorbidities and toxicity while going through additional chemotherapy prior to
transplant, resulting in higher treatment related mortality. Physicians should be
reassured by these results, in that patients who had been exposed to several
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additional cycles of chemotherapy and went on to receive a transplant did not seem
to be at higher risk than those that did not receive consolidation chemotherapy.

Other common sources of bias in retrospective cohort studies are
information bias and misclassification bias. The impact of both of these sources of
bias should be relatively small. In terms of misclassification bias, it is relatively easy
to determine whether a patient received consolidation chemotherapy or not, and
there is a separate section on the standard case report form that asks this question
specifically. Thus, patients should be correctly allocated to each group. In addition,
all outcome variables are easily captured. A relapse of AML is easily diagnosed, and
captured well in the forms completed. With regards to information bias, there was
no observed difference in completeness of form reporting between groups, and the
completeness index measured was good. The completeness index was 97% at one
year, and 86% at two years. The number of patients lost to follow-up was small in
each arm, and was not different between groups.

While this study did not show an improvement in outcomes with
consolidation chemotherapy, several questions remain. This study looked at the
impact of cytarabine consolidation on outcomes after transplant. Cytarabine was
chosen, as it is almost exclusively the only drug used for consolidation
chemotherapy. Previous randomized trials done outside the setting of allogeneic
transplant have shown that cytarabine is the most effective chemotherapy drug in
AML consolidation.90-93 Without randomized trials in patients undergoing
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transplant, clinicians have extrapolated this evidence. However, other drugs might
be more effective then cytarabine in patients undergoing transplant. Similarly, it is
possible that the doses used were not optimal. These remain open questions.

There were several important differences between groups. Patients who
received consolidation chemotherapy were more likely to be transplanted in more
recent years. The reason for this difference is uncertain. One hypothesis is that this
might be related to differences in donor type. The use of unrelated donor transplant
has increased significantly over time, and unrelated donor transplants take
considerably longer to plan than matched sibling donors. While a matched sibling
donor transplant can take only a few weeks to plan, a matched unrelated donor
transplant can take several months, with additional time required for donor typing
and donor consent. This need for additional time to plan for transplant might lead
to an increased need for consolidation chemotherapy. Importantly, year of
transplant was not significantly associated with any outcome in the multivariable
models.

There were four disease characteristics that were different between
consolidation and no-consolidation groups –number of cycles of induction
chemotherapy, history of MDS, induction chemotherapy regimen, and cytogenetic
status. Several of these differences might be explained by the transplant planning
process. A history of MDS is an indication for transplant, and the transplant
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planning process might begin earlier, resulting in less need for consolidation
chemotherapy. Similarly, patients needing two cycles of induction chemotherapy to
achieve remission will also usually have a donor search started earlier, and might be
less likely to need consolidation chemotherapy. One hypothesis as to why regimens
other than “7+3” were more common in the no consolidation group might be the
drugs used in these regimens. “7+3” includes cytarabine, and so patients that
responded and achieved a remission with a cytarabine containing regimen might be
more likely to be selected to receive cytarabine as part of consolidation.

Cytogenetic status has a strong association with outcome in AML, and in most
studies is the only risk stratification technique used.51 However, the difference
between groups primarily related to the higher number of patients with missing
data in the no consolidation group. The reason for this is unclear, but there was no
significant difference in outcome between patients with missing data and patients in
the intermediate risk group. There was a similar prevalence of poor risk cytogenetic
mutations in both groups in this study.

Finally, there were some differences in conditioning regimens between
groups; however, this is of uncertain significance. The most common regimen in
both groups was fludarabine and busulfan, which is the primary conditioning
regimen used at CancerCare Manitoba . There was slightly higher use of fludarabine
and melphalan in the no consolidation group (25% versus 13%). The current
literature does not support any one conditioning regimen as the standard, and the
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choice of conditioning regimen is often based more on centre experience and local
practice. 4 Interestingly, fludarabine and busulfan was associated with a higher risk
of treatment related mortality (HR 3.83, p = 0.01). The relevance of this finding is
uncertain, as previous studies have not shown significantly higher toxicity in
patients who received busulfan.95

In multivariable models, there were no interaction terms found, suggesting
that there was no differential impact of cytarabine in any specific patient
population. However, one recent important development in the field of acute
leukemia has been the creation of specialized tests to measure the presence of
minimal residual disease. While this study included only patients in remission, it is
now recognized that the depth of remission is important. Traditional definitions of
remission would define patients with less than 1% leukemia cells in the bone
marrow at the completion of chemotherapy as being in remission. New specialized
tests (advanced molecular tests such as polymerase chain reactions or
multiparameter flow cytometry) can detect the presence of leukemia cells at a
concentration as low as 0.001%. Studies have shown that patients with measurable
minimal residual disease (less than 1% leukemia cells, but more than 0.001%) have
much worse outcomes compared to patients with no minimal residual disease (less
than 0.001% leukemia cells).59 Perhaps additional consolidation chemotherapy
would be of greater benefit to those patients with minimal residual disease, but this
hypothesis has not been tested, and is not something that can be answered with the
data presented here.
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Our primary endpoint was overall survival. With 202 subjects in the noconsolidation group, and an overall survival of 40% at 3 years, there were well over
100 events in this group. With only 5 variables in the final multivariable model for
overall survival, we expect this study to have adequate power. There were smaller
numbers of events in the non-relapse mortality endpoint (40 events in the noconsolidation group), and again 5 variables included in the final multivariable
model. Thus, inadequate power might have been an issue in this secondary
endpoint.

Relapse after allogeneic transplant remains a significant problem. Although
patients who have an allogeneic transplant have lower rates of relapse than patients
that do not, relapse remains the most common cause of treatment failure, and
outcomes after relapse are poor. While additional treatment prior to transplant has
not shown here to be an effective strategy, there remain several questions.
Medications other than cytarabine might be more effective, and it is possible that
there is a dose dependent effect that this study could not address. It is also possible
that the effect of cytarabine consolidation might only be seen in patients with
minimal residual disease. These questions should be directions for future research.
Another option currently under study is maintenance treatment after transplant,
commonly with hypomethylating agents like decitabine or azacytidine.96,97 Initial
results have been promising, and this is an area of active research.
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There were several other specific questions we sought to address (see 1.6:
Research Questions). One goal was to understand if reduced intensity transplant
was feasible in older adults with AML. In this population, with an average age of 60,
the non-relapse mortality was 24.8%, which is consistent with other published
studies.58,98,99 One previous study attempting to understand the role of AlloBMT in
older patients with AML in CR1 had still shown a benefit despite a non-relapse
mortality of 36%, due to a reduction in relapse rate from 81% to 32% in patients
who received a transplant.100 This study was not specifically designed to determine
if proceeding to AlloBMT in all patients with AML in CR1 was beneficial. However,
with non-relapse mortality at least comparable to, and perhaps lower than previous
studies, this data would suggest that AlloSCT is feasible.

We also sought to understand the impact of other baseline, disease, and
treatment factors on outcomes after reduced intensity allogeneic transplant. There
appeared to be worse outcomes for patients who underwent transplant from a cord
blood donor, with inferior overall survival and disease free survival (HR 1.60 for
overall survival in multivariable analysis, p = 0.01). This appeared to be mainly
driven by increased treatment related mortality. In multivariable analysis, after
accounting for consolidation chemotherapy, conditioning regimen, age, and gender,
cord blood recipients had a much higher risk of non-relapse mortality (HR 3.83, p <
0.001). While this study was not designed to specifically address the role of reduced
intensity cord blood transplant in AML, this finding is certainly interesting.
Important variables that are known to have prognostic significance in cord blood
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transplant were not captured here. For example, the cell dose and degree of HLA
matching were not captured in detail. Other studies designed specifically to address
the role of cord blood transplant have shown outcomes that are comparable to
recipients of matched sibling donors, provided the cord blood unit or units chosen
have an acceptable cell dose and are suitably matched.99 Hence, this finding should
be interpreted skeptically, as other studies with complete data on essential
variables related to cord blood transplant have not shown inferior survival after
cord blood transplant.

The impact of gender on treatment related mortality was somewhat
unexpected, as this has not been noted in previous studies. We found that women
were less likely to experience treatment-related mortality than men (HR 0.65 for
female gender, p = 0.01). As mentioned in the introduction, there is a higher
incidence of AML in women, for uncertain reasons. Unfortunately, there is no
detailed information on comorbidities available, and men are more likely to suffer
from chronic diseases such as ischemic heart disease and chronic pulmonary
disease, so this is one possible explanation. This finding should be a question for
future research.

As mentioned, our theoretical model appeared to hold well. One limitation of
this model was the difficulty in incorporating the interplay between treatment and
disease factors, and how this interaction might influence outcomes. Transplant
physicians might choose a different conditioning regimen for patients with higher
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risk disease, for example. However, in general, our theoretical model proved quite
useful in understanding this study and could serve as a framework for future
transplant studies.

Allogeneic blood and marrow transplant is a potentially curative treatment
option for patients with blood cancers such as leukemia and lymphoma. In nearly
every setting, it is more effective than chemotherapy alone at reducing the risk of
disease relapse. However, it is also a toxic procedure, with a very real risk of life
threatening complications. Historically, this risk was prohibitive in older adults.
Reduced intensity allogeneic transplant offers the potential to expand access to
transplant to older patients and patients with more comorbidities, and reduce
toxicity in younger patients. However, relapse rates are higher after nonmyeloablative transplant, and relapse is the most common cause of treatment
failure. This study did not show that cytarabine consolidation chemotherapy was
effective at reducing the risk of relapse following transplant.

This study includes one of the largest cohorts of patients undergoing reduced
intensity allogeneic transplant for patients with AML in first complete remission.
Outcomes remain disappointing, with less than half of patients alive at 3 years after
transplant. All large retrospective studies to date have shown that in older adults,
transplant can reduce the risk of relapse and improve overall survival compared to
chemotherapy alone.100,101

Reduced intensity transplant is an effective platform

upon which to build future treatment strategies. Given that the primary cause for
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treatment failure is relapse, new ways of reducing relapse following transplant are
urgently needed. While treating older patients with aggressive cancers such as AML
is challenging, this is a patient population that is not as well studied in clinical trials,
and one in which new treatment strategies are urgently needed. Outcomes in older
adults with AML remain much worse than younger adults, and this population
should be a high priority for future research.

The results of this research are similar to previous research conducted in
patients undergoing myeloablative stem cell transplants, contributing to the body of
evidence suggesting consolidation chemotherapy is a safe strategy to preserve
remission prior to transplant, but does not improve outcomes following transplant.
102

While the lack of a benefit is disappointing, it is perhaps not unexpected. Our

theoretical framework identified 18 different factors that might influence outcomes
after transplant, in four broad categories (patient, disease, provider, and
transplant). Consolidation chemotherapy is just one small part of the overall
picture, and one that has been shown in other settings to not be effective at reducing
relapse. Allogeneic transplant is now a viable treatment option for older adults
with AML with the development and refinement of reduced intensity transplant.
Our theoretical framework offers numerous other opportunities for future studies
to try to improve outcomes in this high need patient population.
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