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Abstract
Background—Studies suggest that cancer patients receiving hematopoietic cell transplant
(HCT) are at risk for cognitive deficits. To date, little research has investigated the cumulative
effects of clinical risk factors on cognitive function in HCT patients.

Methods—Patients (N=278) scheduled for HCT for hematological disease completed
neuropsychological assessments prior to HCT and at 6 and 12 months post-HCT. A time-varying
cumulative clinical risk variable was examined as a predictor of total neuropsychological
performance (TNP). Cumulative clinical risk was calculated from pre-HCT neuropsychological
risk factors (e.g., history of cranial irradiation, intrathecal chemotherapy), HCT-related risk factors
(e.g., allogeneic transplant, unrelated donor), and post-HCT complications (e.g., severity of
mucositis and enteritis, graft versus host disease).

Results—Patients with greater cumulative clinical risk displayed worse TNP at baseline and 6
months post-HCT and less neuropsychological recovery over time than patients with less risk
(ps<.05). Greater cumulative clinical risk predicted worse performance on tasks assessing
executive function at baseline and 6 months post-HCT and memory at 6 and 12 months post-HCT
(ps<.05). Among risk variables, length of hospital stay was the only significant predictor of
neuropsychological function (p<.05).

Conclusions—Findings from this study indicate that clinical risk factors may have a cumulative
effect on cognitive function in patients treated with HCT. Patients with a complicated clinical
course should be referred for evaluation and management of cognitive deficits.
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Advances in hematopoietic cell transplant (HCT) technology over the past two decades have
resulted in higher survival rates and an increased number of transplants performed.1, 2 The
increased prevalence of transplanted patients is reflected in a growing interest in post-
transplant quality of life.3–5 Post-transplant cognitive function is an area of particular

Reprint Address: Heather S.L. Jim Ph.D., Health Outcomes and Behavior Program, H. Lee Moffitt Cancer Center, MRC-PSY, 12902
Magnolia Drive, Tampa, FL 33612; phone: 813-745-6369; fax: 813-745-3906; heather.jim@moffitt.org.

NIH Public Access
Author Manuscript
Cancer. Author manuscript; available in PMC 2013 July 01.

Published in final edited form as:
Cancer. 2012 July 1; 118(13): 3407–3416. doi:10.1002/cncr.26645.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



concern. Impairment in cognitive function can have important consequences for quality of
life, such as the ability to return to work or school, function socially, and attain career or
educational goals.6–8 HCT is a physically demanding treatment that may result in
neurotoxicities such as delirium, seizures, and significant impairment in cognitive function
during and after the transplant process.9, 10 On average, acute cognitive changes improve
over time.11–13 Nevertheless, a sizable number of patients display enduring cognitive
deficits. It is estimated that 20–28% of HCT survivors experience long-term cognitive
deficits that are moderate to severe (i.e., more than two standard deviations below
population norms)14–16 and 51% experience mild long-term cognitive deficits (i.e., more
than one standard deviation below population norms).17 It is important to be able to
determine which patients are at greatest risk for long-term cognitive impairment. Early
identification of these patients can enable effective clinical management through close
monitoring and timely referrals for intervention and support.

Cognitive function tends to vary over the course of the transplant process. Syrjala and
colleagues18 reported that prior to allogeneic transplant, 71% of patients displayed
impairment on one or more neuropsychological test. At 80 days post-transplant, this number
increased to 94%, then declined to 74% at one year post-transplant and 41% at five years
post-transplant.18, 19 The authors noted that pre-transplant impairment was predictive of
impairment at one year follow-up; 88% of patients who were impaired at baseline also
displayed later impairment, while 54% of patients who were unimpaired at baseline
displayed later impairment.18 The cognitive domains most likely to be impaired were grip
strength, motor dexterity, verbal fluency and verbal memory.18 A number of studies support
Syrjala’s findings suggesting that cognitive impairments are common prior to
transplant,13, 15–17, 20 remain stable or become worse during the acute transplant phase (i.e.,
within 100 days post-transplant),16, 21 then show modest recovery over time.13, 15, 17

Observed cognitive deficits in transplanted patients likely result from multiple disease and
treatment factors. Patients with a history of total body irradiation or cranial irradiation,22, 23

intrathecal chemotherapy,24 or multiple standard-dose chemotherapy regimens25 may be at
risk for greater cognitive impairment. During the acute transplant phase, length of hospital
stay, days until engraftment, and severity of mucositis and enteritis, proxies for transplant-
related toxicity, may predict cognitive function. Following transplant, allogeneic patients,21

patients with acute or chronic graft versus host disease (GVHD) at the time of
assessment,17, 18, 21, 26 or those treated with steroids or narcotics may be at risk.17, 26, 27 We
are aware of only one study examining the cumulative effects of clinical risk factors on
cognition in HCT patients.23 The study examined cross-sectional relationships between
cognitive function and four clinical variables: history of cranial irradiation, high-dose
cytosine arabinoside (ara-C), central nervous system disease with intrathecal chemotherapy,
and prophylactic intrathecal chemotherapy. Together, these risk factors accounted for 25%
of variance in total neuropsychological performance.

Existing literature regarding risk factors for cognitive deficits in patients treated with HCT is
beset by methodological limitations. Most studies have small samples, which limits power to
detect effects. Many are also cross-sectional, so it is unclear how clinical risk factors affect
cognitive function over time. In addition, few studies take patient attrition into account. This
is particularly problematic in longitudinal studies of HCT patients, which tend to experience
high rates of attrition due to mortality and morbidity.28 As such, studies may overestimate
cognitive function because patients who are more severely compromised may not remain in
the study.

The goal of the current study was to longitudinally examine the cumulative effects of
clinical risk factors for cognitive deficits in hematologic cancer patients treated with HCT.
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Clinical risk factors included history of cancer treatment known to affect neuropsychological
function (e.g., cranial irradiation, intrathecal chemotherapy), HCT-related risk factors (e.g.,
allogeneic transplant, unrelated donor), and post-HCT complications (e.g., severity of
mucositis and enteritis, graft versus host disease). As described previously,11,12 a sequential
longitudinal design was employed to statistically control for practice effects of repeated
neuropsychological testing and sample attrition. Participants were randomly assigned to
different groups that varied on the number of times they were evaluated. This enabled us to
statistically partition changes in neuropsychological performance due to practice from true
changes in neuropsychological performance over time.

Methods
Participants

Following IRB approval, individuals identified as HCT candidates were recruited at Moffitt
Cancer Center. Additional eligibility criteria were that participants: 1) be between 18 and 75
years of age; 2) have completed at least 8 years of formal education; 3) be able to speak and
read standard English; 4) plan to return to Moffitt Cancer Center for follow-up assessments;
and 5) provide written informed consent. Patients who had previously received HCT, who
were not diagnosed with hematologic disease, or whose HCT was cancelled were excluded
from analyses. Sample size and sources of attrition are shown in Figure 1.

Procedure
Following Institutional Review Board approval, patients were recruited between February
2001 and September 2004. Patients were approached by study staff at a pre-HCT
psychosocial assessment. Patients who signed consent were then randomized to one of three
groups in a sequential longitudinal design. Sixty percent of patients were randomized to
Group A, which completed neuropsychological testing before hospitalization for HCT, 6
months post-HCT, and 12 months post-HCT. Twenty percent of patients were randomized
to Group B, which completed neuropsychological testing at 6 months post-HCT and 12
months post-HCT. Twenty percent of patients were randomized to Group C, which
completed neuropsychological testing at 12 months post-HCT only. Participants were paid
$25 for each assessment.

Measures
Demographic and Clinical Measures—Gender, date of birth, race/ethnicity, marital
status, annual household income, and education were assessed in all participants via self-
report. Disease type and date of transplant were assessed through medical chart review.
Additional medical data hypothesized to be predictive of cognitive function were also
extracted from medical charts, including number of previous distinct chemotherapy
regimens, history of total body radiation, history of prophylactic cranial irradiation, history
of intrathecal chemotherapy, type of transplant (autologous versus allogeneic), length of
hospital stay, days until engraftment [i.e., absolute neutrophil count (ANC) >500], and
severity of mucositis and enteritis following transplant [according to Common Terminology
Criteria for Adverse Events (CTCAE) 3.0]. At the 6 and 12 month post-HCT assessments,
presence of disease relapse, active GVHD, and prescription of narcotics and systemic
glucocorticoids were recorded. Medical chart reviews were performed by the cancer
registrar and study staff supervised by an HCT physician.

Cognitive Performance
Cognitive performance was assessed using a battery of neuropsychological tests that were
selected based on a review of published literature at the time of study design.29–32
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Preference was given to tests with demonstrated reliability, validity, and availability of
published norms. Alternate test forms were used when available. The battery was designed
to assess four major domains of cognitive function: executive function, attention, episodic
memory, and motor speed.

Executive function—Executive function refers to the ability to plan, initiate, and carry
out goal-directed behavior as well as monitor performance. This domain was assessed using
the Digit Symbol subtest of the Wechsler Adult Intelligence Scale -III,34 Trail Making
Test,35 Controlled Oral Word Association,36 and Stroop Neuropsychological Screening
Test.37

Attention—Attention refers to the ability to focus on incoming stimuli.33 Attention was
assessed with the Connors’ Continuous Performance Test.38

Episodic memory—Episodic memory refers to the ability to store and retrieve verbal and
visual information. Verbal (California Verbal Learning Test-II; Logical Memory subtest of
the Weschler Memory Scales- III)39,40 and non-verbal (Visual Reproduction subtest of the
Weschler Memory Scales- III)40 measures of episodic memory were administered.

Motor speed—The Grooved Pegboard41 was used to assess speeded manual dexterity.

Statistical Analysis
Raw neuropsychological test scores were converted into z-scores according to published
normative data.42–45 Z-scores were then averaged by domain. A total neuropsychological
performance score (TNP) was computed for each participant by averaging performance
across the four domains (i.e., executive function, attention, episodic memory, motor speed).
An attrition variable was coded for each participant with 0 indicating that the participant
completed the study and 1 indicating that the participant left the study before its completion.
Because data suggest that practice may give a one-time boost to cognitive performance,46 a
practice variable was calculated such that members of Group A and B received a value of 1
and members of Group C received a value of 0.

A time-varying risk variable was calculated to examine the cumulative impact of putative
clinical risk factors on TNP. Continuous clinical risk factors were dichotomized using
median splits and summed such that a higher score indicated greater risk. Baseline clinical
risk factors were history of prophylactic cranial irradiation, history of total body irradiation,
history of intrathecal chemotherapy, and number of previous chemotherapy regimens (i.e.,
less than two versus two or more). Clinical risk factors at 6 months were baseline risk
factors plus transplant type (i.e., allogeneic versus autologous), extent of HLA match (i.e.,
match versus mismatch), donor relationship (i.e., related versus unrelated), length of hospital
stay (i.e, less than 20 days versus 20 days or more), days until engraftment (i.e., ANC>500;
less than 12 days versus 12 days or more), peak severity of mucositis (i.e., CTCAE grade 1
or 2 versus 3 or 4), peak severity of enteritis (i.e., CTCAE grade 1 or 2 versus 3 or 4),
presence of relapsed disease at 6 months (i.e., yes versus no), presence of GVHD at 6
months (i.e., yes versus no), systemic steroid treatment at 6 months (i.e., yes versus no), and
narcotic utilization at 6 months (i.e., yes versus no). Clinical risk factors at 12 months were
baseline risk factors plus transplant type, extent of HLA match, donor relationship, length of
hospital stay, days until engraftment, peak severity of mucositis, peak severity of enteritis,
presence of relapsed disease at 12 months, presence of GVHD at 12 months, steroid
treatment at 12 months, and narcotic utilization at 12 months.
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Mixed model analyses were used to examine the effects of cumulative clinical risk factors
on TNP across the three measurement points: pre-HCT baseline, 6 months post-HCT, and 12
months post-HCT. In contrast to repeated measures ANOVA, mixed models analysis allows
for the use of all available data at each time point. This is especially important when
analyzing longitudinal data from HCT patients, as attrition tends to be high in this
population.28 To reduce the possibility of Type 1 error due to multiple statistical tests,
analyses were conducted in steps. In the first step, mixed model analyses were planned to
examine the main effect of cumulative clinical risk on TNP at each time point and the risk
by time interaction. If significant results were found for the risk by time interaction,
additional mixed models were planned examining: 1) cumulative clinical risk as a predictor
of individual cognitive domains, and 2) individual risk factors as predictors of TNP and
statistically-significant domains. Two-sided alpha of .05 was used as the criterion for
statistical significance.

Eight effects were estimated in the primary analysis: 1) an intercept representing mean TNP
at 6 months post-HCT, 2) the main effect of attrition at 6 months post-HCT, 3) the effect of
attrition over time, 4) the main effect of practice at 6 months post-HCT, 5) the effect of
practice over time, 6) longitudinal change over time indicating mean change per assessment,
7) the main effect of cumulative clinical risk at 6 months post-HCT, and 8) a cumulative
clinical risk by time interaction indicating the effect of cumulative clinical risk on
longitudinal change over time. The main effect of risk at pre-HCT baseline was estimated
controlling for attrition and attrition by time, while the main effect of risk at 12 months post-
HCT was estimated controlling for practice and practice by time, since practice did not vary
at baseline and attrition did not vary at 12 months post-HCT.

Results
Demographic and clinical characteristics of the sample are presented in Table 1.
Randomization was successful. Of 468 patients randomized, with the exception of a larger
proportion of multiple myeloma patients in Group C (61% vs. 46% in Group A and 43% in
Group B, p=.04), there were no group differences in sociodemographic (i.e., gender, age,
education, race/ethnicity, marital status, annual household income) or clinical variables (i.e.,
transplant type, donor relationship, donor match, history of prophylactic cranial irradiation,
history of total body irradiation, history of intrathecal chemotherapy, number of previous
chemotherapy regimens, length of hospital stay, days until engraftment, severity of
mucositis, severity of enteritis), although not all patients who were randomized had
complete clinical data (see Figure 1). Additional analyses were conducted to examine
differences between patients who did and did not complete the study. There were no
differences in sociodemographic characteristics (i.e., gender, age, education, race/ethnicity,
marital status, annual household income) between the 107 participants who completed a
Time 3 assessment and the 361 participants who were randomized but did not complete a
Time 3 assessment (ps>.11). Regarding clinical characteristics, patients who completed the
study had shorter hospitalizations and were more likely to be diagnosed with multiple
myeloma (ps<.01). There were no other significant clinical differences between patients who
did and did not complete the study (i.e., transplant type, donor relationship, donor match,
history of prophylactic cranial irradiation, history of total body irradiation, history of
intrathecal chemotherapy, number of previous chemotherapy regimens, days until
engraftment, severity of mucositis, severity of enteritis, ps>.23).

Results of mixed models analyses are shown in Table 2. Regarding TNP, analyses indicated
a significant main effect of cumulative clinical risk at pre-HCT baseline and 6 months post-
transplant (p<.05) and a significant risk by time interaction. Specifically, patients with a
greater number of risk factors displayed worse total neuropsychological performance at pre-
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HCT baseline and 6 months post-transplant, as well as less neuropsychological recovery
over time. For illustrative purposes, cumulative clinical risk at 6 months post-transplant was
dichotomized using a median split (i.e., less than two risk factors versus two or more) and
estimated mean TNP scores were graphed in Figure 2 controlling for practice, practice by
time, attrition, and attrition by time.

Based on these findings, additional analyses were conducted to examine the effects of
cumulative risk over time on domains of cognitive function. As shown in Table 2, main
effects of cumulative risk were evident in the domains of memory and executive function,
such that patients with higher risk showed lower scores in the executive function domain at
pre-HCT baseline and in both domains at 6 months post-transplant. This difference remained
significant at 12 months post-transplant in the memory domain (p<.01), but not the
executive function domain (p=.48).

Additional analyses were then conducted examining the effects of individual risk factors on
TNP, memory, and executive function. Individual risk factors examined were number of
previous chemotherapy cycles, transplant type, days until engraftment, length of hospital
stay, severity of mucositis, and severity of enteritis. Other risk factors included in the index
of cumulative risk were not examined due to small numbers of patients with these risk
factors (see Table 1). A significant interaction was observed between transplant type and
time on memory such that patients receiving allogeneic transplant displayed less
improvement in memory over time than patients receiving autologous transplant (Est.=−.16,
SE=.07, p=.02). A significant interaction was also observed between length of hospital stay
and time on memory such that patients with longer hospital stays showed less improvements
on memory than patients with shorter hospital stays (Est.=−.02, SE=.00, p<.01). Patients
with longer hospital stays also displayed worse memory at 6 months post-HCT (Est.=−.02
SE=.01, p<.01) and 12 months post-HCT (Est.=−.03, SE=.01, p<.01). Because length of
hospital stay may be confounded with transplant type, we conducted an additional analysis
to examine the independent effects of each to memory. When both variables were entered
into the same model, the interaction between transplant type and time became non-
significant, while the interaction between length of hospital stay and time remained
significant (Est.=−.01, SE=.01, p=.05). Patients with longer hospital stays showed less
improvement in memory over time than patients with shorter stays. For illustrative purposes,
length of hospital stay was dichotomized using a median split (i.e., 19 days or less versus 20
or more days) and mean memory scores at each time point were graphed controlling for
allogeneic transplant, allogeneic transplant by time, practice, practice by time, attrition, and
attrition by time (see Figure 3).

Discussion
The current study examined clinical predictors of cognitive function in patients treated with
HCT. A time-varying index of cumulative clinical risk was created based on previous
literature and used to predict cognitive function at pre-HCT baseline, 6 and 12 months post-
HCT, as well as recovery of cognitive function over time. Results indicated that patients
with higher levels of cumulative clinical risk showed worse total neuropsychological
performance at pre-HCT baseline and 6 months post-HCT, as well as worse cognitive
recovery over time. The relationship between higher cumulative clinical risk and worse total
neuropsychological performance appeared to be driven by worse performance in the
domains of memory and executive function. Patients with greater cumulative clinical risk
displayed worse performance in executive function at pre-HCT baseline and 6 months post-
HCT, as well as worse performance in memory at 6 and 12 months post-HCT. Thus, data
from the current study suggest a cumulative cognitive burden of pre-HCT cancer treatment,
HCT factors, and HCT-related complications. In addition, the current study suggests that
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memory and executive function, or the ability to store and retrieve verbal and visual
information and to plan and execute higher-order cognitive tasks, are particularly affected.

Analyses examining individual clinical risk factors indicated that allogeneic transplant and
longer hospital stay were associated with less improvement in memory over time. When
both of these variables were entered into the same model, longer hospital stay significantly
predicted less improvement in memory over time, but allogeneic transplant did not. Length
of hospital stay can be considered a proxy for a complicated post-transplant recovery,
suggesting that clinical course during the acute transplant phase may be important for later
cognitive recovery in the memory domain.

These data are consistent with previous findings suggesting that cancer patients treated with
HCT display worse performance in memory and executive function.14, 47 Previous research
has also suggested that the domains of attention and motor speed are compromised
following HCT.14, 47, 48 Taken as a whole, available literature indicates that patients treated
with HCT display pervasive cognitive deficits. Patients are characterized by mild diffuse
deficits even before HCT.11 Cognitive function improves on average following
transplant13, 47 but remains lower than non-cancer controls.47 The current study adds to this
literature by suggesting that there are multiple clinical risk factors throughout the transplant
process that together predict cognitive deficits.

Our data are consistent with the theory that cumulative physiologic damage secondary to
cancer and treatment may overwhelm the brain’s ability to compensate. Functional magnetic
resonance imaging (fMRI) studies suggest that cancer patients pre-and post-treatment with
standard-dose chemotherapy show activation across larger areas of the brain when
completing tasks of attention and working memory compared to individuals without
cancer.49, 50 In addition, cancer patients treated with standard-dose chemotherapy display
structural changes in white and gray matter.12, 50, 51 These changes are particularly evident
in the year after completion of standard-dose chemotherapy.51 White matter abnormalities
are also evident after HCT,26 as well as intrathecal chemotherapy for central nervous system
lymphoma.8, 52 White matter abnormalities are particularly pronounced in patients with
chronic GVHD, as well as patients treated with corticosteroids and cyclosporine.26 Thus,
cognitive deficits evident upon neuropsychological testing are consistent with brain
abnormalities in patients who experience multiple cognitive insults as a consequence of
cancer and its treatment.

The current study has clinical implications for early identification and intervention in HCT
patients at risk of cognitive deficits. Before transplant, patients with a history of prophylactic
cranial irradiation, total body irradiation, intrathecal chemotherapy, and multiple courses of
standard-dose chemotherapy are at risk for reduced cognitive function. If more than one
HCT conditioning regimen is under consideration, it is reasonable to select the regimen with
the lowest neurotoxicity profile for these patients to limit further neurological insult from
cancer treatment.

Following transplant, patients with these baseline risk factors as well as allogeneic
transplant, mismatched and unrelated donor, who experience a longer hospital stay, longer
time to engraftment, and more severe mucositis and enteritis are less likely to experience
cognitive recovery. Patients who have GVHD, relapsed disease, and treatment with
narcotics and steroids are also less likely to experience cognitive recovery. These patients
may benefit from education by clinical staff to help them set realistic expectations for
cognitive function following transplant. In addition, they may benefit from referral to a
neuropsychologist for evaluation and management of cognitive deficits.53 Management of
cognitive deficits typically involves developing awareness of situations in which cognitive
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difficulties are likely to arise and rehearsing compensatory strategies.53 These strategies
result in moderate to large improvements (i.e., .5 to 1.0 SD) in objective neuropsychological
function and self-reported cognition.53

There are several strengths of the current study. It is the first to longitudinally examine the
cumulative effects of clinical risk factors on cognitive function in patients treated with HCT.
It used a comprehensive, reliable, and valid neuropsychological battery. In addition, the
effects of practice and attrition were controlled in analyses, which is important because both
practice effects and attrition can cause the false appearance of cognitive improvement over
time. Study limitations should also be noted, however. For example, study attrition was
high. Although high attrition is not unusual in longitudinal studies of HCT, patients who did
not complete the current study had longer hospitalizations and were less likely to be
diagnosed with multiple myeloma, suggesting that these patients may have been sicker than
patients who completed the study. Because longer hospital stays predicted less improvement
in memory over time, patients who did not complete the study may have also had worse
cognitive function than patients who completed all assessments. Consequently, attrition was
controlled in analyses. A large proportion of the sample consisted of patients receiving
autologous HCT for multiple myeloma, so we were unable to adequately investigate the
independent effects of risk factors related to allogeneic transplant due to small cell sizes
(e.g., donor relationship, GVHD). In addition, despite previous studies suggesting that
delirium prospectively predicts worse neuropsychological function,10 we were unable to
include post-HCT delirium as a risk factor due to inconsistent documentation in the medical
charts. Future research should examine the independent effects of allogeneic HCT-related
risk factors on cognitive function over time, as well as adding delirium to our current model
of cumulative clinical risk.

In summary, the current study provides evidence that cognitive deficits observed in HCT
patients may result from the cumulative effects of multiple courses of treatment, aspects of
the transplant itself, and post-transplant complications. Clinical staff should be aware of
these risk factors and proactively refer patients at risk for neuropsychological evaluation and
management of cognitive deficits. Doing so will help patients achieve the best possible
function following transplant.
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Figure 1.
Sample size and sources of attrition. HCT refers to hematopoietic cell transplant.
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Figure 2.
Graph of Mean Total Neuropsychological Performance Scores by Cumulative Risk
Controlling for Practice and Attrition. Slopes and intercepts were estimated using data from
278 subjects who provided data at one or more time points.
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Figure 3.
Graph of Mean Memory Scores by Length of Hospital Stay (LOS) Controlling for Practice,
Attrition, and Transplant Type. Slopes and intercepts were estimated using data from 278
subjects who provided data at one or more time points.
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Table 1

Sociodemographic and Clinical Characteristics of Sample (n=278)

Group assignment (n, %)

      Group A 216 78%

      Group B 36 13%

      Group C 26 9%

Mean age: years (SD) 50.50 12.52

Mean education: years (SD) 13.94 2.72

Gender (n, % female) 124 45%

Race/ethnicity (n, % Caucasian/non-Hispanic) 225 81%

Marital status (n, % married) 211 76%

Annual household income (n, % > $40k) 154 55%

HCT type (n, % allogeneic) 65 23%

      Unrelated donor (n, %) 21 32% a

      Mismatched donor (n, %) 2 3% a

      Matched sibling (n, %) 42 65% a

Disease type

      Acute myelogeneous leukemia 20 7%

      Myelodysplastic syndrome 8 3%

      Acute lymphoblastic leukemia 9 3%

      Multiple myeloma 150 54%

      Chronic lymphocytic leukemia 2 1%

      Chronic myelogeneous leukemia 7 3%

      Myeloproliferative disorder 2 1%

      Non-Hodgkin’s lymphoma 60 22%

      Aplastic anemia 3 1%

      Hodgkin’s lymphoma 17 6%

History of prophylactic cranial irradiation (n, % yes) 6 2%

History of total body irradiation (n, % yes) 15 5%

History of intrathecal chemotherapy (n, % yes) 17 6%

Median number of previous chemotherapy regimens (range) 2 0–7

Peak severity of post-HCT mucositis (n, % grade 3 or 4) 200 72%

Peak severity of post-HCT enteritis (n, % grade 3 or 4) 106 38%

Days to engraftment (median, range) 12 9–39

Length of hospital stay (median in days, range) 19 0–96

Disease relapse at 6 months (n, % yes) 12 10%

Active GVHD at 6 months (n, % yes) 10 15%a

Prescribed steroids at 6 months (n, % yes) 17 16%

Prescribed narcotics at 6 months (n, % yes) 35 33%
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Group assignment (n, %)

Disease relapse at 12 months (n, % yes) 15 19%

Active GVHD at 12 months (n, % yes) 5 8% a

Prescribed steroids at 12 months (n, % yes) 14 20%

Prescribed narcotics at 12 months (n, % yes) 17 24%

a
Denominator is participants with allogeneic transplant.
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