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Abstract Health-related quality of life (HRQoL) is often
substantially reduced among individuals who have undergone
hematopoietic stem cell transplantation (HSCT), and inci-
dences of depression, fatigue, and anxiety are elevated. We
examined effects of a mindfulness-based intervention (MBI)
compared to psycho-oncological telephone consultation upon
HRQoL, depression, anxiety, and fatigue among HSCT sur-
vivors. Sixty-two medically stable patients participated in the
study; they had completed HSCT >6 months previously.
Thirty-two were randomly assigned to intervention arms,
and 30 were offered their treatment preference. MBI consisted
of a structured 8-week program of mindfulness training. As-
sessments were made at baseline, post-intervention and
3 months follow-up. Primary outcome was HRQoL. Depres-
sion, fatigue, anxiety, and personal goal attainment were sec-
ondary measures. Non-completion of interventions was low in
both groups (9 %, MBI; 7 % control). Employing intention-to-
treat analysis, MBI, compared with comparison procedure,
improved HRQoL and reduced depression and anxiety at
post-intervention (p’s<0.05); Cohen’s d effect sizes, 0.6-0.7;
3-month follow-up benefits were modest. These findings
demonstrate broad feasibility and acceptance of, as well as
satisfaction and adherence with, a program of mindfulness
training for HSCT survivors; findings also suggest improved
HRQoL and well-being as a consequence of MBI.
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Nevertheless, this is a preliminary study; a larger trial with
more prolonged intervention phase is warranted.

Keywords Hematopoietic stem cell transplantation -
Mindfulness - Quality of life - Depression - Anxiety - Fatigue

Substantial evidence indicates that mindfulness-based inter-
vention (MBI) can improve HRQoL and other indices of well-
being in cancer patients [1-5]. A pilot study with patients
undergoing HSCT also suggested feasibility of MBI in this
population [6]. Therefore, in this preliminary study aimed at
both feasibility and possible HRQoL outcomes, we examined
MBI among hematopoietic stem cell transplantation (HSCT)
survivors.

Hematopoietic stem cell transplantation (HSCT) is a treat-
ment used for a variety of life-threatening malignant hemato-
logical disorders, bone marrow deficiency diseases, and other
illnesses. Despite evidence of 20—70 % clinical cures of dis-
orders (depending on disorder) and great advances over the
years [7—12], this therapy is also associated with high and
sustained morbidity and mortality during and after treatment,
due to infection, immune suppression, organ failure, or recur-
rence of primary disease [13, 14]. Additionally, there are a
number of long-term adverse and challenging consequences
of treatment, including immunosuppressive conditions; graft-
vs.-host disease (GvHD); other disorders related to chemo-
therapy toxicities; pulmonary, cardiovascular, and renal com-
plications; chronic severe fatigue; and sexual dysfunction
[15-20]. A number of studies indicate that at least 40 % of
HSCT survivors suffer from serious sequelae of the treatment
that may last years and many long-term survivors report
poorer health and increased health problems than healthy
controls [21-25].
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Such consequences of both disease and treatment present
existential challenges to HSCT survivors: patients live with
the threat of disease and frequently suffer from health com-
plaints serious enough to affect a broad range of everyday
activities, work and financial status, and social and intimate
relationships [23, 24, 26-30]. Health-related quality of life
(HRQoL), defined as an individual’s satisfaction or happiness
with domains of life insofar as they are affected by health [31],
improves substantially in the first years following HSCT but
often remains impaired [21, 32].

Given these long-term challenges, it is important to inves-
tigate whether psychosocial interventions, complementary to
medical treatment, can be employed to enhance HRQoL and
other dimensions of patient well-being. A number of studies
have investigated effects of a peri- or posttreatment exercise
program with promising effects [33]. However, very little
research is available about psychosocial interventions for
depression, fatigue and pain among HSCT survivors
[34-36], although a substantial literature regarding psychoso-
cial interventions exists for cancer patients [15, 37]. This is
despite literature that documents persistent malaise among
HSCT patients and suggests that pre-transplant parameters
of well-being may be predictive of long-term physical and
psychological outcome [38—41].

One recent, well controlled, randomized trial [36],
among HSCT survivors, examined effects of a
telephone-administered cognitive-behavioral intervention
for post-traumatic stress disorder (PTSD) symptoms, as
well as other measures of distress. Results indicated
moderately positive benefits on interview measures of
PTSD and general distress.

Patients and methods
Patients

This investigation was approved by the Ethics Commission of
Both Basels. All patients were verified for the following
inclusion criteria: (1) time since HSCT completion 6 months
or longer, (2) complete remission of disease at time of enroll-
ment, (3) no active malignancy-oriented therapy undertaken
within the last 6 months, and (4) the patient evaluated as
capable of participation by the attending medical hematolo-
gist. Excluded were patients with evidence of suicidality,
reported or medically recorded diagnoses of current serious
psychological disorders other than depression and anxiety or
the inability to speak or read German. Patient characteristics
are presented in Table 1.

Sixty-two HSCT patients were recruited for study partici-
pation after having received information via the outpatient
clinic of the University Hospital Basel. Patients were
contacted by a study nurse and provided with a brochure that
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Table 1 Participant characteristics

Age (yrs) 52.1 (SD, 14.1)
Gender (female, %) 50.0
Time since transplant (years) 7.5 (SD, 5.7)
Disorder (%)
Non-Hodgkin’s lymphoma 21.0
Acute lymphoblastic leukemia 17.7
Plasma cell disorder 16.1
Chronic myeloid leukemia 11.3
Acute myelogenous leukemia 11.3
Hodgkin’s disease 6.5
Myelodysplastic syndrome 4.8
Chronic lymphocytic leukemia 4.8
Aplastic anemia 32
Autoimmune disease 1.6
Transplant type (%)
Autologous 30.6
Allogeneic 69.4
Chronic GvHD staging of recipients of allogeneic 25.6, Stage 0
HSCT (%) 39.5, Stage 1
34.9, Stage 2

briefly described the program, mentioned its apparent efficacy
in improving well-being among other patient groups, and
stated the aim to evaluate the intervention’s efficacy for en-
hancing well-being among long-term HSCT patients. The
study was conducted from May 2010 to March 2012.

Study protocols

The original study design, analysis protocol, and documen-
tation of all modifications are available from the first author.
The study was conceived and began as a randomized con-
trolled trial (RCT); almost exactly the first half of partici-
pants underwent RCT assignment. However, a number of
complaints were lodged from patients while being recruited,
as well as after having been randomized to their non-
preferred intervention: during recruitment, many patients
reported their unwillingness to be assigned to the non-
preferred treatment program. One patient, allocated to the
mindfulness group, but who would have preferred the con-
trol intervention, aired discontent about random assignment
and manifested behavior thought by the instructor to be
disruptive to group dynamics. These issues suggested that
the RCT protocol was compromising the validity of the
study (see “Discussion” for details). Therefore, a decision
was made to continue the trial employing patient preference
(PP) for the second half of the patient sample. Each assign-
ment method is described below.
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Protocol designs
Randomization

Randomization for the first group of patients was conducted
blindly by the principal investigator (PI). A pseudo-random
process was be generated by an established online random-
event generator (www.randomizer.org). To maintain
concealment of allocation, the following procedure was
applied: all patients who met the inclusion criteria, first
signed informed consent and completed all baseline
assessments before they were then designated a sequential
participation number by the PI who had no previous
information about or contact with the patients. This list was
then sent to the study coordinator who informed patients, by
writing, of their assignment either to the mindfulness-based
intervention (MBI) or the control, augmented optimal medical
care program (AOMC). The process was controlled by the PI
to ensure no violations of assignment.

Patient preference protocol

After determination of eligibility by one of the HSCT outpa-
tient physicians, participants in the second half of the study
were offered the intervention of their choice. All participants
stipulated a preference. Duration of the intervention was
8 weeks.

All outcome measurements occurred within 2 weeks before
the intervention (t1), within 2 weeks directly after the inter-
vention (t2), and 3 months post-intervention (t3).

Assessments of all primary outcome variables were based
upon patient-reported measures completed at home and
returned by mail to the study coordinator. Data were entered
blind to group assignment and checked by a person unfamiliar
with the study hypotheses or group assignments of patients in
order to verify accuracy. Therefore, data reported by the
patients were not subject to biases of investigator or attending
physician.

Intervention

MBI is based upon concepts of mental training that propose
that mindfulness, defined as nonjudgmental awareness of
moment-to-moment experience, may positively affect accep-
tance of intractable health-related changes, appreciation of
available life experiences, realistic sense of control and accu-
racy of perception [42].

MBI was closely based upon the program of mindfulness-
based stress reduction (MBSR; [43, 44]) and included (1) a
pre-intervention personal interview to define realistic goals of
participants and establish personal rapport; (2) eight weekly
2.5-h classes in mindfulness practices (<15 participants/group;

3) one Saturday, 6-h session at week 6; (4) homework assign-
ments (approximately 40 min/day) emphasized as essential to
success of the program; (5) a post-intervention interview to
evaluate personal experiences, goal-attainment, and future
maintenance of acquired skills; and (6) two 2.5-h booster
sessions (end of months 1 and 2) of the 3-month follow-up
phase. Each class covered specific exercises and topics
within the context of mindfulness training, i.e., practices
during lying, sitting, and dynamic yoga postures as well
as everyday life, stressful situations, and social interac-
tions (see [43] for details). Mindfulness exercises were
aimed at intentional moment-to-moment awareness of
sensory, affective, cognitive, and attitudinal domains of
perceptible experience, while attempting, as well as
possible, an attitude of kindness and openness to the
immediate experience. The all-day retreat included al-
ready practiced exercises and new ones. In all, four
MBI courses for the experimental arm of the study were
individually conducted by three experienced, certified
teachers, each with >4 years teaching experience.

Control group procedure: augmented optimal medical
care (AOMC)

Patients in the control group (AOMC) received (a) regular,
currently optimal care during the duration of the study, as
provided by our HSCT outpatient department at the University
Hospital Basel (also provided to the MBI group) and (b) 15—
30 min psychosocial consultations by telephone twice per
month during the active 8-week intervention phase, adminis-
tered by a clinical psycho-oncologist. Participants assigned to
AOMC agreed upon dates and times for four individual tele-
phone consultations over the 8-week intervention period. A
structured telephone consultation was developed, guided by
patients’ needs and clinical experience. It treated topics that
included changes in condition, family and emotional con-
cerns, self-care, and other information about relevant aspects
of psychosocial health specific to the patient and his or her
family. During the follow-up period, patients had two addi-
tional telephone consultations, at the ends of month 1 and
month 2.

Recent evidence suggests that telephone consultations
are well accepted by cancer patients and may provide a
reasonable degree of social support without excessive
effort on the part of patients [36, 45-48]. Employing
this procedure in the control group of the current inves-
tigation may, therefore, control for some aspects of
social support, as well as provide information about
any supplemental efficacy of MBL

Treatment fidelity was confirmed by regular consultations
with all intervention teachers. There were no reported devia-
tions from the intervention protocols.
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Measures

All measures were validated patient-reported outcomes, ad-
ministered at pre-intervention, post-intervention, and 3-month
follow-up. The primary outcome was HRQoL change at post-
intervention; depression, anxiety, and fatigue were secondary
measures. Additionally, perceived personal goal attainment
after MBI, and self-reported homework compliance were also
assessed. Reported outcome measurements occurred within
2 weeks before and after intervention and 3-months post-
intervention.
The following instruments were used:

HRQoL was assessed with two inventories, one devel-
oped for patients with any of a broad range of chronic
disorder (i.e., disease-aspecific) and the other developed
specifically for cancer patients. The German-language
Profile of Health-Related Quality of Life in Chronic
Disorders (PQoLC) [49] was employed as the disease-
aspecific measure (six subscales: functional status, ability
to relax and enjoy life, negative affect, positive affect,
social functioning, and sense of belonging. Unlike most
HRQoL measures that exclusively focus upon impair-
ment, [50] this inventory includes a number of subscales
of potentially positive areas of functioning. It has been
well-validated in German-speaking populations, has ex-
cellent psychometric properties, and shows high sensitiv-
ity to change [44, 49, 51].

Disease-specific HRQoL was assessed with the Function-
al Assessment of Cancer Therapy Scale (FACT-G [52,
53], which contains five scales measuring physical, func-
tional, social, and emotional well-being as well as satis-
faction with the treatment relationship.

According to the a priori analysis plan in order to con-
serve statistical power, composite averages of subscales
of each of the two HRQOL inventories were calculated,
standardized, and normalized to a 5-point scale (0-4),
which was then employed as primary outcome.
Depression, fatigue, and anxiety. Depression was mea-
sured with the Center for Epidemiological Studies De-
pression Scale (CES-D; [54, 55]; fatigue, with the Fatigue
Questionnaire (FQ) [56]; and the FACIT-F fatigue scale
[52] and anxiety, with the Spielberger Trait Anxiety Scale
(STAI).

Goal Attainment Scale. At the post-intervention inter-
view, MBI participants completed a goal attainment ques-
tionnaire that assessed the degree to which one-to-three
pre-intervention personal goals had been achieved on an
11-point scale (=5 [completely unmet] to +5 [far beyond
expectation], with midpoint indicating goal attained to
satisfaction. Goals varied from general (e.g., coping bet-
ter) to specific (e.g., sleeping better). Data are presented
as mean scores averaged across goals.
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MBI participants also completed a questionnaire at
follow-up regarding adherence to type, frequency, and
duration of homework exercises performed during the
previous 2 weeks.

Statistical analyses

The a priori power analyses for a comparison between the
randomized groups estimated a minimal requisite sample size
of 26 patients per group in order to detect a strong post-
intervention HRQoL effect size (d=0.8; see (44]) with a
power of 0.80 and a two-tailed « of 0.05. We originally
planned on a sample size of 50 patients per group and intended
to employ the depression scale as additional primary outcome.
However, given that many patients often lived too far from the
hospital to attend weekly MBI sessions, our original recruit-
ment goal of 100 patients could not be met. Depression was
then relegated to a secondary outcome.

Intention-to-treat (ITT) analyses are reported. Data of miss-
ing study patients were imputed by linear multiple regression
that adjusted for age, gender, and pre-intervention score
(STATISTICA 6.0). Repeated-measures group (MBI vs.
AOMC) by time-point (post-intervention and follow-up) anal-
yses of covariance (ANCOVA’s) of change scores from pre-
intervention levels, with pre-intervention score serving as
covariate, were performed for each outcome. Preliminary
analyses with a second grouping factor, randomized vs. PP
groups, were performed for post-intervention. There were no
significant differences or interaction effects with type of inter-
vention, (p’s>0.4 for all outcomes), indicating that change of
protocol did not affect overall findings regarding differences
between treatments. Cohen’s d-statistic [57] was employed as
an estimate of effect size.

Results

Sample selection and attrition Study nurses telephoned 256
HSCT survivors from the registry of the University Hospital
Basel who met entry criteria and lived in sufficient proximity
of the study location. A total of 62 patients (24 %) participat-
ed. The RCT protocol included 32 patients; the PP protocol
included 30 patients. MBI completers attended at least 6 of 11
sessions (mean attendance, 83.4 % of course sessions, 50 % of
the booster sessions). Attrition rate (noncompleters) was
14.5 % (20 % MBI; 7 % AOMC), although 91 % of MBI
patients completed the intervention (12 % lost to follow-up).
Further details regarding assignments to different arms of the
study are provided in the adapted CONSORT flowchart

(Fig. 1).
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[ Enrollment ]

Telephone screened (n=256)

Assessed for eligibility (n=62)

Excluded (n=0)
+ Not meeting inclusion criteria (n=0)

+ Declined to participate (n= 0)
+ Other reasons (n=0)

A\ 4

Randomized, R (n=32)
Patient Preference, PP (n=30)

v
[ Allocation ]
A \4
MBI intervention (R, n=21; PP, n=12) AOMC intervention (R, n=11; PP, n=18)
+ Received allocated intervention (R, n=20; PP, + Received allocated intervention (R, n=11; PP,
n=12) n=17)
+ Did not receive allocated intervention R, n=1 + Did not receive allocated intervention; PP, n=1,
Reason: Hospitalization due to illness Reason: moved overseas
v [ Follow-Up ] v
Lost to follow-up: R, n=2; health problems; PP, n=4 Lost to follow-up: PP, n=1
Reasons: 4 due to health problems, 1 person severely Reason: unknown
depressed;,1 unknown Discontinued intervention: PP, n=1
Discontinued intervention: R, n=2; PP, n=2, Reason: unknown
Reasons: all due to severe health problems
v [ Analysis ] il
Intention-to-treat analyses n=33 (Completers, n=26) Intention-to-treat analyses n=29 (Completers, n=27)

Fig. 1 Flowchart of the study

Differences between interventions Table 2 presents outcome
data. Preliminary ITT ANCOVA’s of post-treatment effects
were performed with intervention (MBI vs. AOMC) and
protocol type (RCT vs. PP) as grouping factor and pre-
intervention level as covariate. Improvements were greater
on HRQoL and depressive symptomology for the MBI group
(respectively, F’s (1.57)=6.27 and 6.04; p’s<0.02). Anxiety
showed borderline significance in the same direction (F
(1.57)=3.82; p<0.06). Fatigue did not improve between or
across groups from pre- to post-intervention.

ANCOVA’s of posttreatment and follow-up change scores
showed significant group effects for HRQoL, depression, and
anxiety. Fatigue did not improve with either intervention. No
main effects of protocol type (RCT vs. PP) or intervention X
protocol-type interactions were found for any outcome (F’s
(1.57)=0.00-0.68; p’s=0.41-0.97); therefore, protocol type
did not appear to influence overall results.

MBI goal attainment results The average goal attainment
level was 1.66 (1.41, S.D.; range, —1.33 to 3.33), indicating
generally greater perceived benefits than expected.

Reported adherence to home practice MBI patients reported
practicing an average of 2.79 times/weeks (2.09, S.D.; medi-
an, 3 times/week) for a mean total of 89.10 min (86.56, S.D.,
median, 60 min) per week.

Discussion

This investigation provides first evidence that mindfulness
training may be effective at enhancing HRQoL and
diminishing depressive symptoms and anxiety among HSCT
survivors. In contrast to the AOMC, MBI improved post-
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Table2 Means, standard deviations (SDs), and 95 % confidence intervals (95% Cls) on outcomes for patients before and after receiving MBI or AOMC

Pre-intervention level  Direct post-intervention  3-month follow-up F(1,59) Pvalue Effectsize Effect size
(mean, S.D.) change (95 % CI) change (95 % CI) post follow-up
Outcome
HRQoL (range, 0-4)
MBI (n=33) 2.57 (0.58) 0.18 (0.07-0.28) 0.15 (0.04 to 0.27) 4.50 0.04 0.68 0.27
AOMC (n=29) 2.72 (0.55) —0.06 (=0.20—0.08) 0.04 (=0.10 to 0.18)
CES-D (range, 0-60)
MBI 15.45 (10.62) 2.56 (—0.01-5.14) 0.84 (-1.14 t0 2.83) 4.55 0.04 0.70 0.19
AOMC 13.70 (9.07) —2.69 (-5.62-0.23) —0.83 (—3.82 10 2.16)
STAI (range, 20-80)
MBI 41.23 (11.13) 2.46 (0.27-4.65) 2.07 (0.17 to 4.32) 437 0.04 0.58 0.37
AOMC 39.18 (10.59) —1.08 (-3.21-1.05) —0.32 (-2.32t0 1.67)
FF (range, 0-52)
MBI 33.23 (9.56) —2.76 (-5.10—-0.42) —2.88(—-5.17t0—0.16) 1.31 0.26 0.01 0.02
AOMC 34.24 (9.27) —1.02 (-3.72-1.68) —0.78 (—3.53 to 1.96)

P values indicate differences between groups in change from pre-intervention. Positive change always indicates improvement (e.g., increase in quality of
life and decrease in depression or anxiety). Effect sizes=(differences of mean changes between groups) / (S.D. pooled pre-intervention)

MBI mindfulness-based intervention, AOMC augmented optimal medical care program, HRQoL health-related quality of life, CES-D Center for
Epidemiological Studies Depression Scale, STAI Spielberger Trait Anxiety Inventory, FF FACT fatigue

intervention HRQoL and reduced depressive symptoms and
anxiety. No benefits were found for fatigue. The positive
effects were most pronounced at post-intervention and weak-
ened at 3-month follow-up. Given that the booster sessions
(which were only attended 50 % of the time vs. 83 % of the
main MBI sessions) did not fully sustain benefits, these
follow-up findings may, therefore, suggest that a longer term
or perhaps continuing program of mindfulness intervention is
needed to support HSCT survivors who suffer from chronic
effects of past disease and sequelae of treatment.

We also addressed the question of what percentage of
HSCT survivors might find supportive interventions helpful.
One quarter of telephone-contacted patients were sufficiently
motivated to take part in an intervention. Thus, it seems that a
significant proportion of this clinical population may be inter-
ested to pursue interventions complementary to medical treat-
ment for improving quality of life.

Our investigation additionally indicates the feasibility of MBI
for patients who have undergone HSCT: the attrition rate was
modest, especially given the amount of chronic health problems
in this patient group. Four of the five patients who dropped out
during the intervention phase did so because they became too ill
to continue. Only 9 % of the MBI group discontinued interven-
tion (although another 11 % were lost to follow-up). Further-
more, attendance of the program was good (mean of 9.4 of 11
sessions attended), and goal attainment results indicated general
satisfaction with personal goals having been met.

Our change of protocol, not originally planned, requires
comment. Particularly in behavioral intervention studies, and
perhaps especially investigations with group interventions,
RCT trials pose potential problems regarding ecological
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validity as well as the representativeness of findings to the
general target population: under normal real-life circum-
stances, many people have preferences and actively choose
the kind of behavioral intervention they want; in the real
world, they are not randomly assigned to one treatment or
another. Preferences are known to influence motivation and
expectations; these may confound results in RCTs and influ-
ence group dynamics in intervention groups when one or
more participants prefer to be in the alternative treatment
arm. When patients with strong preferences consent to ran-
domization, this is likely also affect its internal validity [58]:
Those who receive preferred treatment are often more moti-
vated, comply better with treatment, and report superior out-
comes [59, 60]. Patients not receiving a preferred treatment
may experience demoralization, may be less motivated, may
not comply with the treatment regimen, may not provide
accurate self-report data during follow-up, and may even drop
out of the study, contributing to further bias of the internal
validity of a trial [61, 62].

These issues, therefore, pose conundrums for this study and
behavioral intervention studies, in general. We attempted to
address this problem, a posteriori, by applying a PP design to
the second half of the study. We analyzed patients in the
randomized part of the study and the patient-preference part
of the study separately to detect differences but did not find
any. However, the power to detect such differences was lim-
ited. For final analysis, patients in the randomized part of the
study and those allocated by preference were pooled and
analyzed by treatment received.

In conclusion, the results indicate that a mindfulness-based
program is feasible and may increase HRQoL and reduce
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depression and anxiety among HSCT survivors. However,
modest funding and scale of our study prevented us from
using a control intervention with similar time commitment to
MBI, as well as adjusting for potential confounders, e.g.,
disease severity, transplant type, and GVHD grade. Further-
more, effects seem unlikely to be sustained without some form
of continued additional support. Therefore, a larger trial with a
longer mindfulness intervention may be warranted to assess
long-term benefits of MBI for HSCT survivors.
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