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Abstract

Purpose We developed BMT Roadmap, a health information technology (HIT) application on a tablet, to address caregivers’
unmet needs with patient-specific information from the electronic health record. We conducted a preliminary feasibility study of
BMT Roadmap in caregivers of adult and pediatric HSCT patients. The study was registered on ClinicalTrials.gov
(NCT03161665; NCT02409121).

Methods BMT Roadmap was delivered to 39 caregivers of adult and pediatric patients undergoing first-time HSCT at a single
study site. We assessed person-reported outcome measures (PROMs) at baseline (hospital admission), discharge, and day 100:
usefulness of BMT Roadmap (Perceived Usefulness); activation (Patient Activation Measure-Caregiver version [PAM-C));
mental health ([POMS-2®]: depression, distress, vigor, and fatigue); anxiety (State-Trait Anxiety Inventory); and quality of life
(Caregiver Quality of Life Index-Cancer [CQOLCY]). To identify determinants of caregiver activation and quality of life, we used
linear mixed models.

Results BMT Roadmap was perceived useful and activation increased from baseline to discharge (p =0.001). Further, burden
decreased through discharge (p = 0.007). Overall, a pattern of increasing vigor and decreasing depression, distress, fatigue, and
anxiety was apparent from baseline to discharge. However, overall quality of life lowered at discharge after accounting for
BMT Roadmap use, depression, anxiety, and fatigue (p = 0.04).

Conclusions BMT Roadmap was a feasible HIT intervention to implement in HSCT caregivers. BMT Roadmap was associated
with increased activation and decreased burden, but quality of life lowered across hospitalization. Findings support the need to
further develop caregiver-specific self-directed resources and provide them both inpatient and outpatient across the HSCT
trajectory.
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Introduction

Hematopoietic stem cell transplantation (HSCT) is a high-risk, but
potentially curative therapy for a number of malignant and non-
malignant conditions [1]. Given the risks associated with HSCT,
patients require a dedicated, full-time caregiver. As aresult, HSCT
caregivers commonly experience significant anxiety and distress
during the peri-transplant period [2, 3], which can be associated
with significant decline in emotional, physical, and social func-
tioning [4]. Furthermore, the reciprocal relationship between emo-
tional distress in patients and caregivers [5] strongly supports the
need to promote caregiver activation, health, and well-being. With
the growing population of HSCT patients and survivors coupled
with increased demands of caregivers to provide intense and epi-
sodic care, there is an urgent public health need to improve both
patient and caregiver outcomes [6]. Self-directed supportive care
interventions have been recommended to address thisneed [6], but
little has been studied in the HSCT population. Thus, examining
the potential use of scalable, user-centered technology is
warranted.

Health information technology (HIT) has opened up exciting
opportunities for capturing, delivering, and sharing data by secure
electronic means and provides a scalable and flexible platform to
promote and support quality healthcare [7, 8]. HIT has the potential
to support caregivers of patients with complex healthcare needs,
such as the HSCT population, particularly as more care is being
performed outpatient. Indeed, over two thirds of caregivers report
wanting mobile technologies to support their caregiving efforts
[9]. Major recommendations to move the science of cancer care-
giving forward include, “generating and testing strategies for inte-
grating caregivers into formal healthcare settings™ and “promoting
the use of technology to support cancer caregivers” [6].

Thus, we developed a web-based HIT application, BMT
Roadmap, supported by user-centered approaches [10] to inte-
grate patient-specific health information in real-time from the
electronic health record (EHR; Epic®) for both patients and
caregivers to use throughout the hospitalization. Key stake-
holders (patients, caregivers, and healthcare providers) partici-
pated in the design and development of BMT Roadmap [10,
11]. We have previously reported on the initial feasibility of
BMT Roadmap for patients in the inpatient setting [12].
Herein, we report the findings of a preliminary feasibility study
among caregivers of HSCT patients using BMT Roadmap,
assessing activation, mental health person-reported outcome
measures (PROMs), and quality of life.

Methods
Study design and setting

This study assessed the preliminary feasibility of the BMT
Roadmap intervention in caregivers of adult patients (“adult
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caregivers”) or pediatric patients (“pediatric caregivers”) un-
dergoing HSCT, with an a priori target enrollment of 20 partic-
ipants in each caregiver group. The protocol was approved by
University of Michigan's Institutional Review Board
(HUMO00107014-adult caregiver study, HUM00100126-
pediatric caregiver study) and registered on Clinical Trials.gov
(NCT03161665—adult caregiver study, NCT02409121—
pediatric caregiver study). All participants provided written
informed consent; all patients agreed for caregivers to
participate. The adult caregiver study was conducted 01/
2016-06/2016 and the pediatric caregiver study was
conducted 09/2015-02/2017.

Inclusion criteria

Eligible participants were caregivers who identified them-
selves as the primary caregiver of a patient undergoing their
first HSCT, willing to adhere to the study procedures, profi-
cient in English, and able to provide informed consent.
Caregivers were recruited pre-HSCT by a nurse coordinator
and/or HSCT physician. After obtaining informed consent, a
research coordinator provided a tutorial of BMT Roadmap.

Intervention

BMT Roadmap was designed on an Apple® iPad and inte-
grated with the MiChart (Epic®; Verona, WI) EHR to visual-
ize real-time: laboratory results and medications; clinical-trial
enrollment; healthcare provider directory; and discharge
checklist (see Supplemental Table [ST] 1). Each participant
was given their own Apple® iPad and was instructed to use
BMT Roadmap freely throughout the patients’ hospitaliza-
tion. The endpoint of the study was day 100 post-HSCT
(D100).

Person-reported outcome measures (PROMs)

PROMs were administered on an Apple® iPad using
Qualtrics, a secure online HIPA A-compliant platform for ad-
ministering surveys (www.Qualtrics.com). Usefulness
(Perceived Usefulness) [13] was measured at discharge only.
All other PROMs were assessed at three time-points: baseline
(hospital admission), discharge, and D100. Well-validated
measures included Activation (Patient Activation Measure-
Caregiver version [PAM-C]) [14, 15], Quality of Life
(Caregiver Quality of Life Index-Cancer [CQOLC]) [16],
Anxiety (State—Trait Anxiety Inventory; STAI-S) [17],
Global Distress (Profile of Mood States-2® [POMS-2®—
Total]) [18], Depression (POMS-2®—Depression) [18],
Vigor (POMS-2®-Vigor) [18], and Fatigue (POMS-2®—
Fatigue) [18] (see Table 1 for detailed psychometric
properties of the measures).


http://clinicaltrials.gov
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Statistical analyses

Statistical analyses were conducted using Statistical Package
for Social Sciences (SPSS; version 24) and Stata software
pack (Stata Corporation, College Station, TX). Demographic
and clinical characteristics were described using means, stan-
dard deviations, ranges, frequencies, and percentages, as ap-
propriate. Descriptive statistics were calculated for device uti-
lization. “Average daily BMT Roadmap use” was defined as
the ratio of total minutes used to days of access. Similarly,
“average daily individual module use” was defined as the
ratio of minutes the module was used to days of access.
Pearson’s correlation was used to determine the degree and
significance of association among demographics, medical var-
iables, and PROMs. For all tests, o= 0.05.

To investigate determinants of caregiver activation or qual-
ity of life across the three time-points, we fitted a series of
linear mixed models [19]. As mixed model regression does
not require a balanced design, individuals who are unobserved
at some time points can still contribute at the time points for
which they are observed. We included a random effect per
participant, which accounted for within subject correlation
across time that violated the independence assumption of or-
dinary least squares. To investigate what variables influenced
activation, we fitted a model in which caregivers were speci-
fied as a random effect, care group (adult vs. pediatric care-
givers), and time-point as factors, and vigor, perceived useful-
ness, and the interaction of caregiver group and perceived
usefulness as covariates. To investigate what variables influ-
enced caregiver quality of life, we fitted a model in which
caregivers were specified as a random factor, caregiver
group and time-point as factors, and depression, anxiety, fa-
tigue, and BMT Roadmap use as covariates. In both models,
covariates were included based on conceptual relevance and
univariate correlations (threshold p <0.05).

Results
Demographics

Forty-two consecutive adult and pediatric caregivers were re-
cruited and signed informed consent. All caregivers who
were approached consented to participate in the study. Only
one adult caregiver withdrew due to personal illness; two pa-
tients did not come to transplant (Fig. 1). Of the remaining 39
individuals, 32 were observed at all three time-points, four
were observed at the first two time-points only, and three were
observed at baseline only. The final sample of 20 adult and 19
pediatric caregivers were predominantly female (p = 0.05) and
white/Caucasian (p =0.05), with a mean age of 47 years
(range 24-69, Table 2). Adult caregivers were older than pe-
diatric caregivers (p =0.001). Whereas 80% of adult

caregivers were spouses, 95% of pediatric caregivers were
parents. Both caregiver groups had on average at least a col-
lege education, but adult caregivers had more years of educa-
tion than pediatric caregivers (p = 0.007).

The indication for transplant was predominantly hemato-
logical malignancy (ST2). All adult patients underwent allo-
geneic HSCT, whereas pediatric patients underwent allogene-
ic or autologous HSCT. Both allogeneic or autologous pedi-
atric patients were recruited to maximize the available sample.
For adults and pediatric patients undergoing allogeneic HSCT,
the mean HSCT comorbidity index [20] score was significant-
ly higher for adult patients compared with pediatric patients
(p=0.001; ST2). The length-of-stay varied widely (range 18—
112 days) with adult patients having shorter mean stay than
pediatric patients (p =0.04; Table 3). Consequently, adult
caregivers had less access to BMT Roadmap than pediatric
caregivers (p =0.03, Table 3). However, after accounting for
length-of-stay and duration of access to BMT Roadmap, the
average daily use did not differ significantly between caregiv-
er groups. Participants spent the majority of time viewing the
laboratory module, followed by medications, and phases-of-
care (Table 3). However, adult caregivers spent significantly
more time viewing medications and phases-of-care modules
compared with pediatric caregivers (p =0.02 and p=10.02,
respectively; Table 3). Age and education did not correlate
with BMT Roadmap use. However, more educated caregivers
were more likely to use the laboratory module (p =0.005;
ST3).

Person-reported outcome measures (PROMs)

Mental Health The PROMs response rate at baseline, dis-
charge, and D100 was 100%, 92%, and 82%, respectively
(Fig. 1). The study sample’s mental health and quality of life
PROMs (Supplemental Fig. 1A-1L; ST4) were correlated
(ST5-ST7). Overall, a pattern of increasing vigor and decreas-
ing anxiety, distress, depression, and fatigue was apparent from
baseline to discharge, and caregiver groups did not differ across
time. Furthermore, age and education did not correlate with any
mental health PROM. Prevalence rates of clinically relevant
distress (i.e., PROM exceeded one standard deviation from
the standardized mean in the problematic direction) revealed
similar prevalence of clinically relevant depression, distress,
and low vigor in both caregiver groups, as well as steep decline
from baseline clinical anxiety over time (Supplemental Fig.
1A-1L). However, the prevalence of clinically relevant fatigue
among pediatric caregivers (33%) compared with adult care-
givers (6%) was notably higher at day 100 (p =0.05).

Perceived Usefulness Perceived usefulness of BMT Roadmap
was measured at discharge and exhibited high internal consis-
tency (Cronbach’s alpha = 0.98). Perceived usefulness did not
differ between caregiver groups (ST8). However, at discharge,
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Table 1 (continued)

Scoring Psychometrics High scores

Description

Pro

descriptive of their mood

in the past week.
9-item measure indicative of vigor,

More desirable, reflecting

Cronbach’s a =.87; good

5-point Likert scale ranging from

Profile of Mood States

Vigor

greater vigor

convergent validity in the
expected direction with

extremely.

not at all to 4=
Vigor is expressed as 7'score

0=
(mean

high energy, positive affect.

(POMS-2®) — vigor
subscale [18]

Respondents rate the degree

other measures of mood

disorders [18].

50; SD =10).

to which the adjective in each
item is descriptive of their v

igor in the past week.
6-item measure indicative of fatigue.

Less desirable, indicating

Cronbach’s o =.91; good

5-point Likert scale ranging from

Profile of Mood States

Fatigue

more fatigue

convergent validity with
other measures of mood

disorders [18].

not at all to 4 = extremely.

Fatigue is expressed as 7 score

0=
(mean

Respondents rate the degree to

(POMS-2®) — fatigue
subscale [18]

which the adjective in each item

50; SD =10).

is descriptive of their fatigue in

the past week.

perceived usefulness correlated significantly with depressive
symptoms, fatigue, quality of life, and overall distress in adult
caregivers (ST6). These associations were not seen in pediat-
ric caregivers.

Activation Activation increased from baseline to discharge
and leveled off at D100 (Supplemental Fig. 1G); and caregiver
groups did not differ over time (ST8). Additionally, age and
education did not correlate with activation. At baseline, acti-
vation was significantly correlated with vigor in pediatric
caregivers; this finding was also seen at D100 in both caregiv-
er groups. However, activation was not associated with any
mental health PROM at discharge (ST5-ST7).

Next, a linear mixed model was fitted to identify determi-
nants of activation by caregiver group over time, controlling
for vigor and perceived usefulness (Table 4). Activation in-
creased from baseline to discharge and remained stable at
D100, and increased as vigor increased in pediatric caregivers.
However, at lower levels of perceived usefulness (i.e., higher
perceived usefulness mean scores), adult caregivers reported
lower activation (Supplemental Fig.2).

Quality of life On a univariate level, quality of life did not
change over time (ST8; Supplemental Fig. 1H). However, the
CQOLC-burden subscale decreased in caregivers from base-
line to discharge (both p =0.007; ST8). Not surprisingly, qual-
ity of life correlated with depression, state anxiety, and fatigue
at all-time points (ST5-ST7), but did not correlate with age
and education. Thus, we performed a linear mixed model to
identify the determinants of quality of life. Accounting for
BMT Roadmap use, depression, anxiety, and fatigue, quality
of life lowered at discharge and remained stable at D100.
BMT Roadmap use and anxiety and fatigue were significantly
associated with quality of life when caregiver group and time
were accounted for (Table 5).

Discussion

To our knowledge, this is the first study to investigate the
feasibility and impact of a user-centered HIT application ad-
dressing informational needs of both adult and pediatric care-
givers of HSCT patients. The feasibility of deploying BMT
Roadmap was indicated by all eligible caregivers adhering to
study procedures throughout patient hospitalization unless their
patient relapsed or died. Indeed, we found that both caregiver
groups perceived BMT Roadmap as useful and also reported
increased activation. We speculate this was due to emphasis on
patient-specific informational resources being made available
to caregivers in a self-directed medium when and as often as
they felt the need for it. We were encouraged by the association
of increased vigor (e.g., high energy, positive affect) with acti-
vation. After accounting for vigor, we found a notable
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Total Participants

N=42

=
D
N
=
D
7]
g
&) Adult
Caregivers
N=22
Ineligible
N=1
> Caregiver ill
)
=
i) N=1
‘B0 Patient did not
= come to transplant
=
on
=
o= -
2 Eligible
2
2 N=20
<
Baseline
N=20
N=1
Caregiver
removed when
patient relapsed
ﬁ Discharge
3 N=19
=7
@ N=1
.§ Patient
= relapsed
N=1
Survey
missed,
unknown Day 100
reason N=17

Fig. 1 Adult and pediatric caregiver CONSORT diagram

difference in activation between caregiver groups. Only adult
caregivers who perceived BMT Roadmap as less useful exhib-
ited decreased activation, but higher perceived usefulness was
not associated with higher activation. Notably, among adult
caregivers, greater perceived usefulness of BMT Roadmap cor-
related with lower quality of life and more depression, fatigue,
and distress. These findings suggest, therefore, that BMT
Roadmap was perceived to be more useful by adult caregivers
who were struggling, and consequently, were more reliant on
viewing the application repeatedly for information that was not
well-understood or remembered. Why this might not be so for

@ Springer

Pediatric
Caregivers
N=20
Ineligible
N=1
Patient died
Eligible
N=19
Baseline
N=19
N=1
Patient died
N=1
Survey missed,
unknown
Discharge reason
N=17
N=1
Patient died
before Day 100.
N=1
Autologous
transplant
Day 100 patient returned
N=15 to referring
center

pediatric caregivers is worthy of future study. Although the
application was a resource for patient-specific information,
BMT Roadmap could be further enhanced with new
caregiver-specific resources (e.g., peer-to-peer contact, coping
techniques, problem-solving skills) that may further enhance
caregiver well-being and their ability to care for the patient [21,
22]. At this point, adult-specific vs. pediatric-specific caregiver
resources could be further developed.

In this study, we found no significant differences in BMT
Roadmap use between caregiver groups. Consistent with our
previous findings in adult HSCT patients [23], the laboratory
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Table 2 Caregiver demographics

module was the most viewed and discharge checklist was the
least viewed. Interestingly, adult caregivers spent significantly
more time utilizing the medication and phases-of-care modules
than pediatric caregivers. It is possible that adult caregivers

Table 3

BMT Roadmap Utilization

Overall sample

Adult caregivers

Pediatric caregivers

Age'

Education (years)I

Gender®
Male
Female
Race!
White
Black/African American
Asian
Missing
Ethnicity
Hispanic
Relationship to the patient
Spouse
Parent
Grandmother

Sister

M (SD) Range
47.3 (14.6) 24-69
143 (24) 8-18
n (%)

8 (20.5)
31 (79.5)
35 (90.0)
2 5.D
1 (2.6)

1 (2.6)
3 7.7
16 (41.0)
21 (53.8)
1 (2.6)
1 (2.6)

M (SD) Range M (SD)
57.7 (36.4) 32-69 36.4 (94)
15.3 (1.9) 12-18 13.2 (2.5)
n (%) n

6 (30.0) 2

14 (70.0) 17

20 (100.0) 15

0 (0.0) 2

0 (0.0)

0 (0.0) 1

2 (10.0) 1

16 (80.0) 0

3 (15.0) 18

0 (0.0)

1 (5.0 0

Range
24-57
8-18
(%)

(10.5)
(89.5)

(78.9)
(10.5)
(5.3)
(5.3)

(5.3)

(0.0)
(94.7)
(5.3)
(0.0)

SD = standard deviation

T Age: Adult caregivers were older than pediatric caregivers (¢= 6.10, p = 0.001), * Education: 8 = 8th grade, 12 =
high school, 14 = associate’s degree, 16 = bachelor’s degree, 18 = master’s degree. Adult caregivers were more
educated than pediatric caregivers (t=2.89; p=0.007), §Gender: The overall sample was comprised of more
females than males (Chi* = 6.05; p < 0.05)

TRace: The overall sample was comprised of more whites than other ethnicities: (Chi* = 5.06; p < 0.05)

(mostly spouses) spent less time in the hospital with patients,
compared with pediatric caregivers (mostly parents who
remained at bedside 24/7), and were not as well-acquainted
with HSCT-related medications and phases-of-care.

Overall sample

Adult caregivers

Pediatric Caregivers

M (SD) Range Use/ M (SD) Range Use/ M (SD) Range Use/
AccessT AccessT AccessT

Length-of-stay’ 31.3(21.2)  18-112 24.5 (8.5) 18-58 (38.5)27.5  18-112*
General usage

Access to iPad’ 29.0 (22.0)  12-112 21.509.7) 12-58 36.8(28.1) 18112

Total time* 90.1 (67.4) 4.0-3200 34(23) 924(72.7) 89-3200 3.8(23) 87.6(634) 3.97-253.0 3.02.2)

Log-in" 14.5(13.0) 1.00-54.0 4.4(9) 10.9 (10.7)  1.0-49.0 0.8(0.3) 183(144) 2.0-54.0 1.1(0.9)
Module usage*®

Laboratory results ~ 29.3 (344)  0-172.9 1.0(0.9) 18.0(14.8) 0-49.3 09(0.8) 41.2(444) 0.3-172.9 1.2(1.1)

Medications 129 (13.6)  0-62.0 0.5(0.5) 14.1(13.3) 0-56.1 0.7(0.6) 11.714.2)  0.6-62.0 0.3(0.2)**

Phases of care 12.9(10.0)  0-43.0 0.5(0.5) 15.1(11.9) 0-43.0 0.7 (0.6)  10.5(7.0) 0-24.3 0.4(0.3)**

SD = standard deviation

#p=0.04; *¥p = 0.02; tdays; * minutes; * Total module usage does not equal total time due to other modules not represented in the table (e.g., healthcare
provider directory, discharge criteria checklist, patient disease characteristics)
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Table 4 Determinants of activation

Parameter Activation”
Estimate (SE) p
Group*

Adult caregivers 23.7 (14.7) 0.12
Time*

Discharge 8.3 (2.5) 0.001

Day 100 5.4 (2.6) 0.04
Group x perceived usefulness!

Adult caregivers X perceived usefulness  —5.2 (2.5) 0.04
Vigor 0.5 (0.2) 0.001
Perceived usefulness'™ 1.7 (2.0)

Wald Chi® 37.1 <0.0001

SE=Standard Error

THigher score is more desirable; fReference: Pediatric Caregivers;
¥ Reference: Baseline; '™ Lower score is more desirable

T Reference: Pediatric Caregivers

Univariate analyses indicated that over time, overall quality
of'life did not vary, although burden decreased significantly in
both adult and pediatric caregivers. Our speculative hope, that
this reflects benefits of patient-specific information and educa-
tion provided by BMT Roadmap, can only be definitively de-
termined with further investigation. Recognizing that differ-
ences in caregiver quality of life likely reflect differences in
patient and caregiver characteristics and response to BMT
Roadmap, we controlled for mental health variables and BMT
Roadmap use in linear mixed models, and found that quality of
life lowered over time, consistent with other reports of low
quality of life in caregivers of HSCT patients across the

Table 5 Determinants of quality of life
Quality of life"

Parameter Estimate (SE) P
Groupi

Adult caregivers -3.9(2.6) 0.14
Time®

Discharge 32(1.5) 0.04

Day 100 33(1.7) 0.05
DepressionT 1.2 (0.3) 0.001
State-anxiety” 58 (1.1) 0.001
FatigueJr 0.3 (0.1) 0.01
Average daily use (minutes/days) 1.4 (0.6) 0.02
Wald Chi? 262.8 <0.0001

SE=Standard Error

T Lower score is more desirable; ¥ Reference: Pediatric Caregivers;
$ Reference: Baseline

@ Springer

transplant trajectory [3, 24, 25]. In contrast to conventional
denotations of the term “quality of life” (i.e., physical, emotion-
al, social, functional well-being), CQOLC subscales (i.c., dis-
ruptiveness, financial concerns, burden, positive adaptation [re-
verse scored]) suggest the CQOLC might be indicative, rather,
of caregiver strain/onus/hardship. BMT Roadmap was not de-
signed to specifically address disruptiveness, financial con-
cerns, or positive adaptation, but future iterations of the appli-
cation could. Further, in our study, BMT Roadmap was avail-
able only inpatient, not in the outpatient setting to help navigate
the new-unknown outpatient caregiving role. Our previous
qualitative work indicates that caregivers desire caregiver-
specific modules in the outpatient setting, too [ 12]. Thus, future
design should focus on developing these new modules, which is
possible with a flexible HIT system.

Although our adult caregivers were significantly older and
more educated than pediatric caregivers, age and education
were not correlated with perceived usefulness of BMT
Roadmap, activation, mental health PROMs, or quality of life.
Our older adult caregivers expressed no more difficulties or
barriers in using BMT Roadmap than younger pediatric care-
givers. This suggests the digital divide is narrowing [26], which
is important for technology-related solutions. Interestingly,
more highly educated caregivers used the laboratory module
more. However, examining BMT Roadmap in caregivers with
wider range of education will be needed in future work.
Additionally, our sample contained few male caregivers, thus
precluding gender-specific comparisons. Given the importance
of gender differences in caregiving [27], future studies should
examine the impact of BMT Roadmap on male caregiving
experiences.

Our study has important notable strengths. First, this was a
prospective multi-component intervention conducted in care-
givers of both adult and pediatric HSCT patients. Second, all of
the caregivers approached to participate in the study, consented;
only one adult caregiver (2% of those approached) withdrew
from the study. We found caregivers eager and willing to par-
ticipate in this technology-related intervention. Third, the study
included longitudinal assessment using multi-dimensional
PROMs with high-response rate, and the analyses included lin-
ear mixed models that adjust for small sample size as well as
with-in participant correlation over time.

Study limitations

Nonetheless, we recognize the limitations of our work. As
previously reported in adult HSCT patients [23], caregivers
also faced technological barriers related to logging into the
secure hospital wireless network, which was a security re-
quirement (i.e., being timed-out after 10 min and having to
re-log into the application). The study population was homo-
geneous, including mostly female, white/Caucasian, and high-
ly educated caregivers from a single institution. In addition,
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our eligibility requirement of English proficiency reduces gen-
eralizability. Thus, we are unable to generalize our findings to
caregivers of HSCT patients who are not proficient in English,
and caregivers of patients receiving care outside of our insti-
tution. However, the purpose of this feasibility study was to
examine a preliminary effect of BMT Roadmap on perceived
usefulness, activation, and quality of life. We found that BMT
Roadmap was feasible to investigate among our sample of
HSCT caregivers. Future iterations of this work will include
a larger efficacy study design to assess the effect of BMT
Roadmap on HSCT caregiver mental health outcomes with
steps taken to achieve high internal validity and generalizabil-
ity. The study was also limited by the lack of control groups:
adult and pediatric caregivers who did not receive BMT
Roadmap throughout HSCT. We accounted for this limitation
by employing linear mixed regression models utilizing well-
validated and clinically relevant PROMs to account for the
effects of multiple influences on activation and quality of life.

Conclusions

In summary, this study showed that our HIT application, BMT
Roadmap, was perceived useful and associated with increased
caregiver activation across time. The application was embed-
ded within the standard hospital work flow and there were no
unintended consequences. We found that HIT provided a flex-
ible platform to deliver a scalable caregiving intervention,
spanning adult, and pediatric HSCT caregivers, to address
unmet needs for information and support from medical pro-
viders. As more caregiving activities are taking place outpa-
tient, our data support the need to further develop caregiver-
specific resources and provide the application across the
HSCT trajectory (i.e., across inpatient and outpatient settings).
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