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Abstract

Background: Young adults, age 18-39, are at a stage of life which may make them more
vulnerable than older adults to impairments in health-related quality of life (HRQOL) during

and after hematopoietic cell transplantation (HCT). Health self-efficacy (HSE) is the belief that
one can implement strategies to produce a desired health outcome and has been associated with
health outcomes in oncology research. Little is known about HRQOL or HSE in young adult HCT
survivors compared to older HCT survivors.

Objective: Given the age-specific psychosocial challenges facing young adult HCT recipients
and research on non-transplant young adult cancer survivors, we hypothesized that young adult
survivors would have worse post-HCT HRQOL compared to older adults and that among young
adult HCT survivors, higher levels of HSE would be associated with higher HRQOL and lower
levels of cancer-related distress.

Study Design: This is a cross-sectional secondary analysis of two combined baseline datasets
from multi-center studies of HCT survivors approached for participation in clinical trials of
survivorship interventions. Participants from 20 transplant centers in the US were 1-10 years
post-HCT, =18 years of age at the time of study enrollment, had no evidence of disease relapse/
progression or subsequent malignancies, and read English adequate to consent and complete
assessments. Medical record and patient-reported data were obtained for demographics and HCT-
related clinical factors and complications (e.g. total body irradiation, chronic graft-versus-host
disease). Participants completed surveys on HRQOL (Short-form [SF]-12), HSE, and Cancer and
Treatment Distress (CTXD), which includes six subscales and an overall mean score. SF-12

was calculated for both mental (MCS) and physical (PCS) component scores. Participants were
compared between two cohorts: young adults (age 18 to 39 at transplant) and older adults (age =40
at transplant). Multiple linear regression analyses determined factors associated with HSE, PCS,
MCS and CTXD within young adults.

Results: In this analysis of N=979 survivors, compared to older adults, young adult participants
had lower mental health scores (SF-12 MCS: 48.40 vs. 50.23, P=0.04) and higher cancer-related
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distress (CTXD: 0.96 vs. 0.85, P=0.04), though better physical health (SF-12 PCS: 48.99 vs.
47.18, P=0.049). Greater overall cancer-related distress was driven by higher levels of uncertainty,
financial concern, and medical demand subscales for young adults compared with older adults.
Young adults also had lower HSE (2.93 vs. 3.08, P=0.0004). In a multivariate model, HSE was
strongly associated with age group (p=0.0005) after adjusting for multiple other transplant related
factors. Among young adults, HSE was associated with mental and physical components of the
SF-12 and the CTXD, and HSE remained significant after adjusting for other transplant-related
factors.

Conclusions: Overall, young adult HCT survivors have lower mental health, increased cancer-
related distress, and lower levels of HSE compared to older adults. Although the direction of these
effects cannot be determined with these data, the strong association between HSE and HRQOL
among young adults suggests that targeting interventions to improve HSE may have broad impact
on health outcomes.

Keywords
Young Adult; HCT; Survivorship; HRQOL; HSE; self-efficacy

Introduction

Young adults (YA; age 18-39) are at a stage of life which may make them vulnerable to
greater intensity and frequency of impairments in health-related quality of life (HRQOL)
during and after hematopoietic cell transplantation (HCT) than older adults.l: 2 Adolescents
and YAs are at a developmental stage marked by rapid changes in cognitive, social, and
emotional growth and have historically experienced a gap in services relating to their
psychosocial needs.3: 4 Many of these factors place YA patients at risk for poor HRQOL as
they undergo treatment for cancer.>: 6

In the HCT setting, only a few studies have been performed analyzing HRQOL

in YA patients. Long-term YA survivors of HCT report significant ongoing physical

and psychosocial consequences of past illness and its treatments.” Data from a

previous, INternet-based Survivorship Program with Information and Resources randomized
controlled trial (INSPIRE) demonstrated that adolescent and YAs and middle age adults
have more financial and overall distress (CTXD) than older adults.8 Both YA and older
adult HCT survivors have numerous unmet medical and psychosocial needs, though limited
evidence suggests these groups differ on specific concerns.® Health self-efficacy (HSE) is
the belief that one can implement strategies to produce a desired health outcome and HSE is
associated with both self-management and coping in cancer survivors,10: 11

In this large multicenter cross-sectional assessment, we focus on HRQOL as indicated by
standardized, widely used measures of physical and mental health as well as cancer-related
distress specifically developed for HCT survivors. Given previous findings about the age-
specific psychosocial challenges to adolescent and YA HCT recipients, we hypothesized
that YA survivors would have lower HRQOL and greater distress compared to older adults,
that YA HCT survivors would have reduced HSE compared to older adults, and finally that
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among YA HCT survivors, higher levels of HSE would be associated with improved mental
and physical health, and lower levels of cancer-related distress.

Methods

Participants

We analyzed baseline data from two randomized controlled trials enrolling at 20 transplant
centers: INSPIRE and the individualized treatment summary and Survivorship Care Plans
(SCP) randomized controlled trial.12: 13 Patients were eligible for the SCP cohort if they
were one to five years post-HCT, =18 years at the time of study enrollment, with no
evidence of disease relapse/progression or second cancers, and read English adequate to
consent and complete assessments.13 Inclusion criteria for INSPIRE were similar, with
the exception that survivors were 2-10 years post-HCT and needed to have internet and
e-mail access for the intervention trial, but those who did not have internet could complete
the baseline survey by mail.12 From the combined INSPIRE-SCP cohort we excluded
cases with diagnoses or treatment that were predominantly only present in one age group:
(multiple myeloma, solid tumors, HCT for a non-malignant conditions, non-myeloablative
conditioning, or those who had more than one HCT). Participants were divided into two
cohorts based on age at HCT: YA (age 18-39) and older adult (age >40).

Procedure

Participants from the INSPIRE and SCP studies were contacted and consented to participate
as previously described.12 13 The primary studies, INSPIRE and SCP, obtained clinical

and demographic factors from research medical records as well as HRQOL measures in
survivors of HCT. The variables used in this analysis matched across the two studies and
were combined into a single cohort. This cross-sectional secondary analysis was approved
by the Institutional Review Board at the Cleveland Clinic in addition to previous approvals
at each of the participating institutions for the primary studies.

Measures

Research records included demographics (age at HCT, sex, race, ethnicity) and clinical
variables (years from HCT to study entry, diagnosis, receipt of total body irradiation,
allogeneic vs. autologous HCT, and a history of chronic graft versus host disease (cGVHD)
for allogeneic recipients). Patient-reported outcome measures included Short Form-12
(SF-12), Cancer and Treatment Distress (CTXD) and Health Self-Efficacy (HSE).

The SF-12 health survey includes a mental and physical component score (MCS or PCS)
based on differential weighting of each question.13-17 The SF-12 survey is standardized with
norms so that the general population mean score is 50, with a standard deviation of 10,

and higher scores indicate better functioning.18 The SF-12 has been previously used across
multiple studies of patients who received HCT.13-17

The CTXD scale includes 23 items for which patients are asked to rate “how much distress
or worry (such as feeling upset, tense, sad, frustrated) each item caused you in the past week,
even if the event has not happened.” Items address various aspects of the HCT experience

Transplant Cell Ther. Author manuscript; available in PMC 2023 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rotz et al.

Page 5

(dealing with insurance, changes in appearance, thinking about relapse). The response scale
is 0 (none) to 3 (severe).8 19 A higher mean score indicates a higher level of distress,

with scores of >0.90 indicating elevated distress in survivors a year or more after HCT.

The CTXD also includes six subscales: health burden, uncertainty, family strain, finances,
identity, and medical demands. Testing supports that CTXD captures >90% of cases with
depression or anxiety symptoms, as well as post-traumatic stress symptoms, and its value as
a predictor of health outcomes has been demonstrated in several HCT studies.8: 13 17,19, 20

HSE measures confidence that a person can manage health demands and was adapted from
the general self-efficacy measure, for example, ‘It is easy for me to stick to my aims and
accomplish my health goals.’?! The HSE includes 7 items with response options ranging
from 1="not at all true” to 4="exactly true.” Higher mean scores indicate stronger belief in
self-efficacy.?!

Statistical Analyses

Results

We described continuous variables as means and standard deviations and made comparisons
between age groups with t-tests. We described categorical variables as frequency counts

and percentages and compared groups with chi-square tests. We analyzed the association

of HSE with the HRQOL measures in YA survivors using Pearson correlations. We then
created multivariable linear regression models to determine clinical variables associated with
HSE. The regression model contains a parameter estimate for each variable, with the P-value
indicating whether the parameter estimate differs from 0. Finally, we created multivariable
linear regression models among YA survivors to determine whether HSE was associated
with CTXD, MCS or PCS, after controlling for age, sex, race, ethnicity, years since HCT,
transplant group (autologous vs. allogeneic without cGVHD vs. allogeneic with cGVHD),
and receipt of total body irradiation. All tests were two-sided and a P-value of 0.05 or less
was considered statistically significant. Statistical analysis was carried out using SAS Studio
version 3.7 (SAS Institute, Cary, NC).

Patient and Transplant Characteristics

A total of 979 patients were included in the analyses, with 194 (19.8%) transplanted

before age 40 and 785 (80.2%) transplanted at age 40 or older. The cohort included 489
allogeneic HCT recipients and 490 autologous recipients. Characteristics of survivors within
the two age groups are shown in Table 1. The YA group had a greater proportion of female
participants (54.1% vs. 41.8%, p=0.002), more frequently received allogeneic HCT (59.3%
vs. 47.6%, p=0.004), and more frequently received total body irradiation (35.6% vs. 17.5%,
p<0.0001). Diagnoses were different based on age group, with notably higher prevalence of
acute lymphoblastic leukemia and Hodgkin lymphoma in YAs, and non-Hodgkin lymphoma
in older adults. Race and ethnicity did not vary significantly between age groups, and the
majority of study participants were White and non-Hispanic. Importantly, no differences
between age groups were seen for the rates of cGVHD among those receiving allogeneic
HCT.
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Study Instruments and Age Cohorts

Study instrument overall and subscale scores are shown in Table 1. YA survivors had higher
physical component scores (48.99 vs. 47.18, p=0.049), but lower mental component scores
(48.40 vs. 50.23, p=0.04) and higher distress on the CTXD (0.96 vs. 0.85, p=0.04). For the
CTXD subscales, YA patients reported greater distress related to uncertainty, finances, and
medical demands than older adults, though no differences for health burden, family strain or
identity. Mean HSE scores in YA was also lower than older adults (2.93 vs. 3.08, p=0.0004).

Health Self-Efficacy and Quality of Life

Noting the decreased HSE demonstrated by the YA age group, a multivariate model was
created to determine associations of clinical and demographic factors with HSE (Table 2).
After adjusting for years since HCT, sex, race, ethnicity, total body irradiation and transplant
group (autologous, allogeneic without cGVHD, allogeneic with cGVHD), age group at
transplant remained an independent predictor of HSE. Additionally, as time since transplant
increased, HSE scores decreased. Interaction terms were not statistically significant.

We next analyzed the association of HSE with HRQOL measures in YA survivors using
Pearson correlation. HSE was associated with the SF-12 MCS (r=0.56, p<0.0001), SF-12
PCS (r=0.39, p<0.0001), and overall CTXD (r=-0.48, p<0.0001) (Figure 1).

In multivariable analysis of YA, after adjusting for patient age at baseline survey, years since
HCT, sex, race, ethnicity, total body irradiation and transplant group (autologous, allogeneic
without cGVHD, allogeneic with cGVHD), HSE remained an independent predictor of the
SF-12 PCS and MCS, and the CTXD (Table 3). Interaction terms between variables were
not statistically significant.

Discussion

Overall, we found that YA survivors have worse mental HRQOL and increased cancer-
related distress compared to older adults, though they also have slightly better physical
HRQOL. Further, YA survivors had lower levels of HSE, even after adjusting for multiple
potential confounding variables, suggesting they may feel less able to advocate for
themselves, problem solve to overcome health challenges, and accomplish their health
goals. Interestingly, the reduced mental quality of life in YA HCT survivors occurred
despite slightly better physical quality of life. Importantly, among YA participants, HSE
was strongly associated with mental and physical HRQOL and cancer-related distress while
other demographic and clinical variables were not.

Previous work analyzing HRQOL in allogeneic HCT recipients did not show a difference
between YAs and older adults in the Functional Assessment of Cancer Therapy-Bone
Marrow Transplantation (FACT-BMT) questionnaire total score or any specific domain
in the first year post-HCT.22 However, our study of long-term survivors did demonstrate
increased cancer-related distress among YA recipients, which was driven by concerns
regarding, finances, medical demands, and uncertainty, and with no subscales higher

in the older cohort. Increased distress regarding financial concerns among YAs was
previously demonstrated in HCT survivors.8 As well, adolescent and YA HCT survivors

Transplant Cell Ther. Author manuscript; available in PMC 2023 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rotz et al.

Page 7

have previously reported significant need for information related to nutrition, body image
and sexuality, and coping strategies compared to older adults,® suggesting different drivers
of distress between age groups and differing needs within their survivorship care.

Findings confirm our hypothesis that self-efficacy would be pivotal to higher levels of
mental function and lower distress. Self-efficacy is the confidence that one can execute
strategies to produce a desired outcome.10 Cancer survivor HSE can vary greatly between
individual patients.19 HSE is particularly important for HCT survivors where management
of late-effects requires coordination of care and initiative, particularly in care models where
the HCT center does not continue to serve as the medical home. Among cancer patients
with a broad range of diagnoses, self-efficacy improves quality of life by reducing perceived
stress and increasing quality of life.23-25 Therefore, it is not surprising to see the significant
relationship between HSE and multiple HRQOL scales demonstrated in our HCT survivors.

Interventions to target HSE may be beneficial in improving YA HCT survivors’ quality of
life. YA HCT patients have higher levels of discontinuation of long-term follow-up than

both pediatric patients and older adults.2 In childhood cancer survivors, attendance in a
survivorship clinic, having health insurance, and having a regular care provider (oncologist
or non-oncologist) were associated with greater HSE, suggesting that increased attendance
to long-term follow up might lead to higher HSE in similar populations.2® Interventions
such as nurse-led interviews, counseling, and internet-based interventions to promote HSE
in cancer survivors have had some success,2’~30 and similar strategies warrant further study
in YA HCT survivors. YA survivors report particular information needs regarding nutrition,
body shape/sexuality, and relaxation techniques and prefer advice communicated in a one-
on-one setting.% 31 Other survivorship randomized controlled trials in YA cancer survivors
have found that they have low participation rates in face to face clinic visits and may respond
better to digital modalities such as video sessions or mobile apps.32 Whether interventions to
improve this information dissemination and skills training would improve HSE or HRQOL
in this population is an area in need of further study.

Our study has both strengths and limitations. To our knowledge, this is the largest such
study to examine QOL in YA HCT survivors, and the first to find an association between
HSE and QOL in this population. This large, heterogeneous cohort represents patients
across a multitude of hematologic diseases and includes a national representation of 20 U.S.
transplant centers. The study includes both patients with autologous and allogeneic HCTs
and examined the role of both total body irradiation and cGVHD, which are known to drive
medical late-effects in HCT survivors. The National Cancer Institute defines adolescent

and YA patients as 15-39 years of age, but we only included subjects over 18 at the time

of study enrollment because centers participating in the INSPIRE and SCP studies were
adult HCT programs. Hence our findings may not be generalizable to the experience and
needs of those treated at a children’s hospital, or for younger adolescents.33 Young adult
survivors of childhood cancer (i.e. a patient who underwent HCT at 10 years old and is
now 25 years old) may have different concerns associated with HRQOL than the population
we studied (those mainly experiencing HCT and survivorship as a young adult). Those
treated at pediatric centers who require transfer to adult centers for survivorship care may
also differ from our cohort. Additionally, our patient population was mostly comprised of
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White, non-Hispanic patients as they are over-represented in HCT populations. Our study
did not detect a difference between race and HSE. However, given the small number of
racial and ethnic minorities in our study, we did not have the power to detect a relationship
within specific peoples from racial and ethnic minorities with HRQOL or HSE. Notably,
we were not able to determine if there was a difference between patients from a racial or
ethnic minority who chose to enroll or not enroll in this study, but in the primary INSPIRE
study, no differences were seen.12 Finally, though previous studies have demonstrated that
self-efficacy is a driver of HRQOL in patients with cancer,23 our study was not designed to
determine causality. Accordingly, patients with lower HRQOL or higher levels of distress
may feel that they have less ability to alter their health outcomes.

While this cross-sectional study cannot determine causality, this study clearly shows
important findings that need to be considered by the HCT community. Overall, our data
suggests that many YA HCT survivors will have impairments of HRQOL and that these
needs exceed those in older adults. HSE is strongly related to HRQOL in YA and targeting
interventions, such as one-on-one counseling or remote digital modalities specifically
adapted to YA needs, to improve HSE in this population merits further investigation.
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Highlights
. Young adult HCT survivors have impaired HRQOL compared to older adults
. Cancer-related distress was driven by uncertainty, finances, and medical
demands
. Health self-efficacy is associated with favorable HRQOL outcomes in young
adults.
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Figure 1.

Pearson correlation of HSE score vs. multiple measures of quality of life in allogeneic YA
HCT survivors. a. SF-12 Mental Component. B. SF-12 Physical Component. C. CTXD.
Note: HSE=Health Self-Efficacy; SF=Short Form; CTXD=Cancer and Treatment Distress
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1.

Patient Characteristics and Study Instruments by Age Group

Page 14

Young Adult (n=194) | Older Adult (n=785)
Variable N % N % P-Value
Patient and Transplant Charecteristics
Age at HCT, years (mean + SD, [range]) 31+6(19.1-39.8) 56 + 8 (40.0-84.5) -
Sex (Male) 89 45.90% 457 58.20% 0.002
Race
Asian 6 3.10% 12 1.50%
Black 7 3.60% 18 2.30%
0.28
Multiple Races 3 1.50% 10 1.30%
Native American 3 1.50% 5 0.60%
White 175 90.20% 740 94.30%
Ethnicity
Hispanic 12 6.20% 32 4.10%
Non-Hispanic 179 92.30% 743 94.60% 02
Unknown 3 1.50% 10 1.30%
Years from transplant to study entry (mean + SD, [range]) | 5.2+2.2,(1.2-10.7) 5.1+2.1(1.0-10.9) 0.59
Diagnosis <0.0001
Acute Lymphoblastic Leukemia 32 16.50% 32 4.10%
Acute Myeloid Leukemia 48 24.70% 167 21.30%
Chronic Lymphoblastic Leukemia 3 1.50% 17 2.20%
Chronic Myeloid Leukemia 7 3.60% 21 2.70%
Hodgkin Lymphoma 43 22.20% 43 5.50%
Myelodysplastic Syndrome/ MPN 17 8.80% 98 12.50%
Non-Hodgkin Lymphoma 42 21.60% 402 51.20%
Other leukemia 2 1.00% 5 0.60%
Total Body Irradiation 69 35.60% 137 17.50% <0.0001
Transplant Type
Autologous 79 40.70% 411 52.40% 0.004
Allogeneic 115 59.30% 374 47.60%
History of cGVHD (allogeneic only)
Yes 97 84.30% 332 80.80% 0.21
No 18 15.70% 42 10.20%
Study Instruments (mean +SD)
Short Form-12 Physical Component Score 48.99 11.09 47.18 10.8 0.049
Short Form-12 Mental Component Score 48.4 11.49 50.23 10.47 0.04
Cancer and Treatment Distress Overall 0.96 0.69 0.85 0.61 0.04
Cancer and Treatment Distress Subscales
Health Burden 1.22 0.96 1.27 0.88 0.55
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Uncertainty 1.08 0.74 0.95 0.72 0.03
Family Strain 0.88 0.87 0.79 0.81 0.18
Finances 0.98 0.97 0.77 0.82 0.003
Identity 0.92 0.8 0.8 0.73 0.051
Medical Demands 0.58 0.67 0.47 0.59 0.03
Health Self-Efficacy 2.93 0.47 3.08 0.5 0.0004

Page 15

Note: YA: Young Adult; HCT: Hematopoietic Cell Transplant; SD: standard deviation; MPN: Myeloproliferative Neoplasm; cGVHD: chronic graft
versus host disease; Short Form-12 (higher value is better functioning), Cancer and Treatment Distress (lower number indicates less distress)
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Table 2.

Multivariable Linear Regression Model for Health Self-Efficacy

Variable

Parameter Estimate

95% ClI

P-Value

Age Group

Older (=40 years)

0.151

(0.068,0.235)

0.0004

YA (18-39 years)

Years since HCT (per 1 yr)

-0.017

(-0.032,-.002)

0.025

Sex

Male

Female

-0.042

(-0.107,0.024)

0.21

Race

White

Non-White *

-0.08

(-0.217,0.057)

0.25

Ethnicity

Hispanic

Non-Hispanic

-0.037

(-0.201,0.128)

0.66

Total Body Irradiation

No

-0.009

(-0.095,0.077)

0.84

Yes

Transplant Group

Autologous

Allogeneic no cGVHD

0.14

(0.000,0.279)

0.12

Allogeneic cGVHD

-0.004

(-0.072,0.071)

Note: SE: standard error; Cl: Confidence Interval; YA: Young Adult; HCT: Hematopoietic Cell Transplant; cGVHD: chronic graft versus host

disease;

*
includes Asian, Black, Multiple Races, and Native American

Transplant Cell Ther. Author manuscript; available in PMC 2023 October 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Rotz et al.

Table 3.
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Multivariable Linear Regression Models for Short Form-12 Components and Cancer Treatment Distress in YA

Patients

Short Form-12 Physical Component

Score

Short Form-12 Mental Component

Score

Cancer and Treatment Distress

Variable

Parameter
Estimate

95% CI

P-
Value

Parameter
Estimate

95% ClI

P-
Value

Parameter
Estimate

95% ClI

P-
Value

Age at
Baseline
Survey (per
lyr
increase)

-0.107

(~0.160,-0.053)

<0.0001

0.014

(~0.034,0.062)

0.56

0.00005

(~0.003,0.003)

0.98

Sex (Femal
e vs. Male)

-0.382

(~1.702,0.939)

0.57

-0.686

(-1.874,0.503)

0.26

0.057

(-0.016,0.129)

0.13

Race

(NonWhite *
vs. White)

0.206

(-2.566,2.977)

0.88

1.435

(-1.059,3.929)

0.26

0.071

(-0.081,0.224)

0.36

Ethnicity
(Non-
Hispanic vs.
Hispanic)

-0.692

(~4.006,2.622)

0.68

0.793

(-2.189,3.775)

0.6

-0.111

(-0.296,0.075)

0.24

Total Body
Irradiation
(No vs. Yes)

-1.189

(-2.913,0.535)

-0.374

(-1.926,1.177)

0.64

0.082

(-0.013,0.177)

0.09

Transplant
Group

Allogeneic
no cGVHD

Allogeneic
with
cGVHD

-3.157

(~5.956,0.359)

0.0271

-2.791

(-5.309,-0.273)

0.0299

-0.0004

(~0.155, 0.154)

0.996

Autologous

1.061

(~1.775,3.898)

0.46

-0.378

(-2.930,2.175)

0.77

-0.203

(~0.360,-0.047)

0.0107

Years Since
HCT (per 1
yr increase)

0.181

(~0.124,0.487)

0.24

0.028

(-0.247, 0303)

0.84

-0.023

(0.040, 0.006)

0.0082

Health
Self-
Efficacy
(per 1 point)

9.018

(7.679,10.358)

<0.0001

11.95

(10.745,13.155)

<0.0001

-0.615

(-0.688,-0.541)

<0.0001

Note: CI: Confidence Interval; Short Form-12 (higher value is better functioning); Cancer and Treatment-Related (lower number indicates less
distress); HCT: Hematopoetic Cell Transplant;

*
includes Asian, Black, Multiple Races, and Native American
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