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Abstract

Introduction: Hematopoietic cell transplantation (HCT) is an effective treatment for many
hematological malignancies, and its utilization continues to rise. However, due to the difficult
logistics and high cost of HCT, there are significant barriers to accessing the procedure; these
barriers are likely greater for older patients. Although numerous factors may influence HCT
access, no formal analysis has detailed the cumulative barriers that have been studied thus far.

Methods: We conducted a systematic review following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines to better categorize the barriers to access and
referral to HCT, with a focus on the subgroup of older patients. We searched for articles published
in English from PubMed, Embase, Cumulative Index for Nursing and Allied Health (CINAHL),
and Cochrane Central Register of Controlled Trials (CENTRAL) between the database inception
and January 31st, 2020. We selected articles that met the following inclusion criteria: 1) Study
design: qualitative, cross-sectional, observational cohort, or mixed-method study designs; 2)
Outcomes: barriers related to patient and physician access to HCT; 3) Population: adults aged =18
years with hematological malignancies within the US. Abstracts without full text were excluded.
QUALSYST methodology was used to determine article quality. Data on the barriers to access and
referral for HCT were extracted, along with other study characteristics. We summarized the
findings using descriptive statistics.

Results: We included twenty-six of 3,859 studies screened for inclusion criteria. Twenty studies
were retrospective cohorts and four were cross-sectional. There was one prospective cohort study
and one mixed method study. Only one study was rated as high-quality and 16 were rated as fair.
Seventeen studies analyzed age as a potential barrier to HCT referral and access with sixteen
finding older age to be a barrier. Other consistent barriers to HCT referral and access included
non-white race (n=16/20 studies), insurance status (n = 13/14 studies), comorbidities (n=10/11
studies), and lower socioeconomic status (n=7/8 studies).

Conclusions: High-quality studies are lacking related to HCT barriers. Older age and non-white
race were consistently linked to reduced access to HCT. To produce a more just healthcare system,
strategies to overcome these barriers for vulnerable populations should be prioritized. Examples
include patient and physician education, as well as geriatric-assessment guided care models that
can be readily incorporated into clinical practice.

Keywords
Barriers; hematopoietic cell transplantation; age; race

Introduction

In 2018, it was estimated that around 9,000 patients received allogeneic hematopoietic cell
transplantation (HCT) and 14,000 patients received autologous HCTs in the US.! These
numbers are expected to gradually increase at the rate of approximately 5% each year due to
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advances in HCT strategies, increased donor availability, improved pre- and post-
transplantation care, and improvement in transplantation outcomes.? 3 In response, the
American Society for Transplantation and Cellular Therapy and the National Marrow Donor
Program/Be The Match Registry have developed and sponsored a System Capacity Initiative
(SCI).% > The SClI is a series of multifaceted efforts that uses a thoughtful process model to
engage multiple large organizations, transplant centers, and medical experts to identify
complex problems affecting the care delivery of HCT and to resolve such issues.* ®

Institutions vary with respect to patient selection, transplant indications, transplantation
regimens, and supportive care practices.® 7 Difficult logistics, complex regulatory
requirements, and the high cost of HCT require expensive and robust clinical infrastructures
and result in access barriers to these procedures;? these barriers are likely greater for older
patients. Barriers exist at the patient (e.g., age, race, financial burden),® 10 physician (e.g.,
physician perceptions and bias),11 and healthcare level (e.g., transplant infrastructure).12
With an increasing attention and focus on population health and socioeconomic factors, it is
important to understand the barriers to HCT access so these barriers can be addressed at all
levels.13 Although numerous factors may influence HCT access, no formal analysis has
detailed these factors.

In this systematic review, we identify the barriers to access and referral to HCT. In addition,
we focused on the subgroup of older patients as age is one of the most established factors
hindering HCT access. This is postulated to be due to a lack of clinical trial evidence in this
population and exclusion by frailty and comorbidity.14: 15

Data sources

We conducted this systematic review in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.1® We searched for articles
published in English in four databases including PubMed, Embase, Cumulative Index for
Nursing and Allied Health (CINAHL), and Cochrane Central Register of Controlled Trials
(CENTRAL) between the database inception and January 315, 2020. The search strategies
were developed with the assistance of a librarian (Supplement Table 1).

Inclusion Criteria

We included articles that met the following inclusion criteria: 1) Study design: qualitative,
cross-sectional, observational cohort, mixed-method study designs, or intervention trials; 2)
Outcomes: barriers related to patient and physician access and referral to HCT; 3)
Population: adults aged =18 years with hematologic malignancies within the US (since
barriers to HCT are likely healthcare system-specific). Abstracts without full text were
excluded.

Study Selection

Avrticles from initial search results were exported into Endnote x9 (Clarivate Analytics), and
duplicate articles were removed. The remaining articles were imported into Covidence
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(\eritas Health Innovation), a systematic review software package. Two authors
independently reviewed all titles and abstracts. Disagreements were discussed and resolved
by consensus. All eligible full texts were reviewed once again by two authors based on the
aforementioned inclusion and exclusion criteria. The references of selected full texts were
reviewed for additional articles.

Data Extraction and Analysis

Data from each article were extracted into a template with predetermined variables
including: first author, journal name, article title, year of publication, study design, United
States geographical location, the study population, the size (n) of the study, type of
transplant (allogeneic versus autologous), registry used if applicable, barriers assessed, mean
or median age of study participant if applicable, the age definition used in the model (e.g.,
categorical versus continuous), reasoning for the way age was defined in the model, and
barriers found. In an iterative process, each paper was scanned for 28 possible barriers (the
total of all barriers extracted from the included studies), and the barriers were categorized as
present, no association found, or barrier not assessed. If a barrier was identified in a specific
population but not others, it was considered as present. We considered the following as
barriers: 1) Positive associations found on multivariable analyses, 2) Positive associations
found on univariate analyses (if multivariate analyses were not performed), 3) If no
modelling was performed, descriptive statistics were presented; and 4) Elicited via surveys.

Quality Assessment

We used the QUALSYST “Standard Quality Assessment Criteria for Evaluating Primary
Research Papers from a Variety of Fields” to assess the quality of the studies.1” The
checklist for the quantitative studies consisted of fourteen items, each scored on a 3-point
scale. The summary score was calculated for each paper and was used to make an overall
assessment of the quality of the paper as poor, fair, or good. Details of how this was done are
shown in Supplemental Tables 2 and 3. Two authors independently assessed the articles.
Disagreements were resolved by a third reviewer.

Results

Study Characteristics

The search strategy employed (Supplemental Table 1) yielded 3,859 studies which were then
refined based on our inclusion criteria to 26 total studies (Figure 1). The studies included
had their content extracted for the variables outlined in Table 1. The articles were published
in thirteen journals from 1992 to 2019; twenty articles were published after 2009.10. 12, 18-35
Six of the articles published findings from a single center 1820.24.30.36.37 and twenty articles
used patient information from twelve different databases.

10-12, 19, 21-23, 25-29, 31, 32, 34-36, 38-40 The most commonly used databases were Center for
International Blood and Marrow Transplant Research registry (CIBMTR) (n=4

studies)26: 29. 35, 36 and the Surveillance, Epidemiology and End Results registry (SEER)
(n=6 studies).21: 23. 26, 29, 34, 36 Tyyenty studies were retrospective cohort
10,12,18,20,21,23-30,34-40 foyr were cross-sectional studies,1: 22: 31,32 gne was a prospective
cohort study,1® and one was mixed method study.33 The population size varied from 8818 to
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over 300 million;22 the latter study evaluated population-level access to HCT.22 The studies
covered a variety of hematological malignancies with the most commonly examined
population being patients with acute myeloid leukemia (n=20 studies).

10,11, 19, 20, 22, 25-34, 36-40 Tyyelve studies examined allogeneic HCT only,

11,18, 19, 24-26, 29-32, 36, 37 three studies examined only autologous HCT,12 21. 35 and eleven
studies examined both types of HCT.10. 20, 22, 23,27, 28, 33, 34, 38-40

Quality Assessment

The quality assessment determined that, of the 26 studies, nine were poor, sixteen were fair,
and one was of good quality. Based on the QUALSYST criteria,1’ the most commonly
neglected metrics by articles were estimating and reporting variance within models (n=15)
and controlling for confounding variables (n=9). Disagreements between reviewers (as
defined in Supplemental Table 2) occurred on four of the studies and a third reviewer
examined the papers to make the final determination of quality. The overall low quality of
the studies included in this paper is largely due to the lack of prospective assessments of
barriers to HCT. Our process of applying the QUALSY ST method is shown in Supplemental
Table 3. The only study to receive a good quality score was Barker et al. due to the
prospective nature of this study.19 The nine papers that received a poor quality assessment
failed to meet an average of 65% of the quality metrics as determined by two raters
(Supplemental Tables 2 and 3).

Barriers to HCT

The barriers to HCT assessed varied widely as shown in Table 2. Twenty-one studies were
done to examine barriers at the patient level,10. 12, 18-21, 23-30, 34-40 t\yg studies at the
healthcare professional level,3L: 33 two at the state level,22 32 and one at both the patient and
health professional levels.}1 Nineteen studies provided information about the age of patients
included,10. 18-30, 34, 35, 37, 38, 40 and seventeen studies analyzed age as a potential barrier to
access with sixteen of them finding it to be a significant barrier.

10,12, 20-25, 27, 28, 30, 31, 35, 38, 39 Age barrier was found for both autologous and allogeneic
HCT. The single study that did not find age to be a barrier was conducted in a single center,
had a small sample size (n=88 patients), and analyzed age as a categorical variable (<40, 41—
60, and >61 years).18

Of the seventeen studies!0: 12. 18, 20-25, 27, 28, 30, 31, 35, 38-40 that evaluated age as a barrier,
definitions of age varied (Table 1). Age was treated as a categorical distribution in eleven
studies and a continuous variable in six studies. The analytic models often controlled for
available confounding variables (e.g. comorbidities). When age was treated as a categorical
variable, the definitions often differed. The cut-offs were either 60 or 65 years. Thirteen of
17 studies did not provide a rationale for the age cut-off.10. 12, 18, 20-23, 27, 28, 30, 38-40 The
remaining studies primarily defined it based on the clinical likelihood that anyone above that
age would receive an HCT.24 25,31

An analysis of race showed that sixteen0. 12, 19-23, 25-28, 30, 31, 34, 35, 40 gt of twenty
studies0: 12, 19-31, 34, 35,3840 foynd it was a significant barrier to HCT access. Race was a
barrier in both autologous and allogeneic HCT. In a large retrospective study (N=137,409)

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Flannelly et al. Page 6

Al-Hamadani et al. found that, despite a steady rise in the autologous HCT rate among all
populations, Black and Hispanic patients had a significantly lower autologous HCT growth
rate.12 Barker et al. found that for allogeneic HCT, racial barrier may be due to the decreased
representation seen in the bone marrow transplant registry for southern European, Asian,
African, White Hispanic, and mixed non-European patients.1® Another single-center study
showed that Black patients with acute myeloid leukemia were significantly less likely to
receive an HCT referral; however, overall survival did not differ for those who were referred.
20 The differences in referral pattern persisted even controlling for the more complex
karyotypes often found in Black patients.2? Other factors that have been suggested to explain
the racial discrepancy in HCT referral and treatment include socioeconomic status, increased
comorbidities, and inadequate health insurance. In 20,916 patients with multiple myeloma,
Fiala et al. demonstrated that racial disparities in autologous HCT persisted despite adjusting
for the aforementioned factors. Black patients were 37% less likely to utilize autologous
HCT and also less likely to receive bortezomib treatment.23

The next most analyzed barrier was gender/sex and seven of the seventeen

studies0. 12, 21-28, 30, 31, 35, 36, 38-40 foynd it to be a significant barrier to access. Of the
seven studies, female gender/sex was a barrier in four studies,?1: 23. 36. 39 male gender/sex
was a barrier in one study,3one study in allogeneic HCT26 found that it depended on the
cancer and transplant types, and one study in autologous HCT found it depended on race/
ethnicity.3° Joshua et al. found that overall the results for gender/sex were much more
inconsistent than for race or age with some significant findings only existing in certain
subgroups of both cancer and donor type.28 Hwang et al. found gender/sex only to be a
significant barrier in older adults with leukemia.3°

Other assessed barriers include insurance status, with 13 of 14 studies finding this to be a
barrier (e.g., lack of insurance status, non-private insurance, or non-managed care insurance)
10, 11, 12, 18, 23, 24, 27, 30, 31, 32, 33, 38, 39, 40l followed by comorbidities (n = 10/11)

10,12, 20, 23, 24, 27, 30, 31, 37, 38, 39 gpcineconomic status (n=7/8),10: 12. 18, 23-25, 27,29 cancer
type (n=5/6),18: 27. 36, 38-40 yiear diagnosed (n=6/6),10: 12. 23-25,40 an( disease status (n=6/6).
11,18, 20, 24, 30, 37 The aforementioned barriers occurred in both autologous and allogeneic
HCT. Barriers that were specific to allogeneic HCT included: donor/human leukocyte
antigen-subtype availability, psychiatric disability, marital status, poor understanding or
medical non-compliance, language, availability of other treatment options, perception of risk
by physicians, and experience with HCT.

Discussion

HCT can be a curative or life-extending treatment for many leukemias, lymphomas, and
myelodysplastic syndromes, as well as a plethora of other malignant and non-malignant
conditions. To the authors’ knowledge, this is the first large-scale systematic review of
factors that may impede access to HCT in various populations. The studies included in this
systematic review generally limited themselves to specific diseases (e.g., acute myeloid
leukemia, multiple myeloma, myelodysplastic syndrome), specific types of HCT (e.g.
autologous, matched-related allogeneic, or non-related allogeneic), and the types of barriers
that patients encounter (e.g. race, age, sex, household income, insurance, education level,
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etc.). Only one study was prospective and considered high-quality, with the remaining being
low to fair quality. Among the 28 variables that were assessed as possible barriers, most
were patient-level with age, race, and insurance status being the most consistent. Studies
evaluating barriers at the levels of physician, organization, and policy are severely lacking.
Our results highlight inequalities in healthcare provision between groups.

We found older age to be the one of the most frequent barriers reported. The studies
attributed the barriers of older age to a range of issues although evidence for underlying age-
related barriers were rarely provided. When provided, studies attributed it to a lack of
prospective studies in older adults,0: 21. 24 perceived higher risks vs. benefits,27: 39 current
guidelines,?3 higher levels of comorbidities,10: 23. 25 and a bias against HCT as a modality in
older adults among physicians.24 2531 Other potential explanations include a lack of
information on the efficacy of treatment in the older population, patient preferences,
healthcare system barriers, insurance, and the rapid changes in transplant practice making it
difficult for referring physicians to remain up to date. Studies used a range of ages when
analyzing age as a variable. These studies often defined older adults as the age above (60 or
65) which HCT was generally not recommended. The use of various age cut-offs suggests
uncertainty surrounding the use of HCT in older adults. Nonetheless, several studies and
guidelines have supported the use of HCT in older adults (>60 years), with improvement in
survival rates.*1=48 In four prospective AML trials of 1,155 patients aged 60 years and over,
allogeneic HCT was associated with improvement in 5-year overall survival compared to
non-allogeneic post-remission therapies among those with intermediate- or adverse-risk
AML.#2

Several strategies may improve the challenge of limited HCT use (and more broadly
treatment decision-making and selection) among older adults outlined in this systematic
review. First, prospective and/or randomized controlled trials investigating HCT in this
population, focusing on the efficacy, tolerability, and outcomes important to older adults
(e.g., functional status, cognition) should enhance generalizability. One such example is the
BMT CTN Protocol 1704 CHARM study (ClinicalTrials.gov Identifier; NCT03992352) that
aims to validate pre-HCT factors (patient-reported factors, clinical factors, and biomarkers)
and to risk stratify for non-relapse mortality after allogeneic HCT in older adults. Second,
we believe education for both referring physicians and patients on the increasing utility and
promising outcomes of HCT in older adults will promote shared decision-making and
referral to transplant centers. Third, geriatric assessment may help identify older patients
who are fit enough for HCT.49: 50 Earlier referral and use of geriatric assessment may not
only improve HCT access but can be used to identify subtle issues that may preclude HCT
(e.9., lack of social support, comorbidities, functional impairment), as well as to predict
morbidity and mortality.%: 51 One recent single center study demonstrated a new model of
care incorporating a cancer-specific geriatric assessment and a multi-disciplinary team of
providers to create individualized supportive care plans for allogeneic HCT among those
>60 years.>2 Patients had better survival, fewer inpatient deaths, shorter lengths of stay, and
fewer discharges to nursing facilities than historical control subjects arguing for prospective
studies.>2
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Like age, our systematic review found systemic barriers of race, socioeconomic status, and
insurance that are not unique to HCT. For example, Fiala et al. showed that HCT and receipt
of bortezomib differed by race.23 This finding confirms what is already colloquially known
i.e., racial disparities are not be unique to HCT, but persist throughout the American
healthcare system.23 Race as a barrier to HCT has been well-described by several
population-based studies;23: 26. 34 it is country-specific and exists in multiple levels
including donor availability, access to HCT, and outcomes of HCT.26: 53 The Agency for
Healthcare Research and Quality (AHRQ) reported on national and state healthcare
disparities after an Institute of Medicine report called for national attention to the large racial
and ethnic disparities in the United States. A multifaceted, interdisciplinary approach like
the one outlined by Fiscella and Sanders is needed in addressing these racial barriers that
persist throughout the United States health care system. However, there are more immediate
actions that can be taken within the field. Barker et al. outline a path forward with increasing
donor matching utilizing cord blood, Schriber et al. propose education on early referral to
transplantation centers, and Joshua et al. highlight that additional studies are urgently needed
in searching for reasoning behind the barriers.1% 26. 35 |n addition, advances in and
increasing use of haploidentical transplantation may reduce racial barriers associated with
lack of donor availability for allogeneic HCT.%®

Insurance status was also a significant barrier to HCT referral or treatment. Several studies
found that type of insurance mattered (private vs. non-private insurance, managed vs. non-
managed care),23 24 and whether or not patients had insurance played a role in the
utilization of HCT.3? These findings suggest economic factors present significant
consideration in treatment decisions, specifically the decision to refer and transplant.
Barriers based on gender/sex had some of the most mixed results from the studies analyzed,
with some further sub-population analysis showing a positive relationship,12: 36 whereas
others showed a negative relationship.3> Large prospective studies are therefore needed to
understand whether gender/sex is a barrier to HCT.

Twenty studies10-12. 19, 21-23, 25-29, 31, 32, 34-36, 38-40 jncluded in our systematic review
utilized population-based databases but only elevenl0. 12,21, 23,25, 27, 28, 32, 36, 38, 39 jnc|yded
information about the database and its possible limitations. These databases are robust
resources for information and allow for powerful analyses, but much of the information
overlaps among studies and thus they can replicate some of the innate biases of the
databases. The SEER registry, which was used by 6 studies, includes 18 cancer registries and
covers about 28% of the Unites States population. When compared with the non-SEER
population, SEER populations overrepresented minorities, economically disadvantaged
persons, urban geography, and young people.>8 Thus, studies that used the SEER registry
should attempt to enhance the robustness of their studies by combining different databases
(assuming other databases do not have the same characteristics). Many studies that did
report limitations of their databases cited missing data for some of their variables. For
example, the National Cancer Database (NCDB), used by two of the studies, 10 57 only
collects data on the first course of treatment defined as “methods of treatment recorded in
the treatment plan and administered to the patient before disease progression or recurrence”.
58 Therefore, prospective collaborations across institutions, registries, and countries to
validate and address barriers to HCT may yield more valid and actionable findings.>®
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Our study has some limitations. Important exclusions included non-English language, and
studies conducted in non-United States countries to reduce heterogeneity. Nevertheless,
comparisons to other healthcare systems may yield insights into the influence of structural
factors (e.g., insurance status). Second, most papers included were perceived to be of low
quality amd Third, many of the studies did not analyze barriers within various sub-
populations thereby limiting our ability to compare barriers across subgroups. Forth, studies
analyzing insurance as a barrier did not provide specifics of insurance coverage (e.g.,
immunosuppressive and antimicrobial medications post-transplantation). Lastly, seven
additional articles were identified through review of references in included papers, so it is
therefore possible that other relevant papers may have been omitted from our review. It may
also indicate that access or barriers may not be well-defined in the literature.

In conclusion, the literature about barriers to access for HCT is growing; although, high-
quality prospective studies are lacking. Inequalities of care among different populations have
become evident in patients needing HCT. Our review demonstrates that even in those
patients receiving specialized care, the United States healthcare system struggles with
persistent inequalities. Many systemic factors that may promote inequality of care were
identified. Older age and non-white race were consistently associated with constrained
access to HCT. Focused interventions and research to equalize HCT access and produce a
more just healthcare system are a high priority. These include more foundational work (e.g.
qualitative interviews with patients, physicians, and healthcare leaders) to better understand
the barriers. Ongoing efforts to reduce barriers for older patients should be encouraged and
promoted in other under-served populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

. There are significant barriers to accessing hematopoietic cell transplantation
(HCT).

. High-quality studies are lacking related to HCT barriers.

. Older age and non-white race were consistently linked to reduced access to
HCT.
. Strategies to overcome these barriers for these vulnerable populations should

be prioritized.
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Literature screened for topic
relevance (n = 3,542)

Articles excluded based on obviously irrelevant
titles and abstracts (n = 3377)

!

Articles where full-text assessed
for eligibility (n = 165)

l

Articles eligible after full-text
assessed (n = 19)

Literature excluded after full-text assessed (n =
146)

55 Abstracts only

34 Review articles/Editorials

47 Did not evaluate barriers to access to
transplant

5 Did not evaluate relevant barriers to transplant
1 Non-English language

;

Articles included in analysis
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Additional articles obtained through reference lists
=7

Figure 1: PRISMA diagram
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