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Abstract

Purpose of Review—Improved tolerability and outcomes after hematopoietic cell
transplantation (HCT), along with the availability of alternative donors, have expanded its use.
With this growth, and the development of additional cellular therapies, we also aim to increase
effectiveness, efficiency, and the quality of the care provided. Fundamentally, the goal of value-
based care is to have better health outcomes with streamlined processes, improved patient
experience, and lower costs for both the patients and the health care system. HCT and cellular
therapy treatments are multiphase treatments which allow for interventions at each juncture.

Recent Findings—We present a summary of the current literature with focus on program
structure and overall system capacity, coordination of therapy across providers, standardization
across institutions, diversity and disparities in care, patient quality of life, and cost implications.

Summary—Each of these topics provides challenges and opportunities to improve value-based

care for HCT and cellular therapy patients.

Keywords
Value-base care; Hematopoietic cell transplantation; CAR-T cell; Cellular therapy

Introduction

Over 20,000 hematopoietic cell transplantations (HCT) are performed annually in the USA
and are often the only known curative therapy for some patients with high-risk malignant
and non-malignant hematologic diseases. In addition, chimeric antigen receptor T cell (CAR
T cell) therapy has been recently approved as an option for some leukemia and lymphoma
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patients who have relapsed after HCT or may not qualify for HCT due to refractory or
persistent disease. Both of these modalities are resource intensive and can have potentially
life-threatening side effects, but the risks are often outweighed by the potential long-term
disease-free survival.

Both autologous and allogeneic HCTSs are a several step process including referral from the
treating oncologist and achieving appropriate disease control prior to transplantation;
determination of insurance coverage; medical clearance; acquisition of the cells from the
patient (autologous) or a donor (allogeneic); the HCT hospitalization including
chemotherapy, monitoring while cytopenic, and count recovery allowing for discharge;
convalesce; and long-term survivorship. Each of these phases lends itself to opportunities
and challenges in improving care [1].

Value-based care is defined as “the practice of medicine incorporating the highest level of
evidence-based data with the patient-perceived value conferred by healthcare interventions
for the resources expended [2].” As the HCT field has embraced incorporating quality into
the standard of care and the volume of HCT annually continues to increase, the aim of this
review is to summarize the available literature and identify areas for further advancing
value-based care in hematopoietic cell transplantation and the use of cellular therapies.
Much of the focus will be on the USA; however, these concepts can apply broadly
worldwide.

What Is Value-Based Care?

Value-based care requires a combination of improved health outcomes through better
processes of care, enhanced patient experience, and reduced costs (Fig. 1) [3, 4].
Operationally, the measurement of such value then can then be broken down into these
pieces. The process of care related to the health care system is both the physical structures
and the operational teams delivering care. The patient experience relates to both the
symptom burden caused by the treatments and the ease at which they navigate the system.
Finally, cost can be evaluated from different perspectives, the financial impact on the patient,
the health care system costs mediated between the payers and providers, and the societal
costs determined by these choices.

Structure and System Capacity

In the modern transplant era, the vast majority of patients will have a donor, thereby

removing this aspect as an obstacle to care. Furthermore, with better outcomes, more
patients reach the survivorship phase and require monitoring for late effects [5]. The

challenges of increasing volume and value now include the availability of personnel,
physical space, and overall system capacity.

The National Marrow Donor Program (NMDP) along with the American Society for Blood
and Marrow Transplant (ASBMT) conducted a 3-year symposium, the System Capacity
Initiative, starting in 2009 to evaluate how to accommodate the increasing number of
patients who qualify for an HCT [6, 7]. A wide variety of stakeholders including HCT
physicians, advanced practice providers (APP), nurses, administrators, payers, and
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professional organizations discussed the barriers to meet the anticipated growth. In terms of
the physician workforce, they identified that a comprehensive database of HCT physicians
did not exist. Furthermore, their calculations showed that an additional 1300 HCT
physicians would be needed by 2020 to meet the projected growth, but that this could be
difficult due to minimal exposure early in training, lack of HCT specific certification, and
the challenge of work/life balance [8]. Similar shortages and challenges were identified for
the APPs and nurses. Many of these initiatives have occurred since that time, primarily along
the lines of early exposure during training across all types of providers, the availability of
advanced HCT training/fellowships, and the electronic centralizing of available resources for
education and career opportunities.

With increased patients, consideration also has to be given to the capacity within facilities.
Between 2005 and 2009, the NMDP Transplant Center Network Renewal Survey found that
the number of allogeneic HCT increased by 30%, while the bed capacity increased by 17%,
with a major portion of the increase from small- to medium-sized HCT centers [9].
Furthermore, Thiessen polygon boundaries were constructed to group transplant centers into
market areas and determine the potential unmet need by the currently available programs
[6]. Due to the geographical distributions of these centers, patients are often asked to remain
locally for several months after HCT, and accommaodations are also limited.

To further quantify the availability of sufficient infrastructure and appropriate models of
care, a 42-item web-based survey was administered to medical directors of HCT centers
evaluating their provider characteristics, team structure and processes, transplantation unit
structure and resources, and medical center attributes [10]. The majority of programs
incorporated APPs and pharmacists, but with a lower percentage including medical residents
or fellows. Furthermore, most reported dedicated hospital beds for HCT patients and about
half described an outpatient transplant option. Overall, Majhail et al. showed that there was
considerable variability within the 84 adult and 53 pediatric programs participating, with a
portion due to the annual transplant volume. However, they note that even programs with
similar volumes and outcomes used their resources in different ways. Nivison-Smith et al.
recently published evidence from Australia and New Zealand showing the constraints and
variation are not unique to the USA and are likely more limiting in other countries [11].

Proposals of how to expand personnel capacity have included the incorporation of allied
health professionals and transitioning aspects of care to other team members. One such
strategy in HCT programs has been the increased involvement of the pharmacists for
medication management via collaborative practice agreements [12, 13]. Laws controlling the
degree of involvement vary by state and range from not allowing collaboration at all (in six
states) to modification of existing therapy to starting new therapy, and even allowing
reimbursement for these services, which was made possible by the Centers for Medicare &
Medicaid Services (CMS) recognizing pharmacists as medical staff in the hospital setting in
2012 [14]. More recently, pharmacists conducted a study through the American Society of
Clinical Oncology Quality Oncology Practice Initiative (ASCO QOPI) and found that 38%
of the included measures had potential for pharmacist impact [15]. In the HCT setting,
pharmacist collaboration is extremely helpful given the number of medications per day at
various schedules, the monitoring of therapeutic immunosuppression levels, and the
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complexity of the drug-drug interactions. In furthering value-based care, this model allows
for improved efficiency of responding to clinical changes and standardization within
institutions, as well as between programs around the country. Furthermore, as the pharmacist
has the discussion of these changes, the physician or APPs can evaluate the next patient,
thereby increasing the overall capacity of the program.

Team members critical for superior patient outcomes include occupational and physical
therapists, dieticians, case managers, and social workers, among others. The Social Work
Workforce Group conducted a survey of HCT social workers which similarly found
variability between programs in the scope of practice and responsibilities [16]. While they
note challenges including not enough time to provide services and the emotional drain of
taking care of chronically ill patients, the ability to offer care throughout the transplant
process enhanced the provider and patient experience. Each team member therefore
contributes in a way to improve care, with the need for additional providers as there is
programmatic growth.

Coordination and Standardization

Another aspect of value-based care is the coordination and standardization of process to
improve outcomes and avoid medical errors. As described above, the care of a single HCT
patient requires a multitude of providers from their initial diagnosing and treating
hematologist/oncologist to the HCT team after referral and back to the primary care
physician managing chronic follow-up care. Furthermore, the health care system and
insurance considerations along this pathway are complex. In addition, from early post-HCT
day-to-day management to long-term survivorship, there are many opportunities for
increasing consistency of care. Much standardization in the HCT field is monitored by the
Foundation for the Accreditation of Cellular Therapy (FACT) or the Joint Accreditation
Committee ISCT-EBMT (JACIE).

Due to a need for consistent nomenclature in clinical practice, research, and billing,
LeMaistre et al. proposed definitions for the episodes of care for HCT patients [17]. They
focused on the type and timing of the infusion and associated these with the available
International Classification of Diseases 9 Procedure Codes (ICD-9), Current Procedural
Terminology (CPT), and Medicare Severity Diagnosis Related Group (MS-DRG) codes.
These definitions were expanded by an ASBMT taskforce to delineate episodes of HCT care
in 2015 when the need arose to define routine costs in clinical trials that would be covered
by payers as required by the Patient Protection and Affordable Care Act [18]. The transplant
process was divided into evaluation, pre-transplantation workup, the transplantation event
(conditioning through day 30-120 after HCT), and follow-up care.

On the basis of this prior work and through discussion, the Care Coordination Working
Group facilitated by the National Marrow Donor Program/Be The Match in 2016 described
the involved stakeholders and their primary goals and challenges along the phases of the
transplant process, which they divided into the phases defined in 2015 [19]. In addition, they
proposed elements for a care coordination model in HCT, which incorporated increased
dialog between providers, patients, and other stakeholders, increased patient access, and
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education, improving the use of health care information technology to augment traditional
patient care. Specifically, some of the suggestions included patient navigators, telemedicine
post-transplant care [20], survivorship clinics, self-management support including peer-to-
peer conversations and social media, and standardized evidence-based care pathways.
Finally, they discussed the importance of metrics to document the effectiveness of
interventions and provide basis for further improvement.

In the acute phase of the HCT, a large portion of time and medical decision-making
surrounds the complicated medication regimen for immunosuppression, infection
prophylaxis, and maintenance therapies to prevent relapse. However, all of this effort is
undone if a patient is not taking the prescribed drugs, which may be due to many reasons
including fatigue, nausea, pill burden, and confusion due to frequent changes. Morrison et al.
reviewed the available literature focusing on medication adherence in the first 100 days after
HCT [21]. In the five included studies, the adherence rate was 33 to 94.7%, which were
measured by self-reporting, pill counts, and electronic bottle cap monitoring, and decreased
over time. The authors conclude that further research is needed to identify barriers and to
then test strategies to increase medication compliance.

With the improvement in long-term outcomes, the HCT community now also has a growing
population of patients in the final phase along the HCT pathway, and survivorship issues
provide ample areas for instituting and improving value-based care, partly due to more
easily measurable metrics. One challenge for this field is that there is less robust evidence
due to more retrospective or cross-sectional studies without adequate control groups. To
identify the gaps in understanding and the available infrastructure, the National Cancer
Institute and National Heart, Lung, and Blood Institute sponsored a 12-month initiative
including clinicians, researchers, patient advocacy groups, and representatives from
ASBMT, Center for International Blood and Marrow Transplantation Research (CIBMTR),
European Society for Blood and Marrow Transplantation (EBMT), and the National Cancer
Institute’s National Clinical Trials Network [22¢] and published a series of papers on
immune dysfunction [23], cardiovascular disease [24], secondary malignancies [25], patient-
centered outcomes [26], health care delivery [27], and research design in survivorship [28].
Overall, they found many areas for improvement and suggestions for future interventions
and research.

Diversity and Disparities

While an extensive discussion of HCT outcome disparities due to race, gender, and
socioeconomic status is beyond the scope of this review, these factors are important to a
discussion of value-based care as additional focused interventions are likely needed to
counterbalance their effects. Using the Surveillance, Epidemiology, and End Results (SEER)
cancer registry between 1997 and 2002, Joshua et al. report that HCT is more frequently
used to treat leukemia, lymphoma, and multiple myeloma in Caucasians than in African
Americans, and that women were less likely than men to receive an autologous HCT when
controlling for age and disease factors [29]. Worse outcomes after HCT have been seen in
patients with lower health literacy and increased comorbidity, those lacking social support,
and those residing in more rural areas [29-34]. Across all racial groups, patients with
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median incomes in the lowest quartile (< $34,700) had worse overall survival (RR 1.15; 95%
Cl 1.04-1.26, p=0.005) and higher risks of treatment-related mortality (RR 1.21; 1.07—
1.36, p=0.002) [30].

In part, some of these poorer results may be due to a delay in referral to a transplant center
[35, 36] or other barriers to access [16], and efforts are ongoing to improve early referral for
HCT [37]. More recently, higher income (p = 0.004), ability to work (p < 0.001), and having
a partner (p=0.021) were associated with better mean Lee chronic graft-versus-host disease
(GVHD) symptom scores and quality of life (QoL), but not overall survival or non-relapse
mortality in patients in the Chronic GVHD Consortium Improving Outcomes Assessment
study [33]. More research is therefore needed into the relationship between biology, social
factors, and outcomes.

Quality of Life/Patient-Reported Outcomes

Beyond addressing infrastructure, process, and social issues, a key component of value-
based care is the improvement in QoL, which can be measured either by standardized
questionnaires or by validated patient-reported outcome surveys [38, 39]. Studies of QoL
after HCT have been more common in pediatrics [40-44]. More recently, assessment of
QOL has been incorporated prospectively into clinical trials and observational studies in
adult patients [45-53]. Overall, QoL decreases during the acute post-HCT period, with the
worse QoL at the nadir of the blood cell counts, and improves with count recovery with
stabilization around 1 year after HCT.

Several different QoL measures exist, and there is little consensus on which to include in
studies. Pidala et al. describe the various multi-item measures that have been used or
validated in the HCT population [39]. They also comment on the importance of longitudinal
evaluation with repeated testing at different time points along the HCT journey. Long-term
outcomes have been evaluated by Bevans et al. who enrolled patients who had survived to 3
years after HCT for annual QoL assessment [54] and summarized by the Patient-Centered
Outcomes Working Group described above [26]. Additionally, mail and phone surveys have
been conducted as a secondary data analysis using HSCT survivors identified from the
CIBMTR, which showed physical symptoms were more associated with physical health-
related QOL (HRQOL), while depressive symptoms and psychosocial factors impacted
mental HRQOL more than physical HRQOL [49].

Alternatively, primarily two instruments have been used to collect patient-reported outcomes
(PROs), the MD Anderson Symptom Inventory (MDASI) [53], and the National Cancer
Institute Patient-Reported Outcomes version of the Common Terminology Criteria for
Adverse Events (NCI PRO-CTCAE) [55]. These symptom scales differ from traditional
quality of life measures in recall time (over the prior 24 h instead of 1 week) and in purpose
(as these tend to focus on particular symptoms as opposed to global measures). In the
autologous HCT setting, fatigue, pain, lack of appetite, disturbance in sleep, and drowsiness
were the five most bothersome symptoms within the first 30 days after HCT when quantified
by the MDASI [56]. Several studies have attempted interventions to improve symptom
burden measured by the MDASI [51, 52, 56], with true acupuncture more efficacious than

Curr Hematol Malig Rep. Author manuscript; available in PMC 2019 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shah et al.

Costs

Page 7

sham acupuncture in reducing nausea, lack of appetite, and drowsiness (o= 0.042, 0.025,
and 0.01, respectively), as well as decreasing the amount of pain medications needed.

Overall, the use of traditional QoL scales or patient-reported outcome measures allow for
better monitoring of symptom burden and suggest areas for interventions to improve care. In
order to advance value-based care in HCT and cellular therapies, broader use of standardized
and validated instruments allows for comparison across centers and between processes.
Finally, as we increase the long-term success as measured by standard survival outcomes,
metrics focusing on the patient’s journey and recovery allow for greater tolerability of the
HCT and augment value from the patient perspective.

Beyond the quality of care as delineated by the components above, the other side of value is
cost. The increased volume of HCT adds financial burden to the health care system, both to
the patient and caregivers and to the payers. Several researchers have evaluated these aspects
of the HCT process.

Through a retrospective questionnaire of 268 HCT patients at the Mayo Clinic, most of
whom had insurance, Khera et al. report that 73% of patients noted their illness affected
their finances; 47% had increased financial burdens including their household income
decreasing by > 50%, selling/mortgaging home, or withdrawing money from retirement
accounts; and 3% declared bankruptcy [57]. A portion of this financial hardship is due to the
out-of-pocket costs of medications after HCT. Farnia et al. estimate the burden on Medicare
patients using copayment amounts attached to the categories of standard medications after
HCT [58] and found that patients may pay from $6700 to $8000 for 6 months worth of
medications while enrolled in a Medicare Advantage plan, which would increase greatly if
the patient develops complications requiring longer term therapies. Given the inverse
association between financial toxicity and quality of life, treatment adherence, and survival
[59], solutions to these problems from the payer, pharmaceutical, and policy perspectives
have a significant potential to improve care.

An early step in the pathway to HCT is the determination of insurance coverage, which can
be widely variable between public and private payers, as well as within different plans by the
same payer [60, 61]. As such, the Financial Working Group of the NMDP System Capacity
Initiative examined the HCT benefit across payers. They created a consensus package that
would avoid major coverage gaps while maintaining good outcomes, which included the
donor search, cell acquisition and procurement, cell infusion, hospital care, travel and
lodging, prescription medications, and routine care while allowing participation on clinical
trials, though acknowledged that the majority of plans do not meet these standards [62¢].

Studies that evaluate the actual cost of HCT have been heterogeneous, with variable time
frames and most being single center and conducted outside the USA [63-65]. However, an
initial autologous HCT hospitalization costs on average between $36,000 and $88,000, while
an average allogeneic HCT costs $200,000. To better characterize the cost in the USA,
Majhail et al. used a longitudinal administrative claims database [66]. The median 100-day
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total cost for an autologous HCT was $99,899 (interquartile range (IQR), $73,914-140,555),
and for allogeneic HCT was $203,026 (IQR, $141,742-316,426), with more than 75% of
costs occurred during the initial transplant hospitalization.

The next step is the combined evaluation of costs and outcomes for comparison between two
strategies as done in cost-effectiveness or a cost-utility analysis [65, 67-69]. These have
been less frequently conducted in the HCT setting, but as an example, Shah et al. examining
the cost-effectiveness of autologous HCT for elderly patients with multiple myeloma
compared to non-HCT strategies using the SEER-Medicare database found a longer median
overall survival with HCT with an incremental cost-effectiveness ratio (ICER) of $72,852
per life-year gained, which is in the range of interventions considered cost-effective [68].
Similarly, using a decision analysis model, Pandya et al. determined that early autologous
HCT had a benefit of 1.96 quality-adjusted life years compared to delayed HCT and was
potentially cost-effective [69]. Overall, defining the costs and conducting comparison
evaluations between therapeutic options are the first steps to determining areas for
improvement.

CAR T cell Therapy

Tisagenlecleucel (Kymriah, Novartis) and axicabtagene ciloleucel (Yescarta, Kite
Pharmaceuticals) are recently FDA-approved CAR T cell therapies for B cell acute
lymphoblastic leukemia (B-ALL) and non-Hodgkin lymphoma (NHL), respectively, with
impressive clinical outcomes, but also high costs. As such, the issue of value-based care is
also relevant with the expected upsurge of use for these therapies. Many of the concerns
surrounding HCT from risk of complications, to QoL, to insurance coverage and billing
issues are also applicable in the CAR T cell discussion.

While there are limited clinical results and minimal QoL data for CAR T cells, the financial
aspects have been more widely discussed as the price for a single treatment of
tisagenlecleucel is $475,000 and for axicabtagene ciloleucel is $375,000, with Novartis
attempting outcomes-based pricing with a plan to charge for tisagenlecleucel only if treated
patients go into remission within 1 month [70, 71]. Outcomes-based (or value-based) pricing
is not a new idea, but has not been broadly adopted in the health care industry as of yet. The
goal is to modulate the unsustainable price increases in newer agents by setting the price
based on how well the medication or intervention works in a particular situation. In practice,
this can be done by setting a price for an indication, charging that price only if a particular
outcome is reached, or a rebate if the patient achieves the target metric. Partly, the challenge
remains what the metric and goal should be for each case.

Furthermore, the prices are for the cellular therapy only and do not account for the costs of
the hospitalization or complications, such as the anticipated cytokine release syndrome. One
of the early issues with HCT reimbursement was the lack of appropriate billing codes,
prompting creation over time of appropriate codes and the transition from fee-for-service to
bundled payments for a defined HCT episode [61, 72]. If a code does not exist, there is no
routine method for a claim to be entered by a provider or paid by an insurance company, so
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in an effort to standardize efforts until more appropriate codes are created, the ASBMT has
conducted an extensive evaluation and presented guidance on the most suitable options [73].

The Institute for Clinical and Economic Review recently released its draft evidence report
regarding CAR T cell therapy for B cell cancers [74e¢]. They present a detailed analysis of
the clinical data, as well as cost-effectiveness models for both approved CAR T cells. While
there will likely be debate over the created model both for the comparators chosen and the
treatment course, they found the use of tisagenlecleucel in B-ALL provides clinical benefit
in terms of gains in quality-adjusted and overall survival over clofarabine and the majority of
time is cost-effective at a willingness-to-pay threshold of $150,000/QALY. The use of
axicabtagene ciloleucel in NHL also provided clinical benefit in terms of gains in quality-
adjusted and overall survival over chemotherapy, but at the same threshold, was cost-
effective in only 68% of the model’s iterations. Overall, these analyses are important to be
conducted, but likely will have to be adjusted as the outcomes, processes, and costs become
more apparent.

Discussion

Modern indications, the availability of alternative donors, and progress in conditioning
regimens, supportive care, and survivorship allow for expanded use of HCT and cellular
therapies with improved outcomes. According to an Agency for Health Care Research and
Quality report, HCT generated the most rapid increase in total hospital costs from 2004 to
2007 with a growth rate of 84.9% and 1.3 billion dollars spent in 2007 [75]. With this
increase in cost, it behooves us to optimize value, defined in this sense as the health
outcomes achieved per dollar spent. Frameworks put forward by the American Society of
Clinical Oncology and the National Comprehensive Cancer Network, as well as others, aim
to streamline management to increase value. Additionally, newer payment models such as
the patient-centered medical home defined by the Medicare Access and Children’s Health
Insurance Plan Reauthorization Act (MACRA) offer suggestions for enhancing value by
delivering well-coordinated care [76].

The multiphase HCT process is complex due in part to the transitions of care with the
required communication between providers, the availability and access to an HCT center
with the requisite specialized care team, and the extensive financial and caregiver support
needed from the evaluation phase through long-term survival. These challenges may be
slightly different for the CAR T cell therapies, but both procedures remain resource and
cost-intensive high-risk high-rewards strategies. In the HCT field, there has been much work
in outlining the opportunities for intervention to improve value-based care as described
above (Table 1).

The optimization of care can be measured by outcome, process, and structural metrics, with
some well defined in the HCT setting [1]. The most concrete of these is the center-specific
CIBMTR report providing the observed and expected 1-year survival based on case mix
[77]. Standardization and reporting of additional metrics may be the next step in expanding
value-based care across HCT centers. Additionally, value-based purchasing, which combines
the concepts of bundled payments and pay-for-performance, may be on the horizon with
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narrowing payer networks and the labeling of “centers of excellence [72],” which will
require adaptations in both structure and process. Finally, the aim of increasing value-based
care is not limited to the HCT and cell therapy settings, as evidenced by a similar discussion
surrounding kidney transplantation [78], and it will likely behoove the transplant community
to more broadly examine the progress in other fields and possibly apply proposed solutions
to HCT given the evolving health care legislative climate.

Increasing value-based care for hematopoietic cell transplantation and cellular therapies is a
laudable goal, which has been taken on by many of the stakeholders involved. Physicians,
advanced practice providers, pharmacists, and allied health professionals, as well as the
ASBMT, NMDP, CIBMTR, and additional professional societies, have devoted the
considerable time and resources to the investigations summarized in this review. The
development and implementation of proposed interventions are now needed to continue to
advance and improve outcomes, quality of life, and overall delivery of care.
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Conceptual diagram of value-based care in hematopoietic cell transplantation
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