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Background: BMT CTN 1101 is a Phase III randomized controlled trial evaluating 
the comparative effectiveness of double unrelated umbilical cord blood 
(dUCB) versus HLA-haploidentical related donor bone marrow (haplo-BM) 
donor cell sources for blood or bone marrow transplantation (BMT) in patients 
with hematologic malignancies. Herein, we present the rationale, design and 
methods of the first cost–effectiveness analysis to be conducted alongside 
a BMT trial. Methods: Consenting patients will provide health insurance 
information to allow calculation of direct medical costs from reimbursement 
records, and will provide out-of-pocket costs, time costs and health-related 
quality of life measures through an online survey. These outcomes will inform a 
cost–effectiveness analysis comparing dUCB and haplo-BM donor cell sources 
from patient, payer and societal perspectives. Conclusion: Novel approaches 
may significantly change the cost, outcomes or availability of BMT. The results 
of this analysis will be the first to provide a comprehensive evaluation of the 
comparative effectiveness of these approaches from multiple perspectives.

KEYWORDS: blood and bone marrow transplant n cost–effectiveness n Phase III 
n randomized controlled trial

Reduced intensity conditioning (RIC) prior to blood or bone marrow transplanta-
tion (BMT) has allowed many older and less clinically fit patients with high-risk or 
advanced hematologic malignancies to receive a potentially curative treatment with 
allogeneic transplantation [1–5]. Currently, standard practice involves transplantation 
from a human leukocyte antigen (HLA)-matched sibling or a suitably HLA-matched 
unrelated donor; however, more than a third of patients do not have a match. Unfor-
tunately, because an unrelated donor search can take up to 4 months [6], many patients 
succumb to their disease while awaiting identification of a suitably matched donor [7].

New sources for donor cells for RIC BMT, such as bone marrow from HLA-
haploidentical family members (haplo-BM), or unrelated double umbilical cord blood 
(dUCB), may permit timelier BMT for adult patients lacking suitably related or 
unrelated donors [8–12]. However, the comparative effectiveness of RIC transplanta-
tion from haplo-BM relative to dUCB remains to be determined [8]. Accordingly, the 
National Heart Blood and Lung Institute [13] recently funded a Phase III randomized 
trial through the BMT Clinical Trials Network (BMT CTN 1101). The primary 
hypothesis is that progression-free survival will be similar in patients receiving dUCB 
and haplo-BM transplantation. 

Because BMT is costly, advances that extend this option to a larger number of 
patients with leukemia and lymphoma have important economic consequences. 
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In addition, the acquisition cost of the dUCB 
graft is significantly higher than haplo-BM, and 
potentially prohibitive for some patients [12,14,15]. 
There is also uncertainty about the relative rates 
of hematopoietic recovery and adverse events, 
both of which could have clinically meaning-
ful impacts on resource use and quality of life. 
These factors provide a compelling rationale to 
conduct a cost–effectiveness analysis (CEA) to 
evaluate the economic value of dUCB trans-
plantation given its higher cost versus haplo-BM 
transplantation.  

Below, we describe the design of a CEA being 
conducted alongside BMT CTN 1101 to address 
these questions. Our study will be the first to pro-
vide a high-quality, comprehensive evaluation of 
the comparative effectiveness of different BMT 
transplantation graft sources from patient, payer 
and societal perspectives. Importantly, we will 
measure a variety of outcomes that can influence 
decision-making: health insurer costs, patient 
out-of-pocket costs, lost work productivity and 
health-related quality of life. 

Methods
■■ Study design

BMT CTN 1101 is a Phase III, randomized, 
multicenter trial designed to evaluate the com-
parative effectiveness of two graft sources for 
adult patients requiring alternative donor BMT: 
first, dUCB; and second, haplo-BM. The trial is 
being conducted at 37 centers across the USA, 
has target accrual of 410 patients over 4 years, 
and involves 3-year follow-up after transplanta-
tion [13]. The primary hypothesis of the parent 
trial is that 2-year progression-free survival is 
similar after related haplo-BM donor trans-
plantation and dUCB transplantation. Second-
ary end points include evaluation of treatment-
related mortality, relapse and economic impacts.

The economic analysis will be conducted 
as a cost–utility analysis from the societal per-
spective. The summary result of this analysis is 
an estimate of the cost–effectiveness of dUCB 
versus haplo-BM, stated as the incremental cost 
per quality-adjusted life year (QALY) gained. 
Details of this calculation are provided below.

The hypotheses of this ancillary cost–effec-
tiveness analysis are: total direct medical care 
costs will be significantly greater for patients 
who receive dUCB compared with those who 
receive haplo-BM donor cells; out-of-pocket and 
indirect costs (lost earnings due to illness and its 
treatment) will be significantly greater for the 

families of patients transplanted with dUCB 
compared with those transplanted using haplo-
BM donor cells; and dUCB transplantation is 
not cost-effective relative to Haplo-BM trans-
plantation (from societal and payer perspectives).

The patient and caregiver will be asked to pro-
vide information on out-of-pocket costs, work 
productivity and health-related quality of life at 
baseline (pretransplant) and during follow-up.

This ancillary cost–effectiveness study was 
approved by the Fred Hutchinson Cancer 
Research Center institutional review board and 
by all participating centers. 

■■ Participants
The BMT CTN 1101 study has a target recruit-
ment of 410 patients. This recruitment target 
is feasible given that the participating centers 
performed approximately 1800 allogeneic mis-
matched related or unrelated blood transplanta-
tions for patients aged 18–70 years with a hema-
tologic malignancy in 2011, and a similar num-
ber in 2012. Trial eligibility criteria include the 
following: between the ages of 18 and 70 years; 
diagnosis of a hematologic malignancy; two par-
tially HLA-matched UCB units (mismatched 
at up to two of six loci including HLA-A, -B, 
-DRB1) and a partially HLA-mismatched 
related donor (mismatched at up to four of 
eight loci including HLA-A, -B, -C, -DRB1), 
and at least 6 months since a previous autologous 
transplant. All English-speaking patients will be 
eligible for the CEA. Patients will be asked to 
nominate up to two adult, English-speaking 
caregivers for participation (Figure 1). 

■■ Measures
For the economic evaluation, we will collect 
the following from all study participants and 
their family members: direct medical care costs 
through health insurance reimbursements; 
patient and family out of pocket costs; patient 
time spent in treatment; family member time 
spent in caregiving, and health-related quality 
of life [16]. The time spent in treatment and care-
giving will be used to evaluate differences in work 
productivity costs for patients and caregivers in a 
separate analysis [16].

Direct costs for medical care 
We will use insurance reimbursement records to 
estimate all direct medical care costs (treatment, 
procedure, medication, laboratory and facility) 
from the payer perspective. Healthcare claims 
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records from insurers will be requested for the 
period beginning 12 months prior to the date of 
BMT to 2 years following the date of transplanta-
tion or death (available from trial records). Insur-
ance records will be obtained for all consenting 
patients regardless of outcome (i.e., for patients 
who remain in remission, who relapse and who 
die). In cases where a patient belongs to an Health 
Maintenance Organization (HMO) at the time of 
transplant (i.e., an organization with no external 
claims and payments), we will ask the HMO to 
provide reimbursement records to the transplant 
center where the patient was treated and for inter-
nal costing records for medical care consumed 
in the HMO during the period of observation. 
Because some patients will have multiple insur-
ance plans and may change plans, we will ask 

patients periodically to update their insurance 
information. Insurance records will be requested 
towards the end of the study follow-up period.

Patient & family out-of-pocket costs
BMT-related out-of-pocket expenditure informa-
tion will be collected directly from patients and 
caregivers nominated by the patient. Caregivers 
are included in the study to provide information 
during periods when patients are unable to par-
ticipate due to illness, and to assist with recall and 
reconciliation of potential expenses [17]. 

We will capture out of pocket expenses for 
medical care (e.g., copays, deductibles and 
uncovered medical bills) and costs for related 
nonmedical costs (e.g., transportation, travel 
time and distance, accommodation, child care 

Parent study treatment schema Parallel CEA

Patient ≥18 and ≤70 years
Acute leukemia or lymphoma
Adequate organ function
Performance score ≥70

Patient
English speaking
Providing CEA consent

Available both
– 4–6/6 HLA-matched UCB units
– 4–6/8 HLA-matched related donor

Patient provides
– Health insurer/s information
– Nomination for caregiver to support data collection

Randomization
Stratified by transplant center

CEA coordinating center
– Obtains consent from nominated caregivers ≥18 years
– Takes responsibility for CEA data collection

Double UCB Haplo-BM Collection of prospective information via
web portal on:
– Patient direct medical costs
– Patient direct nonmedical costs
– Patient work productivity costs
– Caregiver informal care giving time costs
– Caregiver work productivity costs

Completion of cost–effectiveness analysis
dUCB versus Haplo-BM

Collection of retrospective 
information on:
– Health insurer reimbursements

Figure 1. BMT CTN 1101 and parallel cost–effectiveness analysis study schema. 
CEA: Cost–effectiveness analysis; dUCB: Double unrelated umbilical cord blood; Haplo-BM: Haploidentical related donor bone 
marrow; UCB: Umbilical cord blood.



J. Comp. Eff. Res. (2014) 3(2) future science group138

Research article   Roth, Bensink, O’Donnell, Fuchs, Eapen & Ramsey

and telecommunication) incurred by patients 
and caregivers using an online adaptation of 
the cost diary method used by Goossens and 
colleagues [18]. 

Productivity costs: work loss related to illness & 
treatment 
Patient and caregivers’ time spent away from work 
for BMT-related care will be estimated using the 
Work Productivity and Activity Impairment 
Questionnaire (WPAI) [19]. The WPAI measures 
work time missed as well as work and activity 
impairment due to a specific health issue. The 
value of this time will be based on Bureau of Labor 
Statistics information matched by age and sex. 

Health-related quality of life & QALYs
Health-related quality of life will be derived from 
the EQ-5D (in the base case) and SF-36 surveys 
(in secondary analyses) administered prior to 
transplantation, at 12 months and at 24 months 
as part of the BMT CTN 1101 trial. [20,21] Both 
of these surveys can be used to determine util-
ity values, which are measures of preference for 
health states ranging from 0 (dead) to 1 (ideal 
health) [22]. We will combine the utilities with 
survival data to calculate average QALYs [23] for 
each treatment arm. 

Procedures for collecting economic information
Due to the intensity of BMT and the significant 
impacts on patients and their families, it can be 
difficult to measure out-of-pocket costs, work 
productivity and health-related quality of life. 
Accordingly, we attempt to minimize the burden 
of surveying, using a secure online portal that can 
be accessed from any internet-connected computer 
or smartphone. The website includes questions on 
common out-of-pocket costs, work productivity 
(WPAI) and informal caregiving time (using the 
Dumont method) [24]. There are free text sec-
tions for recording uncommon or unique costs. 
Per their preference, participants are reminded 
using e-mail, telephone or mailed post cards, to 
complete information at baseline (pretransplant) 
and each month for the first 6 months following 
transplantation and then every 3 months for the 
remaining 18 months of the study. 

Statistical analysis
■■ Estimating costs & outcomes for each 

treatment arm
We will compute within-trial and projected 
(lifetime) results, the latter using simulation 

modeling. Lifetime overall survival (OS) beyond 
the observation period will be extrapolated using 
different parametric survival functions (Weibull, 
Gompertz, exponential, log-normal and general-
ized gamma distributions) [25] with the base case 
survival function selected using the Akaike Infor-
mation Criterion (AIC) [26]. Cox–Snell residuals 
will be plotted as a confirmatory test to identify 
the function with the best fit to the observed data 
[27]. The mean number of life-years for patients 
in each group will be estimated as the area under 
the OS curve [28]. QALYs will be estimated from 
OS by weighting with utility values obtained 
from the analysis of utility data. Utility estimates 
beyond the trial observation period will be based 
on monthly trends in utility as observed for those 
who survive the year following transplantation. 
Projected utility weights for the last 6 months of 
life will be based on utilities for the last 6 months 
of life for persons who die during the year fol-
lowing transplant. In cases where insufficient 
numbers of persons have died within 6 months 
of their survey, we will use patient’s pretransplant 
utility scores as an estimate for quality of life in 
the last 6 months of life.

We will partition costs beyond the study 
observation period into continuing care and 
death periods. Continuing care costs will be 
based on monthly trends in costs observed 
for those who have survived the year follow-
ing transplant. Death costs, defined as costs of 
care during the last 6 months of life for persons 
who have died, will be based on costs of care 
observed for those who die during the year fol-
lowing transplant. Costs will be modeled based 
on projected survival. 

Calculation of the incremental 
cost–effectiveness ratio
The incremental cost–effectiveness ratio (ICER) 
of haplo-BM versus dUCB is calculated using 
the following formula: 

ICER = (C
Haplo-BM

 - C
dUCB

)/(E
Haplo-BM

 - E
dUCB

)

Where C
haplo-BM

 and C
dUCB

 refer to average 
total costs of each alternative, and E

haplo-BM
 and 

E
dUCB

 refer to average total effectiveness for each 
alternative. The resulting ICER represents the 
investment required to obtain one additional 
unit of effect, and can be used to quantify the 
value provided by alternative A versus alternative 
B. We will conduct cost–utility analysis; that is, 
with effectiveness outcomes measured as QALYs. 
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The base case analysis is conducted from a soci-
etal perspective, evaluates costs and effects over a 
lifetime horizon, and discounts future costs and 
benefits equally (base case discount rate of 3%), 
as is recommended [29,30].

All analyses will be conducted using the inten-
tion-to-treat (ITT) approach. Where substantial 
crossover occurs, additional per protocol analy-
ses will be completed. Our analyses will address 
the following hypotheses: 

Hypothesis 1: total direct medical care costs 
will be significantly greater for patients who 
receive dUCB compared with those who receive 
haplo-BM donor cells.

Insurance reimbursement records from each 
participant providing health insurance informa-
tion will be reviewed and aggregated into two 
time horizons for the cost analysis; pretransplant 
(conditioning and attainment of donor cells); and 
after-transplant care (the time following infu-
sion of donor cells). For the base case analysis, 
the mean difference in disaggregate costs and 
total cost between patients (i.e., the incremental 
cost) who receive dUCB and haplo-BM will be 
analyzed using the Kaplan–Meier sample aver-
age estimation (KMSA) technique [31,32]. Both 
censoring and skewedness are addressed by the 
KMSA. Using cost histories from the patients 
in each study arm, the KMSA technique deter-
mines the mean cost (M ) over the time period 
of interest as:

M S Ci
i

i=
c c/

Where S
i
 denotes the probability of the event 

occurring in the ith month and Ĉ
i
 is the average 

cost among patients who are alive at the begin-
ning of the ith month and Ŝ

i
 is the estimated 

survival probability obtained from the Kaplan-
Meier curve. Specifically, Ŝ

i
 is the estimated 

probability of being alive at the beginning of the 
ith month. [33]. The design of the treatment trial 
is consistent with independent censoring and the 
time intervals incorporated into cost data collec-
tion provide appropriately narrow time intervals 
for the KMSA technique. To complete the analy-
sis of direct medical care costs, a regression-based 
KMSA model developed by Lin will be used to 
account for baseline patient characteristics that 
could influence costs, clustering within study 
centers, and to evaluate the uncertainty provided 
by the use of these different analytic techniques 
as an analytic sensitivity analysis [23,34,35].

Hypothesis 2: out-of-pocket and indirect costs 
(lost earnings due to illness and its treatment) 

will be significantly greater for the families of 
patients transplanted with dUCB compared 
with those transplanted using haplo-BM donor 
cells.

Direct medical costs paid by patients will 
be based on records provided by patients and 
caregivers. Direct nonmedical costs will be 
disaggregated into transportation, accommo-
dation, telecommunication and other costs. 
These costs will then be combined to calculate 
the total out-of-pocket costs incurred. Indirect 
(productivity) costs for patients and their nom-
inated caregivers will be presented separately as 
will cost related to informal caregiving. Time 
spent by family caregivers to provide support 
to patients will be valued initially using the 
opportunity cost method, with subsequent 
valuation using the proxy-good method in 
sensitivity analyses [36]. 

A similar analytic approach will be used to 
calculate out-of-pocket and indirect costs.

Hypothesis 3 (null): dUCB transplantation 
is not cost effective relative to haplo-BM trans-
plantation from societal or payer perspectives.

Total costs will be analyzed from both a 
societal and payer perspective [22,30]. The payer 
perspective considers only reimbursable direct 
medical care costs. The societal perspective 
includes direct medical care costs paid by health 
insurers, direct medical care and nonmedical 
costs paid by patients, and the value of patient 
and caregiver time spent during treatment and 
related care. 

If Haplo-BM is less costly and more effective 
(greater QALYs) than dUCB, haplo-BM is said 
to dominate dUCB and no numerical estimate 
of incremental cost–effectiveness is required. 
Instead, the estimated reduction in cost and 
improvement in quality-adjusted survival, and 
the associated uncertainty in these estimates, 
will be reported. If haplo-BM is less costly and 
has equal or noninferior effectiveness to dUCB 
(as determined by the difference in QALYs), the 
estimated reduction in cost, the equivalence or 
non-inferiority in QALYs, and the associated 
uncertainty in these estimates, will be reported. 
If haplo-BM is more costly and more effective 
than dUCB, an incremental cost–effectiveness 
ratio will be calculated and reported with the 
associated uncertainty characterized (Table 1).

■■ Analyses of uncertainty
In economic evaluations, uncertainty analyses 
seek to identify factors that are most influential 
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to the outcome (ICER) and to characterize uncer-
tainty around the ICER. We will conduct one-
way sensitivity analyses to characterize the uncer-
tainty around the base case results related to each 
parameter. We will also conduct probabilistic sen-
sitivity analysis to evaluate the expected range of 
outcomes given the joint uncertainty of all model 
parameters. To do so, we will define distributions 
for all of the input parameters, draw 10,000 
parameter sets from the distributions, propa-
gate them through the algorithm and obtain the 
resulting 10,000 cost, QALY and ICER outcomes 
for analysis. We will plot the probabilistic sensitiv-
ity analysis results as cost–effectiveness accept-
ability curves showing the probability that dUCB 
and haplo-BM transplantation are cost effective 
at different willingness-to-pay thresholds (e.g., 
US$50,000–200,000 per QALY) [37].

Base year cost conversion & discounting
All costs will be adjusted to current US$ at the 
time of completion of the study. Direct medical 
costs will be adjusted using the medical con-
sumer price index [38], and nonmedical costs 
will be adjusted using the US Consumer Price 
Index for All Urban Consumers [39]. Costs and 
outcomes incurred beyond 12  months from 
randomization will be discounted at a rate of 
3% annually with sensitivity analyses completed 
with discount rates of 1 and 5% [30].

Sample size calculations
The targeted sample size for BMT CTN 1101 
is 410, with 205 per treatment arm. Our tar-
geted enrollment in the ancillary CEA study 
is 300  patients and 600  caregivers (two per 
patient). Table 1 presents the estimated power 

Table 1. Power calculations.

Scenario Hypotheses Sample size (%) Power for 
costs

Power for 
QALYs

Power for 
ICERs†

Hypothesis 1: CDMP Ho: CDMPdUCB = CDMPHaplo-BM 410 (100) 0.993

Ha: CDMPdUCB ≠ CDMPHaplo-BM 308 (75) 0.969

205 (50) 0.876

Hypothesis 2: COOPI Ho: COOPIdUCB = COOPIHaplo-BM 410 (100) 0.999

Ha: COOPIdUCB ≠ COOPIHaplo-BM 308 (75) 0.999

205 (50) 0.999

Hypothesis 3: 
cost–effectiveness analysis Costs:

Haplo-BM dominates dUCB Ho: CdUCB = CHaplo-BM

Ha: CdUCB ≠ CHaplo-BM 410 (100) 0.993 0.996

QALYs: 308 (75) 0.969 0.981

Ho: EdUCB = EHaplo-BM 205 (50) 0.876 0.906

Ha: EdUCB ≠ EHaplo-BM

Haplo-BM more costly and 
effective than dUCB

Ha: NB 0
Ha: NB / 0

410 (100) 0.989/0.982

308 (75) 0.958/0.94

205 (50) 0.852/0.818
Parameters used in the power calculations include: difference in mean direct medical care costs (payer) between dUCB and haplo-BM (∆C = US$142,500, SD: $300,000) 
– three-quarters of the difference and the same variability in costs seen in our preliminary analysis of 42 Seattle Care Alliance transplant patients; difference in mean 
out-of-pocket and indirect costs for families between dUCB and Haplo-BM (∆C = $2.6 K, SD: $1.1 K) – half the difference and the same variability in costs seen in a pilot 
study exploring the out-of-pocket costs associated with hematopoietic cell transplantation [14]; for superiority testing, MCID in QALYs (EMCID = 0.147) based on MCID 
estimates of utility values provided by the EQ-5D and SF-6D [43], SD two times the MCID in QALYs (SD: EMCID = 0.294); an equivalence margin equal to plus and minus 
half the MCID in QALYs (EMCID/2 = 0.074) with a SD two-times this value (SD: EMCID/2 = 0.147); a similar negative noninferiority margin (-EMCID/2 = -0.074) and 
variance (SD: EMCID/2 = 0.147); and, for ICER power calculations, a correlation between cost and effect of 0.25. 
Estimates of the power for ICERs are derived from the statistical test of whether NMB is significantly different from zero with NMB calculated as the WTP threshold times 
the difference in QALYs minus the difference in cost ([WTP.∆E] – ∆C) [23]. 
†ICER at willingness to pay thresholds of US$50,000/100,000 per QALY.
CDMP: Costs direct medical payer; COOPI: Costs out-of-pocket and indirect; dUCB: Double unrelated umbilical cord blood; Haplo-BM: Haploidentical related donor 
bone marrow; ICER: Incremental cost–effectiveness ratio; MCID: Minimally clinically important difference; NMB: Net monetary benefit; SD: Standard deviation; 
QALY: Quality-adjusted life year; WTP: Willingness to pay.
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to evaluate each specific aim and the CEA with 
different sample size assumptions (proportions 
of the parent study sample). Our calculations 
allow for 5% censoring due to loss to follow-
up and administrative censoring, and we also 
anticipate that 5% of randomized patients will 
not receive their assigned transplant. 

Discussion
RIC BMT is allowing older and less clinically 
fit patients to receive potentially curative treat-
ment of their high risk or advanced hematologi-
cal malignancies with allogeneic transplantation 
[1–5]. Haplo-BM and dUCB transplantation are 
new, and potentially valuable, sources of donor 
cells for RIC BMT for patients who lack avail-
able HLA-matched related or unrelated donors 
[8–12], and thus may expand both the number 
of eligible patients and survival by shortening 
waiting times to transplant. However, the rela-
tive risks and benefits of these procedures are 
not well established. The BMT CTN 1101 trial 
has been designed to determine the relative effi-
cacy of these two donor types for adult patients 
requiring alternative donor BMT. The ancillary 
economic analysis will extend that evidence by 
evaluating the impact of these procedures on 
direct and indirect (productivity) cost, out-of-
pocket burden to patients and families, and 
health-related quality of life. All of these issues 
are critical but understudied factors in patient, 
physician and payer decision-making. For exam-
ple, many patients travel long distances to trans-
plant centers, and they and their families incur 
significant financial costs associated with trans-
portation, lodging and loss of income during 
the patient’s extended recovery period [14]. Addi-
tionally, while the long-term impact of BMT on 
patients’ employment and productivity has been 
reported [40,41], the short-term impact of BMT on 
work and income loss has not yet been studied. 
Since patients typically take an extended leave 
of absence from work during the transplant and 
recovery period, advances in BMT that reduce 
the time to recovery could have important eco-
nomic benefits to family wage earners. 

The design of the CEA has a number of 
strengths. First, conducting an economic eval-
uation alongside BMT CTN 1101 has high 
internal validity and timeliness by utilizing 
the existing trial structure to collect necessary 
data. A second important strength is that we 
collect resource use information directly from 
health insurers, which enhances the accuracy of 

our reimbursement estimates and allows com-
prehensive capture of resource use. Addition-
ally, this study has the strength of including 
an evaluation of patient and caregiver out-of-
pocket costs and lost work productivity during 
transplantation, which will provide new insights 
about financial burden of dUCB and haplo-BM 
transplantation.  

Our study also has several important limi-
tations. Most importantly, our ancillary CEA 
study results may be limited if few BMT CTN 
1101 patients choose to enroll. However, past 
experience shows that patients are likely to par-
ticipate in the economic component of clinical 
trials [42]. We may also be limited by our ability 
to collect insurance records from some private 
insurers. In this case, we will consider imputa-
tion strategies based on clinical, socioeconomic 
and insurance characteristics of similar trial 
enrollees. Additionally, patients and caregivers 
may have difficulty accessing the web portal to 
complete out-of-pocket cost and productivity 
surveys. If patients and caregivers are unable or 
unwilling to use the portal but wish to partici-
pate in the study, we will also offer support via 
telephone for data collection.

Conclusion
We have described the rationale and design of 
a cost–effectiveness analysis being conducted 
alongside a multi-center, Phase III, randomized 
comparative trial of dUCB versus haplo-BM 
transplantation after reduced intensity condi-
tioning in patients with hematologic malignan-
cies. The cost–effectiveness study will be collect-
ing detailed health insurer, out-of-pocket and 
caregiver cost information to characterize the 
economic consequences of using these alterna-
tive sources of donor cells. This, combined with 
our analysis of the quality-adjusted survival out-
comes, will provide a comprehensive view of the 
comparative effectiveness of these alternatives. If 
one donor cell source is less costly and at least 
equally effective, the results of the study will 
have important implications for patient, clini-
cian and health insurer decision-making, as well 
as the design of future BMT clinical trials.  

Future perspective 
Retrospective studies have demonstrated that 
new procedures for blood or bone marrow 
transplantation from alternative donors such as 
unrelated umbilical cord blood or related, HLA-
haploidentical donors can result in comparable 
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outcomes to those after allogeneic transplanta-
tion from HLA-matched related or unrelated 
donors, currently the standard donor sources. 
Thus, for the approximately 40% of patients 
with life-threatening hematological malignan-
cies who do not have suitably matched donors, 
use of cord blood or HLA-haploidentical bone 
marrow in allogeneic stem cell transplantation 
will make allogeneic stem cell transplantation 
a treatment option. It is well known that blood 
or marrow transplantation is a high-cost treat-
ment intervention. Umbilical cord blood and 
adult bone marrow grafts differ with respect to 
cost of acquisition, time to hematologic recovery, 
incidence of graft-versus-host disease and spec-
trum of infections, all of which can significantly 
impact cost and treatment outcome. Because 
these two alternative treatment approaches have 
not been compared directly, many key uncer-
tainties about their comparative effectiveness 
remain unanswered. The results of this cost–
effectiveness analysis alongside the random-
ized, Phase III clinical trial of cord blood versus 

haploidentical bone marrow (BMT CTN 1101; 
NCT01597778) will provide important patient-
oriented and economic outcomes for patients 
and clinicians, as well as help health insurers 
make informed coverage policy decisions regard-
ing these options.
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Executive summary

Expanding access to allogeneic stem cell transplantation
■■ Reduced intensity conditioning (RIC) prior to blood or bone marrow transplantation (BMT) has allowed many older and less 
clinically fit patients with high-risk or advanced hematologic malignancies to receive potentially curative treatment with 
allogeneic stem cell transplantation. 

■■ New sources for donor cells for RIC BMT, such as bone marrow from HLA-haploidentical family members (haplo-BM), or 
unrelated double umbilical cord blood (dUCB), may permit timelier BMT for adult patients lacking suitably related or unrelated 
donors. 

Limited evidence about comparative effectiveness of donor cell sources
■■ There is uncertainty about the comparative effectiveness of haplo-BM and dUCB donor cell sources for RIC BMT, including: the 
relative rates of hematopoietic recovery and adverse events, economic impact and health-related quality of life impacts. 

Randomized controlled trial rationale
■■ Important uncertainties about comparative effectiveness have motivated the design of BMT CTN 1101, a Phase III randomized 
controlled trial to evaluate progression-free survival in patients with high-risk and advanced hematologic malignancies receiving 
unrelated umbilical cord blood (dUCB) versus HLA-haploidentical related donor bone marrow (haplo-BM) transplantation.

■■ An ancillary cost–effectiveness analysis is being conducted alongside BMT CTN 1101 to provide supplemental information about 
the relative value of these alternative donor cell sources. 

Ancillary cost–effectiveness analysis design
■■ Patients enrolled in the BMT CTN 1101 trial will be offered participation in the ancillary cost–effectiveness analysis. 
■■ Consenting patients will provide health insurance information to allow calculation of direct medical costs from reimbursement 
records. 

■■ Out-of-pocket costs, time costs and health-related quality of life will be collected through a novel web-based survey instrument. 
■■ Efficacy, cost and health-related quality of life outcomes will inform a cost–utility analysis comparing dUCB and haplo-BM graft 
sources for RIC BMT from patient, payer and societal perspectives.

Conclusion
■■ This cost–effectiveness study will collect detailed health insurer, out-of-pocket and caregiver cost information to characterize the 
economic consequences of haplo-BM and dUCB sources of donor cells for RIC BMT. 

■■ The incremental cost–effectiveness ratio will be calculated using cost outcomes and quality-adjusted survival outcomes, and will 
provide a comprehensive measure of the relative value of these alternative donor cell sources. 

■■ If one donor cell source is less costly and at least equally effective, the results of the study will have important implications for 
patient, clinician and health insurer decision-making, as well as the design of future BMT clinical trials.
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