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Abstract
Background—Sickle cell disease is associated with extensive healthcare utilization; estimated
lifetime costs exceed $460,000 per patient. Approximately 30% of chronically transfused sickle
cell patients become alloimmunized to red cell antigens, but these patients cannot be identified a
priori. Prospective antigen-matching can prevent alloimmunization, but is costly and may not
benefit most patients.

Study Design and Methods—A Markov-based model was constructed to compare the health
and financial implications of four alternative antigen-matching strategies for chronically
transfused sickle cell patients. The strategies varied by the selection method of patients receiving
matched blood (contingent on prior alloimmunization or prospectively for all patients) and the
extent of antigen-matching (limited or extensive). Direct medical costs and alloimmunization
events were assessed over 10 and 20-year periods, for a hypothetical cohort of initially
transfusion-naïve patients and for a dynamic population.

Results—Within a hypothetical cohort of initially transfusion-naïve patients, implementing
prophylactic limited matching for chronically transfused patients instead of history-based limited
matching is expected to cost an additional $766 million over 10 years, but result in 2,072 fewer
alloimmunization events. Within the same cohort, implementing prospective extensive matching is
expected to cost $1.86 billion more than history-based extensive matching, but result in 2,424
fewer alloimmunization events. Averting a single alloimmunization event using prospective
matching would cost $369,482–769,284. Among a dynamic population over 10 years, prospective
limited matching is expected to cost $358 million more than history-based limited matching.

Conclusions—While prospective matching for all transfused patients would reduce
alloimmunization, this benefit requires considerable expenditure.
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Introduction
Sickle cell disease (SCD) is one of the most common genetic disorders in the United States,
affecting an estimated 70,000 to 100,000 people.1–3 Despite improvements in management
and survival, SCD remains associated with extensive medical resource utilization; the
lifetime cost of care for an SCD patient is greater than $460,000.4 Red blood cell (RBC)
transfusion plays an important role in the management of SCD. Unfortunately, RBC
transfusion among SCD patients may result in alloimmunization, defined by the
development of alloantibodies directed against donor RBC antigens.5 This immune response
may be partly explained by racial antigenic differences; SCD patients are predominantly of
African descent, while blood donors are often white.6 Approximately 30% of transfused
SCD patients are likely to become alloimmunized.5,7–10

Although many alloimmunized patients do not experience associated adverse reactions,
others may experience delayed serologic transfusion reactions (DSTRs) or delayed
hemolytic transfusion reactions (DHTRs), which can lead to worsened anemia and possibly
hyperhemolysis.6 RBC alloimmunization has also been associated with hemolytic disease of
the fetus and newborn (HDFN) and increased morbidity following organ
transplantation.11,12 These complications may present challenges for transfusion
management and cause delays in patient care.5 Warm autoantibody formation occasionally
occurs in patients with alloantibodies, and may exaggerate difficulties in identifying
alloantibodies and finding compatible blood for these patients.5

Phenotypic matching of RBC antigens between donors and recipients has been shown to
reduce the risk of alloimmunization in transfused SCD patients.13,14 Some transfusion
services routinely conduct prophylactic matching for all transfused SCD patients. However,
because it is not clear which patients are likely to become alloimmunized5,15 and because
prophylactic matching is costly and time consuming, other transfusion services only provide
antigen-matched blood once a patient has already developed an alloantibody. Furthermore,
while some transfusion services consider only the most frequently implicated antigens (C, E,
K) in matching, others match for an extensive set of antigens. There is no standard policy
across transfusion services to prevent alloimmunization and associated adverse effects.16 An
expert panel convened by the National Institutes of Health (NIH) recently identified
knowledge gaps in the transfusion management of SCD patients, highlighting the need for
efficacy and cost-effectiveness evaluations of antigen-matching strategies to reduce
alloimmunization among these patients.17

To our knowledge, a cost-effectiveness analysis evaluating potential antigen-matching
strategies to prevent alloimmunization and DSTRs/DHTRs has not been conducted, but
these results would be valuable in developing appropriate transfusion medicine policy. This
study compares the health and financial implications of prospective versus history-based
antigen-matching, in addition to evaluating the effects of variation in the set of antigens
considered.

Materials and Methods
A Markov-based decision tree model was constructed (TreeAge Pro Suite 2012,
Williamstown, MA) to compare RBC antibody formation and transfusion-related costs
across four alternative strategies of antigen-matching for SCD patients undergoing chronic
RBC transfusions. Markov models have been used extensively to simulate recurring
processes,18 and are thus well-suited to describing transfusion therapy. This model
simulated a population of male and female SCD patients undergoing chronic transfusion
therapy, incorporating an initial prevalent SCD patient cohort supplemented annually by
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incident cohorts of newly diagnosed SCD patients. Each year, transfused SCD patients
experienced risks from alloimmunization and DSTRs/DHTRs. Transfusions, immunization
events, and associated costs were tracked for SCD patients over 10 and 20 year periods.
Outcomes were assessed separately for a cohort of chronically transfused SCD patients who
had been transfusion-naïve initially (at the start of the simulation), as well as for a dynamic
sample of SCD patients, which included patients with a prior history of transfusion and
possible alloimmunization.

Model Structure
Under all evaluated antigen-matching strategies, simulated SCD patients traversed the same
model, illustrated in Figure 1A. Over a series of 1-year cycles, each annual incident cohort
joined an initial existing prevalent cohort, forming a comprehensive SCD patient pool. Each
year, these patients could follow one of four paths, each defined by particular Markov state
transitions: the patient could (A) remain in the patient pool without beginning chronic
transfusion therapy, (B) die, (C) initiate transfusion therapy, having no prior history of
transfusion, or (D) initiate a transfusion session, having had previous transfusions. Patients
who began transfusion therapy were assumed to continue therapy for the remainder of the
simulation until death. Patients undergoing chronic transfusion therapy (paths C or D)
underwent “Pre-transfusion testing/matching” before beginning a transfusion session, with
those patients who had no history of transfusion (path C) first undergoing “Initial Testing.”
Each year, patients receiving transfusions progressed through a series of 12 subcycles to
model monthly transfusion sessions. Each new RBC transfusion session was associated with
with a per-unit alloimmunization risk, and the possibility of experiencing subsequent DSTRs
or DHTRs. We assumed no cases of HDFN. All transfused patients, with or without
antibody formation, transitioned back to the “SCD patient pool” if no further transfusion
sessions were received during the year, or to “Pre-transfusion testing/matching” to prepare
for an additional transfusion session during the current annual cycle. Time was tracked and
incremented explicitly, to allow for yearly cycles and monthly sub-cycles.

Transfusion Procedures
Only individuals undergoing chronic transfusion therapy during their lifetimes were
modeled, assuming that 4.67% of pediatric patients undergo chronic transfusion,19 and 10%
of SCD patients would be chronically transfused at some point in their lifetimes. 64.3% of
pediatric patients receiving chronic transfusion were assumed to undergo simple
transfusion,19 receiving 1–3 units per transfusion session (triangular distribution with mode
= 1), while the remainder of pediatric patients were assumed to receive exchange
transfusion,19 receiving 6–12 units (mode = 8) per session. Half of adult patients receiving
chronic transfusion underwent simple transfusion,20 receiving 2–4 units per session (mode =
2), while the other half of adult patients underwent exchange transfusion, 20 receiving 8–14
units (mode = 10) per session. The number of units transfused per exchange transfusion
session is an estimate based upon conventional red cell exchange, and not isovolemic
hemodilution procedures.

Antigen-Matching Strategies
Four antigen-matching strategies were evaluated (Figure 1B). Under all strategies, “Initial
Testing” included ABO and Rh typing, antibody screening with subsequent antibody
identification for positive screens, and 14-antigen phenotyping. “Pre-transfusion testing/
matching” under all strategies incorporated an ABO and Rh type and antibody screen.
Patients with negative antibody screens received electronic compatibility testing, while
patients with positive screens underwent antibody identification, a direct antiglobulin test,
and AHG compatibility testing. Furthermore, adsorption studies were performed if antibody
screens suggested autoantibody formation, and an elution was conducted for positive direct
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antiglobulin tests. The four strategies differed by the antigen-matching protocol used to
select RBC units for patients with or without alloimmunization.

Under all four strategies, when a unit was antigen-matched, an entire set of antigens was
considered for compatibility, but the selected unit was matched only for antigens for which
the patient was negative or for antigens against which the patient had formed alloantibodies.
Patient phenotypes were defined and tracked using published rates of antigens among SCD
patients, and it was assumed that the appropriately matched units were available. Two of the
evaluated strategies incorporated antigen-matching for patients only after they had
experienced alloimmunization (history-based), while the other two involved prospective
antigen-matching for all patients, irrespective of alloantibody development. Under all
strategies, RBC units were, at a minimum, HbS-negative, leukocyte-reduced, and ABO and
D antigen-matched. Under history-based antigen-matching strategies (Strategies 1 and 2),
patients with no history of alloimmunization were chronically transfused with this baseline
level of matching.

Strategy 1 used limited RBC antigen-matching only for those chronically transfused SCD
patients who had previously developed alloantibodies. In addition to the baseline
requirements for units, patients with an alloimmunization history would receive RBC units
matched for the antigens C, E, and K, as well as for any other antigens against which
alloantibodies had been formed. Strategy 2 involved the same history-based antigen-
matching as Strategy 1, but used an extensive matching protocol (C, c, E, e, K, Fya, Fyb, Jka,
Jkb, S, and s) for patients with an alloimmunization history. Strategy 3 and 4 involved
prophylactic antigen-matching for all patients, regardless of alloimmunization history, with
Strategy 3 characterizing limited prophylactic matching (C, E, and K), and Strategy 4
characterizing an extensive antigen-match (C, c, E, e, K, Fya, Fyb, Jka, Jkb, S, and s).

Input Parameters
Individual patients were tracked as they traversed the model, experiencing transfusion-
related events and accumulating associated expenses, which were discounted to the
beginning of the simulation and expressed in 2012US$. Both costs and events were
discounted at a rate of 3% per year. The analysis focused on the perspective of a hospital
transfusion service, with each component of a transfusion session –“initial testing,”
“pretransfusion testing/matching,” “posttransfusion testing,” and the transfusion itself –
associated with a cost. Only direct medical expenses were included, and these were
estimated by 2012 Medicare reimbursement rates.21,22 The cost associated with a DHTR
was approximated by previously reported hospital expenses for SCD patients presenting
with painful crises.23 The expense for selecting an antigen-matched unit was assumed to be
$80 per negative antigen.24 Input parameters are provided in Table 1.

Rates of alloimmunization among chronically transfused SCD patients in the absence of
antigen-matching were drawn from existing literature, and patients undergoing simple
transfusion were assumed to face the same per-unit alloimmunization risk as patients
undergoing exchange transfusion. It has previously been reported that only about 30% of
transfused SCD patients are ever expected to become alloimmunized.25,26 Therefore, at the
beginning of the simulation, 30% of transfused SCD patients were randomly identified as
“responders.” Only these “responders” had potential to develop alloantibodies and
experience DHTRs/DSTRs. Alloimmunization from transfusion prior to the beginning of the
simulation was incorporated using age-specific alloimmunization rates.27

The reported efficacy of antigen-matching in reducing alloimmunization and associated
delayed transfusion reactions varies widely. We assumed that while 30% of SCD patients
would ultimately develop alloantibodies when not provided with antigen-matched RBCs10 at
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a rate of 3.27 alloantibodies per 100 units transfused,28 a limited antigen-matching strategy
would reduce alloimmunization events by 85%,13,28,29 and an extensive matching strategy
would reduce alloimmunization events by 99%.30

Analysis
Under the base-case scenario, strategies were analyzed over 10 and 20 year periods to reflect
estimated outcomes over a policy-relevant mid-range and a long-range time period. Each
simulation was run using 100,000 individual trials. Transfusion costs and alloimmunization
events were reported for each strategy, both for a hypothetical cohort of initially transfusion-
naïve patients and for a dynamic population incorporating patients with a history of
transfusion. Costs were expressed per transfused unit and for a comprehensive patient
population, assuming that chronically transfused patients received monthly transfusions,
beginning in the year they initiated transfusion therapy. Furthermore, to evaluate the effect
of history-based versus prospective antigen-matching, Strategy 1 was compared to Strategy
3, and Strategy 2 was compared to Strategy 4. The cost to avert each alloimmunization event
using prospective or extended matching was calculated. One-way sensitivity analyses were
used to evaluate the impact of variation in the cost of obtaining antigen-negative RBC units,
the efficacy of antigen-matching in reducing alloimmunization risk, and the portion of
individuals likely to become alloimmunized. Probabilistic sensitivity analysis, using 10,000
samples of 10,000 trials each evaluated the impact of uncertainty in input parameters. Costs
were varied by 25% in either direction using an adjustment factor sampled from a triangular
distribution (mode=1; min=0.75, max=1.25). Efficacy estimates and incidence rates were
drawn from beta distributions, using the 95% CI reported by the original data source
wherever possible.

Results
Under the base-case scenario, history-based antigen-matching (Strategies 1 and 2) was less
costly than prospective antigen-matching for all patients (Strategies 3 and 4) (Table 2).
Within a hypothetical chronically transfused cohort of initially transfusion-naïve patients in
the United States (8,500 patients), implementing prospective limited matching (Strategy 3)
over a 10-year period is expected to cost $766 million more than history-based limited
matching (Strategy 1), but result in 2,072 fewer alloimmunization events. Within the same
cohort, implementing prospective extensive matching (Strategy 4) is expected to cost $1.86
billion more than history-based extensive matching (Strategy 2), but result in 2,424 fewer
alloimmunization events. Thus, it would cost $369,482–769,284 to prevent a single
alloimmunization event using prospective (instead of history-based) matching. The increase
in costs associated with prospective matching was largely attributed to increased expenses
for matched units. Strategies 1 and 2 did, however, exhibit slight increases in testing and
complication costs.

Analysis of outcomes for a dynamic population, incorporating patients with a history of
transfusion and previous alloimmunization, suggested similar cost savings associated with
history-based instead of prospective antigen-matching (Table 3). Slight differences in the
average cost per transfusion session were evident between the cohort and dynamic
population due to differences in the transfusion and alloimmunization history of the patient
populations. Over 10 years, implementing history-based (Strategy 1) instead of prospective
limited matching (Strategy 3) among a national population of chronically transfused SCD
patients would cost $358 million less, but lead to an expected 1,417 more alloimmunization
events. Thus, over this time period, it would cost $252,816 to prevent one alloimmunization
event using limited prospective matching instead of limited history-based matching.
Comparing history-based and prospective extensive matching indicated that history-based
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matching would result in nearly $931 million in savings, but lead to 1,717 more
alloimmunization events.

Under the base-case scenario, the cost of selecting a unit matched for a limited set of
antigens (C, E, K) is up to $240. One-way sensitivity analysis varying the cost of selecting a
limited matched unit suggested that history-based limited matching would continue to be
cost-saving over prospective limited matching while this expense was greater than $20.
Probabilistic sensitivity analysis (Table 4) demonstrated that trends in financial outcomes
between strategies withstood variation in input parameters. Outcomes were not sensitive to
variation in the portion of SCD patients undergoing chronic transfusion or number of units
per transfusion session for adults or pediatric patients. However, an increase in the portion
of SCD patients likely to become alloimmunized is associated with a decrease in cost per
averted alloimmunization event using prospective or extended antigen-matching. Over a 10
year period, varying the portion of “high-risk” chronically transfused SCD patients from 25
to 35% suggests that the cost per alloimmunization event averted using prospective limited
instead of history-based limited matching varies from the base-case value by 2–4%, from
$293,777 (35%) to $493,289 (25%). Outcomes were also sensitive to variation in the cost of
selecting antigen-matched units and the effectiveness of limited or extended matching in
reducing alloimmunization.

Discussion
Antigen-matching of transfused RBC units can reduce the risk of alloimmunization.8,9,13

However, since only 30% of chronically transfused SCD patients are likely to become
alloimmunized,5,8–10 prospective matching for all transfused patients may not be the optimal
strategy. There is currently no standard antigen-matching policy across transfusion services.
Although their final report has not yet been published, an NIH-convened committee has
stated that further research on the use of antigen-matching to prevent alloimmunization is
critical to improving the management of SCD.17

This analysis compared the health and financial implications of history-based antigen-
matching, where only those patients who previously formed alloantibodies received matched
units, to prospective matching, where all patients - irrespective of alloantibody formation -
received matched units. Strategies were also distinguished by the extent of antigen-
matching, with outcomes evaluated for both limited (C, E, and K) and extensive matching.
The rationale for not prophylactically matching RBC antigens hinges on the understanding
that most patients are unlikely to ever experience alloantibody formation. This analysis
demonstrates that in addition to the lack of clinical benefit for the majority of SCD patients,
prospective antigen-matching is an extremely expensive strategy as compared to history-
based matching.

These results suggest that prospective antigen-matching is expected to be substantially more
costly but prevent slightly more alloimmunization events than history-based matching. The
additional cost to prevent each alloimmunization event increases over time, as many
individuals at risk of alloimmunization first develop alloantibodies soon after initiating
chronic transfusion therapy. At a national scale, assuming 10% of the SCD patient
population undergoes chronic transfusion, a strategy of prospective limited antigen-
matching (Strategy 3) is expected to cost up to $766 million more over 10 years than a
strategy of history-based limited antigen-matching (Strategy 1). Incorporating a dynamic
population over the 10 year period suggests that at a national level, Strategy 3 would cost
$358 million more than Strategy 1. Over a 10-year period, it would cost an estimated
$252,817 to prevent a single alloimmunization event using prospective limited (Strategy 3)
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rather than history-based limited (Strategy 1) antigen-matching. Over 20-years, this cost is
expected to increase to $355,544.

Although advocates of prophylactic matching justify this practice as a means to reduce the
complications of alloimmunization, it is not clear that the high costs of antigen-matching
outweigh its benefits. The majority of patients who become alloimmunized develop an
antibody to a single common red cell antigen, without evidence of hemolysis. A previous
study which studied DSTRs and DHTRs in transfused patients found 34 cases of
alloantibody formation with 28 having no evidence of hemolysis.31 Among the six cases
with clinical evidence of hemolysis, 4 were missed by clinicians prospectively. Although
occasional cases of DHTR can impact patient morbidity, the majority are asymptomatic and
clinically benign. There is no evidence that patients who make red cell antibodies develop
multiple alloantibodies as an early response. There is also no evidence that prophylactic
antigen-matching will prevent alloimmunization to patients who lack rare high incidence
antigens that would not be avoided in current matching protocols. Thus, prophylactic
antigen-matching will not prevent the difficult problems with multiple alloantibodies or
single antibodies to high incidence antigens that can harm patients or cause transfusion
delays due to extensive blood screening and limited inventories.

This analysis relied on a simplified model of chronic transfusion therapy among SCD
patients, and outcomes presented here may vary after incorporating other elements. The
costs incorporated were drawn from Medicaid reimbursement rates and included direct
medical expenses only. These likely underestimate the comprehensive cost of transfusion-
related events to hospitals and do not account for additional non-medical or indirect costs
borne by patients, caregivers, or communities. Furthermore, it was assumed that antigen-
matched units were available whenever required under any of the four strategies. The
availability of extensively matched units may require additional donation campaigns or other
additional procurement expenses. These additional costs were not included in this analysis,
suggesting that outcomes reported here may underestimate the expenditure associated with
prospective antigen-matching and that expected costs per averted alloimmunization event
are likely underestimates. In addition, the model did not incorporate the potential
development of warm autoantibodies, which may be associated with alloimmunization.
Finally, we assumed that patients remained on chronic transfusion for the duration of the
simulation, when, in fact, some patients may cease chronic transfusion for various reasons
after shorter transfusion courses.

Currently, there is no method to identify a priori which patients will form alloantibodies
from transfusion. If methods were developed to identify these at-risk patients, the optimal
transfusion strategy may involve prophylactic matching for only those patients identified as
“at-risk.” Given current limitations, transfusion services must decide whether or not to
prospectively match blood for all transfused SCD patients. The price to avert
alloimmunization through prospective antigen-matching seems substantial, particularly after
considering the often referenced incremental cost effectiveness ratio of $50,000–$100,000
per quality-adjusted life year gained.32 However, because transfusion safety is highly
prioritized, transfusion-related interventions that are not cost-saving or cost-effective may
still be widely implemented. For example, HIV nucleic acid amplification testing has been
shown to have a marginal cost-effectiveness of $2 million per additional quality-adjusted
life year gained.33 This analysis suggests that while prospective antigen-matching provides
limited clinical benefit over history-based matching to some patients, this benefit comes
with significant costs. This evidence must be interpreted in the larger context of transfusion
medicine-related interventions to evaluate and establish appropriate policy.
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Figure 1.
Figure 1A. Illustration of Markov model.
A portion of the simulation operates through annual cycles, where simulated patients enter
the model as part of an “Annual Incident SCD Patient Cohort,” or as part of the “Initial
Prevalent SCD Patient Cohort.” Each annual incident cohort joins this initial prevalent
cohort to form the “SCD Patient Pool.” Individuals of this pool may follow one of four paths
each year (A, B, C, or D). Path A is defined by continuing in the SCD Patient Pool without
undergoing transfusion therapy. Path B reflects leaving the simulation via death. Path C and
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D allow simulated patients to undergo chronic transfusion therapy. Patients with no previous
transfusion history follow Path C, which first leads to an “Initial Testing” phase, and then to
“Pre-transfusion testing/matching,” while patients with a previous history of transfusion
progress directly to “Pre-transfusion testing/matching” (Path D). Patients undergoing
chronic transfusion therapy (Paths C or D) enter a portion of the model with each cycle
defining a single RBC transfusion session. While patients following paths A or B continue
through a series of annual cycles, others transition to “New RBC Transfusion Session,” Each
transfusion session could lead to an alloimmunization event, which could result in a DSTR
or DHTR, or only a positive antibody screen. In the event that a transfusion session resulted
in a DHTR, “Post-transfusion testing” would be conducted. Regardless, patients would
subsequently either return to “Pre-transfusion testing/matching” for another transfusion
session within the same annual cycle or transition back to the “SCD Patient Pool” if no
further transfusion sessions were required during the year.
Figure 1B. Description of Evaluated Strategies. Four strategies of antigen-matching, which
differed by the protocols used for preventing and managing alloimmunization, were
evaluated. All strategies incorporated identical “Initial Testing” and “Post-transfusion
Testing” procedures, but strategies differed by the procedure implemented for “Pre-
transfusion Testing/Matching.” Strategies 1 and 2 characterized history-based antigen-
matching, where only those patients who had previously formed alloantibodies would
receive antigen-matched blood. Strategies 3 and 4 characterized prospective antigen-
matching, where all patients – regardless of alloimmunization history – would receive
antigen-matched blood. Under Strategies 1 and 3, antigen-matching would be limited, with
units screened for C, E, K, and any other antigens against which the patient had formed
alloantibodies. Under Strategies 2 and 4, however, antigen-matching would be extensive,
with units screened for 11 antigens (C, c, E, e, K, Fya, Fyb, Jka, Jkb, S, s). Under any
matching protocol, compatible units would be negative for any of the screened antigens that
the patient lacked, and for any other antigens against which patients had formed
alloantibodies.
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Table 1

Model Input Parameters (Base-Case Values and Ranges for Sensitivity Analysis)

Input Parameter Base-Case Value (Range) Source

Initial Testing

 Cost: ABO Type $7.71 (5.78, 9.64) 22

 Cost: Rh Type $7.71 (5.78, 9.64) 22

 Cost: Antibody Screen $14.95 (11.21, 18.69) 22

 Cost: Antibody Identification (for patients with positive screen only) $24.77 (18.58, 30.96) 22

 Cost: Initial RBC Antigen Phenotyping (14-antigen)a $364 (273, 455) 24

Pre-transfusion Testing/Matching

 Cost: Leukoreduced RBC unit $198.87 (149.15, 248.59) 21

 Cost: ABO Type $7.71 (5.78, 9.64) 22

 Cost: Rh Type $7.71 (5.78, 9.64) 22

 Cost: Antibody Screen $14.95 (11.21, 18.69) 22

 Cost: Antibody Identification (for patients with positive screen only) $24.77 (18.58, 30.96) 22

 Cost: Direct Antiglobulin Test (for patients with positive screen only) $7.71 (5.78, 9.64) 22

 Cost: Elution (for patients with positive DAT only) $24.77 (18.58, 30.96) 22

 Cost: Adsorption Study (for patients with positive screen indicating AutoAB only)b $24.77 (18.58, 30.96) 22

 Cost: Electronic Compatibility Testing (for patients with negative screen) $14.95 (11.21, 18.69) 22

 Cost: AHG Compatibility Testing (for patients with positive screen) $24.77 (18.58, 30.96) 22

 Cost: Negative Antigens (per antigen negative, per unit) $80 (60, 100) 24

Post-transfusion Testing

 Cost: DHTR Hospitalization $1392.09 (1044.07, 1740.11) 23

 Cost: Antibody Screen $14.95 (11.21,18.69) 22

 Cost: Antibody Identification (for patients with positive screen only) $24.77 (18.58,30.96) 22

 Cost: Direct Antiglobulin Test (for patients with positive screen only) $7.71 (5.78,9.64) 22

 Cost: Elution (for patients with positive DAT only) $24.77 (18.58,30.96) 22

 Cost: Adsorption Study (for patients with positive screen indicating AutoAB only) $24.77 (18.58,30.96) 22

Alloimmunization Rate

 Portion of Patients Experiencing Alloimmunization Risk (portion of “responders”) 30% (25, 35) 5,8–10

 Matching ABO, D Only (among ”responders”, per 100 units transfused) 3.27 (1–5) 14,28

 Percent Reduction in Alloimmunization Risk from Limited Matching (ABO, D, C, E, K) 85% (75–95) 13,28,29

 Percent Reduction in Alloimmunization Risk from Extensive Matching 99% (90–100) Assumed 30

 Portion of Patients with Positive DAT (among those with positive screen) 25% (15–35) 6

DHTR

 Portion of alloimmunization events leading to DHTRs (Pediatric/Adult) 17.3/3.4 (15–20/1–5) 7

Patient/Background Characteristics

 Portion of initial cohort of patients with transfusion and AlloAb history Varies by age 27

 Annual SCD Incident Patient Population (National)c 1674 (1256, 2093) 3,8,34

 Initial Prevalent SCD Patient Population 85000 (72000, 98000) 3
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Input Parameter Base-Case Value (Range) Source

 Portion of Pediatric SCD Patients Undergoing Chronic Transfusion Therapy 4.67% (2, 6) 19

 Portion of SCD Patients Undergoing Chronic Transfusion Therapy (over lifetime) 10% (5, 15) Assumed

 Transfusion Sessions per Year for Chronic Therapy 12 (6–20) Assumed

 Units per Simple Transfusion Session (Pediatric Patients) 1 (1–3) Assumed

 Units per Exchange Transfusion Session (Pediatric Patients) 8 (6–12) Assumed

 Portion of Chronically Transfused Pediatric Patients Undergoing Exchange Transfusion 64.3% (40–80) 19

 Units per Simple Transfusion Session (Adult Patients) 2 (2–4) Assumed

 Units per Exchange Transfusion Session (Adult Patients) 10 (8–14) Assumed

 Portion of Chronically Transfused Adult Patients Undergoing Simple Transfusion 50% (40–60) 20

 Age and Sex-specific Mortality Rate Varies by age, sex 34

Note: All costs are expressed in 2012 US$.

a
Assumes $26 per antigen as reported.

b
Cost estimate for adsorption studies was not reported in the original source, but it was assumed that the reimbursement rate for adsorption would

be comparable to rates for elution.

c
Incidence estimated from birth cohort SCD prevalence by race and estimates of birth cohort populations by race.
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Table 2

Base-Case Results: Cohort of Initially Transfusion-Naive Chronically Transfused Sickle Cell Patients

Strategy

History-Based Matching Prospective Matching

Time Period 1: Limited 2: Extended 3: Limited 4: Extended

10 years

 Total Cost per Transfused Unit: All Patients ($)a 252.33 301.82 367.50 581.47

  Cost of Testing 19.53 19.50 18.45 16.99

  Cost of Units 232.47 282.19 348.79 564.47

  Cost of Complications 0.34 0.12 0.25 0.02

 Total Cost per Transfused Unit: Alloimmunized Patients Only ($)b 397.45 564.57 371.43 580.51

  Cost of Testing 25.96 25.87 21.59 14.76

  Cost of Units 370.34 538.28 348.91 565.48

  Cost of Complications 1.16 0.41 0.93 0.27

 Entire SCD Cohort (over 10 year period)c

  Total Cost (millions, $) 1665.65 2014.31 2431.21 3879.20

   Net Change (Extended vs. Limited) 348.66 1447.99

   Net Change (Prospective vs. History-Based) 765.56 1864.89

  Alloimmunization Events 11058 3081 8986 657

   Net Change (Extended vs. Limited) −7977 −8329

   Net Change (Prospective vs. History-Based) −2072 −2424

 Cost per Alloimmunization Event Avoided (thousands, $)d

  Extended vs. Limited 43.71 173.84

  Prospective vs. History-Based 369.48 769.28

20 years

 Total Cost per Transfused Unit: All Patients ($)a 220.37 264.16 320.70 506.63

  Cost of Testing 15.99 15.99 15.40 13.93

  Cost of Units 204.09 248.11 305.06 492.69

  Cost of Complications 0.28 0.06 0.24 0.02

 Total Cost per Transfused Unit: Alloimmunized Patients Only ($)b 351.73 500.60 325.51 504.45

  Cost of Testing 21.70 21.67 19.60 12.77

  Cost of Units 329.06 478.72 305.06 491.55

  Cost of Complications 0.97 0.22 0.85 0.14

 Entire SCD Cohort (over 20 year period)c

  Total Cost (millions, $) 2928.62 3533.02 4274.97 6796.30

   Net Change (Extended vs. Limited) 604.41 2521.33

   Net Change (Prospective vs. History-Based) 1346.36 3263.28

  Alloimmunization Events 17887 3475 15786 1083

   Net Change (Extended vs. Limited) −14412 −14703

   Net Change (Prospective vs. History-Based) −2101 −2391
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Strategy

History-Based Matching Prospective Matching

Time Period 1: Limited 2: Extended 3: Limited 4: Extended

 Cost per Alloimmunization Event Avoided (thousands, $)d

  Extended vs. Limited 41.94 171.49

  Prospective vs. History-Based 640.79 1364.56

a
Total cost per transfused unit reflects the average expected cost per unit transfused across all chronically transfused patients over a period of time

(10 or 20 years). Cohort only includes patients without a history of transfusion/alloimmunization.

b
Total cost per transfused unit reflects the average cost per unit transfused across all alloimmunized patients in the cohort.

c
Outcomes for an entire cohort of chronically transfused SCD patients. Assumes a population of 85,000 SCD patients, of which 10% are

chronically transfused. Net change outcomes calculated as Extended-Limited or Prospective – History-Based.

d
Positive outcomes for cost per alloimmunization event avoided indicate additional required expenditure to avert a single alloimmunization event.

Negative outcomes reflect a decrease in costs associated with either extended or prospective matching.
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Table 3

Base-Case Results: Dynamic Population of Chronically Transfused Sickle Cell Patients

Strategy

History-Based Matching Prospective Matching

Time Period 1: Limited 2: Extended 3: Limited 4: Extended

10 years

 Total Cost per Transfused Unit: All Patients ($)a 190.73 238.98 257.59 409.85

  Cost of Testing 10.38 10.36 9.68 8.97

  Cost of Units 180.16 228.54 247.78 400.87

  Cost of Complications 0.20 0.08 0.13 0.01

 Total Cost per Transfused Unit: Alloimmunized Patients Only($)b 394.27 564.21 370.71 590.35

  Cost of Testing 18.50 18.45 16.08 16.66

  Cost of Units 375.09 545.48 354.11 573.61

  Cost of Complications 0.69 0.28 0.52 0.08

 Entire SCD Population (over 10 year period)c

  Total Cost (millions, $) 1084.28 1377.14 1442.62 2307.65

   Net Change (Extended vs. Limited) 292.86 865.02

   Net Change (Prospective vs. History-Based) 358.34 930.51

  Alloimmunization Events 6870 2085 5452 368

   Net Change (Extended vs. Limited) −4785 −5085

   Net Change (Prospective vs. History-Based) −1417 −1717

  Cost per Alloimmunization Event Avoided (thousands, $)d

  Extended vs. Limited 61.20 170.11

  Prospective vs. History-Based 252.82 541.93

20 years

 Total Cost per Transfused Unit: All Patients ($)a 172.69 215.64 235.69 374.96

  Cost of Testing 9.52 9.51 8.97 8.28

  Cost of Units 162.98 206.06 226.59 366.66

  Cost of Complications 0.19 0.07 0.13 0.01

 Total Cost per Transfused Unit: Alloimmunized Patients Only($)b 358.99 514.96 336.38 547.93

  Cost of Testing 16.77 16.74 14.72 14.91

  Cost of Units 341.54 497.98 321.12 532.95

  Cost of Complications 0.68 0.24 0.54 0.07

 Entire SCD Population (over 20 year period)c

  Total Cost (millions, $) 1710.13 2167.44 2305.81 3687.35

   Net Change (Extended vs. Limited) 457.31 1381.54

   Net Change (Prospective vs. History-Based) 595.68 1519.91

  Alloimmunization Events 10639 2575 8964 614

   Net Change (Extended vs. Limited) −8064 −8350

   Net Change (Prospective vs. History-Based) −1675 −1961
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Strategy

History-Based Matching Prospective Matching

Time Period 1: Limited 2: Extended 3: Limited 4: Extended

  Cost per Alloimmunization Event Avoided (thousands, $)d

  Extended vs. Limited 56.71 165.45

  Prospective vs. History-Based 355.54 774.95

a
Total cost per transfused unit reflects the average expected cost per unit transfused across all chronically transfused patients over a period of time

(10 or 20 years). Dynamic population includes patients with a history of transfusion and possible alloimmunization.

b
Total cost per transfused unit reflects the average cost per unit transfused across all alloimmunized patients in the dynamic population. Includes

patients who began the analysis period with a history of alloimmunization.

c
Outcomes for an entire dynamic population of chronically transfused SCD patients. Assumes an initial population of 85,000 SCD patients, of

which 10% are chronically transfused, and an annual incident population of 1674, of whom 10% undergo chronic transfusion. Net change
outcomes calculated as Extended-Limited or Prospective – History-Based.

d
Positive outcomes for cost per alloimmunization event avoided indicate additional required expenditure to avert a single alloimmunization event.

Negative outcomes reflect a decrease in costs associated with either extended or prospective matching.
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