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Abstract

Background—Thirty percent of chronically transfused patients with sickle cell disease (SCD)

become alloimmunized. Antigen-matching reduces alloimmunization. Matching may be

prospective (for all patients) or based on history (only for patients with an alloimmunization

history). We assessed the clinical and financial value of a potential assay to identify at-risk

patients to guide antigen-matching.

Methods—A Markov-based model evaluated direct medical costs and alloimmunization events

over 10 to 20 years for a cohort of initially transfusion-naïve patients with SCD receiving simple

or exchange transfusion. Four strategies were evaluated: prospective matching, history-based

matching, perfectly-informed matching (assay with 100% sensitivity, 100% specificity), and

imperfectly-informed matching (reduced accuracy). RBCs were matched for C, E, K and any

additional alloantibodies present. A hospital perspective was adopted, with costs (2012US$) and

events discounted (3%).

Results—Perfectly-informed antigen-matching using a $1000 assay is expected to save $82,334

per patient over 10 years, as compared to prospective matching. Perfectly-informed antigen-

matching is more costly than history-based matching, but reduces alloimmunization events by

45.6% over 10 years. Averting each alloimmunization event using perfectly-informed matching

would cost an additional $10,934 per patient. Imperfectly-informed antigen-matching using an

assay with 75% specificity and 75% sensitivity is less costly than prospective matching, but

increases alloimmunization events. Compared to history-based matching, imperfectly-informed

matching would decrease alloimmunization events by 32.61%, at an additional cost of $147,915

per patient over 10 years. Cost-effectiveness of informed antigen-matching is largely driven by

assay specificity.
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Conclusions—A sufficiently specific assay to inform antigen-matching may be cost-effective in

reducing alloimmunization among transfused patients with SCD.
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Introduction

Patients with sickle cell disease (SCD) frequently rely on chronic red blood cell (RBC)

transfusion for disease management. Unfortunately, RBC transfusion among these patients

may result in alloimmunization, defined by the development of alloantibodies directed

against donor RBC antigens.1 This immune response may be partly explained by racial

antigenic differences between patients with SCD and the blood donor population; patients

with SCD are predominantly of African descent, while blood donors are often white.2,3

Transfusion using prophylactically antigen-matched blood has been shown to help avert

alloimmunization and associated hemolytic transfusion reactions.4–7

Approximately 30% of transfused patients with SCD are likely to become

alloimmunized,1,8–11 but there is no existing method to prospectively identify these

patients.1,12 Thus, transfusion services are not currently able to determine which transfusion

patients are at risk of alloimmunization and would benefit from receiving prophylactically-

matched blood. Guidelines detailing the optimal methods to address alloimmunization

among chronically transfused patients with SCD have not yet been established, but a

preliminary report by an expert panel convened by the National Institutes of Health (NIH)

recently identified knowledge gaps in the transfusion management of patients with SCD,

highlighting the need for efficacy and cost-effectiveness evaluations of antigen-matching

strategies to reduce alloimmunization among these patients.13 Currently, some transfusion

services prophylactically match blood for all transfused patients with SCD, while others

match blood only for those patients who have already developed alloantibodies.11 In

addition, while some transfusion services consider a broad range of antigens when matching

blood, others focus on a limited set, considering only the most commonly implicated

antigens (C, E, K).

A recent cost-effectiveness analysis suggested that while prospectively providing C, E, K

antigen-matched blood to all transfused patients is expected to yield fewer alloimmunization

events than providing antigen-matched blood only to those patients with a history of

alloimmunization, this prospective matching is extremely costly; averting a single

alloimmunization event using prospective C, E, K matching is expected to cost between

$369,482 and $769,284.14 Comparison of the health and financial impact of alternative

antigen-matching strategies suggested that providing blood matched for a limited set of

antigens only to those patients with a history of alloimmunization is likely to be the most

valuable strategy for a transfusion service. If, however, a screening test were available to

effectively identify those transfused patients with SCD likely to develop alloantibodies, the

optimal strategy may be to use the results of such a test to determine which patients should

receive prophylactically C, E, K antigen-matched blood. In the context of an available test,
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the most cost-effective strategy would depend upon the cost of the test, as well as its

sensitivity and specificity. A strategy based upon a sufficiently inexpensive and relatively

accurate test would likely be preferable to alternative strategies, when accounting for both

financial and health impact.

Although such a screening test is not currently available, transfusion medicine has seen a

variety of advancements within recent years, and it seems plausible that an appropriate

screening test could be developed in the near future. It is important to understand the value

for and necessary characteristics of a potential test,15–18 so we undertook an economic

evaluation to assess the health and financial implications of an assay for identifying patients

with SCD at risk of alloimmunization.

Methods

A Markov-based decision tree was constructed (TreeAge Pro, Williamstown, MA) to

compare alloantibody formation and transfusion-related costs associated with alternative C,

E, K antigen-matching strategies among chronically transfused patients with SCD (Figure

1A). This model is similar to a previous model constructed to evaluate the cost-effectiveness

of antigen matching strategies.14 The evaluated antigen-matching strategies were based

either on current hospital practice or on the use of hypothetical screening tests to identify

patients likely to become alloimmunized. Strategies based on current hospital practice

included prospective antigen-matching for all transfused patients with SCD and antigen-

matching only for those patients who had previously developed alloantibodies. Strategies

based on a screening test involved provision of prophylactically antigen-matched blood for

patients identified by the assay as “responders” – individuals likely to develop alloantibodies

to transfused blood. It has previously been reported that only about 30% of transfused

patients with SCD are responders.1,9–11 Characteristics of the screening test, including cost,

sensitivity, and specificity, were varied to evaluate the implications of a perfect test as well

as with alternative imperfect assays.

Model Structure and Transfusion Procedures

Markov models have been used extensively to simulate recurring processes,19 and are thus

well-suited to describing transfusion therapy. This analysis utilized a simplified version of a

previously described model (Figure 1B).14 In brief, we simulated a cohort of male and

female patients with SCD undergoing either simple or exchange chronic transfusion therapy.

Adult and pediatric (<18 years old) patients were included. At the beginning of the

simulation, 30% of patients with SCD were randomly identified as responders. Only these

“at-risk” patients had potential to develop alloantibodies and experience delayed hemolytic

or serologic transfusion reactions (DHTR/DSTRs). All patients were assumed to begin the

simulation without prior history of transfusion or alloimmunization. Rates of

alloimmunization among “at-risk” patients were defined per unit transfused, and varied by

the extent to which the transfused blood had been antigen-matched. While most at-risk

patients formed only one alloantibody during a single transfusion, it was possible for

patients to form multiple alloantibodies during a single transfusion. Transfusions,
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alloimmunization events, and associated costs were tracked over a series of 1-year cycles.

Outcomes were evaluated over 10 and 20-year periods.

The simulated population assumed that the age distribution of patients with SCD was

equivalent to the age distribution of the US population.20 For model simplicity, we assumed

that all patients were transfused monthly (12 transfusion sessions per year). Among pediatric

patients, 64.3% received simple transfusion,21 receiving 1 unit per transfusion session, while

35.7% received exchange transfusion,21 receiving 8 units per session. Half of adult patients

receiving chronic transfusion underwent simple transfusion, receiving 2 units per session,

while the other half of adult patients underwent exchange transfusion, receiving 10 units per

session. The number of units transfused per exchange transfusion procedure is an estimation

based upon conventional red cell exchanges at our institution, and not isovolemic

hemodilution procedures. These values were varied in sensitivity analyses.

All transfused patients were assumed to undergo “initial testing” when beginning chronic

transfusion therapy at the start of the simulation and “pre-transfusion testing” before each

monthly transfusion. “Initial testing” involved ABO and Rh typing, antibody screening with

subsequent antibody identification for positive screens, and 14-antigen phenotyping across

all strategies. For strategies incorporating a screening test to identify patients likely to

become alloimmunized, “initial testing” also included the screening assay. “Pre-transfusion

testing” included an ABO and Rh type and an antibody screen. Patients with negative

antibody screens were assumed to receive electronic compatibility testing, while patients

with positive antibody 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

antiglobulin tests. Similarly to a previous analysis,14 each of these testing procedures was

associated with a cost (Table 1).

Antigen-Matching Strategies

Four antigen-matching strategies were defined. At a minimum, across all strategies,

transfused RBC units were HbS-negative, leukocyte-reduced, and matched for ABO and D.

Under all four strategies, when a unit was prophylactically antigen-matched, only antigens

with the most frequently clinically-relevant antibodies (C, E, K) were considered. Any

additional antigens (other than C, E, or K) against which alloantibodies had been developed

were also considered.

The first strategy (Strategy 1) characterized “history-based antigen-matching”: only those

patients who had previously developed alloantibodies would receive matched blood for C,

E, K and any alloantibodies that had developed. The second strategy (Strategy 2)

characterized “prospective antigen-matching”: all patients would receive C, E, K antigen-

matched blood, regardless of alloimmunization history.

The second two strategies characterized informed antigen-matching. Under these strategies,

antigen-matching would be based on results of a screening test performed before starting

chronic transfusion therapy. Strategy 3 described “perfectly informed antigen-matching”: all

patients would be screened using an assay with 100% sensitivity and 100% specificity, and
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patients identified as “at-risk” by the test would prophylactically receive C, E, K matched

blood. Strategy 4 described “imperfectly informed antigen-matching,” where the screening

assay had <100% sensitivity and <100% specificity. While using the perfect test would

ensure that all patients at risk of alloimmunization prophylactically received C, E, K

antigen-matched blood, using the imperfect test would unnecessarily provide C, E, K

antigen-matched blood to individuals falsely testing positive and would miss the opportunity

to avoid alloimmunization among some “at-risk” individuals who falsely tested negative.

Under Strategy 4, patients who had not initially tested positive during the screen but who

developed alloantibodies at some point during chronic transfusion therapy (false negative

test) would also receive antigen-matched units after alloimmunization had been detected.

Distributions of red cell antigen phenotypes among patients with SCD were defined22 and

used to determine the necessary characteristics and cost of appropriate antigen-matched

units. Although C, E, and K would be considered in an antigen-match, costs of matching

would be incurred only when the matched unit was selected to be negative for one of these

antigens. Selected antigen-matched units would also be negative for any additional antigens

against which alloantibodies had been formed. It was assumed that the appropriately

matched units were available, and that the cost per negative antigen was $80.

Screening Test

Since no screening test currently exists, the analysis evaluated outcomes associated with a

variety of assays, ranging in cost, sensitivity, and specificity. A perfect test (100%

sensitivity and 100% specificity) was defined, along with alternative imperfect tests defined

with suboptimal sensitivity and specificity. In the base-case scenario, the imperfect test was

defined with 75% sensitivity and 75% specificity. Assays (both perfect and imperfect) were

assumed to cost $1000 per test in the base-case scenario, since the assay would likely be a

molecular test. Assay costs were varied from $100 to $5000 in sensitivity analyses.

Sensitivity and specificity of the imperfect test were each varied from 40 to 100%.

Input Parameters

The cohort was tracked through the simulation, as individuals experienced transfusion-

related events and accumulated associated expenses, which were discounted to the

beginning of the simulation and expressed in 2012US$. As recommended by the Panel on

Cost-effectiveness in Health and Medicine23, both costs and events were discounted at a rate

of 3% per year. The analysis focused on the perspective of a hospital transfusion service,

and included direct medical expenses only, estimated by 2012 Medicare reimbursement

rates.24,25 The cost associated with a DHTR was approximated by previously reported

hospital expenses for patients with SCD presenting with painful crises.26 Input parameters,

with base-case values and ranges used in sensitivity analyses, are provided in Table 1.

Rates of alloimmunization among chronically transfused patients with SCD 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. The reported efficacy of antigen-matching in reducing

alloimmunization and associated DHTRs/DSTRs varies widely. We assumed that when
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antigen-matched RBCs were not provided, 30% of patients with SCD (responders) would

ultimately develop alloantibodies11 at a rate of 3.27 alloantibodies per 100 units transfused.7

Limited (3-antigen C, E, and K) matching was assumed to reduce alloimmunization events

by 85%4,6,7 among these 30% of patients, but have no effect on alloimmunization among the

remaining 70% of patients, as these patients are not responders and would not be at risk of

developing alloantibodies (Table 1).

Analysis

Under the base-case scenario, strategies were analyzed over 10 and 20 year periods to

estimate outcomes over a mid-range and a long-range time period. The portion of

alloimmunized patients, in addition to transfusion costs and alloimmunization events per

patient, were reported for each strategy. The cost to avert each alloimmunization event,

using a common reference strategy of “history-based antigen-matching” (Strategy 1), was

calculated. Extensive sensitivity analyses were performed to evaluate the impact of variation

in test sensitivity and specificity, test cost, the efficacy of antigen-matching in reducing

alloimmunization risk, and the portion of individuals likely to become alloimmunized. Costs

were varied by 25% in either direction. Efficacy estimates and incidence rates were varied

according to the 95% CI reported by the original data source wherever possible.

Results

Under base-case assumptions, using a perfect screening assay (Strategy 3) with a cost of

$1000 per test to identify patients likely to become alloimmunized is expected to be cost-

saving compared to prospective C, E, K matching for all patients (Strategy 2) (Table 2).

Over a 10 year period, perfectly informed C, E, K antigen-matching (Strategy 3) is expected

to cost $82,334 less per patient than prospective C, E, K matching for all patients (Strategy

2), but result in a similar quantity of alloimmunized patients, alloimmunization events, and

DHTRs. Over a 20 year period, this cost savings increases to $144,343 per patient. One-way

sensitivity analysis varying the cost of the assay suggested that a perfect test would remain

cost saving over 20 years while the cost per test was $144,500 or less.

Compared to a strategy of history-based antigen-matching (Strategy 1), perfectly informed

C, E, K antigen-matching (Strategy 3) is expected to increase per-patient costs over a 10

year period by $2,244 but result in a 10 percentage point reduction (20% vs. 30%) in the

portion of alloimmunized patients and 45.65% (0.21/0.46) fewer alloimmunization events.

Thus, perfectly informed C, E, K antigen-matching is expected to cost $10,934 per

alloimmunization event averted, and remain cost-effective (at a threshold of $50,000 per

alloimmunization event averted) while the cost of each test is $9,010 or lower. Over a 20

year period, perfectly informed C, E, K antigen-matching is cost-effective, with an

incremental cost of $7,344 per additional alloimmunization event averted.

An C, E, K antigen-matching strategy informed by an imperfect screening assay (Strategy 4)

with a sensitivity of 75%, a specificity of 75%, and a cost of $1000 per test is expected to be

cost-saving compared to prospective matching for all patients (Strategy 2), but may not be

cost-effective compared to a strategy of history-based antigen matching (Strategy 1). Over a

10 year period, imperfectly informed antigen-matching (Strategy 4) is expected to cost
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$61,812 less per patient than prospective matching for all patients (Strategy 2), but lead to a

2 percentage point increase in the portion of alloimmunized patients (22% vs. 20%) and a

24% (0.06/0.25) increase in alloimmunization events. Compared to history-based antigen-

matching, a strategy of imperfectly informed antigen-matching is expected to cost $147,915

per additional alloimmunization event averted. Over a 20 year period, this cost increases to

$261,638 per alloimmunization event averted. However, an alternative imperfectly informed

antigen-matching strategy using an assay with 75% sensitivity but 100% specificity may be

cost-effective, as compared to a strategy of history-based antigen-matching. Over a 10 year

period, this strategy would cost $12,558 per alloimmunization event averted.

Varying the sensitivity, specificity, and cost of an imperfect test suggests that cost-

effectiveness of imperfectly informed C, E, K antigen-matching is largely driven by

specificity (Figure 2). Using a cost-effectiveness threshold of $50,000 per alloimmunization

event averted, imperfectly informed antigen-matching using a $1000 assay of greater than

84% sensitivity would be cost-effective as long as specificity was greater than 90% (Table

3). An assay of 50% sensitivity would still be cost-effective, as long as specificity was

greater than 94%. Decreasing the assay cost would further reduce these sensitivity and

specificity thresholds.

In addition to being affected by the sensitivity, specificity, and cost of the assay, incremental

cost-effectiveness ratios associated with informed antigen-matching strategies (Strategies 3

and 4) were sensitive to the portion of patients with SCD likely to become alloimmunized,

the cost of selecting antigen-negative units, the efficacy of limited antigen-matching to

prevent alloimmunization, and the per-unit alloimmunization rate (Figure 2)

Discussion

A recent analysis comparing currently implemented strategies to address alloimmunization

among patients with SCD suggested that while prospectively providing C, E, K antigen-

matched blood to all transfused patients is expected to reduce alloimmunization, prospective

matching is extremely costly and may not clinically benefit the majority of patients with

SCD.14 The current study has shown that if a screening assay were developed to identify

patients with SCD likely to develop alloantibodies from transfusion, C, E, K antigen-

matching informed by the results of this assay could be a valuable method to prevent

alloimmunization without the excessively high costs of prospective matching. Under this

informed antigen-matching strategy, all transfused patients with SCD would be tested for

risk of alloimmunization before initiating chronic transfusion, and only those patients

screening positive would receive antigen-matched blood. The cost-effectiveness of an

antigen-matching strategy informed by an assay would be largely driven by the specificity of

the assay. A sufficiently inexpensive and relatively accurate test would likely be preferable

to alternative strategies, when considering both financial and health impact.

Although an assay to predict risk of alloimmunization has not yet been developed, we would

anticipate that it would likely be a molecular assay. Using a genome-wide association study

(GWAS), it was recently shown that single-nucleotide polymorphisms (SNPs) of three

different genes are associated with HLA alloimmunization.27 Additional research is
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currently being conducted on the possible association of other SNPs and RBC

alloimmunization.28

A perfect test with 100% sensitivity and 100% specificity would be cost-saving compared to

prospective C, E, K matching while the cost of each test is less than $144,500. Additionally,

a perfect screening test is expected to result in similar rates of alloimmunization events as

prospective matching. Using a threshold of $50,000 per alloimmunization event averted, a

perfect assay would be cost-effective in comparison to a strategy of history-based antigen-

matching while the cost of each test is $9,010 or less. These data suggest that the

development of assays to identify patients likely to become alloimmunized could be

extremely valuable. Currently, a 14-antigen phenotype costs on the order of $300–400.

Thus, even if a test were substantially more costly than these screens, use of the test would

provide a much needed alternative to history-based or prospective antigen-matching.

This model suggests that an imperfect test may be less costly than prospective C, E, K

antigen-matching, and cost-effective in comparison to history-based antigen-matching. A

strategy of antigen-matching informed by the results of a $1000 imperfect assay with 100%

specificity but only 75% sensitivity is expected to cost $12,558 per alloimmunization event

averted over a 10 year period. At a sensitivity of 75%, a $1000 assay would need a

specificity of greater than 92% to be cost-effective over a 10-year period. Further sensitivity

analyses demonstrated that the cost-effectiveness of an assay is largely dependent on its

specificity. Because the cost of selecting matched units is relatively high ($80 per negative

antigen), any false positives identified by a screening test will lead to an increase in costs

without any additional clinical benefit.

This analysis utilized a simplified model of alloimmunization among chronically transfused

patients with SCD, and likely underestimates costs associated with antigen-matching. This

model did not incorporate a dynamic population of patients with SCD, some of whom would

be initiating or terminating chronic transfusion therapy each year. The data for the

percentage of simple and exchange transfusions reflect practices in our tertiary care

institution. However, these percentages may not be representative of all institutions. The

model was defined assuming a per-unit alloimmunization rate. Thus, we assumed that

increased RBC exposure associated with RBC exchanges would lead to increased

alloantibody formation. 3,29 However, recent studies in children found alloimmunization

rates may not increase for individuals undergoing RBC exchange compared to simple

transfusion.30,31 Further research is needed in this area.

In addition, we did not account for some patients having a history of alloimmunization when

entering a new clinical setting for chronic transfusion. Costs in this analysis focused

exclusively on direct medical expenses and adopted a perspective of a transfusion service.

However, patients and caregivers are likely to experience additional costs (e.g., extended

hospital stays for individuals waiting for rare antigen-negative units), and we did not

account for these types of non-medical or intangible expenses. In addition, the Medicare

payments for hospital outpatient services may underestimate the true cost of

alloimmunization.
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In comparing the health and financial impact of alternative antigen-matching strategies, we

utilized a threshold of $50,000 per additional alloimmunization event averted to define

“cost-effectiveness.” To our knowledge, there is no previously published work translating

alloimmunization into quality-adjusted life years or other more standard measures of

effectiveness used in health-related economic evaluations. Variation of this threshold would

have affected which strategies in this analysis appear preferable. Analyses focusing on

clinical outcomes are likely to place high value on assay sensitivity, rather than specificity,

since false negative results generally have more significant clinical implications than false

positive results. The current analysis shows that cost-effectiveness is not particularly

sensitive to variation in assay sensitivity. Therefore, determining the clinical utility of a test

based on its sensitivity is a relatively cost-neutral decision.

While cost-effectiveness analyses are increasingly used to guide clinical policy, transfusion

medicine practices and policy have not always adhered to general cost-effectiveness

guidelines. It has previously been suggested that transfusion medicine is somehow different

from other areas of healthcare, in that, as a society, we are willing to spend more for a given

health improvement related to blood safety than we are willing to spend for a similar health

improvement in another area of health.32 Thus, programs which would not otherwise appear

cost-effective may still be implemented if they lead to a marginal improvement in blood

safety. For example, expanded donor blood screening for HIV-1 using p24 antigen testing or

nucleic acid testing have been shown to not be cost-effective in the context of most other

medical interventions,33 but are still widely implemented. One study suggested that in the

United States, nucleic acid testing for HIV, hepatitis C virus, and hepatitis B virus in whole-

blood donations is expected to cost between $4.7 million and $11.2 million per quality-

adjusted life-year saved.34 Thus, if an assay to identify patients likely to become

alloimmunized were available but not cost-effective, it may still be implemented in an effort

to improve health. In addition, this type of assay may be helpful for individuals with other

hemoglobinopathies who receive chronic transfusion support, such as patients with

thalassemia major. This analysis provides insight into the value of a screening test for

alloimmunization risk, and suggests that such a test, even if imperfect, could provide clinical

benefit to patients in a cost-effective manner.
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Figure 1.
(A). A Markov-based decision tree (D) model was constructed to evaluate alloimmunization

events and costs associated with four alternative strategies of antigen-matching among

chronically transfusion patients with SCD. Strategy 1, “History-Based Antigen-Matching,”

involved providing blood matched for CEK and any other developed alloantibodies only to

patients with a history of alloimmunization. Strategy 2 characterized “Prospective Antigen-

Matching,” where all transfused patients received prophylactically C, E, K matched blood.

Strategy 3, “Perfectly Informed Antigen-Matching,” was based upon a hypothetical assay

with 100% sensitivity and 100% specificity. Patients screening positive would

prophylactically receive C, E, K antigen-matched blood. Strategy 4 characterized

“Imperfectly Informed Antigen-Matching,” where a screening assay with <100% sensitivity

and <100% specificity was used to determine which patients prophylactically received C, E,

K matched blood. Patients who had not been identified by the imperfect test but developed

alloantibodies would also receive antigen-matched blood after the initial alloimmunization

event. Outcomes were evaluated for a cohort of initially transfusion-naïve patients with

SCD. A series of chance nodes were used to distinguish between patients with different

health-related and financial characteristics. For each strategy evaluated, possible transfusion

protocols (Pediatric Simple, Pediatric Exchange, Adult Simple, or Adult Exchange) were

distinguished. Each protocol was associated with a different number of units transfused and

thus a different annual alloimmunization rate. For Strategies 3 and 4, chance nodes were

used to distinguish between alternative assay outcomes (True Positive, False Positive, True

Negative, or False Negative). (B) For each path along the decision tree, a Markov model

(M) was used to track outcomes over a series of 1 year cycles of chronic transfusion therapy.

The model consisted of three nodes, “At Risk of Alloimmunization, No Prior History of

Alloimmunization,” “At Risk of Alloimmunization, Prior History of Alloimmunization,”

and “Not At Risk of Alloimmunization.” At the beginning of the simulation, the patients

identified as “at-risk” occupied the first node (At Risk of Alloimmunization, No Prior

History of Alloimmunization), while all patients not at risk occupied the third node (Not At

Risk of Alloimmunization). Transitions between nodes, as denoted by arrows, could occur

between each cycle.

Kacker et al. Page 12

Transfusion. Author manuscript; available in PMC 2014 August 19.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 2. One-Way Sensitivity Analyses: Cost-Effectiveness of Screening Assay to Identify
Patients Likely to be Alloimmunized
Tornado diagram shows the range of incremental cost-effectiveness ratios (ICERs)

associated with variation in selected input variables. Ranges of input parameters are noted in

parentheses. In the base case scenario, the ICER is calculated using a strategy of informed

antigen-matching using a perfect assay (100% sensitivity, 100% specificity, and cost of

$1000 per test), with history-based antigen-matching for C, E, and K as a reference strategy.

Solid black line indicates the base-case ICER of $10,934 for each alloimmunization event

averted. Variation in the ICER associated with varying a single input parameter is shown by

each gray bar. Dashed black line reflects a threshold value of $50,000 per alloimmunization

event averted. The extensive range of ICERs corresponding to variation in the assay

specificity (40–100%) indicates that the cost-effectiveness of a potential assay is highly

dependent on assay specificity.
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