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1. Overview 

This document presents the analysis plan that details our modeling approach on methodology, and 

outcomes to be assessed for the economic evaluation of emicizumab in the prophylactic therapy of 

severe Hemophilia A patients with factor VIII inhibitors. Refer to the protocol for details on the 

systematic review of the clinical evidence on this topic. 

2. Approach 

The primary aim of this analysis will be to estimate the cost-effectiveness of emicizumab as 

prophylactic therapy for severe hemophilia A with inhibitors to factor VIII, using a Markov model. 

The model will compare emicizumab to two alternative strategies: (1) prophylaxis with bypassing 

agents and (2) no prophylaxis. For all three strategies, patients may be treated with bypassing 

agents when they bleed. Under the conditions of ICER’s ultra-rare disease framework, we will 

consider dual ‘base cases’, which will reflect the health system and societal perspectives 

respectively. A societal perspective is included if the impact of the treatment on patient and 

caregiver productivity, education, disability and nursing home costs are substantial, and these costs 

are large relative to health care costs. If not assessed as a dual base case, this will be considered in a 

scenario analysis, if data allow. The analytic framework for this assessment is depicted in Figure 1 

below. The model will be developed in Microsoft Excel. 

3. Methods 

3.1 Model Structure 

The Markov model structure tracks bleed events, development of arthropathy, and survival over 

time for a cohort of hemophilia A patients with inhibitors. Because arthropathy may have a 

pronounced impact on quality of life, resource utilization, and costs, including but not limited to the 

long-lasting impact of joint replacement surgery, we will separate pre-arthropathy and post-

arthropathy patients into two sub-models within the overall model, so that a proportion of patients 

permanently transitions from the pre-arthropathy sub-model into the post-arthropathy sub-model 

in each model cycle. This allows us to circumvent the “memoryless” characteristic of Markov 

models regarding patient history, with patients having different sets of costs and utilities in each 

sub-model. 

For each treatment regimen, a hypothetical patient population will begin the model in the pre-

arthropathy “No Bleed” health state, where they remain until they die or suffer from a bleed event 

that transitions them to one of three Markov bleed states: “Untreated Bleed”, “Treated Bleed Not 

http://icer-review.org/material/hemophilia-a-research-protocol/
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Into a Target Joint”, or “Treated Target Joint Bleed” (target joint is defined as a single joint with 

three or more spontaneous bleeds into it within a consecutive 6-month period)1 (Figure 1). If data 

allow, we will link the transition between pre- and post-arthropathy sub-models to the frequency of 

target joint bleeds; otherwise, we will apply a constant rate to all patients based on lifetime risk 

(73%) of arthropathy development (as depicted in Figure 1).2 All hypothetical patients are modeled 

until they die from any health state in the model due to disease and non-disease-related causes. 

Figure 1.  Model Framework 

 

3.2 Treatments 

The list of interventions was developed with input from patient organizations, clinicians, 

manufacturers, and payers on which treatments to include. The full list of interventions is as 

follows: 

Interventions. The intervention of interest will be subcutaneous injection of emicizumab for 

prophylaxis. Patients may be treated with bypassing agents (recombinant FVIIa 

(NovoSeven®; Novo Nordisk) or activated prothrombin complex concentrate (aPCC [FEIBA®; 

Shire]) during a bleeding episode while on prophylaxis with emicizumab. 

Comparators. We will compare prophylaxis with emicizumab to two alternatives: (1) 

prophylaxis with a bypassing agent, and (2) no prophylactic therapy. For each comparator, 

patients may be treated with bypassing agents when they bleed. 
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3.3 Target Populations 

Consistent with the population of focus in the clinical trials of emicizumab, the population of 

interest in the model will be patients with severe hemophilia A with inhibitors to factor VIII who 

have either failed immune tolerance induction (ITI) or are not going to be treated with ITI. We will 

assume all patients are males (hemophilia A is X-chromosome linked, and the development of 

inhibitors in females is rare). We will evaluate adolescents and adults (age 12 years and older) as 

well as children (under 12 years). 

Table 1. Patient Population Characteristics 

Patient population Median Age Median Weight Source 

Age 12 years and older 37 years* 75 kg* HAVEN 13 

Under 12 years 8.5 years 26.9 kg HAVEN 24 

*Weighted average of arms A & B in the trial 

3.4 Key Model Choices and Assumptions 

● The model will utilize data from the HAVEN 13 (age 12 years and older) and HAVEN 24 (under 12 
years) trials to derive effectiveness estimates for bleed event prevention for emicizumab 
prophylaxis and no prophylaxis. 

● The model will utilize trial-derived effectiveness estimates for bleed event prevention for 
bypassing agent prophylaxis (aPCC and FVIIa combined).5-8  

● Survival will be weighted by health state utilities estimated from the HAVEN 1 trial to model 
quality of life.4 The trial elicited health-related quality of life using the 5-level version of the 
generic EuroQol 5-Dimension Self Report Questionnaire (EQ-5D-5L) visual analogue scale; index 
utility score at week 25; and the Haemophilia Quality of Life Questionnaire for Adults (Haem-A-
QoL) physical health subscale as well as total score at week 25 of follow-up. The generic EQ-5D-
5L will be used for the base case analysis; the disease specific Haem-A-QoL in a sensitivity 
analysis. The model will also include separate utilities for different types of bleed events, and 
disutilities (if available in the published literature) for individual adverse events. 

● The model will include all treatment costs associated with each individual regimen, including 
drug acquisition costs, drug administration costs (e.g. for subcutaneously or intravenously 
administered drugs), and supportive care costs (e.g. clinician visits and monitoring). 

● Under the conditions of ICER’s ultra-rare disease framework, we will consider dual base cases, 
which will reflect the health system and societal perspectives respectively. A societal 
perspective is included if the impact of the treatment on patient and caregiver productivity, 
education, disability and nursing home costs are substantial, and these costs are large relative 
to health care costs. If not assessed as a dual base case, this will be considered in a scenario 
analysis, if data allow. Outcomes will be estimated over a lifetime time horizon using weekly 
cycles to capture the potential lifetime impacts of short-term and ongoing morbidity and 
mortality. Costs and outcomes will be discounted at 3% per annum.9 
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Table 2. Key Model Assumptions and Rationales 

Assumption Rationale 

A patient may transition to any bleed health state from 

another or to death during each one-week model cycle. 

Trial data does not report transitions from one 

type of bleed to another. It is feasible that any 

type of bleed could follow another from week 

to week. 

A patient may transition from the pre-arthropathy to the 

post-arthropathy model, but not vice versa. 

Intra-articular bleeding (hemarthrosis) causes 

synovial hypertrophy and cartilage damage 

(arthropathy), manifesting as gradual but 

inexorable joint destruction. 

Bleed event rates are equivalent in pre- and post-

arthropathy. 

Data on the relative occurrence of bleed events 

pre- and post-arthropathy are limited. 

Joint-replacement surgery can only occur in the post-

arthropathy model. 

The development of joint arthropathy is a 

precondition for joint replacement surgery. 

Treatment adherence will reflect the reported HAVEN 1 & 2 

trials’ discontinuation rates over the first 24 weeks.3,4  We 

assume patients who discontinue prophylaxis will have the 

same bleed rates as the no prophylaxis population. 

Patients who remain on treatment beyond 24 weeks are 

assumed to be 100% adherent over their remaining lifetime 

in the base case analysis, but this will be varied in scenario 

analyses. 

There is limited data on long-term use, 

however patients are at risk for bleed events, 

and thus require treatment, over their entire 

lifetime. 

All patients are assumed to be male. Hemophilia is an X-linked recessive disease 

affecting primarily males. Females with 

hemophilia A typically have less severe disease 

and are unlikely to develop inhibitors. 

Patients on emicizumab will be awarded a one-time 

physician’s office visit prior to prophylaxis initiation. 

This one-time visit is assigned to educate 

patients on self-administration of emicizumab. 

When patients reach the age of 12, their bleeding reduction 

with emicizumab becomes that of people age 12 and over 

(0.13) 

Data on the persistence of the effect in those 

<12 years old vs.>12 years old is not available. 

A scenario analysis will explore the impact of 

assuming bleeding reduction persists at the 

childhood reduction level (0.01). 

Pettersson score (0 = no arthropathy, maximum of 78) is 

assumed to be zero in the first model cycle in the base case 

analysis. We will model a range of starting Pettersson 

scores to assess less severe versus more severe patient 

populations. 

The HAVEN 1 and 2 trials do not specify 

arthropathy-specific baseline patient 

characteristics. We will therefore report a 

range for increasing arthropathy scores at 

model entry, along with base case results. 
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3.5 Input Parameters 

Clinical Inputs 

We will utilize trial-derived estimates of annualized bleed rates to derive weekly transition 

probabilities for each bleed event health state. Since the HAVEN 2 trial of patients aged <12 years 

was a single arm study,4 we may derive bleed event rates for patients <12 years based on the 

observed rate differences from the HAVEN 1 trial and bypassing agent trials; these estimates are yet 

to be determined (TBD). Modeled bleed events (see Figure 1) will be derived from trial-reported 

annualized bleed rates as follows: 

● Untreated bleeds = All bleeds minus bypassing agent-treated bleeds 
● Treated bleeds not into a target joint = Treated bleeds minus treated target joint bleeds 
● Target joint bleed rates as reported by the trial publications 

 

Table 3. Derivation of Transition Probabilities for Markov Model 

Trial Outcomes: 
Age 12+ years 

Reported 
Trial 

Result 

Trial-Derived 
Outcomes for Model 

Derived 
Annualized 
Bleed Rate 

Conversion 
to Weekly 
Probability 

1-year 
Cumulative 

Bleeds 

All Bleeds  Untreated Bleeds    

   ABR:  No Prophylaxis10 28.3    No Prophylaxis 5.0 0.091 4.8 

   RR: Emicizumab Prophylaxis10 0.2    Emicizumab Prophylaxis 2.6 0.049 2.6 

   RR: BPA Prophylaxis TBD    BPA Prophylaxis TBD TBD TBD 

BPA-Treated Bleeds   Treated Bleeds, Not into a 
Target Joint 

   

   ABR:  No Prophylaxis10 23.3    No Prophylaxis 20.3 0.322 16.8 

   RR: Emicizumab Prophylaxis 0.13    Emicizumab Prophylaxis 2.9 0.054 2.8 

   RR: BPA Prophylaxis6 0.28    BPA Prophylaxis TBD TBD TBD 

Treated Target Joint Bleeds  Treated Target Joint Bleeds    

   ABR:  No Prophylaxis10 3    No Prophylaxis As reported 0.056 2.9 

   RR: Emicizumab Prophylaxis10 0.05    Emicizumab Prophylaxis As reported 0.001 0.0 

   RR: BPA Prophylaxis TBD    BPA Prophylaxis TBD TBD TBD 

      

Trial Outcomes: 
Age <12 years 

Reported 
Trial 

Result 

Trial-Derived 
Outcomes for Model 

Derived 
Annualized 
Bleed Rate 

Conversion 
to Weekly 
Probability 

1-year 
Cumulative 

Bleeds 

All Bleeds  Untreated Bleeds    

   ABR:  No Prophylaxis TBD    No Prophylaxis TBD TBD TBD 

   RR: Emicizumab Prophylaxis TBD    Emicizumab Prophylaxis TBD TBD TBD 

   RR: BPA Prophylaxis TBD    BPA Prophylaxis TBD TBD TBD 

BPA-Treated Bleeds   Treated Bleeds, Not into a 
Target Joint 

   

   ABR:  No Prophylaxis10 23.3    No Prophylaxis TBD TBD TBD 

   RR: Emicizumab Prophylaxis 4 0.01    Emicizumab Prophylaxis TBD TBD TBD 
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   RR: BPA Prophylaxis TBD    BPA Prophylaxis TBD TBD TBD 

Treated Target Joint Bleeds  Treated Target Joint Bleeds    

   ABR:  No Prophylaxis TBD    No Prophylaxis TBD TBD TBD 

   RR: Emicizumab Prophylaxis TBD    Emicizumab Prophylaxis TBD TBD TBD 

   RR: BPA Prophylaxis TBD    BPA Prophylaxis TBD TBD TBD 

ABR = annualized bleed rate; RR = rate ratio for annualized bleed rates; BPA = bypassing agent; TBD = to be 

determined during clinical evidence review by research team. 

 

Estimates for the development of arthropathy over time will be derived from the literature, or 

potentially extrapolated from the rate and cumulative number of target joint bleeds depending on 

the best literature data available. We will utilize the radiological Pettersson score to reflect the 

degree of arthropathy over time (minimum score 0 for joints without signs of arthropathy, to a 

maximum score of 78 points).11,12 The Pettersson score is a validated radiological scoring system 

assessing the sum per patient of the total osteochondral changes in knees, elbows and ankles.11 The 

reported relationship between target joint bleeds and the Pettersson score is a one point increase 

in the Pettersson score per 12.6 joint bleeds, on average (95% CI: 11.1 – 14.7). 

In addition, the percentage of patients receiving orthopedic surgery will be based on the number of 

target joint bleeds that a patient incurs. We will utilize the approach by Fischer et al. and Earnshaw 

et al., in which patients who reach a Pettersson score of 28 (the threshold for clinically relevant 

damage) will be assumed to require orthopedic surgery.13 As in Earnshaw et al., we will assume no 

joint replacement surgeries are performed after patients reached 80 years of age.14 We will also 

model reduced quality of life with increasing Pettersson score, based on Fischer et al.15 

Mortality will be based on the age-adjusted male U.S. population and the increased rate of death 

for hemophilia A patients with inhibitors, derived from a retrospective study of 7,386 males with 

severe hemophilia A over a 13-year period that reported a 70% increased odds of death for 

inhibitor patients.16 

Drug utilization  

The schedule of doses for each drug in each prophylaxis regimen as well as protocol dosage for the 

indication will be used to model drug utilization and associated costs. 

Table 4. Treatment Regimen Recommended Dosage 

 Emicizumab SC Bypassing Agent: FVIIa Bypassing Agent: aPCC 

Brand name Hemlibra® NovoSeven® FEIBA® 

Manufacturer Genentech Novo Nordisk Shire 

Route of administration Subcutaneous Intravenous Intravenous 

Dosage Forms and 

Strengths16,17 

Single-dose vials of 

30mg/ml, 60mg/0.4ml, 

Single-use vials of 1, 2, 5, 

or 8 mg 

500, 1000, or 2500 units 

per vial 



©Institute for Clinical and Economic Review, 2017 Page 8 
Model Analysis Plan: Emicizumab for Hemophilia A 

105mg/0.7ml and 

150mg/ml 

Prophylaxis Dosing 18,19,20, 
21 

3.0 mg/kg weekly for the 

first four weeks, followed 

by 1.5 mg/kg weekly  

90 or 270 μg/kg 85 units/kg every other 

day 

Bleed Event, On Demand 

Dosing5,22 

NA 90 mcg/kg every 2 hours, 

adjustable based on 

severity of bleeding until 

hemostasis is achieved 
 

90 mcg/kg every 3-6 

hours after hemostasis is 

achieved for severe 

bleeds 

50-100 units/kg 

every 6-12 hours 

until pain/disabilities 

and/or bleeding is 

resolved. 

 

Drug Cost Inputs 

We will use net prices derived from average sales price (ASP) for the bypassing agents while 

calculating treatment-related health care costs, since we currently do not have data on net price 

that includes discounts/rebates for these agents. For emicizumab, we will seek to identify 

anticipated discounts from WAC that will reflect a net price for the therapy.  Hospital administered 

drugs will include mark-ups for a commercially insured population and no mark-up for Medicaid 

patients. Based on the regimen dosage specified above and available formulations for each drug, 

the model will utilize the lowest cost combination of tablets/vials for each regimen where 

appropriate. 

Table 5. Drug Costs 

 Emicizumab SC Bypassing Agent: FVIIa Bypassing Agent: aPCC 

Cost Unit 1.5mg 1 mcg 1 IU 

WAC per Unit $148.8 $2.1623 $2.1623 

ASP per Unit  N/A $2.0024 $1.9424 

ASP Discount from WAC N/A 7% 10% 

 

Healthcare Utilization Inputs 

Additional healthcare utilization could occur with treatment administration and during therapy, 

including the initial office visit where patients are taught how to self-administer, hospitalizations for 

treatment of bleeds, and visits to hemophilia treatment centers. Costs for supportive care other 

than the treatment of a bleed event will be derived from published studies, and will include costs of 

ongoing care that are essential to the current paradigm of treatment.  
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Table 6. Healthcare Utilization and Cost Inputs 

 Emicizumab 

Prophylaxis 

No 

Prophylaxis 

Bypassing Agent 

Prophylaxis 

Source 

Mean (95% CI) days 

hospitalized within 24 

weeks during HAVEN 1 

1.2 (0.0 to 3.0) 4.2 (0.0 to 8.8) 4.0 (0.0 to 8.4)18 Genentech25 

Shrestha et al26 

 

Per-Bleed non-pharmacy 

costs (weekly) 

• Age 6-18 yrs  

• Age 19-44 yrs 

• Age >45 yrs 

 

 

$878 

$4,551 

$13,178 

 

 

$3,046 

$4,439 

$6,612 

 

 

$878 

$4,551 

$13,178 

Shrestha et al26 

 

Total non-pharmacy 

hemophilia-related costs 

(annual) 

• Age 6-18 yrs  

• Age 19-44 yrs 

• Age >45 yrs 

 

 

 

TBD~ 

TBD~ 

TBD~ 

 

 

 

$53,408 

$56,311 

$37,980 

 

 

 

$15,864 

$22,028 

$45,311 

Shrestha et al26 

 

Hospitalization cost for 

major bleed event 

$33,466 Earnshaw et al.14 

(inflated to 2017 $) 

Arthropathy surgery cost $45,286 Earnshaw et al.14 

(inflated to 2017 $) 

Per visit cost to families 

to receive care^ at: 

• HTC 

• Local Clinic 

 

 

$161 ($0 - $850)  

$17 ($0 - $210) 

Price et al.27 

Time off work per visit: 

• HTC 

• Local Clinic 

 

1 day (0-3 days) 

1 day (0-1 days) 

Price et al.27 

*HCPCS Code: 99213. Non-Facility Price; ~TBD by economic research team; ^Includes transportation, parking, 

accommodation, meals and childcare; THC: Hemophilia Treatment Center.  

 

Health State Utilities 

Health state utilities will be derived from manufacturer submitted data from the HAVEN 1 trial3 and 

other literature sources,28-30 applied to the relevant health states. We will use consistent health 

state utility values across treatments evaluated in the model. We will include disutilities (if 

available) for individual adverse events, lasting for one week and assessed in the first cycle of the 

model. 
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Table 7. Quality of Life Inputs 

Parameter Value 

Utility: hemophilia A with inhibitors, no bleed 0.8228 

Utility: hemophilia A with inhibitors, treated bleed not into a target joint 0.6628 

Utility: hemophilia A with inhibitors, target joint bleed 0.5429   

Utility: arthropathy by Pettersson Score (PS)15 

• PS 0-4 

• PS 4-12 

• PS 13-21 

• PS 22-39 

• PS 40-78 

 

0.83 

0.81 

0.77 

0.74 

0.72 

Utility: orthopedic surgery 0.1931 

Disutility: central venous access device -0.0230 

#Calculated as utility of 'hemophilia A patients with inhibitors, treated bleed not into a target joint' (0.66) minus 
disutility 'hemophilia A with inhibitors, target joint bleed' (-0.12). 

 

Adverse Events  

The model will include any common adverse events that occur in >5% of patients as observed in the 

key clinical trials and/or the drug’s prescribing information, as well as any serious adverse events 

documented in the trials. Each adverse event will have an associated cost and disutility that will be 

applied for each patient experiencing such an event. Costs for adverse events will be based on 

resource utilization associated with appropriate adverse event treatments as reported in previous 

analyses and unit prices from the Centers for Medicare and Medicaid Services (CMS) list of 

Medicare Physician Fee Schedule for the fiscal year 2017.32 

Table 8. Adverse Event Inputs 

Adverse Event Adverse 

Event Cost33 

Emicizumab 

Prophylaxis3 

No 

Prophylaxis3 

BPA 

Prophylaxis 

Injection Site Reaction $4,473  24% 8% TBD 

Headache $4,030  9% 8% TBD 

Fatigue $4,062  9% 8% TBD 

Upper Respiratory Tract Infection $5,075  21% 0% TBD 

Arthralgia $4,046  6% 8% TBD 

Serious Adverse Events:     

Thrombotic microangiopathy $13,335  3%  TBD 

Skin necrosis $7,667  3%  TBD 

Thrombophlebitis superficial $7,708  3%  TBD 

Iron deficiency anemia  $7,267  3%  TBD 

Hemarthrosis $6,555   8% TBD 

Muscle hemorrhage $6,906  3%  TBD 
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TBD during systematic review of literature. 

 

3.6 Model Outcomes 

Clinical outcomes will include the cumulative incidence of each bleed event, and we will report the 

absolute risk reduction in bleed events for the treatment comparisons. We will evaluate life 

expectancy, quality-adjusted life-expectancy, and health care costs for each treatment strategy, and 

calculate total costs, life-expectancy and quality-adjusted life years, and the incremental costs per 

life-year and per quality-adjusted life-year (QALY) gained of emicizumab versus each comparator. In 

addition, we will report costs per consequence avoided, e.g. cost per bleed averted and cost per 

inpatient hospital stay averted. 

3.7 Analysis 

Each model cycle will last one week to capture the costs and utilities related to the frequencies of 

bleed events for each regimen. Patient survival, quality-adjusted survival, and health care costs will 

be estimated for each model cycle and then summarized over 1-year, 5-year, 10-year, and lifetime 

time horizons for each treatment option. Differences in survival, quality-adjusted survival and costs 

between each treatment and comparator will be used to calculate incremental cost-effectiveness 

ratios. 

Sensitivity Analyses 

We will conduct one-way sensitivity analyses to identify the impact of parameter uncertainty and 

key drivers of model outcomes. Probabilistic sensitivity analyses will also be performed by jointly 

varying all model parameters over 5,000 simulations, then calculating 95% credible range estimates 

for each model outcome based on the results. We will also perform threshold analyses for drug 

costs across a range of incremental cost-effectiveness ratios (from $50,000 to $500,000 per QALY). 

Scenario Analyses 

Multiple scenario analyses will be conducted to evaluate the impact of key model choices and 

assumptions on the robustness of the results and conclusions. As data allow, we will consider 

conducting scenario analyses that include: 

• higher bleed rates in patients with arthropathy, 

• patient Pettersson score (arthropathy severity) in first model cycle, 

• proportion of patients unable to use aPCC on demand when treated with emicizumab, 

• differential adherence rates for emicizumab versus prophylactic treatment with bypassing 
agents, 

• when patients reach the age of 12, their bleeding reduction persists at the childhood reduction 
level, 
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• productivity losses of patients/caregivers, 

• quality of life of caregivers. 
 

Model Validation 

We will use several approaches to validate the model. First, we will present our methodology and 

preliminary results to manufacturers, patient groups, and clinical experts. Based on feedback from 

these groups, we will refine data inputs used in the model, as needed. Second, we will vary model 

input parameters to evaluate face validity of changes in results. We will perform model verification 

for model calculations using internal reviewers. Finally, we will compare results to other cost-

effectiveness models in this therapy area. 
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