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Abstract
Background and Objective  The phase III ALFA-0701 study demonstrated the efficacy and safety of gemtuzumab ozogamicin 
(GO) versus standard of care (SOC) chemotherapy (daunorubicin and cytarabine) for the treatment of adult patients with 
de novo CD33+ acute myeloid leukaemia (AML). This study analysed the cost-effectiveness of GO from the perspective 
of the UK health care payer.
Methods  A cohort state-transition model was developed to estimate direct health care costs and quality-adjusted life-years 
(QALYs) over a lifetime time horizon from AML diagnosis to death using monthly cycles. Data on complete remission, 
overall survival, relapse-free survival (RFS), haematopoietic stem-cell transplantation, and adverse events for GO plus SOC 
versus SOC were obtained from the ALFA-0701 study. Overall survival and RFS were extrapolated beyond the trial horizon 
using mixture cure models. Unit costs were obtained from standard national sources. Utilities were identified in a system-
atic literature review. Costs and outcomes were discounted at 3.5%. Analyses were performed for the base-case population, 
excluding patients with an unfavourable cytogenetic profile, and the overall population.
Results  For the base-case and overall populations respectively, incremental per-patient costs (£13,456 and £14,773) and 
QALYs (0.99 and 0.68) for GO plus SOC versus SOC resulted in incremental cost-effectiveness ratios (ICERs) of £13,561 
and £21,819 per QALY gained. The mean probabilistic ICERs were £14,217 and £23,245, respectively. Univariate sensitivity 
analyses supported the robustness of the results.
Conclusions  The ICERs for both populations met NICE’s £20,000–£30,000 willingness-to-pay threshold for medicines and 
supported the current approval for GO.
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1  Introduction

Acute myeloid leukaemia (AML) is the most common type 
of acute leukaemia in adults [1]. In the United Kingdom 
(UK), the incidence of AML is ~ 3100 new cases every year; 
incidence rates have increased by 29% since the early 1990s 
[2]. The total estimated prevalence of AML in the UK is 
9.6/100,000, based on the number of newly diagnosed cases 
in 2004–2011 and patient survival [3].

Acute myeloid leukaemia is associated with a short life 
expectancy and is a terminal condition if left untreated. 

Approximately 20% of patients with AML will survive for ≥ 
5 years after diagnosis [2]. Although most adult patients can 
achieve complete remission (CR) following standard induc-
tion chemotherapy, many patients will eventually relapse [4, 
5]. There are ~ 2600 annual deaths from AML in the UK [2].

Chromosomal abnormalities, as detected by cytogenetics 
profile, are the most powerful prognostic factor for predict-
ing the response to treatment and the risk of relapse [4, 6]. 
Based on diagnostic karyotyping, patients can be character-
ised as having a favourable, intermediate, or unfavourable 
cytogenetics profile according to the types of abnormalities 
that are present [6]. Those who have not received cytoge-
netic test results are classified as having unknown cytoge-
netics. Cytogenetic abnormalities have been identified in 
approximately half of all patients with newly diagnosed 
AML and the incidence of unfavourable cytogenetic abnor-
malities increases with age [6]. Patients with a favourable 
or intermediate cytogenetics profile have a better prognosis 
than those with an unfavourable cytogenetics profile [7–9], 
which can inform treatment strategies. After patients attain 
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Key Points for Decision Makers 

Gemtuzumab ozogamicin (GO), in combination with 
standard of care (SOC) chemotherapy (daunorubicin 
plus cytarabine), was approved for the treatment of 
newly diagnosed patients with CD33+ acute myeloid 
leukaemia (AML) in 2017 by the US Food and Drug 
Administration and in 2018 by the European Medicines 
Agency.

Results of our cost-effectiveness analysis indicate that 
GO in combination with SOC is a cost-effective first-line 
treatment option for adult patients with de novo AML 
from the perspective of the UK health care payer.

The analyses presented in this article supported the sub-
mission leading to the UK National Institute for Health 
and Care Excellence recommendation for GO plus SOC 
as a treatment option for patients with untreated CD33+ 
AML with favourable, intermediate, or unknown cytoge-
netics.

2 � Methods

2.1 � Model Overview

A cohort state-transition model was developed in Micro-
soft Excel (Microsoft Corporation) to evaluate the costs 
and effectiveness of GO + SOC versus SOC alone for de 
novo CD33+ AML patients, from treatment initiation to 
death. Analyses were performed from the perspective of the 
UK health care payer, which included all direct health care 
costs (National Health Service [NHS] and Personal Social 
Services) with a cost year of 2017. Indirect and non-health 
care costs were not included. The effectiveness measures 
included quality-adjusted life-years (QALYs) and life-years 
(LYs). Costs and health outcomes were discounted at 3.5% 
per annum [16]. A lifetime time horizon was used; the analy-
sis time frame was 40 years, with a cycle length of 1 month. 
A half-cycle correction was applied.

The modelled population consisted of adult patients with 
previously untreated de novo CD33+ AML who were eli-
gible to receive intensive chemotherapy. Separate analyses 
were performed for two patient populations.

•	 Base-case population: the subgroup that had a clear ben-
efit with the addition of GO and excluded patients with 
unfavourable cytogenetics (i.e., favourable, intermediate, 
or unknown cytogenetics).

•	 Overall population: all patients, regardless of favourable, 
intermediate, unfavourable, or unknown cytogenetic pro-
file.

The treatment regimens for the model comparators 
aligned with the ALFA-0701 study [17], which informed the 
licence for GO (Table 1). In the ALFA-0701 study, patients 
were randomised to receive standard first-line induction 
chemotherapy (3+7 daunorubicin + cytarabine) plus GO 
3 mg/m2 (capped at 5 mg) on Days 1, 4, and 7 during induc-
tion (GO + SOC arm) or SOC alone (SOC arm). Patients in 
CR following induction therapy received up to two courses 
of consolidation therapy (daunorubicin + cytarabine) alone 
or with GO 3 mg/m2 (capped at 5 mg) on Day 1, according 
to their initial randomisation.

2.2 � Model Structure

The model structure diagram is presented in Fig. 1. De 
novo AML patients enter the model on commencement of 
their systemic therapy (either GO + SOC or SOC alone). 
All patients received one induction course. A second induc-
tion course of SOC only (without GO) was possible for all 
patients without an adequate response to the first induc-
tion course. At the end of induction therapy, patients were 

CR, physicians should decide early on whether haematopoi-
etic stem-cell transplantation (HSCT) is needed for those at 
high risk of relapse who cannot maintain CR with chemo-
therapy [4–10].

The treatment landscape for AML is rapidly changing, 
with the approval of several novel therapies beginning in 
2017 [11]. Gemtuzumab ozogamicin (GO; Mylotarg™) is 
a CD33-directed antibody conjugated to a potent, cytotoxic 
calicheamicin derivative. The CD33 antigen is expressed 
on at least a subset of AML cells in almost all patients and 
represents an important target for antibody-based AML 
therapy [12]. Gemtuzumab ozogamicin, in combination 
with standard-of-care (SOC) chemotherapy (daunorubicin 
+ cytarabine), was approved for the treatment of newly 
diagnosed patients with CD33+ AML in 2017 by the US 
Food and Drug Administration and in 2018 by the European 
Medicines Agency [13, 14]. The approval of GO + SOC was 
based, in part, on the results from the phase III ALFA-0701 
study (ClinicalTrials.gov identifier NCT00927498), which 
demonstrated significantly longer event-free survival with 
a fractionated dose of GO + SOC versus SOC alone [17]. 
The benefit of GO was particularly evident in the subgroup 
of patients with favourable or intermediate cytogenetics, 
whereas the addition of GO did not have a significant impact 
on patients with unfavourable cytogenetics.

The present study assessed the cost effectiveness of GO 
+ SOC versus SOC alone in the first-line treatment of adult 
patients with de novo CD33+ AML. The analysis was per-
formed from the perspective of the UK health care payer.
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assessed and either attained CR or CR with incomplete 
platelet recovery (CRp) (induction success) or were refrac-
tory to induction therapy (induction failure). All patients left 
the induction therapy health state after two cycles. Patients 
who attained CR or CRp continued with up to two courses 
of consolidation therapy then moved off treatment. Patients 
with certain risk profiles who attained CR or CRp received 
HSCT instead of consolidation therapy if it was considered 
beneficial. The proportion of patients in the ALFA-0701 
study who received each course of induction and consoli-
dation treatment was applied in the model to account for 
treatment discontinuation (Table 1).

A proportion of patients entering the relapse or refrac-
tory health states who were deemed sufficiently fit to receive 
high-intensity chemotherapy (based on clinical input) began 
up to two courses of salvage therapy (consisting of fludara-
bine, cytarabine, granulocyte colony-stimulating factor, and 
idarubicin [FLAG-Ida]) with the aim to attain second-line 
CR or CRp and transplant (Table 1). The remaining pro-
portion of patients who were not deemed sufficiently fit to 

receive high-intensity chemotherapy began non-curative 
therapies (azacitidine, low-dose cytarabine, or hydroxycar-
bamide [best supportive care]), followed by palliative care. 
Patients who transitioned to the HSCT health state from the 
CR or CRp, relapse and refractory health states remained 
there for one model cycle to account for the HSCT proce-
dure. Patients who received HSCT then moved to the post-
HSCT CR or CRp health state, with or without graft-versus-
host disease (GVHD).

Patients who had CR or CRp after 5 years (in the CR/
CRp or post-HSCT CR/CRp health states) transitioned to 
the functionally cured health state. Clinical advisers in the 
UK considered 5 years to be a robust estimate for functional 
cure (long-term disease-free survival) for all alive patients.

2.3 � Model Inputs

A summary of the variables applied in the economic model 
is presented in Tables 2 and 3.

Table 1   Pharmacological regimens in each treatment phase

Ara-C cytarabine, CR complete remission, CRp CR with incomplete platelet recovery, DNR daunorubicin, FLAG-Ida fludarabine, cytarabine, 
granulocyte colony-stimulating factor, and idarubicin, GO gemtuzumab ozogamicin, IV intravenous, SOC standard of care (daunorubicin and 
cytarabine)
a GO dose is capped at 5  mg. Second induction course given to patients without an adequate response to induction course 1. Consolidation 
courses given only to those patients who attained CR or CRp following induction therapy
b Salvage therapy is given to 60% of relapsed and refractory patients. The remaining 40% receive non-curative therapies

Treatment phase Treatment regimen Proportion

First-line chemotherapy (study interventions)a

Induction course 1 (GO + SOC) GO = 3 mg/m2/day (days 1, 4, 7)
DNR = 60 mg/m2/day (days 1–3)
Ara-C = 200 mg/m2/day (days 1–7)

100%

Induction course 1 (SOC) DNR = 60 mg/m2/day (days 1–3)
Ara-C = 200 mg/m2/day (days 1–7)

Induction course 2 (both arms) DNR = 35 mg/m2/day (days 1–3)
Ara-C = 1000 mg/m2/day (days 1–3)

19.8% (pooled)

Consolidation course 1 (GO + SOC) GO = 3 mg/m2/day (day 1)
DNR = 60 mg/m2/day (day 1)
Ara-C = 1000 mg/m2/12 hours (days 1–4)

67.6% (pooled)

Consolidation course 1 (SOC) DNR = 60 mg/m2/day (day 1)
Ara-C = 1000 mg/m2/12 hours (days 1–4)

Consolidation course 2 (GO + SOC) GO = 3 mg/m2/day (day 1)
DNR = 60 mg/m2/day (days 1–2)
Ara-C = 1000 mg/m2/12 hours (days 1–4)

59.7% (pooled)

Consolidation course 2 (SOC) DNR = 60 mg/m2/day (days 1–2)
Ara-C = 1000 mg/m2/12 hours (days 1–4)

Subsequent-line therapiesb

Salvage chemotherapy course 1 and 2 (FLAG-Ida) Fludarabine = 30 mg/m2/day (days 2–6)
Ara-C = 2000 (days 2–6)
G-CSF = 263 µg/day (days 1–7)
Idarubicin = 8 mg/m2/day (days 4, 5, 6)

60%

Non-curative therapy (basket of individual therapies) Hydroxycarbamide = 1000 mg/day (days 1–28)
Low-dose Ara-C = 40 mg/day (days 1–10)
Azacitidine = 75 mg/m2/day (days 1–7)

40%
40%
20%
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2.3.1 � Event Probabilities

The modified intention-to-treat (mITT) population of the 
ALFA-0701 study [17] was used to inform transition prob-
abilities and events. Response rates and adverse event 
(AE) probabilities (Table 2) were taken directly from the 
ALFA-0701 study, whereas parametric survival functions 
for relapse-free survival (RFS) and overall survival (OS) 
and HSCT probabilities were derived from patient-level 
data for the mITT population. The overall mITT population 
included 271 patients: 135 in the GO + SOC arm and 136 
in the SOC arm. The base-case mITT population (excluding 
patients with unfavourable cytogenetics) included 108 and 
106 patients, respectively. Response was measured in terms 
of CR or CRp at the end of induction therapy. Patients who 
did not attain CR or CRp were categorised as failing induc-
tion therapy.

Parametric survival functions were fitted to RFS and OS. 
Overall survival was stratified by response status because 
survival for patients who attained CR or CRp was expected 
to be substantially longer than that for refractory patients. 
Moreover, GO is known to extend RFS [17]; therefore, to 
account for this added benefit and generate a meaningful 
comparison, OS curves were divided according to response. 
Validation was performed to ensure that the stratified OS 

curves summed to the overall OS curve. Clinical advisers 
believed that GO would not affect OS for refractory patients 
since patients failing induction treatment tend to demon-
strate poor prognosis and survival outcomes after treatment 
failure. Therefore, OS for refractory patients was pooled in 
the base-case analysis.

To capture cure rates associated with AML, we explored 
parametric and more complex models (flexible-spline and 
mixture cure models [MCMs]). Mixture cure models are 
well established statistical practice for studies in AML 
disease [18–25]; MCMs were fitted by using the strsmix 
package in STATA (StataCorp LLC) and provided the best 
statistical fit and most plausible survival projections for RFS 
and OS (CR or CRp).

A hazard ratio (base-case population = 1.36) for excess 
mortality versus the general population was calculated using 
an analysis of pooled survival data from UK AML trials 
10–16. The hazard ratio was applied after the ALFA-0701 
study follow-up period (5 years) when patients were consid-
ered functionally cured. The survival extrapolations used in 
the base-case analysis are presented in Fig. 2 for the base-
case population and in Online Resource 1, eFigure 1 (see 
electronic supplementary material [ESM]), for the overall 
population.

Fig. 1   Model structure diagram. Induction therapy captures the ini-
tial period of treatment with GO + SOC or SOC alone prior to deter-
mination of response status. CR or CRp and refractory health states 
capture treatment phases for patients with induction success and 
failure, respectively. Relapse health states capture treatment phases 
for patients with disease progression following CR or CRp. HSCT 
captures the period of HSCT procedure and recovery when patients 

remain hospitalised. Post-HSCT CR/CRp health states capture the 
period after HSCT procedure prior to becoming ‘functionally cured’. 
Functionally cured captures long-term disease-free survival (CR or 
CRp) with no planned follow-up. AML acute myeloid leukaemia, 
CR complete remission, CRp CR with incomplete platelet recovery, 
GVHD graft-versus-host disease, HSCT haematopoietic stem-cell 
transplantation
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Table 2   Summary of model 
variables for the base-case 
population

Variable Value Measurement of uncer-
tainty (distribution)

Source

Analysis settings
 Time horizon 40 years Constant Assumption
 Discount rate: costs 3.50% Constant NICE [16]
 Discount rate: outcomes 3.50% Constant NICE [16]
Patient characteristics
 Mean age, years 61.2 SE = 0.32 (normal) ALFA-0701
 Percentage female 50.93% 109/214 (beta) ALFA-0701
 Mean BSA, m2 1.83 SE = 0.01 (normal) ALFA-0701
 Mean weight, kg 73.99 SE = 1.01 (normal) ALFA-0701
Probabilities
 Pooled response (CR or CRp) 78.04% 167/214 (Dirichlet) ALFA-0701
 HSCT from CR or CRp (pooled) 8.38% 14/167 (beta) ALFA-0701
 HSCT from refractory (pooled) 19.15% 9/47 (beta) ALFA-0701
 HSCT from relapse
  Year 1 (GO + SOC) 9.58% SE = 0.010 (beta) ALFA-0701
  Year 2 (GO + SOC) 8.38% SE = 0.008 (beta)
  Year 3 (GO + SOC) 1.20% SE = 0.001 (beta)
  Year 4 (GO + SOC) 3.59% SE = 0.004 (beta)
  Year 1 (SOC) 14.37% SE = 0.014 (beta)
  Year 2 (SOC) 14.37% SE = 0.014 (beta)
  Year 3 (SOC) 3.59% SE = 0.004 (beta)
  Year 4 (SOC) 1.20% SE = 0.001 (beta)
 Post-HSCT cure rate 42.2% SE = 0.06 (normal) ALFA-0701
 General population mortality rates Age-specific Constant ONS [35]
 HR for AML vs general population 

mortality rates
1.36 SE = 0.14 (normal) Calculation

Unit costs
 First-line therapies
  GO (5-mg vial) £6300.00 Constant BNF [36]
  Daunorubicin (20-mg vial) £65.00 Constant BNF [29]
  Cytarabine (2000 mg, 5 vials) £6.60 Constant DoH [30]
 Salvage therapy
  Cytarabine (2000 mg, 5 vials) £6.60 Constant DoH [30]
  Fludarabine (50-mg vial) £26.08 Constant DoH [30]
  Filgrastim (30 µg, 5 vials) £49.30 Constant BNF [29]
  Idarubicin (5-mg vial) £87.36 Constant BNF [29]
 Non-curative therapies
  Cytarabine (100-mg vial) £4.70 Constant eMIT [30]
  Hydroxycarbamide (100 caps) £8.83 Constant eMIT [30]
  Azacitidine (100-mg vial) £321.00 Constant BNF [29]
 Supportive therapies
  Gentamicin (360 mg, 20 bags) £4.61 Constant eMIT [30]
  Posaconazole (4200-mg vial) £491.20 Constant BNF [29]
  Red blood cell transfusion £120.00 SE = 12.00 (normal) NHSBT [37]
  Platelet transfusion £193.15 SE = 19.32 (normal) NHSBT [37]
 HSCT
  Procedure £60,891.72 SE = 6089.17 (normal) NHSBT [38]
  0–6 months post-HSCT £4891.42 SE = 489.14 (normal) NHSBT [38]
  6–12 months post-HSCT £3360.07 SE = 336.01 (normal) NHSBT [38]
  12–24 months post-HSCT £1212.35 SE = 121.23 (normal) NHSBT [38]
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Patients could receive HSCT from the CR or CRp, 
relapse, and refractory health states. Separate HSCT prob-
abilities were calculated for each of these health states 
(Table 2). The probabilities were calculated from the number 
of patients who underwent HSCT using ALFA-0701 study 
time-to-HSCT analyses for the total cohorts of patients who 
attained CR or CRp (without relapse), who relapsed, and 
who were refractory to induction therapy.

2.3.2 � Health Utility Estimates

Health-related quality-of-life data were not collected dur-
ing the ALFA-0701 study. Health utility estimates were 
identified by a systematic literature review and a preference 

elicitation study in which preference values were assigned 
to health states experienced by AML patients, as described 
in vignettes, from the perspective of the general UK popula-
tion [15].

The health-state utility values included in the base case 
are presented in Table 2. Health-state utility estimates using 
the EQ-5D were chosen for the base-case analysis because 
this is the preferred measure for the UK [16]. For the func-
tionally cured health state, age-adjusted EQ-5D values were 
used for the UK general population and calculated from the 
formula reported by Ara and Brazier [26].

Utility decrements for AEs were applied in the model to 
capture treatment-specific utility loss due to toxicity. A mean 
utility decrement of 0.0207 (National Institute for Health 

Table 2   (continued) Variable Value Measurement of uncer-
tainty (distribution)

Source

  GVHD management £26,888.92 SE = 2688.89 (normal) Espérou et al. [39]
 Hospital visits
  Inpatient attendance (per day) £661.72 SE = 66.17 (normal) DoH [31]
  Consultant visit, first £196.64 SE = 32.63 (normal) DoH [31]
  Consultant visit, follow-up £162.84 SE = 22.96 (normal) DoH [31]
  Specialist nurse visit £36.00 SE = 3.60 (normal) Curtis and Burns [40]
 Disease managementa

  Bone marrow cytogenetics £16.88 SE = 5.30 (normal) DoH [31]
  Bone marrow extraction £493.90 SE = 49.39 (normal) DoH [31]
  Ultrasound examination £611.79 SE = 61.18 (normal) DoH [31]
 Terminal care
  Last 8 weeks of life £6658.77 SE = 697.12 (normal) Addicott and Dewar [41]
Utility values
 Chemotherapy treatmentb 0.6574c SE = 0.07 (beta) NICE [42]
 HSCT procedure 0.6574d SE = 0.07 (beta) Assumption
 GVHD (post-HSCT) 0.6700 SE = 0.02 (beta) Kurosawa et al. [43]
 CR or CRp 0.7400c SE = 0.07 (beta) NICE [42]
 Relapse 0.5680c SE = 0.06 (beta) NICE [42]
 Refractory 0.5680e SE = 0.06 (beta) Assumption
 Functionally cured 0.8212f SE = 0.08 (beta) Ara and Brazier [26]
 Dead 0 N/A N/A

AML acute myeloid leukaemia, BNF British National Formulary, BSA body surface area, CR complete 
remission, CRp CR with incomplete platelet recovery, DoH Department of Health, eMIT electronic market 
information tool, GO gemtuzumab ozogamicin, GVHD graft-versus-host disease, HR hazard ratio, HSCT 
haematopoietic stem-cell transplant, MCM mixture cure model, NHSBT National Health Service Blood and 
Transplant, NICE National Institute for Health and Care Excellence, ONS Office for National Statistics, OS 
overall survival, RFS relapse-free survival, SE standard error, SOC standard of care
a Costs for other laboratory tests were included in the model
b Used for induction, consolidation, and salvage chemotherapy
c Values from NICE Technology Appraisal 399, using the mapping algorithm by McKenzie and Van der 
Pol[44]
d Assumed equal to chemotherapy treatment
e Assumed equal to relapse
f Age-adjusted EQ-5D value for UK general population calculated from the formula reported by Ara and 
Brazier [26], using mean patient age and gender. Value presented was calculated using baseline patient 
characteristics for all patients in the ALFA-0701 study
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and Care Excellence [NICE] Technology Appraisal No. 399; 
Pfizer data on file, 2015) was applied as a one-time decre-
ment for all grade 3 and 4 AEs except for veno-occlusive 
disease (VOD) (Table 3). A utility decrement of 0.208 [27] 
was applied for VOD for a mean duration of 26.8 days [28].

2.3.3 � Resource Use and Costs

A systematic literature review was conducted to identify pri-
mary studies reporting health care resource use and costs. 
Costs estimated by the model included first- and subsequent-
line treatment costs, HSCT costs, the costs of treating AEs, 
health-state costs (including hospitalisations, specialist 
consultations, diagnostics, supportive therapies, and blood 
transfusions), and terminal care costs.

Unit costs were taken from recognised national sources 
(where available), including the British National Formulary 
(BNF) [29], drugs and pharmaceutical electronic market 
information [30], NHS Reference Costs [31], and the pub-
lished literature. Costs quoted for other cost-years or in other 
currencies were inflated to 2017 costs or converted to the 
currency of the country of analysis, as applicable. Resource 
utilisation estimates were taken from the ALFA-0701 study 
and the published literature or based on clinical opinion.

2.4 � Sensitivity Analysis

Univariate sensitivity analysis was performed to identify the 
parameters that had the most influence on the incremental 
cost-effectiveness ratio (ICER). Scenario analyses explor-
ing structural uncertainty for specifically identified areas of 
uncertainty were performed.

Probabilistic sensitivity analysis was conducted to 
evaluate uncertainty associated with parameter precision. 

Probabilistic sensitivity analyses included all model param-
eters; estimates of uncertainty were based on the uncertainty 
in the source data (where data availability permitted this). 
In cases where this was permitted, exact data were used to 
capture the upper and lower bounds; in instances of a lack 
of data, 10% variability from mean values was applied. All 
parameters were varied simultaneously, and multiple sets of 
parameter values were sampled from predefined probability 
distributions in order to characterise the uncertainty associ-
ated with the precision of mean parameter values.

2.5 � Model Validation

The model incorporated information from relevant litera-
ture, previous health technology assessment appraisals, and 
constructive feedback on model design from 11 clinical, 
statistical, and health economics experts (acknowledged in 
Declarations). Model validation was performed in alignment 
with best practice [32].

The model specifications (including the model struc-
ture, key data sources, and assumptions) were reviewed 
by clinical experts and external health economists to align 
with NICE Decision Support Unit (DSU) No. 14 [33] best 
practice methods for validation of long-term extrapolated 
outcomes. The statistical analysis plans for survival analysis 
were reviewed by an external statistician.

Quality control procedures for verification of input data 
and coding were performed by RTI Health Solutions staff 
not involved in the model development and in accordance 
with a prespecified test plan (procedures included verifica-
tion of all input data with original sources and programming 
validation).

The model also was validated by an external health eco-
nomics consultant who was asked to evaluate the model 

Table 3   Summary of adverse 
events for the base-case 
population

GO gemtuzumab ozogamicin, SE standard error, SOC standard of care

Adverse event GO + SOC SOC Cost (£)
Mean

Utility decrement

% n/N % n/N Mean SE

Skin toxicity 13.3 14/105 17.9 19/106 1586.01 0.0207 0.00207
Mucosal toxicity 16.2 17/105 6.6 7/106 1492.69 0.0207 0.00207
Pain 16.2 17/105 4.7 5/106 1009.42 0.0207 0.00207
Nausea, vomiting, and diarrhoea 19.0 20/105 11.3 12/106 1492.69 0.0207 0.00207
Pulmonary toxicity 14.3 15/105 12.3 13/106 1526.52 0.0207 0.00207
Cardiac rhythm disorder 4.8 5/105 1.9 2/106 996.67 0.0207 0.00207
Other cardiac toxicity 4.8 5/105 2.8 3/106 1713.06 0.0207 0.00207
Central neurological toxicity 7.6 8/105 3.8 4/106 389.37 0.0207 0.00207
Peripheral neurological toxicity 3.8 4/105 1.9 2/106 389.37 0.0207 0.00207
Infections 79.0 83/105 80.2 85/106 1938.10 0.0207 0.00207
Haemorrhage 24.8 26/105 10.4 11/106 1251.24 0.0207 0.00207
Veno-occlusive disease 1.9 2/105 0.9 1/106 10,064.58 0.208 0.0208
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Fig. 2   Base-case popula-
tion survival extrapolations. 
CR complete remission, CRp 
CR with incomplete platelet 
recovery, GO gemtuzumab 
ozogamicin, KM Kaplan-Meier, 
MCM mixture cure models, OS 
overall survival, SOC standard 
of care
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from the perspective of NICE’s Evidence Review Group. 
Model predictions were validated against the ALFA-0701 
study data and external data (long-term pooled analysis of 
UK AML trials).

3 � Results

In the base case (subgroup of patients with favourable, inter-
mediate, or unknown cytogenetics), the deterministic analy-
sis found higher per-patient costs (£135,545 vs £122,088), 
greater number of LYs (7.24 vs 5.93), and greater number of 
QALYs (5.29 vs 4.30) for GO + SOC versus SOC (Table 4). 
Corresponding ICERs were £10,240/LY and £13,561/QALY 
gained. The mean probabilistic ICER was £14,217/QALY 
gained (95% confidence interval [CI] 12,985–15,587) 
(Fig. 3), with a 77% probability of being cost effective at 
a willingness-to-pay threshold of £30,000/QALY (Fig. 4).

In the overall population (now also including those with 
unfavourable cytogenetics), there were again higher per-
patient costs (£132,245 vs £117,472), greater LYs (6.17 
vs 5.28) and greater QALYs (4.51 vs 3.83) associated with 
GO + SOC versus SOC (Table 4). Corresponding ICERs 
were £16,492/LY and £21,819/QALY gained. The mean 
probabilistic ICER was £23,245/QALY gained (95% CI 
20,911–26,039) (Fig. 3), with a 60% probability of being 

cost effective at a willingness-to-pay threshold of £30,000/
QALY (Fig. 4).

Higher costs of GO + SOC were mainly attributable to 
drug acquisition; however, these were partially offset via cost 
savings seen from relapse prevention and fewer HSCTs. In 
the base-case population, the parameters that had the largest 
impact on the ICER when they were increased or decreased 
in the univariate sensitivity analysis were generally those 
related to HSCT (Online Resource 1, eFigure 2, see ESM). 
The ICER was insensitive to changes in individual param-
eters; HSCT probabilities from the relapse health state in 
years 1 and 2 were most impactful but changed the ICER by 
< £1000/QALY. Similar results were observed in the overall 
population.

Scenario analysis results are presented in Table 5. For 
the base-case population, the ICER was most sensitive to 
assumptions about the pooling of response rates and the OS 
curve for refractory patients. Pooled data from ALFA-0701 
were used in the model based on clinical opinion that no dif-
ferences are expected between treatment arms. Using indi-
vidual treatment-arm data for response rates decreased the 
ICER by £3035 and using individual OS (refractory) curves 
increased the ICER by £3714. For the overall population, the 
ICER decreased by £5219 using response rates for individual 
arms and increased by £1267 using individual OS (refrac-
tory) curves. The ICER was also sensitive to the choice of 

Table 4   Deterministic cost-effectiveness results

CR complete remission, CRp CR with incomplete platelet recovery, GO gemtuzumab ozogamicin, GVHD graft-versus-host disease, HSCT hae-
matopoietic stem-cell transplant, ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-year, SOC standard of care

Health state Costs (GO + SOC) Costs (SOC) Costs (increment) QALYs (GO + SOC) QALYs (SOC) QALYs (increment)

Base-case population
Induction therapy £49,262.62 £28,794.71 £20,467.90 0.11124 0.11121 0.00003
CR or CRp £21,326.94 £11,410.89 £9916.05 1.31264 0.87204 0.44060
Relapse £22,185.91 £32,907.41 − £10,721.51 0.67942 0.61690 0.06252
Refractory £15,789.39 £15,789.39 £0.00 0.16020 0.16020 0.00000
HSCT £23,653.77 £30,531.00 − £6877.23 0.45179 0.57815 − 0.12636
Functionally cured £0.00 £0.00 £0.00 2.58371 1.96398 0.61973
Adverse events £3326.07 £2654.94 £671.13 − 0.00702 − 0.00278 − 0.00424
Total £135,544.69 £122,088.35 £13,456.35 5.29199 4.29971 0.99228
ICER £13,561.03
Overall population
Induction therapy £49,266.29 £28,798.38 £20,467.90 0.10957 0.10952 0.00005
CR or CRp £21,031.37 £11,293.10 £9738.27 1.12701 0.79668 0.33034
Relapse £19,055.02 £28,471.73 − £9416.71 0.58458 0.48292 0.10166
Refractory £17,904.29 £17,904.29 £0.00 0.10296 0.10296 0.00000
HSCT £21,650.19 £28,364.40 − £6714.21 0.40592 0.53101 − 0.12509
Functionally cured £0.00 £0.00 £0.00 2.18805 1.81335 0.37470
Adverse events £3337.86 £2640.05 £697.81 − 0.00828 − 0.00369 − 0.00459
Total £132,245.02 £117,471.96 £14,773.06 4.50981 3.83275 0.67706
ICER £21,819.38
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health-state utility values. Using time trade-off values from 
the preference elicitation study [15] that were considerably 
lower than the EQ-5D values increased the base-case popu-
lation ICER by £1578 and increased the overall population 
ICER by £4729.

4 � Discussion

An economic model was developed to assess the cost effec-
tiveness of GO + SOC versus SOC alone in the first-line 
treatment of adult patients with de novo CD33+ AML from 
the perspective of the UK health care payer. Our analyses 
support the UK NICE recommendation of GO + SOC as a 

Fig. 3   Cost-effectiveness plane. 
PSA probabilistic sensitivity 
analysis, QALY quality-adjusted 
life-year
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treatment option for patients with untreated CD33+ AML 
with favourable, intermediate, or unknown cytogenetics 
[34]. The NICE recommendation includes patients whose 
cytogenetics are unknown because the test is unsuccessful 
or because test results are not yet available. These patients 
discontinue GO if test results show them to have unfavour-
able cytogenetics.

The base-case population analysis presented in this article 
represents the base-case analysis submitted to NICE with-
out the confidential patient access scheme discount for GO. 
Minor errors identified by the Evidence Review Group [34] 
have been corrected, but the assumptions proposed by the 
Evidence Review Group for their alternative base-case anal-
ysis have not been used. NICE reported that their preferred 
analysis, representing the most plausible ICER for the base-
case population, was below £20,000/QALY gained [34].

NICE included a stopping rule for patients with unknown 
cytogenetics whose test results show them to have unfavour-
able cytogenetics. Cost offsets were applied for the following 
patients who would stop GO:

•	 Patients waiting for test results who do not need urgent 
treatment were assumed not to receive GO.

•	 Patients waiting for test results who do need urgent treat-
ment were assumed to receive GO in the first induction 
cycle but stop before receiving consolidation therapy 
with GO.

In total, a stopping rule was applied to 0.7% of the base-
case population. The stopping rule was replicated in a sce-
nario analysis for the base-case population presented in this 
article, which resulted in a small reduction to the ICER of 
£163 (Table 5).

Midostaurin in combination with SOC was recommended 
by NICE in 2018 as an option for treating adults with newly 
diagnosed FLT3-mutation-positive AML [45]. Midostaurin 
was not identified as a comparator to GO during the NICE 
appraisal process, and no comparison was attempted. Only 
16% of patients who received GO in the ALFA-0701 trial 
were reported as FLT3-mutation positive in the trial’s pri-
mary publication [17], which makes a meaningful compari-
son difficult.

Fig. 4   Cost-effectiveness 
acceptability curves. QALY 
quality-adjusted life-year
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4.1 � Study Strengths

A transparent, probabilistic, cost-effectiveness model was 
developed in Microsoft Excel and Microsoft Visual Basic for 
Applications. The model was developed to meet the stand-
ards required by NICE [16]. A semi-Markov cohort state-
transition model with 12 health states was used to capture 
differences in costs and outcomes throughout the entire dis-
ease course and patient lifetime. Relevant health states were 
identified and validated as part of a preference elicitation 
study [15] and were considered to comprehensively reflect 
the experience of AML patients throughout the treatment 
pathway. The model structure is more complex than a sim-
pler partitioned survival model, as was used for midostaurin 
[45], and does not directly use the underlying efficacy data, 
which could add uncertainty. However, moving from a par-
titioned survival model to a state-transition model allowed 
additional health states to be modelled. Overall survival was 
stratified by response status to isolate the benefit of GO for 
patients who achieve CR/CRp and generate a meaningful 

comparison. Validation was performed to ensure that the 
stratified OS curves summed to the overall OS curve.

The transitions between the main health states were gov-
erned by the parametric functions fitted to patient-level RFS 
and OS data in the ALFA-0701 study. Advanced model-
ling techniques were used to ensure that the tail of the data, 
representing the proportion of cured patients, was modelled 
appropriately to enable the accurate projection of long-term 
outcomes. Additional transitions were included to capture 
second-line treatments and HSCTs based on analyses of 
patient-level data in the ALFA-0701 study. Clinical assump-
tions and survival extrapolations were cross-validated with 
external data and UK clinical experts to ensure the assump-
tions and extrapolations aligned with expectations in clinical 
practice. A cure fraction parameter was estimated for differ-
ent MCM functions and varied in the probabilistic sensitivity 
analysis to reflect stochastic uncertainty. The difference in 
the cure fraction between treatment groups, which is the 
main driver of incremental QALYs, was similar across dif-
ferent MCM functions for OS and RFS.

The NICE appraisal committee concluded that the ALFA-
0701 study population was generalisable to the population 

Table 5   Deterministic scenario analysis results

CR complete remission, CRp CR with incomplete platelet recovery, ICER incremental cost-effectiveness ratio, MCM mixture cure model, OS 
overall survival, QALY quality-adjusted life-year, RFS relapse-free survival, TTO time trade-off

Parameter Base case Scenario Incremental costs Incre-
mental 
QALYs

ICER Change to ICER

Base-case population
Response rates Pooled arms Individual arms £11,803.41 1.1213 £10,526.43 − £3034.60
RFS and OS (CR or CRp) 

survival function
MCM log-normal MCM Weibull £12,866.49 0.9683 £13,287.57 − £273.46

RFS and OS (CR or CRp) 
survival function

MCM log-normal MCM generalised gamma £18,138.05 1.4029 £12,928.67 − £632.37

OS (refractory) survival 
function

Gompertz (pooled arms) Gompertz (individual 
arms)

£15,716.78 0.9098 £17,274.79 £3713.75

Health-state utility weights EQ-5D TTO (Pfizer study) £13,456.35 0.8888 £15,139.26 £1578.22
First-line treatment 

courses
Pooled arms Individual arms £12,691.93 0.9927 £12,785.18 − £775.86

Drug wastage Excluded Included £13,167.29 0.9923 £13,269.73 − £291.31
Stopping rule Excluded Included £13,294.66 0.9923 £13,398.09 − £162.95
Overall population
Response rates Pooled arms Individual arms £13,649.80 0.8223 £16,600.24 − £5219.14
RFS and OS (CR or CRp) 

survival function
MCM log-normal MCM Weibull £13,424.42 0.5950 £22,561.60 £742.22

OS (refractory) survival 
function

Gompertz (pooled arms) Gompertz (individual 
arms)

£14,851.02 0.6433 £23,086.62 £1267.24

Health-state utility weights EQ-5D TTO (Pfizer study) £14,773.06 0.5565 £26,548.39 £4729.01
First-line treatment 

courses
Pooled arms Individual arms £14,008.46 0.6775 £20,677.07 − £1142.31

Drug wastage Excluded Included £14,543.01 0.6771 £21,479.60 − £339.78
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who would be eligible for GO + SOC in clinical practice in 
England [34]. Moreover, the application of GO in the model 
aligned with the European licence [14] and was costed using 
the UK list price. The model provided results relevant to 
the UK payer perspective that were applicable for de novo 
CD33+ AML seen in UK clinical practice.

Extensive sensitivity analysis was performed, including 
univariate and probabilistic sensitivity analyses incorporat-
ing all model parameters, and scenario analyses exploring 
structural uncertainty (e.g., alternative survival functions) 
for specifically identified areas of uncertainty (e.g., alterna-
tive utility weights). The sensitivity analyses demonstrated 
the robustness of the model results.

4.2 � Study Limitations

No previous peer-reviewed articles containing economic 
analyses were identified for GO in de novo AML; thus, it 
was not possible to compare the model results with pub-
lished literature.

The model structure was considered appropriate for deci-
sion making by the NICE appraisal committee [34] but was 
complex and relied on clinical opinion where data were not 
available. The time until patients with long-term disease-free 
survival are classified as being functionally cured was esti-
mated by clinical experts to be 3–5 years. The time at which 
patients transition to the functionally cured health state in 
the model was 5 years and this was considered a conserva-
tive estimate; timepoints < 5 years resulted in lower ICERs. 
The proportion of relapsed and refractory patients who 
received salvage therapy was estimated to be 60% by clini-
cal experts. The ICER was very insensitive to changes in 
this value because pooled response rates were used, meaning 
that the proportion of patients who were refractory and who 
attained CR/CRp and could relapse was the same for GO 
+ SOC and SOC. The duration of post-HSCT GVHD was 
also estimated by clinicians and had a minimal impact on 
the ICER when varied in the univariate sensitivity analysis.

Health-related quality-of-life data were not collected in 
the ALFA-0701 study; therefore, the utility estimates were 
obtained from other sources. There was a paucity of avail-
able data in AML, and estimates were taken from different 
patient populations. Appropriate EQ-5D utility estimates 
were not identified for all model health states. The utility 
value for the refractory health state was assumed to be equal 
to the relapse health state. The utilities for patients receiving 
consolidation chemotherapy and undergoing an HSCT pro-
cedure were assumed to equal the utility for patients receiv-
ing high-intensity chemotherapy. These assumptions were 
validated by UK clinicians.

The majority of the QALY gains in the model were gener-
ated in the functionally cured and CR/CRp (off-treatment) 
health states; consequently, the ICER was most sensitive 

to utility values for these health states. Age-adjusted util-
ity values for the UK general population were calculated 
from the formula reported by Ara and Brazier [26] for the 
functionally cured health state and were considered the least 
uncertain utility values. The utility value for the CR/CRp 
(off-treatment) health state was taken from NICE Technol-
ogy Appraisal 399 (Pfizer data on file, 2015); the value was 
mapped to the EQ-5D from trial-based, disease-specific 
EORTC QLQ-C30 data using a published algorithm [44]. 
Applying lower utility values for these health states would 
increase the ICER. This was demonstrated in a scenario anal-
ysis using alternative health-state utility estimates obtained 
from a preference elicitation study [15] in which the ICERs 
for the base case and overall populations increased by £1578 
and £4729, respectively (Table 5).

5 � Conclusions

Gemtuzumab ozogamicin in combination with SOC is a 
cost-effective first-line treatment option for adult patients 
with de novo AML. The increased costs of adding GO to 
SOC (daunorubicin and cytarabine) were partially offset 
by improved clinical outcomes compared with SOC alone. 
At the UK list price for GO, the ICERs for the base-case 
and overall populations meet the UK’s £20,000–£30,000 
willingness-to-pay threshold for medicines [16]. The results 
were more beneficial for the base-case population, exclud-
ing those with unfavourable cytogenetics, than the overall 
population. NICE’s preferred analysis for the base-case 
population produced similar results, with an ICER below 
£20,000/QALY gained, and led to their recommendation for 
GO + SOC as a treatment option for patients with untreated 
CD33+ AML [34].
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