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Abstract
Background  Gemtuzumab ozogamicin (GO) was approved in 2017 in the US for the treatment of adults with newly diag-
nosed CD33-positive (CD33+) acute myeloid leukemia (AML), and adults and pediatric patients with CD33+ relapsed/
refractory (R/R) AML.
Objective  The aim of this study was to estimate the budgetary impact of introducing GO to a 1-million-member US health 
plan over a 5-year period.
Methods  We developed models to estimate the impact of introducing GO in combination with conventional induction 
chemotherapy or as monotherapy for newly diagnosed AML, and as monotherapy for R/R AML. Models were built using 
data on drug costs and treatment-related outcomes obtained from published clinical trials and other publicly available sources. 
Results were reported on a per member/per year and per member/per month (PMPM) basis.
Results  Base-case results of the newly diagnosed model indicated that the addition of GO in the combination setting reduced 
the overall budget of a 1-million-member health plan. The estimated net cost (US$) savings ranged from $72,969 ($0.006 
PMPM) in year 1 to $745,426 ($0.062 PMPM) in year 5. In the monotherapy setting, GO was associated with increased net 
costs ranging from $4118 (0.0003 PMPM) in year 1 to $31,885 ($0.003 PMPM) in year 5. Base-case results of the R/R AML 
model demonstrated increased net costs that ranged from $17,326 ($0.001 PMPM) in year 1 to $46,163 ($0.004 PMPM) in 
year 5. Scenario analyses in all settings indicated the budget impact was not overly sensitive to the selected input assump-
tions, with the exception of the scenario considering only the pharmacy budget impact in the combination setting.
Conclusions  The introduction of GO for newly diagnosed and R/R AML would have a minimal impact on the budget of a 
US health plan and could result in cost savings in the combination therapy setting for newly diagnosed AML.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4027​3-020-00976​-6) contains 
supplementary material, which is available to authorized users.
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Key Points for Decision Makers 

Gemtuzumab ozogamicin (GO) was approved in 2017 in 
the US for the treatment of adults with newly diagnosed 
CD33-positive (CD33+) acute myeloid leukemia (AML) 
and all patients ≥ 2 years of age with relapsed/refractory 
(R/R) CD33+ AML.

Results of our budget impact analysis indicated GO for 
newly diagnosed CD33+ AML would have minimal 
effect on a US health plan budget and would result in 
cost savings in the combination therapy setting due to 
GO-associated reductions in transplant and relapse.

Results also indicated a minimal budget impact to a US 
health plan with the addition of GO for R/R AML.
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1  Introduction

In 2018, there were over 20,000 new cases of acute myeloid 
leukemia (AML) in the US alone [1]. AML remains difficult 
to treat, with estimates that over 10,000 patients will die 
annually in the US from this malignancy [1]. AML has a 
median age at diagnosis of 68 years and is most frequently 
diagnosed in adults aged 65–74 years [1]. Older age is asso-
ciated with poorer outcomes, including lower rates of remis-
sion and survival compared with younger patients [2].

For younger adult patients (age < 60 years), the standard 
induction therapy has been the ‘7 + 3’ regimen (cytarabine 
continuously for 7 days in combination with an anthracy-
cline for the first 3 days); consolidation therapy may include 
intensive chemotherapy and/or hematopoietic stem cell 
transplantation (HSCT) when appropriate [2–4]. Although 
a majority of adults < 60 years of age can achieve complete 
remission following standard induction chemotherapy, most 
patients will eventually relapse [2, 3, 5, 6]. Older patients 
(age ≥ 60 years) are less likely to achieve complete remis-
sion, and many are unable to tolerate intensive chemotherapy 
due to the risk of toxicity [3]. Treatment selection in older 
patients may take into account a number of factors, includ-
ing performance status, comorbidities, and other adverse 
features [2, 3]. If patients are deemed unable to tolerate 
intensive chemotherapy, first-line treatment has been limited 
to best supportive care, clinical trials with investigational 
drugs, low-dose cytarabine, or hypomethylating agents 
such as azacitidine or decitabine alone or in combination 
with other agents [3, 7]. Patients with relapsed or refrac-
tory (R/R) AML have few treatment options and no agreed-
upon standard-of-care therapy [3]. Salvage regimens such 
as fludarabine, cytarabine, granulocyte colony-stimulating 
factor (G-CSF), and idarubicin (FLAG-IDA), mitoxantrone, 
etoposide, and cytarabine (MEC), or high-dose cytarabine 
(HiDAC) with or without mitoxantrone, idarubicin, or dau-
norubicin may be used [3, 6, 7].

With conventional treatments, improvements in AML 
outcomes over the past few decades have been modest and 
have been primarily attributable to advances in supportive 
care and HSCT techniques [8–10]. However, the treatment 
landscape for AML is rapidly changing with the approval 
of a number of novel therapies over the past 2–3 years [11], 
including refinements of conventional cytotoxic chemother-
apies, molecular targeted inhibitors, and immunotherapies 
[12–18].

Gemtuzumab ozogamicin (GO) is a CD33-directed 
antibody conjugated to a potent, cytotoxic calicheamicin 
derivative. The CD33 antigen is expressed on at least a sub-
set of AML cells in almost all patients, and represents an 
important target for antibody-based AML therapy [19]. GO 
was reapproved by the US FDA in 2017 as monotherapy or 

in combination with chemotherapy for adults with newly 
diagnosed CD33-positive (CD33+) AML, and as mono-
therapy for adult and pediatric patients aged ≥ 2 years with 
R/R CD33+ AML [12]. Key clinical trials leading to the 
approval of GO as combination therapy for newly diagnosed 
AML included the ALFA-0701, MRC AML15, and NCRI 
AML16 trials (Table 1) [20–22]. The EORTC-GIMEMA 
AML-19 and MyloFrance-1 trials supported the approval 
of GO as monotherapy for newly diagnosed and R/R AML, 
respectively (Table 1) [23, 24].

The economic burden of AML to commercial insurers 
in the US is substantial, with the greatest cost components 
being hospitalization during and after induction therapy and 
the use of allogeneic HSCT [25, 26]. Newer treatments for 
AML can be costly but may also add value through increased 
clinical benefits and lower associated medical costs, such 
as decreased hospitalizations and delayed need for HSCT 
[27]. Given the already large economic burden of AML, it 
is important to assess the potential impact of adding newer 
therapies to a health plan. In the current analysis, we evalu-
ated the budget impact of adding GO to a 1-million-member 
US health plan for the treatment of patients with AML.

2 � Methods

2.1 � Model Structure

This analysis included models for evaluating the budget 
impact of introducing GO for the treatment of newly diag-
nosed and R/R AML to a 1-million-member US health 
plan over a 5-year period. The time horizon was selected 
based on the International Society for Pharmacoeconom-
ics and Outcomes Research (ISPOR) best practice guide-
lines for budget impact analyses [28]. All indications for 
GO approved by the US FDA were included in the models. 
For newly diagnosed AML, the model estimated the incre-
mental budget impact of introducing GO in combination 
with standard chemotherapy versus standard chemotherapy 
alone for patients eligible for intensive chemotherapy, and 
as monotherapy versus azacitidine or decitabine for patients 
ineligible for intensive chemotherapy (Fig. 1a). Although no 
head-to-head trials have examined single-agent GO versus 
azacitidine or decitabine, we nevertheless opted to include 
them as comparators because they are commonly used 
agents for patients ineligible for intensive chemotherapy. 
For R/R AML, the model estimated the incremental impact 
of introducing single-agent GO versus alternative regimens 
currently used in this setting: HiDAC, FLAG-IDA, and 
MEC (Fig. 1b).

Models were programmed in Microsoft Excel and Micro-
soft Visual Basic for Applications and conducted in accord-
ance with the ISPOR best practice guidelines for budget 
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impact analyses [28]. Results are reported on a per member 
per year and per member per month (PMPM) basis.

2.2 � Model Inputs

2.2.1 � Newly Diagnosed Acute Myeloid Leukemia (AML)

The modeled patient population included patients indicated 
for first-line treatment with GO. The number of patients eli-
gible for treatment was estimated using the standard health 
plan population assumption of 1 million people and an AML 
incidence of 0.0042% obtained from the Surveillance, Epi-
demiology, and End Results (SEER) Program [1].

Population characteristics were based on the ALFA-0701 
study population [20]. A total of 90% of patients with AML 
were assumed to be CD33+ and therefore eligible to receive 
GO. Cytogenetic risk status determined eligibility for inten-
sive chemotherapy with GO. Patients with favorable (3.3%) 
or intermediate (66.4%) risk were considered eligible, and 

patients with unfavorable (21.0%) risk were considered ineli-
gible, for intensive chemotherapy containing GO. Patients 
with an unknown (9.2%) risk status were assumed to be dis-
tributed in the same relative proportions as observed across 
the favorable, intermediate, and unfavorable risk categories. 
Mean body surface area (BSA) was assumed to be 1.83 m2 
(standard deviation [SD] 0.198) and was also based on the 
ALFA-0701 study population.

The treatment regimen for GO in combination with stand-
ard chemotherapy consisted of one induction cycle and two 
consolidation cycles. The recommended dose of GO was 
3 mg/m2 (up to 4.5 mg) on days 1, 4, and 7 of induction, 
and 3 mg/m2 (up to 4.5 mg) on day 1 of consolidation [12]. 
Patients requiring a second induction cycle did not receive 
GO in the second cycle. Because the standard chemotherapy 
regimen with or without GO is the same, only the additional 
cost of GO treatment is reported.

The treatment regimen for single-agent GO consisted 
of one induction cycle and up to eight continuation cycles. 

Table 1   Key clinical trials supporting the approval of GO for AML

AML acute myeloid leukemia, BSC best supportive care, CR complete remission, CRp complete remission with incomplete platelet recovery, 
EFS event-free survival, GO gemtuzumab ozogamicin, ORR overall response rate, OS overall survival, RFS relapse-free survival, R/R relapsed/
refractory, SC standard chemotherapy
a Differences in outcomes presented here were statistically significant
b With the addition of GO to induction; no benefit was observed with GO use in consolidation

Trial Patients and treatment Outcomesa

GO in combination with chemotherapy for newly diagnosed AML
ALFA-0701 [20] Patients with untreated de novo AML, aged 

50–70 years
GO dose: 3 mg/m2 on days 1, 4, and 7 of induc-

tion; day 1 of each of two consolidation courses
Comparator: chemotherapy alone

GO vs. no GO arm:
 Higher EFS (2-year rate: 40.8% vs. 17.1%)
 Higher OS (2-year rate: 53.2% vs. 41.9%)
 Higher RFS (2-year rate: 50.3% vs. 22.7%)

MRC AML15 [21] Patients with untreated AML, predominantly 
younger (< 60 years)

GO dose: 3 mg/m2 on day 1 of induction; day 1 of 
consolidation

Comparator: chemotherapy alone

GO vs. no GO arm:
 Higher OS among favorable-risk patients 

(5-year rate: 79% vs. 51%)b

NCRI AML16 [22] Patients with untreated AML or high-risk 
myelodysplastic syndrome, predominantly older 
(> 60 years)

GO dose: 3 mg/m2 on day 1 of induction
Comparator: chemotherapy alone

GO vs. no GO arm:
 Lower relapse (3-year cumulative inci-

dence: 68% vs. 76%)
 Higher OS (3-year rate: 25% vs. 20%)

GO as monotherapy for newly diagnosed AML
EORTC-GIMEMA AML-19 [23] Patients with previously untreated AML who were 

ineligible for intensive chemotherapy
GO dose: 6 mg/m2 on day 1 and 3 mg/m2 on day 8 

of induction; thereafter, up to eight monthly 
courses of 2 mg/m2

Comparator: BSC (included blood product infu-
sions, antimicrobials, hydroxyurea, etc.)

GO vs. BSC arm:
 Higher OS (1-year rate: 24.3% vs. 9.7%)

GO as monotherapy for R/R AML
MyloFrance-1 [24] Patients with AML in first relapse

GO dose: 3 mg/m2 on days 1, 4, and 7
Comparator: none (single-arm trial)

GO efficacy:
 ORR (CR + CRp) rate: 33%
 Median OS: 8.4 months
 Median RFS: 11.0 months
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The recommended dose of GO was 6 mg/m2 on day 1 and 
3 mg/m2 on day 8 of induction, and 2 mg/m2 on day 1 every 
4 weeks during continuation. The dosing for the comparator 
treatments was azacitidine 75 mg/m2 for 7 days or decitabine 
20 mg/m2 for 5 days. For simplicity, the model assumed 50% 
of patients each received azacitidine or decitabine.

Drug dosing in both treatment settings was determined 
using a method-of-moments analysis capturing the varia-
tion in patients’ BSA around the mean and its impact on 
vial use (Online Resource 1) [29]. Method-of-moments is 

a recognized methodology in economic modeling to derive 
more accurate estimates of drug costs that use weight or 
BSA dosing schedules [30]. The unit prices of the treatments 
were sourced from Red Book 2017 [31] and were used to 
calculate drug acquisition costs.

The model examined different estimated uptake rates 
(base-case estimate in Table 2); scenario analyses reflected 
a 20% higher and a 20% lower treatment uptake for GO.

The cost of grade 3 and 4 adverse events (AEs) was cap-
tured in the model when the difference in incidence was 

Population

Treatment
uptake

Drug and AE
costs

Cost offsets*

Total costs
and budget

impact

Adult patients with newly diagnosed AML

Patients eligible for intensive chemotherapy
(favorable/intermediate cytogenetics)

Patients not suitable for intensive chemotherapy
(unfavorable cytogenetics)

GO monotherapyStandard monotherapy
(azacitidine/decitabine)

GO + standard
chemotherapyStandard chemotherapy

GO monotherapyStandard monotherapy
(azacitidine/decitabine)Standard chemotherapy

GO monotherapyStandard monotherapy
(azacitidine/decitabine) Standard chemotherapy

GO monotherapyStandard monotherapy
(azacitidine/decitabine) Standard chemotherapy

Incremental budget impact vs scenario without GO Incremental budget impact vs scenario without GO

a. Newly diagnosed AML

GO + standard
chemotherapy

GO + standard
chemotherapy

GO + standard
chemotherapy

Adult and pediatric patients with R/R AMLPopulation

Treatment
uptake GO monotherapyAlternative treatment

(HiDAC/FLAG-IDA/MEC)

Drug costs GO monotherapy

Total costs
and budget

impact

GO monotherapy

Incremental budget impact vs scenario without GO

b. R/R AML

Alternative treatment
(HiDAC/FLAG-IDA/MEC)

Alternative treatment
(HiDAC/FLAG-IDA/MEC)

Fig. 1   Model structure for the budget impact analysis of GO for 
a newly diagnosed AML and b R/R AML. *Cost offsets related to 
relapse, transplant, and survival. AE adverse event, AML acute mye-
loid leukemia, FLAG-IDA fludarabine, high-dose cytarabine, granulo-

cyte colony-stimulating factor, and idarubicin, GO gemtuzumab ozo-
gamicin, HiDAC high-dose cytarabine, MEC mitoxantrone, etoposide, 
and cytarabine, R/R relapsed/refractory
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> 2% between treatment arms. Incidence estimates were 
based on the ALFA-0701 trial for GO in combination with 
chemotherapy [20]. AEs included in the analysis were hem-
orrhage, liver events, skin or mucosa events, gastrointesti-
nal events, infection, and neutropenia (Online Resource 2). 
Weighted costs were estimated by multiplying the probabil-
ity of each AE by the unit cost for the AE, obtained from the 
published literature [32–34].

The model included cost offsets for GO treatment related 
to transplants and relapses in a combination therapy setting 
(Table 2). Rates of transplant and relapse for years 1–5 fol-
lowing treatment initiation were derived from the ALFA-
0701 trial, which reported outcomes for 3 years [35]. As 
such, we extrapolated the probabilities of events for the 4th 
and 5th years following treatment initiation based on a best-
fit exponential function of the first 3 years post-treatment. 
We obtained the cost of relapse and the cost of hematopoi-
etic stem cell transplant ($197,209 and $263,744, respec-
tively) from previously published costing studies of AML 
patients [36, 37]. Finally, although GO did not achieve a 
statistically significant increase in overall survival in the 
ALFA-0701 trial [35], we conservatively assumed the 
numerical increase in survival for patients receiving GO 
treatment from the ALFA-0701 trial and applied a ‘survival 
cost’ of $155,436 [38] for each subsequent year to those 
additional patients surviving due to treatment with GO. 
We also present a scenario analysis assuming no difference 

in overall survival, as well as a scenario assuming no cost 
offsets or AEs.

Because the monotherapy population trial did not 
include a comparator arm, and due to a lack of robust 
clinical trial data for treatment alternatives in monotherapy 
AML at the time of analysis, comparison with alternative 
treatments was not feasible in the monotherapy setting. 
As such, the model assumed clinical outcomes (relapses, 
transplants, AEs) were similar across treatments. Thus, we 
present only the drug costs for the monotherapy setting as 
there was no assumed incremental impact of GO on the 
costs of AEs and treatment outcomes.

2.2.2 � Relapsed/Refractory AML

The modeled patient population included adult and pediatric 
patients indicated for GO for the treatment of AML in first 
relapse and was consistent with the population described 
in the final efficacy and safety report by Taksin et al. [24]. 
The number of patients eligible for treatment was estimated 
using the standard health plan population assumption of 1 
million people (adult population 77.2%; pediatric population 
22.8%) and an AML incidence of 0.0042% for adults and 
0.0009% for pediatric patients, obtained from the SEER Pro-
gram [1]. In all, 57.1% of patients with AML were estimated 
to receive second-line treatment based on a prior analysis of 
outcomes in patients with AML [39], and 90% of patients 
were assumed to be CD33+ and eligible for GO treatment 

Table 2   Estimated uptake and transplant and relapse rates

Data are expressed as percentages
AML acute myeloid leukemia, GO gemtuzumab ozogamicin
a The ALFA-0701 trial reports outcomes through 3 years [35]. As such, outcomes for years 4 and 5 are extrapolated, assuming a best-fit curve 
based on the observed data for years 1–3

Year 1 Year 2 Year 3 Year 4 Year 5

Uptake estimates
 Newly diagnosed AML
  Combination therapy 8.0 29.8 49.9 54.0 54.0
  Monotherapy 2.3 9.4 16.6 18.0 18.0

 Relapsed/refractory AML
  Adult patients 9.4 17.7 23.2 23.2 23.2
  Pediatric patients 2.7 8.3 17.2 21.2 21.2

Outcomes after de novo treatment 
initiationa

First year Second year Third year Fourth year Fifth year

Probability of relapse [35]
 GO + standard chemotherapy 38 24 2 1 0
 Standard chemotherapy 57 24 5 1 0

Probability of transplant [35]
 GO + standard chemotherapy 29 21 15 10 7
 Standard chemotherapy 52 25 12 6 3
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based on ALFA-0701 [20]. In the absence of a suitable data 
source for patients treated in the second-line setting, a mean 
(SD) BSA of 1.83 m2 (0.198) was assumed based on the 
ALFA-0701 trial [20].

The treatment regimen for GO was 3 mg/m2 (up to one 
4.5 mg vial) on days 1, 4, and 7 [12]. Dosages for the com-
parator regimens were as follows: HiDAC = high-dose cyt-
arabine 2000 mg/m2, daunorubicin 45 mg/m2, idarubicin 
8 mg/m2, and mitoxantrone 8 mg/m2; FLAG-IDA = fludara-
bine 30 mg/m2, cytarabine 1500 mg/m2, idarubicin 10 mg/
m2, and G-CSF 263 mg/kg; and MEC = mitoxantrone 8 mg/
m2, etoposide 100 mg/m2, and cytarabine 1000 mg/m2. 
An equal split was assumed among the three comparator 
regimens.

Again, drug dosing in both treatment settings was deter-
mined using a method-of-moments analysis capturing the 
variation in BSA around the mean and its impact on vial 
use (Online Resource 3). A scenario analysis considering 
drug dosage based on mean weight and BSA was included. 
The unit prices of the treatments were sourced from Red 
Book 2017 [31] and were used to calculate drug acquisi-
tion costs.

The model examined different estimated uptake rates 
(base-case estimate in Table 2); scenario analyses reflected 
a 20% higher and a 20% lower treatment uptake for GO 
and the lowest price per unit across the formulation of each 
treatment option, along with assuming drug dosing based on 
mean weight and body surface area.

Due to a paucity of data on AEs and treatment-related 
outcomes in R/R AML for the comparators, we assumed 
that AEs (frequency and type) and outcomes (response rates, 
length of hospital stay, and subsequent treatment) were the 
same for the GO and comparator arms. Thus, as with the 
newly diagnosed monotherapy population, we do not pre-
sent these costs as they do not contribute to the incremental 
budget impact of GO. Additionally, we assumed the same 
treatments for the pediatric population as assumed in the 
adult population due to limited availability of data in the 
pediatric R/R AML population.

2.3 � Scenario Analyses

To address uncertainty with the model and the accompa-
nying effect on budget impact, we considered the follow-
ing scenario analyses: (1) varying market uptake scenarios 
± 20%; (2) drug dosing based on mean weight and body 
surface area (base-case assumes dosing based on the method 
of moments); (3) applying an additional cost of survival for 
incremental survival of GO patients compared with alterna-
tive regimens (base-case assumes no difference in survival; 
applicable only to the combination therapy setting); and (4) 
assuming only the pharmacy budget impact for the combina-
tion therapy setting.

3 � Results

3.1 � Newly Diagnosed AML

Approximately 29 patients with newly diagnosed AML were 
eligible for GO in combination with standard chemotherapy 
each year in the modeled health plan. Base-case results indi-
cated that the addition of GO in the combination setting 
reduced the overall budget of a 1-million-member health 
plan (Fig. 2a). Specifically, the estimated net cost (US$) 
savings ranged from $72,969 ($0.006 PMPM) in year 1 to 
$745,426 ($0.062 PMPM) in year 5. The use of GO was 
expected to increase drug costs and healthcare costs due to 
AEs and overall survival. However, patients in this setting 
were expected to experience fewer relapses and transplants, 
resulting in substantial cost offsets in each year. Scenario 
analyses demonstrated that the cost savings for all years 
were robust to parameter uncertainty, with the exception of 
the scenario considering only the pharmacy budget impact 
(Table 3).

Approximately nine patients with newly diagnosed AML 
were eligible for single-agent GO each year in the modeled 
health plan. Base-case results indicated that the introduction 
of GO in this setting resulted in increased net costs (US$) in 
all years, although the PMPM net costs each year were neg-
ligible (< $0.003). The estimated net cost (US$) ranged from 
$4118 in year 1 to $31,885 in year 5 (Fig. 2b). The increase 
was expected due to the greater cost of GO compared with 
the alternative treatment regimens, as we assumed no dif-
ferences in safety and efficacy due to the lack of available 
data for comparative effectiveness. Scenario analyses indi-
cated that the budget impact was not overly sensitive to the 
selected input assumptions (Table 3).

3.2 � Relapsed/Refractory AML

In the modeled health plan, approximately 17 adult patients 
and 1 pediatric patient were eligible for single-agent GO for 
R/R AML each year. Base-case results indicated that the intro-
duction of GO for R/R AML resulted in increased costs in all 
years due to the greater cost of GO compared with the alterna-
tive treatments (Fig. 3). The net budget impact to the health 
plan ranged from $17,326 in year 1 to $46,163 in year 5. 
However, the net PMPM cost was relatively low in each year 
(< $0.004) due to the low incidence of AML in the population.

Scenario analyses indicated the budget impact was 
not overly sensitive to the selected input assumptions 
(Table 3). No scenario indicated that the introduction of 
GO would be cost saving.
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4 � Discussion

AML is associated with a poor prognosis, as evidenced by a 
low longer-term survival rate and high relapse rate following 
standard induction therapy [1, 5]. Treatment is particularly 
challenging in patients with R/R AML, given the lack of 
highly efficacious therapeutics, and in older patients, due to 
an increased risk of toxicity from intensive treatment. GO 
was approved in 2017 for the treatment of newly diagnosed 

CD33+ AML in combination with standard chemotherapy 
or as monotherapy, and for the treatment of R/R CD33+ 
AML as monotherapy [12]. This analysis is the first to evalu-
ate the impact of the introduction of GO on the budget of a 
US health plan.

For newly diagnosed AML, we examined the budgetary 
impact of introducing GO in combination with standard 
chemotherapy and as monotherapy. Our analysis indicated 

Net budget impact
Net cost PMPY
Net cost PMPM

Net drug acquisition costs
Net adverse event costs
Net cost offsets

Year 1 Year 2 Year 3 Year 4 Year 5
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Drug acquisition costs
Adverse event costs
Cost offsets

a. Combination
setting 

Year 1 Year 2 Year 3 Year 4 Year 5
Net budget impact $4,118 $16,634 $29,499 $31,909 $31,885
Net cost PMPY $0.0041 $0.0166 $0.0295 $0.0319 $0.0319
Net cost PMPM $0.0003 $0.0014 $0.0025 $0.0027 $0.0027
Net drug acquisition costs $4,118 $16,634 $29,499 $31,909 $31,885
Net adverse event cost $0 $0 $0 $0 $0
Net cost offsets $0 $0 $0 $0 $0
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b. Monotherapy
setting 

$84,228 $313,810 $525,125 $567,469 $567,434
$18,232 $67,927 $113,669 $122,835 $122,827

−$175,429 −$619,843 −$1,098,288 −$1,340,686 −$1,435,688
Relapse −$84,027 −$352,797 −$685,234 −$861,732 −$900,596
Transplant −$91,402 −$344,842 −$598,146 −$692,353 −$737,564
Survival $0 $77,796 $185,092 $213,400 $202,472

−$72,969 −$238,106 −$459,495 −$650,382 −$745,426
−$0.0730 –$0.2381 −$0.4595 −$0.6504 −$0.7454
−$0.0061 −$0.0198 −$0.0383 −$0.0542 −$0.0621

Fig. 2   Net annual budget impact of adding GO for newly diagnosed AML a in combination with standard chemotherapy and b as monotherapy. 
AML acute myeloid leukemia, GO gemtuzumab ozogamicin, PMPM per member per month, PMPY per member per year
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that the addition of GO in these settings is associated 
with minimal impact to the budget of a US health plan. In 
the combination therapy setting, the addition of GO was 
expected to be cost saving due to fewer relapses incurred and 
fewer transplants, whereas in the monotherapy setting, net 
PMPM costs were low (< $0.003) each year over a 5-year 

period. Scenario analyses also demonstrated cost savings 
in the combination therapy setting and low net PMPM 
costs (< $0.004) each year in the monotherapy setting. It is 
important to note that the patient population and associated 
outcomes in the combination therapy model were based on 
the ALFA-0701 population, in which 67% of patients were 

Table 3   Scenario analyses

AML acute myeloid leukemia, GO gemtuzumab ozogamicin, PMPM per member per month, R/R relapsed/
refractory

Annual budget impact (US$)

Year 1 Year 2 Year 3 Year 4 Year 5

Newly diagnosed AML—combination therapy
Scenario 1: 20% higher treatment uptake each year
 Net budget impact − 72,969 − 285,727 − 551,394 − 780,459 − 894,512
 Net cost PMPM − 0.0061 − 0.0238 − 0.0459 − 0.0650 − 0.0745

Scenario 2: 20% lower treatment uptake each year
 Net budget impact − 58,375 − 190,484 − 367,596 − 520,306 − 596,341
 Net cost PMPM − 0.0049 − 0.0159 − 0.0306 − 0.0434 − 0.0497

Scenario 3: Drug dosing based on mean weight and body surface area
 Net budget impact − 54,439 − 169,067 − 343,967 − 525,539 − 620,591
 Net cost PMPM − 0.0045 − 0.0141 − 0.0287 − 0.0438 − 0.0517

Scenario 4: Assuming no difference in overall survival for patients receiving GO
 Net budget impact − 72,969 − 315,901 − 644,587 − 863,782 − 947,898
 Net cost PMPM − 0.0061 − 0.0263 − 0.0537 − 0.0720 − 0.0790

Scenario 5: Assuming pharmacy budget impact only
 Net budget impact 84,228 313,810 525,125 567,469 567,434
 Net cost PMPM 0.0070 0.0262 0.0438 0.0473 0.0473

Newly diagnosed AML—monotherapy
Scenario 1: 20% higher treatment uptake each year
 Net budget impact 4942 19,961 35,399 38,291 38,262
 Net cost PMPM 0.0004 0.0017 0.0029 0.0032 0.0032

Scenario 2: 20% lower treatment uptake each year
 Net budget impact 3295 13,307 23,599 25,527 25,508
 Net cost PMPM 0.0003 0.0011 0.0020 0.0021 0.0021

Scenario 3: Drug dosing based on mean weight and body surface area
 Net budget impact 4118 16,634 29,499 31,909 31,885
 Net cost PMPM 0.0003 0.0014 0.0025 0.0027 0.0027

R/R AML
Scenario 1: 20% higher treatment uptake each year
 Net budget impact 20,791 40,086 54,259 55,258 55,395
 Net cost PMPM 0.0017 0.0033 0.0045 0.0046 0.0046

Scenario 2: 20% lower treatment uptake each year
 Net budget impact 13,860 26,724 36,172 36,839 36,930
 Net cost PMPM 0.0012 0.0022 0.0030 0.0031 0.0031

Scenario 3: Lowest price per unit
 Net budget impact 17,763 34,239 46,327 47,171 47,288
 Net cost PMPM 0.0015 0.0029 0.0039 0.0039 0.0039

Scenario 4: Drug dosing based on mean weight and body surface area
 Net budget impact 20,601 39,653 53,547 54,458 54,594
 Net cost PMPM 0.0017 0.0033 0.0045 0.0045 0.0045
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≥ 60 years of age. Therefore, outcome estimates were based 
on a population of both younger and older patients.

Additionally, we examined the impact of introducing 
GO as monotherapy for adults and pediatric patients with 
R/R AML. Under all scenarios, the introduction of GO as 
second-line treatment of AML resulted in a minimal addi-
tional cost to the budget of a US health plan. Cost increases 
were solely due to the cost of GO being greater than that of 
the comparator treatments, and the overall budget impact 
was small (< $0.004 PMPM) each year given the rarity of 
the disease.

From a clinical perspective, patients treated with GO in 
addition to standard chemotherapy versus standard chem-
otherapy in the ALFA-0701 trial had significantly longer 
event-free survival and no differences in the mean number 
of hospitalizations and the length of hospital stay [35, 40]. 
Therefore, the addition of GO may provide considerable 
clinical value at minimal cost to a health plan and carries a 
hospitalization burden comparable with standard induction 
therapy. In the monotherapy setting, the cost to a health plan 
is expected to be negligible given the small patient popula-
tion, but the addition of GO would provide an alternative 
treatment option for this difficult-to-treat population.

Other agents have been introduced in the last 2–3 years 
for the treatment of AML. These include CPX-351, a dual-
drug liposomal encapsulation of daunorubicin and cytara-
bine, which was approved for treatment-related AML and 
AML with myelodysplasia-related changes [41]; and the 
isocitrate dehydrogenase-2 (IDH2) inhibitor enasidenib, 
which was approved for the treatment of R/R AML with an 

IDH2 mutation [13]. Budget impact analyses of these agents 
demonstrated that the addition of each of these drugs to a 
US health plan would also result in a small budget increase, 
with PMPM estimates < $0.02 for CPX-351 over 5 years and 
< $0.02 for enasidenib over 3 years [42, 43]. These results 
are similar to the budget impact we estimated GO would 
have on a US health plan, although we predicted cost sav-
ings in later years in the combination therapy setting. Over-
all, newer treatments for AML appear to be associated with 
some increase in cost to a US health plan, but the impact on 
the budget is expected to be negligible.

The current findings should be considered in light of the 
limitations of the analysis, which were primarily related to 
a lack of robust clinical trial data on which to base several 
of our inputs. We addressed these data gaps in the newly 
diagnosed model by assuming no differences in rates of AEs, 
transplant, or relapse between the GO and comparator arms 
in the monotherapy setting. Although it is unclear which 
direction these assumptions drive results, any outcome-
related cost differences would have a very small effect on 
the overall budget impact, given a low uptake estimate for 
GO in this setting. In the R/R AML model, we assumed 
that the rates of AEs, number of courses of treatment, and 
treatment-related outcomes for adults and pediatric patients 
with R/R AML were equal between the GO and compara-
tor arms. Therefore, the cost of GO was the only difference 
between the two arms in this model, an assumption consid-
ered conservative.

Year 1 Year 2 Year 3 Year 4 Year 5
Net budget impact $17,326 $33,405 $45,215 $46,049 $46,163
Net cost PMPY $0.0173 $0.0334 $0.0452 $0.0460 $0.0462
Net cost PMPM $0.0014 $0.0028 $0.0038 $0.0038 $0.0038
Net drug acquisition costs $17,326 $33,405 $45,215 $46,049 $46,163
Net admission cost $0 $0 $0 $0 $0
Net treatment-related costs $0 $0 $0 $0 $0
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Fig. 3   Net annual budget impact of adding GO for R/R AML. AML acute myeloid leukemia, GO gemtuzumab ozogamicin, PMPM per member 
per month, PMPY per member per year, R/R relapsed/refractory
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5 � Conclusions

Our analysis suggests that adding GO to a US health plan 
would result in minimal budget impact. Increased costs were 
largely offset by reductions in medical costs related to fewer 
transplants and relapses for newly diagnosed AML. Further-
more, the low incremental drug costs and small patient pop-
ulation suggest that GO may provide an alternative option 
for patients with R/R AML at minimal incremental cost for 
health plans.
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