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Abstract
Background and Objective  The TOWER and INO-VATE-ALL trials demonstrated the efficacy and safety of blinatumomab 
and inotuzumab ozogamicin (inotuzumab), respectively, versus standard-of-care (SOC) chemotherapy in adults with relapsed 
or refractory (R/R) B-cell precursor acute lymphoblastic leukemia (ALL). The cost effectiveness of blinatumomab versus 
inotuzumab has not previously been examined.
Methods  Cost effectiveness of blinatumomab versus inotuzumab in R/R B-cell precursor ALL patients with one or no prior 
salvage therapy from a United States (US) payer perspective was estimated using a partitioned survival model. Health out-
comes were estimated based on published aggregate data from INO-VATE-ALL and individual patient data from TOWER 
weighted to match patients in INO-VATE-ALL using matching adjusted indirect comparison (MAIC). Analyses were con-
ducted using five approaches relating to use of anchored versus unanchored comparisons of health outcomes and, for the 
anchored comparisons, the reference treatment to which treatment effects on health outcomes were applied. Estimates from 
TOWER including the probabilities of complete remission and allogeneic stem-cell transplant (allo-SCT), overall and event-
free survival, utilities, duration of therapy, and use of subsequent therapies were MAIC adjusted to match INO-VATE-ALL. 
Costs of treatment, adverse events, allo-SCT, subsequent therapies, and terminal care were from published sources. A 50-year 
time horizon and 3% annual discount rate were used.
Results  Incremental costs for blinatumomab versus inotuzumab ranged from US$7023 to US$36,244, depending on the 
approach used for estimating relative effectiveness. Incremental quality-adjusted life-years (QALYs) ranged from 0.54 to 
1.78. Cost effectiveness for blinatumomab versus inotuzumab ranged from US$4006 to US$20,737 per QALY gained.
Conclusions  Blinatumomab is estimated to be cost effective versus inotuzumab in R/R B-cell precursor ALL adults who 
have received one or no prior salvage therapy from a US payer perspective.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4027​3-019-00812​-6) contains 
supplementary material, which is available to authorized users.
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1  Introduction

Acute lymphoblastic leukemia (ALL) is a rare and fatal 
hematologic malignancy characterized by the overproduc-
tion of immature lymphocytes (lymphoblasts) that replace 
healthy lymphocytes, leading to neutropenia, anemia, and 
thrombocytopenia [1]. ALL affects fewer than ten per mil-
lion adults annually in the United States (US) [2]. Adults 
with relapsed or refractory (R/R) B-cell precursor ALL have 
a poor prognosis and historically have had few treatment 
options, with most receiving standard of care (SOC) salvage 
chemotherapy [3, 4]. Studies of patients with relapsed ALL 
receiving SOC chemotherapy have reported median overall 
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Key Points for Decision Makers 

The TOWER and INO-VATE-ALL trials demonstrated 
the efficacy and safety of blinatumomab and inotuzumab 
ozogamicin (inotuzumab), respectively, in relapsed or 
refractory (R/R) B-cell precursor acute lymphoblastic 
leukemia (ALL).

This study used a partitioned survival model and five 
different approaches for estimating relative effectiveness 
using results from a matching adjusted indirect compari-
son (MAIC) of TOWER and INO-VATE-ALL trials to 
compare the cost effectiveness of blinatumomab versus 
inotuzumab in patients with R/R B-cell precursor ALL 
who have received one or no prior salvage therapy from 
a United States (US) healthcare payer perspective.

Regardless of the approach employed, blinatumomab 
was cost effective versus inotuzumab, with incremental 
cost-effectiveness ratios (ICERs) ranging from US$4006 
to US$20,737 per quality-adjusted life-year gained, 
which are below commonly accepted ICER thresholds in 
the US.

A variety of different approaches for estimating rela-
tive effectiveness based on indirect comparisons may 
be employed in economic evaluations, which may have 
an important impact on model results and conclusions. 
Investigators should provide a rationale for the specific 
approach that they employ and examine the impact of 
alternative approaches in sensitivity analyses.

those receiving SOC (34% vs 16%, respectively; p < 0.001) 
[7]. Health-related quality of life was also improved in 
patients receiving blinatumomab versus those receiving 
SOC [10]. A total of 24% of the patients in each treatment 
group underwent allogenic stem cell transplant (allo-SCT). 
Grade 3 or higher cytokine release syndrome (CRS) was 
observed in 5% of patients receiving blinatumomab and no 
patients receiving SOC [7].

Inotuzumab ozogamicin (inotuzumab) is a humanized 
anti-CD22 monoclonal antibody conjugated to calicheam-
icin, a cytotoxic antibiotic agent [11]. Inotuzumab targets 
and binds to the CD22 protein, found on the surface of ALL 
cells, and releases calicheamicin, leading to cell death [12]. 
Inotuzumab is approved in the US for adult patients with 
R/R B-cell precursor ALL based on results of INO-VATE-
ALL, a phase III, multicenter, international, randomized, 
open-label trial (NCT01564784) [13, 14]. Eligible patients 
in INO-VATE-ALL (N = 326) were adults with either 
Ph −  or Ph + R/R B-cell precursor ALL with ≥ 5% bone 
marrow blasts who had received one or no prior salvage 
chemotherapy regimen for ALL. The CR rate was higher 
among patients receiving inotuzumab than SOC (34% vs 
16% p = 0.0001) [15]. In long-term follow-up, median OS 
was 7.7 versus 6.2 months with inotuzumab versus SOC 
(HR 0.75; 97.5% CI 0.568–0.993; p = 0.0105) [16]. Veno-
occlusive disease (VOD) was observed in 11.6% of patients 
receiving inotuzumab [16]. Hematopoietic stem cell trans-
plant was received by 43% of patients receiving inotuzumab 
and 11% of patients receiving SOC [16].

Song and colleagues conducted a matching-adjusted 
indirect comparison (MAIC) of blinatumomab versus inotu-
zumab in R/R B-cell precursor ALL using individual patient 
data (IPD) from TOWER and aggregate data from INO-
VATE-ALL [17, 18]. To be consistent with the inclusion cri-
teria of INO-VATE-ALL (i.e., ≤ 1 one prior salvage chemo-
therapy regimen), patients in TOWER receiving two or more 
prior salvage treatments were excluded from the MAIC. The 
remaining patients in TOWER were then weighted to match 
patients in INO-VATE-ALL on the following characteristics: 
age, sex, race, ECOG performance status, bone-marrow blast 
count, number of lines of previous salvage therapy, whether 
or not patients had previously received allo-SCT, rate of CR 
and CR with incomplete hematologic recovery (CRi) dur-
ing the most recent induction therapy, and duration of first 
remission. After matching, the median OS was 9.3 months 
for blinatumomab and 7.7 months for inotuzumab (weighted 
log-rank test p = 0.4). The CR rates for blinatumomab were 
similar before and after matching [17]. Because INO-VATE-
ALL included Ph + patients whereas TOWER did not, it was 
not possible to match the two trials on this characteristic.

Information on the cost effectiveness of novel therapeu-
tics is increasingly used by payers in their decision making 
regarding reimbursement for and access to such treatments. 

survival (OS) of 4.5–6 months and a 5-year OS of < 10% 
[5, 6].

Blinatumomab is a bispecific monoclonal antibody 
construct that enables CD3-positive T cells to recognize 
and eliminate CD19-positive ALL lymphoblasts [7]. It is 
approved by the US Food and Drug Administration (FDA) 
for the treatment of R/R B-cell precursor ALL [8, 9]. The 
efficacy and safety of blinatumomab in adult patients with 
Philadelphia chromosome (Ph)-negative R/R B-cell pre-
cursor ALL was examined in the TOWER study, a phase 
III, multicenter, international, randomized, open-label trial 
in which a total of 405 patients were assigned to receive 
blinatumomab (N = 271) or SOC chemotherapy (N = 134) 
(NCT02013167) [7]. Patients receiving blinatumomab had 
improved OS compared with those receiving SOC (median 
7.7 vs 4.0 months, respectively; hazard ratio [HR] 0.71; 95% 
confidence interval [CI] 0.55–0.93; p = 0.01) [7]. The pro-
portion of patients with complete remission with full hema-
tological recovery (CR) within 12 weeks of treatment initia-
tion was higher in patients receiving blinatumomab versus 
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A previous study using data from TOWER and other sources 
concluded that, given an incremental cost-effectiveness ratio 
(ICER) threshold of US$150,000 per quality-adjusted life-
year (QALY) gained, blinatumomab is cost effective versus 
SOC chemotherapy in adult patients with Ph −  R/R B-cell 
precursor ALL from a US healthcare payer perspective [19]. 
However, the cost effectiveness of blinatumomab versus ino-
tuzumab has not been examined.

2 � Methods

2.1 � Model Overview

The objective of this study was twofold: (1) evaluate the cost 
effectiveness of blinatumomab versus inotuzumab in patients 
with R/R B-cell precursor ALL who have received one or no 
prior salvage therapy from a US healthcare payer perspective 
using data from INO-VATE-ALL and the MAIC-weighted 
subgroup of TOWER as reported by Song et al. [17, 18], and 
(2) examine the impact of different approaches for applying 
the results of the MAIC on results of the cost-effectiveness 
analysis. The analysis used a partitioned survival model with 
states defined on response, relapse, and death (Fig. 1). The 
model has a weekly cycle length and a 50-year time hori-
zon approximating a lifetime projection [20]. The model 
takes as inputs probabilities of CR, survival distributions 
for event-free survival (EFS) for patients with CR, survival 
distributions for OS, duration of blinatumomab and inotu-
zumab treatment, probabilities of allo-SCT, general popula-
tion mortality rates, utility values, and costs. Costs include 
those of drug acquisition and administration, adverse events 
(AEs), allo-SCT, subsequent salvage therapy, and end-of-life 
care, and were adjusted to 2018 prices using the consumer 
price index for medical care [21]. Patients entering the 
model were assumed to spend the first 12 weeks in the initial 
state (corresponding to the period over which response was 
assessed in TOWER), during which time they were only at 
risk of death, and were assigned initial (baseline) utility val-
ues. At the end of this 12-week initial period, patients who 
had achieved CR were assumed to enter the ‘response’ state, 
while the remaining patients entered the R/R state where 
they remained until death. Patients in the ‘response’ state 
were assumed to be at risk of relapse or death. Additional 
details regarding the model structure can be found in the 
aforementioned cost-effectiveness analysis of blinatumomab 
versus SOC [19].

2.2 � Model Parameters

Estimation of the model parameters is summarized in the 
following sections and in Tables 1 and 2.

2.2.1 � Alternative Approaches to Estimating 
the Effectiveness of Blinatumomab and Inotuzumab 
Based on Matching Adjusted Indirect Comparison 
(MAIC)

A variety of different approaches may be considered when 
conducting analyses of cost effectiveness based on an 
indirect comparison of data from two or more controlled 
trials. These approaches include the use of anchored or 
unanchored comparisons. For anchored comparisons, dif-
ferent approaches may be taken with regard to the choice 
of the reference treatment to which measures of treatment 
effects are applied (no reference treatment need be speci-
fied for unanchored comparisons). Because the choice of the 
approach has the potential to impact the results of the analy-
sis, several different approaches were used to estimate the 
effectiveness of blinatumomab and inotuzumab, in terms of 
probabilities of CR and OS, using the MAIC-adjusted data 
from TOWER, and published information from INO-VATE-
ALL. Specifically, both anchored and unanchored compari-
sons were conducted. For the anchored comparisons, four 
different reference treatments were used, corresponding to 
the four treatment arms included in the TOWER and INO-
VATE-ALL trials (blinatumomab and SOC arms of TOWER 
and inotuzumab and SOC arms of INO-VATE-ALL). Thus, 
a total of five different approaches (four anchored and one 
unanchored) were used to estimate CR and OS, which are 

Fig. 1   Model schematic. Although transitions amongst states are 
shown in figure, the model employs partitioned survival approach. 
Transitions are therefore not modeled explicitly
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Table 2   Other model parameters

Parameter Point estimate SE Distribution Source

Analytic variables
 Timeframe (years) 50 NA Constant Assumption
 Annual discount rate, costs (%) 3 NA Constant Sanders et al. [39]
 Annual discount rate, effectiveness (%) 3 NA Constant Sanders et al. [39]
 ICER threshold (US$/QALY gained) 150,000 NA Constant Assumption

Patient characteristics
 Starting age (years) 45.9 NA Bootstrap TOWER after MAIC adjustment
 Percent male 55.5 NA Bootstrap TOWER after MAIC adjustment

Costs
 Medication costs
  Blinatumomab
   Blinatumomab 35 µg (28 µg useable) 

(US$)
3707 NA Constant IBM Micromedex® RED BOOK® [35]

  Inotuzumab
   Inotuzumab 0.9-mg vial (US$) 18,700 NA Constant IBM Micromedex® RED BOOK® [35]
  Average number of vials per course of 

therapy
9.49 NA Constant NICE STA Committee Papers [34]

 Administration costs
  Inpatient
   Blinatumomab
    Inpatient days per cycle received
     Cycle 1 9 NA Constant BLINCYTO prescribing information [3, 9]
     Cycle 2 2 NA Constant BLINCYTO prescribing information [3, 9]
     Cycle 3+ 0 NA Constant BLINCYTO prescribing information [3, 9]
     Cost per inpatient day (US$) 6036 3704 Lognormal Barlev et al. [21, 31]
  Outpatient
   Blinatumomab
    Days per bag change 2 NA Constant Assumption
    Cost per day of home infusion therapy 

(US$)
68 17 Lognormal Blue Cross and Blue Shield of Michigan. 

Medicare Advantage PPO Enhanced Ben-
efits Fee Schedule [32]

    Cost per outpatient visit, refill of infusion 
pump (US$)

150 38 Lognormal Center for Medicare and Medicaid Services 
[33]

   Inotuzumab
    Outpatient visits per cycle 3 NA Constant Kantarjian et al. [11]
    Median number of cycles 3 NA Constant Kantarjian et al. [11]
    Cost per outpatient visit, IV infusion up 

to 1 h (US$)
145 36 Lognormal Center for Medicare and Medicaid Services 

[33]
 Probability of VOD (%)
  Blinatumomab patients 0.00 0.00 Constant TOWER after MAIC adjustment
  Inotuzumab patients 11.59 2.50 Beta Kantarjian et al. [16]

 Cost of treatment of VOD (US$) 57,078 17,487 Lognormal Zhang et al. [21, 37]
 Cost of allo-SCT (US$) 396,861 38,277 Lognormal Zhang et al. [21, 38]
 Probability of receiving subsequent salvage 

therapy (%)
  Blinatumomab patients
   Blinatumomab 0.00 NA Constant TOWER after MAIC adjustment
   Inotuzumab 4.84 NA Bootstrap TOWER after MAIC adjustment
   Multi-agent chemotherapy 29.25 NA Bootstrap TOWER after MAIC adjustment
  Inotuzumab patients
   Blinatumomab 4.84 NA Bootstrap TOWER after MAIC adjustment
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referred to hereafter as approaches A1 to A5 (Table 1). 
Table 2 in the Electronic Supplementary Material provides 
more information as to how OS was estimated for the five 
approaches. For anchored comparisons (A1–A4), treat-
ment effects on OS were expressed as HRs, which were 
applied to the reference parametric survival distributions 
fit to the MAIC-adjusted IPD from TOWER or ‘pseudo’ 
IPD derived from reported Kaplan–Meier curves from INO-
VATE-ALL using the algorithm reported by Guyot et al. 
[16, 22]. Treatment effects on the probabilities of CR and 
receipt of allo-SCT were expressed as the absolute between-
group difference in the probabilities of CR and allo-SCT that 
were applied to reported probabilities of CR and allo-SCT 
from TOWER and INO-VATE-ALL. All estimates from 
TOWER, including the probabilities of and treatment effects 
on CR and allo-SCT, as well as the survival distributions 
and HRs for OS, were based on the MAIC-adjusted sample 
of TOWER from the analysis conducted by Song and col-
leagues [17].

For A1 and A2, the distribution of OS for blinatumomab 
was based on a parametric survival distribution fit to MAIC-
adjusted IPD from TOWER, while the distribution of OS 
for inotuzumab was obtained by applying the anchor-based 
MAIC-adjusted HR for inotuzumab versus blinatumomab to 
the distribution of OS for blinatumomab (A1) or the HR for 
inotuzumab versus SOC from INO-VATE-ALL to the dis-
tribution of OS for SOC TOWER (A2). For A3 and A4, the 
distribution of OS for inotuzumab was based on a parametric 
survival distribution fit to ‘pseudo’ IPD from INO-VATE-
ALL, while the distribution of OS for blinatumomab was 
obtained by applying the anchor-based MAIC-adjusted HR 
for blinatumomab versus inotuzumab to the distribution of 
OS for inotuzumab (A3) or applying the MAIC-adjusted HR 

for blinatumomab versus SOC from TOWER to the distri-
bution of OS for SOC from INO-VATE-ALL (A4). For the 
unanchored comparison (A5), parametric survival distribu-
tions fit to the MAIC-adjusted OS for blinatumomab from 
TOWER and the reported OS for inotuzumab from INO-
VATE-ALL were used directly (i.e., without the application 
of treatment effect estimates).

The probabilities of CR and allo-SCT for blinatumomab 
and inotuzumab were estimated similarly. Because EFS was 
not measured in INO-VATE-ALL, it was not possible to con-
duct a meaningful comparison of the two treatments on this 
measure. Accordingly, EFS (conditioned on CR for patients 
receiving inotuzumab) was assumed to be equal to that for 
patients receiving blinatumomab.

It should be noted that A1 and A3, which use HRs for 
OS from the anchored MAIC, require that the assumption 
of proportionality of hazards for OS are met in both trials. 
In contrast, A2 requires only that this assumption is met in 
the INO-VATE-ALL trial while A4 requires only that this 
assumption is met in the TOWER trial.

Analyses of Schoenfeld residuals found no statistically 
significant evidence of non-proportionality of hazards for 
OS in either the MAIC-weighted subgroup of TOWER 
patients who had received one or no prior salvage therapy or 
in INO-VATE-ALL (p = 0.939 and p = 0.734, respectively) 
[23].

By evaluating cost effectiveness using the five approaches 
outlined above, it is possible to assess how relaxing the 
assumption of proportionality of hazards in one or both trials 
impacts the results. While the assumption of proportionality 
is not required for either trial for the unanchored comparison 
(A5), this approach is subject to bias due to confounding by 
variables not matched in the MAIC, whereas the anchored 

Table 2   (continued)

Parameter Point estimate SE Distribution Source

   Inotuzumab 0.00 NA Constant TOWER after MAIC adjustment
   Multi-agent chemotherapy 29.25 NA Bootstrap TOWER after MAIC adjustment

 Cost per course of subsequent salvage 
therapy (US$)

  Blinatumomab 288,679 72,170 Lognormal Model output
  Inotuzumab 178,765 44,691 Lognormal Model output
  Multi-agent chemotherapy 64,866 16,217 Lognormal Delea et al. [19, 21]

 Cost of terminal care (US$) 26,528 563 Lognormal Chastek et al. [21, 42]
Utility values
 Initial 0.789 0.012 Lognormal (Disutility) TOWER after MAIC adjustment
 Response 0.815 0.014 Lognormal (Disutility) TOWER after MAIC adjustment
 Relapse/refractory 0.751 0.013 Lognormal (Disutility) TOWER after MAIC adjustment
 Terminal decrement 0.045 0.015 Lognormal (Disutility) TOWER after MAIC adjustment

allo-SCT allogeneic stem cell transplant, BSA body surface area, ICER incremental cost-effectiveness ratio, inotuzumab inotuzumab ozogamicin, 
IV intravenous, MAIC matching adjusted indirect comparison, NA not applicable, QALY quality-adjusted life-years, SE standard error, VOD 
veno-occlusive disease
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comparisons are not susceptible to confounding, but are sus-
ceptible to effect modification by variables not matched by 
the MAIC [24].

2.2.2 � Overall Survival and Event‑Free Survival

Long-term OS was estimated by fitting parametric survival 
distributions to MAIC-adjusted IPD from TOWER and 
pseudo IPD derived from digitized Kaplan–Meier curves 
from INO-VATE-ALL [25, 26]. A number of parametric dis-
tributions were considered, including exponential, Weibull, 
log-logistic, lognormal, Gompertz, gamma, and restricted 
cubic spline distributions. Mixture and non-mixture cure 
models were also considered [27]. For all cure models, the 
cure fraction was assumed to vary by treatment group. Sev-
eral different approaches with respect to the parameteriza-
tion of treatment effects in the survival distributions were 
considered. These included (1) ‘unrestricted’ models, in 
which all distributional parameters were allowed to differ 
by treatment; (2) ‘restricted’ models, in which only a single 
parameter (e.g., the shape parameter for a Weibull distribu-
tion) was allowed to differ by treatment; and for cure models 
(3) ‘completely restricted’ models, in which the only dif-
ference between the treatments was the cure fraction (i.e., 
all parameters of the latent distribution were assumed to 
be the same for the two treatments). Parametric survival 
distributions were selected based on the Bayesian informa-
tion criterion (BIC) statistic, visual inspection of survival 
distributions, hazard functions, time-dependent HRs, diag-
nostic plots for the nature of treatment effects, and external 
face validity of long-term extrapolations versus long-term 
historical comparator data [3]. The Gompertz (restricted) 
distribution was used to estimate OS for blinatumomab 
and SOC from TOWER, based on its good statistical and 
visual fit to the Kaplan–Meier curve, as well as its good 
fit to a historical comparator study of adult patients with 
Ph −  R/R B-precursor ALL. The mixture cure + lognormal 
(completely restricted) distribution was used to estimate OS 
for inotuzumab and SOC from INO-VATE-ALL based on 
its good statistical and visual fit. For approach A5, OS for 
blinatumomab was based on the Gompertz distribution for 
blinatumomab used in approaches A1 and A2, while the OS 
for inotuzumab was based on the mixture cure + lognormal 
(completely restricted) distribution used for inotuzumab 
in approaches A3 and A4. While this results in different 
parametric forms being used to model blinatumomab and 
inotuzumab, this was done intentionally as the purpose of 
the A5 approach was to explicitly consider the possibility 
that the shapes of the OS distributions were different for 
blinatumomab and inotuzumab. EFS among responders 
was estimated based on the generalized gamma distribution 
fit to MAIC-adjusted IPD from TOWER. Age- and sex-
matched US general population mortality rates were applied 

additively to the estimated parametric survival distributions 
for EFS and OS in order to account for increasing non-ALL 
mortality with age. Kaplan–Meier and parametric survival 
distributions for OS and EFS used in the model are shown 
in Fig. 2. Additional details regarding the selection of para-
metric survival distributions are provided in the Electronic 
Supplementary Material.

2.2.3 � Utility Values

Health-state–specific utility values were estimated using 
MAIC-weighted EORTC-8D utility values from TOWER, 
and generalized estimating equations regression with covari-
ates for treatment group (blinatumomab versus SOC), health 
state (baseline, pre-response assessment, in response [CR], 
R/R), interaction of treatment group and health state, and 
time from death (≥ 1 month, < 1 month) [19, 28, 29]. Lack-
ing published utility values from INO-VATE-ALL, health-
state–specific utility values for inotuzumab were assumed to 
be the same as for blinatumomab. Utility values for patients 
surviving > 4 years were based on age- and sex-matched US 
general-population utility values [30].

2.2.4 � Cost of Blinatumomab and Inotuzumab Medication 
and Administration

Costs of blinatumomab treatment were estimated using 
the same general approach as employed in the analysis of 
cost effectiveness of blinatumomab versus SOC based on 
TOWER [19]. The medication cost of blinatumomab was 
calculated by daily cost of a 38.5-µg vial of blinatumomab 
by the average number of days of therapy. The latter was 
calculated using MAIC-adjusted estimates of the percent-
ages of patients who initiated and completed each cycle of 
blinatumomab therapy in TOWER, assuming that patients 
discontinuing within a cycle would do so at the midpoint of 
the cycle. Daily costs of hospitalization for blinatumomab 
administration were based on the average hospitalization 
cost for chemotherapy administration among patients with 
relapsed ALL reported in a recent retrospective health insur-
ance claims study [31]. Patients receiving blinatumomab 
were assumed to be hospitalized for the first 9 days of the 
first cycle and the first 2 days of the second cycle of treat-
ment according to the US FDA-approved prescribing infor-
mation [9]. Costs of home infusion therapy of blinatumomab 
and visits for pump refill were based on the Medicare fees 
for home infusion therapy and refill and maintenance of a 
portable infusion pump, respectively [32, 33].

Inotuzumab patients were assumed to receive an average 
of 9.49 vials per course of therapy [34]. It was assumed that 
inotuzumab would be administered on an outpatient basis, 
and that patients would receive inotuzumab for three cycles 
[11]. Administration costs for inotuzumab were based on the 
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Fig. 2   Parametric survival dis-
tributions fit to OS and to EFS 
given response in TOWER and 
INO-VATE-ALL

A MAIC-adjusted OS based on TOWER

OS=Overall survival. EFS=Event-free survival. MAIC=Matching adjusted indirect comparison

B OS based on INO-VATE-ALL

OS=Overall survival. SOC=Standard of care

C MAIC-adjusted EFS given CR based on TOWER

MAIC=Matching adjusted indirect comparison. EFS=Event-free survival. CR=Complete remission. 
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Medicare fee for an intravenous infusion of chemotherapy 
lasting up to 1 h [33]. Unit costs of blinatumomab and ino-
tuzumab were based on wholesale acquisition cost (WAC) 
prices [35].

2.2.5 � Costs of Adverse Events

The model includes the costs of treatment of CRS and VOD 
as these AEs are cited in the black box warnings in the US 
prescribing information for blinatumomab [9] and inotu-
zumab [14], respectively. Other AEs are not likely to have 
a material impact on incremental costs. Because most cases 
of CRS with blinatumomab would be observed during the 
phases of treatment when patients would be hospitalized (the 
median time to onset of CRS was 2 days after the start of 
infusion) [9], it was assumed that treatment of CRS would 
be captured in hospitalization costs for therapy adminis-
tration. The impact on the ICER of including the cost of 
CRS management for blinatumomab patients was examined 
in a scenario analysis. In this scenario, the probability of 
CRS in patients receiving blinatumomab was estimated to 
be 3.9% based on the incidence of grade ≥ 3 CRS in the 
MAIC-weighted subgroup of TOWER. The cost of CRS was 
estimated to be US$27,738, based on the cost per day of 
treatment in an intensive care unit (US$3719) [21, 36], the 
average duration of grade ≥ 3 CRS in the MAIC-weighted 
subgroup of TOWER (6.6 days), and the cost of one dose of 
tocilizumab [35].

Because it was assumed that inotuzumab would be 
administered on an outpatient basis, the incremental cost of 
treatment of VOD was considered for patients receiving ino-
tuzumab. The probability of VOD for patients receiving ino-
tuzumab was based on the incidence of VOD of any grade 
observed in INO-VATE-ALL [16]. The cost of treatment of 
VOD was estimated to be US$57,078, based on an estimate 
from a retrospective health-insurance claims study [21, 37].

2.2.6 � Cost of Allogeneic Stem Cell Transplant

The probabilities of allo-SCT were estimated based on the 
MAIC-adjusted proportion of patients undergoing allo-SCT 
during follow-up in TOWER (27.7% and 18.4% for blina-
tumomab and SOC, respectively; absolute difference 9.3%) 
and the proportion patients undergoing allo-SCT in the 
intent-to-treat (ITT) population in INO-VATE-ALL (42.7% 
and 11.1%, respectively; absolute difference 31.6%). The 
cost of allo-SCT was estimated to be US$396,861 based on 
the total healthcare costs in the 100 days after transplant in a 
retrospective health-insurance claims study of the economic 
burden of allo-SCT in patients with relapsed B-cell ALL in 
the US [21, 38].

2.2.7 � Cost of Subsequent Salvage Therapy

Patients who do not achieve CR or who achieve CR but sub-
sequently relapse were assigned the expected cost of subse-
quent salvage treatment with blinatumomab, inotuzumab, 
or SOC chemotherapy upon determination of no response 
or relapse. Patients initially receiving blinatumomab were 
assumed to receive salvage therapy with either inotuzumab 
or chemotherapy, whereas those initially receiving inotu-
zumab were assumed to receive salvage therapy with blina-
tumomab or chemotherapy. Because data from INO-VATE-
ALL on subsequent salvage therapy were unavailable, it was 
assumed that the probabilities of receiving subsequent sal-
vage chemotherapy would be the same for patients initially 
receiving inotuzumab as for those initially receiving blina-
tumomab, which was based on data for the MAIC-weighted 
sample of TOWER. The cost of subsequent salvage chemo-
therapy was based on the estimate used in the published 
cost-effectiveness analysis of TOWER [19, 21]. The cost 
per course of blinatumomab and inotuzumab as subsequent 
salvage therapy was assumed to be the same as that for initial 
treatment.

2.3 � Model Validation

Analyses were conducted to test the model calculations 
including setting the discount rates for costs and effective-
ness to 0% and ensuring that undiscounted and discounted 
life-years (LYs), QALYs, and costs are equal; setting utility 
values to 1.0 and ensuring that LYs equal QALYs; setting 
the model starting age to 50 years old, all patients to male, 
and OS to 100%; and confirming that LYs were equal to life 
expectancy of a 50-year-old male in the US. Additionally, 
unit costs (medication, hospitalization, other administration 
costs, allo-SCT, and subsequent salvage therapy) and utility 
values were back-calculated from the model results. Results 
of sensitivity analyses were systematically checked against 
expectations. The results generated by the probabilistic sen-
sitivity analysis (PSA) were compared with the deterministic 
results to ensure that the mean costs, QALYs, and ICER 
generated by the PSA were similar to those generated by the 
model. Model results were checked against results of other 
models (e.g., model used to evaluate cost effectiveness of 
blinatumomab versus SOC) to ensure consistency.

2.4 � Analyses

For each of the five approaches for estimating effectiveness, 
life expectancy (LYs), QALYs, and expected lifetime costs 
were reported by treatment and health state (initial, CR, 
and R/R). LYs, QALYs, and costs were discounted at 3% 
annually [39]. Net monetary benefit (NMB) was calculated 
for a threshold value for cost effectiveness of US$150,000 
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per QALY gained. Scenario analyses and deterministic 
sensitivity analyses (DSAs) were conducted to assess the 
robustness of findings (expressed as NMB) with respect to 
changes in key parameter estimates and assumptions. DSAs 
were reported as a tornado diagram. PSAs were conducted 
based on 10,000 Monte Carlo simulations. To ensure the 
correlation of parameter estimates across simulations, the 
probabilities of CR and allo-SCT, age at initiation of ther-
apy, percent male patients at initiation of therapy, percent of 
blinatumomab patients starting and completing each cycle 
in TOWER, the percent of blinatumomab patients receiving 
subsequent salvage therapy, and parameters of the survival 
distributions for EFS and OS were sampled from a joint 
bootstrap or ‘empirical’ distribution, consisting of 1000 sets 
of bootstrap statistics derived from 1000 bootstrap samples 
of the TOWER data set. Cost-effectiveness acceptability 
curves for blinatumomab were then calculated.

3 � Results

3.1 � Base Case

Base-case results for the five approaches for estimating the 
effectiveness of blinatumomab and inotuzumab are pre-
sented in Table 3. In all analyses, blinatumomab was more 
costly and yielded more LYs and QALYs than inotuzumab. 
Incremental costs ranged from US$7023 (A3) to US$36,244 
(A5). Incremental LYs ranged from 0.69 (A4) to 2.22 (A2). 
Incremental QALYs ranged from 0.54 (A4) to 1.78 (A1, 
A2). The ICER was below the threshold of US$150,000 per 
QALY gained for blinatumomab versus inotuzumab with all 
five approaches, ranging from US$4006 (A3) to US$20,737 
per QALY gained (A5). At a willingness-to-pay threshold 
of US$150,000 per QALY gained, the NMB of blinatu-
momab versus inotuzumab ranged from US$73,035 (A4) to 
US$260,369 (A2).

3.2 � Sensitivity Analyses

Given the similarity of results for several of the approaches, 
results of the DSAs, scenario analyses, and PSAs were only 
reported for approach A4 (anchored comparison using the 
SOC arm of INO-VATE-ALL as the reference), which was 
the least favorable for blinatumomab among the anchored 
approaches, and A5 (unanchored comparison). Results of the 
remaining scenarios (A1–A3) are reported in the Electronic 
Supplementary Material.

For both approaches for estimating the relative effective-
ness of blinatumomab and inotuzumab, the model was most 
sensitive to the cost per day of hospitalization, duration of 
treatment with blinatumomab, and the number of vials of 
inotuzumab used (Fig. 3).

Alternative parametric distributions for OS were tested 
in scenarios 1 and 2. For scenario 1, the distributions for 
OS with the best visual and statistical fit that yielded more 
favorable results for blinatumomab versus the base case were 
selected (non-mixture cure Weibull (completely restricted) 
distribution for TOWER and non-mixture cure lognormal 
(completely restricted) distribution for INO-VATE-ALL). 
Similarly, for scenario 2, distributions that were less favora-
ble to blinatumomab than in the base case, but still had good 
visual and statistical fit, were used. For TOWER, the non-
mixture cure lognormal (completely restricted) distribution 
was used. For INO-VATE-ALL, the distribution selected 
for the base case [mixture cure lognormal (completely 
restricted)] already produced the least favorable results for 
blinatumomab among the plausible parametric OS distri-
butions, and therefore no unfavorable scenario was avail-
able. Using ‘favorable’ parametric OS distributions (Sce-
nario 1), the ICERs were US$4862 per QALY gained for 
A4 and US$9278 per QALY gained for A5 (Table 4). Using 
an ‘unfavorable’ OS distribution for blinatumomab in A5 
(Scenario 2), the ICER was US$359,680 per QALY gained. 
Additionally, a scenario was run for the A5 approach, in 
which the OS distribution for blinatumomab and inotuzumab 
arms was estimated simultaneously (Scenario 3). The non-
mixture cure lognormal (completely restricted) model was 
selected for this scenario because it had the best visual fit to 
the Kaplan–Meier curves and was in the top 10 best fitting 
distributions in terms of statistical fit. The ICER for this 
scenario was US$13,714 per QALY gained. More informa-
tion on the selection of parametric distributions is available 
in the Electronic Supplementary Material.

Assuming patients surviving > 4 years after treatment ini-
tiation would experience a four-fold increase in long-term 
mortality relative to the age- and sex-matched general popu-
lation due to exposure to chemotherapy and allo-SCT and 
disease-related complications (Scenario 4) [40], the ICER 
was US$17,289 per QALY gained for A4 and US$28,994 
per QALY gained for A5. Assuming long-term utility val-
ues for all patients would be reduced by 0.03 due to these 
factors (Scenario 5) with this decrement estimated as one-
half of the difference between the age- and sex-matched 
general population utility value at therapy initiation and the 
utility for patients with CR in TOWER, the ICERs were 
US$15,532 per QALY gained for A4 and US$21,387 per 
QALY gained for A5. When these assumptions were com-
bined, the ICERs were US$17,528 per QALY gained and 
US$29,845 per QALY gained, respectively (Scenario 6). 
The ICERs for A4 and A5 were US$124,702 per QALY 
gained and US$54,676 per QALY gained, respectively, when 
it was assumed that the probability of allo-SCT for patients 
receiving inotuzumab would be equal to those receiving 
blinatumomab (Scenario 7). In the scenario where patients 
receiving blinatumomab would have to change their bags 
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only once weekly (Scenario 8), the ICERs were US$4584 
per QALY gained and US$17,418 per QALY gained for A4 
and A5, respectively. Blinatumomab was dominant (less 
costly and more effective) compared with inotuzumab for 
both A4 and A5 when it was assumed that patients receiving 
inotuzumab would require 11.23 days in hospital to initiate 
treatment (Scenario 9) [34]. The ICERs for A4 and A5 were 
$17,265 per QALY gained and $21,351 per QALY gained, 
respectively, when incremental costs for CRS in patients 
receiving blinatumomab were included (Scenario 10).

The probability that blinatumomab is cost effective versus 
inotuzumab at an ICER threshold of US$150,000 per QALY 
was 53.5% for A4 and 72.6% for A5 (Fig. 4).

4 � Discussion

This study evaluated the cost effectiveness of blinatumomab 
versus inotuzumab in adult patients with R/R B-cell precur-
sor ALL receiving one or no prior salvage therapy from a 
US healthcare sector perspective based on data from INO-
VATE-ALL and the subgroup of patients in TOWER receiv-
ing one or no prior salvage who were weighted to match the 
reported characteristics of patients in INO-VATE-ALL using 
MAIC. Regardless of the approach employed to estimate 
the effectiveness of blinatumomab and inotuzumab, blina-
tumomab was cost effective versus inotuzumab, with ICERs 
ranging from US$4006 to US$20,737 per QALY gained. To 
the best of our knowledge, this is the first study to compare 
the cost effectiveness of blinatumomab versus inotuzumab 
in this setting.

This study is important as it highlights the complexi-
ties of incorporating indirect comparisons into economic 
evaluations and how a variety of different approaches may 
be employed, which may impact model results and con-
clusions. While in this study the ICERs for blinatumomab 
versus inotuzumab were favorable for all the approaches 
considered, similar results may not be obtained in all 
instances. Investigators conducting economic evaluations 
based on indirect comparisons should provide a rationale 
for the specific approach that they employ with respect to 
the choice of anchored versus unanchored comparisons and, 
for anchored comparisons, the reference treatment to which 
estimated treatment effects are applied. The impact of alter-
native approaches on model results should be examined in 
sensitivity analyses.

While all of the approaches employed for modeling sur-
vival for blinatumomab versus inotuzumab have their merits, 
approach A2 has some advantages over the others. Because 
approach A5 is based on an unanchored comparison, 
whereas approaches A1–A4 are based on anchored compari-
sons, the former is potentially biased by confounding and 
therefore is less preferred than the latter. Because approaches 

A1 and A3 require the assumption of proportional hazards 
for both TOWER and INO-VATE-ALL, whereas approaches 
A2 and A4 require the proportional hazards assumption for 
only one of the two trials, A2 and A4 can be considered 
preferable to A1 and A3. The choice between A2 and A4 
depends on the likely precision of the estimates. Although 
the number of subjects enrolled was greater in TOWER 
than INO-VATE-ALL, the duration of follow-up for OS 
was greater in INO-VATE-ALL than TOWER. An addi-
tional advantage of approach A2 is that the data on EFS and 
utilities were based on TOWER (as such data were unavail-
able from INO-VATE-ALL) and hence the data used in this 
approach are internally consistent. Based on this assessment, 
A2 can be considered the preferred approach amongst all 
those considered.

Interestingly, although the rate of CR was higher with 
blinatumomab than SOC in the ITT patient population in 
TOWER, the unadjusted rate of allo-SCT was similar among 
the two treatment arms. This is in contrast with INO-VATE-
ALL in which there were differences in both the response 
rate and the rate of allo-SCT. The precise reason for this 
finding is uncertain, as the decision to undergo transplant 
is made by the patients and their physicians, and utiliza-
tion of allo-SCT varies considerably by setting. However, 
approximately 10% of patients receiving blinatumomab 
received maintenance therapy with blinatumomab, which 
may have been used as an alternative to allo-SCT in TOWER 
(there was no maintenance therapy with inotuzumab in INO-
VATE-ALL). Also, patients in TOWER had more advanced 
ALL than those in INO-VATE-ALL, and were more likely 
to have undergone prior SCT, potentially also attenuating 
differences between groups in the transplant rate relative 
to what was observed among the less advanced patients in 
INO-VATE-ALL. Although the rate of allo-SCT was the 
same for both TOWER groups in the ITT population (24%), 
the MAIC-adjusted rates were 27.7% and 18.4% for blina-
tumomab and SOC, respectively (compared with MAIC-
adjusted rates of CR of 36.9% and 22.2%, respectively).

Although the estimated rate of allo-SCT was higher with 
inotuzumab in INO-VATE-ALL than with blinatumomab in 
the MAIC-adjusted population of TOWER, results of the 
analyses presented here suggest that OS is greater with bli-
natumomab than with inotuzumab. This counter-intuitive 
finding, given the prognostic significance of allo-SCT in 
this population, may be explained by two factors. First, the 
TOWER study showed a clear and statistically significant 
benefit on OS in the absence of any difference between arms 
in the observed rate of allo-SCT, suggesting the benefits of 
blinatumomab are independent of receipt of transplant. Sec-
ond, data from INO-VATE-ALL indicate an increased risk 
of post-transplant non-relapse mortality in patients receiv-
ing inotuzumab, suggesting the benefit of transplant may be 
modified by receipt of inotuzumab treatment.
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Fig. 3   Tornado diagrams on 
NMB for blinatumomab versus 
inotuzumab

A Anchored/SOC INO-VATE-ALL=Reference (A4)

NMB=Net monetary benefit. SOC=Standard of care. Blin=Blinatumomab. Ino=Inotuzumab. Allo-
SCT=Allogeneic stem cell transplant. IP=Inpatient. R/R=Relapsed/refractory. Sub.=Subsequent

B Unanchored (A5)

Blin=Blinatumomab. Tx=Treatment. Ino=Inotuzumab. Allo-SCT=Allogeneic stem cell transplant. 
IP=Inpatient. R/R=Relapsed/refractory. Sub.=Subsequent. SOC=Standard of care.  
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Limitations of this evaluation should be considered when 
interpreting these results. First, although patients in TOWER 
were matched to those in INO-VATE-ALL using MAIC, 
there may be other characteristics that were not reported for 
INO-VATE-ALL that may have differed between trials and 
which may have biased the comparison.

Second, because INO-VATE-ALL included both Ph + and 
Ph −  patients (15% and 85%, respectively), whereas 
TOWER included only Ph −  patients, it was necessary to 
assume that Ph status is not prognostic for CR, OS, or receipt 
of allo-SCT (for the unanchored comparison) and does 
not modify the effect of blinatumomab treatment on these 

Table 4   Scenario analyses

Allo-SCT allogeneic stem cell transplant, BLIN blinatumomab, CRS cytokine release syndrome, ERG evidence review group, ICER incremental 
cost effectiveness ratio, INO inotuzumab ozogamicin, NA not applicable, NICE National Institute of Health and Care Excellence, OS overall sur-
vival, QALYs quality-adjusted life-years, SOC standard of care, QALY quality-adjusted life-year, SOC standard of care
a The mixture cure + lognormal (completely restricted) distribution used for modeling OS in INO-VATE-ALL in the base case was the most 
favorable distribution for inotuzumab. Accordingly, no ‘unfavorable’ distribution was analyzed for A4

No. Scenario A4: anchored comparison/INO-VATE-ALL 
SOC = reference

A5: unanchored comparison

Incremental 
cost (US$)

Incremental 
QALYs

ICER (US$/
QALY gained)

Incremental 
cost (US$)

Incremental 
QALYs

ICER (US$/
QALY 
gained)

Base case 8286 0.54 15,283 36,244 1.75 20,737
1 Favorable OS distribution 7180 1.48 4862 33,776 3.64 9278
2 Unfavorable OS distributiona NA NA NA 37,228 0.10 359,680
3 Same OS distributions NA NA NA 35,070 2.56 13,714
4 4 × increase in general population mortality 8241 0.48 17,289 36,268 1.25 28,994
5 0.03 disutility for long-term survivors 8286 0.53 15,532 36,244 1.69 21,387
6 4 × increase in general population mortality 

and 0.03 disutility for long-term survivors
8241 0.47 17,528 36,268 1.22 29,845

7 Allo-SCT rate equal for BLIN and INO 67,606 0.54 124,702 95,564 1.75 54,676
8 7 days per bag outpatient BLIN 2485 0.54 4584 30,444 1.75 17,418
9 Inpatient days for INO based on NICE ERG 

recommendation (11.23 days)
− 55,011 0.54 Dominant − 27,065 1.75 Dominant

10 Include cost of CRS management 9360 0.54 17,265 37,318 1.75 21,351

Fig. 4   Cost-effectiveness 
acceptability curves for blinatu-
momab versus inotuzumab
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outcomes (for both anchored and unanchored comparisons) 
when generalizing the results from the TOWER trial to the 
population of INO-VATE-ALL. Although prognosis is gen-
erally considered to be worse for patients with Ph + versus 
Ph −  ALL [41], that was not the case in INO-VATE-ALL 
(median OS 8.7 and 8.4 months for inotuzumab and SOC, 
respectively, in the Ph + population and 7.7 and 6.2 months, 
respectively, in the overall population) [16]. Because data 
on outcomes from controlled trials of blinatumomab versus 
SOC in patients with Ph + ALL and characteristics similar 
to those in INO-VATE-ALL are unavailable, the effect of 
Ph status on the efficacy of blinatumomab in such patients 
is unknown. The impact of this limitation on results of this 
analysis is therefore uncertain.

Third, the effectiveness and costs of treatment with bli-
natumomab and inotuzumab in typical US clinical practice 
may differ from that observed in the TOWER and INO-
VATE-ALL trials. In particular, the rates of hospitalization 
for administration of treatment, frequency of allo-SCT, and 
utilization of blinatumomab as maintenance therapy are 
likely to vary across settings. Differences in these factors 
may materially affect the relative costs and effectiveness of 
these treatments.

Stelljes et al. reported results of an MAIC of inotuzumab 
versus blinatumomab and concluded that inotuzumab has 
an advantage over blinatumomab with respect to CR/CRi, 
EFS, and OS [41]. Because INO-VATE-ALL did not enroll 
patients with two or more prior salvage therapies, and 
because patient characteristics and endpoint results for the 
subgroup of patients in TOWER with one or no prior salvage 
therapy have not been reported, Stelljes and colleagues were 
unable to match the INO-VATE-ALL patients with those in 
TOWER on this characteristic. Line of salvage therapy is 
an important negative prognostic factor, and the treatment 
effect on OS for blinatumomab versus SOC was nominally 
greater in patients with one or no versus two or more prior 
salvage therapies [7]. The inability to match on this char-
acteristic, due to lack of data, therefore may have biased 
both their unanchored and anchored comparisons in favor of 
inotuzumab. Also, while Stelljes et al. correctly note that the 
OS curves in the overall population of TOWER converged 
at the end of follow-up, this phenomenon was not observed 
in the MAIC-adjusted subgroup of TOWER patients with 
one or no prior salvage therapy. Their conclusions regard-
ing the HRs for blinatumomab versus inotuzumab over time 
therefore may not be applicable in the population examined 
in our analysis.

5 � Conclusions

For various approaches for estimating the relative effective-
ness of blinatumomab versus inotuzumab, blinatumomab 
was estimated to be cost effective compared with inotu-
zumab in adult patients with R/R B-cell precursor ALL with 
one or no prior salvage therapy from a US payer perspective.
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