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Abstract
Objective  The aim was to estimate the cost-effectiveness of inotuzumab ozogamicin (InO) versus standard of care chemo-
therapy (SoC) for adults with relapsed or refractory B cell acute lymphoblastic leukaemia (R/R ALL) in Sweden and Norway, 
and compare this to evaluations made by the health technology assessment (HTA) authorities Tandvårds- och läkemedels-
förmånsverket (TLV) and the Norwegian Medicines Agency (NoMA).
Materials and methods  A partitioned survival model was developed to determine incremental cost-effectiveness ratios 
(ICERs) for InO versus SoC. Parametric survival models were fit to overall survival and progression-free survival Kaplan-
Meier data from the INO-VATE ALL phase III trial. Two base cases were run using (1) Swedish and (2) Norwegian inputs 
(costs and discount rates). Core clinical inputs and utilities did not differ between countries. Analyses were then conducted 
to reflect the preferred assumptions of TLV and NoMA. Univariate and multivariate sensitivity analyses were performed.
Results  The base case deterministic ICERs for InO versus SoC were €16,219/quality-adjusted life years (QALY) in Sweden 
(probabilistic €19,415) and €44,405/QALY in Norway (probabilistic €47,305). The ICERs using our model but applying 
the preferred assumptions of TLV or NoMA were €74,061/QALY (probabilistic €77,484) and €59,391/QALY (probabil-
istic €63,632), respectively. Differences between our base cases and the ICERs with TLV and NoMA settings were mainly 
explained by the exclusion of productivity costs and use of pooled post-haematopoietic stem-cell transplant (post-HSCT) 
survival in Sweden and use of higher HSCT costs in Norway. All ICERs remained below the approximated willingness-to-
pay thresholds. The probability of InO being cost-effective ranged from 77 to 99% versus SoC.
Conclusions  InO can likely be considered cost-effective versus SoC under our and the HTA-preferred settings.
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Key Points for Decision Makers 

In the INO-VATE acute lymphoblastic leukaemia (ALL) 
phase III trial, inotuzumab ozogamicin (InO) demon-
strated improved overall survival and remission rate, 
favourable patient-reported outcomes, and a manage-
able safety profile versus standard of care chemotherapy 
(SoC) for relapsed or refractory acute lymphoblastic 
leukaemia (R/R ALL).

Prior to public reimbursement, in Sweden and Norway, 
a health technology assessment (HTA) including a cost-
effectiveness analysis is conducted.

This article explores the cost-effectiveness of InO versus 
SoC and examines the differences between our preferred 
set of cost-effectiveness analyses and the evaluations 
made by the Swedish and Norwegian HTA authorities in 
order to aid future decision making on where and how to 
use InO for the treatment of R/R ALL.

1  Introduction

Acute lymphoblastic leukaemia (ALL) is a malignant dis-
order of lymphoid progenitor cells that affects children and 
adults [1]. In Sweden and Norway around 50 and 44 adults 
are diagnosed with ALL annually, respectively [2–4]. Upon 
diagnosis, patients are stratified by a number of factors to 
help understand the prognosis and guide therapeutic deci-
sions (e.g. T vs B cell leukaemia; Philadelphia-negative vs 
Philadelphia-positive leukaemia). For patients newly diag-
nosed with ALL, treatment consists of an induction phase, 
a consolidation phase, and a maintenance phase [2, 5, 6]. 
Chemotherapy is typically administered in the induction 
phase with the aim of achieving a complete remission (CR) 
or complete remission with incomplete haematological 
recovery (CRi), with treatment in the following consolida-
tion and maintenance phases aiming to keep the leukaemia 
in remission [7]. If remission is achieved following previous 
conditioning pharmacological treatment, a subsequent allo-
geneic haematopoietic stem-cell transplant (HSCT) [8] cur-
rently offers the best opportunity for long-term disease-free 
survival [7, 9–12]. Only around 30–40% of adults with ALL 
achieve long-term disease-free survival, with the primary 
reason for failure being disease recurrence [13]. If a patient 
relapses following treatment or HSCT or if they are refrac-
tory to treatment (R/R ALL), the aim of salvage treatment is 
again to induce haematological remission (CR/CRi) so that 
patients might be able to bridge to subsequent HSCT. To 

induce haematological remission in the R/R setting, patients 
have historically been treated with a salvage regimen con-
sisting of combination chemotherapy [2, 6].

Over recent years, new options have been added to the 
R/R treatment arsenal, with the targeted therapy inotuzumab 
ozogamicin (InO) (Besponsa®;) now indicated for adults 
with B cell R/R ALL, [14] based on results versus standard 
of care chemotherapy (SoC) in the INO-VATE 1022 ALL 
trial [15, 16]. The INO-VATE ALL trial was a multicentre, 
parallel, open-label, phase 3 trial that randomised 326 adults 
with R/R ALL to InO (n = 164) or SoC (n = 162). The study 
demonstrated that patients in the InO arm versus the SoC 
arm experienced a significantly higher CR/CRi rate (73.8% 
vs 30.9%; P < 0.0001), improved minimal residual disease 
rate (78.4% vs 28.1% in the initially studied population; P < 
0.001), and longer duration of remission (median 5.4 months 
vs 4.2 months; P = 0.0071). Median overall survival (OS) 
was 7.7 months with InO and 6.2 months with SoC, with 
2-year OS rates of 22.8% and 10.0%, respectively (overall 
hazard ratio [HR] 0.75; P = 0.0105). Correlated with these 
improvements, the percentage of patients reaching HSCT 
after achieving CR/CRi was higher for InO versus SoC 
(39.6% vs 10.5%; P < 0.0001) [15, 16].

Prior to public reimbursement in many countries cov-
ered by the European Medicines Agency, health technol-
ogy assessments (HTAs) must often be conducted, includ-
ing in Norway and Sweden. Such HTAs typically include a 
cost-effectiveness analysis to assess whether an interven-
tion brings value for money. Based on HTAs conducted by 
Tandvårds- och läkemedelsförmånsverket (TLV) and the 
Norwegian Medicines Agency (NoMA), InO was considered 
to be cost-effective and recommended for use by the New 
Therapies (NT) council in Sweden and publicly reimbursed 
in Norway [4, 17, 18].

The aim of this paper was to estimate the cost-effec-
tiveness of InO compared to SoC for the treatment of B 
cell R/R ALL in Sweden and Norway, and to compare the 
results of our two base cases to the results when applying 
to our model the preferred assumptions stated by TLV and 
NoMA in their recent appraisals of InO [4, 18]. Whilst in 
most part the models were similar between our base cases 
and the preferred base cases of the two agencies, we have 
sought to highlight where assumptions differed and provide 
justification and rationale for our preferences. By presenting 
a full set of assumptions, where they differed, and then the 
resulting impact these have on cost-effectiveness estimates 
via a side-by-side examination, we aim to provide future 
decisions makers with transparent and full information to 
aid their choices and decisions.
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2 � Methods

The cost-effectiveness for InO versus SoC was assessed 
using a health economic model. The following sections 
describe the model structure and incorporation of clinical 
and economic inputs. Two sets of base case analyses were 
performed, specific to the perspective of each country: (1) 
using Swedish and (2) using Norwegian cost inputs and 
annual discount rates. These base case analyses were then 
compared to analyses using the preferred assumptions of 
TLV and NoMA. Both TLV and NoMA appraised InO using 
fundamentally the same model as the one presented in this 
study, although some assumptions differed.

2.1 � Model Structure

The cost-effectiveness analysis used a time-dependent, parti-
tioned survival model with states defined based on treatment 
response (CR/CRi), HSCT, progression, and death (Fig. 1). 
A comparable model structure has been used in the National 
Institute of Health and Care Excellence (NICE) appraisal 
of InO (appraisal TA541) and was deemed appropriate for 
decision-making [19].

All patients entered the model in the ‘stable’ state. The 
average age of the patient cohort at the start of the model 
was 46 years, based on the INO-VATE ALL trial [16, 20]. 
A monthly model cycle length (30.4375 days) was used. 
From the ‘stable’ health state, patients could move to the 
‘CR/CRi’ state after one cycle (the average time to response 
in INO-VATE ALL was 1 month) or to the ‘post-HSCT’ 

state. Almost all patients in INO-VATE ALL who under-
went HSCT did so having first achieved CR/CRi; however, 
a small number of patients underwent HSCT without CR/
CRi. Transition to ‘post-HSCT’ from either the ‘stable’ or 
‘CR/CRi’ state occurred after 4 and 5 months for InO and 
SoC, respectively, mirroring the average time to HSCT in the 
INO-VATE ALL trial’s respective arms [20]. This transition 
at 4 and 5 months was considered appropriate as alterna-
tively allowing patients to transition to HSCT in different 
cycles through tunnel states led to similar results but over-
complicated the model. From all health states, patients were 
at risk of disease progression and/or death. This risk was 
specific to each arm and each state and was determined by 
progression-free survival (PFS) and OS Kaplan-Meier data 
from INO-VATE ALL’s latest cut (April 2017) [16, 20]. To 
capture all relevant costs and effects, a life-time time horizon 
was used. Discount rates for future costs and effects of 3.0% 
per annum for Sweden and 4.0% for Norway were applied in 
line with TLV and NoMA guidelines [21, 22].

2.2 � Model Estimation

Health-state specific PFS and OS were based on the inten-
tion-to-treat (ITT) population from the INO-VATE ALL trial 
(patient characteristics were presented in the trial publica-
tions) [16, 20]. PFS and OS for InO and SoC were estimated 
by fitting parametric survival distributions to Kaplan-Meier 
data using Flexsurv [23] (Gompertz and generalised gamma) 
and Survival [24] (exponential, Weibull, lognormal, and log-
logistic) R packages. Base case distributions were selected 
according to fit statistics (Akaike information criterion 

Fig. 1   Visual representation of 
the survival partitioned model
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[AIC] and Bayesian information criterion [BIC]), visual 
inspection, hazard functions, time-dependent HRs, diag-
nostic plots for treatment effects, and clinical plausibility.

Parametric survival curves were fitted for each health 
state (stable, CR/CRi, and post-HSCT) separately.

If the proportional hazards assumption was violated, 
individually fitted curves were applied; otherwise, survival 
curves with treatment as a covariate were used [25]. For 
PFS, the log-logistic and generalised gamma function with 
treatment as a covariate were used for stable and CR/CRi 
patients, respectively. For OS, a lognormal distribution was 
used for stable patients and a generalised gamma was used 
for CR/CRi patients (both using treatment as a covariate). 
For post-HSCT survival, generalised gamma and log-logistic 
distributions were fitted individually for the InO and SoC 
arms, respectively (the proportional hazards assumptions 
were violated).

Some patients that receive an HSCT will be long-term 
survivors [7, 9-12]. For patients who survived until the end 
of the maximum follow-up of the INO-VATE ALL trial 
(approximately 50 months), it was assumed that the HSCT 
was successful and therefore a lower mortality risk was 
applicable from 50 months onwards. This risk was estimated 
by applying a standardised mortality ratio (SMR) to general 
population mortality data. This way, the model reflects that 
patients surviving longer term after successful HSCT have 
survival prospects closer to, yet still lower than, the general 
population [26]. The use of a point in time post-transplant 
where the model’s probability of survival moves from using 
shorter-term clinical trial data to data adjusted from the 
general population (a ‘functionally cured’ point) has been 
accepted in other models in the literature [26-30]. To calcu-
late longer-term survival, general population mortality for 
Norway and Sweden was taken from national life tables [31, 
32]. An SMR of 4 from the study of Martin et al. [33] was 
then applied to elevate the general population mortality risk 
(implying a risk of death four times higher in any future year 
than a similarly aged person from the general population). 
This estimated SMR was preferred by NICE in the United 
Kingdom (UK) HTA of InO [34]. The model applies the 
same SMR for both treatment arms, implying an HR of 1 
for InO versus SoC is applied from 50 months onwards, i.e. 
if a patient survived past this point, then they have had a 
successful HSCT and there was no assumed difference in 
their survival expectations going forwards whether they had 
received InO or SoC pre-HSCT.

Based on the PFS and OS extrapolations for stable, CR/
CRi, and post-HSCT patients, the time in each health state 
was determined. The PFS and OS Kaplan-Meier data from 
the ITT population, the base case parametric survival curves, 
and parametrisation are summarised in Supplementary 
Table 1 and Supplementary Figures 1–3 (see the electronic 
supplementary material). In Supplementary Figures 4 and 

5, the long-term modelled OS and PFS are compared to the 
Kaplan-Meier data from the INO-VATE ALL trial.

2.3 � Clinical Inputs

Table 1 presents an overview of the applied clinical inputs 
and their corresponding uncertainty distributions. The SoC 
comparator was informed by the INO-VATE ALL trial, in 
which it was a choice of one of FLAG (fludarabine, cyta-
rabine, and granulocyte colony-stimulating factor), cytara-
bine plus mitoxantrone, or high-dose cytarabine (HIDAC), 
from which the majority received FLAG. Whilst SoC in our 
Norwegian base case mirrored the trial, the base case in 
Sweden assumed 50% FLAG-Asp (fludarabine, cytarabine, 
pegylated-asparaginase plus granulocyte colony-stimulating 
factor) and 50% MEA (mitoxantrone, etoposide and cyta-
rabine) based on key opinion leader (KOL) opinion. Other 
inputs informed by the INO-VATE ALL trial included prob-
abilities of response (CR/CRi) and HSCT, adverse event 
rates, hospitalisation days, and subsequent induction therapy 
after treatment with InO or SoC (chemotherapy regimens 
FLAG, HIDAC, and cytarabine plus mitoxantrone based, 
tyrosine kinase inhibitors [TKIs], or innovative anti-can-
cer treatments blinatumomab and InO) [16, 20]. Overall, 
patients in the InO arm used fewer subsequent induction 
therapies than those in the SoC arm.

Hospitalisation days were measured while patients were 
on their primary treatment in the INO-VATE ALL trial. 
For subsequent treatment with InO (which was relevant 
to the SoC arm), the same number of hospitalisation days 
as observed on primary induction therapy with InO were 
applied. For other subsequent treatments, the number of bed-
days for SoC from the INO-VATE ALL trial was applied. 
This was assumed more reflective than using InO’s bed-days 
as InO can be administered in an outpatient setting. One 
exception applied for the Swedish subsequent chemotherapy 
costs, with these estimated using a national healthcare cost 
code that already included hospitalisation costs (as discussed 
in the “Cost Inputs” section below). Post-HSCT hospitalisa-
tion was assumed to be already captured in the follow-up 
costs applied after HSCT.

2.4 � Utility Inputs

The utilities at baseline and in the stable and CR/CRi health 
states (see Table 1) were based on the safety population 
from the INO-VATE ALL trial [16, 20]. In the INO-VATE 
ALL trial, patients completed the EuroQoL 5 Dimensions 
Questionnaire (EQ-5D-3L) at baseline, on day 1 of each 
cycle, and at the end of treatment. The EQ-5D-3L UK value 
set was applied to determine the utility values [20]. At the 
time of TLV and NoMA’s appraisals of InO, the UK value 
set was the preferred set for HTAs in both countries due to 
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the lack of a formally adopted Swedish or Norwegian value 
set. Given the baseline utility was similar in both arms, a 
pooled baseline utility of 0.69 was applied for InO and SoC. 
In the stable and CR/CRi health states, treatment specific 
utilities were used (stable: InO 0.51, SoC 0.47; CR/CRi: 
InO 0.73, SoC 0.75). As utilities were not measured past 
the end of treatment, post-HSCT utilities were not available 
from the INO-VATE ALL trial; hence, post-HSCT utilities 
(Table 1) were taken from a study by Kurosawa et al. [35], 

which estimated utilities of 0.59 for < 1 year after HSCT, 
0.75 at 1–2 years after HSCT, 0.74 at 3–5 years after HSCT, 
and finally 0.76 at 5 + years post-HSCT. The utilities from 
Kurosawa et al. [35] were estimated from a cross-sectional 
questionnaire study that administered SF-36, FACT-Leukae-
mia, and EuroQOL5D to 524 acute leukaemia survivors in 
Japan [36]. Although they were not from a UK population, 
at the time of our analyses, these were deemed the best avail-
able data. For the progressed disease health state, a utility 

Table 1   Overview of country-
independent parameter 
values, standard errors, and 
distributions

ALL acute lymphoblastic leukaemia, Blina blinatumomab, CR, complete remission, CRi complete remis-
sion with incomplete haematological recovery, CRS cytokine release syndrome, GVHD graft-versus-host 
disease, HSCT haematopoietic stem-cell transplant, InO inotuzumab ozogamicin, SE standard error, SoC 
standard of care chemotherapy, TKI tyrosine kinase inhibitor, VOD veno-occlusive disease, WBC white 
blood cell count

Parameter Mean (SE)—base case Distribution Source

InO SoC

Response and HSCT rates, %
 Stable 0.213 0.611 Dirichlet INO-VATE ALL [16, 20]
 CR/Cri 0.305 0.167 Dirichlet
 No CR/CRi and HSCT 0.049 0.080 Dirichlet
 CR/CRi and HSCT 0.433 0.142 Dirichlet

Adverse events, %
 Neutropenia 0.360 0.378 Beta INO-VATE ALL [16, 20]
 Thrombocytopenia 0.244 0.490 Beta
 Leukopenia 0.177 0.252 Beta
 Febrile neutropenia 0.140 0.455 Beta
 Anaemia 0.122 0.350 Beta
 Lymphopenia 0.116 0.168 Beta
 WBC decreased 0.055 0.049 Beta
 VOD before HSCT 0.031 0.000 Beta
 VOD post-HSCT 0.228 0.083 Beta
 GVHD post-HSCT 0.110 0.110 Beta

Hospitalisation
 Number of bed-days 21 (2) 27 (1) Normal INO-VATE ALL [16, 20]

Subsequent treatments, %
 Blina 0.073 0.142 Beta INO-VATE ALL [16, 20]
 TKI 0.024 0.111 Beta
 Chemotherapy 0.762 0.667 Beta
 InO 0.006 0.056 Beta

Utilities
 Stable—baseline 0.694 (0.022) 0.675 (0.029) Beta INO-VATE ALL [16, 20]
 Stable—from cycle 1 0.586 (0.080) 0.511 (0.056) Beta
 CR/Cri 0.756 (0.023) 0.761 (0.045) Beta

Stable—baseline (pooled) 0.686 (0.018) Beta INO-VATE ALL [20]
Progressed disease 0.300 (0.040) Beta Aristides et al. [37]
0–1 years post-HSCT 0.590 (0.097) Beta Kurosawa et al. [35]
1–2 years post-HSCT 0.750 (0.033) Beta Kurosawa et al. [35]
3–5 years post-HSCT 0.740 (0.020) Beta Kurosawa et al. [35]
> 5 years post-HSCT 0.760 (0.026) Beta Kurosawa et al. [35]
VOD for 1 month 0.503 (0.026) Beta INO-VATE ALL [20]
CRS for 1 week 0.000 (0.000) Beta Hettle et al. [26]



52	 I. van Oostrum et al.

score of 0.30 was applied, taken from the study by Aristides 
et al. [37], in which utility values were assigned to R/R ALL 
health states from the perspective of the UK general popula-
tion (n = 123) using the time trade-off method for preference 
elicitation. All utilities were decreased over time to reflect 
the aging of patients in the model [38].

2.5 � Cost Inputs

Table 2 presents an overview of the applied country-specific 
costs and the corresponding uncertainty distributions. All 
costs were converted to 2017 Euros to make the results easy 
to compare, using 31-12-2017 conversion rates of 0.10185 
for Sweden [39] and 0.10159 for Norway [40]. Drug costs 
for InO and SoC were determined by multiplying the aver-
age number of vials/tablets used with the costs per vial/tab-
let (wastage was included). For InO and SoC, the number 
of vials/tablets used were determined based on the actual 
doses in the INO-VATE ALL trial (dosing schedules were 
previously published [15]) and the average body surface area 
(1.88 m [2]) and weight (76.9 kg) of the INO-VATE ALL 
patients [20]. As the Summary of Product Characteristics 
(SmPC) restricted the use of InO for patients who either 
do not achieve a CR/CRi or were planning to bridge to an 
HSCT to a maximum of three cycles, an average of 8.9 InO 
vials was used for our models’ population, corresponding to 
these SmPC recommendations. Although the trial allowed 
treatment up to six cycles, all CR/CRi was first achieved 
during the first three cycles. Therefore, the CR/CRi rate and 
subsequent HSCT rate associated with only three cycles of 
InO can be assumed to be similar to that observed in the 
trial. The costs per vial/tablet were based on Swedish and 
Norwegian list prices [41, 42].

The costs per inpatient bed-day were higher for Nor-
way (€4376) [43] than for Sweden (€2163) [44]. The costs 
of HSCT we applied were comparable for both countries 
(Norway €51,893 [45], Sweden €59,788 [46]); in Norway, 
our base case used a cost estimate based on reported cost 
for autologous HSCT, which was the most relevant cost we 
identified from the literature. Follow-up costs after HSCT 
were converted from the UK National Health Service Blood 
and Transplant study (NHSBT) [47] for Sweden as no Swed-
ish data were available, and were based on studies conducted 
by public institutions for Norway [45].

For subsequent TKIs, drug costs were based on the 
national list prices of Sweden and Norway [41, 42, 48, 49] 
and a median treatment duration for ponatinib of 83 days 
[50]. Hospitalisation associated with TKIs was assumed to 
be equal to SoC [20]. For subsequent chemotherapy costs, 
in Sweden, a national healthcare cost code was applied 
that covered the costs of providing chemotherapy, includ-
ing hospitalisation in acute leukaemia [51]. For Norway, 
the cost of subsequent chemotherapy consisted of standard 

chemotherapy drug costs based on national list prices [41] 
and hospitalisation costs (INO-VATE ALL SoC bed-days 
[16, 20] multiplied with the cost per inpatient bed-day in 
Norway [43]).

Adverse event costs (excluding veno-occlusive disease 
[VOD], cytokine release syndrome [CRS], and graft-ver-
sus-host disease [GVHD]) were sourced from national cost 
data for Sweden [52, 53] and Norway [54, 55]. For VOD, in 
Sweden, a weighted average of cost of defibrotide (47.8%) 
and ursodeoxycholic acid (52.2%) [49, 56] was applied, 
in line with VOD treatment in the INO-VATE ALL trial 
[16, 20]. In Norway, VOD was assumed to be treated with 
defibrotide only [41]. CRS costs were converted from a UK 
source for Sweden [26] and were assumed to be equal to 
haematological adverse events in Norway [54]. GVHD costs 
were estimated based on Espérou et al. in both countries 
as no country-specific data were available [57]. End-of-life 
costs were higher in Norway (€16,335) [58] versus Sweden 
(€8046) [59].

In both countries, costs from a societal perspective were 
included that reflected the cost of time lost due to travelling 
to, and staying in, the hospital. The time value per hour for 
‘leisure time’ was higher in Norway (€28) [60] versus Swe-
den (€6) [61]. The travelling time was 1 h in Sweden and 37 
h in Norway (average of 0 h for residents of the Oslo/Bergen 
regions [24%] and 48 h for all other residents [76%] [62]). 
For Sweden, the costs of lost productivity were included as 
well. Based on expert opinion from Swedish KOLs, 50% of 
the HSCT patients were assumed to go back to work after 12 
months post-HSCT and the remaining 50% after 18 months 
post-HSCT. The production value per patient was estimated 
to be €4390 per month [63, 64], and the general employment 
rate was 81% [65].

2.6 � Analyses

Four sets of analyses are presented: our modelled base 
cases from the Swedish and Norwegian perspectives, and 
TLV’s and NoMA’s base cases from their country’s per-
spective. All four analyses used the same model struc-
ture, core clinical inputs, and utility inputs (Table  1). 
Our two base cases and the two HTA authorities’ all used 
their respective country’s input costs and discount rates 
(Table 2). There were some differences between TLV’s 
and NoMA’s preferred assumptions versus our base case 
assumptions (Table 3). In summary, TLV’s preferred type 
of SoC chemotherapy differed slightly to our base case and 
the population assessed by TLV was more limited than in 
our base case (TLV selected a subgroup of the INO-VATE 
ALL trial [the no prior HSCT population], which repre-
sents 81% of the full INO-VATE ALL population). The 
extrapolation of long-term survival post-HSCT also varied 
in that there were slight differences in the time horizons 
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used. Furthermore, societal costs were not included by 
TLV [4, 18]. NoMA chose to apply a higher cost for HSCT 
than our preferred cost, using an estimate based on a Diag-
nosis Related Group (DRG) code for allogeneic HSCT for 
patients older than 17 years [4].

Lifetime costs, life years (LYs), and quality-adjusted 
life years (QALYs) were estimated for each treatment. 
Scenario analyses were performed to estimate the impact 
of using the lower or upper limit of the 95% confidence 
interval of the PFS and OS curves and the impact of apply-
ing general population utilities beyond 5 years post-HSCT. 
Additionally, deterministic sensitivity analyses (DSAs) 
and probabilistic sensitivity analyses (PSAs) with 1000 
simulations were conducted. Where data on distributions 
were unavailable, a ± 5% or ± 10% range was assumed 
for costs and utilities, respectively. The DSA findings are 
presented in a tornado diagram including the ten param-
eters with the largest influence on the outcomes. Results 
of the PSA were used to generate acceptability curves for 
InO versus SoC, showing the probability that InO would 
be preferred over SoC given a range of willingness-to-pay 
(WTP) thresholds. Approximate WTP for severe disease, 
such as R/R ALL, were estimated at €102,000 per QALY 
in Sweden (corresponding to 1,000,000 Swedish Krona) 
and €84,000 per QALY (corresponding to 825,000 Nor-
wegian Krone) in Norway [66].

3 � Results

Table 4 displays the incremental LYs, QALYs, costs, and 
resulting incremental cost-effectiveness ratio (ICERs) for 
our Swedish and Norwegian base cases, alongside the 
results when TLV’s and NoMA’s preferred assumptions 
were applied. Our base case ICERs for InO versus SoC 
were €16,219 and €44,405 per QALY gained for Sweden 
and Norway, respectively. If costs of lost productivity are 
excluded, the base case ICER for Sweden was €50,361 per 
QALY gained, closer to the Norwegian ICER.

Using our model but applying the preferred assump-
tions of TLV and NoMA, we estimated the ICERs for InO 
versus SoC to be €75,127 per QALY gained for Sweden 
(reported as 733,577 Swedish Krona [€74,715] in TLV’s 
documentation [18]) and €59,391 per QALY gained for 
Norway (reported as 584,615 Norwegian Krone [€59,391] 
in NoMA’s documentation [4]). These ICERs all remained 
below the approximated WTP thresholds.

The results of the scenario analyses are presented in Sup-
plementary Tables 2 and 3 (see the electronic supplementary 
material). The ICERs did not change substantially for most 
of the scenarios and generally remained below the approxi-
mated WTP thresholds. Applying the lower and upper 95% 
confidence interval limits of the post-HSCT curve had the 
biggest impact on the ICERs, as it influenced the number 

Table 3   Differences in assumptions between our base case versus those preferred by TLV and NoMA

ALL acute lymphoblastic leukaemia, FLAG-Asp fludarabine, cytarabine, pegylated-asparaginase plus granulocyte colony-stimulating factor, 
HSCT haematopoietic stem-cell transplant, HTA health technology assessment, InO inotuzumab ozogamicin, MEA mitoxantrone, etoposide, and 
cytarabine, ND no difference, NoMA Norwegian Medicines Agency, R/R ALL relapsed or refractory acute lymphoblastic leukaemia, SMR stand-
ardised mortality ratio, SoC standard of care chemotherapy, TLV Tandvårds- och läkemedelsförmånsverket
*ND vs our base case
**In Sweden, both leisure time costs and costs of lost productivity fall within the societal perspective, whereas for Norway, costs of lost produc-
tivity were not included, in line with Norwegian HTA guidelines [22]
*** In Sweden, TLV selected a subgroup of the INO-VATE ALL population consisting of patients with no prior HSCT. This subgroup represents 
81% of the total INO-VATE ALL population and has a slightly more favourable outcome for InO vs SoC with respect to incremental survival

Base case TLV (Sweden) [18] NoMA (Norway) [4]

Comparator SoC
(Sweden: 50% FLAG-Asp and 50% 

MEA; Norway: INO-VATE ALL 
SoC)

SoC
(25% FLAG-Asp and 75% MEA)

ND*

Time horizon Lifetime ND* 40 years
Patient population R/R ALL patients R/R ALL patients with no prior 

HSCT***
ND*

Survival HSCT patients > 50 months SMR of 4 vs general population SMR of 9 versus general population Parametric survival 
curve survival prob-
abilities

Treatment-(in)dependent survival after 
HSCT

Treatment-independent survival after 
HSCT

Pooled trial survival from 20 m after 
HSCT

ND*

Cost of HSCT (2017 euros) Sweden: 59,788
Norway: 51,893

ND* Norway: 105,686 [69]

Societal perspective Yes** No ND*
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of patients who would be long-term survivors after HSCT. 
ICERs decreased if general population utilities were applied 
beyond 5 years post-HSCT, as this increased the quality of 
life post-HSCT, with InO having bridged more patients to 
HSCT.

The results of the PSA are presented in Fig. 2. Probabilis-
tic ICERs are presented in Supplementary Table 4. Conver-
gence tests confirmed a sufficient number of PSA iterations 
were performed (Supplementary Figure 6). The cost-effec-
tiveness acceptability curves showed that the probability of 
InO being cost-effective versus SoC at the approximated 
Swedish WTP threshold was 99% in our base case and 81% 
if TLV’s preferred assumptions were used (Fig. 3). At the 
approximated Norwegian WTP threshold, the probability of 
our base case being cost-effective was 93%, or 77% under 
NoMA’s preferred assumptions.

The DSA for our base case (Fig. 4a) shows that, in Swe-
den, the three parameters with the highest influence on the 
ICER were the number of bed-days for InO, the HSCT rate 
for InO, and the proportion of patients receiving blinatu-
momab as a subsequent treatment after SoC. Under TLV’s 
preferences, the HSCT rate for InO, HSCT rate for SoC, and 
the number of bed-days for InO were the three main drivers 
(Fig. 4b). For Norway, in both our base case and NoMA’s, 
the number of bed-days for InO, the number of bed-days for 
SoC, and the proportion of patients receiving blinatumomab 
as subsequent treatment after SoC had the highest influence 
(Fig. 4c and d).

4 � Discussion

The aim of this paper was to assess the cost-effectiveness 
of InO compared to SoC for treatment of B cell R/R ALL 
in Sweden and Norway, comparing our base case assump-
tions to those preferred by TLV and NoMA. We sought to 

present the model’s assumptions and justify our base case 
preferences. Table 3 presents where the perspectives of 
NoMA and TLV differed to ours (noting that assumptions 
not highlighted were implicitly agreed upon). In Table 4, 
the paper then aimed to present the differing estimates of 
cost-effectiveness side by side, allowing an examination of 
the impact of the differing perspectives.

Our base case and HTA ICERs were below the approxi-
mated WTP thresholds for both countries. Incremental 
QALYs and LYs were similar for InO versus either SoC. 
The difference in our base case ICERs for Sweden (€16,219 
per QALY gained) and Norway (€44,405 per QALY gained) 
was mainly driven by the inclusion of productivity costs in 
Sweden, but higher bed-day costs in Norway, and the use 
of different discount rates also was a factor; removing these 
three differences would bring our base case ICERs for the 
two countries to within €200 of each other.

TLV’s preferred assumptions increased the Swedish 
ICER by €58,908 per QALY gained versus our base case. 
However, the majority of this difference is driven by TLV’s 
decision to exclude societal costs. TLV argued these should 
not be included as there is a risk that patients above the 
retirement age will be discriminated against for not being 
able to deliver the expected productivity gains related to 
treatment with InO [18]. Without societal costs, the differ-
ence between our Swedish base case and TLV’s preferred 
assumptions was €24,766 per QALY gained. An impor-
tant driver in this difference was TLV’s preference to pool 
post-HSCT survival; this eliminated differences between 
arms upon the point of HSCT, which increased the SoC 
post-HSCT survival over the course of the model whilst 
reducing the InO survival versus our base case. No precise 
argumentation for this assumption was provided except for 
a general discussion on uncertainty around differences in 
long-term survival between the two treatment arms [18]. 
TLV also applied a more conservative SMR than our base 

Table 4   Base case and HTA results for Sweden and Norway

FLAG-Asp fludarabine, cytarabine, pegylated-asparaginase plus granulocyte colony-stimulating factor, HSCT haematopoietic stem-cell trans-
plant, HTA health technology assessment, ICER incremental cost-effectiveness ratio, Incr. incremental, InO inotuzumab ozogamicin, LY life 
year, MEA mitoxantrone, etoposide, and cytarabine, NoMA Norwegian Medicines Agency, QALY quality-adjusted life year, SMR standardised 
mortality ratio, SoC standard of care chemotherapy, TLV Tandvårds- och läkemedelsförmånsverket
* The base case ICER for Sweden was lower compared to Norway mainly due to the inclusion of productivity costs. If these costs are excluded, 
the Swedish ICER was more comparable, at €50,361 per QALY gained vs SoC

Country Scenario Incr. costs Incr. LYs Incr. QALYs ICER InO vs SoC

Sweden
(3% discounting)

Base case €26,163 2.079 1.613 €16,219*
TLV preferred settings
(No prior HSCT patients, pooled survival post-HSCT, SMR = 9 

post-HSCT, 25/75% FLAG-Asp/MEA, exclude societal costs)

€86,083 1.482 1.146 €75,127

Norway
(4% discounting)

Base case €63,220 1.829 1.424 €44,405
NoMA preferred settings
(Time horizon 40 years, parametric curves post-HSCT, higher 

HSCT costs)

€77,123 1.665 1.299 €59,391
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case, which reduced long-term survival post-HSCT. While 
we considered an SMR of 4 to already be conservative as 
transplantation practices and related long-term survival have 
likely improved compared to the Martin et al. [33] cohort 
of 30 years ago, TLV argued an SMR of 9 was more appli-
cable [18] as the median age of the INO-VATE ALL trial 
population was slightly higher than that of the Martin et al. 
patients [15, 16, 33].

NoMA’s preferred assumptions increased the Norwegian 
ICER by €14,986 per QALY gained versus our base case. 
The majority of this difference came from a higher cost 
used for an HSCT. Our base case used a cost per HSCT of 
€51,893 in Norway and €59,788 in Sweden. NoMA applied 
a cost of €105,686 per HSCT, just over twice that in our base 
case. As InO bridges significantly more patients to HSCT 

versus SoC, this increased the incremental cost for InO in 
the model. NoMA also preferred to use parametric curves 
to extrapolate long-term post-HSCT instead of an SMR as 
they felt there was insufficient evidence to justify applying 
an SMR to general population mortality [4]. However, this 
only had a small impact on the ICER versus our base case 
assumption to use an SMR of 4. Changing the time horizon 
from lifetime (60 years) in our base case to NoMA’s prefer-
ence of 40 years also had minimal impact on the ICER.

This study had several limitations. Although long-term 
data from the INO-VATE ALL trial was available, there was 
still uncertainty on how to model post-HSCT survival as 
OS and PFS data were only collected up to a final point of 
follow-up and not beyond. Long-term data collected from 
R/R post-HSCT ALL patients across a multi-decade period 

Fig. 2   Cost-effectiveness planes. CE cost-effectiveness, ICER incre-
mental cost-effectiveness ratio, InO inotuzumab ozogamicin, NoMA 
Norwegian Medicines Agency, PSA probabilistic sensitivity analysis, 

QALY quality-adjusted life year, SoC standard of care chemotherapy, 
TLV Tandvårds- och läkemedelsförmånsverket, WTP willingness to 
pay
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is sparse in the literature; further, improvements in trans-
plant practices may render older registry data inaccurate 
when predicting long-term survival for those who have had 
successful transplants. In order to account for future sur-
vival uncertainty, multiple differing scenarios informed the 
various results presented in Table 4. As set out in Table 3, 
the two HTA authorities applied differing assumptions for 
post-HSCT survival versus our base case, which, together 
with our base case, presents a range that helps account for 
this uncertainty. Although the HTA authorities’ assumptions 
were generally more conservative towards InO than our base 
case (leading to an increase in the ICERs), both authorities 
still found InO was associated with acceptable cost-effec-
tiveness in both Norway and Sweden. A further limitation 

was the uncertainty around the time spent in the hospital 
while treated with InO or SoC. The hospitalisation duration 
is expected to vary in clinical practice, demonstrated through 
a recent study in the UK real-world setting showing InO 
patients had a vastly reduced hospitalisation duration in the 
real world (a median of 5 days) compared to that observed 
in the INO-VATE ALL trial [70]. Although the time spent 
in the hospital will likely vary between countries, lower 
real-world hospitalisation with InO has a strong downward 
effect on the ICER. Finally, an explanation for differences 
between our base case assumptions and those of the HTA 
authorities was sometimes difficult to provide as the HTA 
documentation did not always include a clear argumentation 
for deviating from our base case assumptions.

Fig. 3   Cost-effectiveness acceptability curves: InO vs SoC. CEAC 
cost-effectiveness acceptability curve, InO inotuzumab ozogamicin, 
NoMA Norwegian Medicines Agency, QALY quality-adjusted life 

year, SoC standard of care chemotherapy, TLV Tandvårds- och läke-
medelsförmånsverket, WTP willingness to pay
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Fig. 4   Tornado diagram on 
ICER: InO versus SoC 
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By way of external comparison, no previous R/R ALL 
models in Norway or Sweden were identified. In the UK, 
however, an adapted version of our described model was 
used for the NICE appraisal of InO (appraisal TA541) 
[19]. The model structure was similar to ours and was 
deemed appropriate for decision-making [19]. The final 
ICER versus SoC, upon which InO was recommended 
for use, was £37,497 per QALY gained (approximately 
€41,000) [19, 71]. The NICE ICER differed slightly from 
our base case because of confidential UK data on drug 
costs and a greater real-world hospitalisation advantage 
for InO over SoC than was observed in INO-VATE ALL; 
these data would be expected to lower all ICERs for InO 
versus SoC should it be incorporated into our model [70].

In conclusion, the results presented in this paper high-
light our base cases in Sweden and Norway versus esti-
mates informed by TLV and NoMA. All results use the 
same model structure, core clinical inputs, utility inputs, 
and similar country-specific input costs and discount rates. 
We have attempted to provide justification and rationale for 
our choices and preferences whilst acknowledging the differ-
ing preferences of the HTA authorities on specific assump-
tions. Key differences between our base case and those of 
the HTA authorities were preferences on the inclusion of 
societal costs, assumptions for survival post-HSCT, and the 
cost of HSCT. Based on all the different ICERs presented 
in this paper, InO is likely to be a cost-effective treatment 
versus SoC. The transparency reflected in this paper and the 
side-by-side examination of results will aid future decision 
makers in making informed choices on where and how to 
use InO for the treatment of R/R ALL.
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