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Abstract

Objective Our objective was to estimate the cost effec-
tiveness of ofatumumab plus chlorambucil (OChl) versus
chlorambucil in patients with chronic lymphocytic leu-
kaemia for whom fludarabine-based therapies are consid-
ered inappropriate from the perspective of the publicly
funded healthcare system in Canada.

Methods A semi-Markov model (3-month cycle length)
used survival curves to govern progression-free survival
(PES) and overall survival (OS). Efficacy and safety data
and health-state utility values were estimated from the
COMPLEMENT-1 trial. Post-progression treatment pat-
terns were based on clinical guidelines, Canadian treatment
practices and published literature. Total and incremental
expected lifetime costs (in Canadian dollars [$Can], year
2013 values), life-years and quality-adjusted life-years
(QALYs) were computed. Uncertainty was assessed via
deterministic and probabilistic sensitivity analyses.
Results The discounted lifetime health and economic out-
comes estimated by the model showed that, compared with
chlorambucil, first-line treatment with OChl led to an
increase in QALYs (0.41) and total costs ($Can27,866) and
to an incremental cost-effectiveness ratio (ICER) of
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$Can68,647 per QALY gained. In deterministic sensitivity
analyses, the ICER was most sensitive to the modelling time
horizon and to the extrapolation of OS treatment effects
beyond the trial duration. In probabilistic sensitivity analysis,
the probability of cost effectiveness at a willingness-to-pay
threshold of $Can100,000 per QALY gained was 59 %.

Conclusions Base-case results indicated that improved
overall response and PFS for OChl compared with chloram-
bucil translated to improved quality-adjusted life expectancy.
Sensitivity analysis suggested that OChl is likely to be cost
effective subject to uncertainty associated with the presence
of any long-term OS benefit and the model time horizon.

Key Points for Decision Makers

Improved progression-free survival and overall
response rates translated to higher quality-adjusted
life-years (QALYs) for patients with chronic
lymphocytic leukaemia treated with ofatumumab
plus chlorambucil (OChl) than for patients treated
with chlorambucil.

These health improvements were accompanied by an
increase in first-line treatment costs associated with
OChl; however, these costs were partially offset by
reductions in the costs associated with treatment in
subsequent lines of therapy.

Cost-effectiveness estimates suggested that OChl is
likely to be cost effective at a threshold of
$Can100,000 per QALY gained; the cost
effectiveness of OChl was most sensitive to the time
horizon and to the presence of a long-term overall
survival benefit.
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1 Introduction

Chronic lymphocytic leukaemia (CLL) is a haematological
cancer characterized by the clonal expansion of malignant B
cells over several years, resulting in impaired immune
function and eventually progressive bone marrow failure.
The majority of CLL patients are aged >65 years at the time
of diagnosis [1]. The estimated prevalence of CLL in western
countries is approximately 30 per 100,000 people [2], and the
annual incidence in Canada is between 5.0 and 8.0 per
100,000 people [3, 4]. CLL is usually incurable; however,
patients often can be managed successfully for many years
with chemotherapeutic and immunotherapeutic agents [5, 6].

The recommended management approach for patients
with early CLL is a watch-and-wait strategy [5, 6]. For
patients with advanced or symptomatic disease requiring
treatment, the current first-line standard of care comprises a
combination of fludarabine, cyclophosphamide and ritux-
imab, which has shown significant clinical benefit (im-
provement in both progression-free survival [PFS] and
overall survival [OS]) in previously untreated CLL patients
[7]. However, for many elderly or less fit patients with
CLL, first-line standard-of-care treatment is inappropriate
due to toxicities associated primarily with fludarabine [8].
The optimal first-line treatment choice for fludarabine-
ineligible patients is unclear [9], and while alemtuzumab
may be considered for patients with specific genetic
markers [8], chlorambucil monotherapy remains a recom-
mended choice [10, 11]. Recently, the pan-Canadian
Oncology Drug Review (pCODR) recommended ben-
damustine as another option for fludarabine-ineligible
patients [12]; currently, the treatment is being funded in
some Canadian provinces [13].

Ofatumumab is a fully human anti-CD20 monoclonal
antibody approved in Canada in combination with chlo-
rambucil for the first-line treatment of CLL [14]. Approval
of ofatumumab plus chlorambucil (OChl) in Canada was
based on the results of a randomized, open-label, multi-
centre clinical trial (COMPLEMENT-1) comparing OChl
with chlorambucil in this population [15, 16]. The results
of the COMPLEMENT-1 trial indicated clear clinical
benefits for OChl in comparison with chlorambucil: a
longer median PFS (22.4 vs. 13.1 months, P < 0.001) with
a hazard ratio of 0.57 (95 % confidence interval [CI]
0.45-0.72; P < 0.001) and an improved overall response
rate (ORR) (82 vs. 69 %; P = 0.001) [15]. Ofatumumab
also has received a ‘Notice of compliance with conditions’
in Canada for CLL patients who are refractory to fludara-
bine and alemtuzumab [14].

The objective of this economic evaluation was to
examine whether OChl is cost effective in comparison with
chlorambucil [10] as a first-line treatment for CLL in
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patients for whom fludarabine-based treatment is inappro-
priate. The patient population and treatment comparison
considered in the evaluation mirrors the COMPLEMENT-1
trial. The analysis adopted the perspective of the publicly
funded healthcare system in Canada.

2 Methods

The economic evaluation used a semi-Markov decision
model comprising pre-progression health states based on
efficacy and safety data from the COMPLEMENT-1 trial
and post-progression health states based on Canadian
treatment practices, treatment patterns identified from
clinical guidelines and published literature. Clinical and
economic input data for the model were identified by
systematic reviews and supplemented by a survey of
Canadian haematologists and oncologists who actively
treat patients with CLL. The model structure and input data
were reviewed and validated by clinical experts and health
economists during advisory boards convened in Canada
and the UK. The model was built and analyses were con-
ducted in accordance with guidelines for decision-analytic
modelling [17-20]. Model validation was performed
according to best practices guidelines [21]. Please refer to
the Electronic Supplementary Material (ESM) for addi-
tional details on the systematic reviews, physician survey,
advisory boards and model validation.

2.1 Patient Population and Treatment Interventions

The patient characteristics for the model population were
based on the population enrolled in the COMPLEMENT-1
trial [16]. OChl and chlorambucil were administered for a
minimum of three 28-day cycles and for a maximum of
12 cycles or until best response, unacceptable toxicity,
disease progression or death. Patients in both groups
received oral chlorambucil 10 mg/m? on days 1 through 7.
Patients in the OChl group also received intravenously
infused ofatumumab 300 mg on day 1 of the first cycle,
1000 mg on day 8 of the first cycle, and 1000 mg on day 1
of all subsequent cycles.

2.2 Model Structure

A diagram of the model structure is presented in Fig. 1.
The health states prior to disease progression included
complete response, partial response and stable disease and
were consistent with a recently published model for first-
line CLL treatment [22] appraised by the UK National
Institute for Health and Care Excellence (NICE) and by the
Scottish Medicines Consortium [23, 24]. After patients
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Fig. 1 Diagrammatic
representation of the model
structure. Patients transitioned
from the starting state to their
best-response state after

3 months (at the end of the first
model cycle). BSC best
supportive care, Chl
chlorambucil, CLL chronic
lymphocytic leukaemia, OChl
ofatumumab plus chlorambucil,
PML progressive multifocal
leukoencephalopathy, 7x
treatment

Stable
Disease

STARTING STATE: Patients With Untreated CLL

Who Are Not Eligible for Fludarabine-Based Therapy
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Progression &
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Model cycle length is 3 months (a half-cycle correction is applied).
--->» Patients who responded to 1st-line Chl and no disease progression before 12 months.
*Patients with a response to Chl and who progress more than 1 year after initiation
of 1st-line therapy may be retreated with the same agent(s).

begin first-line treatment for CLL, they may respond, their
disease may progress or their disease may remain
stable (i.e. no response and no disease progression). This
approach allows the model to capture differences in drug
utilization, PFS, utility weights and disease-management
costs between levels of response. The structure after dis-
ease progression included separate states for re-treatment
with the study drug, up to three subsequent lines of therapy,
best supportive care (BSC), and death. Patients in any of
the health states can move to the BSC health state or the
dead health state.

The proportions of patients who are in the post-pro-
gression health states or who have died at the end of each
cycle were governed by Kaplan—-Meier (K-M) curves for
PFS and parametric survival functions for OS, respectively,
as derived from patient-level data from the COMPLE-
MENT-1 trial. If patients initially respond to first-line
treatment and do not progress within 12 months, they may
receive re-treatment with their original therapy. Patients in
the model may receive up to three further lines of active
therapy. The specific therapies used in subsequent lines and
the percentages of patients receiving them were based on
recommendations from Canadian clinical experts and from
the results of a survey of Canadian physicians who actively
treat patients with CLL (see the ESM for additional
details).

Adverse events (AEs) associated with first- and subse-
quent-line treatments were modelled as acute events that
may occur within any health state while receiving treat-
ment. The exception was progressive multifocal leukoen-
cephalopathy (PML), a rare event that can result in long-
term neurological disability. PML was not observed in the

COMPLEMENT-1 trial but was included as a possible
event for patients receiving OChl because there is a small
risk of PML for the class of therapies to which ofatumumab
belongs [14]. The risk of PML was assumed to be zero for
chlorambucil and all subsequent-line therapies, as no
events were reported in the key studies identified for sub-
sequent-line therapies [25-29].

The model used a lifetime time horizon, defined as
25 years based on a long-term survival analysis of the
North American Intergroup Study C9011, which investi-
gated chlorambucil in previously untreated CLL patients
and found that fewer than 10 % of patients survived more
than 18 years [30]. The longer horizon was selected to
allow for improved outcomes for cancer patients since
enrolment for Study C9011 (1990-1994). The cycle length
of the model was 3 months to align with the time at which
response was assessed and could result in treatment dis-
continuation. A half-cycle correction was applied using the
life-table method [31]. Costs and health outcomes were
discounted at 5.0 % per annum [19]. The cost year for the
study was 2013.

2.3 Efficacy and Safety Data

The primary measures of effectiveness for the first-line
treatments were drawn from the COMPLEMENT-1 trial
data and included best overall response, PFS, and OS.
Definitions and methods for assessing response, including
investigator assessment and independent review committee
assessment, and PFS have been described elsewhere [15].
The median follow-up was 29 months. Best overall
response data are summarized in Table 1.
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Table 1 Best overall independent review committee response, by
treatment group [16]

Endpoint OChl Chl

N =221 N =226
Complete response 32 (14.5) 3(1.3)
Partial response 150 (67.9) 152 (67.3)
No response 39 (17.6) 71 (31.4)

Data are presented as n (%)

For the purposes of this evaluation, best overall response was cate-
gorized as complete response (including complete response with
incomplete bone marrow recovery), partial response (including
nodular partial response) or stable disease (including no response
without progression during the trial period)

In the probabilistic sensitivity analysis, the probability of each type of
response (complete response, partial response and no response) was
sampled from a Dirichlet distribution

Chl chlorambucil, OChl ofatumumab plus chlorambucil, /RC inde-
pendent review committee, PSA probabilistic sensitivity analysis

PFS was modelled in the base case through transition
probabilities, calculated from K-M data (independent
review committee-assessed PFS) by best overall response
(Fig. 2), and in variability analyses through parametric
survival functions fitted with best overall response as a
covariate. Separate analyses for independent review com-
mittee-assessed and investigator-assessed PFS were con-
ducted. A range of alternative functions were explored
(exponential, Weibull, log-logistic, log-normal, Gompertz
and gamma). Functions were fitted with treatment as a
covariate and to separate datasets for each treatment arm.
Functions were selected for inclusion in the economic
model based on Akaike Information Criterion and Baye-
sian Information Criterion results, diagnostic plots (e.g.
log-cumulative hazard plots), visual inspection of the fit to
the K-M curves and plausibility of the extrapolation. The
parameters for selected functions are presented in Table 2.

Follow-up for OS in the COMPLEMENT-1 trial was
limited; the survival proportion was more than 70 % in
both arms at 4 years. Therefore, there was substantial
uncertainty in the extrapolation for OS. Conventional sur-
vival functions fitted to COMPLEMENT-1 OS data pro-
duced long-term predictions that were unlikely to be
clinically plausible. For example, a Weibull function pre-
dicted a 20-year survival of 24 % for the chlorambucil arm;
this estimate was much higher than clinical experience with
chlorambucil treatment or long-term follow-up studies
suggest (e.g. Rai et al. [30]; see Fig.3). In a novel
approach [32], long-term observations of OS for patients
receiving chlorambucil in an external trial (C9011 [30]; see
Fig. 3) were used to guide the extrapolation of OS beyond
the end of the COMPLEMENT-1 trial period. The pub-
lished K-M curve for the chlorambucil arm of the C9011
trial was digitized to estimate a patient-level data set by the
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Fig. 2 K-M curves for independent review committee-assessed
progression-free survival by first-line treatment and best overall
response. Chl chlorambucil, CR complete response, K—M Kaplan—
Meier, OChl ofatumumab plus chlorambucil, PFS progression-free
survival, PR partial response, SD stable disease

method of Guyot et al. [33]. These data could not be used
directly to predict OS for patients receiving chlorambucil
because outcomes have improved substantially since
patients were enrolled in Study C9011 (1990-1994), the
chlorambucil dosing regimen differed and the observed OS
differed from that observed in COMPLEMENT-1 (see
Fig. 3). However, the OS curve from Study C9011 was
used to guide the extrapolation of the COMPLEMENT-1
data using a method described by Hawe et al. [32] (see
Table 2, footnote g). Functions were selected for inclusion
in the model as previously described for PFS (Table 2).
The base-case analysis assumed that the OS benefit
observed during the COMPLEMENT-1 trial (hazard ratio
091 [95 % CI 0.57-1.43; P = 0.666]) [16] persisted
beyond the end of the trial. Alternative assumptions about
the OS treatment effect after the trial were explored,
including scenarios with tapering treatment effect and with
no treatment effect after the trial period.

Transitions between post-progression health states were
modelled using the weighted average time to progression
(TTP) for the basket of subsequent therapies received. The
mean TTP was taken from published trials (median PFS
was used as a proxy if mean TTP was not reported) (see
Table S1 in the ESM). The percentages of patients
receiving each therapy in each line of treatment were
estimated from a survey of Canadian physicians (see
Table S2 in the ESM). According to Canadian clinical
experts, the efficacy of treatments used in subsequent lines
may not equal their efficacy in the first line; an estimated
reduction in efficacy of 50 % was considered reasonable.
This reduction was applied to the weighted average TTP
for all subsequent lines, excluding re-treatment. The
physician survey did not collect data on fourth-line
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Table 2 Survival functions for progression-free survival and overall survival
Endpoint Function Intercept Scale Kappa Treatment® Response®/study®
PFS (IRC  Weibull, OChl arm —2.818 (0.295) 0.605 (0.070) - - —3.484 (0.295)
assessed)  Weibull, Chl arm —3.050 (0.255) 0.525 (0.064) - - —2.147 (0.221)
Weibull, treatment as covariate —2.914 (0.194) 0.555 (0.047) —0.295 (0.127) —3.403 (0.312)¢
—2.534 (0.181)°
(O] Weibull, guided by external data®"  —5.347 (0.328) 0.210 (0.057) - —0.199 (0.233) —0.471 (0.191)

4.362 (0.091)
—4.812 (0.384)
5.083 (1.499)

Gamma, guided by external data®
Weibull (unguided)
Gamma (unguided)

—0.237 (0.085)"
—0.061 (0.109)
—0.842 (8.081)f

1.075 (0.177)

2.596 (20.978)

0.172 (0.205)
—0.191 (0.233)
0.193 (0.237)

0.382 (0.168)

Survival analyses were performed in Stata, version 12 (StataCorp LP, College Station, TX, USA). Values represent the mean (standard error). In
the PSA, the parameters were drawn from correlated normal distributions using the variance—covariance matrix and Cholesky decomposition
[34]

Chl chlorambucil, /RC independent review committee, K—M Kaplan—Meier, OChl ofatumumab plus chlorambucil, OS overall survival, PFS
progression-free survival, PSA probabilistic sensitivity analysis, SE standard error

 For functions that included treatment as a covariate in the analysis, the coefficients for treatment relate to OChl compared with the reference
group, Chl

® PES functions only; best response categories: complete or partial response or no response (reference category)

¢ OS functions only; categories: COMPLEMENT-1 or C9011 (reference category)

9 Best response = complete response

¢ Best response = partial response

fIn (sigma)

€ The OS curve from Study C9011 was used to guide the extrapolation of the COMPLEMENT-1 data using a three-stage approach [32]. In stage
1, parametric survival functions were fitted to the Chl arm in both studies with an indicator for study. In stage 2, the average treatment effect of
OChl versus Chl was estimated by survival analysis. The survival analysis considered data from both arms of COMPLEMENT-1 and from the
Chl arm of Study C9011; the analysis also used indicators for treatment and study. The coefficient for treatment from this model, which

considered the shape of long-term survival for the Chl arm but allowed for study differences, provided an estimate of the treatment effect.
Finally, in stage 3, long-term survival associated with OChl was estimated by applying the treatment effect from stage 2 to the estimated survival

for Chl from stage 1 (using the same type of function)

" Base-case function for OS (for PFS, the K-M data presented in Fig. 2 were used in the base-case analysis)

therapy; therefore, the distribution of treatments in the
fourth line was assumed to equal that in third-line therapy.
In the base case, re-treatment with first-line therapies was
not considered, and the distribution of treatments in sub-
sequent treatment lines was assumed to be identical for
patients receiving first-line OChl or chlorambucil. The
weighted average TTP was used to calculate transition
probabilities from the second-, third- and fourth-line
treatment health states, assuming a constant hazard, but
was not used to govern OS. OS in the post-progression
states remained based on the survival analysis of the
COMPLEMENT-1 trial as previously described.

AEs associated with first-line treatments were consid-
ered for inclusion in the model based on the AEs observed
in COMPLEMENT-1 [16] and the recommendations of
expert clinical advisors in Canada and the UK. AEs were
included in the model if there was a risk difference of
>2 % between the two treatment arms; if there was a risk
of >5 % in any treatment arm; if the AEs were expected to
have an impact on costs, patient quality of life and/or
mortality; or if the AEs were included in previous CLL
models [22]. For subsequent lines of therapy, the AEs were

identical to those considered for first-line treatment, with
the exception of PML.

2.4 Resource Use and Costs

The costs estimated by the model included the drug
acquisition, administration and monitoring costs for each
regimen in first-line treatment (Table 3) and subsequent-
line treatments (Table 4); the costs of treating AEs
(Table 5); and the costs of general disease management
during the periods with response, stable disease, progres-
sion and BSC (Table 6). The variability analysis also
considered the costs associated with re-treatment, which
were calculated based on re-treatment response rates.
Because no data were identified describing response to
therapy or duration of therapy during re-treatment, the
same data used for first-line treatment were assumed. Costs
were inflated to 2013 where necessary using the Canadian
Consumer Price Index for healthcare [35].

Drug consumption was based on the COMPLEMENT-1
study; OChl and chlorambucil patients received a mean of
6.4 and 6.0 cycles of therapy, respectively. Drug costs were
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Fig. 3 Comparison of model predictions for overall survival with
published long-term overall survival data for CLL patients with
chronic lymphocytic leukaemia treated with chlorambucil. Notes: The
model predictions used the Weibull function, guided by external data.
The K-M data for OChl and Chl are from COMPLEMENT-1 [16]
and for C9011 [30] were reported by Rai et al. [30]. Study C9011
investigated Chl at a dose of 40 mg/m> once every 28 days for a
maximum of 12 cycles. Chl chlorambucil, K-M Kaplan—Meier, OChl
ofatumumab plus chlorambucil, OS overall survival

modelled separately for each response category to reflect
differences in the cost of therapy resulting from differences
in response rates. Unit costs for the drugs used in the model
were taken primarily from the Ontario Drug Benefit [36]
and the IMS Brogan [42] databases. The unit cost of ofa-
tumumab was provided by the manufacturer, and the unit

cost of bendamustine was taken from the pCODR recom-
mendation for bendamustine [12]. Additional sources
included resource utilization observed in the COMPLE-
MENT-1 trial, the published literature, a survey of Cana-
dian physicians, expert opinion solicited from clinical and
economic experts during advisory boards and the Woods
et al. [22] economic model (see the ESM for additional
details on the physician survey and the advisory board).
Canadian unit costs were applied to calculate the cost per
AE.

2.5 Health-State Utility Values

The primary source of utility data for the model was
EuroQol 5 Dimensions (EQ-5D) (3-level version) data
collected in the COMPLEMENT-1 trial. A regression
analysis was performed using a fixed-effects model to
describe the change from baseline in EQ-5D index scores,
with complete response, partial response, stable disease,
disease progression and other predictive factors as covari-
ates. The regression parameters (see Table S3 in the ESM)
were used in the model to estimate the change from
baseline utility for each modelled health state, incorporat-
ing correlations among health states within the patient-
level data. The resulting mean utility values for each health
state are presented in Table 6. Two alternative sources of
utility weights for CLL identified by the systematic review
were used in the variability analysis: data from Beusterien
et al. [41] for the baseline and pre-progression health states

Table 3 Drug acquisition, administration and monitoring costs for first-line treatment with ofatumumab plus chlorambucil and chlorambucil

Cost type OChl Chl Source
Drug acquisition
Ofatumumab, 100-mg vial 336 - Provided by manufacturer
Chlorambucil, 25 x 2-mg pack 35 35 [36]
Administration and monitoring
Induction infusion in first cycle (ofatumumab)?® 1039 - [37]
Regular infusion in subsequent cycles (ofatumumab)® 818 - [37]
Oral chemotherapy dispensing (Chl) 9 9 [38]
(fee applied once every 6 months)
Monitoring (per chemotherapy cycle)” 119 119 [22, 36]
Pre-medications (per chemotherapy cycle)® 10 - [36]

The uncertainty in drug consumption was reflected in the PSA by sampling the proportion of patients receiving each cycle of therapy. Costs are

presented as Canadian dollars

Chl chlorambucil, ESM electronic supplementary material, OChl ofatumumab plus chlorambucil, PSA probabilistic sensitivity analysis

? The mean duration of the induction and regular infusions were taken from COMPLEMENT-1 data [16] and multiplied by the cost per hour
reported by Tam et al. [37]

® Costs include haematologist visit, complete blood count, and biochemistry. Resource use assumptions for haematologist visits and complete
blood counts were taken from Woods et al. [22]. The metabolites included in routine biochemistry tests were taken from COMPLEMENT-1 data
[16]. The monitoring frequency came from the physician survey (see the ESM for additional details)

¢ Includes the cost of anti-emetics (metoclopramide and domperidone), antihistamines (diphenhydramine and cetirizine), acetaminophen and
prednisolone
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Table 4 Weighted average total per-patient costs of subsequent active cancer therapy

Treatment line Drug cost® Administration Adverse-event Proportion of progressed Weighted average time
cost® costs® patients who started to progression (months)®
treatment line (%)*

Second 11,581 4365 609 84.8 8.3
Third 13,374 4598 630 63.1 8.2
Fourth 13,374 4598 630 63.1 8.2

Therapies used in subsequent lines were bendamustine, Chl, cyclophosphamide plus vincristine plus prednisone, FCR, rituximab in combination
with bendamustine, and rituximab in combination with Chl

AE adverse event, BSC best supportive care, Chl chlorambucil, ESM electronic supplementary material, FCR fludarabine, cyclophosphamide and
rituximab, OChl ofatumumab plus chlorambucil, PML progressive multifocal leukoencephalopathy, PSA probabilistic sensitivity analysis, TTP
time to progression

? Total drug costs were calculated using the total drug used for each regimen and the unit costs for each drug. The proportion of patients
receiving each regimen is presented in Table S2 in the ESM. Costs are presented in Canadian dollars

® Total administration costs were calculated using the average number of chair-hours per intravenous administration from COMPLEMENT-1
[16], the hourly cost of chair-time [37], and the fee for dispensing 6 months of oral chemotherapy [38]. Costs are presented in Canadian dollars

¢ Except for PML, which was omitted for subsequent-line AE cost calculations because no evidence for PML was identified in the key clinical
studies for subsequent-line chemotherapies, AEs included for subsequent active cancer therapy were identical to those for first-line treatment
(presented in Table 5), and the incidence rates were taken from clinical literature. The weighted average costs of the AEs associated with each
specific chemotherapy were calculated first and then combined with the percentages of patients receiving each chemotherapy in each subsequent
line

9 The percentages of patients receiving subsequent lines of active chemotherapy versus BSC were estimated from a physician survey (see the
ESM for additional details). The numerator is the number of patients who progress and receive subsequent active therapy after progression. The
denominator is the number of patients who progressed. In the PSA, probabilities were sampled from a beta distribution, defined by the number of
patients receiving subsequent treatment and the total sample size

¢ The weighted average TTP for each subsequent line includes a 50 % reduction that was recommended by Canadian clinical experts

Table 5 Incidence and cost of adverse events in first-line treatment with OChl and Chl, and default utility weight data for adverse events in all
treatment lines

Adverse event (grade) Incidence (%)*° Utility decrement Cost per event'
OChl Chl Mean decrement™© Mean duration®®®
Nausea/vomiting (1-2) 0.0 0.4 —0.05 0.5 weeks 6
Diarrhoea (1-2) 0.5 0.0 —0.08 0.5 weeks 1
Anaemia (3-4) 32 4.0 —0.09 1.0 week 1072
Pyrexia (3-4) 0.9 0.4 —0.11 0.5 weeks 3156
Pneumonia and infections (3—4) 1.8 0.9 —0.20 1.0 week 3156
Neutropenia (3—4) 24.9 12.8 —0.09 0.5 weeks 1973
Febrile neutropenia (3—4) 1.4 2.2 —0.15 1.0 weeks 6878
Infusion-related toxicity (3—4) 10.1 0.0 —0.11 0.29 weeks 204
PML (3-4) 0.1 0.0 —-0.20 Indefinite 57,064

AE adverse event, Chl chlorambucil, ESM electronic supplementary material, OChl ofatumumab plus chlorambucil, PML progressive multifocal
leukoencephalopathy, PSA probabilistic sensitivity analysis

? For the PSA, values were sampled from a beta distribution

® Incidence data were taken from COMPLEMENT-1, except for PML. PML was not observed in the COMPLEMENT-1 trial, but there is a small
risk of PML for the class of therapies to which ofatumumab belongs

¢ With the exception of neutropenia and febrile neutropenia, where utility decrements were reported in the source articles [39, 40], and infusion-
related toxicity and PML, where utility decrements were based on clinical opinion, the values presented were calculated by subtracting the
weight reported for the AE from the baseline utility weight for no AE [41]

9 The durations of utility decrements were based on clinical opinion
¢ For the PSA, values were sampled from a gamma distribution

f Resource use assumptions for AEs were based on the physician survey (see the ESM for additional details), clinical opinion, and published
literature. Canadian unit costs were applied to calculate the cost per event. Costs are presented in Canadian dollars
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Table 6 Health-state disease-management costs and utility values

Health state Total cost per each Utility
3-month model cycle® weight”
Stable disease 124 0.76
Partial response 103 0.79
Complete response 89 0.78
Progressive disease 1215 0.75

and BSC

BSC best supportive care, EQ-5D EuroQol 5 Dimensions (three
levels), ESM electronic supplementary material, PSA probabilistic
sensitivity analysis

* Costs included haematologist visits, complete blood counts, bio-
chemistry tests (see the ESM for details on the physician survey) and
blood transfusions [22]. Costs are shown in Canadian dollars

° Utility weights were estimated from regression analysis of the
patient-level COMPLEMENT-1 data (see Table S3 in the Online
Resource). A baseline utility of 0.75 (mean baseline EQ-5D index
score observed in COMPLEMENT-1) was applied during the first
cycle, before patients transitioned to their best overall response health
state. For the PSA, the change from baseline was sampled from
correlated normal distributions using a variance—covariance matrix
and Cholesky decomposition [34]

and data from Ferguson et al. [43] for the post-progression
health states.

Disutility data for AEs were not available from COM-
PLEMENT-1. For AEs included in the analysis by
Beusterien et al. [41], the reported utility weights were
used to calculate utility decrements. For AEs not included
in that analysis, utility decrements were obtained from
other published oncology utility studies [39, 40] or soli-
cited from clinical experts. The default utility decrements
for AEs included in the model are presented in Table 5.

2.6 Variability and Sensitivity Analysis

A range of variability analyses were conducted to assess
the impact on the results of the analysis of alternative time
horizons, discount rates, perspectives, post-progression
treatment patterns, response assessment methods (inde-
pendent review committee-assessed vs. investigator-asses-
sed PFS), parametric survival functions, scenarios for the
continuation of treatment effect after the COMPLEMENT-
1 trial period and utility values.

One-way sensitivity analyses (OWSAs) and probabilis-
tic sensitivity analyses (PSAs) were conducted to assess the
impact of parameter uncertainty on the results. In the
OWSAs, all input parameter values were varied 20 %
from the base-case values (except for survival function
parameters, which were not suitable for univariate sensi-
tivity analysis due to correlations between parameters). The
PSA considered uncertainty in all model parameters (ex-
cept drug prices, which were fixed). Estimates of uncer-
tainty for the PSA were based on reported measures of
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uncertainty in the source data (e.g. standard error) where
data were available. Where no estimates of uncertainty
were reported, we assumed 95 % Cls of £20 % around the
mean value. Parameters were sampled from appropriate
statistical distributions [44].

The PSA was performed by estimating the incremental
costs and effects (life-years and quality-adjusted life-years
[QALYs]) for each of 10,000 probabilistic simulations and
the net monetary benefit for each iteration at a series of
willingness-to-pay thresholds (incremental cost-effective-
ness ratios [ICERs], defined as the incremental cost per
QALY gained).

3 Results
3.1 Base-Case Analysis

The results of the base-case analysis are presented in
Table 7. The reported estimates of costs, life-years and
QALYs represent mean total expected lifetime per-patient
values. Compared with treatment with chlorambucil, OChl
led to improved long-term health outcomes and an increase
in total direct costs. The incremental lifetime costs (in
Canadian dollars [$Can]) and outcomes per patient for
OChl versus chlorambucil were $Can27,866 and 0.41
QALYs, respectively. Treatment with OChl was more
costly than chlorambucil in terms of first-line treatment
costs ($Can29,325) and pre-progression general disease-
management costs ($Can223). However, the costs associ-
ated with subsequent treatments and post-progression
general disease management were lower for patients
receiving OChl (—$Can1234 and —$Can448, respectively).
The resulting ICERs were $Can68,647 per QALY gained
and $Can54,428 per life-year gained.

3.2 Variability Analysis

Table 8 presents the scenarios tested in the variability
analysis and the resulting impact on the base-case incre-
mental cost per QALY gained. The scenarios with the
greatest impact on the ICER included the consideration of
shorter time horizons and alternate assumptions regarding
the extrapolation of the OS treatment effect. Shorter time
horizons ranging from 5 years (the duration of the COM-
PLEMENT-1 trial) to 15 years (the approximate mean life
expectancy at age 70 years in Canada) led to higher ICERs
($Can217,243 to 81,638 per QALY, respectively) because
additional QALYs and cost offsets associated with
improved PFS and OS occurring in later years were not
captured. Alternate assumptions for the OS treatment effect
for OChl versus chlorambucil after the trial period led to
ICERs ranging from $Canl06,615 per QALY gained
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Table 7 Base-case results per Model outputs

OChl Chl Incremental

patient receiving first-line
treatment with OChl and Chl (in
Canadian dollars)

Mean total expected lifetime costs per patient (discounted)

Cost of first-line treatment $31,044 $1719 $29,325
Drug $23,001 $508 $22,493
Administration and monitoring $7157 $723 $6434
AEs $885 $488 $397

Pre-progression general disease management $675 $452 $223

Cost of subsequent lines of treatment $25,786 $27,021 -$1234
Drug $17,037 $17,833 -$796
Administration and monitoring $7897 $8297 -$399
AEs $852 $891 -$39

Post-progression general disease management $24,952 $25,400 —$448

Total cost $82.,457 $54,591 $27,866

Mean outcomes per patient
Life-years (undiscounted)

PFS 1.78 1.12 0.66
Post-progression survival 7.44 7.26 0.18
Life-years (discounted) 6.81 6.30 0.51
QALYs (discounted) 5.17 4.76 0.41
Incremental cost per QALY gained (discounted) $68,647
Incremental cost per life-year gained (discounted) $54,428

AE adverse event, Chl chlorambucil, OChl ofatumumab plus chlorambucil, PFS progression-free survival,

QALY quality-adjusted life year

(hazard ratio 1.0 after trial period) to $Can90,457 per
QALY gained (hazard ratio tapering to 1.0 over 5 years).

3.3 One-Way Sensitivity Analysis

The results of the OWSA for the base-case revealed that
the variable with the largest impact on the results was the
baseline utility value. In contrast to the variability analysis
above, which varied the post-progression treatment pat-
terns equally between OChl and chlorambucil, the OWSA
suggests that differences in post-progression treatment
patterns (the proportions of patients advancing to, and the
costs of, subsequent lines of therapy) between the two arms
may have a large effect on the ICER (see Fig. S2 in the
ESM).

Due to the uncertainty around the extrapolation of OS
treatment effect, OWSA was also conducted for the sce-
nario where the OS hazard ratio is set to 1.0 after the trial
period (see Fig. S3 in the ESM). The variables with the
largest impact on the ICER in this supplementary analysis
mirrored the results of the OWSA around the base case.

3.4 Probabilistic Sensitivity Analysis
Figure 4 presents the joint distribution of incremental costs

and benefits for the base-case estimated in the PSA (10,000
simulations) on  the  cost-effectiveness  plane.

Approximately 33 % of the simulated points fell below a
cost-effectiveness threshold of $Can50,000 per QALY
gained, and approximately 59 % of the simulated points
fell below a threshold of $Can100,000 per QALY gained
(Fig. 5).

PSA was also conducted for the scenario where the OS
hazard ratio is set to 1.0 after the trial period (see Figs. S4
and S5 in the ESM). In this supplementary analysis,
approximately 46 % of the simulated points fell below a
threshold of $Can100,000 per QALY gained.

4 Discussion

The identification of effective CLL treatments with limited
toxicity that can be tolerated by older or less fit patients
(for whom fludarabine-based therapy is inappropriate) is a
critical unmet need in CLL management. Trial results
suggested that OChl was associated with improved PFS
and better ORRs than standard-of-care chlorambucil. The
comparison considered in this economic evaluation mir-
rored the head-to-head treatment comparison in COM-
PLEMENT-1 and its study population.

The base-case results (Table 7) indicated that improved
PFS and ORR for OChl compared with chlorambucil were
predicted to translate into improved long-term health out-
comes in CLL patients for whom fludarabine-based
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Table 8 Incremental cost-utility estimates for the scenarios tested in the variability analysis

Scenarios ICER ($Can per Difference from base-case
QALY gained) ICER (Can $)

Base case 68,647 -
Time horizon (base case = lifetime, 25 years)

5 years 217,243 145,596

10 years 108,286 36,639

15 years 81,638 12,991
Discount rate for costs and outcomes (base case = 5 %)

0 % 46,066 —22,582

3 % 58,994 —9653
Perspective (base case = healthcare payer)

Societal (includes lost productivity)® 71,963 3316
Chl responders re-treatment rate (base case = 0 %)

50 % (remaining responders sent to second-line treatment or BSC) 66,700 —1948

75 % (remaining responders sent to second-line treatment or BSC) 69,867 1220
Distribution of subsequent-line therapies (base case = physician survey)

Market research® 64,822 —3825
Number of subsequent lines of therapy (base case = include second, third and fourth lines)

Exclude fourth-line therapy 69,508 861
Response assessment (base case = IRC assessed)

Investigator assessed 70,733 2085
Progression-free survival (base case = K-M)

Weibull, separate functions for each treatment arm 67,555 —1092

Weibull, single function with indicator for treatment (assumes proportional hazards) 69,895 1248
Overall survival (base case = gamma, guided by Study C9011 data)

Gompertz, guided by Study C9011 data 72,385 3737

Weibull, guided by Study C9011 data 69,866 1219

Overall survival treatment effect after COMPLEMENT-1 trial period (base case = apply in-trial hazard ratio [0.91] indefinitely)

Waning treatment effect (hazard ratio tapers to 1.0 over 5 years after the trial period)
Waning treatment effect (hazard ratio tapers to 1.0 over 1 year after the trial period)

No treatment effect after trial period (hazard ratio = 1.0)

Source for utility values (base case = regression analysis of COMPLEMENT-1 data)®

Beusterien et al. [41] and Ferguson et al. [43]

90,457 21,809
103,174 34,526
106,615 37,968

56,695 —11,953

BSC best supportive care, Chl chlorambucil, ICER incremental cost-effectiveness ratio, /RC independent review committee, K—M Kaplan—Meier,

QALY quality-adjusted life-year

# Societal costs were calculated by multiplying the hours of lost productivity due to chemotherapy and by health state with the average hourly

wage from Statistics Canada [45]

® Alternative distribution of subsequent-line therapies was taken market research conducted by GlaxoSmithKline (see Table S2 in the ESM)

¢ The Beusterien et al. [41] utility values were used for the baseline utility. The pre-progression utilities were estimated from a combination of
Beusterien et al. [41] and Ferguson et al. [43]. The post-progression utilities were taken from Ferguson et al. [43]

therapies are considered inappropriate. The increase of
mean total direct costs owing to an increase in first-line
treatment costs associated with OChl and a small increase
in the cost of pre-progression general disease management
were partially offset by reductions in the costs associated
with subsequent lines of therapy and in post-progression
general disease management. The variability analysis sce-
narios indicated that the cost-effectiveness results were
most sensitive to the time horizon and the continuation of
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the OS treatment effect beyond the COMPLEMENT-1 trial
period. The results of the one-way sensitivity analysis
indicated that patients’ baseline utility values and potential
differences in post-progression treatment patterns between
patients receiving OChl and chlorambucil also had an
impact on the cost-effectiveness results.

While the model was developed and validated according
to international and Canada-specific guidelines and treat-
ment patterns [17-21], several limitations of this analysis
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Fig. 4 Joint distribution of incremental costs and effects for OChl
versus Chl in the PSA (10,000 iterations). The figure presents the
incremental mean discounted total expected lifetime costs and
QALYs per patient (OChl minus Chl). Approximately 59 % of
simulated points fell below the $Can100,000 per QALY gained

threshold. Costs are presented in Canadian dollars. Chl chlorambucil,
ICER incremental cost-effectiveness ratio, OChl ofatumumab plus
chlorambucil, PSA probabilistic sensitivity analysis, QALY quality-
adjusted life-year

Fig. 5 Cost-effectiveness 100%
acceptability curve for first-line 90%
treatment with OChl versus Chl 80%-
(10,000 iterations). Dollar

amounts are presented in 0%
Canadian dollars. Chl 60% ]
chlorambucil, OChl 50%-]
ofatumumab plus chlorambucil,
PSA probabilistic sensitivity
analysis, QALY quality-adjusted
life-year
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Probability of cost-effectiveness
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should be discussed. These include the use of efficacy,
safety and drug utilization data taken from a clinical trial
(COMPLEMENT-1) for the model’s first-line therapies
and for dosage regimens for subsequent-line therapies.
Resource utilization in controlled settings typically differs
from that experienced in real-world settings [46]. Where
possible, real-world Canada-specific data were used in the
analysis. However, further uncertainty remains in the
assumptions around the percentage of patients retreated
with OChl, the proportion of patients receiving later lines
of therapy, and whether this proportion is equal for both
arms. Moreover, COMPLEMENT-1 was relatively short in
duration, with a median follow-up of 29 months, yet the
model simulated costs and outcomes over the lifetime of
the patient cohort. Another limitation was the use of data
from Study C9011 to guide the shape of the long-term
extrapolation of OS beyond the COMPLEMENT-1 trial

T T T
$100,000 $150,000 $200,000

Willingness to pay ($/QALY gained)

$50,000 $250,000

follow-up period. Specifically, the assumption of propor-
tional hazards (or accelerated failure time, depending on
the function fitted) between the two studies cannot be
verified without further long-term observation. The
uncertainty around the continuation of OS treatment effect
after the trial follow-up resulted in uncertainty in the ICER
estimate. A review of published economic models in CLL
similarly identified these limitations as key areas of
uncertainty [47].

The COMPLEMENT-1 trial included patients from
approximately 150 study locations in 17 countries (in-
cluding four patients in Canada), including countries where
CLL treatment patterns may differ from those in Canada.
This could limit the generalizability of the results to the
Canadian setting. However, the model included Canadian
unit costs and, where possible, resource use data, all of
which were confirmed by a panel of Canadian clinical
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experts. Finally, the health-related quality-of-life utility
values estimated from COMPLEMENT-1 were valued by
the UK general population. A targeted literature review did
not find Canada-specific utility values, and published
comparisons between UK and Canadian utility values are
inconsistent [48, 49]. While the results showed some sen-
sitivity to the choice of utility values in both the variability
analysis and the OWSA, the magnitude of this sensitivity
does not change the overall conclusions of the evaluation.

5 Conclusions

This analysis suggests that OChl is an important thera-
peutic option for previously untreated patients with CLL
who are unfit for fludarabine-based therapies, with the
improved overall response and PFS in comparison with
chlorambucil observed in the COMPLEMENT-1 trial
translating to long-term increases in quality-adjusted life
expectancy. Sensitivity analyses indicated that the primary
source of uncertainty in the cost effectiveness of OChl in
comparison with chlorambucil was associated with the
extrapolation of clinical benefits beyond the duration of the
COMPLEMENT-1 trial. In an era of limited resources,
pharmacy budget holders are faced with reimbursement
decisions for multiple therapies across a range of condi-
tions. The cost-effectiveness results presented in this study
thus serve as important evidence to support reimbursement
decisions for OChl in the first-line treatment of CLL in
Canada.

6 Electronic Supplementary Material Contents

The ESM presents additional input parameter tables, sen-
sitivity analysis results, details on the advisory boards
convened during model development, an overview of the
survey of Canadian haematologists and oncologists used to
estimate Canada-specific resource utilization, and a sum-
mary of the economic and clinical systematic literature
reviews conducted to inform model development.
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