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Abstract

Background Follicular lymphoma (FL) and marginal zone lymphoma (MZL) are types of indolent non-Hodgkin lymphoma
(NHL) that develop in the B lymphocytes (also known as B cells).

Objective The aim of this study was to conduct a comprehensive review of studies relating to cost effectiveness, costs and
resource use, and health-related quality of life (HRQoL) in patients with FL. or MZL.

Methods Three separate systematic reviews were conducted to identify all published evidence on cost effectiveness, costs
and resource use, and HRQoL between 2007 and March 2017 using the MEDLINE®, MEDLINE in-process, E-pubs ahead of
print (Ovid SP®), Embase (Ovid SP®), NHS EED, and EconLit databases. Select congress proceedings were also searched.
Two systematic reviewers independently reviewed titles, abstracts, and full papers against eligibility criteria. Relevant data
were extracted into bespoke data extraction templates (DETSs) by a single systematic reviewer; these data were then validated
for accuracy by a second reviewer against clean copies of the relevant publications.

Results A total of 25 cost-effectiveness studies (24 in FL; 1 in FL and MZL) met the eligibility criteria. Markov models
were the most utilised cost-effectiveness model. US FL studies reported an incremental cost-effectiveness ratio (ICER) of
$28,565/QALY for first-line rituximab—cyclophosphamide, vincristine, and prednisone (R-CVP) versus CVP, and $43,000/
QALY for second-line obinutuzumab plus bendamustine (G + B) followed by G maintenance versus B. In the UK, ICERs
were £1529-10,834/quality-adjusted life-year (QALY) for first-line rituximab + chemotherapy versus chemotherapy, £27,988/
QALY for second-line G + B + G-maintenance versus B, and £62,653/QALY for second-line idelalisib versus chemotherapy
and/or rituximab. Five costs/resource use and four HRQoL studies were identified in FL, and none in MZL. US mean life-
time costs in first-line patients ranged from $108,000 (rituximab) to $130,300 (rituximab—cyclophosphamide, doxorubicin
hydrochloride, vincristine and prednisolone [CHOP]), and from £2185 (watch-and-wait) to £17,054 (chemotherapy) in the
UK. In a multinational study, more rituximab-refractory patients receiving G+ B + G-maintenance reported a meaningful
improvement in total FACT-Lym scores compared with patients receiving B. In the UK, total FACT-Lym scores were mean-
ingfully higher for newly diagnosed patients compared with patients with progression (136.04 vs. 109.7).

Conclusions and Relevance We found a small body of evidence of quality of life, and potentially cost-effective treatment
options for FL; however, no evidence was reported on MZL specifically. The significant data gaps in knowledge in these
diseases demonstrate a marked need for further studies.

1 Introduction

Follicular lymphoma (FL) and marginal zone lymphoma

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s41669-020-00204-z) contains
supplementary material, which is available to authorized users.
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(MZL) are types of indolent non-Hodgkin lymphoma (NHL)
that develop in the B lymphocytes (also known as B cells)
[1]. Initial treatment of indolent NHL often achieves tumour
response and is successful. However, high rates of disease
relapse result in repeated courses of chemotherapy charac-
terised by shorter response periods between each relapse [2].
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Key Points for Decision Makers

The addition of rituximab to chemotherapy-based thera-
pies, as well as rituximab maintenance, improved clinical
outcomes in a cost-effective way.

Disease progression may be a driver of healthcare
resource use, cost, and patient health-related quality of
life, however further research is required to confirm this.

Despite treatments being available for patients with fol-
licular lymphoma and marginal zone lymphoma, there
is still an unmet need to slow disease progression and
improve quality of life for patients.

With limited therapeutic options, novel treatments and
combinations of novel treatments for FL and MZL have
the potential to improve patient outcomes; however, to
the authors’ knowledge, there has never been a systematic
review to identify the current cost-effectiveness evidence
base for such regimens. Such a review would be necessary to
not only consider the costs and benefits regimens may bring
but also to understand the evolution in economic modelling
in this area.

This study aims to describe the economic and health
burden in patients with FL or MZL. The combined report-
ing of relevant economic and health outcomes appraisals
(i.e. cost-effectiveness analyses [CEAs] and cost-utility
analyses [CUAs]) can provide clinical insights and greater
understanding of current evidence to improve overall effi-
ciency in the decision-making process. Combined, the three
systematic literature reviews (SLRs) summarise pertinent
economic and burden information to help aid health care
decision making.

2 Methods

Three separate SLRs were conducted to examine cost-effec-
tiveness models, cost/resource use, and health-related qual-
ity of life (HRQoL) associated with treatments for FL and
MZL. These SLRs followed validated methodologies [3-5]
consistent with those outlined in the existing literature [6].
Eligibility criteria included adult patients with FL or MZL,
treated with pharmacological interventions, palliative care
(for cost/resource use), and no treatment (for cost/resource
use and HRQoL), and study designs specific to the SLR,
such as economic modelling publications, or reporting costs/
HRQoL data. Full eligibility criteria are provided in elec-
tronic supplementary Table 1.

All searches for published studies were conducted
on 9 March 2017, from 2007 to 8 March 2017, using the
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MEDLINE®, MEDLINE in-process, E-pubs ahead of print
(Ovid SP®), Embase (Ovid SP®), NHS EED, and EconLit
databases.

Search strategies were developed using published and
tested search filters for economic and HRQoL studies, as
well as combined free text and controlled vocabulary terms
(Medical Subject Headings in MEDLINE and Emtree
terms in Embase) for the population of interest. A single
search strategy was used to identify studies of economic
models and costs/resource use, and a separate search was
conducted for HRQoL study identification. Relevant con-
ference proceedings from 2015 to 2016 were also searched.
Additional searches performed included website of health
technology assessment (HTA) bodies using the HTA data-
base (via OVID), Tufts Cost-Effectiveness Analysis registry,
National Institute for Health and Care Excellence (NICE),
Scottish Medicines Consortium (SMC), Canadian Agency
for Drugs and Technologies in Health (CADTH), and the
Pharmaceutical Benefit Advisory Committee. Full details
of the PICO framework, inclusion/exclusion criteria, and
full search strategy are provided in electronic supplementary
Tables 1, 2 and 3.

Two systematic reviewers (BG and PO’D) independently
reviewed titles, abstracts, and full papers against the eligibil-
ity criteria. Relevant data (including study design, methods,
outcomes, conclusions) were extracted into bespoke DETSs
by a single systematic reviewer (PO’D); these data were then
validated for accuracy by a second reviewer (BG) against
clean copies of the relevant publications. Journal websites
were cross-checked for errata and supplementary materi-
als. An additional third reviewer (JQ) was used to resolve
disagreements when needed. Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) dia-
grams for cost-effectiveness models, costs and resource use,
and HRQoL studies are shown in electronic supplementary
Fig.9

3 Results
3.1 Cost-Effectiveness Models/Analyses

A total of 25 studies reporting on cost effectiveness were
included in the review (Tables 1, 2, 3). Cost-effectiveness
comparisons were reported using CUAs and CEAs in 14
studies. CUA alone was conducted in eight studies, CEA
alone was conducted in two studies, and cost-minimisation
analysis (CMA) was conducted separately in one study.
Models and analyses were developed in the context of the
UK (seven studies), USA (five studies), Canada (four stud-
ies), Australia (three studies), and Finland (two studies).
There was one study each conducted in Russia, The Neth-
erlands, Spain, and Sweden. The most commonly reported
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In Canada, an analysis evaluating first-line therapy with
R with or without maintenance (R induction vs. R induc-
tion + R maintenance) was projected to have an ICER of
$62,360 (Canadian dollars [CAD]; 2012) per QALY gained
for FL [10], and R monotherapy was dominant over watch-
and-wait for FL [10]. Additionally, B +R versus R-CHOP
was projected to have an ICER of $27,398/QALY gained
(CAD; 2012) for FL and $10,012/QALY gained (CAD;
2012) for MZL [10].

In the US, R-CVP versus CVP followed a similar trend
as the UK, with projected ICERs of $28,565/QALY gained
and $17,504/life-year (LY) gained [11]. The projected ICER
per LY gained improved annually ($382,642/LY, $193,859/
LY and $102,142/LY 2, 3 and 4 years after observation,
respectively) for R-CHOP/R-CVP versus CHOP/CVP in the
US. The continued accrual of cumulative survival benefit
of R throughout the observation periods, and cumulative
cost being negligible post first-line treatment, were high-
lighted to result in a rapid decrease of ICER values over the
observed years [26]. In Spanish studies, B + R was dominant
over R-CHOP [10].

15,000-45,000/

QALY®

QALYs ICER (cost per
QALY/LY)
Within the range of

Total costs® LYs

Cost year; cur-

rency

- AUD

3.3.2 First-Line Maintenance Treatment

Maintenance treatment results are presented in Table 2. All
data reported were for FL patients as no MZL cases were
included. R maintenance was compared with watch and wait
(or observation) in FL patients. In patients responding to
first-line treatment, R maintenance had an ICER of £15,978/
QALY gained (GBP; 2008/2009) in the UK [14], $34,842
(US dollars [USD]; year unspecified) in the US [15], and
$74,989/QALY gained (Australian dollars [AUD]; year
unspecified) in Australia [16]. Another Australian study
(Pharmaceutical Benefits Advisory Committee [PBAC]
summary) reported an ICER between $15,000 and $45,000/
QALY gained, but it was not specified if this was for a first-
line or both first-line and R/R setting [28].

Reference treat-

ment
Observation

Intervention
R maintenance

Trial used?

PRIMA [47] and
EORTC 20981
[48] and Hains-
worth 2005 [50]

3.3.3 Treatment for Relapsed and/or Refractory FL

Treatments for relapsed and/or refractory FL model
results are presented in Table 3. All data reported were for
FL patients as no MZL cases were included. In the UK,
G + B + G maintenance versus R + chemotherapy had an
ICER of £27,988/QALY gained, R-CHOP + R maintenance
versus CHOP + R maintenance had an ICER of £16,749/
QALY gained, and CHOP + R maintenance versus CHOP
had an ICER of £9076/QALY gained. G + B + G mainte-
nance versus B had projected ICERs of $62,833/QALY
gained in Canada [23], $43,000/QALY gained in the US
[29], and $45,000-$75,000 in Australia [28]. In Finland,
R-CHOP + R maintenance versus R-CHOP had an ICER of
€18,147/QALY gained, R-CHOP + R maintenance versus

FL/MZL
R maintenance

Country
Australia

2014 [17]
ratio, ISPOR International Society for Pharmacoeconomics and Outcomes Research, LY life-year, MS manufacturer’s submission, MZL marginal zone lymphoma, NICE National Institute for

Health and Care Excellence, PBAC Pharmaceutical Benefits Advisory Committee, QALY quality-adjusted life-year, R rituximab, R/R relapsed/refractory, USD United States dollars

AUD Australian dollars, EORTC European Organisation for Research and Treatment of Cancer, EUR Euro, GBP Great Britain pounds, FL follicular lymphoma, /ICER incremental cost-effective
dScenario 1: effectiveness based on trial efficacy, costs based on trial costs; Scenario 2: effectiveness based on trial efficacy, costs based on matched real-world patients; Scenario 3: effectiveness

“The summary did not specify if this result was for first-line remission or for both the first-line and R/R setting
based on real-world evidence, costs based on matched real-world patients

bTotal costs refer to the total cost of the intervention, not the incremental costs

#Reference of trial(s) provided where reported

Table 2 (continued)
Study ID
In the first-line and R/R setting
Roche R mainte-
nance PBAC,
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g population-based studies [37, 38]. Population-based stud-
g ies were conducted in The Netherlands [37] and the UK
= [38]. Relevant HRQoL findings were extracted (Table 5) and
iﬁ = study characteristics are presented in electronic supplemen-
v ]
) o] tary Table 7.
2 . e
© : FACT-Lym, FACT-Lym-specific subscales, and the
g g FACT-Lym Trial Outcome Index (TOI) were measured
E - E at three time points in the GADOLIN trial [35]; day 1
5 3 = . . . .
O . of cycle 5 of induction, 4-6 months post induction, and
= % 8—12 months post induction. Clinically meaningful differ-
S O ences were defined as a>7-point increase in the total FACT-
£ ~ P
Sz 8 Lym score, > 3-point increase in the FACT-Lym-specific
o i . .
=0 § subscale, and > 6-point increase in the FACT-Lym TOI. At
% § each time point reported, more patients receiving G+B +G
g b " maintenance (compared with B-treated patients) had clini-
g ob = cally meaningful increases in all three HRQoL scores [35].
%é However, the authors noted there were no notable differ-
§ °:=§ ences relating to treatment received in the average scores on
2 22 the FACT-Lym questionnaire subscales at baseline, during
) = .
g § ™ — 5 ‘“g’ the treatment period, and at follow-up [35].
- [e <] Na) .
s = b L = Z FACT-Lym and TOI scores were reported for patients
o 3 S being treated with or without chemotherapy in the trial b
& 2 g 1% y
° o9 Pettengell et al. [38]. Five disease states were examined
g g3 s
S § g (newly diagnosed active disease, active disease relapsed,
72 % &5 artial remission, remission/complete remission, and dis-
5] N . .
3= ease-free) [38]. HRQoL scores were lower in patients who
s g . . .
é z received chemotherapy compared with patients who were
g % % % = ; not treated with chemotherapy, although statistical signifi-
2 o o N 2 S cance was not reported. HRQoL scores were high in newly
% g g g 2 % diagnosed active disease states [38]. Scores decreased upon
A < < < 5 & entry into the active disease, relapsed stage, but increased
& 2 with further disease remission, indicating that patient-
Q . . .
s © g reported outcomes differed according to disease state [38].
8 5 < . . . .
E/ § ‘°§ X g = In the PRIMA [36] trial, patients with non-progressing
- £ & disease on observation had slightly better quality of life
g 58 % § E 2 § z as reported by the EORTC-QLQ-C30 tool compared with
%‘3 % 5 % 2 % g Lj 9 those receiving R monotherapy, although statistics were not
= < = . .
é g g £ 5 g @ 5% reported. In the trial by Oerlemans et al. [37], patients on a
g 22 25 £%| € 3 watch-and-wait treatment regimen experienced significantly
£ g ° g g = E a .. . . .
- 8 and clinically meaningful higher fatigue than the general
§ § g population, as determined by EORTC-QLC-C30.
et
o s -
= - 0
Q o £
g 22 . .
= S E 4 Discussion
=R
= O
= —
o =
= S E To the authors’ knowledge, this is the first SLR performed
g 3} to date that identifies economic and quality-of-life data for
23 5 5 qua ity
S| e85 £z atients with FL or MZL. First, of the 25 included studies,
B E 3 £ 5 P
2 £ 2 there are several commonalities of note. The majority (18 of
-3 > . .
g %g the 25 studies) of studies used a three health state Markov
= la > =2 model structure with progression-free, progressive disease,
3|2z 3 and death. A model perspective was reported in 18 of the
5|23 2 g : persp p
s =3 25 studies; the majority of these adopted the perspective of
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a national health care system (14 of the 25 studies). Other
studies that specified a perspective utilised a US payer per-
spective (three studies [15, 19, 26]) or a societal perspec-
tive (one study [11]). Clinical trial data were the primary
clinical input, with limited RWE data being used; however,
given the increasing importance of RWE, and the efforts to
collect these data, this will likely change in the future [39].
This could either be real-world cohort analyses (such as in
Griffiths et al. [26]) or incorporating RWE data into models
(such as in Blommestein et al. [21]). This current research
offers a foundation upon which future assessments could be
carried out.

In both first-line and R/R populations, R + chemotherapy
improved outcomes and QALYSs and is cost effective (as
per the £30,000/QALY threshold for UK studies). In the
first-line FL setting, in the UK, the addition of R to chemo-
therapy (R-chemo) resulted in a cost per QALY of less than
GBP£20,000 compared with chemotherapy alone (Table 3).
In all FL studies that investigated maintenance treatments
only (only FL studies are reported), in the first-line set-
ting R maintenance was compared with observation, and
the impact on the ICER was minimal (several estimates
as low as AUD$15,000/QALY). In the R/R FL setting,
R-CHOP + R maintenance versus R-CHOP versus CHOP
were conducted in UK and Finnish models (electronic sup-
plementary Table 8) and were generally considered to be
cost effective. However, in both first-line and R/R disease,
further studies analyzing cost effectiveness are needed to
strengthen the evidence base in this area.

Disease progression is associated with a substantial
economic burden. Of note, one US study included a large
sample size and estimated both costs and resource use of
patients with R/R FL [30]. The study authors suggest that
disease progression is associated with a fourfold increase
in annual costs and more medical visits and laboratory pro-
cedures than non-progression ($30,890 vs. $8704, respec-
tively), demonstrating that disease progression is a driver of
both health care resources and costs for FL for health care
systems globally.

Finally, there are limitations of note, both in terms of
methods and the evidence identified. It is clear there is a
marked dearth of evidence, which makes assessing the
cost effectiveness of therapies, or even exploring model-
ling methodology, difficult. Studies reporting any indirect
costs were not found and data on resource use were limited.
Additionally, the lack of utility data, particularly in MZL,
highlights the need for further research to draw compari-
sons and guide treatment decision making. There are also
several limitations to the three reviews. First, publications
that did not separate out FL. and MZL were excluded. While
there may be some additional papers that can offer further
modelling insight, the authors feel this approach is clini-
cally justified. FL and MZL have different etiologies; thus,
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patients may require different treatment approaches and can
expect different outcomes. Therefore, while further model-
ling evidence may be available, the results of analyses that
pool data on patients with different diseases will not be of
importance to decision makers.

Given the limited published data found at the time of
our review, there is a need for further research and a con-
tinued monitoring of the available evidence base in terms
of both modelling strategy and overall cost effectiveness.
This review offers the start of an evidence base that, to the
authors’ knowledge, was not previously available.

5 Conclusions

Overall, the addition of R to chemotherapy-based regimens,
as well as R monotherapy, in maintenance improved clini-
cal outcomes in a cost-effective way. Disease progression
may be a driver of healthcare resource use, cost and patient
HRQoL, however further research is required to confirm
this. Despite treatments being available for patients for FL
and MZL, there remains an unmet need to slow disease pro-
gression, improve quality of life for patients and improve all
patient outcomes. Additional pharmacoeconomic analyses
would help further our understanding of how best to assess
the cost effectiveness of therapies in these disease areas.
This in turn would aid healthcare decision making and work
towards optimising therapies for patients with FL. and MZL,
within the constraints faced by healthcare providers.
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