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Aim: A systematic literature review and network meta-analysis were conducted to determine the relative
efficacy and safety of interventions for treatment-naive chronic lymphocytic leukemia patients, as com-
parative evidence is scarce. Materials & methods: Relative treatment effects of progression-free survival,
overall survival and safety outcomes were estimated via network meta-analysis based on data identified
via systematic literature review. Results: Ibrutinib was superior in all pairwise comparisons for progression-
free survival (probability to be better [P] range: overall population: 69–100%; fludarabine-ineligible pop-
ulation: 69–100%) and overall survival (P range: overall: 89–100%; fludarabine-ineligible: 91–100%) and
had the highest probability of being best for all outcomes. Conclusion: Ibrutinib provides superior benefit
in survival and safety compared with other front-line treatments of chronic lymphocytic leukemia.
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Chronic lymphocytic leukemia (CLL) is the most common hematologic malignancy in western countries and occurs
mainly in older people. Overall, 4.2 per 100,000 population per year develop the condition, a figure that rises to
over 30 per 100,000 per year among those aged over 80 years [1]. The overall 5-year survival rate for people with
CLL is 83%, although survival varies widely according to disease stage [2]. Treatment for CLL has evolved rapidly
over the past two decades, with the addition of CD20-targeted antibodies, B-cell lymphoma-2 (BCL-2)-targeted
treatment and B-cell receptor-targeted treatment resulting in improved outcomes [3–4].

As indicated by both the European Society for Medical Oncology (ESMO) and the National Comprehensive
Cancer Network [1,5], there are various management options for CLL, and treatment choices must account
for key patient and disease characteristics known to affect therapeutic outcomes. These include patient age [6],
fitness/comorbidities [7] and molecular cytogenetics [6,8]. Generally, for fit patients with advanced, symptomatic
disease, the so-called ‘full-dose fludarabine-based’ regimen of fludarabine + cyclophosphamide + rituximab (FCR)
is recommended [1]. However, for elderly patients and/or those with significant comorbidities, FCR is associated
with significant risk of myelosuppression and severe infection [9]. Options are further limited if these individuals
also have cytogenetic characteristics associated with poor outcomes from current treatments (such as 17p or 11q
deletion, or absence of IgVH mutation). For these patients, ESMO and National Comprehensive Cancer Network
guidelines recommend ibrutinib monotherapy [1,5,9].

Given the range of CLL treatment options for people with differing levels of fitness, and the dearth of head-to-
head clinical trials comparing front-line treatments, there remains considerable uncertainty regarding the optimal
regimen for each patient group. The objectives of the presented systematic literature review (SLR) and network
meta-analyses (NMAs) were therefore to determine the relative efficacy and safety of interventions for the front-line
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treatment of patients with CLL, and for the subgroup considered ineligible to receive full-dose fludarabine-based
treatment.

Materials & methods
Systematic literature review
The SLR involved a search strategy designed to find clinical trials that had investigated front-line treatment of
patients with CLL and which had reported efficacy and safety outcomes. Literature searches were conducted on
19 October 2015 in MEDLINE (via PubMed), Medline In-Process (via PubMed), Embase, Embase In-Process,
the Cochrane Collection Central Register of Clinical Trials (CENTRAL) and the Database of Abstracts of Reviews
of Effects, with no temporal or language limits. An update of this search was conducted in April 2017 to check
whether any additional relevant studies or updated data had been published since the original search.

The inclusion criteria targeted prospective, interventional trials (either randomized controlled trials [RCTs],
non-RCTs or single-arm studies) that had investigated efficacy or safety outcomes in patients receiving a treatment
of interest as front-line therapy for CLL, small cell lymphoma or small lymphocytic lymphoma – conditions that
are pathologically very similar to CLL.

Abstracts were screened for inclusion by two independent investigators, with any discrepancies in inclusion eligi-
bility between them being resolved by a third investigator. Full-text versions of those articles that had passed abstract
screening were then screened for inclusion by a single investigator, with a second investigator independently veri-
fying whether each rejection by the first investigator had been appropriate, and again, a third investigator resolved
any discrepancies. Articles that appeared potentially eligible on abstract screening were subsequently rejected if they
were not an RCT or if their full-text version was found to be in a non-English language. The inclusion/exclusion
criteria for the interventions/comparators of interest were applied only during full-text screening, with relevant
comparators having been determined by considering recommendations in the 2015 ESMO treatment guide-
lines. Specifically, relevant treatments for elderly and/or unfit patients (who are not eligible for fludarabine-based
treatment) included bendamustine, bendamustine + rituximab (BR), obinutuzumab + chlorambucil (Obi-Chl),
ofatumumab + chlorambucil (Ofa-Chl), rituximab + chlorambucil (R-Chl) and reduced-dose FCR. By contrast, for
young and/or fit patients, full-dose fludarabine-based regimens were also relevant treatments, including fludarabine,
fludarabine + cyclophosphamide and FCR.

Information from included full-text articles was extracted by one investigator and validated by a second, and
a third investigator was consulted to resolve any discrepancies. Quality-control measures and logic checks were
conducted on all extracted data. Quality assessment of RCTs was evaluated using a tool based on the NICE quality
assessment summary tables. Studies were categorized into one of the two groups: those conducted in patients eligible
for full-dose fludarabine treatment and those conducted in patients ineligible for full-dose fludarabine treatment
(typically elderly or unfit patients, per comorbidity status).

Network meta-analysis
A feasibility assessment was conducted to evaluate whether NMAs could be performed for the RCTs identified
within the SLR. Two separate networks were established: one which included all studies of patients with CLL
receiving front-line therapy (referred to below as the overall front-line population) and another subnetwork which
included only those studies in patients ineligible for full-dose fludarabine treatment (referred to below as the
fludarabine-ineligible population). NMAs based on these two networks were considered the ‘base-case’ analyses.
Additionally, to account for variability among trial populations in potentially important prognostic factors and
considering that one of the RCTs (RESONATE-2) enrolled only patients aged ≥65 years who did not have
a del17p mutation, the following populations were identified and explored as ‘subgroup’ analyses where data
permitted: patients aged ≥65 years; those with unmutated IgVH; those with del11q mutation; and those without
del17p mutation. Because information on these variables was not consistently reported across studies, the potential
impact of these factors was investigated as sensitivity analyses within those studies that could be stratified or had
outcomes reported by similar strata.

Analyses included

The outcomes assessed in the base-case NMA for each of the two networks (i.e., overall front-line CLL patients
and fludarabine-ineligible patients) included overall survival (OS), independent review committee (IRC)-assessed
progression-free survival (PFS), investigator (INV)-assessed PFS and safety outcomes, including overall proportion
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of patients who discontinued treatment (total discontinuations [TD]) and the proportion with treatment discontin-
uations due to adverse events (DAE). For each outcome, a model was used to estimate the mean relative treatment
effect along with a 95% credible interval, and the posterior distribution was used to determine the probability that
a given regimen was the best among all treatments within the analyzed network. Specifically, the methodological
approach in these analyses followed long-established techniques for integrating odds ratios (OR) and hazard ratios
(HR) into NMAs, including those used and/or recommended by the NICE [10,11]. Accordingly, the analyses used
both random-effect models and fixed-effect models. Random-effect analyses are widely accepted as the appropriate,
more conservative approach when generalizations need to be made on a greater group of studies and populations
and/or when there is heterogeneity across study methods. By contrast, fixed-effect models assume that effect size
associated with a given intervention does not vary from study to study, and they may be particularly appropriate
when only few studies are available for analysis. The best model fit for each network was selected on the basis of a
review of the deviance information criterion and a clinical evaluation of the different model assumptions.

In the case of the overall front-line CLL patient NMA, random-effect analyses could be used, as there were
sufficient studies for a between-effects variance to be estimated, with some uncertainty, from the data. These
analyses used two different priors for the between-study variability (which was assumed to be identical across all
comparisons) that were vaguely informative, N (0, 1.0) and N (0, 0.4), since the power to detect random variation
among all studies was limited and the results were expected to be sensitive to the selection of the prior. Given
the sparseness of the evidence networks for safety outcomes in the overall population and in the fludarabine-
ineligible population, only fixed-effects Bayesian NMAs were conducted for these networks. Fixed-effects Bayesian
NMAs were also conducted in the four subgroups of interest, to evaluate INV-assessed PFS, OS and DAEs in the
fludarabine-ineligible population only (due to the limited data available).

Chlorambucil was chosen as the common comparator across both evidence networks given that it was used as
a comparator in the majority of studies (10 of 15 studies in the overall front-line network and four of five studies
in the fludarabine-ineligible network). As both evidence networks relied on chlorambucil as the key common
comparator, this raised a potential issue given that there were known to be marked between-study differences in
chlorambucil dosing (with regards to dose unit, number of cycles and cycle length), and this variation could have
had an impact on the treatment effects observed from study to study and thus on the results of the NMAs. To
explore this possibility, regression analyses of PFS and OS using cumulative chlorambucil dose as a covariate was
carried out as a sensitivity analysis. Specifically, this analysis was used the estimated cumulative chlorambucil dose
in milligram at 24 weeks, calculated using reported doses and scheduling in the study protocols and assuming a
mean patient body surface area of 1.69 m2 and weight of 63.5 kg.

The research presented in this article is based on previously conducted studies and did not involve any new
studies of human or animal subjects performed by any of the authors.

Results
Systematic literature review
Of the 2367 abstracts screened for the SLR, 1911 references were excluded at the abstract level through application of
screening criteria listed in the ‘Materials & methods’ section. Among the remaining 456 publications, 146 reported
data on a total of 58 primary studies that investigated the front-line treatments of interest. The 58 RCTs were
examined for comparability with the RESONATE-2 patient population. This process identified five RCTs [12,13,14]

that had investigated front-line treatment in CLL patients ineligible for full-dose fludarabine and ten RCTs [15,16]

that had investigated fludarabine or fludarabine-based regimens as front-line treatment in treatment-naive patients
with CLL, and which had reported outcomes of interest (see the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses diagram in Figure 1). Collectively, the 15 RCTs included over 5300 patients and provided
adequate evidence to support an NMA to estimate the comparative efficacy and safety of treatments of interest in
the front-line setting. Of note, the updated search conducted in April 2017 identified that no additional relevant
RCT data that could affect the NMA had been published since the original SLR in October 2015.

Patient characteristics at study baseline are shown in Table 1. Across the overall network, most studies that
reported the number of evaluable patients at baseline included at least 100 participants in each treatment arm,
with exceptions being the MaBLe [14], Mulligan et al. [17] and CLL5 [18] studies, in which the number of evaluable
patients per treatment arm ranged from 40 to 93. Of the 13 studies that reported follow-up duration, the
median value ranged from 22 to 83 months in the fludarabine-based studies and from 18.4 to 54 months in the
studies of fludarabine-ineligible patients. The mean patient age at baseline ranged from 58 to 71 years across the
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Research Article Xu, Fahrbach, Dorman et al.

Search results combined, citations
screened after duplicates removed

(n = 2367)

Additional citations identified from manual checks
of bibliographies of included studies, recent
reviews, and meeting abstracts (n = 110)*

*One iWCLL abstract was included for MaBLe trial.

Citations excluded
(n = 1911)

Excluded: did not meet inclusion
criteria (n = 194)

Articles investigating in vitro, animal, fetal,
molecular, genetic, pathologic,
pharmacokinetic/pharmacodynamic
outcomes

7

5 Less than 10 patients per arm

2 Mixed population

16 No outcomes of interest

10 Not English

20 Not a population of interest

40 Not a prospective interventional study

39 Not a regimen or combination of interest

22 Systematic literature review

24 Duplicates

9 Outcomes not extractable

Publications of single-arm or
non-RCT studies

(n = 116)

41 RCTs with only one or with
no relevant treatment (n = 79)

2 RCTs with no outcome
relevant to the NMA (n = 2)

FCR-Lite vs. R-Chl
FCR vs. FC

10 RCTs of fludarabine-

based regimens or
fludarabine-eligible

CLL reported in 44
publications:

5 RCTs of full-dose

fludarabine-ineligible
CLL reported in 21

publications:

Fludarabine
FC
FCR

Ibrutinib
Obi-Chl
R-Chl
Ofa-Chl
Bendamustine

BR

In
c
lu

d
e
d

Id
e
n
ti
fi
c
a
ti
o
n

S
c
re

e
n
in

g
E

lig
ib

ili
ty

Publications of RCTs in front-line CLL
(n = 146)

58 primary publications

88 secondary publications

Eligible articles
(n = 262)

Full-text articles
assessed for eligibility

(n = 456)

Citations screened on basis of
title and abstract

(n = 2367)

Literature search

Databases:
PubMed, Embase, and CENTRAL

(n = 3039)

Figure 1. Preferred reporting items for systematic reviews and meta-analyses diagram.
BR: Bendamustine + rituximab; CLL: Chronic lymphocytic leukemia; FC: Fludarabine + cyclophosphamide;
FCR: Fludarabine + cyclophosphamide + rituximab; FCR-Lite: Reduced-dose
fludarabine + cyclophosphamide + rituximab, where fludarabine was given at relatively low frequency (dose);
iWCLL: International Workshop on Chronic Lymphocytic Leukemia; NMA: Network meta-analysis;
Obi-Chl: Obinutuzumab + chlorambucil; Ofa-Chl: Ofatumumab + chlorambucil; PRISMA: Preferred Reporting Items for
Systematic Review and Meta-Analysis; R-Chl: Rituximab + chlorambucil; RCT: Randomized controlled trial.

fludarabine-based studies and 63 to 74 years in the fludarabine-ineligible studies. Of the studies that reported
Eastern Cooperative Oncology Group performance status, the majority were restricted to patients with Eastern
Cooperative Oncology Group 0 to 1. Across the 15 RCTs, PFS and OS outcomes were available for all but three
studies and the PFS outcomes were either INV- or IRC-assessed (Table 2). IRC results were used preferentially for
the NMA wherever reported (in three of the eight studies in the overall front-line CLL network, and in four of the
five studies in the fludarabine-ineligible network) as they are considered less prone to bias than INV assessments.
Where the reporting methodology for PFS was not specified, it was included in the analyses as INV-assessed PFS.
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Safety data were considerably scarcer across the 15 RCTs, with five studies reporting DAE outcomes and three
studies TD outcomes.

Base-case NMA results
The results for the base-case analyses for both the overall front-line population and the fludarabine-ineligible
population are described below.

Survival outcomes: overall front-line population

Thirteen studies contributed to the NMA of PFS and OS outcomes in the base-case analysis (Figure 2A). The
base-case random-effects NMA for the overall front-line population suggested that ibrutinib was superior to the
other treatments in improving IRC-assessed PFS, with HRs (and the associated probability of being more effective)
ranging from 0.16 (P[HR<1] = 100.0%; vs chlorambucil) to 0.82 (P[HR<1] = 69.3%; vs Obi-Chl) (Figure 3A).
Results based on INV-assessed PFS showed a similar trend, with HRs between 0.09 (P[HR<1] = 100.0%; vs
chlorambucil) and 0.44 (P[HR<1] = 95.5%; vs bendamustine) (Figure 3B). Similarly, ibrutinib showed the
greatest OS benefit, with HRs ranging from 0.14 (P[HR<1] = 99.8%; vs fludarabine + cyclophosphamide) to
0.41 (P[HR<1] = 89.2%; vs Obi-Chl) (Figure 3C). Overall, ibrutinib had the highest probability of being the best
treatment in the network for improving both IRC-assessed PFS (59.9%) and OS (87.7%) (Figure 4A).

Survival outcomes: fludarabine-ineligible population

Five RCTs contributed to the NMA of survival outcomes in the base-case analysis for the population of fludarabine-
ineligible patients. The network comprised seven treatment arms (pairs depicted in Figure 2B). The base-case
fixed-effects NMA for the fludarabine-ineligible CLL population found that the IRC-assessed PFS HRs (and
probabilities of being better) ranged from 0.16 (P[HR<1] = 100.0%; vs chlorambucil) to 0.85 (P[HR<1] =
69.2%; vs Obi-Chl) (Figure 3D); INV-assessed PFS HRs ranged from 0.09 (P[HR<1] = 100.0%; vs chlorambucil)
to 0.48 (P[HR<1] = 97.0%; vs Obi-Chl) (Figure 3E); and OS HRs ranged from 0.16 (P[HR<1] = 99.9%;
vs chlorambucil) to 0.40 (P([HR<1] = 91.1%; vs Obi-Chl) (Figure 3F). In the fludarabine-ineligible network,
ibrutinib had the highest probability of being the best treatment in the network for improving both PFS (62.7%)
and OS (89.9%) (Figure 4B).

Safety outcomes: overall front-line population

The network of evidence for analysis of TDs included three RCTs (RESONATE-2 [13], COMPLEMENT1 [19] and
CLL11 [12]). The random-effects NMA showed that patients receiving ibrutinib experienced fewer TDs than those
in other treatment groups, with ORs (and probabilities of being better [i.e., associated with fewer discontinuations])
ranging from 0.10 (P[OR<1] = 99.8%; vs chlorambucil) to 0.35 (P[OR<1] = 89.9%; vs R-Chl). Five studies
reported DAEs and were therefore included in the network for this outcome. Compared with eight other treatments,
ORs for ibrutinib (and this drug’s probabilities of being the better treatment) ranged from 0.08 (P[OR<1] = 99.0%;
vs bendamustine) to 0.66 (P[OR<1] = 70.4%; vs R-Chl) (Table 3). Ibrutinib was least likely to be associated with
negative safety outcomes, having an 87.8% probability of having the lowest risk of TDs and 60.8% probability of
having the lowest risk of DAEs (Figure 4C).

Safety outcomes: fludarabine-ineligible population

Of the five RCTs that investigated treatment in fludarabine-ineligible patients, three reported the proportions of
patients with TDs, and four reported proportions of patients with DAEs. ORs and probabilities of ibrutinib being
better in terms of TDs ranged from 0.10 (P[OR<1] = 100%; vs chlorambucil) to 0.34 (P[OR<1] = 99.4%; vs
R-Chl) and in terms of DAEs from 0.08 (P[OR<1] = 100%; vs bendamustine) to 0.65 (P[OR<1] = 79.2%; vs
R-Chl) (Table 3). Fixed-effect modeling results indicated that ibrutinib was most likely to be the best treatment,
with the lowest relative chance of experiencing TDs (99.4% probability of being best) and DAEs (78.9% probability
of being best) (Figure 4D).

Regression analyses for survival outcomes using chlorambucil dosing as covariate

There was significant variation in chlorambucil dosing across the RCTs that had investigated this treatment, and this
was particularly marked in the fludarabine-ineligible network. For instance, in that network, the median cumulative
chlorambucil dose in CLL11 was 384 mg, while in RESONATE-2, the mean dose ranged between 252 and 672 mg.

428 J. Comp. Eff. Res. (2018) 7(5) future science group



CLL first-line treatment: systematic review & NMA Research Article

Fludarabine +
cyclophosphamide

+ rituximab

Fludarabine +
cyclophosphamide

Fludarabine

Rituximab +
bendamustine

Rituximab +
chlorambucil

Chlorambucil Bendamustine

Obinutuzumab +
chlorambucil

Ofatumumab +

 chlorambucil

Ibrutinib

CLL8

(Cramer 2013)

LRFCLL4 (Catovsky 2007)
CLL4 (Eichhorst 2006)

E2997 (Flinn 2007)

C
L
L
1
0

(E
ic

h
h
o
rs

t 
2
0
1
3
)

L
R

F
C

L
L
4

(C
a
to

v
s
k
y
 2

0
0
7
)

CALGB9011 (R
ai 2

000)

LRFCLL4 (C
atovsky 2007)

CLL5 (E
ichhorst 2

009)

Mullig
an 2014

Knauf 2012

Complement 1

(Hillmen 2015)

R
e
so

n
a
te

-2

(B
u
rg

e
r 2

0
1
5
)

C
LL

11

CLL11

(G
oe

de
 2

01
4)(G

oede 2014)

M
a
B

L
e

(M
ic

h
a
lle

t 
2
0
1
5
)

Rituximab +
chlorambucil

Rituximab +
bendamustine

Chlorambucil Bendamustine

Ofatumumab +
 chlorambucil

Obinutuzumab +
chlorambucil

Ibrutinib

(Goede 2014)

(Goede 2014)

CLL11

CLL11 Knauf 2012

C
om

plem
ent 1

(H
illm

en 2015)

M
aB

Le

(M
ichallet 2015)

Reso
nate

-2

(B
urg

er 2
015)

Figure 2. Network of randomized controlled trials in patients with chronic lymphocytic leukemia receiving
front-line treatment. Network of studies and treatments included in the NMAs for the (A) overall front-line CLL
population and (B) fludarabine-ineligible population (2-part figure, A & B). In CLL11, the results for the comparison
between Obi-Chl and R-Chl included 190 additional patients who were randomized after termination of the
chlorambucil arm (i.e., stage 2), and these data were not considered to be relevant evidence for the NMA. Therefore,
no link between these two treatments is presented in the network.
CLL: Chronic lymphocytic leukemia; NMA: Network meta-analysis; Obi-Chl: Obinutuzumab + chlorambucil;
R-Chl: Chlorambucil + rituximab; RCT: Randomized controlled trial.
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Figure 3. Progression-free survival and overall survival of front-line treatments in chronic lymphocytic leukemia.
(A) IRC-assessed progression-free survival (PFS) network meta-analysis (NMA) outcomes: overall front-line population. (B) INV-assessed PFS
NMA outcomes: overall front-line population. (C) OS NMA outcomes: overall front-line population. (D) IRC-assessed PFS NMA
outcomes: fludarabine-ineligible population. (E) INV-assessed PFS NMA outcomes: fludarabine-ineligible population. (F) OS NMA
outcomes: fludarabine-ineligible population (6-part figure, A–F).
CLL: Chronic lymphocytic leukemia; INV: Investigator; IRC: Independent review committee; OS: Overall survival.



CLL first-line treatment: systematic review & NMA Research Article

Ibrutinib vs Chlorambucil (NMA)

Ibrutinib vs ObiChl (NMA)

Ibrutinib vs Bendamustine (NMA)

Ibrutinib vs R–Chl (NMA)

Ibrutinib vs OfaChl (NMA)

Ibrutinib vs BR (NMA)

0.16 [0.09, 0.28]

0.85 [0.44, 1.61]

0.70 [0.36, 1.37]

0.35 [0.19, 0.65]

0.28 [0.15, 0.52]

0.67 [0.31, 1.43]

100.0

69.2

84.8

99.9

100.0

85.2

Hazard ratio, fixed-effects
95% credible interval

(%)
p (Hazard ratio < 1)

0.01 0.10 1.00 10

Treatment advantage Comparator advantage

Hazard ratio

100

Ibrutinib vs Chlorambucil (NMA)

Ibrutinib vs ObiChl (NMA)

Ibrutinib vs Bendamustine (NMA)

Ibrutinib vs R–Chl (NMA)

Ibrutinib vs OfaChl (NMA)

Ibrutinib vs BR (NMA)

0.09 [0.04, 0.18]

0.48 [0.22, 1.03]

0.25 [0.11, 0.52]

0.20 [0.09, 0.42]

0.16 [0.07, 0.34]

0.37 [0.16, 0.90]

100.0

97.0

100.0

100.0

100.0

98.6

Hazard ratio, fixed-effects
95% credible interval

(%)
p (hazard ratio < 1)

0.01 0.10 1.00 10

Treatment advantage Comparator advantage

Hazard ratio

100

Ibrutinib vs Chlorambucil (NMA)

Ibrutinib vs ObiChl (NMA)

Ibrutinib vs Bendamustine (NMA)

Ibrutinib vs R–Chl (NMA)

Ibrutinib vs OfaChl (NMA)

Ibrutinib vs BR (NMA)

0.16 [0.05, 0.54]

0.40 [0.10, 1.51]

0.21 [0.06, 0.75]

0.25 [0.06, 0.92]

0.18 [0.05, 0.65]

0.25 [0.06, 1.10]

99.9

91.1

99.2

98.2

99.6

96.7

Hazard ratio, fixed-effects
95% credible interval

(%)
p (hazard ratio < 1)

0.01 0.10 1.00 10

Treatment advantage Comparator advantage

Hazard ratio

100

Figure 3. Progression-free survival and overall survival of front-line treatments in chronic lymphocytic leukemia (cont.).
(A) IRC-assessed progression-free survival (PFS) network meta-analysis (NMA) outcomes: overall front-line population. (B) INV-assessed PFS
NMA outcomes: overall front-line population. (C) OS NMA outcomes: overall front-line population. (D) IRC-assessed PFS NMA
outcomes: fludarabine-ineligible population. (E) INV-assessed PFS NMA outcomes: fludarabine-ineligible population. (F) OS NMA
outcomes: fludarabine-ineligible population (6-part figure, A–F).
CLL: Chronic lymphocytic leukemia; INV: Investigator; IRC: Independent review committee; OS: Overall survival.
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Figure 4. Probability of being best treatment in network.
(A) Probability of being best treatment in network in terms of IRC-assessed PFS and OS in the overall front-line population. (B) Probability
of being best treatment in network in terms of IRC-assessed PFS and OS in the fludarabine-ineligible population. (C) Probability of being
best treatment in network in terms of TDs and DAEs in the overall front-line population. (D) Probability of being best treatment in
network in terms of TDs and DAEs in the fludarabine-ineligible population (4-part figure, A–D).
BR: Bendamustine + rituximab; DAE: Discontinuation due to adverse event; FC: Fludarabine + cyclophosphamide;
FCR: Fludarabine + cyclophosphamide + rituximab; IRC: Independent review committee; Obi-Chl: Obinutuzumab + chlorambucil;
Ofa-Chl: Ofatumumab + chlorambucil; OS: Overall survival; PFS: Progression-free survival; R-Chl: Rituximab + chlorambucil; TD: Total
discontinuation.
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Figure 4. Probability of being best treatment in network (cont.).
(A) Probability of being best treatment in network in terms of IRC-assessed PFS and OS in the overall front-line population. (B) Probability
of being best treatment in network in terms of IRC-assessed PFS and OS in the fludarabine-ineligible population. (C) Probability of being
best treatment in network in terms of TDs and DAEs in the overall front-line population. (D) Probability of being best treatment in
network in terms of TDs and DAEs in the fludarabine-ineligible population (4-part figure, A–D).
BR: Bendamustine + rituximab; DAE: Discontinuation due to adverse event; FC: Fludarabine + cyclophosphamide;
FCR: Fludarabine + cyclophosphamide + rituximab; IRC: Independent review committee; Obi-Chl: Obinutuzumab + chlorambucil;
Ofa-Chl: Ofatumumab + chlorambucil; OS: Overall survival; PFS: Progression-free survival; R-Chl: Rituximab + chlorambucil; TD: Total
discontinuation.
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Table 3. Network meta-analysis safety outcomes.
Ibrutinib versus
chlorambucil

Ibrutinib versus
Obi-Chl

Ibrutinib
versus R-Chl

Ibrutinib
versus
Ofa-Chl

Ibrutinib
versus ben-
damustine

Ibrutinib
versus
fludarabine

Ibrutinib
versus FC

Ibrutinib
versus FCR

Safety outcomes, overall front-line population

TD, random-effects
OR [95% CrI]
Probability ibrutinib is better

0.1
[0.02, 0.37]
99.8%

0.21
[0.03, 1.35]
95.8%

0.35
[0.05, 2.28]
89.9%

0.15
[0.02, 0.99]
79.5%

NA NA NA NA

DAE, random-effects
OR [95% CrI]
Probability ibrutinib is better

0.32
[0.08, 1.18]
96.2%

0.31
[0.05, 2]
91.5%

0.66
[0.1, 4.31]
70.4%

0.31
[0.05, 1.9]
92.2%

0.08
[0.01, 0.6]
99%

0.46
[0.07, 2.99]
83.5%

0.21
[0.03, 1.74]
92.2%

0.21
[0.02, 2.35]
92.2%

Safety outcomes, fludarabine-ineligible population

TD, fixed-effects
OR [95% CrI]
Probability ibrutinib is better

0.1
[0.05, 0.17]
100%

0.2
[0.09, 0.44]
100%

0.34
[0.15, 0.78]
99.4%

0.15
[0.07, 0.32]
100%

NA NA NA NA

DAE, fixed-effects
OR [95% CrI]
Probability ibrutinib is better

0.23
[0.15, 0.63]
100%

0.31
[0.11, 0.8]
99.3%

0.65
[0.23, 1.81]
79.2%

0.31
[0.12, 0.77]
99.5%

0.08
[0.02, 0.27]
100%

NA NA NA

Results in bold font represent statistically significant advantages for the tested treatment over the comparator (e.g., with an OR � 1 with upper end of 95% CI � 1 indicating a
statistically significant safety benefit for the tested treatment or ibrutinib over comparator/s).
CrI: Credible interval; DAE: Discontinuation due to adverse event; FC: Fludarabine + cyclophosphamide; FCR: Fludarabine + cyclophosphamide + rituximab; NA: Not applicable;
NMA: Network met-analysis; Obi-Chl: Obinutuzumab + chlorambucil; Ofa-Chl: Ofatumumab + chlorambucil; OR: Odds ratio; OS: Overall survival; R-Chl: Chlorambucil + rituximab;
TD: Total treatment discontinuation.

COMPLEMENT1 had the highest cumulative chlorambucil dose among the five RCTs (reported to be median
728 mg and range 98–1848 mg). To explore the potential effect of such differences, regression analyses for PFS
and OS, using cumulative chlorambucil dose at 24 weeks as a covariate, were conducted for both networks. This
analysis showed a strong correlation between dose and PFS/OS outcomes in studies involving fludarabine-eligible
patients, but no correlation in studies of fludarabine-ineligible patients.

Subgroup analyses in fludarabine-ineligible patients
RESONATE-2 enrolled only patients aged at least 65 years and who did not have del17p mutation. Across the
other trials, there were between-study differences in patient age and the proportion of participants without del17p
mutations, as well as in the proportion of patients with other mutations, including IgVH and del11q. As both age
and mutation status are prognostic indicators and potential treatment-effect-modifiers in CLL [6], analyses were
conducted, where data permitted, on the subgroups of patients aged ≥65 years, those with unmutated IgVH, those
with del11q mutation and those without del17p mutation.

Some or all outcomes of interest for the four subgroups were available from four RCTs: RESONATE-2 [13],
CLL11 [12], COMPLEMENT1 [19] and Knauf et al. [23]. Pairwise comparisons were conducted for ibrutinib versus
Obi-Chl, R-Chl, Ofa-Chl and bendamustine, respectively, and effects were tested in the subgroups for which data
were available. The data inputs used in the subgroup NMAs are presented in Table 4.

Overall, results of the Bayesian NMA in the subgroups showed comparable or even higher relative efficacy of
ibrutinib versus the other treatments, compared with that shown in the base-case analyses (Table 5). Analysis of
the age ≥65 years subgroup resulted in very similar INV-assessed PFS, OS and DAE HRs or ORs compared
with the all-patient base-case analyses, as did analysis of the population without del17p in terms of INV-assessed
PFS. Results from the analyses of the del11q and IgVH unmutated populations indicated that in these high-risk
subgroups ibrutinib may confer a particularly large PFS advantage over Obi-Chl (del11q: HR = 0.06, P[HR<1] =
99.9%; IgVH unmutated: HR = 0.27, P[HR<1] = 91.8%) and R-Chl (del11q: HR = 0.02; P[HR<1] = 100.0%
and IgVH unmutated: HR = 0.11; P[HR<1] = 100.0%), as suggested by the much lower HRs compared with
the all-patient base-case analyses. These comparative estimates were associated with a very high (i.e., nearly 100%)
probability that ibrutinib was the most effective treatment within the network.

Discussion
The NMA results for the overall front-line CLL population showed that ibrutinib treatment was associated with
greater benefit than other treatments in improving IRC- and INV-assessed PFS and OS. Specifically, ibrutinib
showed the highest probability of being the most effective treatment in the network in terms of improving both
IRC-assessed PFS (59.9%) and OS (87.7%). Also, NMA results for all survival outcomes were very similar when
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Table 4. Subgroup network meta-analysis inputs.
Ibrutinib versus
Chl

Obi-Chl versus
Chl

R-Chl versus Chl Ofa-Chl versus
Chl

Bendamustine
versus Chl

INV-assessed PFS (subgroup ≥65 years)
HR [95% CI]

0.09
[0.04, 0.17]

0.21
[0.15, 0.3]

NA NA

INV-assessed PFS (subgroup with 11q mutation)
HR [95% CI]

0.024 †
[0.003, 0.186]

0.37
[0.17, 0.81]

0.99
[0.49, 2.03]

NA NA

INV-assessed PFS (IgVH unmutated subgroup)
HR [95% CI]

0.06 ‡
[0.02, 0.18]

0.23
[0.16, 0.34]

0.54
[0.38, 0.76]

NA NA

INV-assessed PFS (subgroup without 17p)
HR [95% CI]

0.09
[0.04, 0.17]

0.25
[0.18, 0.33]

0.42
[0.33, 0.55]

NA NA

OS (subgroup ≥65 years)
HR [95% CI]†

0.16
[0.05, 0.56]

NA NA NA 0.92
[0.55, 1.55]

DAE (subgroup ≥65 years)
OR [95% CI]†

0.32 †
[0.16, 0.66]

NA NA 0.96§

[0.51, 1.8]
NA

Results in bold font represent statistically significant advantages for the tested treatment over the comparator (e.g., with an HR/OR � 1 with upper end of 95% CI � 1 indicating
a statistically significant safety benefit for the tested treatment or ibrutinib over comparator/s).
†Relative results were derived using the number or proportion of patients that achieved an overall response as reported in the study publications.
‡Relative results were derived using the patient-level data from RESONATE-2.
§Relative results were derived using the number or proportion of patients that experience event (discontinuation or adverse event) as reported in the study publications.
Chl: Chlorambucil; DAE: Discontinuation due to adverse event; HR: Hazard ratio; INV: Investigator; NA: Not available; NMA: Network meta-analysis; Obi-Chl: Obinutuzumab + chlo-
rambucil; Ofa-Chl: Ofatumumab + chlorambucil; OR: Odds ratio; OS: Overall survival; PFS: Progression-free survival; R-Chl: Chlorambucil + rituximab.

Table 5. Subgroup network meta-analysis outcomes.
Ibrutinib versus
Obi-Chl

Ibrutinib versus
R-Chl

Ibrutinib versus
Ofa-Chl

Ibrutinib versus
bendamustine

INV-assessed PFS (≥65 years subgroup)
HR [95% CrI]
Probability ibrutinib is better

0.41
[0.19, 0.89]
98.8%

0.19
[0.09, 0.41]
100.0%

NA NA

INV-assessed PFS (subgroup with 11q mutation)
HR [95% CrI]
Probability ibrutinib is better

0.06
[0.01, 0.58]
99.9%

0.02
[0, 0.21]
100.0%

NA NA

INV-assessed PFS (IgVH unmutated subgroup)
HR [95% CrI]
Probability ibrutinib is better

0.27
[0.04, 1.68]
91.8%

0.11
[0.04, 0.34]
100.0%

NA NA

INV-assessed PFS (subgroup without 17p)
HR [95% CrI]
Probability ibrutinib is better

0.35
[0.16, 0.75]
99.7%

0.20
[0.1, 0.43]
100.0%

NA NA

OS (≥65 years subgroup)
OR [95% CrI]†

NA NA NA 0.18
[0.05, 0.67]

DAE (≥65 years subgroup)
OR [95% CrI]†

NA NA 0.37
[0.12, 0.84]

NA

†A total of 31% patients in the COMPLEMENT1 ITT population were younger than 65 years.
Chl: Chlorambucil; CrI: Credible interval; DAE: Discontinuation due to adverse event; HR: Hazard ratio; INV: Investigator; NA: Not available; NMA: Network meta-analysis;
Obi-Chl: Obinutuzumab + chlorambucil; Ofa-Chl: Ofatumumab + chlorambucil; OR: Odds ratio; OS: Overall survival; PFS: Progression-free survival; R-Chl: Chlorambucil + rit-
uximab.

the network was restricted to studies in fludarabine-ineligible patients only, with ibrutinib again having the highest
probability of being the most effective treatment in the network in terms of IRC-assessed PFS (62.7%) and OS
(89.9%). Ibrutinib showed the lowest risk in the network for negative safety outcomes, including likelihood of
experiencing TDs and DAEs in both the overall front-line population and in the fludarabine-ineligible population.
The safety outcomes indicate with high certainty that ibrutinib resulted in fewer patients with TDs and DAEs
than each of the other treatments. In addition, subgroup analyses showed that ibrutinib had either comparable (age
≥65 years subgroup, subgroup without del17p) or superior (subgroup with del11q, IgVH unmutated subgroup)
treatment effect estimates compared with those demonstrated in the general fludarabine-ineligible NMA. Overall,
therefore, the NMA results provide strong evidence that ibrutinib offers better efficacy and safety outcomes than
does a range of comparators, especially in high-risk, previously untreated patients with genetic mutations.

Of note, the data source for ibrutinib was the RESONATE-2 trial with a median follow-up of 18.4 months [13].
Survival data at a longer follow-up from this study were recently published [57]; however, these were not used because
by this time 41% of the patients originally randomized to chlorambucil had crossed over to the ibrutinib arm;
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an NMA based on this data cut would have produced a substantially increased survival estimate for chlorambucil
and significantly underestimated the survival benefit from ibrutinib. Therefore, the NMA used the data cut per
the final trial analyses reported in Burger et al. [13] at which point the much lower proportion of patients who had
switched to ibrutinib upon progression would have had only a minor effect on the estimated relative efficacy of the
two treatments.

It is worth highlighting that there were between-study variations in age, patient fitness, presence of cytogenetic
mutations and disease severity, and the cumulative dosage of the common comparator, chlorambucil. However,
only characteristics known to be potential treatment-effect-modifiers are of relevance for the interpretation of the
NMA results. Across the 13 RCTs, two studies excluded patients with del17p mutation, whereas IgVH mutation
status or presence of del11q mutation was inconsistently reported across the studies. All of these characteristics
are known to be adverse prognostic factors and potential treatment-effect-modifiers [6,7]. The impact of these
differences on relative treatment effects was studied by performing subgroup analyses. These showed comparable
or even larger benefit estimates for ibrutinib relative to comparators in the subgroups of patients with del11q
and unmutated IgVH. The issue of whether differences in reported dosing of chlorambucil-impacted outcomes
were explored by regression analyses for PFS and OS using 24-week cumulative chlorambucil dose as covariate.
Regression analysis was performed for all studies identified in the SLR that had a chlorambucil treatment arm.
The regression analysis (results not shown) indicated a very weak correlation between chlorambucil dose and PFS
across fludarabine-ineligible studies, and a strong correlation between chlorambucil dose and PFS outcomes in
the overall front-line population. This strong correlation was driven by a small number of studies conducted in
young/fit patients, with relatively high chlorambucil dose. These results suggested that in the overall front-line
population, the survival advantages of ibrutinib observed in the NMAs were conservative, given that they were
demonstrable despite the bias toward better treatment outcomes from regimens that involved a high cumulative
dose of chlorambucil. Also, the lack of correlation in the regression analysis of fludarabine-ineligible population,
offers reassurance that any differences in cumulative chlorambucil dose did not introduce significant bias with
regards to relative treatment effects in the survival NMAs conducted for that group.

Differences in the treatment schedules of the compared regimens complicate the interpretation of the analyzed
safety outcomes, which comprised the proportion of patients with TDs and with DAEs. Importantly, ibrutinib was
the only treat-to-progression treatment in contrast to all other interventions, which had fixed treatment durations.
Once administration of a fixed-duration regimen is complete, the ratio of discontinuations between treatment arms
does not change. However, with the ibrutinib treat-to-progression approach, patients were continually exposed to
treatment and therefore continued to be at risk for TDs and DAEs. Outcomes for TD and DAE in this analysis
were not adjusted for exposure time as no such data are available in any of the included studies publications,
meaning that the reported safety outcomes are conservative for ibrutinib. This difference in the treatment schedule
of ibrutinib compared with the other treatments is expected to have a substantial impact on the relative safety
outcomes, with likely underestimation of the safety benefits of ibrutinib treatment.

Our analysis follows several previous NMAs conducted to compare PFS and OS outcomes of treatment regimens
for the front-line treatment of CLL. However, we are not aware of any other that has been conducted since
the publication of the pivotal front-line study of ibrutinib, RESONATE-2 and none of the previously published
NMAs include ibrutinib in the studied networks. It is notable, though, that results for treatment regimens that
were common across all these NMAs are consistent with the current analysis.

This broad agreement in findings is exemplified by the results of an NMA by Rancea et al. that included 33 RCTs
of front-line treatment for patients with untreated CLL, evidence that was presented at the 19th Congress of the
European Hematology Association (2014) [58]. The network in this study included 21 regimens for front-line CLL
that were compared with chlorambucil in terms of their effect on PFS and OS [58]. Obi-Chl and FCR showed 99
and 95% probabilities of providing greater PFS benefit than chlorambucil, respectively (probability of each being
the most effective treatment for PFS in the network not presented); whereas results for OS ranked Obi-Chl first
(72%), followed by BR (16%), with FCR ranked fifth (1%) [58]. In the current analyses, ibrutinib had the highest
probability of being the most effective of all front-line treatments in the network in terms of improving both PFS
and OS (59.9 and 87.7%), followed by Obi-Chl (21.8 and 9.2%), bendamustine (9.8 and 0.2%), BR (0.8 and
2.4%) and FCR (7.8 and 0.1%). In summary, the Rancea NMA found that Obi-Chl had the highest probability
of being the best treatment in improving OS [58], a result in line with findings of the present analysis, which ranked
Obi-Chl second, after ibrutinib.
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A more recent NMA by Stadler et al. compared the relative efficacy of front-line treatments (excluding ibrutinib)
in patients with CLL who were unfit (because of comorbidities and/or ineligibility for full-dose fludarabine), in
terms of PFS and OS, across eight RCTs [59]. The NMA (fixed-effects) results for PFS indicated Obi-Chl was ranked
first (with a 56% probability of being the most effective), followed by reduced-dose FCR, BR, R-Chl, Ofa-Chl,
fludarabine monotherapy and chlorambucil monotherapy [59]. The OS results were generally consistent with the
PFS results, indicating an OS advantage with Obi-Chl over the other treatments [59]. The NMA presented in this
paper shows that when included in the network of evidence, ibrutinib is the most effective treatment (i.e., ranked
first, with the highest probability for OS and PFS). Obi-Chl was ranked the second most effective treatment, which
is in line with previously published NMAs (that did not include ibrutinib) that ranked Obi-Chl first.

The presented analyses have various strengths. They were performed using a Bayesian analytic framework, which
allowed the ranking of treatments in terms of various efficacy and safety end points. This approach provided a
systematic and structured means of establishing relative outcomes for treatment arms that had not been directly
compared in a head-to-head trial. Also, a wide range of front-line treatment regimens were included in the network,
specifically reflecting recommendations in current treatment guidelines, and this is the first published indirect
treatment comparison for front-line CLL treatment that includes ibrutinib.

There are also some limitations to our analyses, arising mainly from lack of data availability for some of the
end points of interest, and inconsistency of data reporting across the included RCTs. An example is PFS, the most
commonly reported outcome across the overall network. The definitions of this outcome were largely consistent
across studies, with reporting of both INV- and IRC-assessed PFS. However, this approach was not used in one
of the fludarabine-ineligible studies (MaBLe), and five of the fludarabine-eligible studies did not specify whether
PFS was assessed by INV or IRC. In reality, these limitations would appear to have little or no bearing on the
key findings of the NMA, given the broad consistency between the INV-assessed and IRC-assessed PFS results.
Another limitation was that the reporting of safety outcomes was relatively sparse across the fludarabine-eligible
RCTs. However, safety outcomes were more consistently reported across the fludarabine-ineligible RCTs, such that
only one study (MaBLe) did not report the proportion of patients with either TDs or DAEs. Therefore, confident
conclusions can be drawn about comparative treatment effects in a subgroup for whom therapeutic options are
already more limited than for patients with CLL in general. The studies also varied in the range of follow-up periods
(between 18 and 83 months). However, this is to be expected when the network includes both older studies, for
which multiple time points may be reported, and more recent studies, for which follow-up to data might be more
limited. This limitation can be overcome by updating the NMA results once data from the newer studies with
longer follow-up periods become available. Finally, while the cut-off date for the SLR in our study (October 2015)
could be seen as a limitation, in reality, an updated search conducted in April 2017 found no additional RCTs that
would change the network for either the overall or the fludarabine-ineligible CLL population.

Conclusion
Overall, the results of the NMA demonstrate a clear therapeutic advantage for ibrutinib in the front-line treatment
of CLL over other currently available treatment regimens in PFS, OS and safety outcomes. The observed treatment
benefit was consistent in key high-risk subgroups and across both the overall network (patients considered eligible
for full-dose fludarabine treatment) and the fludarabine-ineligible network (those considered ineligible due to
patient age and fitness).
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Summary points

• There are numerous front-line treatment options for chronic lymphocytic leukemia (CLL), but the limited number
of head-to-head clinical trials results in uncertainty regarding optimal treatment regimens for patient groups
with differing levels of fitness.

• A systematic literature review without temporal limits was performed using MEDLINE, Medline In-Process,
Embase, Embase In-Process, Cochrane Collection Central Register of Clinical Trials (CENTRAL) and Database of
Abstracts of Reviews of Effects.

• Relative treatment effects of progression-free survival, overall survival and safety outcomes were estimated via
network meta-analysis (NMA).

• Two networks, one based on an ‘overall’ patient population, leveraging data from 15 studies, and one based on a
‘fludarabine-ineligible’ patient population, leveraging data from five studies, were established and analyzed.
Subgroup analyses explored relative treatment effects in patients with known treatment-effect-modifying
characteristics.

• The ‘overall’ NMA network (overall front-line CLL population) included >5300 patients from 15 studies; of these,
five were conducted in ‘fludarabine-ineligible’ patients, making up the ‘fludarabine-ineligible’ network. The
base-case NMA for each network indicated that ibrutinib was superior to the other treatments in terms of
progression-free survival and overall survival, and had the highest probability of having the lowest risk of
discontinuations overall.

• Ibrutinib provides a clear benefit in survival and safety outcomes for front-line treatment of patients with CLL,
including high-risk subgroups and patients considered ineligible for full-dose fludarabine treatment.
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