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Aim: To perform a review of network meta-analyses (NMAs) for the first-line treatment of EGFR mutation-
positive non-small-cell lung cancer, and to provide an overview of methodological approaches and poten-
tial shortcomings. Materials & methods: We conducted a systematic review of NMAs and evaluated their
methodologies, including inclusion/exclusion criteria, information sources, results and outcomes, and sta-
tistical methodologies. Results: We identified ten published NMAs using five archetypical network struc-
tures. Despite similar objectives, there was substantial variability in the number of trials included in each
NMA and in the relative treatment efficacy of the tyrosine kinase inhibitors. Conclusion: We identified
methodological issues to explain differences in the findings, criteria for inclusion in NMAs and the degree
of lumping of treatments. These factors should be given particular consideration in future research.

Lay abstract: Medical researchers often use research methods (called network meta-analysis), using data
from clinical trials, to estimate the relative benefits of drug treatments that have not been compared
directly. These methods have often been used to compare treatment options for patients with EGFR
mutation-positive non-small-cell lung cancer. In this study, we identified and looked at ten published
comparisons to see how they were conducted and if the assumptions made by the researchers led to dif-
ferences in the results. We found that assumptions about the similarity of treatments were an important
factor that should be given particular consideration when conducting this type of research in the future.
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The discovery of EGFR mutations in non-small-cell lung cancer (NSCLC) launched a new era of personalized
medicine for patients with advanced NSCLC; EGFR tyrosine kinase inhibitors (TKIs) are now the standard first-
line treatment for patients with EGFR mutation-positive disease [1,2]. There are currently three generations of
EGEFR TKIs that have been approved for first-line treatment: the first-generation TKIs that are characterized by
reversible binding to EGFR (erlotinib, gefitinib and icotinib); the second-generation TKIs that are characterized by
irreversible binding to EGFR, as well as other members of the ErbB receptor family, HER2 and HER4 (afatinib and
dacomitinib); and the third-generation TKI, osimertinib, which is characterized by irreversible binding to EGFR
and activity against the T790M mutation.

Numerous randomized clinical trials (RCTs) have been conducted to establish the efficacy and safety of these
agents in patients with EGFR mutations. Chemotherapy was the standard of care before the discovery of EGFR
mutations. The original clinical trials, therefore, compared EGFR TKIs with first-line chemotherapy regimens —
namely, platinum-based doublet therapy, including cisplatin or carboplatin plus gemcitabine, taxanes or pemetrexed.
Subsequent studies have also been conducted comparing gefitinib with either afatinib (3] or erlotinib [4]. RCTs
conducted for subsequent agents — namely, osimertinib and dacomitinib — were compared with the reversible

EGEFR TKIs (erlotinib or gefitinib and gefitinib, respectively). Future Y
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Despite the increasing number of trials comparing TKIs, the lack of direct comparative trials between second-
and third-generation TKIs implies that what constitutes the ‘optimal choice of TKI” remains an area of discussion.
Even though NMAs are not commonly used in clinical decision-making, they are frequently used to guide funding
and systems-level healthcare decision-making.

NMAs provide a useful method for estimating the relative treatment effects of available EGFR TKIs and have
advantages over pairwise meta-analyses as they enable direct and indirect evidence via a common comparator.
Whereas pairwise meta-analysis seeks to combine evidence from trials comparing two treatments (A and B), NMAs
involve more than two treatments and can estimate the relative treatment effects of B and C indirectly, using data
from A versus B and A versus C.

Use of NMAEs is also a relatively new statistical approach, and rigor is required in many aspects of the analysis
to ensure valid and generalizable findings. To perform a valid NMA, the assumption of exchangeability of the true
treatment effect must be met [5]. Even though it is not possible to rule out the presence of potential confounders
without randomization, researchers need to ensure that the effect modifiers between studies (homogeneity) and
effect modifiers across comparisons (consistency) are balanced [6]. If any such imbalances exist, the validity of an
NMA cannot be assumed. Researchers should, therefore, strive to limit the impact of deviations from exchangeability
and the impact of chance imbalances in effect modifiers, and also hold down clinical heterogeneity between direct
and indirect evidence [5].

The continued development of different EGFR TKIs has resulted in a large number of published NMAs in this
setting. In fact, there are nearly as many NMAs published on this topic as there are RCTs on which the analyses
are based. Even though the sources and statistical methods are mostly similar, results and conclusions tend to
differ in the literature. A coherent, systematic overview of previous work and assessment of potential causes of any
discrepancies can provide useful information for decision-makers and can potentially inform future research in this
area.

In this study, we performed a literature review of published NMAs in first-line EGFR mutation-positive NSCLC
to characterize and structure published work in this area. Also, we reconstructed some of the identified networks
to explore how different approaches and trade-offs impact results.

Materials & methods

Search strategy

We performed a systematic review to identify NMAs comparing EGFR TKIs as first-line treatment for adults
with locally advanced or metastatic (stage I1Ib or IV) nonsquamous NSCLC having activating EGFR mutations.
We searched MEDLINE In-Process, MEDLINE, EMBASE and the Cochrane Library via Ovid. Only published
articles in peer-reviewed journals were included. Congress abstracts were excluded as they do not report sufficient
detail for adequate evaluation here. Searches were limited to English language publications on human subjects
published up to June 2019. Search syntax included terms for NSCLC, stage of the disease and treatments of interest
(including the term EGFR TKI). The search was limited to NMAs, mixed treatment comparisons and indirect
treatment comparisons.

Data extraction

Full publications for all citations of interest were obtained, and data on the stated objectives and methods of the
retrieved publications, including study eligibility criteria, sources (i.c., databases searched), bias risk assessment,
effect measures and statistical methods, were extracted. In addition, information on the underlying methods/models
used, statistical treatment of first- versus second-line therapy, statistical analysis of chemotherapy regimens and
heterogeneity and sensitivity analyses, were also collected.

Analysis

NMA evaluation based on International Society for Pharmacoeconomics and Outcomes Research

We used the 26-item questionnaire developed by the International Society for Pharmacoeconomics and Outcomes
Research (ISPOR) Academy of Managed Care Pharmacy and the National Pharmaceutical Council taskforce (6] to
provide a structure for our review. The questionnaire is used to score an NMA over the two domains of relevance
and credibility. The relevance domain (four questions) scores the extent to which results of a NMA, if trustworthy,
apply to the setting of interest. The domain includes questions related to the population, comparators, end points,
time frame and other policy-relevant differences. The credibility domain (22 questions) scores the extent to which
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the NMA provides valid answers to the questions. Questions guiding the assessment of credibility are grouped into
five subdomains: evidence base used for the indirect comparison or NMA, analysis of a NMA reporting quality
and transparency, interpretation and conflict of interest.

Objectives, search strategies, eligibility criteria & bias assessment

We compared the stated objectives across the identified NMAs and analyzed the information sources, the number
of trials included and the eligibility criteria used. We investigated whether the quality or bias risk of the included
studies was assessed and, if so, the tools and methods used (e.g., JADAD score [7], Cochrane risk (8] and National
Institute for Health and Care Excellence [9]).

Completeness of trial inclusion & network construction

We report the completeness of each NMA trial inclusion by compiling a list of trials identified across all reviews
and making comparisons across each NMA, with consideration of the interventions included and the numbers of
trials evaluated. We also compared how networks were constructed.

Chosen outcomes & efficacy/safety estimates

We compared which outcomes had been chosen to measure efficacy and compared reported estimates of efficacy and
associated statistical significance across NMAs. We also evaluated whether safety was compared, and the methods
by which this was done.

Statistical analyses

First, we compared the method/model used for obtaining pooled estimates of efficacy (e.g., frequentist regression
or Bayesian NMA). Second, we compared how the NMAs dealt with the analyses of first- versus second-line
patients. Finally, we compared the types of analyses conducted to explore potential sources of heterogeneity, as well
as sensitivity analyses and outlier detection.

Network reconstruction

To provide a consistent benchmark of how different analytical strategies affect results, we reconstructed networks
identified in the literature using a frequentist weighted least-squares approach, as described by Riicker [10]. For
heterogeneity tests, Chi-square tests and I? inconsistency statistics were used [11,12]. I? values of 0-24.9, 25-49.9,
50-74 and 75-100% were considered as none, low, moderate and high heterogeneity, respectively [11,12]. To
investigate heterogeneity and inconsistency, we used the Cochran’s Q statistic for multivariate meta-analysis. The
Q value is composed of the sum of within-design and between-design Q statistics that incorporate the concept
of design inconsistency; see details described by Higgins and Thompson [11]. A p-value of 0.10 was considered to
indicate significant heterogeneity. To perform the analyses on which treatment is ‘best’, we used p-values to rank
interventions; higher p-values indicated a greater probability of an intervention being the best treatment.
We used R software, version 1386 3.3.2. and the netmeta package to perform the network meta-analysis [13,14].

Results

Our search identified 127 articles with 49 duplicates. We reviewed 78 abstracts/titles, excluded 66 in the initial
eligibility assessment and included 12 publications for the full-text eligibility review. Two publications were excluded
in this process, leaving ten publications for the full review (Figure 1) [15-24].

Objectives, search strategies, eligibility criteria & bias assessment

Two over-reaching objectives were observed (Table 1). Eight reviews aimed to assess the comparative efficacy
and safety of different EGFR TKIs for the treatment of EGFR mutation-positive NSCLC. Two papers aimed to
assess whether the efficacy of EGFR TKIs differs between exon 19 deletion (Del19) and exon 21 L858R (L858R)
mutations.

All publications used standard search terms and the key databases (MEDLINE, EMBASE and the Cochrane
Library of registered trials [Table 1]); some, but not all, included searches of conference proceedings but few
additional studies were identified by this method. The reviews investigating the relative efficacy and safety of
different EGFR TKIs limited the included studies to RCTs, whereas the two publications investigating the difference
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NMA for treatment of EGFR mutation-positive NSCLC ~ Meta-Analysis

Total hits: n = 127
32: MEDLINE (Pubmed)
95: EMBASE & Ovid MEDLINE
(Ovid)

Duplicates removed:
n=49

Titles/abstracts reviewed:
n=78

First stage review
Abstracts excluded: 66

Full texts reviewed:
n=12

Second stage review
Publications excluded: n = 2

Final publications included:
n=10

Figure 1. Flow diagram literature search. Publications were excluded because they were not conducted in the
correct patient population, they were not network meta-analyses or they were conference abstracts.

between Del19 and L858R mutations also included retrospective analyses. Eight publications included only studies
conducted in the first-line setting, and three evaluated both first- and second-line trials.

Nine publications reported that the quality of the included trials was assessed, most commonly using the JADAD
score [7]. In general, all publications evaluating study quality reported that the included trials were of sufficient
quality to warrant inclusion in the network.

Completeness of trial inclusion & network construction

The number of trials included in networks differed between the publications (Table 2). We identified three main
factors, in addition to timing of publication, that led to different subsets of trials being used: different treatment
settings being assessed (first- vs second-line setting) [22,23]; which interventions were considered to be relevant
(chemotherapy is, for instance, not commonly prescribed in the first line anymore) [17]; and retrospective studies
in addition to RCTs (which increase the number of trials included in the respective NMA) [24,25].

Among the ten NMAs, we identified five archetypical network structures that mainly differentiated between
chemotherapies that were lumped in the respective networks (Figure 2).

Lumping is a process whereby similar treatments are put into the same group [26]; for instance, putting different
chemotherapy regimens into a collective ‘chemotherapy’ arm. The decision to lump interventions should be based
on clinical relevance and should be performed only if all drugs within a group have identical clinical efficacy and
are considered to be clinically interchangeable.

future science group www.futuremedicine.com 1183
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NMA for treatment of EGFR mutation-positive NSCLC ~ Meta-Analysis

Network archetype 1

Network archetype 2 Network archetype 3

Network archetype 4 Network archetype 5

Figure 2. Most commonly occurring network architectures.

Afa: Afatinib; Car: Carboplatin; Che: Chemotherapy; Cis: Cisplatin; Dac: Dacomitinib; Doc: Docetaxel; Erl: Erlotinib;
Gef: Gefitinib; Gem: Gemcitabine; Ico: Icotinib; Osi: Osimertinib; Pac: Paclitaxel; PBC: Platinum-based chemotherapy;
Pem: Pemetrexed; PFC: Platinum-free chemotherapy; SoC: Standard-of-care.
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In eight of the ten studies, different chemotherapies were lumped together, whereas the respective chemotherapies
were handled as different interventions in two studies. We found that there were five main strategies for handling
lumping in the studies or ‘archetypes’.

In Archetype 1, no treatments were lumped together [17,21]. In Archetype 2, chemotherapies were lumped together
based on whether or not pemetrexed was included in the chemotherapy combination, in other words, one treatment
arm with pemetrexed-based chemotherapy and one treatment arm with nonpemetrexed-based chemotherapy [19].
In Archetype 3, chemotherapies were lumped together based on which treatment line the respective trial was
investigated in, in other words, one treatment arm for first-line chemotherapy and one treatment arm for second-
line chemotherapy [22]. In Archetype 4, first-line chemotherapies were lumped together, giving one treatment arm
for all chemotherapies [15,16,18,24]. In Archetype 5, both chemotherapies and first-generation TKIs (erlotinib and
gefitinib) were lumped together [20].

Comparison of statistical analyses used
Seven NMAs were based on Bayesian methods using reported statistics, one used a Bayesian approach using
reconstructed survival data and two used frequentist methods (Table 3). Six publications explored potential sources
of heterogeneity using different methods; however, not all publications that reported a heterogeneity assessment
published or discussed the results. Of the publications that reported results, all found significant heterogeneity
and inconsistency. One title used a star-shaped network, whereby heterogeneity cannot be observed unless there
is more than one study for at least one comparison, and the impact of inconsistency cannot be directly observed.
One researcher reported that it was not possible to assess heterogeneity. Inconsistency was not uniformly assessed
or reported; three publications did not disclose inconsistency statistics, and six reported significantly high to
medium-high degrees of inconsistency in their networks.

Five publications reported results of sensitivity analyses. Sensitivity analyses included ethnicity, the inclusion of
regional trials, exclusion of outliers, exclusion of chemotherapy studies with median progression-free survival (PES)
>6 months, consideration of treatment line, central versus independent review of PFS and mutation type.

Comparison of chosen outcomes efficacy estimates & findings

The hazard ratio (HR) for PFS was used in nearly all publications, although both median PES and the percentage
of ‘patients progression-free at 1 year’ were also used to evaluate this outcome and were handled similarly in analyses
conducted (Table 1). Both independently reviewed or investigator-assessed PFS were included in the networks.
Assessment of objective response rate/disease control rate and overall survival (OS) were also frequently assessed.
Analysis of OS was frequently assessed; however, mature OS data were not always present — some trials used 2-year
survival estimates to attempt to account for this, others compared both mature and immature OS data in the same
networks.

All publications consistently showed that treatment with an EGFR TKI resulted in better PFS than treatment
with chemotherapy, although there were differences in the relative efficacy across the different NMAs; HRs or
odds ratios versus chemotherapy for PFS were reported to range from 0.09 to 0.61 for afatinib, 0.25 to 0.5 for
dacomitinib, 0.08 to 0.63 for erlotinib, 0.24 for erlotinib + bevacizumab, 0.13 to 0.63 for gefitinib and 0.18 for
osimertinib (Figure 3). Similarly, relative efficacy between the TKIs, compared with afatinib — the only treatment
that was not lumped and was also present in all networks — varied substantially; HRs/odds ratios ranged from
1.2 to 1.45 for dacomitinib, 0.6 to 1.3 for erlotinib, 4.08 for erlotinib + bevacizumab, 0.6 to 1.35 for gefitinib,
0.86 for icotinib and 1.35 to 2.07 for osimertinib (Figure 4). Furthermore, the probability rankings were in the
range of 0—88% for afatinib, 1-78% for dacomitinib, 0-75% for erlotinib, 0-35% for gefitinib and 91-99% for
osimertinib (Table 4).

Only four publications included tolerability in the NMA assessments. The majority stated that inconsistent
reporting of these outcomes between clinical trials would make such comparisons unreliable.

Network reconstruction

In network Archetype 1 (no lumping), tau® = 0.0184; tau = 0.1358; I = 46.1% (0.0; 71.1%), indicating low
heterogeneity. Total Q was significant at 24.138473, p = 0.03; heterogeneity (within designs) was not significant at
8.14, p = 0.32, whereas significant inconsistency (between designs) was detected at Q = 16, p = 0.014. The p-value
was 0.99 for afatinib, 0.79 for erlotinib and 0.74 for gefitinib.
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TKI Comparator HR (95% Cl) Study

Afatinib PFC ' ° i 0.09 (0.02-0.47) Liang et al. (2014)
Chemotherapy —— 0.12(0.05-0.27)  Zhang et al. (2016)
PBC b TS | 0.14 (0.03-0.68) Liang et al. (2014)
Chemotherapy —e—i 0.28 (0.17-0.45) De Mello et al. (2018)
Chemotherapy o 0.48 (0.43-0.54)  Batson et al. (2017)
Chemotherapy o 0.61(0.51-0.73)  Lin et al. (2018)

Erlotinib PFC

' 0.08 (0.02-0.34) Liang et al. (2014)

PBC ' * 1 0.11 (0.02-0.78) Liang et al. (2014)
Chemotherapy e 0.16 (0.08-0.32)  Zhang et al. (2016)
Chemotherapy e 0.40 (0.20-0.83)  De Mello et al. (2018)
Chemotherapy o 0.46 (0.40-0.53)  Batson et al. (2017)
Chemotherapy o 063 (0.55-0.72)  Lin et al. (2018)
Gefitinib PFC ——— 0.13 (0.04-0.37) Liang et al. (2014)
Chemotherapy —— 0.16 (0.08-0.30)  Zhang et al. (2016)
PBC : ° . 0.19 (0.04-0.95)  Liang et al. (2014)
Chemotherapy e 0.59 (0.48-0.60) Batson et al. (2017)
Chemotherapy —e—] 0.62 (0.38-1.00) De Mello et al. (2018)
Chemotherapy ‘o 0.63 (0.55-0.72) Lin et al. (2018)
r T T 1
0.01 0.10 1.00 10.00 100.00

Hazard ratio (95% CI)

Figure 3. Hazard ratios for progression-free survival of tyrosine kinase inhibitors versus chemotherapy.
HR: Hazard ratio; PBC: Platinum-based chemotherapy; PFC: Platinum-free chemotherapy; TKI: Tyrosine kinase inhibitor.

Table 4. Ranking of estimated magnitude of progression-free survival effect in each of the published network

meta-analyses comparing tyrosine kinase inhibitors.

2 g
c -
E = 5 g z g
Study (year) < w (G) S o a
Liang et al. (2014) All treatment lines 27% 38% 6% 29%
First-line 29% 61% 10% NA
Popat et al. (2014) ITT 70% 27% 30%
Common mutations 88% 10% 1%
Zhang et al. (2016) All EGFR 59% 27% 14%
Batson et al. (2017) (SUCRA) 50% 75% 25%
Lin et al. (2018) 46% 35% 35% 91% 78%
Holleman et al. (2019) 0% 0% 0% 99% 1%
Franek et al. (2019) 2% 1% 0% 95% 5%

ITT: Intention to treat; NA: Not applicable.

In network Archetype 2 (chemotherapy regimens were lumped based on pemetrexed), tau? = 0.0921; tau = 0.3035;
> = 70.6% (25.2; 88.4%), indicating moderate heterogeneity. Total Q was 13.6, p = 0.008; within-design
heterogeneity was significant (13.6, p = 0.009), whereas inconsistency (between-design heterogeneity) was close to
zero, p = not available. The p-value was 1.00 for erlotinib, 0.8 for afatinib and 0.54 for gefitinib.
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HR (95% Cl) Study
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—— 0.73 (0.42-1.24) Popat et al. (2014; CM)
e 0.86 (0.50-1.50) Popat et al. (2014; ITT)
ro—| 0.96 (0.86-1.17) Lin et al. (2018)
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| p | 1.07 (0.28-4.03) Zhang et al. (2016a)
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|—§—o—| 1.30 (0.48-3.90) Zhang et al. (2016b)
Erlotinib + Bevacizumab : —o— 1.97 (1.37-2.82) Batson et al. (2017)
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Figure 4. Hazard ratios for progression-free survival of afatinib versus other tyrosine kinase inhibitors.
CM: Common mutations; HR: Hazard ratio; ITT: Intention to treat.
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In network Archetype 3 (chemotherapy lumped according to treatment line), tau? = 0.1220; tau = 0.3493;
> =77% (57.6; 87.5%), indicating high heterogeneity. Heterogeneity/inconsistency total Q was 39.08, p < 0.0001;
within-design heterogeneity was significantly present, Q = 26.55, p = 0.0002, whereas inconsistency (between-
design heterogeneity) was significant, Q = 12.53, p = 0.0058. The p-value was 0.89 for erlotinib, 0.81 for afatinib
and 0.52 for gefitinib.

In network Archetype 4 (first-line chemotherapies were lumped together), tau? = 0.0972; tau = 0.3118; I* = 74.6%
(50.8; 86.9%), indicating moderate heterogeneity. Total Q was significant at Q = 31.47, p = 0.0001; within-design
heterogeneity was significant, Q = 26.55, p = 0.0002, whereas between-design heterogeneity (inconsistency) was
not significant, Q = 4.92, p = 0.0855. The p-value was 0.90 for erlotinib, 0.73 for afatinib and 0.36 for gefitinib.

In network Archetype 5 (both first-generation TKI and chemotherapies are lumped), tau? = 0.1442; tau = 0.3798;
I> = 81.6% (63.2; 90.9%), indicating high heterogeneity. Total Q was 32.70, p < 0.0001; within-design hetero-
geneity was significant, Q = 25.02, p = 0.0001, and between-design heterogeneity was also significant, Q = 7.68,
p = 0.0056. The p-value was 0.87 for afatinib and 0.61 for first-generation TKI (afatinib and erlotinib combined).

NMA evaluation based on ISPOR
A full summary of the ISPOR evaluation is provided in the Supplementary Material.

It should be noted that three additional NMAs have been published since our original searches were conducted [27-
29]. However, we do not believe that the inclusion of these additional publications would substantially alter our
findings or our recommendations for the conduct of future trials in this area.

Discussion

Our structured review revealed that authors apply different strategies when performing NMAs in first-line EGFR
mutation-positive NSCLC. These differences are important to consider given their influence on results and the
potential to impact healthcare decision-making. Although the broad evidence base of RCTs in this therapy area
makes evaluation of the relative effectiveness of EGFR TKIs using NMAs possible, our review has demonstrated that
the clinical and statistical complexity of such analyses makes it challenging to achieve methodological consistency.
The post hoc analysis of heterogeneity and inconsistency in the reconstructed archetype networks revealed that
substantial significant heterogeneity and inconsistency were present in most networks and were dependent on
network construction. Our review highlights two key methodological issues that we believe explain the differences
in the findings of these analyses and should be given consideration in future research, as well as several additional
considerations.

First, the inclusion of trials proved to be the most influential factor explaining fluctuations in the observed
magnitude of treatment effects and rankings. In our review, we found that this was inconsistently applied among
the publications. Even though valid causes can explain this difference — for instance, the increasing number of trials
performed over time and the removal of trials not contributing to the network — these reasons alone do not fully
explain the observed variance. Examples of noticeable differences between the studies include: the combination of
first- and later-line patient populations given the accepted differences in outcome in these populations; the inclusion
of retrospective studies; and the inclusion of trials with molecularly selected patients. Some studies restricted trials
performed on an EGFR mutation-positive population, others to type of EGFR mutations, whereas one trial allowed
a broader patient population to overcome challenges associated with lumping (see later). If molecular biomarkers
are heterogeneously dispersed across the trials, an imbalance in effect modifiers across the network may be present.
Failing to appropriately adjust for biomarker status across the trials may bias the network. Although some NMAs
did use sensitivity analyses to evaluate the impact of trial inclusion, we believe that this is an area that could be
explored further. In situations where the inclusion of one or more trials is not a clear-cut decision, we encourage
the use of sensitivity analyses (with clearly stated rationale) by the exclusion of such trials to evaluate the impact of
methodological decisions on NMA outcome.

Second, several researchers lumped treatment arms together to increase the statistical power of the network
or to overcome network disconnection. Four out of the five identified network archetypes applied different
levels of lumping, ranging from: no lumping; lumping all chemotherapies together; lumping pemetrexed- and
nonpemetrexed-based regimens together; lumping first- and second-line chemotherapies together; and lumping
chemotherapies and first-generation TKIs (gefitinib and erlotinib) together. We identified this to be a significant
source of discordance in the findings. It should be noted that only networks that did not apply any lumping reported
low heterogeneity; as such, lumping could explain up to 50% of unexplainable network variance. Although lumping
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treatments can provide a sound strategy when facing sparsity, as this may reduce the number of connections in a
network, it requires strict assumptions of homogeneity that may be difficult to control using statistical methods [s].
Furthermore, specialized statistical methods that account for treatment class effects should be used; none of the
authors identified in this review reported having used such models. It should also be noted that studies should
generally not be combined, as is the case when lumping treatments, when the therapeutic agents: have a different
mechanism of action; include different patient subtypes; or if the studies are conducted in a different setting [30].
The lumping of chemotherapies may be particularly problematic, especially where there are known differences in
efficacy between agents [31], as this has the potential for networks that lump chemotherapies being at a high risk
of bias. As such, the degree of lumping of therapies should be a key consideration when interpreting the results of
analyses and should be avoided where possible.

Although a primary assumption for the conduct of NMA:s is that clinical studies are sufficiently homogeneous,
clinically and methodologically, to be quantitatively combined, the statistical challenges of addressing heterogene-
ity and inconsistency in these analyses make it especially important to consider these factors when constructing
networks. A detailed discussion of differences in the design of studies in this area has been conducted previously [32]
and is beyond the scope of our review. However, key factors that should be considered and are worth highlighting
include use of investigator versus independent assessment of PFS, mutation type and important clinical character-
istics that are known to impact on the outcome. Our review highlights that these factors are occasionally, but by
no means universally, considered. We consider the use of independent-assessed PFS in NMAs to be an appropriate
bias-minimizing approach, especially when including open-label studies in networks. This recommendation is
based on evidence that open-label studies are at a higher risk of suffering from evaluation bias caused by investigator
assessment than double-blinded trials (33,34]. Based on our review of the NMAs, only two authors reported that
independent- and investigator-reported PFS were analyzed separately and assessed using sensitivity analyses [17,21].
Mutation type is also an essential consideration as the inclusion of patients with common EGFR mutations only
(Del19/1858R) results in a more homogeneous patient population than studies that included patients with both
common and uncommon mutations, as outcomes are known to be impacted by mutation type. Only one NMA
considered the influence of uncommon mutations on outcome [21]. Finally, the presence of brain metastases is an
important clinical factor that is known to impact treatment outcome [35] and, as such, consideration should be
given to whether trials included in NMAs enrolled these patients. We identified only one paper that discussed
heterogeneity in terms of patients selected for brain metastasis or metastasis in the CNS [17].

Several approaches have been suggested for evaluating incoherence in NMAs (36,37 and have been described
elsewhere [38]. It should, however, be noted that tests for incoherence have low power and, therefore, may fail to
detect incoherence as statistically significant even when it is present [39,40]. Conclusions should be drawn not just
from consideration of statistical significance but by interpreting the range of values included in confidence intervals
of the incoherence factors [38].

Although our research was focused on the treatment of EGFR mutation-positive NSCLC, personalized medicine
is rapidly becoming a reality for many patients as cancer treatment advances and more targeted treatments become
available. As such, comparative effectiveness research needs to carefully consider the implications of these factors in
the design of comparative analyses in order to maintain the validity of findings. Areas of future research include the
development of robust methods to summarize and synthesize evidence across treatment settings to help determine
the optimal sequence of treatments rather than an isolated intervention. Although the discovery of the EGFR
mutation has advanced the expected outcomes for patients, the treatment of NSCLC remains a complex area,
with many factors potentially influencing the relative effectiveness of treatments, including the presence of brain
metastases and tolerability profile; we did not individually evaluate these factors in this review, but they should
be considered when interpreting findings. As more treatment options become available for patients with EGFR
mutation-positive NSCLC, the ability to evaluate evidence from different trials becomes increasingly important.
Combination approaches are increasingly being used in this population. As such, future analyses will also need to
include methods for combining and controlling for the inclusion of monotherapy and combination trials.

Conclusion

In conclusion, we identified several issues with the published NMAs and advise caution when using NMAs to
inform decision-making for patients with EGFR mutation-positive NSCLC. Although future analyses may reveal
additional considerations for the conduct of these types of cross-trial comparisons, our review highlights several
important considerations for future comparative effectiveness research.
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Summary points

e Network meta-analysis (NMA) has become a commonly used methodology in oncology for comparing the
benefits of agents that have not been directly compared.

e We identified ten published NMAs, for first-line treatment of EGFR mutation-positive non-small-cell lung cancer,
using five archetypical network structures, that showed substantial variability in the number of trials included in
each NMA and in the relative treatment efficacy of the tyrosine kinase inhibitors.

e Our review highlights several important considerations for future comparative effectiveness research.

e Inclusion of trials proved to be the most influential factor explaining fluctuations in the observed magnitude of
treatment effects and rankings and should be carefully considered and clinically justified.

e Lumped treatment arms together to increase the statistical power of the network or to overcome network
disconnection requires strict assumptions of homogeneity that may be difficult to control using statistical
methods, and as such, needs careful consideration.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at:
www.futuremedicine.com/doi/suppl/10.2217 /cer-2020-0189
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