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A recent modelling study by Hui et al. considered a cost-
effectiveness analysis of 11 different treatment options
for patients with advanced non-small cell lung cancer
(NSCLC) [1]. The task set out by the authors is no small
feat, given the need to synthesise evidence from many
sources in order to produce relevant comparisons. Never-
theless, such types of study warrant carefully considered
analyses of the evidence available to inform suitable esti-
mates of relative effects, in order to appropriately inform
cost-effectiveness results. On review we have several con-
cerns with the methodological approach taken to produce
the cost-effectiveness results, described below.

First, the authors consider findings from a published
network meta-analysis (NMA) of first-line immuno-
therapy combinations for advanced NSCLC by Liu et
al, (2021) [2]. In neither the NMA study, nor this cost-
effectiveness study, is any evidence of testing for pro-
portional hazards (PH) provided. Assessment of the PH
assumption is critical to determining if the use of hazard
ratios (HRs) within an NMA framework is appropriate
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to derive suitable relative efficacy estimates, particularly
if these HRs are intended to be used to inform lifetime
extrapolations of survival outcomes. This would normally
take place at the feasibility stage of the NMA but is not
described by Liu and colleagues. This modelling study
ultimately applies the PH assumption throughout the
network — a large assumption given the survival profile
of immunotherapies, and the inclusion of different types
of NSCLC within the network (e.g., squamous and non-
squamous sub-types).

The authors selected the atezolizumab+chemother-
apy arm of the IMpowerl30 trial (NCT02367781) as
the baseline treatment, from which estimates of treat-
ment effect were applied from the NMA. This study was
selected “due to its large sample, long follow-up time,
and stable result” [1]. While in principle this rationale
is sound, other features of IMpower130 lead us to ques-
tion the authors’ decision to base their analyses on a PH
assumption. The Kaplan-Meier (KM) estimates of overall
survival (OS) for the treatment groups being compared
in IMpower130 cross multiple times over the first~2
months of follow-up, and this is not just the case for
IMpower130 [3]. For example, in the CheckMate-227
trial (NCT02477826), there is a clear crossing of the KM
estimates of OS for the treatment groups being compared
at around 6 months [4], and a similar finding is observed
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in the MYSTIC trial (NCT02453282), where KM esti-
mates for both OS and progression-free survival (PES)
cross at around 6 months [5].

Crossing KM estimates may indicate that the ratio of
event hazards between the treatments being compared
are not proportional, rendering the HR a questionable
means of assessing the difference in survival between
treatment groups. However, the extent to which the KM
estimates cross may not be sufficient grounds to reject
the PH assumption, and so further inspection of the data
informing the NMA is necessary. There are a number of
tools available to aid with assessing the suitability of the
PH assumption beyond inspection of the KM estimates,
such as log-cumulative hazard plots and Schoenfeld
residuals [6]. The issue of violating the PH assumption is
exacerbated in the context of this modelling study, since
it is assumed to hold for the comparison of 11 different
treatment regimens. If even one of the studies that forms
a connection within the network provides an unsuitable
estimate of the relative effect between treatment regi-
mens, the plausibility of the full NMA is questionable.
The structure of the network used to inform this analy-
sis relies heavily on the PH assumption holding between
treatment groups that received immunotherapy (either
alone, or in combination with chemotherapy) versus che-
motherapy alone. Several previous studies have described
the issue of PH not holding when comparing treatment
regimens with different mechanistic properties, and it
is generally accepted that immunotherapies can have
delayed but durable treatment effects, resulting in hazard
functions and survival curves that have different shapes
to those associated with chemotherapies [7-12].

Secondly, setting aside concerns regarding the PH
assumption underpinning the NMA, the authors use the
outputs from the NMA to inform the estimates of OS and
PES for the other ten regimens considered within their
analysis. The authors explain that “Based on the [PH]
assumption, the log-logistic distribution was also used to
fit and extrapolate the PFS and OS curves for the other
ten treatment regimens.” Here, it is important to highlight
that the selection of the log-logistic model is directly at
odds with the assumption of PH. The log-logistic model
is an accelerated failure time (AFT) model, and so treat-
ment effects are assumed to impact the time ratio, not
the hazard ratio. It is not possible to apply HRs to a log-
logistic model (i.e., an AFT model), as described in the
authors’ Eq. 5, and have the resultant model still reflect a
log-logistic form, as implied by the authors: “On the basis
of the derivation above, the common shape of the OS curve
and the common shape of the PFS curve for the 11 treat-
ment regimens were 1.3 and 1.7 respectively” [1].

Finally, outside the context of the estimation of relative
effects, the authors make further assumptions regarding
the estimation of costs and quality-adjusted life years. For
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example, all immunotherapies were assumed to be given
to all patients with progression-free disease up until 2
years. Some patients with progression-free disease may
stop treatment due to unacceptable toxicity, though this
is not discussed, and some may continue beyond 2 years
(either in the clinical trial or in ‘real-world’ practice). Fur-
thermore, a utility value of 0.321 was assumed to apply
for the progressed disease health state. This value is not
representative of the estimates used to inform other,
recent cost-effectiveness analyses in NSCLC (see, for
example, Beca et al., [2021] [13] and Jiang & Wang [2022]
[14]), or indeed many other cost-effectiveness stud-
ies of cancer populations (e.g., Morimoto et al. [2022]
[15] in unresectable metastatic pancreatic cancer which
included a post-progression utility value of 0.75) though
no explanation is given for this.

Overall, while all modelling studies are subject to limi-
tations, this study appears to have methodological flaws
which mean that the conclusions are prone to substan-
tial error, expected bias, and are unlikely to be reliable.
We also do not believe the authors have adequately dis-
cussed some critical issues as a part of their analysis.
With regards to the NMA approach, other techniques
are available to consider indirect comparisons in the
presence of non-PH — for example, a non-PH NMA by
Herbst et al. of cancer immunotherapies versus chemo-
therapy for first-line treatment of patients with NSCLC
and high programmed death-ligand 1 expression made
use of non-PH fractional polynomial models within a
Bayesian framework [16]. For the other aspects of the
analysis that we highlight (related to costs and utilities),
it may have been helpful to further explore the available
discontinuation data from each study to determine if a
2-year stopping rule is appropriate for all cases, and alter-
native utility values from the literature may have been
worthy of consideration — for example, Blom et al. under-
took a systematic review and meta-analysis of utility val-
ues for lung cancer [17].

Regardless of the ultimate approach taken, the presence
of other methodologies warrant discussion with respect
to the strengths and limitations of the analyses under-
taken. While it is encouraging to see research aiming to
produce cost-effectiveness evidence for decision mak-
ing, it is concerning that the authors reach strong con-
clusions regarding which regimens appear to be the most
cost effective, and that the analysis serves as ‘evidence for
Ppharmaceutical enterprises to properly and deeply con-
sider the pricing strategy based on effectiveness and safety
in the real-world condition” [1]. Making such claims of
the basis of an analysis which lacks robustness should be
caveated accordingly.
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