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Abstract

Objective The aim of this study was to investigate the cost effectiveness of nivolumab versus docetaxel in previously treated,
advanced non—small-cell lung cancer (NSCLC) in England and assess how conditional reimbursement within the Cancer
Drugs Fund (CDF) can be used to ensure timely patient access to effective treatments.

Methods Cost-effectiveness models developed for the National Institute for Health and Care Excellence (NICE) TA483
(squamous) and TA484 (non-squamous) technology appraisals were supplemented with updated overall survival (OS),
progression-free survival (PFS), and time-to-treatment discontinuation data collected as part of the CDF data collection
agreement. Both models were developed by using a partitioned-survival approach based on PFS and OS predictions from
CheckMate 017 and CheckMate 057 to estimate the projected proportion of patients in each health state (progression free,
progression, death) throughout the model’s time horizon. The primary outcomes were estimated costs, quality-adjusted life-
years (QALYs), and the resulting incremental cost-effectiveness ratio (ICER) expressed as cost/QALY gained.

Results Base-case ICERs for treating patients with nivolumab versus docetaxel were £35,657/QALY and £38,703/QALY for
squamous and non-squamous NSCLC patients, respectively, which are substantially lower than those obtained from what were
deemed to be the most appropriate analyses for decision making in the original submissions when run with the same patient
access scheme discount: £68,576/QALY and £73,189/QALY gained for squamous and non-squamous NSCLC, respectively.
Conclusions Nivolumab versus docetaxel is cost effective for treating locally advanced/metastatic NSCLC after prior chemo-
therapy in adults, regardless of tumour histology or programmed death-ligand 1 expression status.

1 Introduction

Lung cancer is the third most common cancer in the United
Kingdom (UK), and non—small-cell lung cancer (NSCLC)
accounts for approximately 87% of lung cancers [1].
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Chemotherapy has long been the mainstay treatment for
NSCLC, with docetaxel being standard-of-care treatment for
locally advanced or metastatic NSCLC after prior chemo-
therapy in adults in the UK until immune checkpoint inhibi-
tors, such as pembrolizumab, atezolizumab and nivolumab,
were introduced to market. As NSCLC patients are often
diagnosed at a late stage of disease, conventional therapies
such as surgery, chemotherapy or radiation may not be fea-
sible or may offer limited benefit. Recent developments in
targeted immuno-oncology treatments have significantly
improved prognosis in terms of overall survival for patients
with NSCLC [2, 3]. Nivolumab received European market-
ing authorisation in 2015 for patients with squamous NSCLC
and in 2016 for patients with non-squamous NSCLC as a
monotherapy for the treatment of locally advanced or meta-
static NSCLC after prior chemotherapy in adults, regardless
of programmed death-ligand 1 (PD-L1) expression status
[4]. This approval was based on the randomised Check-
Mate 017 and CheckMate 057 phase III clinical studies in
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squamous and non-squamous NSCLC, respectively [5, 6].
In these studies, it was shown that nivolumab, at a dose of
3 mg/kg of body weight every 2 weeks, resulted in supe-
rior overall survival compared with docetaxel, at a dose of
75 mg/m? of body surface area every 3 weeks (minimum
follow-up of 11 months for CheckMate 017 and 17 months
for CheckMate 057).

To determine whether nivolumab would be recommended
as standard of care for the treatment of locally advanced
or metastatic NSCLC after prior chemotherapy in adults
in England, Bristol-Myers Squibb (the manufacturer of
nivolumab) was invited in 2015 to submit evidence on the
clinical and cost effectiveness for National Institute for
Health and Care Excellence (NICE) technology apprais-
als (TAs). Following NICE TAs 483 (squamous) and 484
(non-squamous), nivolumab, with an incremental cost-
effectiveness ratio (ICER) < £50,000 [7], was deemed a
plausibly cost-effective option for treating locally advanced
or metastatic NSCLC in adults after chemotherapy, only if
nivolumab is stopped after 2 years of uninterrupted treat-
ment (or earlier in the event of disease progression) and
conditions in a managed access agreement were followed
[8, 9]. In the recommendation for non-squamous NSCLC,
nivolumab was limited to patients whose tumours express
PD-L1. However, the NICE committee felt that the cost
effectiveness was uncertain given limited trial follow-up data
available at the time of submission. Therefore, nivolumab
was recommended for use within the then newly relaunched
Cancer Drugs Fund (CDF) to allow for further evidence to
be collected on overall survival and duration of therapy.

The CDF is a source of funding for cancer drugs in Eng-
land, and it aims to provide access to promising new treat-
ments through managed access agreements while additional
evidence is collected to address existing uncertainty [10].
The data collection agreements for these appraisals stated
that further data regarding long-term overall survival (OS),
progression-free survival (PFS), duration of therapy and the
clinical effectiveness of nivolumab across PD-L1 expres-
sion levels should be collected to reduce these key areas
of uncertainty [11, 12]. Data with a minimal follow-up of
60 months from the CheckMate 017 and CheckMate 057
clinical trials as well as long-term data from CheckMate
003 are now available, and reappraisals were published for
both indications in early 2020 [13, 14]. The 5-year data from
both CheckMate 017 and CheckMate 057 show that long-
term treatment effects of nivolumab observed in the earlier
data cuts have been maintained. In both trials, 5-year overall
survival estimates have outperformed the predictions from
the original TAs.

The study objective was to investigate the cost effective-
ness of nivolumab compared with docetaxel in patients with
previously treated advanced NSCLC, from the perspective of
the National Health Service (NHS) in England. The survival
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data collected during the CDF were compared with the anal-
ysis based on the data cut at CDF entry, serving as a case
study of how managed access agreements within the CDF
can be used effectively to inform reimbursement decisions.

2 Methods

The analyses were based on the cost-effectiveness models
developed for the NICE TA483 (squamous) and TA484
(non-squamous) [15, 16], supplemented with the updated
OS, PFES and time-to-treatment discontinuation (TTD) data
collected as part of the CDF data collection agreement.
Data other than OS, PFS and TTD (e.g. costs, utilities and
resource utilization) were kept in accordance with the origi-
nal models to enable assessment of data collected through
the CDF without other changes. The primary outcomes of
the analysis were estimated costs, quality-adjusted life-
years (QALYs), and the resulting ICER expressed as cost
per QALY gained. The time horizon of the analysis was
20 years and both costs and outcomes were discounted at
3.5% annually, in accordance with NICE guidelines.

2.1 Patient Population

The patient population, adults aged > 18 years with advanced
or metastatic squamous or non-squamous NSCLC after fail-
ure of prior platinum doublet-based chemotherapy [5, 6], is
aligned with that of CheckMate 017 and CheckMate 057.

2.2 Intervention

The intervention considered in the economic models was
nivolumab, which was compared with docetaxel. In the clin-
ical trials, nivolumab was administered at 3 mg/kg every
2 weeks (Q2W) and docetaxel was administered at 75 mg/m2
every 3 weeks (Q3W) [5, 6]. However, dosing of nivolumab
was updated to a flat dosing schedule of 240 mg Q2W in
2019, which is deemed to be clinically equivalent and is the
recommended dose for NSCLC in the summary of product
characteristics [4], subsequent to the trials being conducted.
Therefore, to reflect the current clinical use of nivolumab
in the economic models and facilitate comparison, we used
240 mg Q2W dosing as the base case in both the original
and the updated models.

2.3 Model Structure

Both models were developed by using a partitioned-survival
approach based on PFS and OS predictions from Check-
Mate 017 and CheckMate 057 to estimate the projected pro-
portion of patients in each health state (progression free, pro-
gression, and death) throughout the model’s time horizon.
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Costs and health outcomes of patients with squamous and
non-squamous NSCLC were assigned to the cohort based
on the projected proportion of patients in each health state
over time. Drug, administration and monitoring costs of
nivolumab and docetaxel were based on the TTD observed
in CheckMate 017 and CheckMate 057. Key elements of the
model structure and input parameters are detailed in Table 1.

2.4 Selection of Survival Models

OS and PFS were based on parametric survival models fitted
to the 60-month data cut of CheckMate 017 and CheckMate
057 clinical trial data. All analyses followed the decision
support unit guidelines by fitting both standard parametric
functions and spline models to the available data [17]. For
the spline models, up to three knots were fitted; however, in
line with the analyses for the original TA, knots were lim-
ited to two for selection of base-case distributions in order
to avoid overfitting the data. For instances where a good
visual fit to the Kaplan—Meier data could not be achieved
with curves other than three-knot splines due to more com-
plex shapes of the survival pattern, scenario analyses were
included. Whether proportional hazard could be assumed
was explored based on log-cumulative hazards and log-
cumulative odds plots to determine if parallel lines were
evident. In instances where proportional hazards could not
be ruled out, survival models with treatment as a covariate
were fitted. Models were fitted to each arm separately where
proportional hazards assumption did not hold. Selection of
the best fitting distribution for each outcome was informed
by the Akaike information criterion (AIC), the Bayesian

Table 1 Model inputs: base-case parameters

information criterion (BIC) and the visual fit to the data. For
AIC, distributions with a difference of < 4 to the distribution
with the lowest AIC were considered appropriate based on
the Burnham and Anderson rule of thumb [18]. Similarly,
based on Raftery’s rule of thumb, it was considered that a
difference in BIC > 10 to the distribution with the lowest
BIC was inappropriate [19] (see Online Resource 1, Table
A-1, in the electronic supplementary material [ESM] for
AIC and BIC values). Furthermore, if statistical and visual
fit for both arms could be achieved by using the same dis-
tribution, use of a common distribution was preferred over
different distributions between arms.

The distributions selected for the base-case analyses of
each model are presented in Table 1, and Figs 1 and 2 pre-
sent the predicted survival overlaid with the CheckMate 017
and CheckMate 057 clinical trial data. Distributions for OS
and PFS preferred by the committee in the original sub-
mission are shown in parentheses in Table 1. All distribu-
tions considered for the updated analyses are presented in
Online Resource 1, Figs A-1 to A-4 (see ESM). Long-term
extrapolations of the selected distributions are presented in
Online Resource 1, Figs A-5 to A-6 (see ESM). Duration of
treatment data were available beyond the 2-year stopping
rule agreed on in the original TA; therefore, it was modelled
using the Kaplan-Meier curves for TTD, without need for
extrapolation.

2.5 Health-State Utility

For the NICE appraisals, health-state utility values were
taken from the pre-progression and post-progression utility

Item Squamous Non-squamous

Population Previously treated locally advanced or metastatic non-small cell lung cancer after prior chemo-
therapy

Comparator Docetaxel

Proportional hazards on OS Yes No

Proportional hazards on PFS No No

Extrapolation of OS: nivolumab arm
Extrapolation of OS: docetaxel arm
Extrapolation of PFS: nivolumab arm
Extrapolation of PFS: docetaxel arm
TTD nivolumab arm

TTD docetaxel arm

PF utility

PD utility

Clinical stopping rule

Spline 2-knot hazard (generalised gamma)
Spline 2-knot hazard (generalised gamma)
Spline 1-knot hazard (hybrid exponential)
Spline 1-knot hazard (hybrid exponential)
KM

KM

0.693

0.509

2-year stopping rule

Log-normal (hybrid-exponential)
Log-normal (hybrid exponential)
Spline 2-knot odds (hybrid exponential)
Spline 2-knot odds (hybrid exponential)
KM

KM

0.713

0.688

Continued treatment effect

Nivolumab’s treatment effect could last up to 20 years

KM Kaplan-Meier, OS overall survival, PD progressed disease, PF progression free, PFS progression-free survival, 77D time-to-treatment dis-

continuation
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Fig. 1 Kaplan-Meier and fitted overall survival and progression-free survival curves for squamous non-small-cell lung cancer. KM Kaplan-

Meier, OS overall survival, PFS progression-free survival

values from the EQ-5D preference-based health-state utility
questionnaire (EQ-5D utility index) and visual analogue
scale for overall health status data collected in Check-
Mate 017 and CheckMate 057. The EQ-5D data from the
trials were converted to health-state utilities using the pub-
lished UK value set [20] resulting in utility values of 0.750
and 0.739 for the progression-free health state and 0.592
and 0.688 for the progressed-disease health state in squa-
mous and non-squamous NSCLC, respectively [21, 22].
These values were deemed too high by the evidence review
group (ERG) on the basis that the trial population was not
representative of NSCLC patients in the UK and values
from the published literature were argued to be more appro-
priate. For the squamous appraisal, the ERG suggested a
utility value of 0.65 for the progression-free health state
and 0.43 for the progressed-disease health state from Nafees
et al. [23]. For the non-squamous appraisal and in order to
account for low completion rates of EQ-5D questionnaires,
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the ERG used a subset of early EQ-5D responses from the
CheckMate 057 trial to estimate a progression-free health-
state value of 0.713. Further, the ERG suggested using a
utility value of 0.545 from van den Hout et al. [24] and
applied a terminal care disutility, which resulted in a final
utility value of 0.476 for the progressed-disease health
state. The committee felt that the health-state utility val-
ues proposed by the ERG were too low, those proposed by
the company were too high, and the true value would be
somewhere in between the two. The base-case utility values
in the squamous model reflect the committee’s preferred
values, in between the trial utility values and those pro-
vided by the ERG from the literature. The base-case utility
values in the non-squamous model reflect the committee-
preferred assumption for the progression-free state and the
trial value in the progressed-disease health state (Table 1).
Utility values based fully on the trial were included in a
scenario analysis.
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Fig.2 Kaplan-Meier and fitted overall survival and progression-free survival curves for non-squamous non-small-cell lung cancer. KM Kaplan-

Meier, OS overall survival, PFS progression-free survival

2.6 Adverse Events

Data on the safety outcomes for each arm were captured in
the CheckMate 017 and CheckMate 057 clinical trials. Grade
3—4 adverse events that were reported in > 5% of patients
and > 2% of patients in CheckMate 017 and CheckMate 057,
respectively, were included in the analyses. Adverse events
were accounted for in the model by applying a unit cost
and a disutility value for each event, as shown in Online
Resource 1, Tables A-2 and A-3 (see ESM).

2.7 Cost and Resource Use

Drug acquisition unit costs are shown in Table 2. The list
price for nivolumab is shown; however, a confidential
patient access scheme (PAS) was applied in the model and
is reflected in the results presented. As described earlier, the

Table 2 Model inputs: drug costs

Drug Pack/vial size ~ Cost per vial/ Source
(mg) pack (£)

Nivolumab 100 1097.00 List price

Nivolumab 40 439.00 List price

Docetaxel 20 138.33 [34]

Docetaxel 140 900.00 [34]

Subsequent treatment
Cisplatin 100 50.22 [34]
Carboplatin 50 20.00 [34]
Carboplatin 450 160.00 [34]
Gemcitabine 1000 154.62 [34]
Gemcitabine 200 29.80 [34]
Vinorelbine 50 139.00 [34]
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drug, administration and monitoring costs of both nivolumab
and docetaxel were based on the TTD from the Check-
Mate 017 and CheckMate 057 clinical trials. This was done to
adequately reflect that some patients could be treated beyond
progression or discontinue treatment prior to progression.
Further, a 2-year stopping rule was applied to the nivolumab
drug costs in both models to reflect NICE recommendations
[8, 9]. In the base case, treatment effect of nivolumab follow-
ing the 2-year stopping rule was assumed to be durable over
the lifetime of the patients. A continued treatment effect of
nivolumab for 3 years following treatment discontinuation
was explored in scenario analyses. This scenario is applied
such that after 3 years following discontinuation, patients in
the nivolumab arm switch to the docetaxel hazard.

Healthcare resource use was taken from previous NICE
appraisals in NSCLC and were validated with a UK clinician
[25, 26]. For each health state, the number of each element of
resource use required per 4-week period was estimated, and unit
costs were applied to these values. Unit costs for each element
of resource use were estimated based on UK sources and are
shown in Online Resource 1, Tables A-2 and A-3 (see ESM).

The cost of subsequent treatments was included in the
analyses. Drug acquisition unit costs of subsequent therapies
are included in Table 2. The proportion of patients in each
arm receiving subsequent therapy and the type of subsequent
therapy that they received were estimated from the Check-
Mate 017 and CheckMate 057 clinical trials.

Finally, a terminal cost reflecting end-of-life care was
included in the models. So that the impact of only the newly
collected data could be assessed, costs were set to be consist-
ent with the original TA submissions. Therefore, the cost-
year was 2015, and costs quoted for other cost-years were
inflated to 2015 using inflation indices from the Personal
Social Services Research Unit [27].

2.8 Comparison with Original Cost-Effectiveness
Analyses

The analyses that were originally submitted during NICE
TA483 (squamous) and TA484 (non-squamous) [15, 16]
were conducted with a confidential NHS England (NHSE)
PAS discount specific to the CDF, as well as the original
dosing of nivolumab, 3 mg/kg every 2 weeks. Therefore,
the cost-effectiveness analysis deemed plausible under the
appraisal committee’s preferred assumptions cannot be eas-
ily compared with the updated analyses.

To isolate the impact of the additional data and to facili-
tate comparison, the original analyses were conducted with
the current confidential NHSE PAS discount and with the
nivolumab dosing of 240 mg every 2 weeks. Thus, the
change in ICER resulting from additional information and
reduction of uncertainty provided during the CDF data col-
lection period can then be assessed.
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2.9 Scenario Analyses

Beyond the base-case analysis, several scenarios were
explored to investigate areas of particular uncertainty. The
scenarios explored included the following:

e Selection of survival models: Scenario analyses were
undertaken to assess other plausible distributions for the
extrapolation of survival data beyond the trial.

— Spline-normal two-knots distribution for OS was
tested in the squamous analysis representing the
second-best fit based on AIC and BIC.

e A spline hazards three-knots distribution for nivolumab
and spline-normal one knot for docetaxel OS were tested
in the squamous analysis, representing the overall best
fit based on AIC and BIC and the best visual fit to the
Kaplan Maier data, as well as relaxing the restriction on
using three-knot spline models.

e Using trial-based health-state utility values.

e Application of a cap on treatment effect of nivolumab
after 3 years following treatment discontinuation.

2.10 Sensitivity Analyses

To fully characterise uncertainty around the results of both
analyses, probabilistic and one-way sensitivity analyses were
carried out. Tested ranges in the one-way sensitivity analysis
were based on 20% increase or decrease on the mean value.
The probabilistic sensitivity analyses were conducted by
using second-order Monte Carlo simulation for 1000 itera-
tions, sufficient to reach a stable probabilistic result. Model
validation was performed in alignment with best practices
[28] and included face validity and internal validity (verifi-
cation of input data and coding). The model also was exter-
nally reviewed by the ERG, per NICE’s TA process [21, 22].

3 Results

Compared with docetaxel, nivolumab was associated with
improved survival and QALYSs in both squamous and non-
squamous NSCLC populations, with survival improving
by 1.49 and 1.23 life-years (LYs) and QALY by 0.88 and
0.73, respectively. After the confidential discount provided
for nivolumab was taken into account, nivolumab was asso-
ciated with an increase in cost of £31,281 and £28,360
for squamous and non-squamous NSCLC populations,
respectively.

The resulting base-case ICERs for treating patients
with nivolumab compared with docetaxel were £35,657
and £38,703 per QALY for squamous and non-squamous
NSCLC patients (Table 3). Assuming 35.65% of patients
with second-line NSCLC are squamous and 64.35% are
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Table 3 Deterministic results

Costs (£)  Total LYG QALY  Incremental Incremental Incremental cost per
cost (£) QALY QALY gained (£/
QALY)

Squamous

Nivolumab 46,711 2.55 1.39

Docetaxel 15,430 1.06 0.51 31,281 0.88 35,657
Non-squamous

Nivolumab 47,569 2.53 1.54

Docetaxel 19,209 1.30 0.81 28,360 0.73 38,703

LYG life-year gained, QALY quality-adjusted life-year

non-squamous [29, 30], the resulting ICER for the entire
population, regardless of histology, was £37,422.

The ICERs above are substantially lower than those
obtained from what was deemed to be the most appropriate
analyses for decision making in the original submissions
when run at the PAS discount used for this analysis, which

Fig.3 Cost-effectiveness 100%

acceptability curves. WTP
willingness to pay

60%

ion being

50%

ity of i

30%

0%

were £68,576 and £73,189 per QALY gained for squamous
and non-squamous NSCLC, respectively.

The probabilistic sensitivity analysis showed that
nivolumab had a probability of being cost effective at a
willingness-to-pay threshold of £50,000 per QALY of 97.7%
for squamous NSCLC and 99.3% for non-squamous (Fig. 3
and Online Resource 1, Figs A-7 and A-8, see ESM). The

0 10,000 20,000

s NivOlumab (Squamous)

Table 4 Scenario results

30,000 40,000 50,000

WTP threshold (£)

60,000 70,000 80,000 90,000 100,000

= = = Docetaxel (Squamous) Nivolumab (Non-Squamous) = = = Docetaxel (Non-Squamous)

Scenario

Incremental cost-
effectiveness ratio

Squamous scenario analyses

Overall survival extrapolation: spline normal 2-knot distribution

Treatment effect of nivolumab continues for 3 years following treatment discontinuation

Trial-based utility values
Non-squamous scenario analyses

Overall survival extrapolation: spline hazard 3-knot distribution

Treatment effect of nivolumab continues for 3 years following treatment discontinuation

Trial-based utility values

£38,888
£36,249
£33,134

£33,832
£39,848
£37,582
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one-way sensitivity analysis showed that the parameters hav-
ing the greatest impact on the model results were the cost
value for the progression-free health state and the adminis-
tration cost of nivolumab (Online Resource 1, Figs A-9 and
A-10, see ESM). The scenario analyses (Table 4) showed
that the results were robust to changes in all scenarios. For
scenario analyses investigating the most plausible alterna-
tive distributions to model OS, in the squamous model,
the spline-normal two-knot model resulted in an ICER of
£38,888; in the non-squamous model, the spline hazards
three-knot distribution for nivolumab and spline-normal
one-knot distribution for docetaxel OS resulted in an ICER
of £33,832, as the observed plateau of the nivolumab arm
was better reflected when a three-knot spline model was
used.

4 Discussion

The results of the current cost-effectiveness analyses suggest
that nivolumab is cost effective in treating locally advanced
or metastatic NSCLC after prior chemotherapy in adults,
regardless of histology. This is based on a £50,000 willing-
ness-to-pay threshold being used for treatments meeting the
end-of-life criteria and is in line with the previous assess-
ment of nivolumab by NICE [8, 9].

To the authors’ knowledge, this is the first cost-effective-
ness analysis in which updated cost-effectiveness estimates
have been presented following data collection through the
CDF implemented in 2016. Given that long-term survival
data was the key uncertainty preventing the NICE committee
from approving nivolumab through routine commissioning,
the 60-month-minimum follow-up data now incorporated
into the analysis provide significant reduction of uncertainty
around the estimated long-term outcomes of nivolumab
treatment.

In the analyses underpinning the CDF approval, it was pre-
dicted that nivolumab treatment would result in 0.80 and 0.44
LYs gained and 0.46 and 0.32 QALY gained for patients
with squamous and non-squamous NSCLC, respectively [8,
9]. Using mature survival data, the updated analysis shows
a substantial increase in the expected QALY's gained in the
nivolumab arm versus the docetaxel arm. The incremental
QALY gain observed in the squamous model almost doubles
from 0.46 to 0.88. In the non-squamous model, the incre-
mental QALY gain more than doubles from 0.32 to 0.73.
Thus, the results of the current analysis show that the pre-
dictions made both by the ERG and the company during the
NICE appraisal underestimated the LYs and QALY's gained
from treatment with nivolumab. The updated analysis with
reduced uncertainty around long-term survival results in a
marked decrease in the predicted ICER for both squamous
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and non-squamous patients and allows us to quantify the
value of the additional data collection period in this case.

A key result of this analysis is the reduced uncertainty
around the long-term extrapolation of OS. In the original
TAs, alternative assumptions regarding the most appropriate
extrapolation to be used for OS resulted in large differences
in ICERs. With the more mature data now available, the
choice of distribution for the extrapolations has a limited
impact on the ICER, as confirmed by the ERG in the CDF
exit appraisal [31, 32]. Thus, the data collection through
CDF fulfilled its purpose by granting patients access to a
new effective treatment while collecting additional data to
reduce the clinical uncertainty.

Only data that were specified in the data collection period
could be collected and updated in order to reduce uncer-
tainty. Therefore, uncertainty remains around other inputs
that were not included in the data collection agreement.
Thus, uncertainty around the correct choice of utility val-
ues and the correct approach to modelling treatment effect
waning remains in the updated analysis. However, as can be
seen in Table 4, scenarios investigating alternative options
for utility values and waning scenarios did not alter the
overall conclusion. In fact, the choice of utility values had a
smaller impact on the results in the current updated analysis
compared with the original analysis. Thus, the overall uncer-
tainty in the analyses informing NICE’s decision has further
decreased compared with the original appraisal.

The key strength of this case study was that the OS, PFS
and TTD data were relatively mature and that the statistical
models used to extrapolate survival beyond the case study’s
time horizon provided good visual fit to the within-trial data.
Further, the study tested a wide range of parametric and
spline-based survival models to achieve best fit and tested
various scenarios in the sensitivity analysis. The framework
for selection of most appropriate survival curves remained
consistent between the original and updated analyses, though
mature data allowed a much better understanding of the
long-term survival profile of nivolumab in this indication.

There are also some limitations of the analyses that
should be taken into consideration when interpreting the
results of the models. Only standard parametric and spline-
based survival models were tested when data were extrap-
olated beyond the study’s time horizon. Recent work by
Bullement et al. [30] suggests that standard parametric or
spline-based models may underestimate long-term survival
benefits that have been observed for immuno-oncology
products. This observation was also clear for non-squamous
NSCLC, where three-knot spline models were needed to
provide better fit to the tail of the nivolumab Kaplan—-Meier
curve, as other distributions did not seem to fully capture
the plateau developing toward the end of the current follow-
up. This is further supported by external data published by
Antonia et al. [33], in which 6-year survival rates of patients



Cost Effectiveness of Nivolumab in NSCLC Patients in England

259

with advanced NSCLC treated with nivolumab in Check-
Mate 003 continued to follow a similar plateau.

Further limitations include that, to remain consistent
with the original submissions to NICE, the cost data that
were used in the analyses were not updated using the most
recently published sources. Similarly, differing thresholds
for inclusion of adverse events are the result of the original
submissions being developed separately, and these thresh-
olds have been retained to remain consistent with the model-
ling approach at CDF entry.

5 Conclusions

In the base-case analysis for nivolumab versus docetaxel
in squamous NSCLC, the incremental cost per QALY was
£35,657. In the base-case analysis for nivolumab versus
docetaxel in non-squamous NSCLC, the incremental cost
per QALY was £38,703. The results presented suggest
that, based on NICE’s end-of-life criteria, nivolumab is a
cost-effective strategy for the treatment of locally advanced
or metastatic NSCLC after prior chemotherapy in adults,
regardless of tumour histology or PD-L1 expression status
when compared with docetaxel.

Early health technology assessment of oncology treat-
ments often is accompanied by high levels of uncertainty
around the long-term survival benefit of the intervention
and, therefore, a high level of uncertainty around the ICER
used in decision making. The appraisals discussed in this
paper are an example of this persistent issue. These appraisals
also show that longer follow-up data following conditional
reimbursement through the CDF can be valuable in reducing
uncertainty around long-term survival benefit. In this case,
both the ERG and company appear to have been too pessimis-
tic in their original estimates of long-term survival.

Ultimately, for this particular TA, the initial pessimism
from both NICE and the ERG in terms of the survival extrap-
olations and the need for several assessment iterations before
CDF entry contributed to delayed patient access. Because
of this delay, patients did not receive treatment that could
have extended their lives and improved their quality of life.
Given the growing body of evidence regarding the long-term
survival benefit of immuno-oncology treatments, NICE and
ERGs should consider that long-term survival rates with
these treatments are likely to be greater than those obtained
with conventional oncology treatments. It may be appropriate
to consider adapting their approach so that survival is more
accurately extrapolated beyond the trial period in such cases.
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