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Abstract
Background In the phase III PACIFIC study, durvalumab improved survival versus placebo in patients with unresectable 
stage III non-small-cell lung cancer (NSCLC) whose disease had not progressed after platinum-based concurrent chemora-
diotherapy. The appraisal by the UK’s National Institute for Health and Care Excellence (NICE) included a cost-effective-
ness analysis based on an early data readout from PACIFIC [March 2018 data cut-off (DCO); median follow-up duration 
25.2 months; range 0.2–43.1]. Uncertainties regarding long-term survival outcomes with durvalumab led to some challenges 
in estimating the cost effectiveness of this therapy.
Objective Here, we validate the survival extrapolations used in the original company base-case analysis by benchmarking 
them against updated survival data from the 4-year follow-up analysis of PACIFIC (i.e. approximately 4 years after the last 
patient was randomised; March 2020 DCO; median follow-up duration 34.2 months; range 0.2–64.9). Moreover, we update 
the original analysis with these more mature survival data to examine the consistency of key economic outputs with the 
original analysis.
Methods The original analysis used a semi-Markov (state-transition) approach and was based on patients whose tumours 
expressed programmed cell death-ligand 1 on ≥ 1% of cells (to reflect the European licence for durvalumab). We bench-
marked the survival extrapolations used in the original company base-case analysis against survival data from the 4-year 
follow-up of PACIFIC and updated the cost-effectiveness analysis with these more mature survival data. Early deaths avoided 
by the adoption of durvalumab into the UK Cancer Drugs Fund (CDF) in March 2019 were estimated using the 4-year 
follow-up survival data and an assumed uptake of 125 patients/year (lower estimate) and 367 patients/year (higher estimate).
Results The original company base-case analysis had a good visual fit with the observed overall survival (OS) distribution 
for the durvalumab arm and accurately predicted the 48-month OS rate (predicted 55%; observed 55%); by comparison, 
the fit was less precise for the placebo arm, for which the analysis underestimated the 48-month OS rate (predicted 32%; 
observed 38%). In the updated company base-case analysis, durvalumab yielded 2.51 incremental quality-adjusted life-years 
(QALYs) (− 0.43 vs. the original company base-case analysis), corresponding to an incremental cost-effectiveness ratio 
of £22,665/QALY (+£3298 vs. the original analysis), which falls within the upper bound of NICE’s willingness-to-pay 
threshold (£30,000/QALY gained). We estimate that between 31 and 91 early patient deaths may have been avoided by the 
adoption of durvalumab into the CDF.
Conclusions These findings reinforce the patient benefit observed with durvalumab in unresectable stage III NSCLC, sup-
port the routine use and cost effectiveness of this therapy, and demonstrate how appropriate modelling can inform the early 
adoption of therapies by payers to achieve patient benefit.

Plain Language Summary
Based on the results of a clinical trial, the European Medicines Agency approved durvalumab for the treatment of adults 
with a specific type of advanced lung cancer whose tumours cannot be removed surgically and whose disease has not pro-
gressed after chemotherapy and radiotherapy. The UK’s National Institute for Health and Care Excellence (NICE) invites 
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companies to submit cost-effectiveness analyses to help with decision making about adopting new therapies. The company 
included an analysis based on early trial data that suggested durvalumab was cost effective compared with other previous 
treatments. As patients in the study at the time of the initial submission to NICE were only followed for approximately 2 
years, the long-term survival benefit that could be achieved with durvalumab was uncertain. Therefore, NICE recommended 
durvalumab for use within the Cancer Drugs Fund (CDF) to allow patients to access the drug while more data were being 
collected. Here, we demonstrate that the original cost-effectiveness model accurately predicted the rates of long-term sur-
vival for patients receiving durvalumab and that durvalumab remains a cost-effective use of healthcare resources based on 
recently published data from the trial (which added approximately 2 further years of follow-up). Moreover, we estimate that 
adopting durvalumab into the CDF may have avoided 31–91 early patient deaths from lung cancer. These findings support 
NICE’s early decision to make durvalumab available within the CDF and the adoption of durvalumab for routine use within 
the UK national health service.

1 Introduction

Lung cancer is the leading cause of cancer-related death 
worldwide (with approximately 1.8 million deaths per 
annum) [1], representing a considerable health and eco-
nomic burden [2]. Non-small-cell lung cancer (NSCLC) 
accounts for at least 85% of all lung cancer diagnoses [3, 
4]. Approximately 20–30% of patients with NSCLC are 
diagnosed with stage III (locally advanced) disease [4–6], 
many of whom are deemed unsuitable for surgical tumour 
resection. Historically, platinum-based chemotherapy and 
radiotherapy (chemoradiotherapy [CRT]) with active follow-
up was the standard of care for patients with unresectable  
stage III NSCLC [7]. Despite the availability of this curative-
intent treatment strategy [8], most patients are not cured. 
Ultimately, uncured patients experience disease progression, 
which negatively affects their health-related quality of life 
[9, 10]. Without a cure, patients typically die of their dis-
ease or its sequelae [9, 11]. Median progression-free survival 
(PFS) with concurrent CRT ranged from ~8 to 12 months, 
and 5-year overall survival (OS) rates ranged from 15 to 
32% [7, 11–13], underscoring the need for novel treatments 
to improve outcomes in this non-metastatic disease setting, 
where treatment intent remains curative [8, 14].

Immune-checkpoint inhibition of the programmed cell 
death-1/programmed cell death-ligand 1 (PD-1/PD-L1) 
pathway has become a major component of oncology 
management for several tumour types (e.g. NSCLC and 
melanoma), as reflected in international treatment guide-
lines [15–21]. Until recently, this class of therapy was only 
available to patients with metastatic (stage IV) disease (in 
the NSCLC setting), many of whom may not be able to 
derive the full benefits of this class of therapy. The phase III 
PACIFIC study was the first registrational trial to demon-
strate improved survival with PD-1/PD-L1 inhibition in the 
curative-intent NSCLC setting [22, 23]. The study assessed 
durvalumab (a PD-L1 checkpoint inhibitor [24]) in patients 
with unresectable stage III NSCLC whose disease had 
not progressed after platinum-based concurrent CRT (≥ 2 
cycles). Patients were randomised to receive durvalumab 

10 mg/kg intravenously every 2 weeks for up to 12 months or 
placebo, irrespective of PD-L1 tumour cell (TC) expression 
level or oncogenic-driver-gene mutation status. Durvalumab 
was associated with statistically significant and clinically 
meaningful improvements in the primary endpoints of OS 
and PFS (assessed by blinded independent central review) 
versus placebo in the intent-to-treat (ITT) population [22, 
23]. Moreover, durvalumab had a manageable safety profile 
and did not detrimentally impact on patient-reported out-
comes (symptoms, functioning, and global health status/
quality of life) compared with placebo [22, 23, 25].

Based on an exploratory post hoc analysis from PACIFIC, 
the European Medicines Agency (EMA) approved dur-
valumab for adult patients with locally advanced unresect-
able NSCLC whose tumours express PD-L1 on ≥ 1% of 
cells and whose disease has not progressed following plat-
inum-based CRT (approved in September 2018) [26–28]. 
Consistent with the ITT population, OS and PFS were 
improved with durvalumab in the PD-L1 TC ≥ 1% popula-
tion (OS hazard ratio [HR] 0.53; 95% confidence interval 
[CI] 0.36–0.77; PFS HR 0.46; 95% CI 0.33–0.64) [26, 28]. 
To date, durvalumab remains the only therapy approved for 
patients with stage III NSCLC whose disease has not pro-
gressed following CRT [8, 14, 21].

In the UK, the National Institute for Health and Care 
Excellence (NICE) invites companies to submit cost-
effectiveness analyses as part of the single technology 
appraisal (STA) process [29]. The company submission 
included an analysis based on the PD-L1 TC ≥ 1% popula-
tion of PACIFIC (aligned with the EMA-approved indica-
tion) using data from the March 2018 data cut-off (DCO; 
median follow-up duration in all patients 25.2 months; 
range 0.2–43.1) [30], which was the most matured data 
available from the study at the time. The de novo base-
case analysis used a state-transition modelling approach 
because evidence from PACIFIC indicated that the ben-
efit of durvalumab was primarily driven by PFS [22, 23, 
30], whereas post-progression survival (PPS) was similar 
between the durvalumab and placebo arms [30]. In the 
company base-case analysis, durvalumab therapy resulted 
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in an expected gain of 2.93 quality-adjusted life-years 
(QALYs) compared with standard-of-care active follow-
up (placebo), corresponding to a deterministic incremental 
cost-effectiveness ratio (ICER) of £19,366/QALY gained 
(after incorporating minor adjustments to correct errors 
identified by the NICE-commissioned evidence review 
group [ERG]) [30, 31]. Therefore, this ICER fell below the 
£20,000–30,000/QALY gained willingness-to-pay thresh-
old that NICE applies for cost effectiveness.

During the health-technology assessment process, the 
ERG questioned the assumptions used in the company 
base-case analysis and noted that, as survival data from 
PACIFIC were immature at the time of the submission, 
any choice for modelling PFS was associated with sub-
stantial uncertainty (and different PFS model choices had 
a large impact on the ICER) [30, 31]. In light of the level 
of uncertainty, NICE recommended durvalumab for use 
within the Cancer Drugs Fund (CDF; a source of fund-
ing for cancer drugs in England) in March 2019 to enable 
patient access while longer-term survival data from the 
ongoing PACIFIC study were being collected [32]. A drug 
is recommended for use within the CDF when it is plausi-
ble that it will satisfy criteria for routine commissioning 
but further data collection is required to address remaining 
clinical uncertainty [33].

A 4-year follow-up analysis of PACIFIC was published 
recently (i.e. approximately 4 years after the last patient 
was randomised; March 2020 DCO; median follow-up 
duration in all patients 34.2 months; range 0.2–64.9) and 
demonstrated sustained OS and PFS benefit with dur-
valumab therapy in both the ITT and the PD-L1 TC ≥ 1% 
populations (PD-L1 TC ≥  1%: OS HR 0.60; 95% CI 
0.43–0.84, Kaplan–Meier [KM]-estimated median 57.4 vs.  
29.6 months for durvalumab vs. placebo; PFS HR 0.49; 
95% CI 0.36–0.66; median 23.9 vs. 5.6  months) [34]. 
These longer-term follow-up data present the opportunity 
to explore whether the original model submitted to NICE 
represented an accurate estimate of the cost effectiveness 
of durvalumab and could provide a valuable perspective on 
the use of this health economic analysis methodology to aid 
early decision making regarding novel anti-cancer therapies 
(i.e. while survival data are relatively immature and pivotal 
clinical trials are ongoing). This case study can also provide 
a perspective on the benefits of conditional reimbursement 
of novel anti-cancer therapies in the stage III NSCLC setting 
in the context of the CDF.

Here, we validate the survival extrapolations used in the 
original company base-case analysis by benchmarking them 
against updated survival data from the 4-year follow-up of 
PACIFIC. Moreover, we update the original analysis with 
these more mature survival data to examine the consistency 
of key economic outputs with the original analysis.

2  Methods

A de novo semi-Markov (state-transition) modelling 
approach was used for the analysis included in the ini-
tial company submission to NICE (based on the March 
2018 DCO of PACIFIC). Full details of this model can be 
found in the company submission, available as part of the 
NICE appraisal committee papers [30]. The analysis was 
conducted based on the full durvalumab list price of £592 
for 120 mg/£2466 for 500 mg. After incorporating minor 
adjustments to correct errors identified by the ERG, the 
company base-case analysis submitted to NICE yielded 
a deterministic ICER of £19,366/QALY gained [30, 31]; 
hereafter referred to as the ‘original company base-case 
analysis’. Apart from the minor corrective adjustments, the 
analysis reported here is consistent with that reported in 
the original company submission. Based on the parametric 
distributions fitted to the time to progression (TTP), PFS, 
and PPS curves, the original company base-case analysis 
predicted 48-month OS rates of 55 and 32% with dur-
valumab and placebo, respectively [30].

Here, we assessed the validity of the original company 
base-case analysis for modelling OS (modelled indirectly 
based on TTP, PFS, and PPS) and PFS by comparing 
the March 2018 DCO modelled survival outputs to the 
observed survival data from the March 2020 DCO (i.e. 
the 4-year update). Furthermore, we updated the original 
company base-case analysis with the March 2020 DCO 
survival data to examine the consistency of key economic 
outputs with the original analysis. Apart from use of more 
recent survival data from PACIFIC (March 2020 DCO), 
the modelling inputs and assumptions for the updated 
company base-case analysis (including costs, adverse 
events, subsequent therapy, and utilities) remained con-
sistent with the original analysis. The reader is referred to 
the NICE STA committee papers for more details of the 
inputs for the model [30].

2.1  Patient Population

Modelling was based on the PD-L1 TC ≥ 1% population 
from PACIFIC to reflect the EMA-approved indication 
for durvalumab [28]. As described elsewhere [26], this 
subpopulation represented 42% of the full ITT popula-
tion. Baseline clinical characteristics were well balanced 
between the durvalumab and placebo arms within this sub-
population (and were consistent with the ITT population) 
[26]; this view was reflected in the comments from the 
NICE-commissioned ERG [30].
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2.2  Cost‑Effectiveness Model Structure

A three-state semi-Markov (state-transition) model was 
used for the base-case analysis (Table 1) [30]. Modelling 
was performed from a UK health-payer perspective and 
over a lifetime (40-year) time horizon. All costs, life-years 
(LYs), and QALYs were discounted at a rate of 3.5% per 
year. For the model structure, the three health states were 
progression free, progressed disease, and death (Fig. 1). 
PFS, TTP, and PPS data from PACIFIC were used to 
generate probabilities that patients remained in the same 
health state or transitioned to a subsequent health state. 
As described previously, parametric distributions were fit-
ted to observed (KM) data from PACIFIC to extrapolate 
survival outcomes beyond the study follow-up period [30]. 
The treatment benefit cut-off point (i.e. the treatment effect 

duration) for durvalumab was set at 10 years (i.e. at this 
point, the model assumes that the hazards for progression 
and death become identical between the durvalumab and 
placebo arms).

2.3  Validation of the Original Company Base‑Case 
Analysis for Modelling Longer‑Term (4‑Year) 
Survival Outcomes

To assess the accuracy of the original company base-case 
analysis (based on the March 2018 DCO of PACIFIC) for 
predicting longer-term survival outcomes, the modelled OS 
and PFS distributions from this analysis were compared with 
the observed OS and PFS (KM) data from the March 2020 
DCO. We evaluated the harmony between the predicted and 
observed point estimates for the 48-month OS and PFS rates 

Table 1  Summary of the de novo base-case analysis

As reported in the original 2018 UK NICE company submission[30]
CHMP Committee for Medicinal Products for Human Use, CRT  chemoradiotherapy, LY life-years, NHS national health service, NICE National 
Institute for Health and Care Excellence, NSCLC non-small-cell lung cancer, OS overall survival, PD-L1 programmed cell death-ligand 1, PFS 
progression-free survival, PPS post-progression survival, PSS Personal Social Services, QALY quality-adjusted life-year, TC tumour cell

Model aspect Details Justification

Patient population Patients with locally advanced, unresectable stage III 
NSCLC whose tumours express PD-L1 on ≥ 1% of 
TCs and whose disease has not progressed following 
≥ 2 overlapping cycles of CRT 

Aligned with the CHMP opinion for durvalumab [28]

Analytical methods Base-case: Semi-Markov survival model A semi-Markov model using PFS and PPS was selected 
for the base-case analysis due to challenges associ-
ated with independently extrapolating PFS and OS; a 
partitioned survival model was not used as fitting the 
survival curves for PFS and OS independently was 
prone to logical inconsistencies where the OS curve 
falls below the PFS curve

Model structure Three-health-state structure (progression free, pro-
gressed disease, death)

A three-health-state structure is consistent with previous 
technology appraisals for anti-cancer treatments in 
NSCLC

Time horizon Lifetime (40 years) A lifetime time horizon is required to capture all differ-
ences in treatment arms; in the economic model, < 1% 
of patients were still alive on durvalumab at 40 years

Cycle length 2 weeks until 12 months, then 4 weeks thereafter Smaller cycle lengths increase the accuracy of the 
economic model. The 2-week cycle length over 12 
months corresponds to the frequency of administration 
over the time period patients can receive durvalumab 
treatment (i.e. 12-month treatment cap)

Discounting options Costs and health outcomes at 3.5% Consistent with the NICE reference case [50]
Perspective NHS and PSS Consistent with the NICE reference case [50]
Treatment arms within 

executable model
Durvalumab; standard of care In line with final NICE scope

Health effects QALYs and LYs Consistent with the NICE reference case [50]
Clinical efficacy and safety Clinical systematic review and PACIFIC Based on systematic review of evidence and available 

dataCosts A systematic review of published studies; clinical expert 
opinion [30]

Utilities A systematic review of published studies reporting 
health utility scores in patients with NSCLC EQ-5D 
data collected from the PACIFIC study
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and the visual goodness of fit of the modelled survival dis-
tributions to the observed data.

2.4  Examination of the Consistency of the Economic 
Outputs from the Original and Updated 
Company Base‑Case Analyses

We updated the original company base-case analysis with 
the March 2020 DCO survival data (PD-L1 TC ≥ 1% popu-
lation) and examined the consistency of results for QALYs, 
LYs, costs, and ICERs obtained in the original and updated 
analyses.

Consistent with the approach used for the original com-
pany base-case analysis (as reported in the NICE STA com-
mittee papers [30]), parametric survival distributions were 
fitted to patient-level data from the March 2020 DCO dataset 
to identify the best fitting models for estimating TTP, PFS, 
and PPS in the updated company base-case analysis (PPS 
data were pooled across the study arms; thus, the model 
assumes that PPS is equal for both arms [30]). The choice 
of parametric distributions for estimating TTP and PFS in 
the updated company base-case analysis, based on Akaike 
and Bayesian information criteria (AIC and BIC, respec-
tively), was consistent with the original analysis (generalised 
gamma) (Table 1 in the electronic supplementary material 
[ESM]). Based on AIC, the log-logistic distribution had 
a better statistical fit for the March 2020 DCO PPS data 
(whereas the exponential distribution had the best fit for the 
March 2018 DCO and so was used to model PPS in the orig-
inal analysis [30]) (Table 2 in the ESM). As there was only 
a 1.7-point difference in AIC score between the log-logistic 
and exponential distributions for the March 2020 DCO, the 
exponential distribution (which still had the best statistical 
fit according to BIC) was retained for modelling PPS in the 
updated analysis for consistency with the original company 

base-case analysis; the log-logistic distribution was explored 
in a sensitivity analysis.

Results for QALYs, LYs, costs, and ICERs from the 
updated analysis were compared with the values obtained 
from the original company base-case analysis. As men-
tioned, apart from the use of updated survival distributions 
(based on the March 2020 DCO), all other modelling inputs 
and assumptions used for the updated analysis remained 
consistent with the original analysis. We also assessed the 
validity of the modelled OS and PFS distributions from the 
updated analyses by comparing them with the observed 
(KM) data from the March 2020 DCO for visual goodness 
of fit.

2.5  Sensitivity Analyses

Specific sensitivity analyses were carried out to explore the 
impact of the following variables on the ICER (based on the 
March 2020 DCO survival data). These included (1) using 
a log-logistic distribution for modelling PPS (to account for 
changes in the AIC/BIC with the more recent survival data) 
and (2) setting the treatment effect duration for durvalumab 
at 5 years (given that this is an ongoing area of uncertainty).

2.6  Assessment of the Impact of the Early 
Availability of Durvalumab Within the Cancer 
Drugs Fund

As NICE approved durvalumab for reimbursement within 
the CDF to allow early managed access to this novel agent 
(approximately 2 years before median OS maturing for 
the durvalumab arm in PACIFIC [34]), we sought to esti-
mate the impact of this decision in terms of the number 
of early patient deaths avoided in the UK within the first 
2 years of durvalumab being available. We determined 

Fig. 1  Health-state structure 
used in the economic model. 
The health-state structure was 
published previously as part 
of the UK National Institute 
for Care and Excellence single 
technology appraisal committee 
papers [30]. PFS progression-
free survival, PPS post-pro-
gression survival, TTP time to 
progression

Progression free Modelled using PFS data

Modelled using
PFS & TTP data

Modelled using
TTP data

DeathProgressed disease

Modelled using PPS data
(both arms pooled)
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this by calculating the difference in the proportions of 
patients alive at the 2-year landmark in the durvalumab 
and placebo arms of PACIFIC (PD-L1 TC ≥ 1% popu-
lation; March 2020 DCO) and using the resulting figure 
to calculate the number of patients for whom early death 
was avoided based on an uptake of 125 patients/year (as 
estimated by NICE [35]) and 367 patients/year (esti-
mated using data from the National Lung Cancer Audit 
and reported in the committee papers [30]). The model-
ling assumed that the patients who started treatment were 
equally distributed over the 2-year period on a monthly 
basis (with survival based on OS KM data from the March 
2020 DCO).

3  Results

3.1  Validation of the Modelled Overall Survival 
and Progression‑Free Survival Outcomes 
from the Original Company Base‑Case Analysis 
(Based on 2‑Year Follow‑Up Data) with Observed 
4‑Year Follow‑Up Data from PACIFIC

The modelled OS and PFS distributions from the original 
company base-case analysis (March 2018 DCO) are shown 
benchmarked with the observed (KM) data from the 4-year 
follow-up of PACIFIC (March 2020 DCO; PD-L1 TC ≥ 1% 
population) (Fig. 2). PFS and OS distributions from the 

Fig. 2  Overlay of the modelled 
(A) OS and (B) PFS distribu-
tions from the original and 
updated company base-case 
analyses with the observed 
4-year survival data from the 
PACIFIC study (PD-L1 tumour 
cell ≥ 1% population). Mod-
elled OS is derived indirectly 
using time to progression, PFS, 
and post-progression survival. 
The original company base-case 
analysis was based on survival 
data from the March 2018 
data cut-off of the PACIFIC 
study [26, 30], and the updated 
company base-case analysis was 
based on 4-year follow-up sur-
vival data from the March 2020 
data cut-off of the PACIFIC 
study [34]. Data for the OS and 
PFS Kaplan–Meier distributions 
(March 2020 data cut-off; illus-
trated by the dashed lines) were 
reported in a separate publica-
tion [34]. OS overall survival, 
PD-L1 programmed cell death-
ligand 1, PFS progression-free 
survival
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updated company base-case analysis (which used the March 
2020 DCO to model survival) are also shown for complete-
ness and discussed further in the following.

As of 22 March 2020 (approximately 4 years after the 
last patient was randomised), the median follow-up dura-
tion in all patients was 40.0 months (range 0.2–64.5) for 
the durvalumab arm and 26.4 months (range 0.3–64.9) for 
the placebo arm. The modelled OS distribution from the 
original company base-case analysis had a good visual fit to 
the updated OS data for the durvalumab arm (Fig. 2A) and 
accurately predicted the 48-month OS rate for durvalumab 
(predicted 55%; observed 55%; difference 0%) (Table 2). 
The fit was less precise for the placebo arm (Fig. 2A), and 
the original model under-predicted the 48-month OS rate for 
placebo (predicted 32%; observed 38%; difference −7%); 
this was attributed to a further flattening of the tail of the 
OS KM distribution for the placebo arm at the March 2020 
DCO relative to the March 2018 DCO (and thus a greater 
proportion of long-term survivors than had been expected 
based on the March 2018 DCO) [23, 26, 30, 34].

The modelled PFS distribution from the original com-
pany base-case analysis had a good visual fit to the updated 
PFS data for both the durvalumab and the placebo arms 
(Fig. 2B), although the model slightly over-predicted the 
48-month PFS rate for durvalumab (difference + 4%) and 
slightly under-predicted the rate for placebo (difference 
− 4%).

3.2  Updated Company Base‑Case Analysis (Based 
on 4‑Year Follow‑Up Data from PACIFIC)

The modelled OS distributions from the updated company 
base-case analysis (March 2020 DCO) had a good visual 
fit to the observed OS KM data for the durvalumab arm 
from the 4-year follow-up of PACIFIC (March 2020 DCO; 
PD-L1 TC ≥ 1% population); the fit was less precise for the 

placebo arm (as observed in the original company base-case 
analysis) (Fig. 2A). Meanwhile, the modelled PFS distribu-
tions from the updated analysis had a good visual fit to the 
observed PFS KM data for both the durvalumab and the 
placebo arms up to 48 months. After 48 months, censoring 
substantially reduced the numbers of patients at risk, mean-
ing there is greater uncertainty in the KM curves beyond 
48 months, resulting in modelled curves that do not follow 
the KM curves as closely beyond this timepoint (Fig. 2B). 
The outputs from the updated analysis (March 2020 DCO) 
approximated with those from the original analysis (March 
2018 DCO) (Table 3): durvalumab yielded 2.51 (discounted) 
incremental QALYs (− 0.43 vs. the original analysis) and 
3.07 (discounted) incremental LYs (− 0.53) compared with 
standard-of-care active follow-up (placebo), corresponding 
to an ICER of £22,665/QALY gained (+ £3298). There-
fore, durvalumab therapy remains a cost-effective use of 
national health service (NHS) resources, falling within 
the upper bound of the NICE willingness-to-pay thresh-
old (£20,000–30,000). Sensitivity analyses demonstrated 
that the use of a log-logistic distribution for modelling 
PPS (£23,762) and setting the treatment effect duration for 
durvalumab at 5 years (£27,612) did not have a substantial 
impact on the ICER (March 2020 DCO).

3.3  Impact of Durvalumab Availability in the Cancer 
Drugs Fund

Based on 2-year landmark OS data from PACIFIC (based on 
the March 2020 DCO), the early availability of durvalumab 
in the UK (within the CDF) was estimated to have avoided 
between 31 and 91 early deaths in the first 2 years follow-
ing its introduction, assuming an uptake of between 125 
patients/year (per the NICE estimate [35]) and 367 patients/
year (as described in the company submission [30]), respec-
tively (Table 4).

Table 2  Comparison of modelled overall survival point estimates from the original company base-case analysis with observed 4-year follow-up 
overall survival data from the PACIFIC study (PD-L1 tumour cell ≥ 1% population)

Modelled OS is derived indirectly using TTP, PFS, and PPS
CI confidence interval, DCO data cut-off, KM Kaplan–Meier, NE not estimable, OS overall survival, PD-L1 programmed cell death-ligand 1, 
PFS progression-free survival, PPS post-progression survival, TTP time to progression
a March 2018 DCO modelled estimate minus March 2020 (i.e. 4-year) DCO KM-estimated data

Durvalumab Placebo

March 2018 DCO 
model [30]

March 2020 DCO 
KM estimate
(95% CI)

Differencea March 2018 DCO 
model [30]

March 2020 DCO 
KM estimate
(95% CI)

Differencea

Median OS, months 58.0 57.4 (43.7–NE) + 0.6 29.4 29.6 (17.7–44.7) − 0.1
12-month OS rate, % 86 87 (81–91) − 1 77 75 (64–83) + 2
24-month OS rate, % 73 73 (66–78) 0 57 54 (43–64) + 3
36-month OS rate, % 63 62 (55–68) + 1 42 45 (35–55) − 3
48-month OS rate, % 55 55 (48–61) 0 32 38 (28–48) − 7
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4  Discussion

Validating the original cost-effectiveness analysis sub-
mitted to NICE by benchmarking it against more mature 
(4-year) survival data from PACIFIC supports the model-
ling approach used for the company base-case analysis and 
provides a valuable case study on how the cost effectiveness 
of novel anti-cancer therapies can be predicted reliably based 
on relatively immature survival data. Moreover, updating the 
cost-effectiveness analysis with these more mature survival 
data provides the opportunity to measure the long-term ben-
efit of durvalumab more accurately.

Our findings demonstrate that the semi-Markov approach 
used for the original company base-case analysis predicted 
OS with durvalumab therapy with a high degree of preci-
sion, as demonstrated by the good visual fit between the 
modelled (March 2018 DCO) and observed (March 2020 
DCO) OS data and the accurate prediction of the 48-month 
OS rate for the durvalumab arm of PACIFIC (predicted 55%; 
observed 55%). Meanwhile, the analysis was less accurate 
at predicting the 48-month OS rate for the placebo arm 

(predicted 32%; observed 38%). The less accurate fit of the 
model for the placebo arm appeared to be due to further flat-
tening of the OS KM distribution for this arm at the March 
2020 DCO compared with the March 2018 DCO [23, 26, 30, 
34]. This led to under-prediction of the 48-month OS rate 
for the placebo arm by the original analysis. Despite this, 
the ICERs yielded by the original (March 2018 DCO) and 
updated (March 2020 DCO) company base-case analyses 
were similar (difference £3298), indicating that the original 
analysis provided a good estimate of the cost effectiveness 
of durvalumab therapy based on relatively immature survival 
data. Taken together, these findings validate the approach 
used in the original company base-case analysis and suggest 
that the underlying assumptions of the model were robust.

Other validation studies have assessed the accuracy of 
extrapolated OS data applied in oncology pricing and reim-
bursement submissions [36–38]. One study, which summa-
rised 11 NICE submissions for cancer immunotherapies, 
found that the initial extrapolation tended to underestimate 
OS by 0.4–2.7% depending on the assessment method used; 
the authors concluded that the initial extrapolations were 
appropriate for health-technology assessment decisions [38]. 

Table 3  Incremental cost effectiveness of durvalumab versus active follow-up after chemoradiotherapy for the original and updated company 
base-case analyses

DCO data cut-off, ICER incremental cost-effectiveness ratio, LYs life-years, QALYs quality-adjusted LYs
a The original model submitted to the UK National Institute for Care and Excellence was adjusted to correct minor errors identified by the evi-
dence review group, yielding a deterministic ICER of £19,366 per QALY gained [30, 31]
b Discounted
c Undiscounted

Original model (March 2018 DCO)a Updated model (March 2020 DCO)

Incremental ICER/QALY gained Incremental ICER/QALY gained

LYsb LYsc QALYsb Costsb LYsb LYsc QALYsb Costsb

Base-case analysis 3.60 5.57 2.93 £56,788 £19,366 3.07 4.81 2.51 £56,800 £22,665

Table 4  Impact of early 
durvalumab availability through 
the Cancer Drugs Fund

Calculations are based on the March 2020 data cut-off of the PACIFIC study (PD-L1 tumour cell ≥ 1% 
population) [34]
OS overall survival, PD-L1 programmed cell death-ligand 1
a Assumes that patients start treatment equally distributed over the 2-year period (on a monthly basis); sur-
vival based on Kaplan–Meier data

Parameters Assumed uptake

Lower 
estimate [35]

Higher 
estimate 
[30]

Patients treated with durvalumab in the first 2 years following introduction 250 734
Proportion alive after 2 years in the durvalumab arm [34] 73%
Proportion alive after 2 years in the placebo arm (i.e. active follow-up) [34] 54%
Difference in proportion alive after 2 years 19%
Number of deaths avoided by introducing 2 years prior to reaching median OS 

for the durvalumab  arma
31 91
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The current study provides another example of the high level 
of accuracy that can be achieved when extrapolating OS with 
immunotherapy.

We cannot definitively explain the better-than-expected 
48-month OS rate in the placebo arm at the March 2020 
DCO; however, it could be related to the longer duration 
of follow-up at the March 2020 DCO among patients who 
received subsequent immunotherapy (up to additional  
2 years vs. the March 2018 DCO). Indeed, 31% of patients 
in the placebo arm (and 12% in the durvalumab arm) had 
received subsequent immunotherapy by the March 2020 
DCO (PD-L1 TC ≥ 1% population). Although most of these 
patients had commenced subsequent immunotherapy by the 
March 2018 DCO [30], the longer duration of follow-up at 
the latter DCO possibly allowed sufficient time for the OS 
benefit associated with immunotherapy in later treatment 
lines to become apparent.

Durvalumab is associated with considerable benefit in 
patients with unresectable stage III NSCLC, who are char-
acterised by a substantial disease burden and, historically, a 
poor prognosis (despite treatment with curative intent). In 
the updated company base-case analysis, based on survival 
data from the 4-year follow-up of PACIFIC (March 2020 
DCO), durvalumab therapy was associated with a gain of 
an additional 2.51 (discounted) QALYs versus standard-of-
care active follow-up. This provides validation of the con-
siderable patient benefit predicted by the original company 
base-case analysis (March 2018 DCO; 2.93 QALYs gained). 
Moreover, this level of QALY gain is considerably higher 
than that observed with immunotherapies currently approved 
by NICE in the advanced/metastatic NSCLC setting [39–43]. 
Durvalumab remains a cost-effective use of NHS resources 
at the list price of £592 for 120 mg/£2466 for 500 mg: the 
ICER was estimated as £22,665/QALY gained, which falls 
within the higher bound of the willingness-to-pay threshold 
that NICE applies for cost effectiveness (£30,000). This sup-
ports the adoption of durvalumab in routine clinical practice. 
An important caveat is that the updated cost-effectiveness 
analysis remains dependent on extrapolations to estimate 
longer-term survival (beyond 4 years).

Numerous cost-effectiveness analyses have been pub-
lished based on both the ITT and the PD-L1 TC ≥ 1% 
PACIFIC populations. These analyses report a lower range 
of QALY gains with durvalumab therapy (0.24–1.32 for the 
PD-L1 TC ≥ 1% population) compared with the original 
company base-case analysis (2.93) (Table 3 in the ESM) 
[30, 31, 44–48]; this could be explained, in part, by the 
use of different modelling approaches, decision problems, 
and/or assumptions regarding long-term survival benefit. 
The recently published data from PACIFIC (March 2020 
DCO) demonstrated a gain in median OS of 27.8 months 
with durvalumab therapy versus placebo and a sustained 
OS and PFS benefit with durvalumab at 4 years (PD-L1 TC 

≥ 1% population) [34]; the 48-month OS rates were 55 and 
38% with durvalumab and placebo, respectively. This brings 
into question whether the other models in the literature that 
report lower QALY gains for durvalumab therapy reflect 
the most recent evidence of clinical efficacy from PACIFIC 
and accurately represent patient and health-system benefits.

The aim of the current analysis was limited to validat-
ing the original company base-case analysis submitted to 
NICE by benchmarking it against, and updating it with, more 
mature survival data from PACIFIC. The validity of alter-
native model structures was not explored, nor were other 
parameters updated (e.g. costs). Moreover, complex hazard 
functions were not considered (e.g. methods that incorpo-
rate splines or fractional polynomials) [49]. Further analyses 
could be undertaken to assess the impact of key modelling 
choices on the estimated QALYs, LYs, costs, and ICERs.

At the time of the original company submission to NICE, 
the ERG expressed concern that the choice of a generalised-
gamma distribution to model PFS in the company base-case 
analysis caused a potential overestimation of the long-term 
survival benefit that could be achieved with durvalumab 
therapy and suggested that using a log-normal distribution 
for the durvalumab arm may be a more appropriate choice 
for decision making [30, 31]. However, the ERG acknowl-
edged that any choice for modelling PFS was associated with 
substantial uncertainty as survival data from PACIFIC were 
immature at the time of submission. The findings of the cur-
rent analysis suggest that the use of a generalised-gamma 
distribution provided a plausible estimate of benefit with 
durvalumab (when benchmarked with more mature survival 
data from the 4-year follow-up of PACIFIC).

The ERG expressed a further concern that setting the 
treatment effect duration for durvalumab at 10 years was 
potentially too long and suggested a more conservative dura-
tion of 3–5 years [30, 31]. The 4-year follow-up data from 
PACIFIC demonstrated that OS and PFS benefit with dur-
valumab was sustained for at least 4 years [34], indicating 
that a treatment effect duration of less than this may be too 
conservative. Of note, setting the treatment effect duration 
at 5 years did not have a substantial impact on the ICER 
(£27,612) in the current analysis. However, we feel that 
5 years is a highly conservative assumption since longer-
term benefit (e.g. 10 years) is plausible in a curative-intent 
setting. Any future updates from the PACIFIC study may 
provide the opportunity to further explore uncertainties 
regarding the treatment effect duration.

While the original company base-case analysis demon-
strated good internal validity (by accurately predicting OS 
for the durvalumab arm of PACIFIC from TTP, PFS, and 
PPS distributions), it is only one study, and it cannot be 
concluded that all models will be this accurate or that it is 
the most appropriate modelling approach for other similar 
decision problems. Nevertheless, the ability of the modelling 
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approach to robustly predict long-term benefit allows payer 
organisations to have confidence in approving novel thera-
pies with immature data in areas of high unmet need (in the 
absence of more mature data, while pivotal clinical trials are 
ongoing). This is supported by our finding that NICE’s deci-
sion to allow early managed access to durvalumab through 
the CDF may have prevented between 31 and 91 early 
patient deaths in the first 2 years following its introduction.

5  Conclusion

By validating the outcomes of the original cost-effectiveness 
analysis, this research reinforces the considerable patient 
benefit observed with durvalumab and supports the use of 
this cost-effective therapy with a higher degree of certainty 
(given the use of more mature survival data to update the 
model). It also provides an informative case study on cost-
effectiveness analyses in the unresectable stage III NSCLC 
setting from both methodological and policy perspectives.
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