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Background: Existing economic model frameworks may not adequately capture the atypi-

cal treatment response patterns in immuno-oncology (I-O) compared with conventional

therapies and thus may fail to represent the full clinical value associated with disease

dynamics and improved survival.

Objective: A cost-effectiveness analysis (CEA) of the I-O Regimen (nivolumab/ipilimu-

mab) versus ipilimumab alone in advanced melanoma was carried out by applying a 5-state

partitioned survival model (PSM) as a case study, to explore the I-O treatment response and

clinical outcomes. The findings were compared with those of a conventional 3-state PSM.

Materials and Methods: The case study extends the conventional 3-state PSM, by separat-

ing the pre-progression state into non-responders and responders, and the post-progression state

into normal and I-O progression to account for delayed treatment effects preceding clinical

response. Model states were populated using patient-level data (where possible), mapping from

the best overall response (BOR), and survival analysis with flexible and traditional parametric

methods. Survival functions were applied to progression-free survival (PFS) and overall

survival (OS) endpoints across treatment arms using the 4-year follow-up data (data available

at the time of the research; since then 5-year follow-up data have been published) from the

CheckMate 067 trial. Information on BOR was used as a means of differentiating the

I-O treatment response in addition to the outcomes of progression-free and progressed disease.

A UK National Health Service and personal social services (NHS/PSS) perspective over

a lifetime horizon was used with outcomes discounted at 3.5% annually.

Results: The 5-state PSM generated an increase in quality adjusted life years (QALYs) in both

treatment arms and gave a more granular description of patients’ health profiles compared with

the traditional 3-state PSM. The incremental QALY increased by 13% (from 2.62 to 2.95

QALYs) and the incremental cost decreased by 12% (£29,125 to £25,678) with the 5-state

model. In both models, the Regimen had an incremental cost-effectiveness ratio (ICER)

relative to ipilimumab alone within the lower bound of the National Institute for Health and

Care Excellence (NICE) reference range (£20,000 per QALY gained).

Conclusion: A 5-state economic model, incorporating relevant I-O health states, can be

more informative to gain insight into treatment response and progression differences that are

not commonly captured in existing economic models. Clinical trial endpoints, including

those relating to treatment response, which are not directly reported in ongoing I-O trials, can

be mapped on to the proposed modelled health states (although assumptions are required to

do so). Improvements in reporting treatment response in future I-O clinical trials could help

to further validate and improve the proposed model framework.
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Introduction
Health technology assessment (HTA) processes aim to provide

early guidance about the appropriate use of new technologies

within the health-care systemand thus avoid delays in access to

innovative medicines. This trend means that the analysis of

effectiveness and cost-effectiveness, particularly for new

classes of drugs, draws to a considerable extent, if not solely,

on data collected as part of Phase II or III clinical trial pro-

grammes (head to head trials or pooled analysis from a number

of trials). However, decision makers are concerned with long-

term (frequently lifetime) costs and patient outcomes, such as

life expectancy and quality adjusted life years (QALYs).1 In

this context, analytical issues including the extrapolation of

clinical benefit beyond the time horizon of the clinical trial and

the structure of economic model health states to capture treat-

ment modalities are critical to obtaining robust estimates of

effectiveness and cost-effectiveness.2,3

Immuno-oncology (I-O) agents are an evolving treatment

modality that harnesses the immune system to fight cancer.

I-O has already been successfully used in the treatment of

various tumour types with limited therapeutic options, includ-

ing melanoma, squamous and non-squamous lung cancer and

renal cell carcinoma.4 In I-O, treatment response kinetics differ

fundamentally from those observed with conventional thera-

pies. Whereas the latter exhibit early clinical benefit with

limited durability, I-O responses can show atypical survival

patternswith durable response in a subset of patients, examples

being tumour flares preceding clinical response (also referred

to as pseudo-progression),5,6 and prolonged biological effects

occurring even after treatment discontinuation.6–9 Emerging

response patterns include hyperprogressive disease (HPD)

(anecdotal occurrences of rapid progression) potentially

caused by the deleterious effects of I-O. The prevalence and

predictive factors (which may include treatment in elderly

populations >65 years) of HPD remain unknown, raising con-

cerns about our growing understanding of I-O treatments.4

In recent years, techniques of survival analysis and

approaches to structuring economic models have come under

increased scrutiny with the introduction of I-O agents in the

treatment of cancer. Developing a well-established basis for

modelling in I-O, so that clinical trial and long-term observa-

tional data can be represented in a more meaningful way,

requires an understanding of emerging treatment patterns and

the paradigm shift of toxicity and response compared with

conventional therapies. In oncology, economic model struc-

tures are frequently based around the traditional clinical trial

metrics of progression-free survival (PFS) and overall survival

(OS), where OS (notwithstanding its statistical challenges) is

still considered to be the gold standard in evaluating clinical

efficacy (including I-O agents). OS and PFS are directly

implemented into and form the basis for the characteristic

3-state partitioned survival model (PSM) with “pre-

progression”, “progressive disease” and “death” health states

(Figure 1), in which response patterns unique to I-O are not

captured explicitly. While the 3-state model is straightforward

to implement and widely accepted, there is a case for rethink-

ing this approach in light of observed I-O response patterns.5

As part of an ongoing investigation into innovative eco-

nomic modelling approaches, this paper complements pre-

vious studies on the extrapolation of clinical benefit beyond

the clinical trial period7 and a comparison of cohort models8

with a patient level simulation (PLS).10 Throughout the

research, the case study of malignant melanoma has been

used as it is the condition in which the longest follow-up trial

data in I-O is available (with ipilimumab).11 The current study

builds particularly on Gibson et al (2018) who compared

a 3-state PSM and extensions thereof with a Markov model

and found that the PSM-based approaches generated results

more closely comparablewith existing trial data endpoints than

the Markov model,8 as expected given the way in which

clinical data was reported. The 5-state extended model was

structurally more informative than 3-state or 4-state models8

and is here used to evaluate the cost-effectiveness of the

Regimen (nivolumab/ipilimumab) versus ipilimumab, by

comparing the clinical and economic model outcomes with

those of the conventional 3-state PSM from aUnited Kingdom

(UK) National Health Service and personal social services

(NHS/PSS) perspective.

Materials and Methods
Patient Population and Trial Data
The CheckMate 067 trial (ClinicalTrials.gov number

NCT01844505) is a Phase III double-blind clinical trial of

945 treatment-naïve patients with metastatic melanoma who

were randomly assigned 1:1:1 to the following groups:

● 3mg/kg of nivolumab (n=316) every 2 weeks (plus

matched ipilimumab placebo)
● 3mg/kg of ipilimumab (n=315) every 3 weeks for

four doses (plus matched nivolumab placebo)
● 1mg/kg of nivolumab plus 3mg/kg of ipilimumab

(n=314) every 3 weeks for four doses followed by

3mg/kg of nivolumab every 2 weeks
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Consistent with the dosing schedules from the trial, treat-

ment continued until disease progression as defined by

Response Evaluation Criteria in Solid Tumours (RECIST

1.1), although treatment could be continued in patients

with clinical benefit and without substantial adverse events

(AEs). Treatment was also discontinued in the event of

unacceptable toxicity or withdrawal from the study. Full

details of the trial have been reported elsewhere.11 Both

models presented here are populated with data from the

CheckMate 067 study but are intended as illustrative

examples of the methods rather than being concerned

with the features of the particular technologies included

in the Checkmate 067 study.

Model Overview
The conventional 3-state and an extended 5-state version of

the PSM (Figure 1A and B) were developed in Microsoft

Excel 2010 to capture treatment response and disease

dynamics of the Regimen versus ipilimumab. The models

simulate the long-term clinical and economic outcomes of

I-O management in advanced melanoma patients over

a lifetime horizon of 40 years.

The models consider a UK NHS/PSS perspective, con-

sistent with the NICE reference case (and to facilitate

comparison with other technologies) and capture direct

costs, life years gained (LYG) and QALYs. Both costs

and outcomes were discounted at 3.5% annually.12

Additionally, to assess clinical value, trial endpoints for

OS (years 1–4), PFS (years 1–4), and best overall response

(BOR) at the mean time to response were extracted from

the models and compared with those reported in the

CheckMate 067 trial (Table 1).13

Model Structure
The conventional 3-state PSM consists of pre-progression

(PP), post-progression (PsP) and death states, without dis-

tinction between non-responders and responders. This

could misrepresent the clinical benefit of I-O compared

Conventional 3-state partitioned survival model 

Extended 5-state partitioned survival model with response and progression differentiation 

A

B

Figure 1 Model schematic for the (A) conventional three-state partitioned survival model commonly used in oncology (B) extended five state model proposed with

additional health states to differentiate levels of response and progression types to capture I-O treatment response and disease dynamics.
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with traditional therapies (eg, chemotherapy) as

I-O responses suggest that patients receiving this form of

therapy have a more nuanced disease trajectory than one

represented by progression-free and progressed states.

Here, an extension to the conventional approach was

developed with five states to account for the treatment

response in I-O. The pre-progression state was divided

into non-responders (PP1) where the disease remains

unchanged (but without progression) and responders

(PP2) where there is a clinical improvement in the disease.

The progression state was divided into normal progression

(PsP1) to capture progression of non-responders and

I-O progression (PsP2) for progression in responders as

presented in Figure 1.5

The clinical endpoints for PFS and OS are mapped

directly to PP and death health states, with PsP being the

difference between OS and PFS. In the extended model,

further assumptions on patients’ response status to differ-

entiate proportions with stable disease (SD), partial

response (PR) and complete response (CR) within the

clinical endpoints (specifically for PFS) were determined

by the best overall response (BOR) classification based on

patient-level data from the CheckMate 067 trial. Those

classified as PP1 were those who had SD with no clinical

change in lesions while the PP2 group consisted of those

with PR or CR. PsP1 consisted of progression of non-

responders with SD and the PsP2 state was made up of

those with PR/CR who progressed. All patients entered the

PP state in the 3-state PSM and PP1 state in the 5-state

model, where patients were treated until discontinuation or

progression.

The base case population represents the CheckMate

067 trial with an assumed maximum treatment period of

two years consistent with previous publications.12 In the

models, monthly cycles and a half-cycle correction were

applied.

Survival Estimation
The risks of underlying progression and death were based

on patient level trial data and 4-year follow-up summary

K-M data available at the time of research (the Guyot

algorithm was used to recreate the K-M plots) 14 from the

CheckMate 067 trial15 (since the research was initiated

recent 5-year data has been published16). To assess the

Table 1 Summary of the Reported Trial Endpoints Compared to Those Generated by the Proposed Five-State and Three State

Partitioned Survival Model

Endpoint Nivolumab Plus Ipilimumab (N=314) Ipilimumab (N=315)

Trial

Reported

Conventional

3-State Model

Proposed 5-State

Model

Trial

Reported

Conventional

3-State Model

Proposed 5-State

Model

OS (%)13,21

Year 1 73.0 75.0 75.0 67.0 65.0 65.0

Year 2 64.0 64.0 64.0 45.0 48.0 48.0

Year 3 58.0 56.0 56.0 34.0 38.0 38.0

Year 4 52.0 50.0 50.0 32.0 32.0 32.0

PFS (%)13,21

Year 1 50.0 50.0 50.0 18.0 15.0 15.0

Year 2 43.0 41.0 41.0 12.0 9.0 9.0

Year 3 39.0 38.0 38.0 10.0 8.0 8.0

Year 4 36.0 36.0 36.0 9.0 8.0 8.0

BOR (%)13,21

SD 12.0 69.0 (SD, PR, CR) 13.0 22.0 38.0 (SD, PR, CR) 20.0

PR 37.0 56.0 (PR, CR) 14.0 18.0 (PR, CR)

CRb 21.0 5.0

PD 24.0 24.0 24.0 (4.0, 20.0)a 50.0 48.0 48.0 (25.0, 23.0)a

Unknown 6.0 – – 9.0 – –

Notes: aDistinction between the proportion of patients with stable disease (non-responders) and partial/complete response in the proposed model. bRounding may give

total >100%.

Abbreviations: BOR best overall response; CR complete responder; OS overall survival; PD progressive disease; PFS progression free survival; PR partial responder; SD

stable disease.
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most suitable survival distribution on which to base extra-

polation beyond the period of follow-up in the trial, both OS

and PFS endpoints from each treatment arm were interpo-

lated by applying traditional parametric and flexible

approaches (other approaches including mixture cure mod-

els can be applied although assumptions on the cured rates

need to be established).17 It should be noted that the median

OS has not been reached in the Regimen which may impact

the interpretation of the extrapolations presented and future

analyses (still not reached in the 5-year data).18

Traditional parametric methods using Weibull, exponen-

tial, Gamma, log-normal and log-logistic functions, as well

as flexible parametric survival models using restricted cubic

splines (RCS) with 1–7 knots, were fitted to both OS and PFS

in each treatment arm. Goodness of fit for each predicted

survival model was based on visual inspection against the

K-M plots, statistical tests for Akaike information criterion

(AIC) and Bayesian information criterion (BIC) and clinical

validity. The extrapolated survival estimates were validated

against available long-term external data11 and adjusted for

background mortality based on UK lifetables 2015–2017.19

For PFS, the RCS with one knot was found to provide

the best fit in both treatment arms. For OS, the log-logistic

function was deemed most suitable in the combination

treatment arm, and RCS with one knot was found to

provide the best fit in the ipilimumab arm (Figure 2A

and B present selected model fits).

Data Sources
The manufacturer provided individual patient level data

from the CheckMate 067 trial, including BOR data on

which the health state definitions were based. For conve-

nience, data on health-care costs were the same as those

used in the manufacturer’s submission to NICE appraisal

TA400 (although the submission is used as a reference and

not for comparative purposes here).14

Costs
Resource use prior to death in this analysis uses a four-part

structure based on time since treatment initiation

(first year, second year, third and subsequent years) and proxi-

mity to death. One-off costs were associated with treatment

initiation and end-of-life care while costs for pre-progression

and post-progression in the first, second and third and later

years were based on monthly costs. Drug costs and costs

associated with adverse events were determined by patients’

on treatment/off treatment status (Table 2). Resource use and

unit costs associated with AEs were provided by the

manufacturer and appropriately uprated. The models assume

a maximum time on treatment of two years. Following treat-

ment discontinuation, patients can move on to best supportive

care (BSC) which has a zero-intervention cost, although other

costs associated with management of the disease (which could

include alternative lines of treatment) still apply (eg palliative

costs are captured in the health state costs).14 This approach is

recognised as a simplification but is considered a reasonable

approximation to clinical practice. Unit costs were drawn from

standard sources (eg NHS Reference Costs, PSSRU Costs of

Health and Social Care and the British National Formulary).

Costs were uprated from 2014/15 to 2015/16 prices using the

Hospital and Community Health Services (HCHS) pay and

prices index (Table 2).15 All drug costs are at current list prices

which do not consider confidential discounts, such as Patient

Access Schemes.16,17 This means that the CEAmay not reflect

the analysis used by UK health care decision makers who

benefit from these discounts.

Utility Values
Health-related quality of life estimates suitable for calcu-

lating QALYs were drawn from the literature and mapped

to the modelled health states, without differentiation

between patients on and off treatment or between treat-

ment arms. In the absence of literature for specific health

states defined in the proposed models, proxies based on

closely related health states were used to estimate eco-

nomic outcomes (Table 1).

Beusterien et al (2009) reported a set of universal utility

values relating to clinical response states for PR, SD and PD in

advanced melanoma for the general UK population to capture

the variation in utilities with treatment response. These values

were applied to the 5-state PSM, where the utility estimate for

SD (0.770) was allocated to the PP1 health state while the PR

utility value (0.850) was assigned to the PP2 state. The pro-

gressive disease (PD) utility value (0.590) was assigned to

normal (PsP1) and I-O progression (PsP2) states in the absence

of information to differentiate between progression in respon-

ders and non-responders.20

For the conventional 3-state PSM, the utility values of

0.7954 and 0.7625 were applied to PP and PsP respectively,

consistent with the reported outcomes used in the manufac-

turer’s submission.18 The ability to use a more granular set of

utilities is a potential advantage of the 5-state model.

However, any comparison of the magnitude of QALY gains

between the two models needs to be carried out with caution

given the different literature sources used for utilities.
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Results
Clinical Trial Outcomes
The OS and PFS endpoints taken from the CheckMate 067

trial were applied to both the 3-state and 5-state models,

and corresponding outcomes between models were identi-

cal as presented in Table 1. The modelled survival out-

comes for the Regimen in each of the first 4 years were

75%, 64%, 56% and 50% for OS and 50%, 41%, 38% and

36% for PFS. For the ipilimumab arm, modelled survival

outcomes over the 4 years were 65%, 48%, 38% and 32%

for OS and 15%, 9%, 8% and 8% for PFS. When com-

pared with the reported OS trial results (73%, 64%, 58%

and 52%), the modelled Regimen results demonstrate

a slightly closer alignment with the trial than those in the

ipilimumab arm did with the corresponding OS results

from the trial (67%, 45%, 34% and 32%) across all 4

years (although both were comparable).

The treatment response outcomes for BOR with the

5-state model provide a more granular breakdown com-

pared with the 3-state model. With the Regimen, the

proportion of patients with non-progressive disease was

69% (SD/PR/CR), made up of 13% with SD and 56% with

PR/CR, when compared against the trial BOR results. The

model results were 8% higher than the trial outcomes for
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Figure 2 Comparison of the observed and selected (including best fit) survival curves with (A) Regimen (nivolumab/ipilimumab) and (B) ipilimumab for overall survival and

progression-free survival.
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Table 2 Key Model Input Parameters and Respective Confidence Intervals Used to Populate the Best Fit Five-State Cost-Effectiveness

Model

Input Parameters Base-Case Parameterisation Source

Model Settings

Time horizon Lifetime Assumption based on NICE reference case

Cycle Monthly Assumption

Discount rates 3.5% costs

3.5% effects

Assumption based on NICE reference case

Average weight (kg) 79.6 Assumption based on NICE reference case

Distributions

OS Regimen: RCS (2df)

Ipilimumab: Log-logistic

Trial data and extrapolation in Stata

PFS Regimen: RCS (2df)

Ipilimumab: RCS (2df)

Trial data and extrapolation in Stata

Utilitiesa, b

Pre-progression (non-responders) 0.77 (proposed model)

0.7954 (conventional model)

[20]

[23]

Pre-progression (responders) 0.85 (proposed model) [20]

Post-progression 0.59 (proposed model)

0.7625 (conventional model)

[20]

Post I-O progression 0.59 [20]

AE decrement (regimen) −0.03373 [23]

AE decrement (comparator) −0.03136 [23]

Costs (£/cycle) -treatment

Treatment initiation (one-off) 750.79 [23]

Treatment (nivolumab) 439.00 (40 mg)

1097.00 (100 mg)

[17]

Treatment (ipilimumab) 15,000.00 (200 mg)

3,750.00 (50 mg)

[16]

IV administration 303.51 [23]

Costs (£/cycle) – Health States

Pre-progression (non-responders)

Year 1

Year 2

Year 3+

426.68

213.26

128.11

[23]

Pre-progression (responders)

Year 1

Year 2

Year 3+

118.66

118.66

84.21

[23]

Post-progression 957.12 [23]

Post I-O progression 957.12 [23]

Death 1,483.89 (one-off) [23]

Adverse Event Costs - (£/patient)

AE (regimen) 1,650.10 [23]

AE (comparator) 940.93 [23]

Notes: Costs were uprated from the NICE STA to 2015/16 prices using the HCHS Pay and Prices Index (http://www.pssru.ac.uk/project-pages/unit-costs/2016/

index.php). aThe Regimen is used to define combination therapy of nivolumab and ipilimumab. bThe comparator is ipilimumab.

Abbreviations: AE, adverse event; CI, confidence interval; IV, intravenous; OS, overall survival; PFS, progression-free survival; RCS, restricted cubic spline; SE,

standard error.
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SD and 3% lower for PR/CR. With the Regimen, 24% of

patients had PD in both the trial and the model. For the

ipilimumab arm, the model predicts 38% with non-

progressive disease, composed of 20% with SD and 18%

with PR/CR. The model outcomes were lower than the

trial outcomes by 9% and 5%, respectively, for SD and

PR/CR. For progressive disease, the model understates

trial outcomes by 4%.

Incremental Modelled Costs and

Outcomes
In the base-case analysis over a lifetime horizon for the

5-state model, the Regimen generated a mean of 5.72

QALYs (discounted) and an associated mean total lifetime

cost of £114,402. In patients treated with ipilimumab, the

model estimated a mean of 2.76 QALYs and an associated

cost of £88,724. The incremental cost of £25,678 and

incremental health gain of 2.95 QALYs gave an incremen-

tal cost-effectiveness ratio (ICER) of £8,703 per QALY

gained for the Regimen versus ipilimumab (Table 3). The

conventional 3-state PSM generated an incremental cost

with the Regimen of £29,125 (£118,664 versus £89,740)

and incremental health gain of 2.62 QALYs (5.32 versus

2.70 QALYs), giving an ICER of £11,119.

Sensitivity Analyses
The robustness of the ICER generated by the 5-state model

to changes in input parameters is illustrated by the results

of the probabilistic sensitivity analysis (PSA) presented as

a scatter plot in Figure 3. Incremental costs and QALYs

for the combination therapy versus ipilimumab lie within

a relatively narrow range in the north east quadrant of the

cost-effectiveness plane (increased costs and increased

QALYs). The mean probabilistic ICER across the 1000

simulations is £7,920. The probability that combination

therapy is cost-effective becomes one at a willingness to

pay of around £11,000 or greater per QALY.

Discussion
This study continues an ongoing research programme into

innovative modelling which was prompted by treatment

response patterns observed with I-O that differ from tradi-

tional therapies. The conventional 3-state PSM is extended

into a 5-state model by differentiating between non-

responders and responders within pre-progression and

post-progression health states. Patient-level data and

recent 4-year follow-up data21 from the CheckMate 067

trial were applied to both models which were compared in

terms of clinical and economic model outcomes to assess

their suitability and ability to model disease dynamics.

Clinical endpoints of PFS, OS and BOR and common

economic outcomes of LYs, QALYs and costs were con-

sidered in the evaluation.10

The modelled outcomes for OS and PFS with the

Regimen were more closely comparable with the reported

trial endpoints than those in the ipilimumab arm over 4 years.

This is driven by the best fits from the survival analysis. It

should be noted that the current understanding in I-O is still

evolving. As more follow-up data becomes available (an

example being extrapolation of the CheckMate 067 trial

based on 2-year data8,10 compared with the updated extra-

polations for 4-year data presented here) and further updates

become available or are expected (5-year follow-up data

reported OS of 52% and 26% and PFS of 36% and 8% for

the Regimen and ipilimumab arms, respectively),18 extrapo-

lations should be updated to ensure they capture the disease

dynamics. At 5 years, extrapolations with optimal goodness

of fit for OS of 49% and 26% and PFS of 36% and 8% are

comparable with the reported data.18 This is supported by

Ouwens et al22 who conclude that standard parametric meth-

ods underestimate long-term I-O OS data, where more

research into mature OS data is needed to improve our

understanding of the realism of OS projections. Here, it is

important to recognise that, although assumptions were

applied to transition from the conventional 3-state to the

Table 3 Aggregated Cost-Effectiveness Results for the Base Case of the Conventional Three-State and Proposed Five-State Models

Total Costs (£) Total LYs Total QALYs Cost/QALY (£)

Conventional

3-State Model

Proposed

5-State

Model

Conventional

3-State Model

Proposed

5-State

Model

Conventional

3-State Model

Proposed

5-State

Model

Conventional

3-State Model

Proposed

5-State

Model

Nivolumab/ipilimumab 118,864 114,402 7.18 7.18 5.32 5.72

Ipilimumab 89,740 88,724 4.01 4.01 2.70 2.76

Difference 29,125 25,678 3.17 3.17 2.62 2.95 11,119 8,703

Abbreviations: LY, life years; QALYs, quality adjusted life years.
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proposed 5-state PSM, it is the granularity in the data as seen

in the BOR that can be useful in addition to the OS and PFS

predictions, to assess if clinical benefit has been captured by

respective modelling frameworks submitted as part of eco-

nomic evaluations. The difference in QALYs generated by

the two models was driven by the disaggregated utilities

(lower utility for post-progression) in an attempt to map to

the 5-state PSM and allow a distinction between non-

responders and responders within the pre-progression and

post-progression states. This differs from the conventional

3-state PSM where patients are grouped together making it

less transparent to capture treatment response in the same

health states. The cost-effectiveness ratios (although not the

primary focus of this study) are consistent with previous

analysis23 where the base case ICER for the Regimen relative

to ipilimumab alone is within the lower bound of NICE’s

reference range (£20,000 per QALY gained).

When considering the potential to generalise the

approach presented here to other therapies and disease

areas, both its theoretical aspects (the ability to represent

I-O responses in a more meaningful way versus its poten-

tial for greater complexity) and empirical attributes need to

be considered. As observed elsewhere,24 the decision to

opt for a simpler or a more complex model “is an empiri-

cal issue, the answer to which is unknown without under-

taking a more complex model”. As the I-O landscape

develops, the need to capture response dynamics more

accurately in the form of economic models is important

to demonstrate the best clinical value in I-O treatments.

Although increased granularity in model frameworks may

better capture I-O, data to populate the models is not

readily available from trial data. Survival analyses con-

ducted to account for additional model aspects (in this case

I-O response) affects the validity of estimates generated,

with suitable/applicable model structures being dependent

on clinical trial design.9

Model Validity
The purpose of the current research was not to derive

a definitive model structure for application in I-O. Rather,

the aim was to explore innovative model structures

informed by guidance on structural design of models

emphasizing patient heterogeneity, including heterogeneity

in response, as a critical factor in model selection.24 Since

each health state in a cohort model is assumed to contain

a homogeneous group of patients, an approach to capturing

heterogeneity is to increase the number of health states in

the model. As discussed in an earlier paper on the same

programme of research8 as that reported here, restricting

treatment response to pre- and post-progression may lack

sufficient granularity to capture the nuances of treatment

responses observed in I-O. On theoretical grounds, there-

fore, a 5-state model potentially has advantages over the

3-state model in providing a more valid representation of

the natural history of disease, treatments, and their effects.25

Empirically, the robustness of the model has been

addressed by following good practice in the modelling of

patient survival, the key driver of costs and QALYs, as
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Figure 3 Probabilistic sensitivity analysis results for the (A) cost-effectiveness scatter plot and (B) cost-effectiveness acceptability curve.
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captured by the Kaplan–Meier curves for OS and PFS

from CheckMate 067, and in extrapolating beyond the

trial period. This involved a systematic approach to selec-

tion of the most appropriate survival curve from a number

of conventional and more flexible candidate functions.8

After being originally tested on data from the CheckMate

066 study with favourable results,7 the 5-state model was

chosen as the preferred approach to estimate cost-

effectiveness on the basis of CheckMate 067.

Initial cost-effectiveness estimates based on two-year

trial data have been updated using four-year data and

a revised approach to survival extrapolation adopted fol-

lowing the observation of extrapolated OS and PFS curves

crossing.8 Model results show a good convergence with

trial observations (Table 1) while extrapolated survival

beyond the trial period has been validated against longer-

term observations on ipilimumab in metastatic

melanoma.11 The approach to costing was similar to that

used in the manufacturer's submission to NICE technology

appraisal TA400 and, as noted above, the results generated

by the models reported here are broadly comparable with

those obtained by the Evidence Review Group in NICE

appraisal TA400.

Limitations
For the proposed 5-state PSM investigated, there are lim-

itations associated with the approach to the mapping of

clinical trial data on to health states using BOR, as uncer-

tainty is introduced with additional health states and when

applying appropriate cost and utility values. While using

data from a single clinical trial has the advantage that it

exploits a consistent set of data on response to treatment in

addition to progression and survival, it assumes a close

correspondence between recorded response and the nota-

ble features of disease dynamics under I-O. Further vali-

dation is needed to establish these links using measures

which may not form a routine element of clinical trial

reports while successful implementation of an increased

set of health states relies on the availability of individual

patient level data, thus limiting the applicability of the

approach for HTA. Caution should also be applied when

interpreting the results of this exploratory analysis bearing

in mind that enabling increased discrimination in utilities

has involved the use of different sources of evidence

which might conflict for reasons unrelated to variation in

the quality of life across health states. A rounded assess-

ment should therefore be made, assessing the validity of

a range of modelled outcomes, not simply QALYs.

Given that I-O disrupts the traditional model for drug

development, specific challenges exist when considering

and incorporating unique I-O endpoints into clinical trial

designs. Preclinical development cannot mimic the human

immune system representative of oncology patients.

Uncertainty in toxicity and efficacy cannot therefore be

anticipated accurately,1,4 raising the question of whether

more information should be collected in I-O trials to sup-

port treatment benefits and help validate the ratio of non-

responders to responders. A deeper understanding of the

immune response under different forms of I-O therapy in

different conditions could contribute to the design of

approaches to data collection in clinical trials and over-

come some of the limitations associated with the measures

traditionally reported.

A further caveat is that the modelling approach pre-

sented here for the Regimen and monotherapy I-O agents

may not be generalisable to other diseases or therapies such

as chemotherapy/I-O or small molecule/I-O combinations.

It does, however, represent a starting point for further

exploration of methods to capture immune effects within

the design of economic evaluations. As knowledge about

the immune response in different settings continues to

emerge, modelling approaches together with data require-

ments to support those approaches are likely to continue

evolving.
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