
DFS: disease free survival; QALYs, quality-adjusted life years.

LYs: life years; Nivo, nivolumab; QALYs, quality-adjusted life years.

Conclusions
•	 It is important that adjuvant cancer modelling approaches are able to address relevant challenges such as 

immature OS data
•	 The Markov structure is most appropriate for the adjuvant setting, since it permits the application of 

published literature sources
•	 Markov models also provide greater flexibility for sensitivity analysis compared with the partitioned 

survival approach, which is very a important consideration for modelling of adjuvant therapies given 
immaturity and sometimes unavailability of OS trial data

•	 Validation from external experts and sources remains essential
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Introduction
•	 Urothelial and oesophageal cancers pose significant health burden in the UK, with approximately 10,292 and 

9,272 newly diagnosed cases each year, respectively1,2

•	 Patients diagnosed with early-stage cancer may be able to receive potentially curative surgery
•	 Economic modelling of adjuvant cancer therapy is subject to several challenges that reduce the applicability 

of traditional oncology approaches, such as partitioned survival models
	— Immature or unavailable overall survival (OS) data and the requirement to model post-recurrence treatment options
	— Patients are often considered to be in remission by clinicians, with survival outcomes equivalent to the general population, 
and are discharged from care if no recurrence has occurred. An economic model evaluating the adjuvant cancer treatment 
setting should reflect this clinical pathway in order to retain face validity

Methods
•	 A targeted literature review conducted in February 2021 (in line with Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis [PRISMA] guidelines), identified all NICE HTAs that assessed treatment 
for patients with resected cancers who received adjuvant therapy

•	 Relevant data was extracted that pertained to model approach, structure and assumption, including 
pre‑relapse and post-relapse survival parameters, and relevant critiques provided by the Evidence Review 
Groups (ERGs) and NICE committees

•	 The output from this review was used to inform the strategy for two nivolumab HTAs, alongside clinical 
insights

Results
Review of previous HTAs of adjuvant cancer therapy
•	 Ten HTAs were identified, with summarised modelling approaches provided in Table 1
•	 Disease-free survival (DFS), invasive DFS, and recurrence-free survival were the most relevant clinical trial 

endpoints and were used for modelling pre-recurrence survival
•	 Markov modelling was the most common approach (8 HTAs)

	— In all models where the Markov approach was used, external data was used to inform post-recurrence modelling, including 
OS, as outlined in Table 1

•	 Two studies used partitioned survival models, and trial outcomes were supplemented by indirect treatment 
comparisons and a surrogate relationship between RFS and OS

•	 The methods for modelling pre-recurrence survival in Markov models were fairly diverse
	— Modelling of pre-recurrence survival could be split into one (n=3), two (n=2) or three (n=3) time periods, where the 
treatment effect would alter

	— Modelling of pre-recurrence survival was considered by ERGs and NICE committees to be a major source of uncertainty, 
requiring adequate justification for approach

•	 All identified economic models had to contend with immature or unavailable OS data
	— Four Markov models used a cure assumption, applying general population mortality for patients with no recurrence beyond 
a specific time point, with time applied ranging from 5 to 11 years (5 years: 1 model; 10 years: 2 models; 129 months: 1 
model). Two of these models assumed a fixed proportion of patients would remain at risk of recurrence, while the other two 
models assumed background mortality rates

	— In Markov models, the most prevalent solution was to model an independent post-recurrence survival analysis
•	 Published literature informed post-recurrence mortality (7 HTAs)
•	 Post-recurrence survival analyses were most commonly driven by data sourced from trials with metastatic baseline 

populations, though the trials used were not always of sufficient maturity or comparability

Table 1. Identified technology appraisals

DFS: disease free survival; DM: distant metastasis; HER2: human epidermal growth factor receptor 2; HR: hormone receptor; iDFS: invasive disease free survival; 
LR: local recurrence; NMA: network meta-analysis; OS: overall survival; PFS: progression free survival; RFS: recurrence free survival

Adjuvant cancer model implementation methodology
•	 Based on the findings of this review, de novo semi-Markov models were developed for nivolumab in the 

adjuvant treatment of oesophageal cancer and muscle-invasive urothelial carcinoma (Figure 1)
•	 For both models, pre-recurrence survival were derived from trial data
•	 Post-recurrence survival data for both economic models were derived from published literature describing 

relevant subsequent therapies as outlined in Figure 1
•	 Cure (long-term disease-free state) was assumed for those recurrence-free after 5 years in urothelial and 

oesophageal cancer models, respectively, based on smoothed hazard plots from trial data. The timing of cure 
was validated by clinical experts

Disclosures
•	 This analysis was supported by Bristol Myers Squibb

Adjuvant cancer model results
•	 Clinical benefits of nivolumab (life years and quality-adjusted life years) were predominantly accrued in the 

disease-free state (Figure 2)
•	 While outcomes varied by modelled population, the largest model drivers were DFS extrapolations, timing of 

the cure assumption, and baseline age (Figure 3)
•	 Outcomes were aligned with expectations from clinical experts

Figure 1. Overview of adjuvant model approach

Figure 2. Breakdown of health benefits accrued in the economic models

Figure 3. Key economic model drivers

HTA # 
(year) Indication Treatment 

Model  
approach

Pre-recurrence 
modelling

Post-recurrence  
modelling

TA100 
(2006)3

Surgery of stage III  
(Dukes' stage C) colon cancer Capecitabine + oxaliplatin Markov DFS: time dependent Cure assumed;

OS: external data

TA326 
(2014)4

KIT (CD117)-positive gastroin-
testinal stromal tumours Imatinib Markov RFS: treatment- 

dependent OS: external data

TA501 
(2018)5 Early breast cancer INTRABEAM radiotherapy 

system Markov RFS: stratified by LR/
other recurrence

Post-LR: external data
Post-DM: calculated from 

probability of other recurrence

TA544 
(2018)6

Resected BRAF V600 
mutation-positive melanoma Dabrafenib + trametinib Markov RFS: time-dependent

RFS: trial data adjusted from  
external;

Death: external data

TA553 
(2018)7

Resected melanoma with high 
risk of recurrence Pembrolizumab Markov RFS: stratified by LR, 

DM, and death

Death, post-LR: trial data;
risk of DM: external data;

death, post-DM: NMA

TA558 
(2019)8

Completely resected melanoma 
with lymph node involvement/

metastatic disease
Nivolumab Partitioned 

survival model

RFS: time dependent
OS: hazard ratio applied to RFS  

relative to external data

TA569 
(2019)9

HER2-positive 
early stage breast cancer

Pertuzumab, trastuzumab 
and chemotherapy Markov iDFS: time dependent

Cure assumed; 
risk of DM: external data;

PFS/OS: external data

TA612 
(2019)10

HR-positive, HER2-positive 
early stage breast cancer after  

adjuvant trastuzumab
Neratinib Markov iDFS: time dependent

Cure assumed;
risk of DM: external data;

PFS/OS: external data

TA619 
(2020)11

HR-positive, HER2-negative 
locally advanced/metastat-

ic breast cancer in adults who 
have had endocrine therapy

Palbociclib + fulvestrant Partitioned 
survival model PFS and OS

TA632 
(2020)12

HER2-positive 
early breast cancer Trastuzumab emtansine Markov iDFS: time dependent

Cure assumed;
risk of DM: external data;

PFS/OS: external data

Transition
Urothelial Cancer 
(TA817)

Oseophageal Cancer 
(TA746)

1 Disease-free 
to recurred disease

Trial data 
(CM274; DFS curve)13

Trial data 
(CM577; DFS curve)

2 Disease-free 
to death

Trial data 
(CM274; disease-specific deaths)13 
and background mortality14

Trial data 
(CM577; disease-specific deaths) 
and background mortality

3 Recurred 
disease to death

Bellmunt et al.15 and 
De Santis et al.16 (equal split) Lou et al.17

4 Initial to long-term 
disease-free

All patients at 5-year timepoint, 
based on clinical feedback

All patients at 5-year-timepoint, 
based on clinical feedback

5 Long-term 
disease-free to death Background mortality14 Background mortality18

Objectives
•	 This study aimed to identify the most appropriate modelling approach for adjuvant therapies in the UK 

setting, and subsequently implement these findings in the development of cost-effectiveness models for 
health technology assessments (HTAs) for the National Institute for Health and Care Excellence (NICE), 
specifically TA817 and TA746

Urothelial cancer sensitivity analysis

Cure timing

Health State Utilities

Recurrence to Death Transition

Time Horizon

Life Tables

Age-Dependent Utility Values

Age

Proportion Male

Adverse Event Utility Decrements

Parametric DFS extrapolation 5

Parametric DFS extrapolation 3

Parametric DFS extrapolation 2

Parametric DFS extrapolation 1

Parametric DFS extrapolation 4

2.01.81.61.41.21.00.80.60.40.20.0 4.84.44.03.63.22.82.42.01.61.2

Oesophageal cancer sensitivity analysis

Incremental QALYs Incremental QALYs

CM274: CheckMate 274; CM577: CheckMate 577; DFS: disease-free survival.
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