
Avai lable onl ine at www.sc iencedirect .com

journal homepage: www.elsevier .com/ locate / jva l

Using Whole Disease Modeling to Inform Resource Allocation Decisions:
Economic Evaluation of a Clinical Guideline for Colorectal Cancer Using a
Single Model
Paul Tappenden, BA, MSc, PhD1,�, Jim Chilcott, BSc, MSc1, Alan Brennan, BSc, MSc, PhD1, Hazel Squires, BSc, MSc1,
Rob Glynne-Jones, FRCP, FRCR2, Janine Tappenden, MBChB, MRCS, Surgical Registrar3

1Health Economics and Decision Science, School of Health and Related Research, University of Sheffield, Sheffield, UK; 2East and North Hertfordshire NHS Trust,
Northwood, UK; 3Doncaster and Bassetlaw Hospitals, NHS Foundation Trust, Doncaster, UK

A B S T R A C T

Objective: To assess the feasibility and value of simulating whole
disease and treatment pathways within a single model to provide a
common economic basis for informing resource allocation decisions.
Methods: A patient-level simulation model was developed with the
intention of being capable of evaluating multiple topics within National
Institute for Health and Clinical Excellence’s colorectal cancer clinical
guideline. The model simulates disease and treatment pathways from
preclinical disease through to detection, diagnosis, adjuvant/neoadju-
vant treatments, follow-up, curative/palliative treatments for metasta-
ses, supportive care, and eventual death. The model parameters were
informed by meta-analyses, randomized trials, observational studies,
health utility studies, audit data, costing sources, and expert opinion.
Unobservable natural history parameters were calibrated against exter-
nal data using Bayesian Markov chain Monte Carlo methods. Economic
analysis was undertaken using conventional cost-utility decision
rules within each guideline topic and constrained maximization rules
across multiple topics. Results: Under usual processes for guideline

development, piecewise economic modeling would have been used to
evaluate between one and three topics. The Whole Disease Model was
capable of evaluating 11 of 15 guideline topics, ranging from alternative
diagnostic technologies through to treatments for metastatic disease.
The constrained maximization analysis identified a configuration of
colorectal services that is expected to maximize quality-adjusted life-
year gains without exceeding current expenditure levels. Conclusions:
This study indicates that Whole Disease Model development is feasible
and can allow for the economic analysis of most interventions across a
disease service within a consistent conceptual and mathematical
infrastructure. This disease-level modeling approach may be of partic-
ular value in providing an economic basis to support other clinical
guidelines.
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Introduction

This article concerns the development of Whole Disease Models,
a system-level modeling approach that involves modeling events,
costs, and outcomes across whole pathways from preclinical
disease through to diagnosis and referral, adjuvant treatment,
follow-up, potential recurrence, palliative treatment, end-of-life
care, and eventual death within a single consistent model. This
broader model boundary, together with a high level of depth in
the representation of disease and treatment events, enables such
models to provide a platform for the economic analysis of
virtually any type of health intervention used at any point within
the pathway. Recently, Tappenden et al. [1] set out a methodo-
logical framework for developing Whole Disease Models and
outlined the circumstances under which the benefits of using
such models may outweigh the costs of developing them. One
such scenario is whereby a large set of decisions must be
made across a disease pathway. In the United Kingdom, this is

a common situation in the context of clinical guideline
development.

Clinical guidelines are developed across the world with the
intention of making recommendations for practice that will
improve health outcomes for patients suffering from a particular
disease or condition. Guideline development typically involves
the prioritization of several discrete topics or research questions,
and the formulation of clinical recommendations within each
topic on consideration of the strengths and weaknesses of the
available evidence. Clinical guidelines developed by the National
Institute for Health and Clinical Excellence (NICE) in England and
Wales differ from those produced elsewhere in that the recom-
mendations of NICE’s Guideline Development Groups (GDGs) are
intended to be explicitly underpinned by considerations of cost-
effectiveness [2]. The problems of formulating guidelines that
adhere to a rigorous economic framework have been recognized
for some time. Wailoo et al. [2] highlight a conflict between the
responsibility of the GDG to promote the welfare of the individual
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Table 1 – Guideline topics, options, and methods for modifying the baseline model.

Topic Clinical topic area Option under assessment Modification to the baseline
Whole Disease Model

A Diagnostic modalities for patients

with symptoms of colorectal

cancer

(A1) COL plus biopsy (baseline); (A2) CTC;

(A3) FSIG þ COL; (A4) FSIG followed by

BE

Patients routed to alternative initial/

secondary diagnostic test work centers,

each of which differs in terms of

operating characteristics, risks, and

costs. No additional evidence required

beyond that used to develop the

baseline model

B Tumor staging for colorectal cancer Options include CT, CT/PET, MR, EUS, and

DRE

Topic not evaluated using the Whole

Disease Model

C Curative treatment for patients with

stage I or polyp cancer

(C1) radical resection (baseline); (C2) local

resection including TEMS plus

polypectomy; (C3) contact RT

DFS HR for TEMS vs. radical resection

applied to baseline rectal cancer Dukes’

A DFS curve. TEMS cost derived from

Maslekar et al. [52]. No evidence was

identified for contact RT

D Treatment for patients presenting

with emergency symptoms

(D1) CT scan (baseline); (D2) no CT scan;

(D3) stenting as a bridge to surgery

(baseline); (D4) immediate surgery

For options D2 and D4, stenting services

and prior CT are not assumed to be

available; hence, all patients with

obstruction are routed to emergency

surgery

E The sequence of local and systemic

treatments in patients presenting

with locally advanced colorectal

cancer

(E1) current local/systemic treatments

(baseline); (E2) preop CRT (colon); (E3)

surgery alone (colon); (E4) preop RT

(rectal); (E5) preop CRT (rectal); (E6)

preop chemotherapy (rectal); (E7)

surgery alone (rectal)

For option E4, R0-predicted patients are

routed to preop RT. For option E5, R0-

predicted patients are routed to preop

RT and a hazard ratio of 0.84 (95% CI

0.78–1.13) for preop CRT vs. RT was

applied to the preop RT DFS curve for

patients with Dukes’ B/C cancer [53],

and a cost of 2 � 5 d of 5-FU/FA was

applied. For option E7, patients are

routed to receive selective postop CRT.

No evidence identified for options E2,

E3, or E6.

F Local/systemic treatment

sequences in patients with

synchronous metastases

(F1) staged resection (baseline); (F2)

simultaneous resection; (F3)

chemotherapy

Option F2 assumes shorter length of stay;

hence, costs of surgery reduced by

£2485 per patient with no difference in

clinical outcomes. Option F3 was not

evaluated because of a lack of evidence

G Effectiveness of a) short course RT

and b) CRT for rectal cancer

(G1) current mix of preop/postop

treatments (baseline); (G2) preop RT;

(G3) preop CRT

Option G2 routes R0-predicted patients to

preop RT. Option G3 routes R0-predicted

patients to preop RT and applies a

hazard ratio of 0.84 for preop CRT vs. RT

for Dukes B/C patients. Cost of 5-FU/FA

for 10 days was also applied

H Adjuvant chemotherapy after

surgery for rectal cancer

(H1) current use of adjuvant

chemotherapy (baseline); (H2) 5-FU/FA

for all patients; (H3) no adjuvant

chemotherapy

Option H2 DFS curves for preop RT and

selective postop CRT adjusted by hazard

ratio of 0.80 (95% CI 0.73–0.88). The

probability that a Dukes’ B/C rectal

cancer patient receives adjuvant

chemotherapy was set to 1.0. Option H3

was not run because it is confounded by

the use of chemotherapy in the baseline

time-to-event curves

I Adjuvant chemotherapy for high-

risk stage II colon cancer

(I1) 5-FU/FA-based chemotherapy

(baseline); (I2) no adjuvant

chemotherapy.

Option I2 assumes all patients with

Dukes’ B colon cancer routed to no

chemotherapy, thereby assuming lower

DFS and zero adjuvant chemo cost

J Ablation, surgery, regional therapy,

and systemic therapy for

apparently incurable metastatic

disease

(J1) palliative chemotherapy (baseline); (J2)

HAI; (J3) best supportive care

Option J2 modeled by applying a hazard

ratio from Mocellin et al. [54]. Cost

estimates for HAI were drawn from

Durand-Zeleski et al. [55]

K/L Clinical indications for

metastasectomy of the liver/lung

Competing options not defined Topic not evaluated using the Whole

Disease Model
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