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INTRODUCTION
The number of cost-effectiveness studies addressing rheuma-
tology-related health concerns has increased dramatically
over the past decade. The majority of these studies are
prospective clinical and economic evaluations; however,
decision analytic modeling studies are becoming increas-
ingly more prevalent. This is especially true for evaluations
of new pharmaceuticals where manufacturers seek regula-
tory approval or reimbursement status under managed care,
provincial, state, or federal health insurance systems. A criti-
cism of modeling studies has been the paucity of quality
assurance standards or principles of good modeling practice.
A task force from the International Society of Pharmaco-
economics and Outcomes Research (ISPOR)1 has recently
addressed this important issue. In this article we highlight
some of the principles of good modeling practice identified
by the ISPOR Task Force, using rheumatology examples and
drawing upon published cost-effectiveness studies for illus-
trative purposes. Our article is organized around the key
methodologic issues of model structure, data, and validation.

MODEL STRUCTURE
The Task Force identified a number of good modeling prac-
tice principles that relate to the overall structure of the
model. One key principle, which is central to the
Drummond, et al2 10-point checklist for good practice in
economic evaluation, is that of ensuring a study has a clearly
defined research question and an explicitly stated study
perspective and, further, that the inputs and outputs from the
model are relevant to this question and decision-making
perspective. For example, in comparing management
options for the prevention of osteoporosis, one has to keep
in mind that the costs of certain treatments (e.g., calcium
and vitamin D) might be incurred exclusively by patients or
cost-shared between the health insurance system and the
patient. Further, the question of who bears the burden of
treatment cost might depend on the age of the patient. The
structure of the model should take into account the type of
medication (prescription or over-the-counter), the age of the
patient, and cost-sharing arrangements between the patient
and the health insurance system.

Another principle emphasized by the Task Force is the
relationship between the model structure and evidence
regarding causal linkages between variables. It is important
that management strategies being modeled make clinical
sense and that the events, side effects, and health states
contained in the model reflect the natural history and
progression of disease. Attempts to ensure expert agreement
or clinical face validity can be done through independent
clinical critical appraisal or by enlisting both modelers and
clinician experts as part of the research team. The latter
approach was adopted by Kobelt, et al in recent rheumatoid
arthritis modeling studies3,4.

The Task Force also emphasized the need to ensure that
important events, side effects, and health states are included
in the model, regardless of whether or not they were
measured in trials. The guiding principle is to first determine
what evidence is relevant to the decision and not to work
backwards from data constraints. For example, models
provide an indirect means by which a head-to-head infer-
ence can be made between active therapies even when these
drugs have only been compared individually to the known
comparator or placebo. These principles are particularly
relevant for modeling studies of osteoporosis over the past
decade. Early modeling studies compared hormone replace-
ment therapy to no therapy and the model structure tended
to focus exclusively around the prevention of various types
of fractures5,6. More recent models have included additional
comparators including bisphosphonates (etidronate, alen-
dronate, and residronate) and the selected estrogen receptor
modulator raloxifene, and take into consideration the
influence treatment might have on other health states like
cardiovascular disease, breast cancer, and venous thrombo-
embolism7.

IDENTIFICATION, INCORPORATION, AND
ANALYSIS OF DATA IN MODELS 
The second major subheading of the Task Force addressed
principles of data inputs into models and how these data are
used in models. Here the Task Force made a distinction
between data identification, data modeling, and data incor-
poration. An important principle under data identification
was that the model should not be faulted for poor quality
data or for the reliance on surveys or expert opinion if no
other information source existed, or if obtaining this infor-
mation would be prohibitively expensive. However, to the
extent possible, values for key model input parameters
should be based on comprehensive and systematic reviews
and synthesis of the literature. In addition, the ranges (i.e.,
upper and lower bounds or confidence intervals) should
accompany the base estimates in sensitivity analyses or be
formally incorporated into the analysis using probabilistic
sensitivity analyses8.

Under data modeling, the Task Force highlighted a
number of important issues around methods used for
modeling or transforming input data and for adjusting for
inflation or differential timing of costs and health effects.
For example, in their study on rheumatoid arthritis, Kobelt,
et al used a probit regression model to estimate the proba-
bility of staying in the same arthritis health state or deterio-
rating into a worse state based on the patient’s age, sex,
current health state, and time since the onset of disease4.
Similarly, since most clinical trials lack statistical power to
detect significant differences in mortality, it is common to
model survival using life tables or distributions (e.g.,
Weibull distribution) to estimate life expectancy.
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Under data incorporation, the Task Force emphasized the
importance of accounting for uncertainty in model input
parameters. Most rheumatology cost-effectiveness studies
published to date are deterministic models, in that input
parameters are simple point estimates with no expression of
statistical uncertainty such as a standard error. For these
models extensive sensitivity analyses should be conducted
on key model parameters to explore the impact of alterna-
tive values for these variables on the model results. The
other type of model that is just starting to appear in the
rheumatology literature is the probabilistic model. Here,
distributions are defined for model parameters and Monte
Carlo simulation methods are used to make simultaneous
draws from these distributions for multiple iterations of the
model. An advantage of probabilistic sensitivity analysis
over traditional deterministic sensitivity analysis is that
uncertainty around input parameters is built directly into the
main results with no need to define ad hoc or arbitrary
ranges for sensitivity analyses.

MODEL VALIDATION
The final major subheading of good modeling principles has
to do with model validation, which the Task Force subdi-
vided into internal validation, between-model validation,
and external or predictive validation. An important principle
under internal validation relates to “debugging” or checking
the mathematical integrity of the model. Mathematical rela-
tionships in the model can be tested by using structured
sensitivity analysis to ensure that the model produces
expected outcomes or by replicating the model a second
time either in the same program or, preferably, in a separate,
independent program. For example, a model can be devel-
oped in a decision analytic program (e.g., DATA Design
Inc.®) and then independently validated in a spreadsheet
program (e.g., Excel, Microsoft Corp.®).

The second important principle of validation relates to
model calibration. This type of validity checking is increas-
ingly being used in the rheumatology cost-effectiveness
literature. For example, Kobelt, et al compared their model
outputs for Sweden and the United Kingdom to actual
cohort studies from the same countries to ensure the model
was calibrated.

Between-model validation (or convergent validity) is
where models developed independently from one another
are compared, and the discrepancies are then explored to see
whether the differences are due to model structure, data
inputs, or a combination of both. It should be noted that,
although important for model validation, between-model
validation might not always be possible. An independent
model may not exist or the model may not be sufficiently
similar in scope and design to allow direct comparisons. In
addition, although modelers should be encouraged to
cooperate with one another, modelers may choose not to
cooperate for security reasons or concerns about protection
of intellectual property rights.

Finally, the Task Force discussed the role of predictive
model validation where predictions from a model are

compared with future observations. What is less clear is
whether future data observation can be said to be a valida-
tion of a model constructed with today’s data constraints.
Predictions from models are based on the best available
knowledge at the time they are built and are intended only
as an aid to decision-making, not as a statement of truth.

CONCLUSIONS
Only recently have we seen an increase in the number of
initiatives to define quality assurance standards or principles
of good modeling practice. The report from the ISPOR Task
Force identified a number of important principles that can
be used as a template for rheumatology cost-effectiveness
modeling studies. Modeling studies are just beginning to
adopt and adhere to good modeling principles; widespread
adoption and application of these principles is not yet
common practice. Modelers are encouraged to consider
these principles at all stages of model development and
analysis. Similarly, reviewers or users of models should be
equipped with the appropriate tools to critically appraise
studies that do not meet minimum quality standards.

RON GOEREE, MA, 

Department of Clinical Epidemiology and Biostatistics, 
McMaster University; 

BERNIE J. O’BRIEN, PhD,

Department of Clinical Epidemiology and Biostatistics,
McMaster University, and Centre for Evaluation of Medicines,
105 Main Street East, Level P1, 
Hamilton, Ontario L8N 1G6, Canada.

Address reprint requests to R. Goeree. E-mail: goereer@mcmaster.ca

REFERENCES
1. Halpern MT, Luce BR, Brown RE, Geneste B. Health and economic

outcomes modeling practices: A suggested framework. Value Health
1998;1:131-47.

2. Drummond MF, O’Brien BJ, Stoddart GL, Torrance GW. Methods
for economic evaluation of health care programmes. 2nd ed.
Oxford: Oxford University Press; 1997.

3. Kobelt G, Jõnsson L, Young A, Eberhardt K. The cost-effectiveness
of infliximab (Remicade®) in the treatment of rheumatoid arthritis
in Sweden and the United Kingdom based on the ATTRACT study.
Rheumatology Oxford 2003;42:326-35.

4. Kobelt G, Jonsson L, Lindgren P, Young A, Eberhardt K. Modeling
the progression of rheumatoid arthritis. A two-country model to 
estimate costs and consequences of rheumatoid arthritis. Arthritis
Rheum 2002;46;2310-9.

5. Jonsson B, Christiansen C, Johnell O, et al. The cost-effectiveness
of fracture prevention in established osteoporosis. Osteoporos Int
1995;5:136-42.

6. Tosteson ANA, Jönsson B, Grima DT, O’Brien BJ, Black DM,
Adachi JD. Challenges for model-based economic evaluations of
postmenopausal osteoporosis interventions. Osteoporos Int
2001;12:849-57.

7. Zethraeus N, Johannesson M, Jönsson B. A computer model to
analyse the cost-effectiveness of hormone replacement therapy. Int 
J Technol Assess Health Care 1999;15:352-65.

8. Briggs AH, Goeree R, Blackhouse G, O’Brien BJ. Probabilistic
analysis of cost-effectiveness models: choosing between treatment
strategies for gastroesophageal reflux disease. Med Decis Making
2002;22:290-308.

The Journal of Rheumatology 2003, Volume 30, Supplement 6822

Personal, non-commercial use only.  The Journal of Rheumatology  Copyright © 2003. All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/

