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To meet updated international standards, this paper revises the previous Thai guidelines for conducting sensitivity
analyses as part of the decision analysis model for health technology assessment. It recommends both deterministic and
probabilistic sensitivity analyses to handle uncertainty of the model parameters, which are best represented graphically. Two
new methodological issues are introduced-a threshold analysis of medicines’ unit prices for fulfilling the National Lists of
Essential Medicines’ requirements and the expected value of information for delaying decision-making in contexts where there
are high levels of uncertainty. Further research is recommended where parameter uncertainty is significant and where the
cost of conducting the research is not prohibitive.
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This paper gives an overview of the key
methods used to conduct sensitivity analyses (SA) in
economic evaluations of health technologies and
therapeutic interventions. It revises previous
recommendations, published in 2008®, by addressing
and updating several methodological issues that have
been highlighted since then by the National Institute
for Health and Clinical Excellence (NICE) Guide to the
Methods of Technology Appraisal®, the International
Society for Pharmaco-economics and Outcomes
Research (ISPOR), and the Society for Medical Decision
Making (SMDM) Good Research Practices in
Modelling®.

This paper focuses on approaches to handling
parameter uncertainty, a second-order uncertainty in
decision analysis models. Issues arising from first-order
uncertainty due to random error and structural or model
uncertainty due to assumptions are not covered. This
article provides a number of recommendations, with
concrete examples on the appropriate graphical
presentation of results from deterministic® and
probabilistic sensitivity analyses®®. Additionally, a
threshold analysis of medicines’ unit prices is
recommended as a way to fulfill the cost-effectiveness
criteria set by the committee on National Lists of
Essential Medicines (NLEM). Lastly, the concept of

Correspondence to:

Limwattananon S, Faculty of Pharmaceutical Sciences, Khon
Kaen University, Muang, Khon Kaen 40002, Thailand.
Phone & Fax: 043-362-090

E-mail: supon@kku.ac.th

J Med Assoc Thai Vol. 97 Suppl. 5 2014

expected value of information is introduced as a way to
determine whether delaying decision-making at the
expense of further research to avoid the parameter
uncertainty is a valid decision.

Deterministic sensitivity analysis (DSA)

The primary objective of conducting a
deterministic sensitivity analysis (DSA) is to examine
the direction and magnitude of any possible changes
in the study result over a reasonable fixed range,
such as range, standard deviation, and 95% confidence
interval of the model parameters. The simplest approach
is to use a one-way SA, which determines the
sensitivity of the result by examining variation between
parameters, one by one®. Tornado diagrams (Fig. 1)
are a very useful tool for illustrating the degree of the
result sensitivity with respect to uncertainty in each
parameter.

In Fig. 1, the vertical line represents the point
estimate (606,000 Baht/quality-adjusted life year, QALY)
of the incremental cost-effectiveness ratio (ICER)
obtained from a reference (or base case) analysis when
adding a monoclonal antibody (rituximab) to the
conventional chemotherapy (CHOP) for non-Hodgkin
lymphoma®. The length of each horizontal bar reflects
the extent to which the study result would vary in
accordance with a change in the model parameter on
the vertical axis, given all other things being constant
(asinthe reference case). The most influential parameter
stays at the top most (i.e. relative efficacy of rituximab
on clinical response), whereas the least influential
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parameter (i.e. relative risk for cancer relapse) stays at
the bottom.

Threshold analysis

Threshold analysis is an approach that is used
to determine the threshold value of a given parameter
that would result in one treatment option being more
cost-effective than the other. The analysis result can
be described using a narrative text, for example ‘The
ICER of ...(option A)... is less than ... Baht/QALY as
long as ...(parameter X)... is higher than ...”; or ...
(option A)... is more cost-effective than ... (option B)...
aslongas ...(parameter X)... is higher than ...".

It is not uncommon to find that a medicine’s
unit price (or acquisition cost) can significantly
influence the sensitivity of the analysis result. The cost-
effectiveness of the treatment of interest can be
analysed against the willingness to pay (WTP)
threshold of societies®. In this paper, the threshold of
120,000 Baht/QALY, the NLEM-recommended level at
the time the paper was written, is used®?. In late 2013,
the NLEM committee recommended raising the GNI to
160,000 Baht/QALY)Y, The Thai Office of the National
Economic and Social Development Board reported that
the average national income was 153,952 Baht in
2010, according to data garnered using chain volume
measures®?. In July 2011, Thailand was reclassified as
an upper, middle-income country, as the per capita GNI,
calculated according to the World Bank’s Atlas method,
increased to USD 4,210@9). Therefore, in cases where
the reference case ICER is above the national threshold,
a threshold analysis is recommended to determine the
reduced unit price of medicines.

A multi-way SA is undertaken when two or
more parameters need to be taken into consideration at
the same time. A graphical approach is very useful when
presenting the results of a multi-way SA. Fig. 2 depicts
the threshold plot using a two-way SA with three
treatment options, A, B, and C. Contour lines represent
the combined threshold values of two model
parameters (horizontal axis for X and vertical axis for Y)
that would clarify which one of the three options was
most cost-effective at a certain WTP level.

Probabilistic sensitivity analysis (PSA)
Probabilistic sensitivity analysis (PSA) is
increasingly becoming regarded as an indispensable
tool in models where parameters are derived from
research findings and individual databases, which are
prone to uncertainty®*-®. An analysis of the economic
evaluation model results can be repeated using random

S60

Relative efMicacy
of rituximab
(RR, 0.11-0.19) I

Reduced price
of rituximab |
(0-60%)

Response rate of CHOP [ |
(30-69%) ‘

Utility if response | |
(0.55-0.91)

Relapse rate
(0.37-0.61)

Risk of relapse for rituximab

(RR, 0.11-0.19)
250,000 606,000 Baht/QALY
Incr tal cost-effecti ratio (ICER)
Fig. 1  Sensitivity of ICER for rituximab in non-Hodgkin

lymphoma with respect to variations in drug
efficacy, price and utility®.

X T Cis cost-effective

‘\\\
-~ R
- hS
2 N N\
- h Y . : . s ¢
H . B is cost-effective
; b Y \
o bW
= S
= .,
-] .
= e

~,
A is cost-effective \
b 2
s
\\.
~

Model parameter X

Fig. 2  Two-way threshold plot for three treatment options

(A, B and C) Source: adapted from®,

sampling of the model parameters based on appropriate
assumptions of the data distribution.

Cost-effectiveness (CE) plane

Results from PSAs are usually presented
initially using a CE plane, a two-dimensional diagram
with four quadrants that gives an estimate of incremental
cost (vertical axis) and incremental effectiveness
(horizontal axis). Results of the PSAs are plotted on
the diagram so that incremental cost and incremental
effectiveness of the treatment of interest can be
compared with a comparator, which is set at the 0-0
coordinate (origin). The slope of the straight line that
connects the comparator at the origin and the treatment
in quadrant 1 gives the ICER. This ICER value should
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not be presented as valid if its value is less than zero,
because while numerically valid, the implications for
drawing conclusions from a negative ICER are likely to
be vague or misleading. When results from the
treatment of interest are located in either quadrant 2
(i.e. more effective and less costly) or quadrant 4 (less
effective and more costly), this in itself is a clear
indication of the treatment of interest’s superiority or
inferiority@719),

Fig. 3 shows the results of an economic
evaluation of gefitinib as compared with docetaxel in
treating non-small cell lung cancer. The analysis
comprised 1,000 repetitions of PSA®, and the scatter
of dots around the point estimate of the reference case
reflect parameter uncertainty.

The vertical and horizontal dash lines in Fig. 3
that pass through the origin indicate that the total
effectiveness (measured in QALYS) and total cost
(measured in thousands of baht) of gefitinib are the
same as those of docetaxel, the comparator. The result
representing a reference case in quadrant 1 indicates
that gefitinib is more effective and is more costly than
docetaxel by approximately 0.06 QALY and 88.5
thousand baht, respectively, yielding an ICER of
approximately 1.5 million baht/QALY®9),

The PSA that resulted in 1,000 dots in
quadrants 1 and 2 suggests that gefitinib is always
more effective than docetaxel. However, some PSA
repetitions show gefitinib to be less costly (falling in
quadrant 2) and some show it to be more costly (falling
in quadrant 1) than docetaxel.

When the WTP threshold is greater than zero,
the proportion of the dots below the level that indicates
that gefitinib is cost-saving increases. For a given WTP
threshold, the probability that a treatment is found to
be cost-saving can be calculated using a net benefit
calculation that takes into account both net monetary
benefit®>2% and net health benefit@.

Acceptability curve

The cost-effectiveness acceptability curve
represents how change in the probability of a treatment
being cost-effective relates to change in the WTP
threshold (Fig. 4)@622,

The acceptability curve in Fig. 4 shows that
there is a 40% probability that gefitinib is more effective
and less costly than (or economically dominant over)
docetaxel. The probability of gefitinib being found to
be cost-effective increases gradually when the WTP
increases. For instance, at WTP thresholds of 100,000;
300,000; 500,000, and 1,000,000 baht/QALY, the
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of gefitinib as compared with docetaxel from 1,000
repetitions of PSA®9
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Fig. 4  Acceptability curves of gefitinib and erlotinib for

treatment of non-small cell lung cancer®?.

probability of gefitinib being found to be cost effective
is 42%, 45%, 48% and 55% respectively. The fact that
the acceptability curve for erlotinib is lower than that
for gefitinib indicates that erlotinib is less cost-effective
than gefitinib at the same WTP threshold.

Expected value of information

Where model parameters are uncertain,
immediate decisions about whether a treatment should
be regarded as optimal should be delayed while an
assessment of the viability of further research to clarify
the parameters is conducted. Uncertain parameters may
lead to incorrect findings, which may contribute to a
consequential loss. This kind of opportunity cost can
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be calculated in terms of expected value of
information®, an approach that is widely used in
decision analyses®®. An overall loss resulting from a
wrong decision due to all-parameter uncertainty is called
the “expected value of perfect information” (EVPI). This
is equal to the difference between the best payoff
(namely, expected value with perfect information or
EVWwPI) and the expected value (EV) of making a decision
when all the parameters are uncertain. Table 1 presents
a calculation for the EVPI of three alternatives (A, B,
and C), which result in outcomes X, Y, and Z.

A decision analysis conducted on the
uncertainty of outcomes X, Y, and Z shows that option
Adisoptimal, because it yields the maximum EV of 68,000
baht (EV, =200,000x0.3 +40,000x0.5 - 60,000x0.2). Option
B would yield a relatively lower EV of 42,000 baht (EV,
=70,000x0.3 +50,000x0.5 - 20,000x0.2), while Option C
(for example, doing nothing) would yield the EV of 0
(zero).

If the probability for an outcome X, Y, and Z
0f 0.3, 0.5, and 0.2, respectively was known exactly, the
maximum payoff among the three options for each
outcome, which is equal to 200,000; 50,000, and 0 baht,
respectively would yield the best payoff under this
perfect information (EVwPI) of 85,000 baht (EVwPI =
200,000x0.3 +50,000x0.5 + 0x0.2).

The EVPI is thus an opportunity cost incurred
as a result of making the wrong decision under the
current situation of data uncertainty, which is equal to
the difference between the EVwPI and the EV , (in this
case, 85,000 - 68,000 = 17,000 baht). The EVPI suggests
that the decision should be delayed until further study
results can be obtained. If in this case, the cost of
conducting further research is higher than the EVPI of
17,000 baht, option A should be chosen immediately.

Because EVPI is derived using a net benefit
approach, it should be presented in the same way as an
acceptability curve. Fig. 5 illustrates the relationship
between the EVPI and various degrees of the WTP
threshold.

As Fig. 5 shows, if societies place a monetary
value of 40,000 baht on an additional gain of one QALY,
the potential loss resulting from a wrong decision under
the current parameter uncertainty would be 800,000
baht, the maximum. In this case, the decision should be
delayed until further research can be conducted, as
long as that research costs less than 800,000 baht.

If however, the WTP threshold per QALY is
less than 30,000 baht or more than 60,000 baht (as is
the case in the current threshold suggested by the
NLEM subcommittee), the opportunity cost of making
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Table 1. EVwPI and EVVPI under uncertainty of outcomes

X,YandZ
Possible outcomes
X Y z
Probability 0.3 0.5 0.2
Payoff (in baht)
Option A 200,000 40,000 -60,000
Option B 70,000 50,000 -20,000
Option C 0 0 0
1,000,000
800,000
400,000
o v ™ ™ ™ ]
o 20,000 40,000 60,000 80,000 100,000
WTP for QALY
Fig. 5 EVPI (in baht) and WTP threshold (in baht/
QALY)®,

the wrong decision will be very low.

The potential loss due to uncertainty resulting
from any given set of parameters can be expressed in
terms of expected value of partial perfect information’
(EVPPI). In practice, these parameters should be
analysed as one common set if they are correlated®29),
If the EVPPI is found to be very high, further research
on that particular set of parameters should be
conducted.

Guidelines for Health Technology Assessment in
Thailand (second edition): Recommendations for
handling uncertainty in economic evaluations

In any economic evaluation that is based on a
decision analysis model, SA should be reported
alongside the reference case analysis. The simplest
method for this is DSA, which can be part of either a
one-way or multi-way SA. While a one-way SA,
presented in the form of a tornado diagram, identifies
each parameter that influences the analysis result, a
threshold plot from the multi-way SA will help identify
an appropriate decision threshold, where there are high
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levels of uncertainty in the parameters.

When uncertainty arises from several
parameters simultaneously, PSA should be conducted.
At any given WTP threshold, the probability of a cost-
effective treatment being cost-effective can be detected
using an acceptability curve. To delay a decision under
the uncertainty while pursuing further research to obtain
better data (where economically appropriate), an
estimation of the expected value of information is helpful.
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