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The therapeutic threshold in clinical decision-making for TB
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Because TB control is still hampered by the limitations of diagnostic tools, diagnostic uncertainty is common.
The decision to offer treatment is based on clinical decision-making. The therapeutic threshold, test threshold
and test-treatment threshold can guide in making these decisions. This review summarizes the literature on
methods to estimate the therapeutic threshold that have been applied for TB. Only five studies estimated the
threshold for the diagnosis of TB. The therapeutic threshold can be estimated by prescriptive methods, based on
calculations, and by descriptive methods, deriving the threshold from observing clinical practice. Test and test-
treatment thresholds can be calculated using the therapeutic threshold and the characteristics of an available
diagnostic test. Estimates of the therapeutic threshold for pulmonary TB from intuitive descriptive approaches
(20%-50%) are higher than theoretical prescriptive calculations (2%-3%). In conclusion, estimates of the thera-
peutic threshold for pulmonary TB depend on the method used. Other methods exist within the field of decision-
making that have yet to be implemented or adapted as tools to estimate the TB therapeutic threshold. Because
clinical decision-making is a core element of TB management, it is necessary to find a new, clinician-friendly way
to unbiasedly estimate context-specific, agreed upon therapeutic thresholds.
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Introduction tings. As a result, diagnostic uncertainty is common at the time
o that a decision whether to treat for TB is required.
Although there has been an overall reduction in TB cases (Global A clinical decision-making process based on the level of

TB report 2020),' control is still hampered by the limitations of  gjggnostic certainty and benefits and harms of each decision is
diagnostic tools. The accepted definition of active TB disease is required.* Clinicians typically estimate the probability that a pa-
a combination of compatible symptoms with a diagnostic test  tient has the disease and weigh the harm and benefit of treat-
showir_mg mic.ro.biologicol evidence ofMycobacterium tuberculosis ing and not treating using intuition and experience. It can be
(MTB) in a clinical sample, although it is also accepted that pa-  mgde more explicit by applying the threshold approach, as intro-
tients can be asymptomatic or can be diagnosed without micro-  4,ced by Pauker and Kassirer.> The key concept is the therapeu-
biological confirmation, particularly in paucibacillary disease such ¢ threshold, which is applicable when a clinician is faced with
as tuberculous meningitis. Among confirmatory tests, culture is 4 decision to treat or not treat for a condition when no further
time consuming and results are often not available when clinical testing is available. They developed a method based on expected
decisions are required, while smear microscopy has low sensitiv- jlity theory (EUT), aiming to choose the option with the highest
ity. Recently introduced nucleic acid amplification tests are faster expected utility, calculated as the sum of utilities of all possible
and are areasonable proxy for culture with a sensitivity and speci- 4 tcomes of an action weighted by their corresponding probabil-
ficity of 73%-91% and 96%-98%, respectively, compared with  jtjes 6.7

CUltUVe~Z_'3 ) o EUT takes into account the net utility (or ‘value’) of treating
Despite these advances, TB diagnosis is often hampered by  \yhen the disease is present (Urp) or absent (Urpop), and not

a lack of availability of specimens, for example, due to sputum  treqting when the disease is present (Un 7p) o absent (Uno ino o)-
scarcity and because appropriate tests are not available in all set-  Tgple S3 shows the calculation.

© The Author(s) 2023. Published by Oxford University Press on behalf of Royal Society of Tropical Medicine and Hygiene. This is an Open Access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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Figure 1. Utility function of potential treatment. The expected utility of treat and no treatment options are shown as a function of the probability of
disease, inspired by Sox et al.* A patient either has or does not have the disease, and is treated or not treated. The four combinations of true status and
decision taken are shown as dots in the graph. When the true disease status is not known, it is possible to estimate the probability that a patient has
the disease and estimate the expected utility of, respectively, treating (blue line) and not treating (red line). The therapeutic threshold is the probability
of disease at which the expected utilities are equal. The expected utility theory (EUT), aimed at choosing the option with the highest expected utility,
is calculated as the sum of utilities of all possible outcomes of an action weighted by their corresponding probabilities. EUT takes into account the net
utility (or ‘value’) of treating when the disease is present (Uiyp)) or absent (Urjn, py), and not treating when the disease is present (U, jp)) or absent
(Utno Tjno b))+ The therapeutic threshold is the probability of disease at which the expected utility of treating and not treating is the same.

The therapeutic threshold is the probability of disease (pp)
at which the expected utility of treating (EUr) and not-treating
(EUno 1) is the same, resulting in the clinician having no preference
on which decision to take.

Figure 1 shows the concepts of the therapeutic threshold, Fig-
ure 2 the test threshold and test-treatment threshold. In Figure 1,
the expected utility of treat and no treatment options are shown
as a function of the probability of disease (pD), inspired by Sox et
al.,* as the equations below.

EUy
Euno T

= ppUrp + (1 = pp)Urjno 0
= pDUno TID + (1 - pD) Uno T|lno D

(Uno TinoD — UT\no D)
(Uno TinoD — UT|no D) + (UT\D - Uno T\D)

EUr = EUnot & pp =

Only when the probability of disease is higher than the thera-
peutic threshold, then the expected utility of treatment is higher
than of non-treatment and treatment should be started.” Thera-
peutic thresholds are lower when patients are in a worse clinical
condition, because the consequences of withholding treatment
are greater than when a patient is less ill.®

Pauker and Kassirer introduced two further thresholds based
on the availability of a final diagnostic test with imperfect accu-
racy, a situation that is common in TB, namely, a test-treatment
threshold and a testing threshold.® The test threshold is the prob-
ability of disease where the clinician is at equipoise regarding the
decision to rule out the disease or collect extra information by
performing a test, and the test-treatment threshold is the proba-
bility of disease where there is no preference between gathering
additional information by a test and to rule in disease and start
treatment.
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Figure 2. Test threshold and test-treatment threshold. The test and test-treatment thresholds and the need for a diagnostic test is shown, as inspired
by Decroo et al.1% A probability of disease equal to the test threshold before testing will result in a probability equal to the therapeutic threshold if
the test is positive (arrow A). Similarly, a probability of disease equal to the test-treatment threshold before testing will result in a probability equal to
the therapeutic threshold if the test is negative (arrow B). Consequently, when the probability of disease is below the test threshold or above the test-
treatment threshold, the test result does not bring sufficient evidence to impact the treatment decision (dashed arrows). Only when the probability
of disease lies between the two thresholds should the test be performed and its result followed (dotted arrows).

In fact, this approach divides the former therapeutic thresh-
old into two separate thresholds. The test and the test-treatment
thresholds can be derived from the therapeutic threshold and
the diagnostic accuracy of a single test, using either Bayes’
theorem!%-1? or a direct derivation based on utilities. Compared
with the therapeutic threshold, the utilities are now weighed by
properties of the test, respectively, the positive likelihood ratio
and the negative likelihood ratio. This is shown in the equations
below and Figure 1.

EUrest = Se ppUrpp + (1 —5p) (1 — pp) Urjno o

+ (1 - Se) PDUno TID + 5P (1 - pD) Uno Tino D

EUno T= EUTest <

(1 - SP) (Uno TlnoD — UT\no D)

pD B (1 - SP) (Uno TinoD — UT\no D) + Se (UT|D - Uno T\D)
EUT = EUTest <
SP (Uno TinoD — UT|n0 D)
Po =

5P (Uno TlnoD — UT\no D) + (1 - Se) (UT\D = Uno T|D)

Following this equation, the probability of disease before per-
forming a test and the diagnostic accuracy of the test together
determine if it is useful to perform a test.

As illustrated in Figure 2, only when the probability of disease
lies between the two thresholds should the test be performed
and its result followed. However, when the test itself has a non-
negligible cost or may be a direct cause of harm, its use may still
be inferior, despite the probability lying between these bound-
aries. This exception is relevant for invasive tests or in settings
with limited testing resources, and will typically apply to pre-
sumptive patients with a probability of disease that only barely
exceeds the test threshold (the ‘wait and see’ approach).

The therapeutic, test and test-treatment thresholds are key
in quiding clinical decision-making in TB. This also makes it pos-
sible to predefine the targets of diagnostic accuracy and the
pretest probability needed in order for a test to make a differ-
ence.! Hence, determining the therapeutic threshold is essential
to make decisions about diagnostic tests.

The formulas above are generic, with the utilities needing to
be estimated. Two examples are shown in the supplementary in-
formation (Supplementary Data 1, with Tables S1-S4). Next to
a simple intuitive guess, several methods have been used to
estimate the optimal or actual therapeutic threshold. There is
no consensus on the best approach. Prescriptive methods, such
as EUT, are based on calculations where the utilities in the
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Full text assessed for eligibility
(n=6)
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66 other (clinical case, epidemiology,
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Basinga et al. 2007
Moreira et al. 2009

Van den Ende et al. 2010
Sreeramareddy et al. 2014
Boyles et al. 2017

Figure 3. Flowchart showing articles retrieved at different steps of the literature review. n, number.

formula are quantified based on mortality and morbidity. De-
scriptive methods meanwhile derive the threshold estimate from
observing clinical practice under the assumption that program
managers and physicians intuitively weigh the utilities when
developing guidelines and taking treatment decisions.

While there has been extensive research on methods to esti-
mate action thresholds, only one review on the use of the ther-
apeutic threshold in TB exists to the best of our knowledge, and
it was limited to prescriptive methods. In this review we briefly
summarize some of the literature on different methods used to
estimate the therapeutic threshold in general, what has been
done for pulmonary TB specifically and identify the existing re-
search gaps.

Methods

We searched for studies of methods for estimating the therapeu-
tic threshold using bibliographic and snowball (or citation) search
methods. Our initial search was unrestricted by condition and a
subsequent search specified TB. For the latter we used the follow-
ing search string on PubMed: ‘((therapeutic and threshold) or ‘test
threshold’) and (TB or tuberculosis)’

There are no existing MeSH terms for ‘therapeutic threshold’,
nor other terms used for the same principle such as ‘treatment
threshold’ and ‘threshold approach’. We therefore used the all
fields-search string ‘threshold AND (therapeutic OR treatment)’ in

PubMed for our initial search and ‘threshold AND (therapeutic OR
treatment) AND tuberculosis [Mesh]’ for the TB-specific search.

After reading the title and/or abstract, articles were retrieved
if they showed data on methods for the calculation of thresholds
for clinical decision-making. After reading the full text, articles
were excluded if they only addressed clinical decision-making for
pediatric patients.

Results

The PubMed literature search for articles concerning methods to
estimate the therapeutic threshold (not limited to TB) yielded
>100 000 individual citations. The PubMed literature search was
further refined for studies addressing the therapeutic threshold in
TB and this yielded 215 records; 210 were considered not relevant
after reviewing the title and abstract. The snowball search found
the same five articles. The search for articles about the therapeu-
tic threshold in TB is summarized in Figure 3. The characteristics
of the five articles are summarized in Table 1.

Using prescriptive methods, Basinga et al.* and Sreera-
mareddy et al.!®> estimated the therapeutic threshold in TB
in Rwanda, and India, Pakistan and Bangladesh, respectively
(Table 2). Healthcare professionals were asked to estimate an
intuitive threshold and intuitively choose factors playing a role in
the location of the threshold. Both studies show a clear difference
between the intuitive threshold (52.5% and 25%, respectively)
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Table 1. Methods used by retrieved studies of the therapeutic threshold for TB

First author, year of publication Country of participants

Method used to estimate the TB therapeutic thresholds

Basinga, 2007 Rwanda

Moreira, 2009 Ecuador, Laos, Nepal and Rwanda

Van den Ende, 2010
specified)

Sreeramareddy, 2014 India, Pakistan and Bangladesh

Boyles, 2017 South Africa

Table 2. Estimates of therapeutic thresholds for TB

Basinga Sreeramareddy
etal.l* etal.l®
Therapeutic threshold (n=28) (n=242)
Intuitive 52.5%  25.0% (16.7-41.7)
Calculated with intuitive 11.9% 2.0% (0.8-7.5)
determinant factors (including
cost and regret)
Calculated with intuitive 2.8% 2.9% (1.0-8.3)
determinant factors (without
cost and regret; restrictive
threshold)
Computed with determinant 2.7% 5.9% (3.7-7.7)

factors derived from literature
(without cost and regret;
restrictive threshold)

Abbreviation: n, number.

and the calculated thresholds based on EUT (2.7%-11.9% and
2.0%-5.9%, respectively).

These studies, as well as an article by Van den Ende et
al. based on the intuitive determinant factors of Basinga et
al’s study,'® show that the published therapeutic threshold for
smear-negative TB based on EUT hovers around 2%-3%, while
most physicians say they would not treat a patient when the
probability is lower than 20%-50%.

One other study performed by Moreira et al.'’ in Ecuador,
Nepal, Laos and Rwanda also asked clinicians to estimate the
probability of harmful outcomes of TB and TB treatment, while
Sreeramareddy et al. and Moreira et al. also asked participants
to weigh harmful outcomes of TB disease and TB treatment
(Tables S1 and S2). It is still unclear if physicians weigh pro-

Participants of courses (names of countries not @

® intuitive threshold
® calculated weights based on intuitive probabilities
® calculated weight based on literature probabilities

® intuitive threshold
® calculated weights based on intuitive probabilities
® calculated weight based on literature probabilities

intuitive threshold
® calculated weights based on intuitive probabilities

® intuitive threshold
® calculated weights based on intuitive probabilities
® calculated weight based on literature probabilities

® Clinical vignettes to calculate thresholds

voked harm from treatment higher than harm due to the dis-
ease, which would require an adaptation of the classical EUT
model.'®

If the therapeutic threshold isimpacted by unquantifiable cog-
nitive and emotional factors, it can only be estimated unbiasedly
by descriptive methods instead.

Recently, Boyles et al. has estimated therapeutic thresholds
for TB in patients infected with HIV using web-based clinical vi-
gnettes.® A series of hypothetical scenarios with randomly varied
probabilities of TB was presented to participants, who stated their
decision to test, treat or do neither for each case. The therapeutic
threshold was estimated from the decisions taken by participants
for the different scenarios, being followed by the test and test-
treatment thresholds calculated as explained before and using
the characteristics of Xpert MTB/RIF. Critical factors defining the
therapeutic threshold were the severity of disease (with possible
TB-meningitis having the lowest threshold) and the clinical sta-
bility of the patient. The thresholds were lower for more severely
ill patients, when implications of a false negative diagnosis are
more serious. The therapeutic threshold was near 0% for an un-
stable patient with possible TB-meningitis and 3.4% for an unsta-
ble inpatient with possible pulmonary TB or extrapulmonary TB
outside the brain, but between 70% and 80% for a stable patient
(Table 3).

Discussion

To make appropriate clinical decisions, it is important to estimate
the therapeutic threshold, the probability of disease at which the
expected value of treating and not treating are the same. In the
field of TB, where diagnostic uncertainty is common, this could
prevent overtreatment and undertreatment, improving morbidity
and mortality and reducing costs.

The therapeutic threshold in TB was estimated with prescrip-
tive methods, based on calculations and by descriptive meth-
ods, deriving the threshold from observing or mimicking clinical
practice. The test and test-treatment thresholds were estimated
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Table 3. Therapeutic threshold, test threshold and test-treatment
threshold for TB in patients with HIV, using Xpert MTB/RIF as diag-
nostic test

Test-
Therapeutic ~ Test treatment
threshold threshold threshold

Inpatient, possible PTB or EPTB

>Stable 79.6% 8.2% 97%
>Unstable 3.4% 0.08% 23%
Outpatient with possible PTB

>Stable 74.5% 6.2% 96%
>Unstable 29.1% 0.92% 77%
Possible TB-meningitis

>Stable 51.4% 2.2% 0.7%
>Unstable 0% 0% 0%

Abbreviations: EPTB, extrapulmonary TB; PTB: pulmonary TB.

using the estimate of the therapeutic threshold and the charac-
teristics of the routinely available diagnostic test in South Africa.

The mentioned studies about prescriptive methods to esti-
mate the therapeutic threshold in TB show a clear difference be-
tween intuitive estimates and the therapeutic threshold calcu-
lated with EUT. The intuitive threshold is between 20% and 50%,
while the therapeutic threshold for smear negative TB based on
EUT hovers around 2%-3%.1*1® The two estimated restrictive
thresholds (one using the intuitive determinant factors and the
other based on probabilities derived from the literature) are sim-
ilar, suggesting that there is no substantial difference between
clinicians’ estimates of the probabilities of influencing factors and
the literature, but that the difference between EUT-derived and
intuitive thresholds occurs when the factors are integrated to-
wards a threshold. 1>

There are several possible explanations for this difference be-
tween intuitive and prescriptive thresholds. A difference in esti-
mation of the probability of outcomes of TB disease and treat-
ment leads to different thresholds. In the case of a wide range of
estimated probabilities between different groups, this can explain
the difference in therapeutic thresholds between the groups. For
example, a higher estimated probability of harmful treatment
outcomes (as in the studies of Basinga et al., Sreeramareddy et
al. and Moreira et al.'*1>7) increases the therapeutic threshold.
Because it is difficult to estimate the probability of rare events,
such as treatment mortality, it might be easier to estimate mor-
tality on anindividual basis by using prediction rules based on, for
example, danger signs.*®

A second possible explanation for differences between calcu-
lated and intuitive therapeutic thresholds is a different weight
given to a harmful outcome of disease and treatment. For a se-
rious (and often lethal) condition, such as active TB, the harm of
omission (allowing harm from the disease by not treating a dis-
eased person) is higher than the harm of commission (actively
inflicting harm, e.g. by prescribing an unjustified treatment).
However, in TB, clinicians seem to give the harm of a provoked
unjustified death a higher weight than the harm of a provoked

justified death,'> 7 meaning that, independent of objective fac-
tors, they consider it more harmful to commit than to omit, hence
increasing the intuitive therapeutic threshold. This is related to
the regret factor,?® also demonstrated by Basinga et al., show-
ing a clear difference in the threshold calculated with and with-
out taking regret into account (11.9% and 2.8%, respectively).'*
The acceptable regret approach to clinical decision-making takes
this into account.?! When this approach is applied to TB, the an-
ticipated number of wrongly treated patients would be too high
to be acceptable for physicians.?? However, physicians are very
different in the way they deal with harm, being either more or
less risk averse.?? Because EUT has difficulties with incorporating
these different values regarding outcomes related to harm and
benefit, this is a possible explanation for the difference between
EUT-based and intuitive thresholds.

Furthermore, the intuitive therapeutic threshold is influenced
by other cognitive and emotional factors; for example, the high
pressure on healthcare facilities and resources is, in particular,
considered an important factor in low-resource settings. One can
argue that EUT overlooks these factors, as they are unmeasured
and no formula can take the human multidimensional reflective
rationality fully into account.??

It is important to realize that thresholds are context-specific
and to carefully select the participants of interest. The soci-
etal context, available resources, cultural factors and individual
morals with respect to judgment of possible outcomes of the
action (among them regret) all influence the expected values
of treating and non-treating.!>7-2! Knowledge, work experience,
level of education and working field (clinical or public health)*
may play a role as well.

Finally, differential diagnosis may also play a role. Because
most symptoms are not specific for TB, someone with a proba-
bility of TB of 5% may show a clinical presentation that is more in
line with an alternative diagnosis and associated treatment that
should be pursued first. While EUT can and should be adapted
to take the harm of missing a differential diagnosis into account,
this is not trivial.

It is therefore claimed as fact that physicians do not act ac-
cording to EUT.?*> We believe this is not necessarily true. Rather,
EUT is likely not applied correctly when only morbidity and mor-
tality are taken into account. The impact of overtreatment cor-
responding to EUT-derived thresholds would have numerous
negative consequences on the healthcare system in resource-
challenged settings. If the additional, hard-to-quantify harms of
overtreatment and associated loss of utility of treating are in-
cluded, EUT may actually match intuitive thresholds.

Compared with the prescriptive methods, descriptive methods
are not directly based on estimations of probabilities and weight
of outcomes, but instead try to model actual treatment deci-
sions, which implicitly take cognitive and emotional factors into
account. Hence, descriptive methods may better reflect real-life
clinical decisions. Feedback by colleagues may not be possible al-
though in daily life clinicians often use discussions with and the
feedback of colleagues to reach a decision. Additionally, a correct
estimation of the probability of TB for suspect cases is not triv-
ial. Furthermore, a disadvantage of descriptive methods is that it
is not possible to analyze the steps clinicians have taken in their
decision-making, because the only result is the final treatment
decision.
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Finally, the actual threshold is unknown, and it is unclear how
closely the answers given to such vignettes match the true clin-
ical reality. Physicians are unlikely to be immune to social desir-
ability bias and other cognitive biases when responding to sur-
veys. Therefore, because these methods aim to describe clinical
practice, it is unclear if the resulting threshold is an estimate of
the desired threshold or rather of the existing threshold following
directly from potentially suboptimal guidelines that are currently
in place.

A variety of other methods exist to aid or optimize decision-
making in a variety of fields. To the best of our knowledge, these
methods have not yet been adapted to estimate the therapeutic
threshold in TB. It is not inconceivable that applications to esti-
mate other action thresholds can be readily adapted for this pur-
pose.

When outcomes are described as quality-adjusted life-years,
any extension of the Von Neumann-Morgenstern utility theorem
can be considered.?* In addition to basic EUT, the standard gam-
ble and time trade-off techniques have been studied extensively
in the field of health economics.?>’ Adaptations to estimate
the therapeutic threshold with these techniques are potentially
straightforward but would be expected to retain some of the lim-
itations of classic EUT.

Methods from the field of multiple criteria decision analysis
can probably be adapted to estimate treatment preferences as
well.?® Both swing weighting and discrete choice experiments
have been studied for this purpose in the context of drug devel-
opment.?°

Formal consensus development methods can be used to pro-
pose an intuitive therapeutic threshold. These methods capture
collective knowledge by guiding a group discussion following a
standardized procedure and translate this into a collective (med-
ical) decision.

Formal consensus development methods have been used in
the health sector since the 1950s,3%3! mainly for the develop-
ment of guidelines and exploration of moral and ethical ques-
tions. The nominal group technique, Delphi method and consen-
sus development conference are the most popular methods.

These methods generally use an iterated process providing
feedback of group opinion after each round. The group dynamic
leads to opinion-building and decision-making.?%33

The use of anonymity limits social and psychological pressure,
reduces the effect of dominant individuals and usually increases
the response rate.*?

To use the therapeutic threshold in decision-making in the
framework of TB guideline development (whether at the national
or hospital level), it is necessary to find an easier and more accu-
rate way to estimate a context-specific threshold than that pro-
vided by currently existing methods. Several methods from other
fields currently remain unexplored for clinical decision-making in
general and TB in particular.

In conclusion, after a literature search, we found five papers
that estimated the therapeutic threshold in TB. We have de-
scribed how different methods were used to estimate thresh-
olds used for clinical decision-making in the field of TB. Prescrip-
tive methods estimate the threshold using formulas based on the
weight of influencing factors. Descriptive methods may represent
the real-life situation more accurately, but can be biased in the di-
rection of existing guidelines. Other methods exist but have not

been applied and may be promising alternatives to the existing
approaches. The currently non-existing ideal method would give
accurate and reliable estimates of the therapeutic threshold that
can be agreed upon by different stakeholders, and could be effi-
ciently performed in different settings as a first step before diag-
nostic guideline development.

Supplementary data

Supplementary data are available at International Health online.
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