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A B S T R A C T
Objectives: To determine the cost-effectiveness ratio of different
courses of action for the diagnosis of Duchenne or Becker muscular
dystrophy in Colombia. Methods: The cost-effectiveness analysis was
performed from the Colombian health system perspective. Decision
trees were constructed, and different courses of action were compared
considering the following tests: immunohistochemistry (IHC), West-
ern blot (WB), multiplex polymerase chain reaction, multiplex liga-
tion-dependent probe amplification (MLPA), and the complete
sequencing of the dystrophin gene. The time horizon matched the
duration of sample extraction and analysis. Transition probabilities
were obtained from a systematic review. Costs were constructed with
a type-case methodology using the consensus of experts and the
valuation of resources from consulting laboratories and the 2001
Social Security Institute cost manual. Deterministic sensitivity and
scenario analyses were performed with one or more unavailable
alternatives. Costs were converted from Colombian pesos to US
ee front matter & 2018 Published by Elsevier Inc.
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dollars using the 2014 exchange rate. Results: In the base case, WB
was the dominant strategy, with a cost of US $419.07 and a sensitivity of
100%. This approach remains the dominant strategy down to a 98.2%
sensitivity and while costs do not exceed US $837.38. If WB was not
available, IHC had the best cost-effectiveness ratio, followed by MLPA
and sequencing. Conclusions: WB is a cost-effective alternative for the
diagnosis of patients suspected of having Duchenne or Becker muscular
dystrophy in the Colombian health system. The IHC test is rated as the
second-best detection method. If these tests are not available, MLPA
followed by sequencing would be the most cost-effective alternative.
Keywords: Becker, cost-effectiveness analysis, Duchenne, economic
evaluation, immunohistochemistry, MLPA, muscular dystrophy, PCR,
sequencing, Western blot.

& 2018 Published by Elsevier Inc. on behalf of International Society for
Pharmacoeconomics and Outcomes Research (ISPOR).
Introduction

Muscular dystrophy is a group of more than 30 genetic diseases
that cause debilitation and progressive degeneration of the
muscles, which leads to loss of the patient’s functional capacity,
decreased quality of life, and mortality at younger ages compared
with the general population. Duchenne muscular dystrophy
(DMD) and Becker muscular dystrophy (BMD) are the most
common, affecting 1 out of every 3,500 births and 1 out of every
20,000 births, respectively [1]. In Colombia, although the exact
incidence of DMD is not known, a genetic study found 933 cases
of DMD for the 1996 to 2000 period, 962 cases for the 2006 to –2010
period, and an estimated 1030 cases for the 2012 to 2025 period
[2]. DMD would be responsible for 51.8 years of life potentially lost
over the life expectancy of the patient [2].
Other hereditary diseases that affect the muscles, the nerves,
or the neuromuscular junction can produce symptoms that are
very similar to those seen in muscular dystrophy, but they are
caused by different genetic defects. The fact that these symptoms
are shared between multiple neuromuscular diseases and the
prevalence of sporadic cases in families not previously affected
by dystrophy make a quick and timely diagnosis difficult for
patients.

For the diagnosis of DMD or BMD, there are histological tests
based on the analysis of surgically obtained muscular biopsy
tissue. These tests include tissue staining using antibodies
marked by immunohistochemistry (IHC) and the quantification
of proteins using techniques such as Western blot (WB) [3,4].
Molecular testing techniques are also available, such as polymer-
ase chain reaction (PCR), which amplifies multiple exons (known
on behalf of International Society for Pharmacoeconomics and
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Fig. 1 – Decision model for diagnostic strategies. BMD, Becker muscular dystrophy; DMD, Duchenne muscular dystrophy; IHC,
immunohistochemistry; MLPA, multiplex ligation-dependent probe amplification; PCR, polymerase chain reaction; WB,
Western blot.
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as multiplex PCR), multiplex ligation-dependent probe amplifica-
tion (MLPA), and the complete sequencing of the dystrophin gene
[5–8].

Molecular tests, on the basis of the analysis of DNA extracted
from peripheral blood, can be performed without muscular
biopsy, which means that an invasive and unpleasant procedure
for patients can be avoided. These tests, however, cannot detect
mutations in all cases, which makes it necessary to perform
biopsies in cases in which the molecular test results are incon-
clusive [1,3,9].

There are currently no reported economic studies to determine
the most cost-effective diagnostic strategy in patients with DMD or
BMD. In Colombia, the most used techniques are multiplex PCR
and MLPA, although they are not highly sensitive, and to a lesser
extent, IHC. WB is not commonly used for diagnosis. This study
attempts to determine the most efficient strategy for diagnosing
DMD or BMD from the perspective of the health system.
Methods

A cost-effectiveness analysis was conducted from a health
services perspective, which considered direct medical costs. The
population of interest included patients with suspected DMD or
BMD on the basis of electromyography suggestive with signs of
instability membrane, a high value of creatine phosphokinase
(10306.7 ± 6658.5), and clinical signs and symptoms [10]. We
excluded patients with a family history of dystrophies for which
the mutation had already been studied, patients with a diagnosis
of carriers, and prenatal patients being treated.

The diagnostic techniques considered were IHC, which
includes the staining analysis and the open muscular biopsy
from which the tissue necessary for performing the tests is
extracted; WB, which includes quantification of proteins from
the tissue extracted in the biopsy; multiplex PCR, the 32-exon test
that was considered because it is the only test for which there is
local evidence; MLPA, covering the 79 exons of the dystrophin
gene; and complete gene sequencing, including the standard
method. The tests known as next-generation sequencing were
not considered [11,12] because at the time of the study, they were
not available in the country.
The molecular tests are not invasive and the sample extrac-
tion and analysis are relatively simple compared with those of
the IHC and WB techniques. Nevertheless, the IHC and WB
methods continue to be the criterion standard in the studies
identified in the literature, for which they are considered as
confirmatory tests. Thus, for a patient for whom a molecular test
was performed, it is recommended that their diagnosis be
confirmed using the IHC or WB when the result is negative.
Complete gene sequencing is always considered after MLPA
when this result is negative.

For these reasons, two decision trees are constructed in which
true-positive and false- negative diagnoses are presented. True
negatives and false positives were not included because, in the
studies identified, all tests have a high enough precision to
determine the absence of the disease [13–16].

The first tree (Fig. 1) includes different stepwise courses of
action following the decision algorithms from the literature
[17–19] and using WB and IHC as confirmatory methods in cases
in which the genetic test results are negative. In this model,
strategies 1 and 2 make reference to the use of IHC and WB,
respectively, as initial tests without having used a molecular test
first. Strategy 3 consists of the initial use of multiplex PCR, and in
cases in which this test produces a negative result, WB or IHC is
used to confirm the disease. Finally, strategy 4 considers MLPA as
the initial test followed by sequencing if the result is negative,
and if both molecular test results are negative, WB or IHC is used
to confirm the disease.

In the second tree (Fig. 2), each diagnostic technique is
individually compared without considering confirmatory tests,
with the aim of observing their cost effectiveness independently,
and when one or more than one test is not available. From here
on, when reference is made to strategy, this term will be under-
stood as the courses of action that include the confirmatory tests
from Figure 1, whereas references to one specific technique will
refer to only the diagnostic test from Figure 2. Models were
constructed using TreeAge Pro 2009® software (TreeAge Software,
Inc., Williamstown, MA).

A time horizon of less than 1 year was established. In general,
it is expected that the period spanning from the sample collec-
tion to the analysis of results does not surpass 1 month. For these
reasons, the long term was not modeled and a discount rate was



Fig. 2 – Decision model for separate techniques. BMD, Becker
muscular dystrophy; DMD, Duchenne muscular dystrophy;
IHC, immunohistochemistry; MLPA, multiplex ligation-
dependent probe amplification; PCR, polymerase chain
reaction; WB, Western blot.
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not used. Because no clinical evidence was found to establish a
link between the diagnostic tests and a final outcome related to
morbidity or mortality, the health outcome was defined as the
percentage of correct diagnostics.

To estimate the model transition probabilities, a systematic
review of the clinical literature was performed in 2013 in the
MEDLINE, Embase, Lilacs, and Bireme databases and was based
on the information reported on the Clinical Trials Web page.
Medical Subject Headings and free terms associated with the
population and the diagnostic strategies analyzed were used in
both English and Spanish. General search protocols were devel-
oped, and no language, study type, or publication date restric-
tions were applied.

A total of 443 potentially relevant studies were identified after
removing duplicates. On reviewing of titles and abstracts, 355 of
these studies were excluded because they did not analyze the
patient population or diagnostic alternatives considered, used
animal models, or were narrative reviews, case reports, descrip-
tions of techniques, expert consensus reports, or letters to the
editor. The remaining 88 articles were reviewed in full text, from
which 49 were excluded for the aforementioned reasons. A total
of 39 articles were included.

None of the studies identified in the search addressed the
operative characteristics of the diagnostic tests. They were all
case series aimed at studying the frequency of the presence or
absence of the disease in patients suspected. They were also
highly heterogeneous in terms of population characteristics,
sample selection criteria, and the number of exons analyzed
(for multiplex PCR). Many of the molecular test studies focused
on the type of mutation found and did not differentiate between
patients with DMD and those with BMD, implying that it was
impossible to perform an analysis for each dystrophy separately.
Table 1 – Diagnostic performance of the alternatives use

Diagnostic test True positive False negat

WB 1 0
IHC 0.995 0.995
Multiplex PCR (base case) 0.3226 0.6774
Multiplex PCR (international studies) 0.5966 0.4034
MLPA 0.6844 0.3156
Sequencing 0.9091 0.0909

IHC, immunohistochemistry; MLPA, multiplex ligation-dependent probe
Because of the high heterogeneity of the evidence, methodo-
logical weaknesses of the study and low compatibility with other
studies were considered as additional exclusion criteria. Factors
such as sample size (10 patients or more), clear and standardized
patient classifications, the inexistence of a relative or family
member in the sample, and the use of comparisons as complete
as possible (not just clinical criteria as a standard) were consid-
ered inclusion criteria. Using these criteria, 23 studies were
chosen to calculate the sensibility and specificity of the alter-
natives [8,13–34], which are presented in Table 1. The true
positive and false negative were considered as the clinical inputs
in the two proposed models.

The few studies that incorporated controls in the analysis
included healthy patients or patients with other types of dystro-
phinopathies [13–16]. These studies reported negative results of
disease in all the controls, which implies that the tests have a
specificity of 100%.

Only one study presented conditional probabilities for IHC
when multiplex PCR result was negative [14] or when the result
from MLPA followed by sequencing was negative [16]. Never-
theless, these data were not considered for the analysis because
of the small sample size and the way in which patients were
considered to be eligible for IHC after molecular tests. Thus, the
data for WB and IHC after a negative result from any of the
molecular tests were assumed to be the same (Table 1).

The only study in Colombia that analyzed the frequency of
deletions with multiplex PCR for 32 exons [8,20] found 32% within
and outside of hot spots for patients with DMD or BMD, a finding
that is similar to others reported in Latin American. Despite the
fact that this research has limitations related to lack of a criterion
standard and the possible inclusion of other types of dystrophies,
it was used for the base case because it was the only evidence
available on a local level. The frequency of international studies
was used in the sensitivity analysis.

In addition, we determined the percentage of patients for
whom the disease was confirmed with IHC or with WB when the
molecular test results were negative. No studies were found that
quantified the frequency of use; thus, it was assumed to be 50%
and was modified in the sensitivity analysis.

For estimation of costs, a search of national institutional
databases was initially conducted and no useful related informa-
tion was found. Therefore, estimates were requested directly
from the six laboratories in the country. For WB, a quote from a
not-for-profit laboratory associated with a university research
group was received (the only laboratory where it was available).
Information for IHC was obtained from a not-for-profit private
foundation laboratory. Information on the price of multiplex PCR
was received from a private laboratory (this did not correspond to
the 32-exon test because it is not available on the market), and
the average prices of MLPA and complete gene sequencing
were obtained from the quotes sent by three private laboratories.
The average prices of these diagnostic tests are presented
in Table 2.
d in the models.

ive Sensitivity Specificity Reference

1 1 [14,20,29]
0.995 1 [13–15,20,27,29,31]
0.3226 – [8,19]
0.5966 1 [13,21,24,28,30]
0.6844 1 [12,22,23,25,26,28,32,33]
0.9091 – [23,25,32]

amplification; PCR, polymerase chain reaction; WB, Western blot.



Table 2 – Average costs of the diagnostic tests.

Test Average price (US $) Inputs (sample and reading) (US $) Total cost (US $)

Multiplex PCR 174.96 8.50 183.46
WB 327.93 91.14 419.07
IHC 889.70 91.14 980.85
MLPA 918.96 8.50 927.46
Complete gene sequencing 3737.93 8.50 3746.42

IHC, immunohistochemistry; MLPA, multiplex ligation-dependent probe amplification; PCR, polymerase chain reaction; WB, Western blot.
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Subsequently, other resources were identified to perform the
tests. In the case of multiplex PCR, MLPA, and sequencing, only a
sample of blood was needed. For the application of IHC and WB,
the 2001 Social Security Institute Manual was consulted to
establish the cost of muscular biopsy testing. The presurgical
and preanesthesia appointments (required for children), the
actual muscular biopsy, and an appointment after the surgery
with a specialized physician for the analysis of results were
considered. All values obtained from this manual were adjusted
with an additional 30%, as suggested by the Colombian meth-
odological guide for economical evaluations [35].

With respect to the decision rule, in the scenario in which a
strategy or a technique offers the greatest number of cases
correctly diagnosed at the lowest price (a dominant), we con-
cluded that it has the better cost-effectiveness ratio. Neverthe-
less, in the scenario in which the strategy or technique with the
greatest number of cases correctly diagnosed does not have the
lowest price (not dominant), the incremental cost-effectiveness
ratio (ICER), comparing each alternative to the less costly (com-
mon baseline), was used as a method for determining the most
cost-effective strategy.

All values in Colombian pesos were converted to US dollars
using an average exchange rate representative of the 2014 market
(US $1 ¼ Col$ 2000.44).

Finally, to incorporate uncertainty in the models, one-way
deterministic analysis was performed. The first modified the cost
of the WB test, the frequency of WB or IHC use as a disease
confirmatory test, and the probability of finding a positive result
with multiplex PCR and MLPA. The second was constructed for
modifying probabilities of identifying mutations and costs of the
MLPA and sequencing tests. It was not possible to perform a
probabilistic sensitivity analysis, because the construction of
probability distributions with few sources of information is not
adequate.
Results

In the base case, for the analysis of courses of action presented in
Figure 1, strategy 2 is found to be dominant. This approach is the
most sensitive course of action for detecting the disease (100%),
followed by strategy 4 (99.99%). Similarly, in terms of costs,
strategy 2 has the lowest expected cost, followed by strategy 3
(Table 3).

WB reports a sensitivity of 100% in the international literature,
but it could be lower in Colombia because of issues with the
technique, the lack of standardization, and the training of the
medical personnel involved in taking samples. The sensitivity
analysis shows that when the sensitivity of WB is less than 98.2%,
strategy 3 achieves the best cost-effectiveness ratio (see
Supplemental Materials found at https://doi.org/10.1016/j.vhri.
2017.10.003), overcoming strategy 2. Although multiplex PCR
has a very low sensitivity (32.26%), the high sensitivities of the
WB and IHC confirmatory tests make it possible that the expected
effectiveness of strategy 3 is higher.
When modifying the cost of the WB technique, it is observed
that strategy 2 is dominant as long as the price is lower than US
$837.38. Once the price is higher than this value, strategy 3 would
have the best cost-effectiveness ratio. The same strategy
becomes cost-effective if the sensitivity of the multiplex PCR is
greater than 70%, a value that is higher than the reported average
of 59.66% from international studies. Finally, modifying the
frequency of use of the WB and IHC techniques as confirmatory
tests does not affect the dominance of strategy 2, even when
considering extreme values of 0% and 100% (see Supplemental
Materials found at https://doi.org/10.1016/j.vhri.2017.10.003).

In the analysis presented in Figure 2 in which the techniques
are considered separately, the ICER for WB compared with that of
multiplex PCR was calculated to be US $347.82 per correct
diagnosis. For the cases when WB is not available, the technique
with the best cost-effectiveness ratio is IHC, with an ICER
compared with that of multiplex PCR of US $1185.88 per correct
diagnosis. Multiplex PCR as a technique has the worst effective-
ness. When considering the scenario in which WB and IHC are
not available, MLPA and sequencing have the best cost-effective-
ness ratio, with an ICER compared with that of multiplex PCR of
US $2969.54 per correct diagnosis (Table 3).

When conducting the sensitivity analysis without considering
WB, for IHC to no longer have the best cost-effectiveness ratio, its
price would have to be greater than US $2160.00. Once this value
was exceeded, the most cost-effective technique is MLPA
followed by sequencing. Finally, for the multiplex PCR to have
the best cost-effectiveness ratio, its sensitivity should be greater
than 97%, a value much higher than those reported for Colombia
(32%) and from the international literature (59.66%) (see
Supplemental Materials found at https://doi.org/10.1016/j.vhri.
2017.10.003).
Conclusions

The results of this study suggest that WB is a cost-effective
strategy for diagnosing DMD or BMD. As an alternative, in cases
in which WB is not available, the strategy with the best cost-
effectiveness ratio is IHC. There could, however, be situations in
which the implementation of these tests is not possible because
of the patient refusing to undergo an invasive surgical procedure,
or the lack of infrastructure and/or medical personnel trained in
the extraction, treatment, and management of the samples
necessary to adequately perform the tests. In these situations,
the MLPA technique, followed by sequencing in negative cases, is
the most cost-effective strategy, over multiplex PCR or MLPA
alone.

This economic analysis attempted to incorporate all the
evidence available regarding a subject around which little clinical
and economical evidence exists. To the authors’ knowledge, no
economic evaluation exists in the published literature that con-
cerns the histological and molecular diagnosis of DMD or BMD.

The primary limitations of our study are related with the
difficulty in finding high-quality data. First, the analysis was
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Table 3 – Cost-effectiveness results.

Alternative Costs
(US $)

Incremental
cost (US $)

Effectiveness Incremental
effectiveness

Cost per correct
diagnosis (US $)

ICER
(US $)

Strategies
Strategy 2: WB 419.07 100.00% 419.07
Strategy 3: Multiplex PCR 657.61 238.54 99.83% −0.17% 658.73 Dominated
Strategy 1: IHC 980.85 561.78 99.50% −0.50% 985.78 Dominated
Strategy 4: MLPA 2129.91 1710.84 99.99% −0.01% 2130.07 Dominated

Techniques
Multiplex PCR 183.46 32.30% 568.69
WB 419.07 235.61 100.00% 67.74% 419.07 347.82
MLPA 927.46 744 68.40% 36.18% 1355.14 2056.38

Dominated
IHC 980.85 797.39 99.50% 67.24% 985.78 1185.88

Dominated
MLPA þ sequencing 2109.83 1926.37 97.10% 64.87% 2172.15 2969.54

Dominated

ICER, incremental cost-effectiveness ratio; IHC, immunohistochemistry; MLPA, multiplex ligation-dependent probe amplification; PCR,
polymerase chain reaction; WB, Western blot.
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limited to an intermediate outcome because clinical data did not
allow us to use a final health outcome, more relevant for the
patient and the decision maker.

Second, it was not possible to include measures related to
quality of life and patient preferences because of the lack of
relevant data and the difficulty in finding a significant sample of
patients. Because WB and IHC are invasive, patients and
their families could have less of a preference for them, but
patients could also report a preference for these because they
are confirmatory tests that avoid uncertainty about their con-
dition. In fact, it is difficult to quantify positive and negative
indirect effects that may be relevant when evaluating
genetic diagnostic tests. The literature indicates that genetic
diagnosis can generate negative psychological consequences
for the patient and their family (i.e., fear of discrimination,
anxiety, rage, and isolation). Nevertheless, they can also present
positive psychological effects related to the reduction of uncer-
tainty [36–38].

Third, possible adverse effects of the procedure and medica-
tions administered in surgery when the muscular biopsy was
taken were not considered. For example, general anesthesia
always presents risks for the patient; nevertheless, no studies
exist that identify whether patients with DMD or BMD can have
significant adverse effects beyond the general population. Skin
biopsy is a method still in the experimental phase but promises
great benefits for patients because it would allow WB or IHC to be
performed as a noninvasive procedure [39].

Fourth, because there are a few laboratories in the Colombian
market, they have a considerable market power to set prices.
Even more, they can discriminate and set different prices for
different types of insurers or patients. In our analysis we cannot
consider these usual particularities in a market in which there
are few suppliers.

Because the analysis was performed from the Colombian
health system perspective, indirect costs were not taken into
account. A priori, it would be expected that different factors
related to the disease would involve a large amount of out-of-
pocket costs for the patient and the patient’s family [40–42]. For
example, if more techniques are practiced on the patient or if the
patient has an incorrect or late diagnosis, he and his family
would pay higher transport and out-of-pocket costs. The meas-
urement of the indirect costs incurred in the diagnosis of DMD
and BMD in Colombia is a focus of future research that would
enrich the results found in this article.
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