Heliyon 7 (2021) e08265

¢ CellPress

Contents lists available at ScienceDirect

Heliyon
Heliyon

journal homepage: www.cell.com/heliyon caress

Ocular toxoplasmosis in immunocompetent adults: current
cost-effectiveness of four treatment regimens in Colombia

Check for
updates

Valentina Alvarez-Garcia®, Lorena Rubio-Romero *, Maria Alejandra Maldonado *,
Marcela Gémez-Sudrez °, Alejandra de-la-Torre "

@ Neuroscience Research Group (NEUROS), Neuroscience Center (NeuroVitae), Escuela de Medicina y Ciencias de la Salud, Universidad del Rosario, Colombia
Y Universidad Nacional de Colombia, Doctorado Interfacultades en Salud Piiblica, Facultad de Medicina, Grupo de Equidad en Salud, Colombia

ARTICLE INFO

Keywords:

Ocular toxoplasmosis
Therapy

Costs

Cost-analysis
Immunocompetent patients
Therapeutic failure

Latin America

ABSTRACT

Background: Ocular toxoplasmosis is an infection caused by Toxoplasma gondii. In South America, the clinical
course of ocular toxoplasmosis is more severe than in Europe and North America because virulent strains of the
parasite are present. Ocular toxoplasmosis is the leading cause of posterior uveitis and retinochoroiditis in
Colombia, requiring timely and appropriate treatment. However, there is no standardized therapy protocol based
on economic studies for the country.

Purpose: To compare the cost-effectiveness of four first-line treatment regimens for active ocular toxoplasmosis in
immunocompetent adults in Colombia, using the number of averted therapeutic failures as the outcome.
Methods: We performed an economic and cost-effectiveness analysis to compare four first-line treatment regimens
for ocular toxoplasmosis from the perspective of a third-party payer (Colombian General System of Social Security
in Health). A decision analysis tree was used over a 24-week time horizon, considering only direct costs. Addi-
tionally, we performed a discrete sensitivity analysis and a probabilistic sensitivity analysis with 10,000 iterations
in the Monte Carlo simulation.

Results: For the base case, trimethoprim/sulfamethoxazole showed 86% effectiveness at a cost of <57 United
States Dollars, resulting in the most cost-effective first-line alternative. When performing the probabilistic
sensitivity analysis and maintaining the willingness to pay 466.00 United States Dollars, the trimethoprim/sul-
famethoxazole regimen remained the most cost-effective alternative.

Conclusion: Ocular toxoplasmosis is a public health issue in Latin America. Despite severe visual consequences for
affected patients, there are no standardized treatment guidelines in countries such as Colombia. Our evidence
supports the use of trimethoprim/sulfamethoxazole as first-line treatment in Colombia because of its availability
and optimal cost-effectiveness performance; it reduces recurrences and complications, while averting therapeutic
failure. Furthermore, our evidence can be generalized to other Latin American countries with similar frequencies
and severities of Toxoplasma gondii ocular infection and health systems similar to the Colombian system.

1. Introduction

virulent, compared with strains from north equatorial countries [3]; such
infections lead to visual impairment and blindness [4, 5] and have im-

Toxoplasma gondii (Tg) infection is one of the most common zoonoses
worldwide. Nearly one-third of the global population has come into
contact with this parasite; thus, affected people worldwide represent
25%-30% of the global population [1] and 33% of these affected people
exhibit the infection in a chronic form [2].

Ocular toxoplasmosis (OT) can generate irreversible sequelae, espe-
cially in Latin America, where the predominant strains of Tg are types [
and III, as well as atypical strains. These strains are more aggressive and

* Corresponding author.
E-mail address: alejadelatorre@yahoo.com (A. de-la-Torre).

https://doi.org/10.1016/j.heliyon.2021.e08265

pacts on quality of life [6, 7].

OT represents a public health problem in Colombia because its inci-
dence in immunocompetent patients is threefold greater than the cor-
responding incidence in European countries [8]. It is estimated that 47%
of the Colombian population exhibits anti-Tg IgG antibodies because of
contact with the parasite [5]. In 2008, De-la-Torre et al. reported a
prevalence of 5.5% for retinochoroidal scars after non-congenital infec-
tion, equivalent to approximately 1,000,000 inhabitants; of these, 20%
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developed visual impairment, including 200,000 cases of unilateral
blindness [9]. Furthermore, OT represents the main cause of uveitis in
Colombia and the leading cause of posterior uveitis globally [4, 9]. Thus,
prompt pharmacological treatment for OT is essential.

OT treatment regimens aim to reduce ocular inflammation, inhibit
parasite replication during active retinochoroiditis, and reduce the
probability of complications (e.g., retinal and optic nerve damage) [10].
In general, treatment duration is 4-6 weeks. First-line therapies include
antiparasitic treatments such as combinations of pyrimethamine (PMT)
+ sulfadiazine (SDZ), pyrimethamine + sulfadoxine (SDX),
trimethoprim-sulfamethoxazole (TMP-SMX), or (TMP-SMX) + oral clin-
damycin (OC). Corticosteroids can be added to all of these therapies for
inflammatory control; folinic acid can also be added to avoid
PMT-induced hematological adverse effects [10, 11]. Second-line ther-
apies include azithromycin, OC, and intravitreal clindamycin + dexa-
methasone; these are recommended as rescue therapy in the event of
treatment failure or adverse effects [10, 12].

There has been considerable discussion regarding OT treatment; to
our knowledge, there remains no consensus concerning the ideal treat-
ment, and the efficacies of current regimens are controversial [10].
Currently, there is no standardized therapy protocol based on
cost-effectiveness parameters for OT in Colombia. However, because the
disease has important effects on public health in Colombia, the acquisi-
tion of cost-effectiveness information can aid in clinical decision-making
and health policy establishment. Therefore, this study was performed to
compare the cost-effectiveness of four treatment regimens for active OT,
supported by the Colombian General System of Social Security in Health,
to determine the most cost-effective alternative that averts therapeutic
failures. This information may be useful for other Latin American coun-
tries with similar disease circumstances and comparable health systems.

2. Materials and methods
2.1. Design

This study comprised an economic and cost-effectiveness analysis,
comparing four OT treatment regimens according to the number of
averted therapeutic failures.

2.2. Ethical considerations

All procedures performed in this study were developed in accordance
with the ethical standards of the institutional research committee.
Furthermore, the study protocol adhered to the ethical principles for
human research established by the Helsinki Declaration, the Belmont
Report, and Colombian Resolution 008430 from 1993. This work used
public information regarding medication prices. Additionally, this study
used secondary data and did not involve human interventions nor med-
ical records access.

2.3. Population-sample

The sample population comprised a hypothetical cohort of 10,000
Colombian immunocompetent adults who presented to the Colombian Health
System with a confirmed active OT diagnosis; in all patients, infection was not
caused by congenital disease [13, 14]. In the analysis of this hypothetical
cohort, Holland's clinical criteria were used to establish OT diagnosis in
seropositive patients; PCR test results of intraocular fluid samples were used to
establish OT diagnosis in patients with atypical disease [9, 15, 16].

2.4. Selection criteria

The inclusion criteria are described in Table 1; they included adults (>18
years of age), any sex, immunocompetent status, and a diagnosis of OT. The
exclusion criteria are also described in Table 1; they included maternal
toxoplasmosis infection, congenital toxoplasmosis, and immunodeficiency.
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Table 1. Inclusion and exclusion criteria.

Inclusion criteria Definition Reference
Adult In accordance with Colombian Law 27 of 1977, [17]

a person who is >18 years of age.

Immunocompetent A person who has a healthy immune system [18]
that can respond to an antigen stimulus
through an appropriate immune reaction.

OT diagnosis In accordance with Holland's clinical criteria: [15, 16,

White-creamy retinal lesion, together with one ~ 19]
or more hyperpigmented retinochoroidal scars

in the same eye. Diagnosis should be

confirmed with a positive anti-Toxoplasma IgG

test result.

For atypical presentations that do not lead to a
conclusive clinical diagnosis, a PCR test and

the Goldmann-Witmer coefficient in

intraocular fluid samples can be helpful to

confirm the diagnosis (see Villard et al.).

Exclusion criteria

In accordance with the Civil Code of Colombia, [17]1
article 34, a person who is <18 years of age.

Minority of age

Toxoplasmosis during
pregnancy

Tg infection confirmed during pregnancy, [13, 20,
according to assessments of Tg-specific IgM 21]

and IgG antibodies.

Seroconversion from negative to positive anti-
Toxoplasma IgG and IgM findings suggests

acute infection.

A positive IgM or IgG finding with a negative
pre-conception IgG finding is considered a

recently acquired infection; a positive IgG

finding with a positive pre-conception IgG

finding suggests previous immunization.

Congenital
toxoplasmosis

Tg infection due to transplacental parasite [14]
transmission after primary maternal infection.

This diagnosis is made with indirect (serology)

and direct (PCR) methods. Serological

diagnosis can be made with a positive IgM

finding in the newborn and a low avidity test.

Direct PCR detection is performed using

amniotic fluid samples.
Immunodeficiency Partial or total lack of immune response [22]

capacity.

Abbreviations: PCR, polymerase chain reaction; Tg, Toxoplasma gondii.

2.5. Model structure

Decision tree analysis modeling was used to compare the four first-
line treatment regimens. Decision trees are an essential tool for
decision-making and risk analysis because of their easy application.
Because these trees are visual representations of data, they are readily
understandable and can be used to support rational decision-making
[23]. Our model consisted of a classic decision tree from the perspec-
tive of the third-party payers (Colombian General System of Social Se-
curity in Health) (Figure 1). The decision node (dark blue square) defined
the hypothetical cohort. From there, the branches evolved within a series
of chance nodes (green circles) representing the probabilities and costs
related to the variables included, such as treatment response, therapeutic
changes, and therapeutic failure within 24 weeks after initial presenta-
tion. The terminal nodes (red triangles) represent the outcomes: number
of averted therapeutic failures at each branch.

2.6. Sources of information

To establish the effectiveness probabilities (Table 2), we performed a
systematic literature search, as recommended by Justo N, Espinoza MA,
Ratto B, Nicholson M, Rosselli D, Ovcinnikova O, et al [24]. We used
MeSH and DeCS terms to search the electronic databases PubMed,
Google Scholar, Elsevier, SciELO, and ScienceDirect for the period from
January 1992 through July 2021 (Table 3) [5,13].
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Figure 1. Probabilistic sensitivity analysis for first-line treatment regimens—-Monte Carlo simulation of incremental cost-effectiveness ratios. In quadrant II, the TMP-
SMX regimen (blue) had the best performance: 80.3% of 10,000 simulations were located in the space with higher cost-effectiveness and below the proposed will-

ingness to pay threshold.

The data sources for the costs were obtained from Colombian gov-
ernment official reports released from January 2020 through September
2020, including the scale for regulating pharmaceutical product prices
used by the Health Ministry (Termémetro de precios de medicamentos-
MINSALUD) [25]. Furthermore, to address any possible price gap, we
conducted a sensitivity analysis using 25% superior and inferior margins

Table 2. Probabilities of remission and recurrence for each drug in base case with
sensitivity intervals.

Drugs Minimum Base case Maximum Reference
(25%) probability (25%)
Pyrimethamine Recurrence: Recurrence: Recurrence: [36]
sulfadiazine 33.8 45 56.3
P~———s Remission: 55 R
41.3 68.8
Pyrimethamine Recurrence: Recurrence: Recurrence: [37]
sulfadoxine 6.2 8.3 10.4
68.8 91,7 114.6
TMP-SMX Recurrence: Recurrence: Recurrence: [29]
9.8 13 16.3
P~——rs Remission: 87 R
65.3 108.8
Oral clindamycin* - - - -
Dexamethasone with Recurrence: Recurrence: Recurrence: [32]
intravitreal 9.3 12.5 15.6
clindamycin Remissi Remissi R
65.6 87.5 109.4
Azithromycin Recurrence: Recurrence: Recurrence: [38]
16 21.4 26.8
98.3 78.6 58.9

Abbreviation: TMP-SMX, trimethoprim/sulfamethoxazole.
" To our knowledge, there is no available information regarding remission or
recurrence probability with oral clindamycin.

(Table 4). An exception was made with respect to treatment with folinic
acid which was excluded from the sensitivity analysis because the typical
tablet form was unavailable [25].

2.7. Base case definition

Based on an expert consensus, we established the base case definition
as an immunocompetent adult with active OT, receiving a follow-up
consultation at 6-week intervals (for 24 weeks total) to evaluate the
response to a first-line treatment regimen. If therapeutic failure or serious
adverse effects were identified during the follow-up period, the recom-
mendation was to change the treatment to a second-line regimen. The
analysis was made considering a maximum of three regimen changes.

2.8. Treatment regimen definitions

The four treatment regimens evaluated as first-line options were: PMT
+ SDZ, PMT + SDX, TMP-SMX, and TMP-SMX + OC. Second-line options
for treatment changes were intravitreal clindamycin + dexamethasone,
oral azithromycin, and OC. Furthermore, systemic corticosteroid (pred-
nisolone) was added to all treatment regimens, except for intravitreal
clindamycin + dexamethasone.

2.9. Outcome definition

Therapeutic failure was defined as persistent or worsening inflam-
mation within 6 weeks after treatment initiation or recurrence within 3
months after achievement of inflammation control, in accordance with
the Standardized Uveitis Nomenclature [26].

2.10. Sensitivity analysis

A discrete one-way sensitivity analysis was performed to establish
model consistency, including superior and inferior margins of 25% on the
base case as the minimum and maximum values for effectiveness and
costs (Table 5). A probabilistic sensitivity analysis was performed based



V. Alvarez-Garcia et al.

Table 3. Search strategy for systematic literature review to assess probabilities.

Database MeSH terms

PubMed Ocular toxoplasmosis, clindamycin, dexamethasone, pyrimethamine,
sulfadiazine, prednisolone, treatment of ocular toxoplasmosis,
toxoplasmic retinochoroiditis, remission, prophylaxis, recurrence.

Elsevier Treatment of ocular toxoplasmosis, toxoplasmic retinochoroiditis.

SciELO Treatment of ocular toxoplasmosis, toxoplasmic retinochoroiditis,
remission, prophylaxis, recurrence.

Google Ocular toxoplasmosis, clindamycin, dexamethasone, pyrimethamine,

Scholar sulfadiazine, prednisolone, treatment of ocular toxoplasmosis,
toxoplasmic retinochoroiditis, referral prophylaxis, recurrence.

ScienceDirect Ocular toxoplasmosis, treatment of ocular toxoplasmosis, toxoplasmic

retinochoroiditis, remission, prophylaxis, recurrence.

on the incremental cost-effectiveness ratio, using a Monte Carlo simula-
tion with 10,000 iterations; willingness to pay (WTP) was set at United
States dollars (USD) 473, equivalent to the most expensive treatment that
the Colombian Ministry of Health is currently paying for OT treatment
(i.e., intravitreal clindamycin + dexamethasone, including the injection
procedure) [25].

2.11. Model validation

To assure coherence of the algorithms included in the decision tree,
all authors initially planned and sketched the intended paths and nodes.
Then, two authors independently introduced the data into Tree Age Pro
Healthcare software LLC, Williamstown, Massachusetts-USA; a third
author made a final revision to assess any disagreements. Because there
are no standardized guidelines in Colombia for OT treatment, we con-
ducted an expert consensus assessment (including renowned Colombian
ophthalmologists with expertise in OT treatment) to validate the base

Table 4. Costs (in USD) of drugs used in base case with sensitivity intervals.

Drug Minimum Base case Maximum Reference

(25%) cost (25%)
Pyrimethamine sulfadoxine  12.5 16.69 20.87 [25]
Pyrimethamine 255.69 340.92 426.15 [25]
sulfadiazine
TMP-SMX 7.98 10.64 13.3 [25]
Oral clindamycin 16.19 21.59 26.99 [25]
Azithromycin 42.79 57.05 71.32 [25]
Dexamethasone with 1 dose = 1 dose = 1 dose = [25]
intravitreal clindamycin* 392.76 393.07 393.37

2 dose = 2 dose = 2 dose =

393.67 393.67 394.89

3 dose = 3 dose = 3 dose =

394.58 395.50 396.41

Abbreviations: TMP-SMX, trimethoprim/sulfamethoxazole; USD, United States
dollars.

" Cost of procedure is included in price; it was obtained by calculating the
mean costs from multiple ophthalmological centers in Colombia.
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case definition. To assess the quality and reproducibility of the proba-
bilities included in the model, we included the systematic review search
strategy and the evidence table in Table 3. Finally, we performed a series
of deterministic and probabilistic sensitivity analyses to validate the
model consistency and address uncertainty within the results.

3. Results

When comparing the four first-line treatments, we found that the cost
of implementing the TMP-SMX treatment was USD 57.0, with 86%
effectiveness. The second most effective regimen was TMP-SMX + OC
(79% effectiveness), with a cost of USD 64.38. The third most effective
regimen was PMT + SDX (82% effectiveness), with a cost of USD 121.57.
The least effective regimen was PMT + SDZ (69% effectiveness), with a
cost of USD 515.42. As shown in Table 5, when compared with the other
treatment alternatives, TMP-SMX showed the best cost-effectiveness
performance, with a mean cost-effectiveness that ranged from seven to
17 percentage points above the other options, as well as the highest value
for net monetary benefits.

Concerning second-line treatments that were used in the event of
therapeutic failure or severe adverse effects, regardless of changes made
in the first-line treatments, intravitreal clindamycin demonstrated the
highest effectiveness (87%) among the four regimens, with a cost of 473
USD; thus, it is highly effective as rescue therapy, consistent with pre-
vious reports [10, 12].

A Monte Carlo simulation was conducted to evaluate the model
consistency and the degree of uncertainty involved, including 10,000
iterations. Analysis of the results of the four regimens in a cost-
effectiveness chart (Figure 2) revealed that the TMP-SMX regimen is
located within a 95% confidence interval in quadrant II where the
strategy is considered most effective and least expensive; it exhibits clear
dominance with respect to the alternative regimens. The TMP-SMX + OC
regimen was located in quadrant IV, indicating that it was the least
effective and most expensive strategy with respect to the alternative
regimens. Regarding the PMT + SDX and PMT + SDZ regimens most of
their iterations were located in quadrant I, indicating that the alterna-
tives were more effective but more expensive; both required a careful
evaluation according to the WTP. In our assessments, both alternatives
exceeded the proposed WTP threshold.

4. Discussion

This study investigated the cost-effectiveness of four first-line treat-
ment regimens for OT in Colombia, with the goal of generating evidence
for clinical practice and providing decision-making alternatives for the
establishment of Colombian Health System policy. Our results indicated
that the most cost-effective treatment regimen was TMP-SMX. This
antibiotic treatment has been established as an economical alternative,
and its effectiveness is similar to the classical therapy for active toxo-
plasmic retinochoroiditis [27].

A prospective study conducted by Soheilian et al. [28] compared the
efficacy of classical therapy versus TMP-SMX for active OT, combined
with oral prednisolone for 6 weeks. In that study, retinochoroiditis

Table 5. Cost-effectiveness ratios for first-line treatment regimens.

Regimens Cost (USD) INC Cost (USD) EF INC EF ICER NMB C/E
TMP-SMX 57.02 0.86 467.19 236336
TMP-SMX + OC 64.38 7.36 0.79 0.07 105.73 -441.42 290292
PMT + SDX 121.57 57.18 0.82 0.03 1748.20 -514.18 526378
PMT + SDZ 515.42 451.03 0.69 0.13 4545.29 -845.22 2656736

Abbreviations: C/E, cost-effectiveness; EF, effectiveness; ICER: incremental cost-effectiveness ratio; INC cost, incremental cost; INC EF, incremental effectiveness; NMB,
net monetary benefits; OC, oral clindamycin; PMT, pyrimethamine; SDX, sulfadoxine; SDZ, sulfadiazine; TMP-SMX: trimethoprim/sulfamethoxazole; USD, United States

dollars.




V. Alvarez-Garcia et al.

8000 |

v

i o |

Heliyon 7 (2021) e08265

Cost

ICER

0.7 0.8

B TMP-SMX I I
TMP-SMX + ORAL CLYNDAMCIN

B PMT+SULFADOXINE

N PMT+SULFADIAZINE

Figure 2. Net monetary benefits vs. willingness to pay for first-line treatment regimens. The net monetary benefit was higher for the TMP-SMX regimen than for the
other first-line regimens within a wide range of willingness to pay values, indicating that it was the most cost-effective alternative.

resolved after antibiotic treatment in all patients; there were no signifi-
cant differences in lesion size reduction (61% with classical therapy and
59% with TMP-SMX, p = 0.75) or visual acuity. Furthermore, adverse
reactions to the two treatment regimens were similar; the recurrence
rates after 24 months of follow-up were 10.3% with classical therapy and
10% with TMP-SMX (p = 0.64) [28].

Notably, a reduction of 75% of Tg retinochoroiditis recurrence has
been described when using a long-term intermittent TMP-SMX treatment
[27]. Similarly, Fernandes Felix et al. [29] conducted a clinical trial that
compared the effectiveness of treatment for 1 year with TMP-SMX
(800/160 mg) versus placebo in reducing the risk of toxoplasmic reti-
nochoroiditis recurrence. The cumulative probabilities of recurrence in
the placebo group at 1, 2, and 3 years of follow-up were 13%, 17.4%, and
20.3%, respectively; the overall probability of recurrence was 0% in the
TMP-SMX group [29]. In multiple studies, TMP-SMX has been regarded
as a good option for prophylactic therapy, considering that it has few side
effects, low cost, good accessibility, and adequate tolerance, even when
administered continuously [27, 29, 30, 31]. Our findings support the
previous results regarding TMP-SMX cost-effectiveness.

It is important to mention intravitreal clindamycin therapy as an
excellent second-line option [32, 33]. However, because intravitreal ther-
apy involves higher costs and there is a preference for systemic treatment
as a first-line option, intravitreal clindamycin is recommended as rescue
therapy, rather than first-line therapy. Regarding PMT + SDZ, the com-
bined regimen was recently withdrawn from the Colombian market and
worldwide. Although this combination was used as the classical therapy,
our results support the use of TMP-SMX as the most cost-effective strategy.

This study had some limitations. First, the results are not readily
generalizable. The restricted quantity of information, unavailability of
some data, and limited access to local databases presented challenges in
establishment of the base case. Second, the study was limited by the
insufficient information regarding recurrence rate and therapeutic failure
in Colombia. Finally, this study only considered OT treatment for
immunocompetent adult patients; it did not include pediatric patients
with congenital toxoplasmosis, nor did it include immunosuppressed or
pregnant patients.

Despite its limitations, to our knowledge, this is the first economic
study of cost-effectiveness OT treatment in Colombia. Its value lies in
providing evidence for clinical practitioners, local stakeholders, and
regulatory agencies regarding the feasibility and benefits of OT treatment

options in Colombia. Additionally, it provides insights to support new OT
research in Colombia, and it will encourage analogous studies in other
Latin American countries with similar disease circumstances and com-
parable health systems. Additionally, its aim and strategies could be
enhanced by additional investigations performed in Colombia, such as
the study by Chicaiza Becerra et al. [34], which investigated the
cost-effectiveness of diagnosing congenital toxoplasmosis in Colombia.

Finally, the results of this study will be useful for improving quality of
life in patients with OT, their families, and society. In particular, visual
impairment and blindness, regardless of the degree and age of presen-
tation, can lead to altered neurodevelopment and personality develop-
ment, as well as difficulties with interpersonal relationships and partial/
permanent inability to work [35].

5. Conclusions

This study demonstrated that, in Colombia, the most cost-effective
first-line OT treatment regimen was TMP-SMX. Therefore, we recom-
mend using this regimen in immunocompetent patients with OT, based
on its availability and good performance. Additionally, this study high-
lights the need for further research to produce high-quality empirical
evidence regarding OT treatment in other Latin American countries with
similar disease circumstances and comparable health systems; the results
will provide insights that can improve local decision-making and
enhance quality of life in affected patients.
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